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PREFACE 

In agriculture, the importance of crop production is mainly reflected in 

the contribution to human life. Because the continuation of life needs 

the supply of nutrients to maintain. The source of nutrients and food is 

farmland. Living in prosperity in this situation. The earth is a big, rich, 

tidy field and treasure. It's amazing that every grain grows and 

matures on time. It's also a perfect garden where every vegetable and 

fruit grows and harvests, and then is assigned to the origin address. 

Food and nutrition insecurity is directly proportional to the decline of 

food production, which is also the result of agricultural drought 

caused by global warming. Food is very important in human life. The 

importance lies in that in order to continue to maintain life, food can 

not be the goal of life, but an indispensable part of it. In the field of 

agriculture, efforts to develop food technology and remove obstacles 

have become more and more important and priority. Especially in the 

global pandemic, today, a small (animal) organism, a microorganism, 

a particle called coronavirus in the world is poisoning and scaring all 

people, threatening the human world. From the micro point of view, 

beneficial and harmful particles are used in the universe and human 

body, that is, there are continuous disputes between beneficial and 

harmful microorganisms. From a macro point of view, there are still 

disputes between day and night, winter and summer, fire and light, 

light and dark, temperature and cold. Nowadays, Covid-19 is not only 

a threat to human health, but also a limiting factor to the development 

of agricultural production. Improving food technology on the basis of 

preventing and avoiding disasters and removing obstacles provides the 

basis, investment and contribution for the sustainability of production 
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trends. Advantages, disadvantages and improvement steps can be 

foreseen. Agriculture is the top priority and challenge of many 

difficulties. 
 

An important event caused by global climate change is drought. It 

refers to the natural disasters that occur due to the decrease of 

precipitation and the increase of temperature, can occur repeatedly, 

distribute in one or more seasons, and affect all natural resources 

depending on the existence of water. However, due to global climate 

change, high temperature and reduced rainfall lead to the persistence 

of drought and its possible negative effects. The interaction between 

climate change and the agricultural sector is a common theme in urban 

planning and sustainable disaster management, as well as one of the 

priority issues in policy and strategy formulation. By taking 

preventive measures and making correct countermeasures, we can 

seriously eliminate the environmental problems that may directly 

affect human life. We should take necessary measures to predict, 

avoid, control and reduce drought and other natural disasters, maintain 

and guarantee development in the new situation of agricultural 

production and scientific and technological development, identify the 

strategic needs of science and technology, grasp the opportunities, and 

ensure the realization and implementation of goals and policies. Back 

to the original words, the importance of a grain in crop production is 

to start from the first step of not wasting, take measures to eliminate 

the impact factors of reducing yield and make contributions. Among 

them, saving is the key to grain production and the embodiment of 

increasing production. If we continue to save important natural 

resources and save without wasting them, we can effectively reduce 

the challenge of meteorological disasters to the food and agricultural 

revolution. This is also synchronous with nature. It follows the rules 
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of nature to develop crop production. It is also the development rules 

of being a man. Because both follow the rules. 
 

BESMELE said: it's very accurate. The universe, the earth and people 

are in balance. But people often make mistakes. In addition to people's 

dirty hands to make trouble, everything is obedient to orders, in the 

implementation of the task. We also rely on its miracle to make the 

best choice and prevention. All walks of life can use the same 

principle, especially in crop production, to achieve the goal of "timely, 

moderate and economic input as the principle of high efficiency and 

high yield" will be an important direction of synergic agricultural 

development in the future. 
 

When time begins, there is no time. Solve the problem, grasp the time. 

 

Abdulgani DEVLET 

NİSAN 2021 
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INTRODUCTION 

Human health has always been affected by climate and weather, 

especially extreme weather can have a negative impact on our air, 

food, water, shelter and overall human security (Balbus et al., 2016). 

Water is inseparable from life. Without water, no known creature can 

move. There is water and life on earth. (Alpert, 2005) water is 

essential to all life. Although organisms are very different in their 

tolerance to anhydrous survival (especially when we reach the 

microbiological level), all life we know ultimately depends on water. 

Without water, there is no food; the animals and plants on which we 

live, and the plants we feed animals, need a lot of water to thrive 

(Alpert, 2005). That is, some food choices need more water than they 

provide, while others are more sustainable. We can say that water is 

not only necessary for life, but also water is life. The human body is 

60% of water, and we are made up of more water. Although 70% of 

the earth's surface is covered by seawater, most of it is seawater, 

leaving only 2.5% of fresh water. It seems unlikely that it will be a 

small number for maintaining a population of 7.5 billion and all 

terrestrial flora and fauna. Animals need clean fresh water to drink and 

bathe, plants need it to sustain their lives, and humans need it to cook, 

irrigate crops and many other uses. Recognizing these facts, the 

United Nations, through resolution 64/292, announced that access to 

safe and clean drinking water and sanitation is a human right 
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considered to be vital to life and the basis for other human rights 

(United Nations Media Briefing, 2010). 

Countries with a quarter of the planet's population face an increasingly 

urgent risk: the prospect of water depletion. Globally, 17 countries are 

in extreme water stress because they are using almost all of their water 

resources. Globally, the number of predicted daily zeros is increasing 

(Hofste, Reig and Schleifer, 2019). 

The relationship between human and land has been developing rapidly. 

This change has become more dramatic as human beings use land in 

new ways to exploit various forms of fuel, minerals and other natural 

resources in order to accumulate wealth and build a modern economy 

(Berry, 2010). Human beings are facing the problem of how to use the 

earth's resources (UNE, 2016). Land, of course, is closely related to 

food. The ecological value of food is the relationship between 

traditional knowledge and land and food (Isaac et al., 2018). Health 

and the control of food resources are intertwined (First National 

Development Institute, [FNDI], 2013). 

Climate change and food production interact. In other words, climate 

warming is putting pressure on our global food system, and our choice 

of food affects the speed of climate change. Feeding 7.6 billion people 

leads to the degradation of terrestrial and aquatic ecosystems, which 

greatly consumes our water resources and leads to climate change 

(Poor and Nemecek, 2018). The four biggest ways in which food 

impacts climate change are: (a) deforestation leads to the reduction of 
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trees to absorb carbon; (b) increasing livestock burping and the 

transfer of methane, a powerful greenhouse gas; (c) expanding manure 

and paddy fields, a major producer of methane; and (d) increasing the 

use of fossil fuels from agricultural machinery (Moskin et al., 2019). 

Looking forward to a future including mankind, we need to take the 

responsibility of ecological respect, protection and reconstruction 

(Tallamy, 2020). When land is abused, no matter where it occurs in 

the world, its impact will affect the whole world. Whether that means 

burning down Amazon forests, melting glaciers, increasing storm 

intensity, or rising temperatures. In turn, each factor will lead to the 

acceleration of climate change and the expansion of ecological 

damage and environmental injustice. This can be reversed by 

establishing a different relationship between man and nature. In this 

relationship, we should abide by the laws of nature and develop 

synchronously and cooperatively, rather than separate from or surpass 

nature (Tallamy, 2020). Many people all over the world have a deep 

understanding and respect for the connection between human beings 

and the natural world, linking people and places (Hooks, 2009; Zapf, 

2009). 

Despite factors such as population growth, urbanization, land scarcity 

and land value, world food crop production has tripled in the past 50 

years, which frustrates Malthus' theory. 1 the green revolution is the 

core element of this growth, increasing global food supply and 

reducing food and feed costs (Venkatramanan et al., 2020a); in fact, it 
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is estimated that without the green revolution, world food prices 

would rise by 35-65% (Everson and Rosegrant, 2003). Unfortunately, 

progress in food production has now slowed down. Policy objectives 

have been focused on economic and social development, leading to 

little attention to agricultural development. In fact, between 2001 and 

2013, the agricultural orientation index of developing countries 

dropped from 0.37 to 0.31, and the aid to agriculture remained at 

about 8%, lower than 20% in the mid-1980s (UNSD 2019). In order to 

meet the needs of the world's growing population, global food 

production needs to increase by nearly 60% (Alexandratos and 

Bruinsma, 2012). Although the green revolution has brought obvious 

benefits and many side effects, including biodiversity loss, pollution 

and erosion, it is unlikely that the green revolution is suitable for 

sustainable production. Anthropogenic climate change directly and 

indirectly affects food and nutrition security. Climate change has 

changed rainfall patterns and temperatures, increased the number of 

extreme weather events, and thus had a direct biophysical impact on 

food and feed crop production. More indirectly, climate change affects 

soil fertility, irrigation, economy and socio politics. Changes in food 

production have indirectly affected agricultural markets, which in 

some cases have led to higher food prices, resulting in hunger and 

malnutrition in the least developed countries. The proportion of global 

population experiencing direct and indirect impacts of climate change 

will increase with the degree of climate warming. In general, Asian 

monsoon rainfall is expected to increase, while North and South 
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Africa will become drier (Wheeler and von Braun, 2013). The fifth 

assessment report (AR5) of the Intergovernmental Panel on climate 

change (IPCC) pointed out that the increase of water resources and 

high latitude areas will interact with the increase of sediment, 

nutrients and pollutant loads, so the quality of raw water will decline, 

and the increase of drought in arid areas will lead to the decrease of 

groundwater resources (IPCC, 2014). The 2030-2049 forecast shows 

that 10% of the forecast output will increase by 10%, and about 10% 

of the forecast output will lose more than 25%; after 2050, the risk of 

more serious impact will increase (IPCC 2014). Forecasts also show 

an increase in invasive agronomic weeds and pests, a decrease in the 

growing season due to increased frequency of frost and heat, an 

increase in livestock mortality, and a decrease in energy supply and 

access to food. 

The fifth assessment report of climate change (IPCC) (AR5) shows 

that the increase in water resources and high latitude areas will 

interact with the increase in sediment, nutrient salt and pollutant load, 

so the raw water quality will decrease, and the increase in drought in 

the current arid area will lead to the decrease of groundwater 

resources (IPCC 2014). The 2030-2049 forecast shows that 10% of 

the forecast output will increase by 10%, and about 10% of the 

forecast output will lose more than 25%; after 2050, the risk of more 

serious impact will increase (IPCC 2014). The forecast also shows 

that invasive agricultural weeds and pests increase, growth seasons 
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decrease (due to increased frequency of frost and heat), increased 

livestock mortality, and reduced access to energy and food. 

Agriculture is the main mechanism for poverty reduction, food and 

nutrition security improvement and economic stimulation (Wheeler 

and von Braun, 2013). Evidence from countries that have successfully 

improved food and nutritional security shows that GDP from 

agriculture has grown twice as much as non-agricultural GDP. 

However, the growth of global population, the growth of wealth and 

consumption, and competition for land, water and energy are bringing 

three challenges to agriculture: meeting the rapidly changing food 

needs of the richer; achieving environmental and social sustainability; 

and targeting zero hunger in the poorest countries in the world 

(Godray et al., 2010). 

The global driving forces and variability of agricultural production 

include technology, genetics, climate, soil, field management practices 

and related decisions, such as fertilization, tillage and crop cross 

selection, irrigation management, row spacing, wheezing date and 

depth, and population density. A large part of the progress in 

agricultural production is the result of genetic, agronomic and 

resource utilization practices and technological progress (Duvick, 

1992 and 1977; Duvick et al., 1999; Andresen et al., 2001;Kucharik et 

al., 2005). 

The continuous growth of the world's population has increased the 

demand for crop production. By 2050, global agricultural production 

may need to double to meet growing demand (Tilman et al., 2011; 
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FAO, 2012). For food security, some studies suggest that increasing 

crop yields, rather than clearing more land for food production, is the 

most sustainable way (Godfray et al., 2010; Foley et al., 2011). 

However, some reports point out that the increase of output is not fast 

enough to meet the expected demand in 2050. Of course, the world 

will face a food crisis (Ray et al., 2013). Evidence from agricultural 

scientific research and crop production data analysis shows that the 

impact of climate change on crop production is as important as the 

average value of crop seasonal climate variables (Bhatta et al., 2015). 

Crop productivity in the world is facing climate adversity, especially 

extreme events endangering social and economic needs; therefore, it is 

necessary to formulate better policies and plans for future disaster risk 

reduction (Duncan et al., 2015). 

AGRICULTURE HISTORY AND POLICY 

The most important change in human history begins with the 

development of agriculture. Scholars from many disciplines, such as 

religiology, archaeology, historical linguistics, biology, anthropology 

and history, have investigated southwest Asia, South Asia, China, 

Japan, Southeast, Middle East, Asia and Pacific, sub Saharan Africa, 

America and Europe, and studied the common development of 

agriculture with social structure and cultural forms (Barker et al., 

2015). 
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The Food and Agriculture Organization of the United Nations 

estimates that by 2050, we will need 60% more food. Agriculture 

must provide more and more high-quality food, fiber, feed and fuel for 

human beings in an environmentally, economically and politically 

sustainable way. And agriculture will become more challenging in the 

future, and the development and correct implementation of precision 

agriculture will help to achieve this very important task (Zhang, 2016). 

The link between agriculture and human needs requires reducing 

pollution in the areas of air, soil and water, improving food production 

and related socio-economic issues, with a focus on human health and 

livelihoods. For sustainalable agriculture, four pillars are land 

management, resource management, human interface and ecosystem 

interface. Because of the strong influence of personal values, culture, 

norms and habits, the human interface may be the most unpredictable 

and complex (Peattie, 2010). Domestication of plants for thousands of 

years has led to extreme changes in human diet and social 

development, prompting people to eat more grains. At present, 

carbohydrates still account for 60% of human calories (Foster et al., 

2003), most of which are consumed by grains such as rice, wheat and 

corn. Both animals and plants in the area have experienced extensive 

expansion. Once domestication is successful, it will be scattered from 

the origin area to another part of World. Domestication began with 

wheat cultivation in Fertile Crescent areas such as Turkey and spread 

rapidly throughout Europe (Zohary et al., 2012). With the 

improvement of domestication, the human diet structure has been 
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accelerated, but it is still changing. Urbanization involves more 

consumption of polished grain (bran removal). Rice and wheat have 

been treating for more sugar, more animal products and, more food 

(Drewnowski et al., 1997). Grain production accounts for a large part 

of the world's agricultural production. According to FAO, world grain 

production is expected to reach the target of 3 billion tons by 2050 

(Alexandratos et al., 2012). 

The first challenge facing World Agriculture is to produce enough 

food to meet the growing world population. It is predicted that the 

world population will reach 8 billion by 2025. It is expected that in the 

coming decades, the population in rural areas will decrease, and rapid 

urbanization will lead to the continued growth of urban population. So 

far, the income of agricultural activities is low and about 70% of the 

poor are still rural residents. The second challenge for World 

Agriculture, therefore, is technical, policy and institutional. Meeting 

this challenge will require farmers to have access to domestic and 

international markets. The third challenge facing World Agriculture is 

that small-scale farmers pay attention to the long-term management of 

the natural resources they manage. In the new century, we will create 

a set of technologies, incentives and policies to encourage 

development. Around the world, it is vital that most of the fields, 

Forests and pastures are used by farmers. Agricultural water 

consumption accounts for more than 70% of the world's fresh water, 

and there are a lot of biodiversity in the agricultural system. It is 
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estimated that agricultural production can cause 70% of the water area, 

deforestation of most forests and loss of biodiversity (Renan et al., 

2008). The border between the forest and the desert is affected by 

agricultural activities. Therefore, the issue of improving our natural 

resource management is closely related to improving the productivity 

and profitability of small-holder farmers in developing countries 

(Robert et al., 1987). However, there is a huge pressure on agricultural 

production systems to cope with increasing demand, climate and soil 

change. This is mainly due to human interference. The increasing of 

food production in the case of reduced land per capita and water 

shortage must be described for humankind (Postel, 1996). With the 

increase of food production, especially the source of high protein food, 

how to meet the future needs of the population is facing some 

challenges (Singh and Maharaj, 2017); currently entering a new era of 

agriculture, scientists are developing "intelligent" plants to achieve 

healthy life to save the future (PMB, 2006). Human beings always 

equate their happiness with consumption. Therefore, increasing 

production has become the competition problem of every country. 

This, in turn, brings a burden to the environment due to the abuse or 

overuse of natural resources (Jaswinder et al., 2018). 

Thousands of years of plant domestication have led to extreme 

changes in the human diet, as well as social development, driving to a 

greater consumption of grains. Carbohydrates are still serving about 

60% of our calories today (Foster et al., 2003), Most of these 

carbohydrates are consumed as grains (mainly rice, wheat, and maize). 
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Most domesticated plants and animals experience widespread 

expansion. Once domesticated successfully, these crops and animals 

expand rapidly and are used in areas where they did not originate. 

Clearly, the human diet has dramatically altered with increased 

domestication and is still changing today. Urbanization is involved 

with greater consumption of polished grains (bran layer removed), 

where rice and wheat are preferred over grains such as millet, more 

sugar, more animal products, and most importantly more food is 

consumed away from home (Drewnowski and Popkin, 1997). 

Domestication began with the cultivation of wheat in the Fertile 

Crescent of Turkey and rapidly spread all over Europe (Zohary et al., 

2012). In contrast, recent analyses suggests that new technology, 

economic, and environmental factors are the driving trends of increase 

in local production, manufacturing, and services, a process named 

“deglobalization” (Hammes, 2016). 

Harris and Hillman (1989) recognized the main developmental steps 

of this relationship. First, the use of pounding stones to treat woody 

and hard tissues. Second, prescribed and controlled fires (slush and 

burn) and third, harvest seeds and storing them. The next 

developmental steps were cooking, detoxification by leaching, and 

cultivation. The later ultimately caused some plants to lose their 

ability to survive and reproduce wildly without human interference. 

The main conclusions from Harris’ fundamental work are the 

following: first, the distribution patterns of current plant communities 
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illustrate the habitat preferences of their progenitors more than they 

tell us about their origin. The second conclusion is related to the 

essential question—what makes one species a successful domesticated 

crop (Diamond, 1999). 

Human beings always equate their well-being with consumption. 

Therefore, every nation rich or poor is in a race to increase production. 

This in turn is putting a burden on the environment due to misuse or 

overuse of natural resources. Actually around 60% of the total waste 

generated from industrial, agricultural, or domestic sectors is 

biodegradable and can be used for production of economically 

important plants and nutritionally balanced animal proteins. 

Vermicomposting is one such technology that synergizes microbial 

degradation with earthworm’s activity for reducing, reusing, and 

recycling waste materials in a shorter span of time. Mutual action of 

earthworms and microbes brings faster decomposition as earthworms 

aerate, condition, fragment, and enhance surface area of the organic 

matter for microbial action (Jaswinder, 2018). 

The interface between human demand and agriculture requires efforts 

to reduce pollution in the air, soil, and water spheres and improve 

socioeconomic-related issues in food production with an emphasis on 

human health and livelihood. The human interface may be the most 

unpredictable and complex of the four pillars (land management, 

resource management, human interface, and ecosystem interface) as it 

is influenced strongly by personal values, culture, norms and habits 

(Peattie, 2010). 
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Processing of foods is an important topic since 30% of the overall 

production of food is lost postharvest (FAO, 2013) because of lack of 

appropriate technologies and techniques for preservation. In the food 

industry, the control of unwanted microorganisms is essential and 

decisive (Stoica et al., 2011). The soil is deposited on food processing 

equipment and forms films that negatively interact with the processing 

integrity lines, for example, on the walls of an empty tank and on the 

internal surface of a heat exchanger (Norton and Tiwari, 2014). 

In the food systems, the way of production and distribution, as well as 

the kind of foods we consume can have a certain effect on the planet 

where we are living on and the society which we are living in. Air, 

water, land, climate conditions, and biodiversity are the major driving 

forces for human well-being and, at the same time, major parts of our 

lives are exposed to human activities intentionally. Sustainability of 

these natural sources plays a primary role in the food systems. 

However, food system itself also has a primary role for protecting 

natural sources because of its certain consequences such as 

greenhouse gas (GHG) emissions, water and soil pollution, and 

deforestation (Garnett, 2013). 

Nowadays, the definition of food security focuses on the access to 

food rather than food production. In November 1999, The World Food 

Summit took place with a participation of 185 countries and the 

European Community for the eradication of hunger. According to 

definition of World Food Summit (FAO, 1996), food security is met 
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when “all people, at all times, have physical and economic access to 

sufficient, safe, and nutritious food to meet their dietary needs and 

food preferences for an active and healthy life.” Food and nutrition 

security are considered as the priorities of food system outcomes and 

strongly emphasized in the definitions of “sustainable diet” that is 

comprised of a healthy diet and a healthy environment (Allen and 

Prosperi, 2016). 

Earlier, in 2011, Food and Agricultural Organization (FAO) published 

a report considering global food losses and food wastes noting that 

nearly one-third of worldwide food production (1.3 billion ton/year) 

for human consumption is lost or wasted. The amounts of food loss 

and waste along the food supply chains, respectively,  are 54% of total 

loss and waste as upstream processes (including production and 

postharvest) and 46% of total loss and waste as downstream processes 

(including processing, distribution, and consumption) (FAO, 2011). 

The European Commission technical report (published in 2010) 

indicated that around 90 million tonnes of food wastes are generated 

within European Union (EU) each year. The percentage breakdown of 

food wastes according to this report is 39% manufacturing, 42% 

households, 14% food service/catering, and 5% retail/wholesale (2006 

EUROSTAT data and various national sources provided by EU 

Member States). Based on this study, it is expected that food wastes 

would reach 126 million ton in 2020 (from about 89 million ton in 

2006), without additional prevention policies or activities. From 2006 

up to 2020, food waste tonnages are expected to be 3.7 million in 
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EU27 when population increases by nearly 21 million (Otles et al., 

2015). 

Food supply chains begin from the primary agricultural phase, 

proceed with manufacturing and retail, and end with household 

consumption. During this life cycle, food is lost or wasted because of 

technological, economic, and/or societal reasons. The definitions of 

“food waste” and “food loss” within the supply chain have been a 

subject of disagreement among the related scientists. According to the 

EU Commission Council Directive, 2008/98/ EC, “waste” is defined 

as “any substance or object, which the holder discards or intends or is 

required to discard.” “Food loss” refers to quantitative and qualitative 

reductions in the amount and value of food. The qualitative loss 

corresponds to the loss of caloric and nutritive value, loss of quality, 

and loss of edibility. Quantitative loss refers to the decrease in edible 

food mass throughout the part of the supply chain that specifically 

leads to edible food for human consumption. FAO (2014) global 

voluntary definitional framework defined food loss as the decrease in 

quantity or quality of food, caused mainly by food production and 

supply system functioning or its institutional and legal framework. 

Thereby, “food loss” occurs throughout the food supply chain. 

Moreover, FAO distinguishes “food waste” as an important part of 

“food loss,” which refers to the removal of food from the supply chain, 

which fits for consumption by choice or has been left to spoil or 
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expire as a result of negligence (predominantly but not exclusively) by 

the final consumer at household level. 

Food supply carries a vital importance for human survival. 

Nevertheless, the protection of natural resources which is tightly 

coupled with food supply is an inevitable priority in today’s world. 

The fact of increasing soil, water and air pollution, deforestation, the 

decline in biodiversity and effects of climate change and in response 

to all these events, ever-growing human population and the needs for 

food and energy create a very serious problem to provide continuance 

of human survive. All these factors constitute certain unsustainability 

in the global agriculture and food systems, and the generation of huge 

amount of food waste became a major indicator of this instability. 

Food industry has to produce enough food and ensure the food safety 

while giving rise to a less environmental impact. The improvement of 

food production efficiency, the prevention of food waste generation, 

and waste valorization for meeting the increasing demand for 

chemicals, materials, and fuel are the only solutions to restore this 

unsustainability. Appropriate waste management strategies including 

the prevention of unsustainable use of natural sources, huge amount of 

waste generation, and the recommendation of a more cost-effective 

and environment friendly disposal system should be a global focus 

point which is shared by farmers, industrial producers, consumers, and 

policy makers (Otles, 2018). 
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Definition of Agriculture 

Agriculture is a science, art or practice of growing soil, producing 

crops and raising animals for marketing (Merriam, 2016). Agriculture 

is the most basic instinct of human beings, which has a broad 

definition such as the ability to produce food to meet hunger and the 

survival of species. The word 'Agriculture' is originated from the Latin 

word 'Ager' means field and 'Culture' means cultivation. So agriculture 

is an art of raising living organism from the earth for the use of human 

being (Erick et al., 2002; Alexandratos et al,. 2006) We shall 

understand agriculture as consisting of activities which foster 

biological processes involving growth and reproduction to provide 

resources of value. Typically, the resources provided are plants and 

animals to be used for food and fiber, although agricultural products 

are also used for many other purposes (Lehmen et al,. 1993). 

Sustainable agriculture is one of the best practices for environmental 

sustainability. It maintains the fertility of soil and ecosystem and 

human’s health. It relies on improved ecological processes and cycles 

of local adaptation, as well as natural biodiversity, rather than the use 

of synthetic inputs and genetically modified materials. Therefore, 

farmers must be encourage to engage advance agriculture for future. It 

has the great potential to contribute to food security and economy 

(FAO, 2013; Fraser, 1998). 
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Agricultural History   

World agricultural land is very rich (Mickelson, 1997). Some local 

elders and historians believe that their origin story proves that they 

have always had agriculture (Martin, 1965). From past to now 

agriculture is not yet a major economic activity. Farmers has been 

doing agriculture activities for survive and support their families 

(Apps, 2015). It is very clear that if many of the sub themes that others 

will emphasize when writing similar works are strictly excluded, and 

if the book's claims are not so moderate, it will be criticized (Schafer, 

1922). Understanding our history also helps us to meet today's local, 

national and global challenges. Hot issues such as environmental 

protection, land-use policies and ensuring adequate food supply are 

not new debates. They come in other times and forms. A deep 

understanding of the history of agriculture provides the basis for 

today's agricultural policy (Apple et al., 2015). No matter what the 

motives of Americans and Europeans are, they are most concerned 

about making a living. Most newcomers immediately began to 

produce their basic products with the initial goal of making a living, 

but it is expected that surplus products will soon be sold in local or 

national markets.           

Agricultural policy 

Historically, family farms have provided the strength and vitality of 

the whole social order. The task is to maintain its health and vitality 

(Hathaway, 1963). Farmers are "guardians of the countryside" (Cox et 
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al., 1983) and providers of agricultural products, and the free market is 

considered unable to achieve these numerous goals. Political scientists 

call this agricultural Exceptionalism (Coleman et al., 1997; Skogstad, 

1998). Because agricultural policy-making is carried out in a relatively 

closed policy network based on common values between the Ministry 

of Agriculture and agricultural groups (Coleman et al., 1997; Grant, 

1995; Halpin, 2005). But these closed networks control the policy 

process and exclude other interests (Josling et al., 1996; Wilcox, 

1949). 

In the past 20 years, the traditional agricultural policy agenda and new 

policies have been challenged. "Agricultural income" is no longer the 

main concern although food security is a policy concern after the food 

price panic at the end of this century, adopting a more westernized 

diet may lead to a 50% increase in food demand (Huang et al., 2010). 

The new emergence includes food safety, the provision of 

environmental and ecosystem services, the role of biotechnology in 

agricultural production (especially genetically modified organisms, 

genetically modified organisms), intellectual property rights and 

biological patents, the use of farmland to produce bioenergy, and the 

role of the agricultural sector in reducing climate change. In 

developing countries, the policy and practice of developing industry at 

the expense of agriculture has been abandoned, with "development" 

and "agriculture" as the central policy instead (FAO, 2004). New 

policy issues are being addressed in a more flexible institutional 



26 | Abdulgani DEVLET 

 

environment. In such an environment, there are often conflicts and 

interactions among regions and institutions based on different values, 

so policy coordination is needed. This coordination process is called 

inter agency decision-making. We should encourage participation in 

the formulation of new agricultural policies. Design and implement 

policies more effectively. Value balance has become a key feature of 

the new politics of agriculture and food (World Bank, 2007). 

In the past, the research on agricultural decision-making has promoted 

the development in many political theoretical fields, such as interest 

groups, policy networks and public policy ideas. The study of these 

concepts is based on agricultural policy, and often from the 

agricultural sector to illustrate the theoretical point of view. It makes 

the agricultural policy department benefit to divide the policy-making 

process, well-organized policy-making process and agricultural 

groups with sufficient resources, the government's massive 

intervention in the market, and the possibility of significant 

redistribution of income and wealth among economic actors 

(Daugbjerg et al., 2012). 

In order to promote greater agricultural production and linkages with 

other sectors, more targeted agricultural measures are needed. This 

may include further integration of food production to provide value-

added and market access for food producers in the domestic tourism 

sector. It is more necessary to provide targeted agricultural funds in 

order to create more value-added agricultural industries and establish 

links with services and manufacturing industries. In order to create 
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opportunities that directly benefit the rural population, partnerships 

among rural agricultural producers, governments and industry must be 

strengthened. We will provide more targeted agricultural financing, 

and set up the agricultural and food production insurance market for 

domestic producers. Invest in agricultural and food infrastructure, 

such as training and skills development, to improve roads and logistics 

capabilities, refrigeration facilities, food processing and value-added 

(Gani, 2018). 

Agricultural policies that encourage mass production lead to highly 

concentrated agricultural practices that are likely to lead to 

environmental degradation. For example, fossil fuels are used to 

produce and transport chemical fertilizers and pesticides over long 

distances; then, raw products and finished products are further 

transported; water sources are also transported to agriculture; used 

water is often polluted by chemical fertilizers and pesticides, resulting 

in "dead zones" in the downstream. Consumers' food prices do not 

include the actual cost of their production. The actual costs include the 

cost of environmental clean-up, the cost of toxic exposure to human 

health and the lack of clean water, the cost of fossil fuel overuse, and 

the cost of food growth for future generations, while agricultural 

losses will be significantly reduced. Our current agricultural policies 

run counter to our nutritional, environmental and economic needs. 

Agricultural policies should not harm the health of the public, 

especially our children. Nor should it promote or allow our natural 
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environment to continue to deteriorate. A healthy food system should 

ensure the well-being of consumers and farmers, as well as the 

producers, processors and distributors on which they depend. Organic 

and regional food production are promising examples of change. 

Unhealthy people in unhealthy places cannot produce healthy food. It 

is the responsibility of the health community to ensure the conditions 

for people's health. This means participating in agricultural policies to 

influence better food supply (Richard et al., 2009). Someone may be a 

good manager, but being a good politician is another matter. Be able 

to accept the experience of the past society to guide the future. 

Agricultural policies are very important for human and environmental 

health. It is always useful to fully grasp the agricultural and sideline 

industries and eliminate the harm. Access to and maintenance of a 

healthy life should be the goal of agricultural policy. As a person, a 

society, a country, this is unchangeable. This policy is crucial to the 

economy, business and industry. People can't understand the value of 

two things at any time: time and health. It should be such a state that 

the management of a family in a society is basically similar to that of a 

country. 

In most commodities and regions, national research investment is 

highly productive. The return on internal investment for most 

commodities is between 30% and 70%. There is a consistent negative 

interaction between national research and national promotion. Higher 

research spending reduces the impact of extension services. It seems 

that most organizations that promote services do not directly deliver or 
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disseminate research products to farmers. Although the impact of 

extension services is more variable, it is also productive on the whole. 

However, a more serious problem with extension may be the lack of 

evidence that extension complements research. The strong negative 

interaction between research and extension shows that the basis of 

extension productivity is not so much the extension of research results 

as the improvement of general productivity through the improvement 

of farm management. This is not wrong, but the findings indicate that 

a more systematic study of the extension of research is needed. 

However, well-organized systems need to be expanded, and the data 

clearly show the potential for high return national system investment 

in all countries of the developing world. Finally, there is a need for 

caution with regard to signals of delayed investment, although 

generally positive (Evenson, 1987). 

Agriculture is a strong and viable industry with growth potential. 

Agriculture related economies have the potential for growth and 

diversification. The face of agriculture is changing. Innovative 

practices are leading to improvements in new products and traditional 

sectors. There is increasing interest in innovative food and natural 

products, especially in urban areas, which are opening up new markets 

and opportunities. As part of the 21st century strategy, it will be 

appropriate and progressive to support and promote the world-wide, 

nature-based agricultural industry. If a country wants to become 

stronger, it must draw strength from science. Because this power will 
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be in the hands of science recently. Promote and expand agricultural 

research and consulting services to help improve farmers' practice: 

increase production land area; increase land yield per unit area; 

maintain soil productivity and reverse soil nutrient exploitation; 

improve agricultural sustainability through better resource 

management; select high-yield potential, insect resistance and 

resistance To promote and expand agricultural research and advisory 

services to help improve farmers' practice; 

Drought, floods, hail, earthquakes, mudslides and many other disasters 

are the natural risks that the agricultural sector is prone to. Because of 

these risks, financiers are reluctant to invest in this industry. Ironically, 

agriculture is the foundation of industry and trade. But the risk of 

agriculture is more and more huge than other industries such as 

industry, trade and service industry.  

CONCLUSION 

Although the agricultural structure has changed significantly and 

dramatically beyond some elements, the agricultural production sector 

is still composed of agricultural units owned and operated by families. 

Still most important are inputs such as rainfall, sunlight and 

temperature. As a result, changes in climate, topography, soil and 

other agro ecosystems continue to affect production options for crops 

and livestock. In turn, the changes of these natural factors affect the 

implementation of management and technology selection. It can be 

seen that family decentralized farm management has advantages 
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(Olmstead et al., 2000). Capital and other technologies have replaced 

or improved the impact of these natural changes. The nature and speed 

of technological changes aimed at influencing agricultural production, 

as well as more general production options. The change of agricultural 

structure coincides with the increase of animal raising efficiency and 

the decrease of production cost. The increase of productivity is mostly 

due to the increase of production scale and technological innovation 

(Key and McBride, 2007). 

In the toolbox of public policy analysis, the theory of policy stability 

is explained through new corporatism, policy network analysis and 

new system focusing on path dependence. It is proved that it is 

effective to determine the mechanism of returning stable agricultural 

policy path over time. It also emphasizes the importance of 

compartmentalizing policy-making and involves only a limited 

number of shared ideas and values of interest. The previous wave of 

policy reform has drawn the attention of policy analysts to the 

development theory and analysis framework, which can be used to 

explain these change multi flow models, punctuation equilibrium 

model, advocacy alliance framework and concept theory. These 

theories are the same as "stability theory", that is, the concept of 

conventional decision-making in relatively closed and exclusive 

subsystems, or networks (Daugbjerg et al., 2012). 

Grant (2012) said that by using new modes of action (such as social 

media), new participants may be able to "debate. As a result, these 
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new actors may successfully launch and promote through policy and 

institutional reforms. Inter agency coordination links core policy 

sectors to new policy areas that have not previously been approached 

by core policy sectors. The lower political cost strategy proposed by 

such new actors may be to initiate a policy level process in which new 

policy concerns are addressed by adding new measures to existing 

core policies. The concept of policy stratification has not been clearly 

defined, but the definition of institutional stratification by Thelen 

(2003, P. 228) may also cover policy stratification. Stratification refers 

to a "retention of the core (of an institution) while adding amendments 

through which rules and structures inherited from the past can be 

synchronized with changes in the normative, social and political 

environment" (Thelen, 2003, P. 228). 

The case study also shows that this is not an easy process, which may 

lead to the ecological corporatization of policy stratification and the 

value balance involved in inter agency policy-making. As Feindt 

(2012) and kJ æ R and Jouchin (2012) show, policy makers should not 

ignore values. Kay and Ackrill (2012) and Daugbjerg and Botterill 

(2012) have shown that although this may only have the potential to 

internalize value conflicts in the short and medium term, value can be 

balanced through policy stratification. Due to the change of political 

or economic relations, the value balance has changed. The most stable 

solution for inter agency policy. Just as Cockfield and Botterill (2012) 

made decisions when an overall value dominates the policy complex. 

In the agricultural policy sector, decentralization and inter agency 
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decision-making are becoming increasingly important. It is possible to 

provide the same theoretical insights as the traditional agricultural 

policy research in the past. As in the past, contributors to this topic 

have been firmly involved in the broader theoretical development of 

political science, enabling them to draw more general lessons from 

case studies (Daugbjerg et al.,  2012).                
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MODERN AGRICULTURE AND CHALLENGES 

According to the final report of the food and Agriculture Organization 

of the United Nations (FAO) in 2020, although the covid-19 pandemic 

has different degrees of impact in all food sectors, the agricultural and 

food sectors have advantages in this respect, so other sectors are not as 

good as others in resisting the epidemic. The report predicts that the 

production and market trends of grain, oil crops, meat, dairy products, 

fish and sugar will become the world's largest trade grain commodity 

in 2020-2021. The situation of cereal supply and demand is good. 

FAO’s early forecast shows that global grain production in 2020 will 

exceed 2.6% of the previous year. It is estimated that world cereal 

trade volume will reach 433 million tons in 2020/21, an increase of 

2.2% (9.4 million tons) compared with that in 2019/20, and will reach 

a new historical high due to the expected expansion of all major cereal 

trade (FAO, 2020). 

In order to meet the increasing demand up to 2050, it is estimated that 

global agricultural production will need to increase by 70% (Bruinsma, 

2009) Improving rural poverty and community farms in urban suburbs 

is one of the measures to achieve food security in developing 

countries. In order to promote global food security, low-income 

countries need to increase their quantity and quality of food 

production in order to reduce their vulnerability. In many food 

dependent low-income countries around the world, especially in 

Africa, there are huge differences in production (FAO, 2011b). 
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Sustainable agricultural mechanization is a key strategy to achieve 

long-term growth of agricultural production in all aspects, including 

reducing the coolie of small-scale farmers, improving the timeliness of 

agricultural operations and improving the efficiency of input and use. 

In the long run, mechanization will contribute to the sustainable 

strengthening of production systems and to the establishment of an 

agricultural sector more resilient to increasingly extreme and 

unpredictable climate events (FAO, 2017). Small farms are at the 

center of the strategy of food supply chain. Small-scale agriculture 

will continue to improve productivity and increase local food supply. 

In this way, we can not only effectively reduce poverty, but also make 

a significant contribution to economic development. Around 75% of 

the world's people, most of them living in rural areas are still 

extremely poor, live with hunger and fear starvation. Small-scale 

producers and landless households, a large part of people's income 

directly depends on agriculture or is engaged in agriculture based 

activities and the rest are small business owners related to agriculture, 

such as processing, machinery, storage, seeds, feed or fertilizer. A 

large number of starving people in poor countries only depend on 

agriculture for a living, but for a long time, their input is seriously 

insufficient, which hinders the overall productivity of agriculture. 

Lack of investment also reduces farmers' ability to cope with price 

fluctuations and external shocks, including those related to weather 

and economy. Climate change is affecting farmers' livelihoods and 

food security around the world. There are clear signs that there may be 
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underinvestment, which will have a huge impact on poverty reduction. 

For example, in the World Development Report 2008, the quantitative 

analysis of the effect of poverty reduction shows that the growth of 

agricultural GDP (gross domestic product) is faster than that of 

external GDP (World Bank, 2008). Sustainable production of healthy 

livestock with nutrition and food for everyone is crucial. However, 

there is no specialized organization that can deal with the risk of 

specific diseases on time, and prevent, control and eliminate livestock 

diseases. Therefore, it is not only necessary to be on time in view of 

the seriousness of disease problems and problems in medicine, public 

health, veterinary medicine, entomology and environment, but also 

need to carry out firm international coordination and cooperation to 

develop and eliminate livestock diseases within the framework of the 

concept of "one health" Implementing the global strategy for 

collective health protection (FAO, 2011b). It mainly includes locusts, 

armyworms and fruit flies, which pose a major threat to agricultural 

and animal husbandry resources and livelihoods, as well as wheat, 

coffee and soybean rust, banana fusarium wilt, cassava and corn virus 

diseases, which spread rapidly, threatening neighboring countries, 

regions and continents. This disease seriously affects nearly 70 

countries in the world, which is highly infectious. More than 80% of 

sheep and goats and more than 330 million people live in the world's 

poorest areas, causing losses of US $1.5 billion to US $2 billion per 

year, many of whom rely on small ruminants for their livelihood 

(FAO and OIE, 2015). 
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As a labor-intensive sector, agriculture can certainly absorb 

underutilized labor. For example, some farmers and rural workers 

have no land or too little income. In addition, agricultural growth has 

led to a decline in food prices, a doubling of the role of the local 

economy, and an increase in rural wages (Schmidhuber and Bruinsma, 

2011). Therefore, the necessary condition of food security is not only 

to make full use of the existing natural resources, but also to invest in 

small farmers' agriculture and promote the development of fair 

economy. FAO published a paper entitled "how to feed the world by 

2050" at an expert meeting in Rome in 2009, including the main 

conclusions of the meeting (FAO, 2016). A large part of the world's 

agricultural production is grain production. By 2050, according to the 

data of FAO, the world's total grain output is expected to reach 3 

billion tons (Alexandratos and Bruinsma, 2012). It is estimated that 

the global meat production will reach 429 million tons in 2001 and 

470 million tons in 2050, which is more than twice the increase (Nigel 

et al., 2010). The commercial and nutritional quality of fruits and 

vegetables depends on a range of characteristics, attributes and 

characteristics (Schröder, 2003). 

The identification of commercial quality standards includes origin, 

freshness, cleanliness, appearance, hardness, consistency, no damage, 

color, no disease, aroma, texture, size and shape (UN-ECE, 2007). 

Nutritional quality, essential nutrients such as carbohydrates, amino 

acids and fatty acids are related to bioactive compounds such as 

phytosterols, dietary fiber, vitamins, carotenoids, phenolic acids, 
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glucosinolates and flavonoids. In the process of delivery, quality will 

be affected by various activities in the supply chain. For example, the 

sales quality of fresh vegetables decreased due to mechanical damage 

caused by handling and transportation vibration during transportation. 

The next doubling of food production will be achieved through land 

reduction per capita and water shortage. In order to meet the needs of 

the future population, the increase of food production is faced with 

some challenges, such as the increase of high protein food sources 

(Singh and Maharaj, 2017). In food applications, it is most important 

to be able to quickly and correctly detect harmful and unhealthy (off 

label) animal and plant substances in processed food (Yancy et al., 

2008). The main goal of all food safety organizations is to ensure the 

food safety of consumers in an all-round way (Anne et al,. 2014). 

All in all, in human history, the long-term expansion of population has 

been limited by food supply and disease constraints (Diamond, 1997). 

The domestication of animals and plants has further promoted the 

development of human society, caused a large number of people, and 

increased the risk of disasters and major disease outbreaks (pandemic). 

The recent global pandemic of covid-19 is caused by the emergence of 

a disease caused by severe acute respiratory syndrome coronavirus 2 

(Sars-Cov-2). Moreover, it has caused great interference and losses to 

economic activities and severely restricted international cooperation, 

exchanges and exchanges. The pandemic exacerbates new challenges 

to food security posed by climate change and major conflicts, both of 
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which are major factors contributing to overall food insecurity. Plant 

scientists need to identify investment in innovation and change 

measures to deal with the pandemic. Ensuring supply through the use 

of modernization and automation at all stages of the food production 

system will exacerbate concerns and challenges about labor shortages 

and food safety. Responding to transport and trade disruptions to 

support food production close to the point of consumption may 

facilitate accelerated efforts to develop protective crops. Both trends 

will increase the demand for new crop varieties to meet the growing 

demand of consumers, better promote more research work, including 

successful prevention and treatment of epidemics, and accelerate the 

application of emerging plant breeding technologies in these rapidly 

developing modern agricultural environments (Henry, 2019a). 

Global value chain (GVS) refers to the sharing of international 

production, a phenomenon that divides production into activities and 

tasks in different countries. Global value chain accounts for half of the 

total trade volume, which promotes the surge of international trade 

and creates unprecedented economic integration: some developing 

countries are becoming net importing countries and growing 

constantly: Indonesia, Nigeria, Algeria, Pakistan, Iran and the 

Republic of Korea are such cases, which make up for the lack of net 

import growth of developed countries. All over the world, 

governments are actively and openly intervening in the economy to 

promote innovation, create new technologies and cultivate cutting-

edge industries. These interventions can have a positive or negative 
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impact, especially in today's highly interconnected global economy. 

On the one hand, they can expand knowledge, increase productivity 

and disseminate basic tools for global growth and development. But 

on the other hand, they may also distort trade, transfer investment, 

benefit one economy and harm the interests of other economies. More 

than ever, international cooperation and rules are needed to ensure that 

governments' new focus on innovation and technology policies can 

maximize positive spillover effects, minimize negative spillover 

effects, and ensure that competition for technological leadership does 

not evolve into a struggle for technological dominance (World Trade 

Report, 2020). The global financial crisis in 2008 also brought a 

serious threat, adding pressure to the trade led growth model. New 

technology can shorten the distance between production and 

consumers and reduce the demand for labor. With the development of 

industrial and agricultural trade and technological change, global 

value chain can continue to promote growth. The premise is that 

developing countries implement more in-depth reform and innovation, 

and promote participation in global value chains. Industrial countries 

pursue open and predictable policies, and they need to strengthen and 

resume multilateral cooperation. With the reduction of trade and 

communication costs, the development of new products and the 

improvement of productivity, developing countries should accelerate 

the reform of trade and investment and improve the level of 

connectivity. It is conducive to promoting the development of global 
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value chain and making it a sustainable and inclusive development 

force. (World Development Report, 2020). 

Agriculture and challenges 

 

With the rapid development of cities, the urbanization of the world has 

entered an unprecedented progress, 55% of the world's population is 

urban, and the border population has been growing by about 7.5 

billion since the early 1960s (FAO et al,. 2018). In Asia and Africa, 

urban population growth has reached 90% (UN DESA, 2018). By 

2050, 2.5 billion people are expected to live in urban areas. 

Unprecedented urban development is now taking place all over the 

world, and the urban population accounts for more than half of the 

global population. Access to adequate, safe, nutritious and cash 

regulated properties in urban areas poses specific food security and 

nutrition challenges. The actual distance between grain producing 

areas and consumers, the lack of transport options, the fluctuation of 

grain prices, the concentration of power in global grain trade, the 

impact of climate, and the failure of the safety net of low-income 

urban residents, especially in times of crisis, often limit the access to 

food (FAO, 2019). In order to meet the growing world population, the 

production of adequate food has become the primary and sustained 

challenge for agriculture all over the world. The share of agriculture in 

total production and employment is declining at different rates, and 

the challenges are different in different regions. The second challenge 

facing global agriculture is to develop new technologies, policies and 
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institutions that will help to realize the full potential of agriculture as 

an engine of growth. Although agricultural investment and 

technological innovation are increasing productivity, it is 

disconcertingly low that output growth has slowed down. In order to 

reduce the loss and waste of grain in agricultural output, the goal of 

increasing production can be achieved. However, the degradation of 

natural resources, the loss of biodiversity and the spread of plant and 

animal diseases and pests across the border have hindered the 

necessary acceleration of productivity growth, and some of them have 

become resistant to antimicrobial agents. Developing a new set of 

technologies, incentives and policies to encourage small-scale farmers 

to attach importance to long-term management of natural resources, 

and improving the productivity and profitability of small-scale farmers 

are closely related to improving the management of natural resources 

in developing countries (FAO, 2017). On the basis of indigenous and 

traditional knowledge, the establishment of agroecology, agroforestry, 

climate intelligent agriculture and protective agriculture is a process of 

"holistic" transformation. To solve the problem of climate change and 

the aggravation of natural disasters affects all ecosystems and all 

aspects of human life, so it needs to be realized through the progress 

of new technologies, coupled with the sharp reduction of economic 

scope and the use of agricultural fossil fuels. It is also necessary to 

strengthen international exchanges and cooperation to 

comprehensively prevent emerging cross-border agricultural and food 

system threats, such as pests and diseases. Strengthen the innovation 
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system based on the conservation of natural resources to improve 

productivity. However, there is a need to respond to growing demand, 

climate and soil changes, mainly the risk and pressure of human 

interference with agricultural production systems (FAO, 2019). 

Floods affect human survival, property and economic activities in 

many ways. There has been a lot of research on how to prevent, 

mitigate, manage and deal with the clean-up and recovery phases. 

Although the flood frequency is not high and the occurrence time is 

short, the damage to property and houses can cause serious economic 

burden. By promoting and supporting integrated watershed and plain 

management while focusing on the establishment of good drainage 

systems and forest protection, the capacity and occurrence of 

catastrophic floods can also be fully mitigated and prevented 

(Murnane, 2004). Climate change and drought affect all regions of the 

world. It is not only a climatic feature, but also a temporary condition 

caused by water shortage, which can occur under almost any climatic 

condition. The definition of drought occurrence occurs when the 

rainfall is lower than the long-term average rainfall of a certain place 

in theory, and the location is very important (FAO, 2019). 

From 2010 to 2017, different parts of the world were hit by drought, 

and agriculture, industry and Commerce posed great challenges. 

Climate change may lead to more frequent and severe droughts. In dry 

land, semi-arid areas, which usually have more population and more 

economic and social activities, are more affected by drought. Based on 

the analysis of historical drought trend, there are significant regional 
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differences in drought and its impact (IPCC, AR5, 2014). The 

international food and Agriculture Organization (FAO) said that 

compared with the global food price crisis from 2007 to 2008, the 

global food production prospect is optimistic and the food situation is 

better, which has become a new problem of food access. The price is 

low, the inventory is high, there are many import and export countries, 

and the trade base is broad. Due to the "covid-19" incident, the 

economic growth rate dropped sharply, which restricted people's 

ability to obtain adequate and nutritious food. Policymakers should be 

prepared for similar global crises and gain more experience and 

insight ahead of time. At present, the covid-19 pandemic has also led 

to the loss of researchers, the closure of many research laboratories, 

the cancellation of many global research conferences and the 

reduction of direct contact between researchers, which has partially 

destroyed the existing agricultural and food research system. (Capell 

et al., 2020; Tokel et al., 2021). 

In different regions and countries, there are great differences in 

planting system and agricultural technology use. Under the premise of 

international exchanges, new agricultural technologies and reforms 

have been widely spread all over the world. The socio-economic, 

agronomic and technical challenges faced by agricultural measures are 

due to the limited cost and lack of skills, which are known as socio-

economic barriers. There are many technical barriers, including 

machinery, sensors, GPS, software and remote sensing. However, the 
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adoption of precision agriculture and other measures will gradually 

eliminate the obstacles encountered, which will play an important role 

in the future agricultural system (Robert, 2002). However, in recent 

years, the introduction of high-tech technologies, such as automatic 

fertilizing devices, autonomous agricultural machinery and a series of 

computer software for managing various production systems, has 

generally taken effect everywhere (Gebbers and Adamchuk, 2010). Of 

course, precision agriculture is a promising form of agriculture (Mulla 

and Khosla, 2015). These advances in agricultural modernization have 

also brought many benefits to farmers, including increased 

productivity and the resulting profitability, farm quality, clean 

environment, food safety and sustainability, and households and 

consumers who may be affected globally. At present, the main 

challenges are to take measures to identify new approaches to crop 

diseases and pests, reduce pesticides and agricultural practices and 

activities harmful to humans and the environment, and redesign 

agricultural management models in the information age (Nyaga et al., 

2021). 

At that time, more than 840 million people are suffering from 

malnutrition, of which Africa and South Asia account for a high 

proportion. Around the world, most of the 1.3 billion people who are 

engaged in agriculture live on less than $1 a day. The worry is that the 

rate of degradation of natural resources is accelerating (Alex, 2001). 

Although it is too early to assess the full impact of the blockade and 

other containment measures, the report estimates that at least 83 
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million people, and possibly as many as 132 million people, will 

starve in 2020 due to the recession triggered by the covid-19 (FAO, 

IFAD, UNICEF, WFP and WHO, 2020). The map of hunger 2020 

depicts the prevalence of malnutrition in all countries in 2017-2019 - 

if current trends continue, by 2030, the number of starving people will 

reach 840 million (WFP, 2020). "Green Bay crops" are mainly 

common garden vegetables, as well as potatoes, some oats and spring 

wheat. People on the grassland grow many small grains, such as wheat, 

barley, oats, potatoes and onions. Grain was one of the most important 

commodities in the trade between eastern Mediterranean and western 

city states in the first half of the 14th century and the 15th century. 

Food is vital to survival and an important part of trade. International 

trade was the focus of the early construction of the Ottoman Empire. 

The trade relationship between European merchants and Muslim 

merchants is discussed from the development of the Ottoman Empire 

in 1300 to Constantinople in 1453. The economic development of the 

early Ottoman countries and the expansion of Ottoman territory 

provide a rare insight into their economic aspirations and eventual 

integration into the Mediterranean basin economy, and clarify the 

close relationship between Muslims, agriculture and trade (Kate, 

1999). White settlers in fur trading villages grow gardens in the hope 

of feeding their own farmers and trading any additional agricultural 

products (Apps, 2015). 
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In 1994, the first genetically modified food approved for marketing 

was yellow tomato, which successfully inserted an antisense gene 

delaying ripening and had a longer shelf life. By 2000, transgenic 

crops such as potato, Bt corn, Bt cotton, glyphosate tolerant soybean 

and golden rice have been completed (James 2011; Tokel et al., 2021). 

Advances in biotechnology have created contradictions on a wider 

range of social, ethical, religious and economic issues. Many 

environmental organizations and consumers are strongly concerned 

about the direct and long-term effects of genetically modified 

organisms on human health. At the same time, environmental risks, 

such as the reduction of biodiversity, the spread of super bacteria, 

gene leakage and agricultural sustainability of genetically modified 

crops, were emphasized (RAFI, 2000). The area of genetically 

modified crops in the world increased from 1.7 million hectares in 

1996 to 52.6 million hectares in 2001. In 2001, the United States (35.7 

million hectares), Argentina (11.8 million hectares), Canada (3.2 

million hectares) and China (1.5 million hectares) planted 99%. 

Transgenic companies began to invest a lot of money in the research 

and development of transgenic crops and determined to expand the 

transgenic market. Biotech crops have been commercialized for 22 

years. In 2018, 17 million farmers in 26 countries planted 191.7 

million hectares of biotech crops. Compared with 1996, the planting 

area of 191.7 million hectares in 2018 increased by about 113 times. 

Therefore, the fastest crop technology in modern agricultural history is 

considered to be Biotechnology Crops (ISAAA, 2019). 
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Farm classification is the process of classifying each census farm 

according to the main production types. This is achieved by 

investigating the potential revenue from crop and livestock inventories 

to estimate and identify the products or product groups that account 

for the majority of the estimated revenue. Total agricultural revenue 

includes all agricultural sales, programs and refunds, sales Committee 

payments, tax rebates for goods and services, customs revenue, 

cooperative dividends, and agricultural product revenue. The renewal 

and innovation of agriculture promote the development of new 

markets and the opportunities brought by new technologies (Planscape, 

2003). The innovative approach to food supply is an iterative cycle, 

including the design and construction of target genotypes (using plant 

biotechnology equipped with advanced genomics and gene editing) 

and the production environment (the most cost-effective engineering 

environment). Sustainable and reliable modern agricultural production 

can be achieved regardless of the recurrence of challenges such as 

climate change or disasters such as pandemic (Pouvreau et al., 2018). 

Although economic difficulties lead to low population growth rates in 

developed countries, the adverse impact of covid-19 on the global 

economy may also lead to new risks of accelerated population growth, 

thus greatly increasing food insecurity (Genc et al., 2020). Poverty is 

also a major factor leading to rapid population growth in developing 

countries (Van Bavel, 2013). 
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The environmental performance index 2020 ranks 24 performance 

indicators of 10 problem categories in 180 countries. The sustainable 

development of agricultural industrialization in ecological countries 

provides new employment opportunities for researchers, scientists, 

biotechnology experts, veterinarians, farm workers and development 

technicians. At present, the introduction of genetically modified 

organisms (GMOs) has attracted some attention, and the planting area 

of these organisms is expanding every year (Arvas and Kaya, 2018). 

The latest technological innovations in agronomy, transgenic plants, 

chemical pesticides and chemical fertilizers have accelerated the 

synchronous development and improved the quality and yield. Due to 

the increase of human population and food demand, genetically 

engineered plants and their products are obtained by using 

recombinant DNA technology, which is the result of technological 

development in the last 25 years (Arvas and Kocacalıskan, 2020). 

Agrıculture and Industry      

   

In recent decades, agriculture is characterized by a large number of 

purchasing inputs, which inevitably depends on the industrial sector. 

Industrial benefits of agricultural related enterprises have increased 

significantly, especially due to investment opportunities in post 

harvest processing of crops, such as food processing and exports 

(Satterthwaite et al., 2010). The impact of agriculture on production in 

the industrial sector has increased over time. Before the 1980s, the 

real GDP of the industrial sector was more flexible than that of the 
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agricultural sector, and the relative importance of agriculture and 

industry was higher. Agriculture is an integral part of the process of 

industrial development, and the mutual promotion and development of 

industry and agriculture is a complete process. Agriculture contributes 

a lot to the whole industry, especially to the economy. For example, 

the role of industry in providing inputs to modern agriculture, 

especially after the green revolution, and in expanding the demand for 

wage products, need hardly be mentioned (Satyasai et al,. 1999). 

The meat industry accounts for a high proportion of the world's food 

industry in many countries, which plays an important role in the 

global economy. The poultry (13.6 kg / year) were the largest per 

capita meat consumption in the world (Zocca et al,. 2008; Silva et al,. 

2016). At the same time of consumer demand, refrigeration system is 

the key to obtain product stability and sensory characteristics, and 

prevent the development and change of meat ingredients, bacteria and 

microorganisms in the meat industry (Savell & Mueller, 2005). 

Slaughterhouses (EC, 2003) and meat processing industries (Ramı´rez 

et al., 2006a; Alcazar et al., 2012) consume 60% - 90% and 40% - 

50% of cooling system power, respectively. Two thirds of the total 

energy cost of the meat processing industry is equivalent to the cost of 

electricity (HTC, 2009). According to the FAO meat price index, the 

average international meat price in 2019 is 175.7, which is 9.4 points 

(5.6%) higher than that in 2018 and 2.3% lower than that in 2018. 

Production of other meats, especially poultry, is on the rise, while 
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import demand is surging. Increasing meat production and exports are 

the response measures of many meat producing countries, but the total 

global exports are still far below the level needed to fill the deficit, 

leading to the rising trend of international meat prices (FAO, 2020). 

Society, manufacturing and food processing industries are facing 

technological and economic changes. Therefore, the whole food 

supply chain has been greatly affected. In order to meet the needs of 

consumers' healthy lifestyle, enterprises attach great importance to 

food. The necessity of survival in the fierce competition is to 

introduce market innovation into the food industry to further update, 

so large-scale research and exchanges were held. Many achievements 

have been made in this regard. The protection of agriculture is 

guaranteed by the international trade system under the GATT. In order 

to achieve the goal that a country's agriculture will continue to be the 

top priority sector of all countries and people, which can promote the 

creation of healthy societies, meet food needs and provide nutritional 

security. Agriculture not only contributes a lot to GDP, but also 

provides food, raw materials and fiber for industry (Galanakis, 2018). 

People's food is based on products such as milk, cheese and yogurt, 

which are widely consumed all over the world. Milk is the world's 

largest consumer, but the milk of sheep, camel, buffalo, goat and other 

mammals is also being consumed. In November 2020, the United 

Nations Food and Agriculture Organization (FAO) dairy price index 

continued the upward trend in recent months, with an average of 105.3 

points, up 0.9 points (0.9%) on a month on month basis, approaching 
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the highest point in 18 months. The recent rise is mainly due to the 

steady growth of global import demand, which is due to the rising 

prices of butter and cheese, as well as the surge of retail sales in 

Europe. The milk market is disturbed by cowid-19. On the contrary, it 

is expected that the global milk production will increase by 1.4% year-

on-year to 860 million tons in 2020 (FAO, 2020). Dairy products are 

important sources of protein and calcium, and play an important role 

in nutritional diet. Dairy industry has become one of the important sub 

industries of animal husbandry (Zocca et al., 2018). Many studies 

emphasize that dairy consumption in Europe, the United States and 

other parts of the world is the rate of energy consumption. Cheese 

manufacturing industry, for example, can be used to evaluate and 

measure the energy performance of the food industry (Nunes et al., 

2014, 2015, 2016). The consumption of dairy products in China is on 

the contrary, and the per capita consumption of dairy products is lower 

in areas with higher population density (Silva et al., 2016). The new 

trend of the times will become an industry led information age. To 

provide a series of safe, healthy, nutritious, affordable and sustainable 

food for consumers and society is the main goal of agricultural 

products processing industry under the premise of introducing new 

technology and maintaining competitiveness. On the whole, a 

processing plant has the characteristics of limited resource utilization 

and serious corruption, so it is called agricultural products processing 

industry, so its use should be as efficient as possible. In general, due to 

the importance of agricultural products in the human food chain, the 
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industry has changed agricultural products, including not only human 

food, but also animal feed. Due to the positioning between agriculture 

and consumer market, the agricultural products industry has its own 

independent characteristics, and the construction and development of 

sensitive raw material behavior and market organization (Zocca et al,. 

2018). 

Agricultural Trade  

 

Agricultural trade has been covered by the general agreement on trade 

and tariffs (GATT), signed in 1946. In the bilateral aid, the share of 

production sectors including agriculture, mining, industry, tourism and 

trade policy continued to increase. (WTO, 2000). GATT and World 

Trade Organization (WTO) have promoted trade and innovation by 

reducing tariffs many times, combining discipline with basic 

principles, and reserving policy space to deal with important social 

issues. WTO disciplines will continue to promote trade and innovation 

in the digital world. In addition, the multilateral trading system 

provides certainty, promotes cooperation, and is flexible in dealing 

with new problems (WTO, 2020). 

In the world agricultural development report, the main driving forces 

for growth in developing countries are divided into three categories, 

including agricultural economy (agriculture accounts for about 30% of 

GDP), transitional economy (agriculture accounts for about 19% of 

GDP) and urbanization economy (agriculture accounts for about 7% 

of GDP). In the transition and urbanization economy, industry and 
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service industry are considered as the main sources of economic 

growth. Only in the first agricultural based economies, mainly in 

Africa, should focus on agriculture as the main driver of growth. In 

fact, agricultural and non-agricultural sectors are closely related in 

terms of inter sectoral demand (including intermediate input). 

Therefore, the focus of investment may need to take into account the 

indirect role of the agricultural sector in stimulating rural income 

growth (WTO, 2008).More and more attention has been paid to the 

distribution of trade income, so the dominant paradigm of 

international trade has been under considerable pressure (Kerr et al., 

2019). 

Agricultural trade is of great significance to the development of 

national economy, especially to employment and food security. It is 

controversial to bring agriculture into the rules of international trade. 

The export of agricultural products is very important, and the import is 

equally important to the food security of consumers in net food 

importing countries. Each country has the right to produce enough 

food, to protect vulnerable farmers, and to develop unique agricultural 

policies. So far, the approach taken by the international trading system 

has been to enhance the flexibility of multilateral and preferential 

trade agreements. Market access, domestic support and export 

subsidies are the three major agricultural agreements. Export subsidies 

will increase exports, raise domestic prices and reduce foreign prices. 

A price wedge equal to the subsidy value will be formed between the 
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foreign price and the domestic price of the product. These measures 

need to follow standards to limit their impact on trade and production 

(Ralf et al., 2013). 

Agricultural capital refers to the value of farmland, including 

agricultural machinery and equipment, buildings, livestock and 

poultry for agricultural operation. However, it does not include the 

value of existing agricultural inputs such as fertilizers, crops or seeds 

in the field or stored. Farmland includes all land owned as part of its 

business activities, including hay grazing or pasture, swamps, 

buildings and barns, summer fallow, woodland and arable land. The 

person responsible for the day-to-day management and decision-

making of a farm or agricultural operation is referred to as "farm 

operator", and each farm reports up to three farm operators (Eurostat, 

2018). 

A major challenge for low-income countries is to design and expand 

alternatives to social protection for workers in the informal economy 

(Jansen and Lee, 2007). Formal employment is more important in 

middle-income countries, and there is often more scope for social 

protection for workers adversely affected by trade and related 

economic reforms. The time required to import and export goods is an 

important trade barrier. Trade liberalization provides business 

opportunities for companies that are able to export, and offers 

consumers access to cheaper and different goods through imports. 

However, these imports may compete with local production, and the 

local producers concerned may be under new competitive pressure. 



CROP PRODUCTION and INFLUENCING FACTORS | 63 

 

 

 

New export opportunities and increased competition from imports will 

lead to the expansion of some activities and the reduction of others 

(WTO, 2008). In developing countries, the supply of exports and 

employment opportunities has also accelerated the pressure on 

agricultural trade. As a successful case of developing countries. 

Agricultural trade liberalization alone cannot create employment 

miracle. Similarly, agricultural trade liberalization should not be 

expected to have a significant negative impact on employment, but 

these successful strategies are based on agricultural trade. Many 

agricultural workers need to adjust these plans more reasonably to 

reduce their social security burden. Trade liberalization is to eliminate 

or reduce the restrictions or barriers to tariffs (such as tariffs and 

surcharges) and non-tariff barriers (such as license rules and quotas) 

on the free exchange of goods between countries. Trade liberalization 

can lead some developing countries to further increase the 

specialization of agricultural production. The migration from rural to 

urban is the concentrated embodiment of a country's population. 

Measures to promote urban integration may have a significant impact 

because trade reforms trigger or exacerbate such migration. In order to 

promote food security for new urban residents, more information and 

facilities on housing or employment opportunities can be provided, or 

suburban agriculture can be supported, including planting crops and 

raising livestock around the suburbs. Although the poverty rate of 

rural workers is very high and it may cause great difficulties to move 

from one job to another or from one place to another, reducing this 
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difficulty is a lofty goal and may help to improve economic efficiency 

(David, 2013). The e-commerce and law reform programme of the 

United Nations Conference on Trade and development (UNCTAD) 

provides an opportunity for developing countries to conduct expert 

reviews of e-commerce legislation and to provide expert advice to 

policy makers on effective e-commerce laws. The areas covered by 

the scheme include consumer protection, cybercrime, data protection 

and privacy, intellectual property and electronic signature (WTO, 

2020). 

Where does the food come from? If past trends continue, expanding 

trade will not be the answer. Since the reform of agricultural trade, the 

world grain output has more than doubled, and the world grain trade 

has also doubled. Therefore, the share of food consumption in world 

trade remains around 10%. This shows that 90% of the world's food 

production is consumed on average in the producing countries. If this 

trend continues, it is clear that most of the growth in food production 

must come from the production systems of countries where new 

populations live (Alex, 2001). Sustained agricultural investment will 

inevitably have positive side effects on the agricultural industry, as Z 

manufacturing (such as food and beverage) shows. The agricultural 

sector is likely to play a greater role in the global economic integration. 

In populous developing economies such as India and China, per capita 

income and food demand are also growing, indicating that the 

agricultural sector has considerable expansion potential. The 

agricultural sector has always been the foundation and component of 
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the world economy and development. It plays a role in providing food 

and raw materials to the domestic market, absorbing domestic labor 

and capital, and generating export income. It also supports 

manufacturing and services. However, when formulating effective and 

up-to-date policies on agricultural trade and sector linkages, the 

impact of trade on agricultural value added and the spillover effects of 

agriculture on the world economy and other sectors deserve further 

analysis. The conclusion is that policy makers need to seriously 

consider new agricultural policy initiatives to bring the agricultural 

sector closer to other sectors such as tourism services (Gani, 2018). In 

fact, in many of the world's economies, the trade and agricultural 

sectors have been the main areas of research. If a country wants to be 

strong, it must rely on itself to develop agricultural economy and 

ensure ecological and nutritional security. 

CONCULUSION 

 

In order to promote "modern agriculture" and overcome "challenges", 

it is necessary to further strengthen agricultural scientific research. On 

the road of common development of agriculture, industry and 

commerce, we should first prevent and avoid food shortages, disasters 

and conflicts. Secondly, we need to find new methods of international 

trade competitiveness and obtain the growth of agricultural production 

level; at the same time, we need to realize sustainable development. 

We should learn from the past experience that no matter how many 

problems there are, solutions should be given priority. The problems 



66 | Abdulgani DEVLET 

 

are not insurmountable but it uses modern agricultural methods to get 

through them. A comprehensive survey of the challenges facing 

today's agriculture, such as covid-19, population growth, changes in 

eating habits, destruction of seed resources, shortage of water 

resources, air pollution, climate change and changes in food prices, 

shows that it is the common responsibility of all countries to invest the 

most in solving these problems. In addition, floods and droughts 

continue to affect the growing season of crops, limiting water supply, 

increasing the growth of weeds, pests and fungi, and reducing crop 

yields. With the simultaneous development of food security and 

industry and commerce, we need to completely change all social 

production and consumption patterns. To protect and strengthen the 

reserve of natural resources, maintain and improve the quality and 

efficiency of sustainable grain and modern agricultural production 

through the innovation and competitiveness of agricultural 

modernization system, is one of the main focuses of modern 

agricultural development policy. Although many studies emphasize 

the potential of traditional agriculture, the machinery and technical 

facilities in the agricultural sector, as well as the relationship between 

supply and demand, are changing rapidly. Today, for example, 

genetically modified plants have reached a huge commercial scale. 

The technology of artificial meat is more and more popular. I hope 

this product can be launched as soon as possible. The greatest hope for 

meeting the challenge of sustainable agricultural development lies in 

the ongoing innovation process, which uses modern genes and 
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information technology to improve agricultural productivity, while 

balancing the economic, health, environmental and social outcomes 

related to agriculture and food systems. 

Great changes are taking place in the face of agricultural 

modernization. The innovation practice of traditional industries is 

speeding up the improvement of new products. Especially in urban 

areas, people are more and more interested in innovative food and 

natural products. They are opening up new markets and opportunities. 

Agriculture is one of the oldest commercial forms of industrialization. 

At the end of the 20th century, from the beginning of "Green 

Industrial Revolution", agricultural production based on cultivated 

land, planting plants and raising animals has become an important part 

of national economy in developing countries. Since then, agricultural 

industrialization has continued to grow, including the production, 

supply, sales and export of agricultural products. The industry has 

become an important industry in India, Africa and other ecological 

countries. Ecological country's goods and services, laws, guidelines 

and policies are environmentally friendly, also known as eco-friendly, 

nature friendly, or green, which means that the practice is sustainable, 

reducing or minimizing the damage to the ecosystem and the 

environment. Being eco-friendly helps to save water, energy and other 

resources and prevent air, water and land pollution. Environmental 

performance index (EPI) is a method to measure a country's policy 

environmental performance. 
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Human safety is directly proportional to food safety. As a human 

standard, it needs to be divided into the material and spiritual 

supplements. The development of an economy is in direct proportion 

to the support of economic investment. The only barrier to economic 

integration is the existence of interest.  The development of an 

agricultural economy is also the development of trade and industry. If 

covid-19 prevents low-income countries from getting rid of poverty 

and further promotes agricultural modernization, otherwise population 

growth may be higher than previously predicted, which will bring 

greater pressure on food security, trade and industry. 
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FACTORS EFFECTING INCREASE OF CROP PRODUCTION 

Due to the interaction and feedback among the basic components of 

atmosphere, ocean, ice sheet, biosphere and energy from the sun, the 

climate system can remain stable for thousands of years. The analysis 

of ice cores and other ancient thermometers (such as tree rings and 

coral cores) shows that the harmonic between the tilt and eccentricity 

of the earth's six orbits around the sun controls the oscillation of the 

earth's climate between the glacial and warm periods. Until the 20th 

century. According to all the studies reviewed by the 

Intergovernmental Panel on climate change (Albritton et al., 2001), to 

explain the global warming approaching 1 ℃ in the 20th century, it is 

necessary to cite the accumulation of greenhouse gases (carbon 

dioxide, nitrogen oxides, methane and chlorohydrocarbons (CFCs) in 

the lower atmosphere (or troposphere), about 10 km. In fact, the 

cooling trend of the past 1000 years has reversed (Mann et al., 1998). 

In the past 420000 years, carbon dioxide (CO2) in the troposphere has 

been kept in the range of 180 to 280 ppm according to the 

measurements of the Vostok ice core in Antarctica (Petit et al., 1999). 

Today, oxygen is 366ppm, which exceeds the rate of change observed 

in ice core records (Albritton et al., 2001). The reduction of carbon 

dioxide in the ocean and on land may have played a feedback role. 

Today, the burning of fossil fuels (oil, coal and natural gas) is 

producing carbon and other greenhouse gases, leading to their 

accumulation. The decrease of forest coverage accounted for 15-20% 
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of the increase (Houghton et al., 1996). Global warming is not static. 

In winter and at night, the warming rate is twice as fast as the overall 

warming rate (Easterling et al., 1997), which is a key driving factor of 

biological response; in high latitudes, the warming rate is faster than 

that in the areas near the theme (Houghton et al., 1996). In addition, 

the heat in the world's oceans is increasing, reaching 3 kilometers 

(Levitus et al., 2000). The result is measurable changes in the 

hydrological cycle. The oceans are warming, sea ice and ice shelves 

are melting, and water vapor in the atmosphere is increasing 

(Trenberth, 1999). In addition, there is now clear evidence that the 

climate system is unstable, as extreme weather events such as long-

term drought and rainstorm events (> 5 cm / day) increase in intensity 

and frequency (Easterling et al., 2000). Agricultural areas are moving 

northward, but not as rapidly as major pests, pathogens and weeds, 

which consume 52% of the world's growing and storage crops in 

today's climate (Rosenzweig et al., 1998; Rosenzweig et al., 2000). 

Although climate change and global warming were regarded as a 

serious environmental problem by scientists in the early 1970s, these 

predictions began 120 years ago (Weart, 2008). Global warming is the 

most obvious and harmful consequence of human activities, which has 

the most serious impact on agricultural production. The estimated 

results show that by the 1980s, climate induced agricultural 

productivity had decreased by 16% globally (20% in Turkey) (Cline 

W.R., 2007). However, the food and Agriculture Organization of the 

United Nations estimates that the food demand of the world 
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population will increase by 70% in the next 40 years, and the growth 

in developing countries will be more obvious (FAO, 2006). 

Under the special circumstances of the pandemic of covid-19, the 

preliminary assumption in The Outlook| discusses the possible 

macroeconomic impact of the epidemic on the agricultural market in 

the short term. As agriculture and the overall economy are expected to 

recover in the next decade, the forecast for the next few years is 

consistent with the basic economic drivers and trends affecting the 

global agricultural market. Therefore, the short-term impact of the 

pandemic on agriculture and fish markets will not change the medium-

term benchmark scenario (OECD and FAO 2020). The agricultural 

sector, including crops, livestock, forestry, fisheries and food 

processing, will, as always, play an important role in the transition to a 

green economy today and in the future. Agriculture uses 70% of the 

world's fresh water, farmland, pastures and forests account for 60% of 

the land, and the whole sector provides livelihoods for 40% of the 

world's population. The production process of agricultural sector is 

highly dependent on natural resources, which not only causes 

environmental harm, but also brings environmental benefits. While 

current practices account for more than a third of global greenhouse 

gas emissions, good management practices can lead to a nearly carbon 

free sector, the creation of environmental services and renewable 

energy, while achieving food security. The agricultural sector can also 

be an engine for economic development and the creation of millions 
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of green jobs, especially in the poorest countries. Therefore, there is 

no green economy without the agricultural sector. At the same time, 

food and nutrition safety must be realized as an integral part of green 

economy. This is because food and agricultural systems are threatened 

by climate change, resource degradation and poverty. This is exactly 

the problem to be solved by the green economy. Only an economy 

that can improve human well-being and social equity, while 

significantly reducing environmental risks and ecological trauma, can 

provide food security for more than 9 billion people in the resource 

poor world by 2050 (FAO, 2012). 

About 1 billion people starve and about 1.7 billion are overweight and 

obese due to micronutrient malnutrition (WHO, 2011). Organic 

products should provide high quality nutrition, which is conducive to 

the physical and mental health of consumers. Therefore, improving 

variety nutritional quality is one of the main goals of organic crop 

breeding (Zdravkovic et al., 2014). However, increasing crop yield 

and improving nutritional quality are often contradictory goals. In fact, 

although crop yield has increased significantly in the past 100 years 

due to the intensification of agricultural measures and intensive 

fertilization. This process is often accompanied by low concentrations 

of primary and secondary nutrients, proteins and secondary 

metabolites in agricultural products, which is called "dilution effect" 

(Simmonds, 1995). 

Domestication and improvement of crops can be said to be a process 

of successive rounds of selection, which eventually leads to the 
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isolation of valuable genetic diversity from the wild species of 

ancestors. These successive rounds of selection produce crops on 

which the world depends for survival, but at the cost of reducing their 

genetic variation so that their allelic diversity is lower than that of 

their wild ancestors and crop wild relatives (CWR) of other plants 

(Ross Ibarra et al., 2007; Van Heerwaarden et al., 2011). This is often 

referred to as "domestication bottleneck". Useful genetic traits span 

breeding barriers, expand genetic diversity of domesticated plants, and 

open up new opportunities for environmental resilience and future 

quality and yield growth (Hammer, 1984; Tanksley and Mccouch, 

1997). The reduction in genetic diversity during domestication is 

exacerbated by the need for high crop productivity and consistency 

between field and market crops. The unexpected result of recurrent 

selection is the screening of potentially valuable genetic variations and 

phenotypes from the crop gene pool. Many of these traits, from 

disease resistance to drought tolerance, and even yield related traits, 

remain in the CWC. Gene flow or adaptive introduction of CWR 

during domestication is the source of additional genetic diversity in 

some crops (Hufford et al., 2013; Sawler et al., 2013). Breeders also 

try to restore some of the beneficial genetic diversity lost in 

domestication and crop improvement by crossing cultivated varieties 

with wild ones. This "pre breeding" attempts to reset the genetic 

diversity of crops by reintroducing genetic variation. In fact, 

previously unavailable genetic diversity is also used for pre breeding 
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due to genetic incompatibility or geographic overlap (Cooper et al., 

2001; Dwivedi et al., 2008; Ogbonnaya et al., 2013). 

Cases dating back to the early 18th century documented the use of 

wild species to transfer resistance to crops. A century later, 

commercial varieties were developed using wild species (Prescott et 

al., 1986). Until the 1970s and 1980s, despite the increasing use of 

wild species in crop improvement programs around the world, there 

was little concerted effort in the crop research community to share 

progress, best practices, limitations and opportunities in the use of 

chemical weapons. Similarly, efforts to systematically assess the 

usefulness of wide diversity of specific CWR species are rare 

(Warschefsky et al., 2014). The review identified some potential 

constraints for achieving a more coordinated and systematic use of 

wildlife for crop improvement. Significant progress has been made in 

overcoming the challenges posed by the use of CWS in crop 

improvement. The ongoing basic and applied research will 

undoubtedly further promote their use in the next few years. At the 

same time, in order to make progress, a number of challenges in the 

defined prebreeding process need to be addressed. In particular, 

strategies aimed at enhancing coordination among actors in terms of 

pre breeding continuity will facilitate the sharing of characteristics and 

evaluation data, as well as raw genetic materials stored in gene banks 

and more advanced materials being developed. Important elements of 

strategies to improve the pre breeding process may include the 

selection of common parents for introgression lines, systematic and 
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coordinated evaluation of pre breeding materials at multiple locations, 

the establishment of feedback mechanisms for screening data, and 

data management and sharing plans (Dempewolf et al., 2017). 

This synthesis is the result of various efforts to collect experts and 

literature on the past uses and future potential of chemical weapons. It 

extracted common themes from a series of consultations coordinated 

by the Global Crop Diversity Trust from 2011 to 2013. These 

organizations bring together taxonomists, conservation experts, 

genomics experts, breeders from the national agricultural research 

system (NARS), breeders from the CGIAR crop improvement 

program. The private sector to discuss the latest progress and 

bottlenecks in breeding and breeding, as well as possible future 

strategies. In addition, targeted interviews were conducted with 

another group of experts in 2014. An in-depth review of the use of 

coal water slurry was conducted to document and classify past and 

potential uses of coal water slurry. CWR in various crop improvement 

programs did receive attention (Hoyt and brown, 1988). 

Mining biodiversity to ensure food security will be achieved through 

three steps. The first step is to obtain sequence information samples 

from the genomes of all non repetitive plant samples in the world gene 

bank. This "fingerprint" of each plant will serve as the basis for 

assessing genetic relationships and make it possible to systematically 

select a subset of materials for in-depth study. Secondly, phenotypes 

of gene pool materials need to be analyzed to evaluate their traits and 
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overall performance. The third key step is to establish an 

internationally accessible information infrastructure to catalogue the 

diversity of the world's seed collections. This will link seed and gene 

banks directly to passport, genome and phenotype information, thus 

stimulating the creativity of geneticists and breeders, and providing 

impetus for plant improvement in the next few years(McCouch, 2013). 

New technology of genetic engineering in recent years, a new set of 

genetic engineering technology, the so-called "new breeding 

technology" (NBT), has emerged in plant breeding. In particular, 

Clustered Regularly Interspaced Palindromic Repeats 

(CRISPR)/CRISPR associated protein (CAS) (Jinek et al., 2012) has 

great potential, it is not only more accurate and reliable than previous 

genetic engineering technology, but also cheaper to use. Since some 

NBT can be used to induce genetic modification, which cannot be 

found in the final product, it is important to consider whether to 

consider NBT as a genetic engineering technology has been a political 

debate. However, the organic sector has a clear position on this issue, 

from the perspective of the organic sector, technology or process 

should always be evaluated in a process rather than a product oriented 

framework (Nuijten et al. 2017). For example, organic products are 

certified according to the specific characteristics of the farming 

process rather than the final product. Therefore, the organic sector 

believes that crops derived from NBT should be defined as genetically 

modified crops and that mandatory risk assessment should be carried 

out. Whether NBT is allowed in organic crop breeding is still a 
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problem. Nuijten et al. (2017) summarized the organic sector 

evaluation guidelines for new breeding technologies in a 

comprehensive analysis, and concluded (Wickson et al., 2016) that 

NBT application does not conform to the principles and values of 

organic agriculture, because they have been included in International 

Conference on Organic Animal and Plant Breeding (IFOAM) position 

papers (2014, 2016) and EU organic plant breeding (ECO Pb, 2015). 

New technologies need to be evaluated in accordance with a series of 

interrelated principles of agricultural ecology, socio-economic and 

ethical (Verhoog, 2007; Nuijten et al., 2017). Genetic engineering and 

NBT do not conform to these principles at all three levels. NBT is not 

in line with the ethical principles of organic agriculture, which 

protects the basic integrity of organisms (Lammerts van bueren et al., 

2003). 

In organic agriculture, the autonomy, self-organization level, integrity 

and dignity of all life entities are endowed with their intrinsic value. 

Therefore, the breeding technique of interference at the subcellular 

level is not considered suitable for organic crop breeding, because the 

cell can be regarded as the lowest level of self-organizing life. 

Another organic agricultural ethics principle that NBT does not 

comply with is the nursing principle or the prevention principle 

(Nuijten et al., 2017). Because of its overall world view, organic 

sector has different risk perception compared with other sectors of 

society. Adverse side effects, including environmental and health risks, 
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are considered inherent in reductionist approaches, such as gene 

editing techniques that interfere at the single nucleotide pair level. In 

addition, the application of NBT is incompatible with the principles of 

Agroecology and socioeconomics of organic agriculture (Verhoog, 

2007; Nuijten et al., 2017). One of the main concerns of farmers in the 

field of genetic engineering and seed preservation is the inherent 

intellectual property rights of farmers. Other problems include the 

pollution of genetically modified organisms and the limited choice of 

breeders, farmers, processors and consumers. There is an urgent need 

for alternative perspectives and development approaches in organic 

crop breeding (Nuijten et al., 2017; Ceccarelli, 2014). 

Since the beginning of the industrial revolution, the impact of human 

activities on natural resources has been increasing (Steffen et al., 

2007). In recent decades, these activities have intensified dramatically, 

which may change the ecological function of the earth in a way 

harmful to many parts of the world. The concept of "planet 

boundaries" is a framework to determine the threshold of indicators 

for monitoring different earth system processes. In other words, it 

establishes a safe operation space for human beings. Therefore, in 

order to ensure the scope of future safe operations, human beings must 

limit the impact of their activities and recognize that crossing these 

planetary boundaries may lead to sudden changes in the earth system. 

This will have a negative impact on the ecosystem and damage the 

further development of human beings. The process of climate change, 

the rate of biodiversity loss and the nutrient cycle of nitrogen in the 
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earth system have crossed their boundaries, while the global 

freshwater use, the nutrient cycle of phosphorus, land use change and 

ocean acidification will soon reach their boundaries, trying to meet the 

needs of the global population of about 9 billion in 2050 (Rockström 

et al., 2009a). However, the boundaries of these planets are not fixed. 

In terms of development, they reflect the actual efficiency of the 

utilization of the earth's resources. Therefore, they are closely related 

to the sustainability of land, water and agricultural management and 

production technology. Population and income growth are the main 

driving forces of food production and demand. These levels of 

demand can be met through the use of knowledge and technology to 

manage supply. Crucially, this provides an intervention point that 

focuses on the ecosystem's ability to meet global needs if the 

appropriate management structure can be undertaken (FAO, 2012). 

Under the current management system, the planet boundary of the 

above-mentioned earth system processes has been reached, or is about 

to be reached, because the human demand for natural resources is far 

from decreasing. The current and future scenarios of resource 

utilization show that resources such as land, biodiversity, energy and 

nutrition will face greater pressure in the future, which will further 

widen the actual gap. In the future, the environmental constraints set 

by the earth's boundary will aggravate the shortage of natural 

resources (Freibauer, 2011). In general, the current situation of 

resources and their scarcity, the actual constraints on the supply and 
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availability of these resources, and the impacts of pollution, 

biodiversity loss and climate change all result in environmental 

constraints. At the geographical level, the scarcity of nutrients, water 

and agricultural land varies greatly. In particular, the nutrient cycle (P, 

N) is obviously unbalanced on a large regional scale. One resource 

may also be scarce in some parts of the world, while in others, overuse 

of the same resource can cause pollution. The carbon cycle is 

characterized by large differences between the northern and southern 

hemispheres and between winter and summer. The main challenge 

now is to rebalance the cycle from a situation characterized by large-

scale degradation of agricultural systems at risk (FAO, 2011b). 

The relationship between agriculture and drought affects the global 

food system and faces major challenges. Crop yields need to be 

substantially increased in order to ensure adequate food supplies for 

the growing world population. In the past 15 years, the world 

population has increased from 6 billion to 7.5 billion. According to the 

United Nations (2015), the world population may increase to about 10 

billion by 2050. The total output of the three major food crops must 

double in the next 35 years to meet the food needs of these 

populations. Only by adopting effective farming methods, providing 

more land for crops and developing high-yield varieties, can such 

yield increase be achieved (Schaffnit Chatterjee et al., 2010). First, it 

is a "biotechnology method" that relies on cell culture technology and 

intelligent breeding methods using markers and advanced 

reproductive technology for selection (Lammerts van bueren et al., 
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2010). Next, there is a broader approach to genetic engineering, using 

different technologies that directly affect DNA. In recent years, due to 

the so-called "new breeding technology" and new genetic technologies 

such as CRISPR / CAS technology, the potential and risk of this 

method have greatly expanded (Jinek et al., 2012). Finally, the 

"integrated organic" approach is expected to maximize average crop 

yields in an environmentally sound way. Interventions at the 

subcellular or genomic level are not allowed for organic crop breeding 

(IFOAM, 2014). 

Simple technical solutions to complex problems are proposed, often 

without taking into account the broader socio-economic, political and 

legal context (FAO, 2015). Apart from new breeding methods, other 

factors, such as proper food waste management and the reduction of 

world meat consumption, have not been fully considered, as nearly 

one third of food production in developed countries has been lost 

(Gustavsson et al., 2011), and about one third of agricultural land is 

used for animal feed production (Alexandratos and Bruinsma, 2012). 

In addition, privatization of water, soil, and seeds limits access to 

these factors for many and exacerbates global inequality (Rulli et al., 

2013). 

In order to meet the challenges of food security, food security and 

food sovereignty in the future, systematic reform of the agricultural 

sector is needed (Kiers et al., 2008). Despite these findings, 

multinational seed and pesticide companies have proposed genetic 
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engineering as a panacea for solving world hunger and agricultural 

problems. Therefore, a prominent focus of these companies is to 

develop herbicide resistant crops, so that farmers can kill weeds in the 

field without harming the crops. But the benefits of encouraging 

widespread use of herbicides are related to environmental costs and 

health. In general, genetic engineering has brought inestimable 

systemic risks to natural and agricultural ecosystems. Therefore, this 

technology does not conform to the principles of organic agriculture 

(Jacobsen et al., 2013). 

In addition to the nutrition gap, another major challenge for 

agriculture will be climate change. Its influence ranges from changing 

precipitation patterns and more extreme weather events to different 

and multiple pest pressures (Lamichane et al., 2015). Agriculture is 

very important for human survival and social development. With the 

growth of world population and economic development, the demand 

for agricultural products is increasing, which brings great pressure to 

agriculture and natural resources, and then causes environmental 

pollution and ecological degradation. Agricultural sustainability has 

become a key issue in the sustainable development of complex socio-

economic natural system. Climate change, natural disasters and food 

production are complex issues. In the past few decades, global 

warming has been the main cause of global climate change, which is 

related to the annual seasonal change in a certain geographical area 

over a period of time. This seasonal change is related to carbon 

dioxide and other greenhouse gases produced by various 
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anthropogenic sources such as industrial development, urbanization 

and land use. Climate change related issues have always been one of 

the main concerns of local and international environmentalists and the 

scientific community, because climate change will change rainfall 

patterns, humidity, sea level, irregular seasons, floods, droughts and 

storms, resulting in obvious and worrying consequences. Land 

flooding is another serious threat caused by global climate change. In 

recent years, great achievements have been made in increasing grain 

production all over the world, but great losses have been caused to 

natural resources and environment. This poses new challenges to 

sustainable agriculture. At present, the concept and principle of 

agricultural sustainable development have been incorporated into 

sustainable development strategy and economic and social 

development plan, and expressed. The basic goals of agricultural 

sustainable development are food security, employment, natural 

resource protection and environmental protection, which are generally 

accepted at present. Its main components can be summarized as the 

sustainability of agricultural production, rural economy, agricultural 

ecosystem and rural society. Because the main function of agriculture 

is to provide food for mankind, it is reasonable that the primary goal 

of sustainable agricultural development is to provide enough food for 

present and future generations. In recent decades, with the 

improvement of people's living standards and the sustained economic 

growth, the demand and quality of grain are increasing rapidly. The 

potential of agricultural production increase is mainly restricted by the 



94 | Abdulgani DEVLET 

 

extreme shortage of water and cultivated land resources, low 

productivity, low efficiency of agricultural policies and management 

systems, and soil degradation. Therefore, the most concerned problem 

in the sustainable development of modern agriculture is whether 

agricultural production can ensure food security in the future. 

Because hundreds of farm animals are crowded together, factory 

farms will cause a series of pollution problems. This affects the 

natural environment and the animals and plants that inhabit it (CDC, 

2011). In 2006, the food and Agriculture Organization of the United 

Nations (FAO) described animal husbandry as "one of the most 

important factors causing the most serious environmental problems 

today" (FAO, 2006). 

More traditional farming methods can be relatively effective in 

turning grass and other waste into useful food. But the efficiency of 

"rapid growth, high-yield" factory farming mode is much lower, it 

uses a lot of grains and protein rich soybeans. These crops usually 

need a lot of insecticides and fertilizer rich in nitrogen and phosphorus 

to promote the growth of plants (Greenpeace, 2017). This has obvious 

uses to help us achieve higher plant yields, but a lot of fertilizer can be 

wasted and lost to the environment (PC, 2008). 

Farm animals produce a lot of nitrogen and phosphorus rich waste 

every day. That could be a good thing - animal waste can be a useful 

fertilizer to replenish the soil. But on factory farms, the concentration 

of animals indoors usually means that waste is concentrated in 
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relatively small areas. These wastes should be properly managed and 

disposed of, but this is not always the case, they can enter the natural 

environment (USEPA, 2011). 

Nitrogen and phosphorus can cause serious problems: they can leak 

into waterways, for example. This can kill plants and animals and 

even leave large "dead zones" where few species can survive. Some of 

the nitrogen will also become gaseous and ammonia, such as (EIP, 

2011), which can acidify water and deplete the ozone layer. We will 

also be directly affected as the quality of the water supply may be 

threatened (USEPA, 2011). 

Factory farms produce more than dangerous levels of nitrogen and 

phosphorus - they produce a mixture of pollutants, including 

pathogens such as Escherichia coli (NRDC, 2001), heavy metals and 

insecticides 18, which can harm our health and the health of other 

animals and plants. Some large farms produce more waste than the 

population of big cities in the United States (GOA, 2008). Animal 

husbandry accounts for more than 60% of global ammonia emissions 

(FAO, 2006). Animal husbandry is one of the most destructive sectors 

to the earth's increasingly scarce water resources. It causes water 

pollution from, among other things, animal manure, antibiotics and 

hormones, tannery chemicals, fertilizers and pesticides used to spray 

feed crops (UN, 2010). 
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Because a large amount of feed is used in factory farming, a large 

number of other resources are needed for planting. One is land, which 

is much more needed to produce meat or dairy products than 

vegetables, grains or fruits (AJCN, 2003). There is also water, which 

is often used to irrigate crops, especially those grown in countries with 

low rainfall. According to WWF data (WWF, 2008), livestock 

production accounts for about 23% of total agricultural water 

consumption - equivalent to more than 1150 liters per person per day. 

In addition, a large amount of energy is needed, especially for the 

production of synthetic fertilizers and pesticides for growing feed 

crops. In addition, these pesticides and fertilizers require a lot of 

valuable resources, such as nitrogen and phosphorus. Many of these 

resources can be better utilized, such as helping us grow enough crops 

to meet the needs of the current world population. 

The term "peak" is used to refer to a range of non renewable resources, 

such as oil and phosphorus (Nature, 2009), both of which are largely 

used in industrialized agriculture. In essence, this means the time 

when the availability of resources reaches the peak and the supply 

begins to decrease. Although people have different opinions on when 

these materials will be used up, the simple reality is that one day, we 

will not be able to obtain some of the materials that the industrialized 

aquaculture food depends on. Since these materials are now found in a 

limited number of countries, there are significant geopolitical risks for 

net importers (SEI, 2004). 
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It is essential to prevent and avoid the destructive effects of current 

food production practices on human health, food security, rural 

livelihoods in the poorest countries, endangered species, animal health 

and the environment, promote the formulation of unified food and 

agricultural policies, and solve global problems. 

This study provides a theoretical basis for solving the technical 

measures and progress of agricultural development. The key 

difficulties are provided from the aspects of soil, nitrogen, crop root 

system, drip irrigation, the relationship between crop development and 

temperature and photoperiod. The structure and function of farmland 

biodiversity, the adaptation mechanism of crops to climate change, 

crop improvement continuum, the collaborative improvement of grain 

yield and quality, the comprehensive regulation of dryland Crop Root 

System and the diagnosis index of crop water shortage were discussed. 

Climate change and variability 

"Weather" and "climate" are different concepts. "Weather" refers to 

the atmospheric conditions experienced or expected in a certain place 

for several hours or days, while "climate" usually refers to the average 

performance of these atmospheric conditions in several years or 

decades. Weather refers to the instantaneous or short-term 

atmospheric conditions in a certain area, such as cloudy, sunny, rainy, 

snowy, cold, warm, dry, humid, fog, frost, lightning, etc. Although 

climate also refers to atmospheric phenomena, it is the average 
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condition for many years, which is usually reflected by the 

characteristic values of temperature, precipitation, wind, sunshine, 

humidity and other climatic elements recorded by meteorological 

observation equipment. The weather changes rapidly and the law of 

climate change is orderly. 

The change of the earth's atmosphere in decades to thousands of years 

is called "climate change". Although climate change may be caused by 

natural processes such as volcanic activity, solar change, plate 

tectonics or changes in the earth's orbit, we usually refer to changes 

that can be attributed to human activities, such as increased 

greenhouse gas emissions, when talking about climate change. The 

assessment report of the Intergovernmental Panel on climate change 

(IPCC, 2013) found that the global average temperature rose by about 

0.85 ℃ from 1880 to 2012, and concluded that more than half of the 

global average temperature rise was caused by greenhouse gases 

caused by increased emissions of carbon dioxide and other pollutants. 

Now through research, it can be determined that man-made climate 

change is real, and it poses a great threat to the earth and its residents. 

Current data show that we need to reduce greenhouse gas emissions in 

developed countries by at least 80% by 2050 in order to have the 

opportunity to keep the average temperature rise below 2 ° C. Modern 

agriculture is a major factor in coping with the challenge of climate 

change due to industrialization, which releases a large number of 

greenhouse gases (TRS, 2011). 
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Climate variability is an inherent characteristic of climate, which is 

closely related to climate change (Gibbs WJ et al., 1975). Climate 

change refers to a long-term trend of the change of the average value 

of climate elements; climate variability refers to the degree of 

oscillation of the average value of climate elements, that is, stability, 

which is usually expressed by mean square deviation. After climate 

change, the "new" mean values of temperature, precipitation and other 

climatic factors such as temperature increases by 3 ℃, precipitation 

increases by 10% will have to determine the oscillation mode. This is 

one of the difficult problems that scientists have been exploring, but it 

is still difficult to answer. 

There are many factors affecting climate variability, which can be 

roughly divided into three categories according to the size of time 

scale: one is the external force of the climate system; the other is the 

disordered fluctuation within the climate system; the third is the 

increasing human activities (Smith JB et al., 1989). On the maximum 

time scale such as 100000 years, astronomical factors galactic dust, 

solar storms, orbital parameters, etc., from the outside of the climate 

system have a great impact on the climate variability; on the large 

time scale such as hundreds to thousands of years), the changes within 

the climate system (atmospheric evolution, underlying surface, air sea 

exchange, etc., can significantly change the climate variability; In the 

decades or even shorter time scale, the change of climate variability 

caused by human activities has attracted the attention of governments 
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and scientists all over the world. Climate variability can be divided 

into interannual variability and daily variability. The interannual 

variability is mainly affected by the external forces of the climate 

system (volcanic eruption, sunspot activity, etc.) and the changes of 

ocean surface temperature El Nino, southern oscillation, etc., while 

the daily variability is usually affected by the weather processes high 

and low pressure air masses, upper jet, etc. The intensified human 

activities have certain effects on the interannual and daily climate 

variability (Rosenzweig C et al., 1994).  Climate variability is 

important because it is related to the frequency, intensity and duration 

of extreme weather events, such as drought, flood, typhoon, rainstorm, 

heavy snow, heat wave, cold wave, hail and other disastrous weather 

events, which do great harm to agricultural production. China is a 

typical country with continental monsoon climate. The occurrence of 

various weather disasters has the characteristics of inevitability, 

universality, regionality, non-equilibrium, accumulation and 

alternation (Zhang, 1998). In addition, for a long time, the agricultural 

ecological environment has been damaged to a certain extent due to 

the intensification of human activities, In recent years, the scope of 

disasters has been expanding year by year, and the frequency and 

intensity of disasters have been increasing. It can not be ignored that 

the number of disaster species is also increasing. For example, the 

high temperature and heat damage in Rice Heading and flowering 

period is a new disaster species with strong lethality, which is 

gradually emerging and becoming more and more severe in the 
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Yangtze River Basin in recent years. It can lead to large-scale "flower 

but not fruit" (abortion) of rice, which not only has more empty grains, 

but also greatly reduces yield, even leads to no harvest. The IPCC 

Assessment report points out that with the global warming, extreme 

weather and climate events will become more frequent and intense. 

Therefore, climate variability is one of the core issues in the study of 

climate change and its impact assessment. At present, the prevailing 

method to study the impact of climate change on crop production is to 

combine the Global Circulation Model (GCM) with crop growth 

model. GCM is one of the most advanced means for atmospheric 

scientists to study global climate change, which can simulate the 

impact of natural factors and human activities on complex climate 

system (Wang, 1994); crop growth model is based on the theory of 

crop physiological ecology, which can dynamically simulate climate, 

soil, genotype, cultivation management and atmospheric CO2 The 

effects of concentration increase on crop growth and yield formation 

(Ritchie JT, 1986; Hansen J, et al.1988). 

However, there are still two deficiencies in the existing studies. One is 

that when generating climate change scenarios, only the average 

changes of climate factors such as temperature, precipitation and solar 

radiation are considered, but the possible changes of climate change 

rate are not considered. The other is that in the crop growth model, 

only the normal climate is considered However, the response of crop 

growth to extreme weather events and disasters was not considered. 
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Therefore, the existing climate change and its impact assessment 

research is still not perfect, and there are still many uncertain factors. 

A lot of work has been done to estimate the future climate variability, 

which can be summarized as follows. 

(1) Statistical methods. Based on the climate data of a warm period (or 

cold period) in history, the quantitative relationship between the 

average climate change and the change of climate variability is 

analyzed. For example, Lough et al. (1983) analyzed the relationship 

between mean temperature, precipitation and climate variability by 

using the meteorological data of warm period (1934-1953) and cold 

period (1901-1920) in Europe in the 20th century. Although this kind 

of research found that there had been significant changes in climate 

variability in history, there was no significant correlation between 

them and the change of climate average. The cause of the short warm 

period (or cold period) is not clear, but it is certain that it is different 

from the current global warming caused by excessive emissions of 

greenhouse gases. Therefore, this kind of research cannot answer the 

question of how the climate variability will change in the future. 

(2) Model method. In the 1980s, American scientists used the 

Goddard Institute of Space Studies model (GISS), and the National 

Center for Atmospheric Research model (NCAR) GCMS to analyze 

the possible changes of climate variability in four regions of the 

United States when CO2 doubled. The main conclusions are as follows. 

The daily and interannual variability of temperature will decrease, and 
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the interannual variability of precipitation will increase. However, 

there are some inconsistencies between the results of the two GCMs, 

and the results are not statistically significant when compared with the 

climate change scenarios based on GCM. The daily variation rate of 

summer temperature will decrease. However, the simulation results of 

the two GCMS for other seasons are contradictory. Because there are 

still many uncertainties, scientists generally believe that there is no 

sufficient reason to change the assumption that the climate change rate 

in the future climate change scenario will maintain the current level. 

Therefore, when generating GCM based regional climate change 

scenarios, most studies assume that there will be no change in climate 

variability in the future, and then add the future warming amplitude of 

each region to the climate background data and multiply it by the 

change percentage of precipitation and solar radiation (Lough et al, 

1983). 

(3) Hypothesis method. A few studies have made some assumptions, 

such as the variability of temperature and precipitation will increase 

by 5% and 10% in the future, and then used the weather generator 

(WGEN) to generate scenarios (Jin ZQ, 2008) considering the future 

climate variability under various assumptions. But this method is still 

artificial and random. In order to improve the response ability of crop 

growth model to disasters, many scholars have established rice high 

temperature abortion model, wheat waterlogging model, wheat 

drought model, corn low temperature model and so on on on the basis 
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of artificial control experiments. And then it is nested with the crop 

growth model without considering disaster, and the preliminary effect 

is achieved. But this kind of research is not systematic enough, most 

of them stay in the paper stage, and have not been tested by 

production practice. The quantitative relationship between climate 

change and disaster frequency and intensity needs to be further studied. 

The main difficulties are as follows: 

(1) It is difficult to predict the future climate variability based on 

historical climate data. There is an urgent need to understand the 

evolution mechanism of climate change in theory, and then 

develop and improve the climate change model, which requires 

a high-level talent team.  

 

(2) At present, the global climate change faced by human beings is 

unprecedented in the cause and speed of change, but at present, 

all kinds of extreme weather and climate events are small 

probability events, because of the lack of data, it is difficult to 

deeply analyze.  

 

(3) There is an unknown nonlinear relationship between the mean 

value of climate elements and the probability of extreme 

weather events. Even if the average value of temperature and 

precipitation changes little, the frequency and intensity of 

different disasters may increase significantly, and there may be 

different nonlinear relationships in different regions.  
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(4) In order to understand the response characteristics of different 

crops and varieties to various meteorological disasters in 

different growth periods under different planting systems, it is 

necessary to carry out a large number of prevention and control 

experiments and simulation experiments, establish key 

laboratories, and purchase instruments and equipment (Jin ZQ, 

2011). 

Different aspects of climate change, such as temperature, precipitation 

and their interactions, may affect crop growth and productivity in a 

disproportionate way. We classified the relationship between yield 

variability and normal or extreme fluctuations of temperature or 

precipitation variability or their interactions. Here, the linear term and 

the square term represent normal and extreme variations, respectively 

(Lobell, D. B. Et al., 2011; Rowhani, P. et al, 2011; Urban, D. et al., 

2012) The "best fit" models of each political unit are divided into one 

of seven categories and then mapped on a global scale: in the model, 

production changes are explained by (I) normal temperature or (II) 

normal precipitation changes, but not both; in the model, production 

changes are explained by (III) normal and extreme temperature or (IV) 

normal and extreme precipitation changes, but not both (V) the change 

of yield is explained by extreme temperature or (VI) extreme 

precipitation, but not both; and (VII) the interaction between 

temperature and precipitation and their combination. We further 

developed simplified models of temperature and precipitation and 
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mapped them in each political unit. The resulting global map 

identifies where and to what extent normal and extreme climate 

change explains yield change, and quantifies it, which can be used to 

study the causal relationship between yield and climate change, and 

ultimately take policy interventions to stabilize farmers' income and 

food supply (Ray, D. et al., 2015). 

Uncertainty in future climate change prediction may come from three 

different factors:  

1) model uncertainty uncertainty caused by differences between 

climate models,  

2) scenario uncertainty caused by forced scenario differences, and  

3) uncertainty caused by internal changes caused by unpredictable 

internal changes in the climate system. With the improvement of 

the model and our understanding of the future forced scenario, 

the uncertainty of the model and scenario can be reduced. The 

uncertainty caused by internal climate change comes from the 

chaotic nature of the climate system, and its unpredictable 

degree may be irreducible (Hawkins and Sutton, 2009). 

The analysis model is based on three assumptions:  

1) the internal variability is Gaussian distribution;  

2) the characteristics of anthropogenic forcing in surface climate 

can be simulated as linear trend;  
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3) the standard deviation and / or autocorrelation of internal climate 

variability do not change with anthropogenic forcing. The 

robustness of the model to all three hypotheses is strongly 

supported by the following close similarities:  

1) the uncertainty of the climate trend estimated from the statistical 

data of the non forced control simulation;  

2) the uncertainty found in a large number of climate change 

simulations. To the extent that the hypothesis of the model is 

valid, the results show that the large set provides little 

information about the role of future climate internal variability, 

which can not be inferred from the statistical data of non forced 

control simulation. The analysis model also makes clear the 

direct relationship between the bias in model control simulation 

and the uncertainty in future climate change prediction. In the 

first mock exam of a given climate model, the amplitude of 

internal climate variability is biased relative to the observed 

value. The uncertainty of future climate change simulated by the 

same model is also biased (David W. J., 2015). 

There are shortcomings in the observation of internal climate change 

and the estimation of climate model. Observations provide reliable 

estimates of internal climate change on intraseasonal and interannual 

time scales. However, this record is relatively short, thus providing 

limited insight into internal climate change on decades and longer 
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time scales. In contrast, numerical models provide long-term records 

for estimating the magnitude of internal climate change. However, not 

only on the interdecadal time scale (Laepple and huybers 2014), but 

also on the interannual time scale. To some extent, imperfect 

observation records provide a more realistic representation of the real 

world than climate models. Therefore, it is better to estimate the role 

of internal changes in future climate trends, rather than through long-

term control simulation or large-scale climate change simulation, but 

based on the observation and estimation of internal climate change 

(David W. J., 2015). 

It is predicted that the speed and scale of climate change in the 21st 

century may have a profound impact on the operation of the earth's 

ecosystem (Garcia, R. A. et al., 2014). 7Much of the current 

understanding of how biodiversity responds to climate change is based 

on responses to changes in the average climate state (Thomas, C. D. et 

al. 2004). However, climate variability and the increase of extreme 

events in the warming world have a great impact on the structure and 

function of ecosystems (Holmgren, M., et al., 2013; Pederson, N. et al. 

2014; Doughty, C. E. et al. 2015;). Given the importance of 

identifying ecologically sensitive areas for the provision of ecosystem 

services and poverty reduction, there is a key knowledge gap in how 

to identify and prioritize the areas most sensitive to climate change. 

The speed and scale of climate change in the 21st century can be 

expected to have a huge impact on the operation of the earth's 

ecosystem (Garcia, R. A., 2014). Based on the response to the change 
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of average climate state, the current understanding of how biodiversity 

responds to climate change (Thomas, C. D. et al. 2004). However, 

climate variability and its associated extreme events in a warming 

world have increased (Kharin, V. V. et al., 2007). This has different 

effects on the structure and function of ecosystems. Given the 

importance of identifying ecologically sensitive areas for providing 

ecosystem services on the one hand and poverty reduction on the other, 

there is a key knowledge gap on how to identify and prioritize the 

most sensitive areas to climate change. Finally, the mean and absolute 

values of variable conversion Piloting Climate Resilience (PCR) 

coefficients have been found, which provides an empirical method for 

mapping the relative importance of global climate to productivity. The 

climate weight of each variable is rescaled between 0 and 1 (using the 

minimum and maximum values of any climate coefficient value) for 

the calculation of ecological sensitivity. To estimate ecosystem 

sensitivity globally, we created a seasonal detrended time series 

(minus the monthly mean) of each variable for each pixel and period 

found to be associated with climate and the T-1 variable in our 

monthly principal component regression. We estimate the variance of 

climate variables and evi over these time series. Because we found the 

relationship between variance and mean in different months, we used 

the residual of quadratic linear model to fit the mean variance 

relationship between enhanced vegetation index (EVI) and climate 

variables in each pixel (Seddon, A., et al., 2016). 
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In addition to the conventional prediction of temperature, precipitation, 

sea-level pressure field, atmospheric circulation field, sea-level height, 

ice and snow, the prediction of global climate change also gives the 

prediction of cloud and diurnal changes, and also gives some 

important phenomena, including Arctic Oscillation, Antarctic 

oscillation, North Atlantic Oscillation, meridional reversal circulation, 

monsoon, ENSO, and some extreme weather And climate events, 

including extreme maximum and minimum temperature, length of 

cool summer, length of frost period, intensity of flood and drought, 

tropical and temperate cyclones, frequency and intensity of hurricanes 

and typhoons (Zhao, 2006). 

The results of multi-mode and multi emission scenarios show that by 

the end of the 21st century, the global average surface temperature 

will increase by 1.1-6.4 ℃, and the global average sea level will rise 

by 0.18-059m. In the next 20 years, the temperature will be about 

0.2 ℃ / 10A. Even if the concentrations of all greenhouse gases and 

aerosols are stable at the level of 2000, they will increase by 0.1 ℃ 

every 10 years. If the emission rate of greenhouse gases in the 21st 

century is not lower than the current level, it will lead to further 

warming, and some changes will be more significant than those in the 

20th century (IPCC, 2007). 

The fourth assessment report (AR4) of IPCC "climate change: basis of 

natural science" clearly points out that the linear change trend of 

global surface temperature in the past century (1906-2005) is 0.74 ℃. 

The linear warming trend in recent 50 years is 0.13 ℃ every 10 years. 
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Eleven of the past 12 years (1995-2006) were the hottest since 1850. 

There is no doubt that the climate system is warming. The report also 

points out that the warming of the climate system observed in the past 

50 years is likely due to human activities. The IPCC Assessment 

report summarizes the comprehensive research results of peer review 

in the international scientific community, represents the current level 

of scientific understanding of global climate change research, and 

provides an important basis for the international climate system and 

relevant national policies. 

The results of the fourth assessment report on the distribution of 

warming and other regional scale characteristics are more reliable than 

those of the third assessment report, including changes in wind field, 

precipitation, extreme events and ice. It is predicted that the warming 

in the land and high latitudes of the northern hemisphere is the most 

significant, while the warming in the Southern Ocean and the North 

Atlantic is the weakest (Fig. 1). The snow will shrink, the melting 

depth of most permafrost regions will generally increase, and the sea 

ice in the Arctic and Antarctic will shrink. The frequency of extreme 

heat events, heat waves and heavy precipitation events is likely to 

continue to rise: annual tropical cyclones, including typhoons and 

hurricanes, may be stronger, accompanied by greater customs and 

stronger precipitation. The path of the storm outside the tropics will 

move to the polar direction, causing the changes of wind, precipitation 

and temperature field outside the tropics. Precipitation in high 
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latitudes is likely to increase, while water in most subtropical 

continental regions may decrease. Because various climate processes 

and their feedback are related to time scales, even if greenhouse gas 

concentrations tend to stabilize, anthropogenic warming and sea-level 

rise will continue for several centuries (Qin Dahe, 2007). 

 

Figure 1. AOGCM projections of land surface temperature change in the early and 
late 21st century relative to 1980-1999 based on climate change prediction (from: 
IPCC) 

 

Climate variation and change bring many challenges to plant breeders. 

In the past, considering the well-known abiotic and biological 

constraints and the quality of the final product, it was sufficient to 

develop a variety suitable for a specific agro ecological region. Now, 

however, breeders have to consider, in addition, how the variety will 

perform in environments with high concentrations of carbon dioxide 
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and greater variations in temperature and water availability (Brettel, 

2008). Climate trends suggest that in the future, crop varieties must be 

able to withstand not only dry or hot, but also more variable 

conditions. Understanding each of the major constraints will help 

breeding design appropriate adaptation strategies to adapt to changing 

climate. 

For several generations, especially in the arid environment where 

rainfall changes have the greatest impact on livelihoods, farmers have 

developed coping strategies to cushion the uncertainty caused by 

seasonal changes in water supply and socio-economic drivers that 

affect their lives (Matlon 1988; Reardon et al. 1999; Carloni, 2001). 

According to the assessment of risk and vulnerability, farmers make 

some choices and adjustments in technology, production and 

consumption decisions. Farmers adopt a series of specific coping and 

adaptation strategies to cope with climate change, some of which are 

common across regions, while others are driven by specific local 

factors (Thomas et al., 2007). These include risk management options, 

such as selecting specific crop varieties, investing in water resources 

management, diversifying agriculture and other related livelihood 

businesses before the start of the season; intraseasonal adjustment of 

crop and resource management options based on the nature of the 

rainy season, and options to minimize the impact of adverse climate 

shocks on livelihoods (e.g., selling assets, borrowing, cutting non 

essential projects) The cost of the project). However, such coping 

strategies enable agricultural families to survive; they are essentially 
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risk averse. They aim to mitigate the negative effects of poor seasons, 

but fail to take advantage of the positive opportunities of "average" 

and "better than average" seasons. 

As a result, most families remain poor and vulnerable to further 

impacts of climate change and shocks. A survey conducted by Deressa 

(2007) showed that among the main adaptation methods identified in 

the Nile basin of Ethiopia, the use of different crop varieties was the 

most commonly used method, while the use of irrigation was the most 

inadaptable method. The use of different crop varieties may be related 

to the lower cost and easy access of farmers, and the limited use of 

irrigation may be attributed to the need for more capital and the low 

potential of irrigation. With the development of climate change in the 

future and farmers learning how to implement adaptation strategies, it 

depends on the type of land tenure, income, etc. farmers can make 

long-term adjustments, such as changing the crop varieties and 

planting locations. Potential options include shifting to robust varieties 

that are more suitable for the new environment (Kurukulasuriya and 

Mendelsohn, 2008). For example, Matarira and Mwamuka (1996) 

highlighted Zimbabwean farmers who have successfully converted to 

more drought resistant crops in areas where frequent droughts make 

agricultural production difficult. Another example is that in areas with 

increased rainfall, major diseases that attack small crops, such as corn 

streak virus and cassava mosaic virus, may spread. In areas with 

reduced rainfall, sorghum head smut is a fungal disease and peanut 

rosette disease is a viral disease. In areas where Yumi has become 
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marginalized, farmers can adaptively switch to sorghum and peanut 

Growing cowpeas could exacerbate the situation. With the frequent 

occurrence of drought, the possibility of peanut and its products 

contaminated by aflatoxin is increasing, which is the main reason for 

the collapse of peanut international trade in the international market. 

In the Sahel region, although most small-scale farmers have very 

limited ability to adapt to climate change, they survive and respond in 

various ways over time. Supporting local farmers' coping strategies 

through appropriate public policies, investment and collective action 

will help to take more adaptation measures and reduce the negative 

consequences of predicting future climate change, which will benefit 

the most vulnerable rural communities. 

1. Adaptation mechanism of crops to climate change and crop 

production 

Agriculture is a basic human activity, providing food, clothing, 

medicine and other useful products for human society, as well as some 

important ecosystem services, including biodiversity, soil formation, 

water regulation, carbon sequestration and so on. As our world 

population is expected to reach 9.1 billion by 2050, agricultural 

production needs to grow accordingly to meet this growing demand; 

climate change poses a challenge because it has and will continue to 

seriously affect agriculture. The International Institute for Food Policy 

Research (IFPRI) estimates that climate change is likely to reduce 

irrigated wheat and rice yields by 30% and 15%, respectively (Nelson 
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et al., 2009). The agriculture, forestry and Fisheries sectors are critical 

to the livelihoods of about 75 per cent of people living in rural areas. 

Therefore, the threat of climate change is very important to the 

livelihood of most of the world's population. Agriculture and other 

terrestrial sectors are not only affected by climate change, but also 

major emitters of greenhouse gases. About one third of global 

emissions can be attributed to agriculture, forestry and other land use 

sectors. Agriculture accounted for 13.5%, and land use change and 

forestry accounted for 17.4% of all greenhouse gas emissions (IPCC, 

2007). However, the land-based sector is also part of the solution to 

climate change because of their great potential in reducing emissions 

and enhancing carbon sinks. This potential provided through the 

Agriculture, Forestry and Other Land Use (AFOLU) sector can make 

an important contribution to the necessary goal of reducing the threat 

of climate change. In early 2010, the food and Agriculture 

Organization of the United Nations (FAO) set up a new project 

"mitigation of agricultural climate change" (MICCA) to support the 

efforts of developing countries to mitigate climate change through 

agriculture and move towards carbon free agriculture. As one of the 

first activities under the project, small farmers will be supported to 

participate in agricultural greenhouse gas mitigation activities. This 

includes the development of three to five pilot projects to test the 

participation of small-scale farmers in climate change mitigation. It 

presupposes that if changes are implemented in the production system, 

emissions can be reduced, sinks can be generated in biomass and soil, 
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and the resilience and productivity of the agricultural system will also 

be improved. It is very meaningful to adopt climate smart agriculture 

with important synergy among productivity, adaptation and mitigation. 

The environmental services provided by farmers should be paid. The 

specific demand of agricultural production, the investment demand of 

improving agricultural production mode, the slow process of carbon 

accumulation and the time lag of improving productivity all pose 

challenges to the financial mechanism that can promote the 

transformation of existing agricultural system to climate intelligent 

agriculture (FAO, 2010). 

A lot of work has been done on the relationship between climate 

change and grain production and the impact of agricultural natural 

disasters on grain production (Kaiser H M. et al., 1993). Different 

researchers choose different regions and discuss different contents, 

such as the countermeasures to adapt to climate change from the farm 

level (Grosson et al., 1993); the impacts of climate change and 

agricultural production and economy from the regional level; and the 

impacts of natural gas from the national level (Adams Rm. et al., 1990; 

Rosenzweig C, et al., 1993). 

The impact of ENSO related climate variability on the agricultural 

sector has been well documented (IPCC, 2001). In recent years, the 

increase in extreme weather events has led to a 2.4-fold increase in 

floods, droughts and landslides compared with the periods 1970-1999 

and 2000-2005 (Magrin et al., 2007, IPCC, 2007), many of which are 



118 | Abdulgani DEVLET 

 

related to ENSO. In the last 25 years of this century, two very serious 

ENSO events (1982-1983 and 1997-1998) caused huge losses and 

increased the vulnerability of agriculture to natural disasters (Magrin 

et al., 2007). In the case of El Nino in 1997-1998, the total loss of the 

agricultural sector in the region was about 20 per cent: 17 per cent in 

Peru, 19 per cent in Colombia, 23 per cent in Bolivia and nearly 50 

per cent in Ecuador (ECLAC, 2009). Irregular rainfall and high 

temperatures in Peru are affecting potato and corn crops (MINAM, 

2009). In the past 12 agricultural movements, 80000 hectares of 

potatoes and 60000 hectares of white jade rice have been lost due to 

climate change. Divide the yield by two. In the Pampas region of 

Argentina, potential wheat production has been declining at an 

increasing rate since 1930, mainly due to an increase in minimum 

temperature (Magrin et al., 2009). However, the impact is not always 

negative. It has been established that maize and soybean yields tend to 

be higher than normal during El Nino and lower during La Nina 

(Berlato and Fontana, 1997; Grondona et al., 1997; Magrin et al., 1998; 

Baethgen and Romero, 2000). In Brazil and Argentina, the abundant 

soil moisture brought by the typical El Nino phenomenon made 

soybean yield record. Wheat production has shown growth (24% and 

3% respectively) in the steppes of Argentina and Uruguay (Magrin et 

al., 2007, ECLAC, 2009). In the past decade, the impact of El Nino in 

eastern Paraguay has also led to a significant increase in soybean 

production. At present, China is the fourth largest soybean exporter in 

the world (USDA-FAS, 2007; Fraisse et al. 2008), accounting for 
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about 3% of the world output. Increased precipitation during 1960-

2000 resulted in higher productivity of maize crops in the humid 

grasslands of Argentina (26%) and the dry grasslands of Argentina 

(41%), Uruguay (49%) and southern Brazil (12%), as well as higher 

yields in the pastures of Uruguay (7%) (Magrin et al., 2007; ECLAC, 

2009). In the last century, the corn yield in pampas, Argentina, 

increased from 1500 kg /ha to 4000 kg / ha; this trend is partly 

explained by technological progress. It also had a positive effect on 

soybean and sunflower, increasing crop yields by 38% and 12%, 

respectively (Magrin et al., 2005). On the northern coast of Peru, 

higher temperatures during El Nino resulted in shorter growth cycles 

for cotton and Mango (Torres et al., 2001). 

The world will have more and more demand for agricultural 

production. As part of the IPCC process, Smith et al. (2007) 

summarized the current situation of agriculture and the potential 

impact of climate on agricultural production. There may be many 

things in North America. The trend of precipitation reduction in the 

southwest will continue to put pressure on the decreasing water 

resources. Agricultural systems are the main users of irrigation water 

in the region, so more effective water use methods must be developed 

or species that may be diverted to less water demand. The 

precipitation type has changed, and more precipitation is deposited as 

rainfall than in the Nevada mountains of California (Lettenmaier et al., 

2008). California's current irrigation water treatment system is 
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designed to handle snow melting in spring and early summer, which 

will require changes in the water collection and storage process. In 

these areas, agricultural water is derived from water collection and 

irrigation, and the challenge will be to make more effective use of 

existing water resources. In the plain areas of Triticum aestivum L. 

and Sorghum bicolor (L.) Moench, the trend of large changes in 

summer precipitation, winter warming and the increase of possible 

extreme temperature events will bring additional pressure to these 

crops. Alternative crops are unlikely, but the focus must be on soil 

management practices to increase soil storage to provide more 

available water to crops. Although there is a trend of growing season 

prolongation, the possibility of frost in late season will still exist and 

will pose additional risks to crops such as winter wheat (Jerry L. 

2011). 

Africa is the second largest continent in the world, with an area of 30 

million square kilometers, accounting for about 20% of the world's 

total land area. It is the only continent that spans the equatorial center 

and is surrounded by the Atlantic, Pacific and Indian oceans. The 

African continent is composed of 53 countries with a total population 

of 880 million (FAO, 2005) and a high population growth rate (1.9% 

in 1992-2002). Africa represents a wide range of climate systems 

(Hulme et al., 2005), including arid climates in equatorial humid 

regions, Sahelian semi-arid tropics, Sahara and Kalahari deserts, as 

well as temperate Mediterranean climate in the north and temperate 

climate in mountainous areas, although most continents are considered 
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arid or semi-arid. Even in these different climatic zones, many 

changes were observed because of the varying degrees of temporal 

variation, especially rainfall. Compared with many parts of the world, 

the lack of appropriate climate data hinders the scientific 

understanding of these systems (DFID, 2004). 

The agricultural production of a country or continent largely depends 

on the geographical distribution of heat and humidity. Based on the 

fact that the average annual length of crop growth period (LGP) 

depends on precipitation and temperature, Africa has four major agro 

ecological regions, including humid, sub humid, semi-arid and arid 

(Sahelian) regions (Dixon et al., 2001). The fourth assessment report 

of the Intergovernmental Panel on Climate Change (IPCC, 2007a, 

2007b) predicted that the changes in rainfall patterns observed in some 

areas of Africa. Especially, in the Sahel, will affect the seasonal and 

annual water balance and agricultural crop production in addition to 

the changes in thermal conditions. To achieve viable adaptation, 

stronger agricultural growth in Africa requires action in a number of 

areas, including infrastructure, especially transport and irrigation; 

agricultural extension. development of improved crop varieties. The 

right to poverty, which encourages investment in land and farms, 

including women; access to microcredit; physical security, in order to 

achieve long-term returns on investment; and better forecasting And 

coping with the weather; and the occurrence of diseases and pests. The 

assessment of the relationship between crop productivity and climate 
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change depends on the combination of modeling and measurement. In 

contrast, challenges related to climate change impacts and farmers' 

adaptation remain unresolved (Ranjana, 2011). 

Over the past 250 years, deforestation, fossil fuel combustion and the 

production of agricultural products such as rice and livestock have led 

to a significant increase in the concentration of carbon dioxide (CO2) 

and other greenhouse gases in the atmosphere. Greenhouse gases 

absorb energy from earth to space and warm the atmosphere. As a 

result, climate change has been properly described as one of the 

greatest challenges of our time and identified as a major threat to 

sustainable growth and development in Africa and the achievement of 

the millennium development goals. Therefore, climate change and its 

associated global warming may reduce agricultural production in 

tropical areas in which many developing countries are located 

(Darwin, 2001). Africa remains one of the most vulnerable continents 

due to multiple pressures and low adaptation (Anuforom, 2009). The 

rise of global average temperature will have many effects on 

agricultural production, mainly due to the change of growth season, 

that is, the length of time when soil temperature and soil moisture 

condition are suitable for crop growth. The expansion of the earth's 

oceans will increase sea level and reduce the number of land available 

for agriculture. Extreme weather events, such as storms and floods, 

may increase frequency. Higher atmospheric CO2 concentration will 

improve water use efficiency of all crops (by reducing 

evapotranspiration) and increase photosynthesis rate of most crops. 
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However, in areas where fertilizer use is low or other factors inhibit 

crop growth, such as sub Saharan Africa (SSA), the direct impact of 

carbon dioxide will be small. The direct and harmful effects of other 

fossil fuel emissions, such as sulfur dioxide and ozone, will offset 

some of the benefits of high concentrations of carbon dioxide (Darwin, 

2001). 

Climate change will also affect the overall pattern of planting cycle. It 

is likely to become more and more important to cultivate medium 

maturing crops, which will largely mitigate the negative impact of 

climate change on yields. With the increasing possibility of drought, 

the key is to understand the dynamics of water absorption and how the 

water absorption of key development stages affects the yield under 

drought stress. Under the condition of climate change, the temperature 

will almost certainly increase, even if the air humidity increases 

slightly, the vapor pressure deficit (VPD) may also increase. As the 

increase of VPD will lead to the decrease of water productivity with 

climate change, it will be a challenge to identify germplasm resources 

that can maintain high water productivity under the condition of high 

evaporation demand. The increase of VPD only increased the 

difference between wet leaves and dry leaves, and tended to drain 

water from leaves, resulting in faster soil water profile consumption, 

unless stomata were closed to reduce water loss. With regard to the 

role of roots, it will become more and more important to deal with the 

rooting characteristics in a more dynamic way, especially to study 
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how a specific water absorption mode will match the control of water 

loss by leaves in a comprehensive way. Therefore, the first way to 

deal with climate change is to control the water loss of plants under 

sufficient water conditions. Therefore, it is necessary to better 

understand the hydraulic problems related to water movement in soil 

plant atmosphere continuum (Vincent et al, 2011). 

The relationship between climate change and agricultural production; 

the impact of climate change on food supply from the global level. 

According to the definition of Intergovernmental Panel on Climate 

Change (IPCC), climate change refers to "the change of climate state, 

which can be distinguished by the change of average value or rate of 

change of its characteristics. This change will last for a period of time, 

usually decades or longer. Climate change may be caused by natural 

internal processes or external forcing, or by persistent anthropogenic 

changes in atmospheric composition and land use". Global climate 

change has become one of the major environmental problems that 

human beings must face. The fourth assessment report (AR4) of IPCC 

pointed out that the global average surface temperature increased by 

(0.7 ± 0.18) ℃ from 1906 to 2005 (IPCC, 2007). In the past 100 years, 

the annual average surface temperature in China has also increased 

significantly, and the warming range is slightly stronger than the 

global average in the same period. Moreover, the drought in North 

China and Northeast China is becoming more and more serious, and 

the flood in the middle and lower reaches of the Yangtze River and 

Southeast China is aggravating (NCCARCC, 2007). 
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Changes in the environment will inevitably lead to changes in the 

physiological state of plants, and promote plants to release different 

ways of biological signals to adapt to the changing environment. 

According to the average change of plant phenology in the northern 

hemisphere, from 1950 to 2000, leaf extension and flowering were 

advanced by 1-4 weeks and 1 week respectively, leaf abscission was 

delayed by 1-2 weeks, and growth period was extended by 3 weeks on 

average. The change of plant growth period also caused the change of 

animal phenology and global water and nitrogen cycle (Penuelas J., 

2001). Different plants have different responses to temperature 

changes. Under the dual effects of temperature and vernalization, the 

growth period of winter wheat can be adjusted by adjusting the 

number of expanded leaves. Studies have shown that there is a good 

correlation between the sowing to seedling stage and temperature, but 

the length of the period from seedling to heading is largely 

independent of temperature (Miglietta F, 1995). The time length of 

each growth stage of maize decreased with the increase of temperature. 

If the temperature is too high and the grain filling is too fast, the yield 

will be greatly reduced. Therefore, it is of great significance to study 

the response mechanism of plants to climate change. 

Agricultural production is one of the most sensitive and vulnerable 

industries affected by climate change (Alexandrov VA. et al., 2000). 

Climate factors (such as temperature, light and precipitation) are not 

only the material and energy basis of crop growth, but also the 
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limiting factors of its normal growth and development. Many experts 

and scholars at home and abroad have studied the impact of climate 

change on crop production. They believe that temperature rise and 

high-temperature heat wave are the main climatic factors causing crop 

growth period shortening and yield decreasing (Rosenzweig CF. et al., 

1994; Lobell dB. et al., 2003). After high temperature stress, the 

photosynthetic carbon assimilation process was first affected, mainly 

the decrease of Rubisco enzyme activity; then the functions of 

photosystem I (PS I), cytochrome complex and thylakoid membrane 

were affected, while the functions of photosystem II (PS II) were 

generally not affected. Only when the temperature continues to rise 

can PS Ⅱ cause irreversible damage, damage the thylakoid membrane 

structure, disorder the electron transfer, and may lead to the death of 

cells, leaves and even plants. The increase of temperature can also 

cause stomatal closure, limit the diffusion of CO2, and further affect 

the photosynthetic rate. In addition, the increase of temperature 

promotes the growth and development of crops, and ripens early, 

which affects the grain filling and plumpness of crops, changes the 

physical and chemical components of crops, and reduces the nutrient 

content of crops. The carbon content in plants increases, the nitrogen 

content decreases, and the protein content also decreases, Finally, it 

leads to the decline of crop quality. Assuming that the global average 

temperature continues to rise by 1-3 ℃, the negative impact on food 

supply will be more serious (Easterling et al., 1998). Climate change 

has significantly affected the world's agricultural production. Whether 
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crop production can adapt to the impact of climate change and ensure 

food production security has become one of the urgent problems to be 

solved. It is very important to ensure food security in the future (Yang 

XG. et al., 2011). 

Since the 1980s, climate warming has prolonged the crop growing 

season and increased the heat in the growing season, which is 

beneficial to crop production to a certain extent. Previous studies have 

shown that with the increase of temperature and accumulated 

temperature, the northern boundary of double cropping system and 

three cropping system in China from 1981 to 2007 moved northward 

in varying degrees compared with that from 1950 to 1980 (Yang XG. 

et al., 2010). However, the precipitation in the north of China has little 

change, the available water resources are relatively reduced. The 

drought affected area is expanded, and the flood in the south is 

aggravated, resulting in the increase of crop yield fluctuation and 

instability of food production. Qin Dahe (2002) and Lin Erda et al. 

(1997) Have shown that in the next 30 years, China's crop production 

may be reduced by 5% - 10% due to global warming, in which wheat, 

rice and corn are mainly reduced. The increase of carbon dioxide 

concentration is also an important factor of climate change. There are 

three responses of plants to the increase of external CO2 concentration:  

1. For plants with stomatal protective regulation function, with the 

increase of external CO2 concentration, some stomata close to 

maintain a stable CO2 concentration in the air cavity, so as to 
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maintain the normal photosynthetic assimilation rate of crop 

leaves. Due to the closure of some stomata, the diffusion 

resistance of internal and external exchange increased, resulting 

in the decrease of transpiration and the increase of water use 

efficiency. 

 

2. With the increase of CO2 concentration, the gradient of CO2 

concentration inside and outside leaves was increased, the 

photosynthetic rate was increased, but the transpiration was also 

significantly increased, and the water use efficiency was greatly 

decreased. Therefore, water supply has become a decisive factor 

to limit the rate of photosynthesis.  

 

3. Between the above two, it is a plant with mediating regulatory 

function. Li yu'e predicted that the increase of CO2 

concentration would increase the yield of spring maize and 

summer maize in northern China. However, in North China, 

Northwest China and southwest China, limited by the lack of 

effective water resources, its impact on crop production is not 

very significant (Li yu'e and Zhang houyu, 1992). 

 

Global climate change not only aggravates the biotic and abiotic 

stresses of crop production, but also increases the precious light and 

heat resources. Therefore, it is one of the effective ways to deal with 

global climate change and ensure food production to speed up the 

research on the response mechanism of crops to climate change, 

cultivate and plant more "tough" crops, and reasonably change crop 
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planting methods. At present, the main difficulties in the field of 

adaptation mechanism of crops to climate change at home and abroad 

are as follows:  ①  in the past, the adaptation mechanism of crop production to 

climate change was mostly studied from the perspective of 

single factor change of temperature and CO2  concentration rise, 

while the comprehensive effects of heat, CO2 concentration, 

water and nutrients on crops were lack of basic research. 

 ②  Under the condition of climate change, there is a lack of 

systematic research on the adaptation of physiological and 

ecological processes such as dominant crop varieties, resistance 

of gene resources, crop growth and development, yield 

formation and quality shape to climate change.  

 ③ There is a lack of mechanism research on the effect of 

agricultural cultivation management and cultivation measures on 

crop adaptation to climate change. The effects of climate change 

on soil physical and chemical properties, especially soil organic 

matter and soil fertility, need to be explained clearly. The law of 

change is also a key issue. The impact on the future 

development of crop production needs to be studied 

systematically (Yang XG. et al., 2011). 

 

Although climate change has brought many different changes, no 

matter how much, we must not ignore the impact on food security. 
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Therefore, crop yield assessment can only provide a partial assessment 

of the impact of climate change on food security. Moreover, climate 

change is not the only factor that may lead to food security problems. 

Regional conflicts, changes in international trade agreements and 

policies, infectious diseases and other social factors may exacerbate 

the impact (Easterling et al., 2007). The ability to cope with 

environmental stress is as important as the degree of exposure to 

climate related stress. As a result, the prediction of malnutrition 

depends on climate impacts as well as economic development, 

technological conditions and population growth (Gregory et al., 2005). 

Food security has four main components: access to food through 

production and trade; stability of food supply; access to food; and 

actual food use. They are all affected by climate change (Gregory et 

al., 2005; Easterling et al., 2007). In the future, many factors including 

climate change and socio-economic development will affect the 

number of risk population. There are still many uncertainties in the 

impact of regional climate on food supply and demand. However, sub 

Saharan Africa is likely to surpass South Asia as the most food 

insecure region in the world (Tubiello and Fischer, 2007). Few studies 

attempt to quantify the impact of climate change and socio-economic 

factors on food security (Fischer et al., 2002, 2005; Parry et al., 2004; 

Tubiello and Fischer, 2007). They pointed out that the number of 

people at risk of starvation will mainly depend on socio-economic 

development. Slowing economic growth and population growth can 

significantly reduce the number of people at risk of hunger. Under the 
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pessimistic scenario of global warming, high population growth and 

severe effects of no CO2 fertilization, by 2080, the new population at 

risk of starvation may be as high as 500-600 million (Parry et al., 

2004). Similarly, if the critical point of the climate system is broken, 

the situation may get worse (Battisti and Naylor, 2009). 

The effect of climate on agriculture depends on regional and local 

environment to a great extent. Adaptive capacity and adaptive choice 

depend on the level of economic development and institutional setting 

to a great extent, which have great differences in the world and can 

almost make up for each other. However, uneven spatial distribution 

may affect food security in many areas in a harmful way. If the critical 

point of the climate system is violated, food security may be seriously 

threatened. A prominent example of climate turning point is the 

dynamics of Indian monsoon, which may be destroyed under certain 

conditions (Zickfeld et al. 2005). This will have a negative impact on 

agricultural production conditions in most parts of South Asia. 

Generally speaking, tropical developing countries will face the 

strongest direct climate impacts and the lowest level of adaptation. 

The areas most affected are expected to be sub Saharan Africa and the 

Indian subcontinent. If the global average temperature rises by more 

than 2-3 ℃ compared with the pre industrial level, the middle and 

high latitude countries will also be strongly affected. There is still 

uncertainty about future precipitation patterns and water supply at the 

regional level, the impact of extreme events on agriculture, and 
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changes in soil fertility and agricultural pests and pathogens. The 

interaction between climate related stress factors also needs further 

study. The role of carbon dioxide fertilization in nutrient and water 

limitation needs to be further clarified. The negative impact of climate 

on agriculture can be reduced through a series of adaptation measures. 

Adjusting production technologies and soil management, crop 

insurance schemes, diversified international trade flows and designing 

better agricultural policies can improve regional food supply and 

agricultural income security. However, limited fertile soil, limited 

fresh water, limited financial means and institutional support, and 

limited resources often impede the necessary adjustment (Hermann, 

2011). 

Reducing global climate change forecasts to the regional level 

requires regional climate and crop growth data. Crop simulation 

models provide reliable and objective methods to infer the possible 

crop responses to climate change in different landscapes and time 

periods (Hansen and Jones, 2000; Hoogenboom, 2000). Taking 

Victoria, Australia as an example, the method was applied to illustrate 

the response of crop growth to local climate variables, and to provide 

information for possible adaptation strategies. Appropriate methods 

can be applied to other regions with sufficient climate and crop data. 

Landscape scale analysis is helpful to explore local adaptation 

strategies to climate change. Similar models must include functions 

that explain the effects of carbon dioxide and temperature rise 

expected to occur in the coming decades. If crops in the study area 
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suffer or may suffer from severe water stress, these models must also 

consider water shortage. Previous regional analyses of climate change 

in Australia were conducted as a series of point source analyses, using 

representative regions to describe the possible responses of wheat to 

future climate scenarios (Hammer et al. 1987; Wang and Connor 1996; 

Asseng et al. 2004; Howden and Jones 2004; Howden and crimp 2005; 

Anwar et al. 2007; Crimp et al., 2008). Especially in southern Victoria, 

where future wheat production and acreage are likely to increase as 

the climate gets warmer and drier. It has been shown how landscape 

scale crop models can be compared with experimental data across the 

region, including atmospheric CO2 elevation data from the free air 

CO2 enrichment (face) experiment conducted in holsham, Victoria, 

Australia, in 2007 (Mollah et al. 2009). Landscape scale crop models 

were selected from the catchment analysis tool suite (Beverly et al. 

2005). 

Climate is the key driving force of crop activities, and its key impacts 

include soil moisture, drought (especially during grain filling period), 

frost, heat damage and storm damage during crop cycle. Climate also 

affects nutrient leaching, salt transport and erosion risk. Climate 

change may change many of these effects, for example, by increasing 

the damage of high temperature to grain quantity and quality, 

enhancing drought stress and reducing initial soil moisture conditions. 

However, climate change may also lead to the reduction of other 

specific hazards, such as salinization and alkalization of drylands (e.g. 
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Australia is an important producer and net exporter of rice. Until 2007, 

its output dropped to an 80 year low of 163kt In 2008, production fell 

to 18 KT, accounting for less than 2% of the long-term average 

(ABARE 2010). The climate prediction of the main sugarcane 

planting areas showed that the precipitation in the central and southern 

planting areas showed a downward trend, especially in spring, autumn 

and winter, the average temperature increased, especially the 

frequency of hot day and night increased (CSIRO and BOM, 2007). 

Australia's horticultural industry is extremely diverse, from tropical 

fruits, vegetables and nuts to varieties that require a lot of low 

temperatures. Since 2004, the average annual output value of fruits 

and nuts is a $280 million, and that of vegetables is a $310 million 

(Abare, 2010). A recent analysis of the adaptation programs of 

Australian cereal system (Howden et al. 2010) shows that several 

different response levels can occur individually or in combination. 

These measures include changes in inputs such as crop variety and 

nutrient management to adapt to the prevailing climate, changes in 

irrigation water volume and improvement in irrigation water 

efficiency, and more effective residue and canopy management. By 

changing the planting time, method and interval to modify the 

planting system, change crop rotation rules, adopt accurate 

agricultural practices, change crop livestock combination, diversify 

farm income sources, integrate pest, disease and weed management, 

and use a variety of climate. Other changes at the farm level can also 

be predicted at different time scales. 
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Australia's climate is changing; recent observed temperature increases, 

rainfall changes, and ocean and atmospheric circulation patterns are 

consistent with expectations of future climate change due to 

anthropogenic greenhouse gas emissions. A powerful example is that 

if changes in climate variables continue along the observed trajectory, 

they will affect almost all aspects of Australian agriculture. The 

cropping system discussed in this chapter accounts for a large 

proportion of national economic activities and export income. It is 

also an important regional activity and main land use to provide high-

quality and important food for Australian consumers. There is likely 

to be an increasing demand for adaptation technologies, practices and 

policies that will provide agricultural decision makers with choices of 

all sizes for more effective management in a changing climate. Here 

we outline a range of such options, from the paddock level to the 

policy level. However, only a few of them are evaluated in terms of 

practicability and cost-effectiveness. Farmers, researchers, industry 

and government policy makers will work together to effectively 

develop and assess adaptation options, but this will provide a key path 

for the future of Australia's climate changing and changing cropping 

system (Howden et al., 2011). 

In order to reduce the scale of global climate change, we need to put it 

into the detailed modeling. It is important to pay attention to the 

genetic maturity and climate change in the selection of varieties. In 

order to meaningfully review climate change scenarios at the local 
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level for decision-making and assisting farmers in choosing 

adjustment strategies, further understanding of local conditions and 

validation of crop models are needed. Specifically, for our study 

sample area, rainfall reduction in arid areas is a huge challenge, while 

rainfall reduction in high rainfall areas of 500 – 800 mmpa is less 

problematic. In the semi-arid areas of the region, if crops are sown 

outside the June sowing date, production in Northwest Victoria is 

expected to decline by about 10% to 20%. For high rainfall areas in 

the southwest, production is expected to increase by about 10% to 

20%. In the southwest of Victoria, the adaptability of high rainfall 

area was maximized due to the slow growth type and late sowing time. 

And the yield still increased by 2070. However, production is 

expected to decline in most areas by 2070. In Victoria, farmers have 

begun to adapt to climate change. These strategies include early and 

late sowing, less tillage, stubble, opportunistic planting, computer 

models of climate and weather, and computer models of crops and 

strategies. Low risk options include Cereals, long fallow, hay and 

spring crops, and sheep. To sum up, because adaptation is very 

important, and there are still great benefits to be obtained. The 

following directions point to the research and development of high 

benefit / cost ratio: 

Selecting the type with slow development for adaptive varieties; 

choosing low-cost precision agriculture and less tillage for adaptive 

agronomic measures; using remote sensing and close range remote 

sensing for more effective use of water and fertilizer; paying attention 
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to productivity and profitability It is necessary to strengthen the 

cooperation and partnership among growers, industry and government 

(Garry et al., 2011). 

According to the observation of Latin America in the fourth 

assessment report of IPCC (IPCC, 2007), the growth rate of soybean, 

wheat and corn in the southeast of South America is relatively small. 

In tropical and subtropical regions where crops are currently close to 

the heat tolerance limit, increased thermal stress and dry soil are 

expected to reduce productivity to one third of its current level 

(ECLAC, 2009). According to FAO estimates, the more sensitive 

crops in the Andean region are palm, soybean, sugarcane, cassava, 

potato, corn, barley, rice and wheat. In Brazil, there are soybeans, 

sugarcane, cassava, maize, rice and wheat (ECLAC, 2009). The 

forecast shows that there will be little change by 2020, but it will 

increase after 2050. Even if the current temperature only rises by 1.5 – 

2 ℃, the change may be very large. Temperature and precipitation in 

the Amazon region are expected to increase significantly during both 

the rainy and dry seasons (ECLAC, 2009). Since cereal, oilseed and 

protein crops depend on temperature and, in many cases, on the length 

of sunshine to reach maturity, an increase in temperature may shorten 

their growth period and, in the absence of a compensatory 

management response, reduce yields (Porter and Gawith, 1999; 

Tubiello et al., 2000) and change the areas suitable for their 

cultivation. According to the International Food Policy Institute 
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(IFPRI, 2009; Nelson et al., 2009), climate change will have a 

negative impact on crop yields in Latin America and the Caribbean in 

2050. The average yield of rice, corn, soybean and wheat in this 

region will decrease by 6.4%, 3% and 6% respectively. These results 

indicate that, compared with other studies using crop simulation 

models and future climate scenarios, the trend of major negative 

impacts on crops in Latin America is the same: by 2055, corn 

production by small producers in Latin America and the Caribbean 

may decline by an average of 10%, although production in Colombia 

remains largely unchanged, while in Piedmont, Venezuela, it is 

expected to decline Profitability will drop to almost zero (Jones and 

Thornton, 2003). In Latin America, rice production generally declines 

by 3% to 16% in Guyana, 31% in Costa Rica, 16% to 27% in 

Guatemala, and 2% to 15% in Bolivia. According to the 95% forecast, 

sugarcane production in Brazil and the Andean region will fluctuate 

by + 5% (ECLAC, 2009). Corn productivity is forecast to decline in 

Brazil and fluctuate by + 5% in the Andean region (ECLAC, 2009). 

For soybean and Maize in southeastern Latin America, the model 

considered the increase of CO2 concentration, adaptive measures 

including optimal sowing date and nitrogen application rate, and 

predicted that the average yield of Maize in 2020 and 2050 would 

increase by 14% and 23% respectively under The Special Report on 

Emissions Scenarios (SRES) A2 (11% and 15% respectively under 

SRES B2). According to SRES A2, the corresponding figures for 

average soybean production in 2020 and 2050 are 35% and 52%, 
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respectively (24% and 38%, respectively, according to SREs B2) 

(Gimenez 2006). In Sao Paulo, Brazil, by the beginning of this century, 

the land area suitable for growing coffee in Sao Paulo will be reduced 

by 10% (if the temperature rises by 1 ℃, the precipitation will 

increase by 15%) and 97% (by 5.8 ℃ and 15% respectively) (Pinto et 

al., 2002). 

Latin America's agriculture accounts for a large proportion of its GDP, 

with an average of 5%. The region is a global net food exporter, 

accounting for 11% of global value. It is predicted that climate change 

will increase the temperature of the whole African continent, 

especially the poor areas in Central America and the Caribbean and 

the countries along the Caribbean coast of South America. Rainfall is 

expected to increase in many parts of the continent, but Central 

America and the Caribbean countries are once again expected to suffer 

the most. For Costa Rica's coastal areas, this does not mean a serious 

impact, but for areas currently suffering from drought, including 

Colombia, Venezuela and the Caribbean coast, and in other areas such 

as the Caribbean Sea, these changes do require urgent definition of 

adaptation actions to cope with the negative effects of severe and 

long-term drought. In addition, the impact of these changes on crop 

production is largely unknown, and research is needed to further 

understand the complex responses of crops to climate change, 

including variability and long-term average climate. However, the 

current data show that the expected growth of some major 
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commodities in the African continent, mainly soybeans and cassava, 

has little or no decline, as well as the decline of most other crops, 

including soybeans, bananas, potatoes, etc. Research must aim to 

better estimate the impact on crop production, and crop experts must 

study different adaptation options to solve specific problems. Given 

the high heterogeneity of the production environment in Latin 

America, multiple adaptation measures must be developed and 

implemented in a site-specific manner (Andy J. et al., 2011). 

Climate is a factor in the complex combination of processes that make 

agriculture and animal husbandry in Africa highly unproductive. 

Changes in climate patterns are expected to affect population growth, 

migration, food supply, poor and degraded soils, drought and disease 

rates, etc. Over 60% of the African population is directly dependent 

on agriculture and natural resources for their livelihood (FAO, 2003), 

while agriculture is highly dependent on climate change (Salinger et 

al., 2005), making the threat of climate change particularly urgent in 

Africa (Boko et al., 2007). Sub-Saharan Africa (SSA)'s current 

population growth rate is 2.3% (World Bank, 2009). The United 

Nations predicts that the population of the region will be close to 1.5 

billion by 2050. However, the impact of climate change on population 

growth is still controversial, and past studies have shown that 

population expansion will exacerbate the impact of climate change. 

Recent studies have shown that the real problem is not the growth of 

the population itself, but the growth of the number of consumers and 

their consumption level (Satterthwaite, 2009). However, climate 
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change will lead to more people moving from the most affected areas 

to a more favourable environment. The food supply assessed as 

calorie supply will also be significantly affected. Information on the 

threat of climate to food security in developing countries remains 

limited (Darwin, 2001). Without climate change, the calorie supply of 

SSA is expected to increase between 2000 and 2050. However, with 

climate change, the per capita food supply in the region will decrease 

by an average of 500 calories or 21% in 2050 (Nelson et al., 2009). 

Similarly, in the absence of climate change, only SSA (among the six 

regional groups of developing countries studied in the report) believes 

that the number of malnourished children increased from 33 million to 

42 million between 2000 and 2050. Climate change will further 

increase this number by more than 10 million, resulting in 52 million 

malnourished children by 2050. 

Defining uncertainty is important in all areas of climate change 

research, not only in the assumptions of stochastic or deterministic 

models, but also in biological processes that lack knowledge or 

understanding. However, considering the impact of climate change on 

food security, it can be said that the uncertainty is greater. Food 

security can be defined as "all people can obtain sufficient, safe and 

nutritious food from material and economic sources at any time to 

meet their dietary needs and food preferences, so as to lead an active 

and healthy life" (FAO, 2003) or "fair price, choice, access through 

open and competitive markets, continuous improvement of food 
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security, and transition to healthier drinking" Food and a more 

environmentally sustainable food chain "(Anonymous, 2008a), 

although a simpler definition may be" the risk of not having enough 

food. ". It is a combination of multiple food supply, food access and 

food utilization issues. Each of these is affected by many factors, such 

as economic recession, currency fluctuations, water pollution, political 

instability, HIV (Human Immmunodeficiency Virus)/  AIDS (acquired 

immunodeficiency syndrome), war, trade agreements and climate 

change, which complicates the uncertainty in each. Problems such as 

education, poverty, poor market access, rising food prices, 

unemployment and property rights are also considered to be the causes 

of food insecurity (Scholes and Biggs, 2004). These have led to many 

food security "hot spots" around the world, especially where multiple 

factors coexist (Figure 2). Sub Saharan African countries are at the top 

of the list. 

 

Fig. 2 identifies food insecurity hotspots based on FAOSTAT and wri's 2001-2003 
data on hunger, food aid and dependence on agricultural GDP. [global 
environmental change and food system (GECAFS), personal communication]. 
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Europe is one of the largest and most productive suppliers of crops 

and commodities. In 2004, the African continent provided 20% of 

global grain production, with an average yield per hectare 60% higher 

than the global average (Alcamo et al., 2007). Agricultural land area, 

including arable land and woodland, accounts for more than three-

quarters of the territory of the European Union (EU) (European 

Commission, 2007). The impact of climate on agriculture may have 

little impact on the European economy as a whole, as agriculture 

accounts for only 2% of GDP and about 5% of total employment 

(Barthelemy, 2007). In some areas, however, the local impact of 

climate change can be significant. Agricultural water consumption 

accounts for 32% of the total water consumption. In the north, water 

intake is stable or decreasing, but it is increasing in the South. The 

common agricultural policy (CAP) of European Union dominates the 

development trend of European agriculture. Over the past decade, it 

has undertaken reforms to reduce overproduction and environmental 

damage and to improve rural development (Alcamo et al., 2007). In 

the future, European agricultural policies need to support agricultural 

practices to adapt to changing climate conditions. However, so far, 

there are many uncertainties about the future climate conditions in 

different parts of Europe. In addition, socio-economic factors may 

have a greater impact on future productivity and land use decisions 

than climate factors (Audsley et al. 2006). 
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Depending on the climate, there are many kinds of crops in Europe. 

The most important crops are cereals, which are mainly used for 

animal feed and human consumption (Olesen and Bindi, 2002). The 

continent has the highest wheat yield, for example, France has about 8 

T / ha, while southern Europe, especially Spain and Greece, has the 

highest corn yield (Olesen et al., 2007; Reidsma et al., 2007). Future 

climate conditions will expand grain acreage, but at the same time 

reduce production in some parts of southern Europe. Wheat is the 

most important crop in Europe. There have been some studies on the 

effects of climate on wheat yield and distribution. The change of yield 

depends on the increase of temperature, the change of precipitation 

pattern, the increase of carbon dioxide concentration and the 

development of technology. The overall impact of climate change may 

be positive. However, the extent of production growth will depend on 

CO2 concentration and technological development. According to 

Ewert et al. (2005), the average wheat yield in Europe in the future 

may increase from 6 – 8 t/ha in the special report on emissions 

scenarios (SRES) B2 scenario in 2080 to 15 t/ha in the SRES A1fi 

scenario. In the very high emission scenario A1fi, the strong increase 

in production is the result of the expected positive impact of increased 

CO2 concentration. However, under the average production conditions 

in this field, the effect of carbon dioxide fertilization is still a 

controversial issue. Wheat production will increase in northern Europe 

and parts of central and Eastern Europe, while it will decrease in 

southern Europe, especially in southern Spain and Portugal 
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(Giannakopoulos et al., 2005; Maracchi et al., 2005; Olesen et al., 

2007). A more detailed study by Maracchi et al. (2005) showed that 

wheat production in southern Portugal, southern Spain and Ukraine 

would be reduced by up to 3 t / ha. In other parts of southern Europe, 

such as northern Spain, southern France, Italy and Greece, and 

Scandinavia, wheat production is likely to increase by 3-4 t / ha. In the 

rest of Europe, production growth is estimated to be about 1-3 t / ha. 

Corn cultivation is currently limited to parts of southern and central 

Europe. According to Olesen et al. (2007), the northern boundary of 

maize suitability may move northward. However, the extent of this 

depends on the climate and varies widely. Areas suitable for corn 

could reach southern England and the Baltic States. For Ireland, the 

rest of England, Denmark, Finland and southern Sweden, future 

applicability is uncertain (Olesen et al., 2007). Production will 

decrease mainly in the South and increase in the north. However, 

because maize is a C4 plant, the response of Maize to the increase of 

CO2 concentration is not very strong compared with C3 plants such as 

wheat, so the increase is small (Maracchi et al. 2005). 

The current policy aims to support agricultural income and protect 

farmers from world market conditions and external price fluctuations. 

In particular, export subsidies for certain products often put 

agriculture in a disadvantageous position in the rest of the world. In 

the future, the pressure to change (CAP) may come from four different 

areas: 
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The requirements for further trade liberalization in WTO negotiations, 

the implementation of climate adaptation strategy in agricultural 

production, the reduction of greenhouse gas emissions from 

agriculture, the contribution to the more general goal of climate 

protection, and the increasing demand for biomass energy carriers 

(Hermann, 2011). 

The 15 countries of the Former Soviet Union (FSU), covering an area 

of nearly 22.5 million square kilometers, have diverse climate 

conditions, distinctive agricultural characteristics and different 

strategies to adapt to climate change. In the former Soviet Union, the 

most important food crop is wheat. In 2007, the area harvested by 

wheat accounted for 60% of the area of cereal crops and 44% of the 

total area of main crops (FAOSTAT, 2010). Despite its popularity, 

wheat is more susceptible to cold weather and soil acidity than other 

grains in temperate climates. These two factors limit the geographical 

distribution of wheat planting in forest steppe and grassland. Although 

spring wheat varieties mainly use surface soil water, winter wheat can 

use deep soil water, even in dry summer can also obtain sufficient 

harvest. Generally, the yield of spring wheat is only half that of 

Winter Wheat (Kruckov and Rakovskaya, 1990). In Ukraine, the north 

Caucasus and the chernozem regions of southeast Europe, where the 

climate is more conducive to the winter of crops, winter varieties have 

been developed. In West Kazakhstan and North Kazakhstan (SI), less 

snow in winter is beneficial to spring varieties. Depending on climate 

and soil, wheat acreage ranges from 18% of grain acreage in Belarus 
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to 90% in Uzbekistan (FAOSTAT 2010). Further north, wheat is 

replaced by barley and rye. In Estonia, 33% of the main crop acreage 

is under barley 46% of grain acreage (FAOSTAT 2010). In Belarus, 

16% of the main crop area is rye 24% of grain area (FAOSTAT 2010). 

Barley also has lower requirements for soil and summer precipitation 

than wheat. Oats, another important food and feed crop, are more 

demanding of high temperature and moisture conditions and are more 

susceptible to drought. However, oats can grow on poor acid ash soils, 

thus promoting forest areas in Latvian, Estonian, Belarusian, Russian 

and Lithuanian countries ranked by crop percentage (Kruckov and 

Rakovskaya, 1990). Western Ukraine and Moldova in ES, Georgia in 

CC. Overall, only 4% of the grain harvested in FSU is corn, compared 

with 33% in the United States (FAOSTAT 2010). FSU's agriculture is 

vulnerable to global economic changes. Three countries in the region 

Ukraine, Russia and Kazakhstan are major food producers and 

exporters, and their agricultural performance determines the global 

food market. Examples of world wheat and flour exports: Russia 

exports 7.2%, Kazakhstan exports 3.9%, Ukraine exports 2.4% (5th, 

8th and 9th in the world, calculated according to the average value 

(tons) of FAOSTAT trade data from 2003 to 2007 in 2010). In the 

total world barley grain exports, Ukraine exports 13.6%, Russia 

exports 7.5%, Kazakhstan exports 1.6% (third, fifth and eleventh). 

Three CA countries are the main cotton exporters in the world, and 

Uzbekistan is the second largest cotton exporter after the United States. 

The following countries have the highest malnutrition rates: Tajikistan 
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(29%), Armenia (23%), Uzbekistan and Kyrgyzstan (13%) (FAO, 

2010). 

Annual production changes in FSU are likely to be greater than in any 

other major food producing region in the world. Compared with the 

United States, the coefficient of variation of wheat yield in 50-70 

years is almost twice that of Russia and 2.4 times that of Ukraine 

(white 1987). In the current period (1992-2007), the coefficient of 

variation ranges from 11% in Kyrgyzstan to 38% in Uzbekistan, much 

higher than 7% in the United States (FAOSTAT, 2010). In Moldova, 

wheat production was 0.5 t / ha in 1992 and 4.0 t / ha in 2007 

(FAOSTAT 2010). Grain production in the low Volga steppe, the 

southernmost Sicily and Northern Kazakhstan varied the most (35 – 

50%) (Kruckov and Rakovetskaya, 1990). Although the crop 

composition of FSU is mainly determined by thermal conditions, the 

high fluctuation of yield is usually the result of precipitation variation. 

Historical records (Dronin and Bellinger, 2005) show that drought has 

become the most important extreme event affecting steppe and forest 

steppe agricultural areas Moldova, Ukraine, central chernozem, North 

Caucasus, Volga, southern Siberia and Northern Kazakhstan. The 

drought is determined by the summer atmospheric circulation in the 

main agricultural areas of FSU. The impact of drought increases as it 

continues into the next year. During the 20th century, at least 27 major 

droughts occurred in the Soviet Union and Soviet countries 

(Meshcherskaya and Blazhevich, 1990). 
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On a global scale, climate warming and "carbon fertilization" 

(enhancing photosynthesis in the case of high atmospheric carbon 

dioxide concentrations) may lead to dramatic changes in agricultural 

production, including a decline in growth from 6% to 8% in 

industrialized countries and from 9% to 21% in developing countries 

(Cline, 2007). According to research, the increasing temperature from 

1981 to 2002 has reduced the increasing trend of yield of six main 

crops: wheat, rice, soybean, barley, corn and sorghum. For wheat, 

corn and barley, the main cereal crops in FSU countries, global yields 

have a significant negative response to temperature rise: for example, 

it is believed that wheat yield increased by 0.85 tons per hectare from 

1981 to 2002, but decreased by 10% due to temperature rise; barley 

yield increased by 0.45 t / ha, decreased by 30%, and maize yield 

increased by 7% (Lobell and Field, 2007). Although the impact of 

climate change on agricultural production is expected to be minimal, 

reducing the expected yield growth rate, the tight balance between 

food supply and demand leads to even small changes in food supply 

may have a great impact. However, this impact is affected by adaptive 

adjustment including technological changes. In our review of climate 

change impacts and adaptation, we focused on two main factors, 

namely, limiting agriculture, temperature and precipitation, and 

related changes in growth season length, accumulated temperature 

growing degree days (GDD), precipitation seasonality, frequency of 

drought and flood, and potential evapotranspiration. Although the 

impact of carbon fertilizer on yield may be important, especially in 
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areas with limited water resources, they avoided discussing carbon It's 

about availability. In any case, the FSU countries lack corresponding 

experimental data, which makes it impossible to estimate the possible 

consequences of incorporating adaptation measures to water shortage 

in the new water resources management plan. These measures include 

selection of new varieties, introduction of new crops, early planting, 

changes in crop mixing and rotation, changes in management practices, 

and new pest control techniques. However, if climate change 

accelerates, as predicted by the global climate monitoring system in 

this century, reactive adaptation may bring high costs; planned 

adjustment may be needed. In addition, the adaptability of FSU 

countries is also very different. An obvious limitation of adaptation is 

that the necessary capital investment may be too high, while many 

countries in the region have not exceeded or hardly exceeded the per 

capita GDP of 1991. However, there are many other physical, 

technical, financial, social, information or cultural barriers to 

adaptation. Better regional integration helps to overcome these 

constraints. California's water management system, for example, 

requires the joint efforts of many governments to operate effectively. 

The existing and future strategies of the above impacts on FSU 

agriculture need to be further studied. When adaptation to water 

shortage is incorporated into the new water management plan. These 

measures include selection of new varieties, introduction of new crops, 

early planting, changes in crop mixing and rotation, changes in 

management practices, and new pest control techniques. However, if 
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climate change accelerates, as predicted by the global climate 

monitoring system in this century, reactive adaptation may bring high 

costs; planned adjustment may be needed. In addition, the adaptability 

of FSU countries is also very different. An obvious limitation of 

adaptation is that the necessary capital investment may be too high, 

while many countries in the region have not exceeded or hardly 

exceeded the per capita GDP of 1991. However, there are many other 

physical, technical, financial, social, information or cultural barriers to 

adaptation. Better regional integration helps to overcome these 

constraints. California's water management system, for example, 

requires the joint efforts of many governments to operate effectively. 

More research is needed on current and prospective strategies of 

autonomous adaptation and planned adaptation countries in the region 

(Andrei et al., 2011). 

IPCC tar specifically pointed out that Asia is most vulnerable to 

climate change related impacts due to poor adaptability of human 

systems (Lal et al., 2001; Prabhakar and Shaw, 2008). In tropical Asia, 

several countries in tropical Asia reported an upward trend in surface 

temperature and a downward trend in rainfall over the past three 

decades (Sivakumar et al., 2005). For surface air temperature (SAT), 

most climate change scenarios predict deterioration of climate 

conditions, characterized by more frequent droughts and shorter 

growing seasons (Ribot et al., 2009). To be specific, the South Asian 

tropical cyclone is not a long-term change in total number, but an 
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increase in intensity. In most areas, the daytime temperature range 

(DTR) will decrease due to the increase of nighttime temperature 

(Sivakumar et al., 2005; Kao, 2009). 

CHINA 

China has established the National Climate Change Coordination 

Committee (NCCCC), which is currently composed of 17 ministries 

and agencies. The National Climate Change Coordination Committee 

has done a lot of work in formulating and coordinating important 

policies and measures related to climate change in China, providing 

guidance for the central and local governments to deal with climate 

change. In 2006, China issued the national climate change plan for 

adaptation to climate change. In 2010, part of the goals are to improve 

grassland, protect it from the effects of degradation, desertification 

and salinization, improve the utilization efficiency of water resources, 

reduce the vulnerability of water resources, and improve agricultural 

adaptation technology. Some technical requirements for China to 

adapt to climate change determined by the national climate change 

plan are high-efficiency water-saving agricultural technologies, such 

as sprinkler and drip irrigation, high-efficiency flood control, 

agricultural biology, agricultural breeding, new fertilizers, pest control, 

etc., and observation and early warning technologies for flood, 

drought, sea-level rise, agricultural disasters, etc. (NDRC, 2007). 
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INDIA 

In its first national communication to the UNFCCC, India pointed out 

that the reduction of freshwater system may lead to the shortage of 

water resources, thus posing a threat to agriculture and food security. 

It also identified specific strategies to reduce drought vulnerability, 

such as changing land use patterns, water conservation, flood warning 

systems and crop insurance (Prabhakar and Shaw, 2008). Ongoing 

projects, such as watershed development projects, command area 

development projects, crop diversification, in some flood prone areas, 

in addition to various flood control measures, irrigation facilities will 

be extended to larger areas, which requires the development of 

common national adaptation strategies, such as integrated watershed 

management at local and watershed levels (Prabhakar et al., 2009). 

TURKEY  

Turkey's climate is generally characterized by warm or hot summer 

and cold or extremely cold winter. However, Turkey's coastal areas 

are much more temperate than its inland areas (MSO, 2016). 

Therefore, the western and southern coastal areas of Anatolia have a 

Mediterranean climate, while the central plateau has a grassland 

climate (large temperature difference between day and night). On the 

other hand, the coastal area of the Black Sea belongs to continental 

climate. Due to these different climatic zones, the impact of climate 

change in Turkey is expected to vary from region to region. Most 
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climate change scenarios agree that the overall temperature rise in 

Turkey will reach 5 ℃. The annual precipitation in the western and 

southern regions decreased by 30%, while that in the northern regions 

increased by 20% (Fig. 3).  

 

Fig. 3 Simulation of precipitation (a) and temperature (b) changes in ecam5 

global climate change model A2. Data were calculated based on changes 

between 1961-1990 records and 2070-2099 scenarios (Şen, 2003; Önol and 

Semazzi, 2009) 

Shintaro Fujihara et al. (2008) investigated the potential impacts of 

climate change in the Saihan River Basin in southern Turkey, which is 

one of the most productive agricultural lands. They predict that annual 

precipitation will decrease by about 160 mm, which will lead to 

increased water demand in the basin, leading to water shortage. Konya, 

located in the high plain of Central Anatolia, has seen its groundwater 
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level drop more than 20 meters in the past 20 years. According to the 

prediction of Köken et al. (2015), the temperature in the basin will 

increase by about 1.5-3 ℃, and the precipitation will decrease by 25-

50%. The gap Great Urfa basin has experienced 17 abnormal to 

abnormal dry years since 1951 (Aydoğdu et al., 2016). Over the past 

few decades, the traditional arid agricultural system in the 

southeastern basin of Turkey has been rapidly transforming into an 

irrigation system (Özdoğan et al., 2006). On the other hand, it is 

predicted that by the end of this century, the precipitation in the basin 

will decrease by more than 10% and the temperature will increase by 

4-5 ℃ (Fig. 3). The climate scenario estimates that the temperature in 

the northern coastal area of Turkey will rise by 2-4 ℃. However, they 

also predict that precipitation in the Northeast will increase by 200-

300 mm, while precipitation in the northwest is not expected to 

change significantly (Terzioğlu et al., 2015). Forecasts for the end of 

the 21st century indicate that annual precipitation in the gediz and 

greater Menderes basins along the Aegean coastline will decrease by 

50% (TMU, 2012). To assess the response of major crops to future 

environmental conditions, significant changes in the impact of climate 

change across Turkey should be considered. 

Turkey's average wheat production in the past five years was 17.4 

million tons (TUIK, 2016). Most of the wheat is produced in the 

Konya basin in central Turkey (Fig. 4). Although the largest producer 

is Konya (1.5 million ton). Wheat is usually grown all over Turkey. 
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Konya and central Turkey have the lowest precipitation (Dursun et al., 

2012), which is one of the most sensitive regions to the impact of 

climate change on crop production. In particular, wheat production 

has a great dependence on the total amount and distribution of 

precipitation in the whole growth period. More than 70% of the 

precipitation is received during autumn and winter, while limited 

precipitation between April and June often leads to wheat drought 

stress (Soylu et al., 2012). Although water deficit may be experienced 

at all growth stages of wheat due to unfavorable rainfall distribution, 

the effect of drought increases significantly after wheat growth and 

during grain filling stage (Özturk, 1999). These key stages of wheat 

growth are considered to be the most important stages of yield 

formation (Acevedo et al., 1999). Drought inhibited the reduction of 

photosynthesis and the reactivation of dry matter to grain after 

anthesis, resulting in a significant decrease in grain yield (Palta et al., 

1994; Ercoli et al., 2008). A 10 mm reduction in total rainfall usually 

results in a 13.4 kg / ha reduction in production in the region (Soylu et 

al., 2012). Turkey produces about 6.8 million tons of barley per year 

(Fig. 4).  
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Fig. 4 yield distribution of wheat, barley, corn, sunflower and cotton in Turkey. 

Cities are based on the average annual production from 2011 to 2015 (Tatar, 2016). 

The distribution of barley planting area is similar to that of wheat 

planting area, as shown in Figure 1. Barley is relatively more tolerant 

to land shortage than wheat (Li C. et al., 1970). Soylu and Sade (2012) 

observed that barley yield decreased less than wheat yield in dry years 

in central Turkey. As the cultivated land of wheat and barley, the 

distribution of corn yield is not extensive (Fig. 4). Turkey produces 

5.4 million tons of corn a year. Most producers are located in the 

southern, southeastern and western coastal areas of Turkey (Fig. 3). 
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These lands usually have Mediterranean climate conditions. Climate 

change prediction shows that the average temperature in these areas 

increases by about 3 ℃, and the annual precipitation decreases by 10-

30% (Fig. 3). For the past decade, the northwest of Anatolia has been 

a major sunflower growing area. But production in Central Anatolia 

has increased rapidly because turkeys need to grow fat. In contrast to 

Thrace in the northwest, sunflowers are mainly grown in irrigated 

areas in the central Konya basin. Therefore, the shortage of water 

resources caused by climate change will be a major risk for sunflower 

production in the region. In some parts of the basin , the groundwater 

level has begun to drop by 0.7m per year (Doğdu et al., 2007). The 

water requirement of Konya sunflower in growing season is about 

450-500 mm (Soylu and Sade, 2012). From the perspective of future 

forecast, the impact in Central Anatolia will be more severe than that 

in the Northwest (Fig. 3). Existing varieties may not become 

convenient in the future. Turkey produces about 2.3 million tons of 

cotton (Fig. 4). About half of the cotton plantations are around the 

Aran UL faharan basin in southeastern Anatolia. Over the past few 

decades, cotton production in the basin has increased dramatically due 

to the improvement of the ultrastructure of water sources by the 

National Program (GAP). The average temperature higher than 35 ℃ 

during the day limits photosynthesis, while the average temperature 

higher than 25 ℃ at night increases respiration and increases the loss 

of cotton assimilates (Bange M. et al, 2007). The Halan basin often 

faces temperatures above 35 ℃ from June to September (MSO, 2016). 
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High temperature has a negative effect on cotton yield, especially at 

the early stage of flowering and Boll Development (Oosterhuis D.M., 

2013). Early sowing may be one of the possible choices to avoid heat 

stress in these critical periods. It is expected that the impact of climate 

change on cotton cultivated land in southwest Turkey will be more 

obvious. Therefore, the improvement of heat-resistant varieties and 

effective water management application should be mainly suitable for 

the region (Tatar, 2016). 

Global food security is threatened by climate change. While 

maintaining the already tense environment, providing enough food for 

the growing population is one of the most important challenges in the 

21st century. Climate change has had a significant impact on water 

resources and soil in some parts of the world. Agricultural systems 

should be changed due to the effects of rising temperatures and 

changes in rainfall patterns. Plant growth conditions in some parts of 

the world will improve, while those in others will deteriorate. 

Temperature rise may aggravate the problem of diseases and insect 

pests, and then lead to crop yield reduction. Kucuk Menderes main is 

one of the areas where climate change may have an impact. Therefore, 

we must be prepared to avoid any decline in agricultural production. 

In order to achieve this goal, the following steps can be taken: 

improving the basin's agronomic management system to improve 

resource utilization efficiency; effective rotation planning should be 

carried out together with annual vegetables and field crops. To 
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improve new varieties (field crops, vegetables and fruits) with salt 

tolerance, drought tolerance and high temperature tolerance; to 

improve new varieties of fruits with low cold requirement; to improve 

new rootstocks of fruits; to carry out adaptability test on new varieties 

(tropical) unknown in Turkey. Irrigation training should be given to 

basin producers (Hepaksoy et al., 2018). 

PAKISTAN 

In Pakistan, the following national policies are considered in the 

implementation process: (1) National Environmental Policy (2005), (2) 

National Health Policy (2006) and (3) national energy conservation 

policy (2006). Pakistan has established a global change impact 

research center, the prime minister's climate change Commission, the 

national environmental administration, the National Environmental 

Policy Executive Committee and, most importantly, the Pakistan 

Environmental Protection Council as a variety of national initiatives. 

Pakistan believes that disaster risk reduction and climate change are 

areas of common concern. Pakistan has promulgated national disaster 

management regulations. In addition, UNDP has established a disaster 

reduction unit. The organizations responsible for disaster management 

include NDMA, the Federal Flood Commission, the emergency rescue 

team and the Pakistan meteorological service (Kundi, 2008). 
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BANGLADESH 

Bangladesh submitted its national adaptation programme of action to 

the UNFCCC Secretariat in November 2005. The panel on climate 

change has determined to continue the Napa process and promote the 

implementation of Napa. The goal of the integrated disaster 

management programme is to mainstream disaster management and 

risk reduction into national policies, institutions and development 

processes, and to promote the management of long-term climate risks 

and uncertainties (government of the People's Republic of Bangladesh, 

2005, human development report, 2007 / 2008). Bangladesh will 

officially release three flood resistant rice varieties, which will help 

farmers prevent up to 1 million tons of crop losses caused by 

mountain torrents every year. The development of salt tolerant and 

early maturing rice varieties by research institutions is a technical 

development in recent years to deal with salt and flash flood 

respectively in crop agriculture. The government of Bangladesh, in 

consultation with civil society, including non-governmental 

organizations, research organizations and the private sector, developed 

a new climate change strategy and action plan in 2009. It was built on 

the Napa river. According to this, the needs of the poor and vulnerable 

groups, including women and children, will be given priority in all 

activities under the plan of action. 
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SRI LANKA 

Sri Lanka was the first country in Asia to develop a national 

environmental action plan in 1992, and further updates were released 

in 1998 and 2003. Priority environmental issues were identified from 

the perspective of poverty. According to the world bank's environment 

department, Sri Lanka's poverty reduction strategy paper of March 

2003 was quite successful in mainstreaming these key environmental 

issues. In addition, community driven development plays an important 

role in its success (IDS, 2006). As a small island country, Sri Lanka 

belongs to the category of "vulnerable" small island countries under 

the UNFCCC and the IPCC, and is seriously threatened by various 

impacts of climate change, such as sea-level rise and severe floods and 

droughts (UNFCCC, 1992; IPCC 2001a; Yamane 2003). The national 

communication reports submitted to the UNFCCC proposed a number 

of agricultural adaptation measures, such as developing forest crop 

agriculture, developing drought resistant rice varieties, changing land 

use patterns in landslide prone areas, making farmers aware of climate 

change and changing irrigation methods (Srilanka, 2000; Yamane, 

2003). 

THAILAND 

In Thailand, the Ministry of natural resources and environment 

(MONRE) is responsible for government policies, of which the office 

of natural resources and environment policy and planning (ONEP) is 

the national focal point of the UNFCCC. The national climate change 
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sub committee was established under the National Environment 

Committee after the country ratified the UNFCCC. In July 2007, the 

government upgraded the national climate change sub commission to 

the national climate change Commission, which is headed by the 

prime minister. Technical subcommittees have also been set up under 

national committees to support different aspects of climate change, 

including mitigation, vulnerability and adaptation. Thailand has 

developed a national climate change strategic plan and is currently 

developing a 10-year climate change plan. A key policy objective is to 

strengthen the link between sustainable development measures and 

measures to address climate change (ADB Report, 2009). 

VIETNAM 

MONRE is the main government agency activity to implement 

UNFCCC and Kyoto Protocol and to deal with all climate change. 

Vietnam submitted its initial national communication to the UNFCCC 

in 2003. NTP (national goal plan) is formally described as the main 

framework for the management and coordination of CC activities. The 

national strategy aims to reduce disaster risk, and the key institution is 

the central committee for flood control and storm control. Climate 

change adaptation projects are particularly prominent in the central 

coastal areas. Most project activities focus on the local level and are 

linked or integrated with ongoing support from donors and 

international non-governmental organizations for drought, flood and 

typhoon preparedness and response to national entities and 
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communities. In the Mekong Delta, adaptation measures have been 

attempted at the farm, community and national levels (Suppakorn et 

al., 2006). Vietnam has not yet developed a national or local climate 

change adaptation strategy, and there is an urgent need for national 

and local capacity-building to ensure that policy responses are fully 

effective (Chaudhry and Ruysschaert, 2007). 

Long term climate change research is the focus of early climate 

change research. In recent years, climate variability has been paid 

great attention by climate researchers. This study focuses on both 

long-term and short-term climate change. The above discussion shows 

that countries, especially in the national meteorological satellite 

system, are vulnerable to current climate conditions and future climate 

shocks. Therefore, understanding the nature and extent of 

vulnerability is the primary issue for any climate change research to 

establish an adaptation strategy. At the same time, it is also necessary 

to understand the adoption of adaptation strategies at the ground level 

to cope with the current climate situation. On the basis of these 

discussions, this chapter aims to draw attention to three issues that are 

being addressed through ongoing research work at the International 

Centre for space research and elsewhere. Therefore, the study is a 

comprehensive effort to understand and analyze the vulnerability and 

impacts of climate change and the adaptation strategies of farmers in 

selected areas. It is expected that by solving the above three problems. 

This study will help to solve the challenges of climate change in the 

semi-arid region of Asia, provide suggestions for strategies and 
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policies to reduce vulnerability and strengthen adaptability, and 

provide farmers with better adaptation opportunities and choices to 

cope with future climate change (Naveen et al., 2011). 

Climate change is a global phenomenon, and its impacts are unevenly 

distributed in different geographical locations. Climate change in 

Southeast Asia takes many forms. Generally speaking, existing global 

and regional studies show that Southeast Asia and Japan are no 

exception (Parry et al., 2007; Asian Development Bank, 2009; Japan 

Meteorological Agency, 2009), and the countries in the region have 

begun to show signs of climate change (Asian Development Bank, 

2009; Japan Meteorological Agency, 2009) and differences between 

countries and regions. This section reviews the different observed and 

predicted trends of climate change in Japan and Southeast Asia. 

JAPAN 

The average temperature in Japan has been rising at a steady rate. The 

analysis of temperature records in Hokkaido, Japan from 1900 to 1996 

shows that the annual average temperature rises from 0.51 ℃ to 

2.77 ℃ (Yue and Hashino, 2003). However, climate change is not the 

sole cause of the temperature rise. A variety of other factors include 

urbanization, increased vehicle traffic and related pollution (Aikawa et 

al. 2009) and heat island effect (Aikawa et al. 2007). Historical 

precipitation events show that there is an obvious trend in Japan. 

Japan received heavy rainfall in the mid-1920s and 1950s, and has 
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experienced increasing fluctuations since the 1970s (Japan 

Meteorological Agency, 2009). In recent years, the change of rainfall 

has increased significantly. Changes in daily precipitation patterns 

have also been reported (Fujibe et al., 2006). 

INDONESIA 

Since 1990, the annual average temperature in Indonesia has increased 

by 0.3 ℃ (PEACE, 2007). Observations also show that the 1990s was 

the hottest decade in the whole century, and 1998 was the hottest year. 

In addition to temperature changes, long-term changes in rainfall 

patterns were observed. The observation of BMG (badan meteorology 

dan geofisika) shows that the rainy season in some parts of Indonesia 

West Sumatra, Jambi, Jayaputra and Merauke) is advanced by 60 days. 

That in other parts of Indonesia (Baten and Jakarta) is advanced by 30 

days, and that in other parts of the country (Ujung, Kulon, Ujung) 

Padang, Madiun, Malang, Kediri, Pacitan, Gresik and Blitar (Ratang, 

2007). Observations also show that rainfall intensities at tamanbogo 

and Genteng stations increased significantly between 100-150 mm per 

day from 1991 to 2000. 

MALAYSIA 

With the exception of Kuching, the number of rainy days decreased 

significantly at all stations (Manton et al., 2001). There is no other 

significant trend in the extreme rainfall index. In 1998, the night 

became warmer and a big peak appeared. The frequency of cold days 

and cold nights also decreased significantly. 
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Climate change is expected to threaten rice crops, the most important 

staple food crop in Southeast Asia, due to heat induced spikelet 

sterility or increased crop respiratory loss during grain filling (IRRI 

2006). At present, most of the rice crops are in the critical temperature 

level suitable for the growth of rice crops. In Southeast Asia, the 

hottest month is from March to June, just before the start of the 

monsoon season, which is the last stage of the dry season rice harvest. 

These areas have experienced high temperature of 36 ℃ and above, so 

they are at the critical level of tolerance. Any warming in these areas 

means a significant decline in rice production (Wassmann et al., 2009). 

HadCM3 global climate model using IPCC SRES scenario showed 

that global and regional yields of wheat, rice, maize and soybean 

decreased (Parry et al., 2004). Projected climate change scenarios 

indicate significant declines in the yields of major crops in Southeast 

Asia, including rice production by 1.4% (lobell et al., 2008), wheat 

production by 10-95% (Fischer et al., 2005), and soybean production 

by 10% (Lobell et al., 2008). The agro ecological region model 

predicts that the wheat yield available in the 1980s will decrease by 

10-95% compared with that in Southeast Asia in 1990 (Fischer et al., 

2005). 

Climate change observation and prediction in Southeast Asia face 

several challenges. Many of these limitations are related to the quality 

of available data, the density of meteorological stations, the limited 

ability to adopt advanced climate prediction models and 
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comprehensive climate risk assessment. Due to the inherent 

limitations of GCMS in spatial resolution and the limited 

representation of local climate conditions such as El Niño/Southern 

Oscillation (ENSO) phenomenon, the prediction results are uncertain. 

More detailed and accurate information is needed to design effective 

adaptation and mitigation plans at the local level. There is still a long 

way to go to obtain reliable downsizing impact forecasts. 

Meteorological Research Institute (MRI) earth system model (MRI-

ESM) and other tools help to reduce the uncertainty of global and 

regional prediction. However, the combination of GCMS with 

dynamic crop models and Agroecological models needs further 

development. In general, on a regional basis, there is agreement in the 

literature on the predicted warming trend, the related changes of 

precipitation and the impact on crops. However, the climate observed 

and predicted at the national level has spatial and temporal variability. 

This requires high-resolution climate models that can provide reliable 

estimates of climate variables compatible with regional climate 

models and dynamic crop models. Crop cultivation is based on 

specific geographical conditions, including local climate, weather, soil 

and farmers' management practices. These factors influence each other 

and interact with the complex local cultural factors. All these factors 

must be taken into account in any method of assessing the impact of 

climate change. No single model method is very useful. Climate 

change requires innovative ways to produce new crop varieties and 

innovative crop management practices. Increased incidence of floods 
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and sea-level rise could change the types of crops grown along the 

coast and in other vulnerable areas. There is a need for genetic and 

agronomic adaptation of crops, from yield oriented approaches in 

agricultural research and extension systems to adaptation oriented 

approaches, while benefiting from the positive aspects of climate 

change (Sivapuram, 2011). 

Since the industrial revolution, due to the intensification of human 

activities, large-scale use of fossil fuels such as oil and coal, and 

excessive development and utilization of land resources, the earth's 

natural ecosystem has been seriously damaged, resulting in a sharp 

rise in the concentration of greenhouse gases such as carbon dioxide 

(CO2) in the atmosphere, resulting in global climate change 

characterized by warming. From 1906 to 2005, the global average 

surface temperature increased by (0.74 ± 0.18) ℃, and it will increase 

by 1.1 ～ 6.4 ℃ by the end of the 21st century (IPCC, 2007). 

Climate is the environmental condition of crop growth and 

development, climate change will inevitably affect the growth of crops. 

The increase of CO2 concentration in the atmosphere can improve the 

net productivity of crops. This is because the "fertilizer effect" of CO2 

can increase the photosynthetic rate and water use efficiency. The 

effect varies with different crops. CO2 had a positive effect on C3 

crops such as wheat and rice, but had no significant effect on C4 crops 

such as corn, sorghum, sugarcane and millet. However, the effect of 

increasing CO2 concentration on crop growth is restricted by the 
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changes of crop respiration, crop growth stage and other factors, 

which are likely to offset the effect of increasing CO2 concentration. 

Climate warming is closely related to crop production. Climate 

warming makes the annual average temperature rise, which leads to 

the increase of accumulated temperature and the extension of growth 

period. Research shows that climate change in the future will change 

the existing crop layout and planting structure, expand the planting 

range of crops, and improve the global land carrying capacity. When 

the temperature rises, in the equatorial region, the main crop 

production areas will move several latitudes to the polar direction. 

According to the analysis, by 2050, the agricultural planting system in 

almost all places will have great changes (Wang, 2002). 

In addition, climate change in the future will accelerate the growth 

rate and shorten the growth period of main crops, and affect the time 

of dry matter accumulation (Adams RM, et al., 1990). Especially, 

after the temperature rises, the high temperature and drought in 

summer will inhibit the growth and development of crops, and then 

affect the yield of crops, especially the cool loving crops (Rao AS, 

2009). Under the premise that the existing planting system, varieties 

and productivity level remain unchanged, if no measures are taken, the 

yield of wheat, rice and maize will be reduced in the future (Wei X, et 

al., 2007). In addition, in the context of climate change, the probability 

of abnormal climate will be greatly increased, especially the increase 

of extreme weather phenomena, the aggravation of regional climate 

disasters, desertification and sandstorm, which will inevitably lead to 
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the instability of world food production. At the same time, under the 

warming climate conditions, warm winter will increase the number of 

plant diseases and insect pests, reduce the mortality of overwintering, 

significantly increase the number of effective disease and insect 

sources after winter; it will also lead to the advance of disease and 

insect occurrence and migration period, the extension of damage 

period and the northward shift of overwintering limit of crop diseases 

and insect pests; warming in winter will also lead to the spread of 

weeds, which means that climate change is possible Increase the 

application of pesticides and herbicides. In addition, the microbial 

decomposition of soil organic matter will accelerate with the increase 

of temperature, and the accumulation and decomposition of root 

biomass will be limited once the soil is affected by drought, which 

requires more fertilizer to meet the needs of crops (Wu JG, 2007). The 

increase of fertilizer not only increases the cost of agriculture, but also 

harms the soil and environment. Climate change has threatened 

agriculture. The future climate change will aggravate the instability 

and vulnerability of agricultural production, and the risk of 

agricultural production will be greater. Therefore, in recent decades, 

scientists have been working on the impact of climate change on crop 

production. At present, the impact of global climate change on crop 

production is mainly focused on observation experiment and model 

simulation. The research on the observation and experiment of the 

impact of climate change on crop production has been carried out 

more abroad. Among them, face (free air CO2 enrichment) experiment 
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is the most representative. Face refers to increasing CO2 concentration 

in free air. It is a technical means to control CO2 concentration in the 

open field and create a micro ecological environment with increasing 

CO2 in the future to simulate the impact of climate change in the 

future (Allen JR, 1992). Face experiment aims to explore the effects 

of increasing CO2 concentration on plant growth and yield as well as 

the key processes of ecosystem; in the aspect of model simulation, the 

more mature one is to use climate model and crop model to connect 

dynamic simulation, so as to evaluate the impact of climate change on 

crop production. However, there are still many difficulties in the 

research on the impact of climate change on crop production, mainly 

including the following aspects. 

(1) In the observation experiment, the effect of elevated CO2 

concentration on crop growth is not isolated, temperature, water, 

nutrients, oxygen, light intensity, growth space and other factors have 

an important impact on crop growth (Bai LP et al., 2004). How the 

elevated CO2 concentration and these environmental factors work 

together to affect crops (biochemical, cell, organ and whole plant scale, 

etc.), how crops respond to the interaction of a variety of 

environmental factors, and the response mechanism remain to be 

studied. In addition, under the condition of face, the experimental 

study of crops is to apply CO2 directly during the growth period of 

annual crops, but in nature, it is a gradual process, during which there 

will be a slow process of adaptation among individual, population, 

variety and generation, and the effect of adaptation can not be 
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reflected in the face experiment (Xie LY et al., 2008). It is an effective 

way to solve the above problems to carry out large-scale face 

comprehensive experiments of long time series. 

(2) In the aspect of climate model simulation, although the global 

climate model has been greatly improved and the climate numerical 

simulation has made considerable achievements, there are still many 

shortcomings and problems, especially the failure to provide accurate 

and reliable information about the change of climate variability, and 

the change of frequency, intensity and duration of extreme weather 

events caused by climate variability, To a certain extent, it can affect 

the growth and development of crops more than the change of average 

climate (Sun BN, 2007). In recent years, although the application of 

regional climate model can solve some of these problems, the 

parameterization of terrain and natural processes in regional climate 

model will increase the uncertainty of the model, and then affect the 

coupling results of climate model and crop model. Therefore, it is 

necessary to reduce the uncertainty of climate models in the future. 

(3) In the aspect of crop model simulation, some processes of crop 

growth and development (such as leaf development, leaf senescence 

and dry matter distribution) in the model are still based on experience, 

and this uncertainty will inevitably affect the accuracy of the results. 

In addition, in the context of climate change, diseases and insect pests 

may occur frequently in the future, and crop models do not take into 

account the factors closely related to actual production, such as human, 
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natural and geographical factors. In order to effectively solve the 

problem of crop model, it is necessary to develop comprehensive 

models suitable for different regions. 

(4) It is very difficult to separate the climate change factors from the 

social development, science and technology development for the 

climate change that has occurred. Therefore, it is very difficult to 

distinguish the climate change itself from the human impact when 

judging the impact of the climate change on crop production. We 

should strengthen the detection and attribution analysis of the impact 

of climate change (Xu YL et al., 2011). 

The increase of CO2 concentration has an effect on crop seed yield. 

Bunce (2008) found an important 38 crop varieties in Phaseolus 

vulgaris that adapt to climate change through the interaction of CO2 

concentration. The highest yield variety under elevated CO2 

concentration is not the highest yield variety under environmental 

conditions. He observed that the main response to elevated CO2 

concentrations was an increase in the number of pods, which led to an 

increase in yield. He concluded that the response of pod and seed 

number may be more important than the photosynthetic response of 

stem biomass (Bunce, 2008). Uddling et al. (2008) concluded that the 

effects of elevated CO2 concentration and irrigation on wheat grain 

production and biomass allocation were changed by plant source sink 

balance. They observed that sink limitation was the main limiting 

factor for CO2 induced grain yield in spring wheat. They believe that 

under high carbon dioxide conditions, increasing photosynthetic rate 
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before and after flowering as a method to improve wheat yield may 

not produce the expected results unless source intensity is also 

considered (Uddling et al. 2008). In a recent Australian study on 

wheat, Luo et al. (2009) used the APSIM (the Agricultural Production 

Systems Simulator) wheat model to evaluate different adaptation 

strategies, including rainfall and nitrogen management. They found 

that the negative effects of high (− 15%) and low (− 10%) crop 

available water capacity on grain yield were predictable, and these 

effects were not offset by changes in nitrogen application or variety 

selection. The most effective adaptation strategy is early sowing to 

utilize the increased soil moisture in the early growing season. Wang 

et al. (1992) used a simulation model to assess the impact of climate 

change on wheat productivity earlier and found that increasing CO2 

concentration to 700 ppm would increase wheat yield by 28 – 43%. 

However, increasing temperature at 3 ° C at the same time would 

reduce wheat yield by 25 – 60% (using existing varieties). They did 

not consider changes in rainfall patterns in their studies. However, 

compared with late maturing varieties, changes in rainfall may favor 

early maturing varieties (Luo et al., 2009). Xiong et al. (2010) studied 

the different scenarios of agricultural water availability in China, and 

found that the future grain irrigation demand is very sensitive to the 

characteristics of daily precipitation. The overall results show that 

China's agricultural water use will be insufficient. In the next few 

decades, water stress may become the main climatic factor 

determining crop response to climate. These findings are similar to 
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those reported by Hlavinka et al. (2009), who found that drought is 

one of the main causes of inter annual crop yield changes in the Czech 

Republic. Xiao et al. (2009) observed from 1981 to 2005 that with the 

increase of temperature and precipitation, the wheat yield in high 

altitude and low altitude areas increased. It was further predicted that 

with the increase of temperature and precipitation, the wheat yield in 

low altitude areas would increase by 3.1%, and that in high altitude 

areas would increase by 4.0%. In specific regions of the world, the 

interaction of temperature and precipitation will regulate the response 

of crop yield. 

The water demand of crops showed a changing trend. Supit et al. 

(2010) observed that the water demand of wheat decreased from 1976 

to 2005. This is due to the shorter growing season due to the higher 

temperature in spring. This downward trend may also be related to the 

decrease of evaporation demand in winter and spring due to the 

decrease of global radiation (st). They found that only some areas 

showed an upward trend. For Beta vulgaris, they found a downward 

trend in water demand due to reduced evaporation demand due to 

reduced solar radiation in summer and autumn in the Mediterranean 

region of France and Spain. The rising trend of water use is related to 

higher temperature in summer and autumn (Supit et al., 2010). Haim 

et al. (2008) found that wheat and cotton yields in Israel are very 

sensitive to rainfall in dryland areas. They observed that under the 

climate change scenario, the yields of both crops decreased. Yang et al. 

(2008) observed that climate change has taken place in Northwest 
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China, and in the past 40 years, Northwest China has changed from 

warm type to warm wet type; however, other areas in Northwest 

China have experienced intensified drought patterns. With climate 

change, changes in rainfall patterns will have significant impacts on 

crop growth and yield in all agricultural areas, which may offset the 

positive effects of increased CO2 concentrations. In India, Pathak and 

Wassmann (2009) observed no trend in rainfall patterns over the past 

30 years; however, in ludiana, the lowest and highest temperatures 

showed an upward trend of 0.06 ℃ and 0.03 ℃, respectively. In their 

analysis, they used the year with moderate rainfall as the benchmark 

yield. In the year with less rainfall, the wheat yield was only 34% of 

the benchmark yield, while in the year with less rainfall, the wheat 

yield was only 61% of the benchmark yield. In the years with high 

rainfall, ludiana's production is 200% of the benchmark production, 

while Delhi's production is only 105%. They found that early sowing 

helped yield under all rainfall conditions. Grassini et al. (2009) 

observed that yield follows a longitudinal gradient caused by seasonal 

rainfall and evaporation demand. These gradients are caused by the 

pattern of water stress in the growing season. In the growing season, 

dry crops growing in the western corn belt are often subjected to 

transient and inevitable water stress before and after silking stage. It 

was also observed that sufficient water at the time of planting helped 

to counteract, but could not eliminate, the water stress period. As the 

temperature increases further, these effects may be exaggerated, which 

will increase the evaporation demand of crops and increase the 
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vertical gradient of yield. A similar study of Indian wheat by Ortiz et 

al. (2008) showed that higher temperatures reduce productivity in 

areas that are already in the optimal range. They suggest that one of 

the positive agricultural practices is the adoption of conservation 

agriculture, which will lead to an increase in soil water supply to crops 

and a decrease in soil water evaporation rate to increase the 

availability of crop transpiration. 

The interaction of temperature, carbon dioxide and rainfall patterns 

during the growing season will affect plant growth in many different 

ways. The increase of temperature will accelerate the development of 

plants, when combined with the increase of carbon dioxide, it will 

lead to a moderate increase in plant volume. The interaction between 

these parameters is complex and becomes more complicated due to 

the rainfall pattern in the growth process. Water is a dominant factor 

that, when combined with temperature stress, will cover the positive 

effects of increased CO2 and further reduce plant growth and yield. 

Because of these interactions, the impact on agroecology is 

multifaceted. These can be summarized as follows: increasing carbon 

dioxide will have a positive impact on plant growth, and the positive 

impact on C3 plants is greater than that on C4 plants. The enhanced 

response of C3 plants was attributed to the competitive inhibition of 

photorespiration and lower internal CO2 concentration than Michaelis 

constant of ketose diphosphate carboxylate / oxygenase (Amphor and 

Loomis, 1996). These effects on plant growth are more obvious than 

on grain yield. 2. The increase of temperature will lead to faster plant 
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development, which is consistent among species. Compared with CO2 

effect, C3 and C4 plants showed no significant difference in 

temperature response. The increase of temperature will increase the 

water use efficiency of crops, which is due to the effect of temperature 

on vapor pressure deficit (VPD). Increasing CO2 will increase 

stomatal conductance, which leads to the increase of crop water use 

efficiency, because the growth of crops is increased relative to 

transpiration rate. These effects are not consistent among species, and 

the final response depends on soil water status. At the canopy level, 

there was an interaction between CO2 and N management, and 

elevated CO2 concentration had a positive effect on N response. As we 

move into the future, concerted efforts must be made to combine 

genetic and management responses to ensure the maximum food 

supply for the world's growing population. The current literature does 

not provide a clear consensus on how these interactions affect food 

production. Our challenge will be to determine how to quantify the 

response of a range of genetic material and agronomic practices to 

climate factors (Jerry L. et al., 2011). 

Weather Hazards in Crop Production 

The climate of the earth always changes with the changes of ice, 

hydrosphere, biosphere and other atmospheric and interactive factors. 

It is generally believed that human activities are increasingly affecting 

global climate change (Pachauri & Reisinger, 2007). Since 1750, the 

global emissions of radioactive gases, including carbon dioxide, have 
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increased rapidly. If we can not effectively curb the increase of global 

emissions, this trend may accelerate. The man-made increase in 

carbon dioxide emissions comes from industry, especially due to the 

use of carbon based fuels. In the past 100 years, the global average 

temperature has increased by 0.74 ℃, and the atmospheric CO2 

concentration has increased from 280  p.m. in 1750 to 368 p.p.m. in 

2000 (Watson, 2001). Under the A2 scenario, it is predicted that the 

temperature will rise by 3.4 ° C and the carbon dioxide concentration 

will rise to 1250 p.m. by 2095, accompanied by greater climate 

change and more extreme weather related events (Pachauri & 

Reisinger, 2007). Behind these trends are many spatiotemporal 

heterogeneity, and the prediction of climate change impacts in 

different regions of the world is also different. Some of these are clear 

in the outputs of the models, which take into account geographical 

criteria such as land mass distribution, topography, ocean currents and 

water masses, as well as known meteorological features such as air 

currents. However, historical data show that seasonal and regional 

changes are not taken into account in the model processes (e.g., 

Barnett et al., 2006), and these processes have a significant impact on 

the actual processes, including crop sowing, harvesting or pest and 

pathogen infection, and all the activities resulting from them. 

Climate is a key determinant of health. Climate limits the scope of 

infectious diseases, and weather affects the outbreak time and 

intensity (Dobson et al., 1993) the long-term warming trend is 

encouraging the geographical expansion of some important infectious 
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diseases (Epstein et al., 1998), and extreme weather events are 

spawning a series of disease outbreaks and triggering a series of 

unexpected events (Epstein, 1999 and 2000). Ecological change and 

economic inequality seriously affect disease patterns. However, 

climate warming and instability play an increasingly important role in 

promoting the emergence, resurgence and redistribution of global 

infectious diseases (Leaf, 1989; McMichael et al., 1996). 

Climate change characterized by temperature rise has become a hot 

issue in global research, and this upward trend will continue in the 

foreseeable period. Some studies have pointed out that the earth's 

average temperature will rise by 1 ℃ by 2025, and maintain a growth 

rate of 0.3 ℃ every 10 years, so that the earth's temperature will rise 

by 3 ℃ by the end of the 21st century (Houghton JT, 1990). The 

reason is that the rise of carbon dioxide and other greenhouse gases in 

the atmosphere is the "culprit" of global climate change. The existing 

observational data show that since the industrial revolution, the 

content of carbon dioxide in the atmosphere has increased by about 

30%, and is growing at an annual rate of 5%. It is estimated that the 

concentration of carbon dioxide in the atmosphere will rise to 415-

480ppm by 2050, and it may reach 714-1009ppm by the end of the 

21st century (Yu Jiaju, 2007). This is consistent with the trend of 

global temperature rising in the future, which confirms the correlation 

between the two. The most direct consequence of global warming is to 

accelerate the melting of glaciers in the Arctic and high-altitude areas, 
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raise sea level, threaten coastal cities and countries, and have a serious 

impact on the development of the world economy. In addition, 

scientists are concerned about the relationship between biological 

change and climate warming in terrestrial ecosystems. In the long 

process of evolution, the organisms on the earth have evolved a good 

adaptation mechanism to the earth's environment. In the short term, 

the abnormal changes of the earth's environment are bound to bring 

great challenges to the survival and reproduction of the existing 

organisms. Climate change should be maintained at a certain constant 

degree, so as to adapt to the growth of all things. Otherwise, too much 

or too little climate can affect the growth of organisms, or lead to the 

occurrence of diseases. At present, about 59% of the world's species 

have responded to climate warming, and 70% of the species 

distributed at the earth's poles or high altitudes have been extinct (Guo 

Yunhai, 2008). The loss of species diversity is a serious biological 

disaster caused by climate change. Some studies have found that the 

extinction rate of species in the world is 100-1000 times of that in the 

prehistoric period of human civilization (Stone R, 1995). Lethal high 

temperature and habitat destruction may be the main reasons why 

these organisms can not survive. Even if they can survive, the increase 

of temperature and the slight change of atmospheric composition will 

lead to the disorder of the growth law of some organisms, which will 

lead to the advance or delay of the phenological period of plants. 

What's more, it will lead to the outbreak of pests, viruses and bacteria. 

This is mainly because climate is one of the important factors 
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affecting the spread of infectious diseases. Global warming will 

directly or indirectly affect the spread of many infectious diseases 

(Yang Kun, 2006). Stone pointed out in 1995 that the health of 40% - 

50% of the global population will be affected by malaria, 

schistosomiasis, dengue fever and other insect borne diseases due to 

climate warming (Sun Guangzhong, 1990). According to the 

prediction results of the model, by 2100, the global average 

temperature will increase by 3-5 ℃, the number of malaria patients in 

tropical areas will increase by 2 times, and that in temperate areas will 

exceed 10 times (Chen pan, 1996). These scientific research results 

may be far away from our real life, and the world's fear of (Severe 

acute respiratory syndrome) SARS and (Influenza A viruses are 

hemagglutinin and neuraminidase) H1N1 respectively in 2003 and 

2009 is still lingering. Although there are different opinions about the 

causes of these two diseases, it is difficult to exclude climate factors, 

at least to a certain extent, climate change has a direct or indirect 

effect on their occurrence. 

Due to the long-term incubation period of sars-cov-2 virus (Linton et 

al., 2020), the prevalence of asymptomatic individuals (Nishiura et al., 

2020) and their exponential growth (Levy and Tasoff, 2017), it is 

difficult for human beings to grasp its expansion dynamics, which 

makes pandemic crisis management extremely difficult. Similarly, 

climate change has a complex but slower temporal dimension. They 

are difficult for public thinking and long-term climate change 
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forecasters to master. In this case, the crisis becomes apparent only 

when it is too late to prevent. Scientists have long been cautious about 

anthropogenic climate change and stressed the need for strong early 

action to prevent its most serious consequences (Houghton, 1996; 

Oreskes, 2004; Ripple et al., 2019). 

The covid-19 crisis is the fact that once the virus reaches a certain 

number in the population, its control becomes extremely difficult. The 

continuous spread within the community leads to a chain reaction of 

exponential growth. Climate change is likely to work in a similar way. 

Scientists increasingly agree that once the temperature rises above 

certain critical thresholds, sudden and unchangeable changes will 

occur (Trisos et al., 2020). In addition, changes in large-scale climate 

patterns may initiate new and irreversible processes with unforeseen 

consequences. For example, changes in polar jet (Meehl et al., n.d.), 

salinity of ocean (Durack et al., 2016) and PH value (Caldeira and 

Wickett, 2003), or methane released by permafrost melting 

(Whiteman et al., 2013) may have large-scale and irreversible effects 

on global climate, which can last for decades or hundreds of years. As 

with early action to control pandemic, identifying and preventing 

climate change threshold crossing will help to avoid the worst case 

and reduce the economic and social costs of climate change (Jakob et 

al., 2012). 

In addition to the rise of average temperature, another way of climate 

change is reflected in the occurrence of extreme climate events such 

as extreme high temperature, low temperature, flood, etc. Although 
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the frequency of extreme climate events has shown a downward trend 

in the past few decades, the economic losses caused by them have 

gradually increased. According to the estimation of Munich company, 

the loss of natural disasters has increased three times from 1960s to 

1980s, among which the economic loss caused by atmospheric 

disasters is the largest, reaching 42-51 billion yuan per year, and that 

caused by biological disasters is 1-1.5 billion yuan per year (Leemans 

R et al., 2002;  Pimm SL et al., 1995). The daily observation data of 

61 stations also show that the trend of regional extreme climate in 

China in recent 50 years is 5-10 times of the average climate trend. 

The Yangtze River flood in 1998 and the severe ice and snow disaster 

in 2008 are the best evidence that we have experienced recently. Some 

experts believe that the losses caused by the latter are more than the 

former (Yan et al, 2000 ). The drought in Southwest China, which 

plagued us in the spring of 2010, should also be a typical extreme 

climate event. Although it is not possible to assess the specific losses 

caused by it, it has affected the hearts of the people of the whole 

country. Now the earth's environment is a stable state after hundreds 

of millions of years. The change of climate factors is bound to have an 

impact on the biosphere from many aspects, and its interaction with 

organisms is the most complex. This is mainly because, such as the 

Gaia hypothesis, organisms are not only affected by the earth's 

environment, but also regulate the environment in which they live. At 

present, climate change has changed the evolution and development 

mechanism of organisms and the relationship between species, thus 
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causing a series of major disaster events, and even endangering the 

survival and development of human beings. Therefore, the most 

effective way to reduce the occurrence of biological disasters is to 

slow down the extent of climate change, give organisms a period of 

adjustment and adaptation, and rebuild a stable earth environment 

(Zhou zhiyong, 2011). 

The time management of biological disasters is to strengthen the 

cultivation and protection of disaster bearing bodies, including crops, 

trees, livestock, human beings, etc., improve the health level and 

resistance of disaster bearing bodies, strengthen the regulation of 

harmful organisms from disaster sources, and control their harm to 

disaster bearing bodies within the allowable threshold. The key to 

time management of biological disasters is to carry out precise 

monitoring of biological disasters, accurately find out the critical 

period of prevention and control. And take effective measures to 

control the rapid proliferation of pests and prevent the occurrence of 

biological disasters in the critical period of prevention and control 

(Zhang guoqing, 2010). 

If food production must grow by 50 per cent from the shrinking land 

resources in the next 40 years, it will require sustained and significant 

funding, time and hard investment. Like the past world's agricultural 

triumph, the green revolution has saved us from hunger, and a major 

component of the solution will come from improved technology. The 

technology will require the production, processing, distribution and 

sale of food that is adequate, safe and nutritious to meet the needs and 



CROP PRODUCTION and INFLUENCING FACTORS | 187 

 

 

 

preferences of the world's human diet without affecting the 

sustainability of the natural environment. Long neglected global 

investment in agricultural and food research and development must at 

least be doubled to accelerate the development and application of 

promising technologies. From 1991 to 2000, the total agricultural 

research and development expenditure in Africa decreased by 0.4 % 

per year, and Asia grew by 3.3 %. As a result, land productivity in 

East Asia increased from 1485 US$ ha-1 in 1992 to 2129 US$ ha-1 in 

2006, but in sub Saharan Africa, land productivity fell from 79 % in 

1992 to 59 % in 2006 (IFPRI, 2008). 

Any discussion of food security is incomplete and does not recognize 

complex networks of socio political, trade and other issues that are 

often more important than production and processing issues, since 

climate change will primarily mediate the effects of plant diseases, 

thereby affecting food production, quality and security. The review 

reminds all plant protection experts in a timely manner of the 

excellent science they deploy to minimize crop losses and can and 

need to contribute to informed policy debates. To achieve the goal of 

maintaining the increasing production and quality that can be achieved, 

research exchanges must be extended beyond the farm gate to promote 

awareness raising among policymakers and society as a whole. First, 

the research results can make policy more friendly through "clear take 

home information". 
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While researchers are used to dealing with uncertainty, it is often 

untrue for other members of the community and is not easy to convey 

information about new findings at a certain level of certainty. 

However, it is clear that detailed predictions of climate change are 

unlikely to be accurate for specific locations and actions that depend 

on them. It is important to determine the trends for simulating 

biological processes and their interactions and for their experimental 

verification. Crop yield loss models, mainly the consequences of 

complex biological interactions that lead to disease, must be combined 

with crop growth models and need to parameterize the two using the 

same trend values (Evans et al., 2008; Gregory et al., 2009; 

Butterworth et al., 2010; Fitt et al., 2011). However, the impact of 

infection or infection tolerance (which is not usually covered in the 

yield loss assessment) must also be calibrated by testing and included 

in climate change conditions (Newton et al., 2010b). The economic 

and social impact of these biological processes should be of great 

concern to pathologists and used as a tool for prioritizing research 

objectives. Especially, when these objectives require long-term 

capacity-building and Technological Development (for example, the 

application of advanced genomic technology to identify host 

characteristics, pest and pathogen collection). Policymakers often deal 

with many issues, including more acute issues related to climate 

change, such as rising sea level, malaria, floods and extreme weather 

events, and the rise in the prevalence of human diseases. Clear 

economic and social impacts, supported by clear and excellent science, 
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can help raise awareness. Limiting water environment, harmful 

organisms and diseases, declining fertility, availability and 

degradation of soil resources are one of the key constraints to improve 

food production and quality. Climate change adds additional 

complexity to already complex agricultural ecosystems. 

Phytopathologists and other crop protection professionals usually 

develop and deploy strategies and tools in accordance with established 

principles to manage plant diseases, and many may also be applicable 

to climate change when considering predicted changes, processes and 

interactions. Therefore, research to improve crop adaptability by 

improving crop resistance to disease may not involve a new approach, 

although managing plant diseases may have additional advantages in 

reducing the rise of CO2 concentrations (Mahmuti et al., 2009). 

Therefore, most of the new investment to improve disease control in 

food crops only needs to accelerate the progress of new and existing 

promising strategies and methods, rather than "reinventing the wheel" 

under the guise of climate change research. This investment model 

will ensure that disease management solutions cover all the 

uncertainties associated with climate change, including the "business 

as usual" scenario. Under the field conditions simulating climate 

change, the empirical research on plant diseases is limited, which 

seriously limits the development of crop adaptation or disease 

management options under climate change. In addition, a lot of 

knowledge about the potential impact of global climate change has 
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been collected by using the model. At present, some countries, regions, 

crops and specific pathogens have been preliminarily evaluated. From 

the perspective of food security, the focus must now shift from impact 

assessment to the development of adaptation and mitigation strategies 

and programmes. Two areas of empirical investigation are crucial: 

first, to assess the effectiveness of current physical, chemical and 

biological control strategies (including resistant varieties) in the 

context of climate change; and second, to incorporate future climate 

scenarios in all studies aimed at developing new tools and strategies. 

GM (genetically modified) solutions (Huang et al., 2002) must be 

seriously considered in an integrated disease management strategy to 

improve food security. 

In the past century, the earth's climate has experienced unprecedented 

changes. Its potential impact on vector borne diseases also poses a 

huge threat to human health. The impacts of global climate change 

and meteorological factors on the number and geographical 

distribution of vectors, the growth and development of pathogens and 

the transmission of major vector borne infectious diseases need to be 

further studied. The variation and change of climate factors such as 

temperature, humidity, precipitation and wind speed have a significant 

impact on the occurrence, transmission and outbreak of major vector 

infectious diseases. However, the relationship between climate change 

and changes in the distribution and transmission mechanism of vector 

borne diseases is very complex. In addition, there are still some spatial 

inconsistencies in some research results, so more related research is 
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needed in the future to provide a strong scientific basis for the 

formulation of adaptation strategies. 

Weather hazards in crop production are those which are caused by 

adverse weather conditions. The disaster is caused by many factors, 

such as temperature, frost, etc. Different from the concept of 

meteorological disaster, crop meteorological disaster is closely 

combined with crop, which refers to the meteorological disaster 

suffered in the process of crop production (Wang Chunyi and Li Yijun, 

2011).  In recent years, crop meteorological disasters occur frequently 

with wide damage scope and heavy loss degree ( Sun J et al., 1998; 

Ding Yihui, 2003; Zhai PM et al., 2005), such as the severe 

agricultural drought in North China from winter 2008 to spring 2009, 

the severe agricultural drought in Southwest China from autumn 2009 

to spring 2010, and the severe flood disaster in South China in 

summer 2010; the same disasters occur in foreign countries: 

September 2008 Argentina experienced the most serious drought in 50 

years in July 2010, and the drought situation in Argentina was very 

rare, so there was a lack of measures to deal with the drought, 

resulting in serious disaster losses. In July 2010, Pakistan suffered the 

most serious flood disaster in 80 years, Farmland flooding, crop 

failure and so on all indicate that meteorological disasters have 

become a major barrier restricting agricultural development and 

threatening food security. Therefore, the monitoring and early warning 

of crop meteorological disasters and emergency countermeasures are 
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necessary for the safety of agricultural production. Through years of 

systematic and in-depth research, remarkable progress has been made 

in the occurrence mechanism, temporal and spatial distribution, 

meteorological indicators, diagnosis and prediction technology and 

defense measures of crop meteorological disasters, and the level of 

meteorological disaster prevention and mitigation has been improved. 

Crop meteorological disaster monitoring and early warning is the key 

to disaster prevention and mitigation in agricultural production. 

Because of the frequent occurrence of rice chilling injury, Japan is the 

first country in the world to carry out related research. In recent years, 

they focus on the mechanism of rice chilling injury, and carry out 

experiments in large-scale artificial climate laboratory to explore the 

index of chilling injury and loss evaluation model. The United States, 

Canada and other countries have also carried out research on rice 

chilling injury in varying degrees (Wang Chunyi et al., 2005; Zhang 

Shunqian et al., 2007). At present, the research of crop disaster early 

warning system has been carried out a lot, which greatly improves the 

prediction ability of crop disaster. Many research results of monitoring 

and early warning have been applied to the operation and service of 

agrometeorological disasters, and achieved good results. But the 

precise and dynamic monitoring and warning of crop meteorological 

disasters is still a big problem (Zhang J, 2004). Crop meteorological 

disasters have the characteristics of "mass occurrence". Sometimes 

several disasters occur at a certain time or in a certain area at the same 

time, which poses a great threat to crop production. For a long time, 
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the research on crop meteorological disaster monitoring and early 

warning has paid more attention to the single disaster research, 

without focusing on the mass occurrence of crop meteorological 

disasters, the multiple relationships of influencing factors and the 

physical background of their complex mechanisms, without paying 

attention to the synchronous research on environmental impact and 

biological stress resistance, and lack of interdisciplinary high-level 

research on major agricultural meteorological disasters These 

researches are difficult problems of crop meteorological disaster 

monitoring and early warning (Wang Chunyi and Li Yijun, 2011). 

The technology of crop meteorological disaster impact assessment and 

risk zoning has been widely studied by scholars at home and abroad, 

and the impact of single disaster or comprehensive disaster has been 

deeply studied. The United States established a statistical model to 

evaluate the disaster area of crops by using field observation and hail 

data, and built the risk type level of hail singing according to hail daily 

frequency and crop loss data. Finnish scholars study the correlation 

between climate change and hail weather change. Through the 

different crop development stage, the defoliation ratio simulates the 

impact of hail damage on the later yield, and has made great progress. 

However, there are still many difficulties to be solved in the impact 

assessment and risk zoning of crop meteorological disasters. (1) The 

accuracy of the impact assessment of single disaster crop 

meteorological disaster and the refinement of comprehensive disaster 
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crop meteorological disaster impact assessment are the urgent 

problems to be solved in the future crop disaster impact assessment. It 

is still a very complex problem to evaluate the effects of crop 

meteorological disaster on the basis of the mechanism of crop 

meteorological disaster. In order to solve this problem, we need to 

strengthen the field test and test the possible situation by obtaining 

reliable data, so as to establish a quantitative system to evaluate the 

impact of disaster. (2) Standardization of crop meteorological disaster 

impact assessment. It mainly includes the standardization of 

evaluation index system, the standardization of evaluation methods 

and the standardization of evaluation characterization. The 

standardization of crop meteorological disaster impact assessment 

involves many departments and has many interdisciplinary problems. 

It is a very difficult problem not only involving scientific research but 

also related to all aspects of society. To solve this problem, the 

national authority should take the lead, work together with relevant 

departments to solve the key issues and propose a national standard. (3) 

The quantitative development of crop meteorological disaster impact 

assessment system is one of the problems that need to be solved in the 

field of agricultural meteorological disaster business service (UN, 

2009). The factors of crop meteorological disaster are complex, and 

are restricted by human, social and economic development. Moreover, 

crop meteorological disasters are not single occurrence in a certain 

area, and there are various disasters concurrency. In view of this 

problem, we should strengthen the research on the impact grade index 
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of agricultural disasters, and integrate the comprehensive disaster 

impact grade index system (8) according to the regional characteristics 

according to the occurrence frequency and hazard degree of the main 

agricultural meteorological disasters in the region. (4) It is still 

difficult to establish a comprehensive crop meteorological disaster risk 

assessment system (UN, 2009). The coupling relationship between 

natural elements and the risk of crop meteorological disaster should be 

established. Based on the systematic study of the mechanism of crop 

meteorological disaster risk formation, the index system and 

evaluation model of crop meteorological disaster risk assessment 

should be constructed (Wang Chunyi and Li Yijun, 2011). 

Crop development, crop improvement continuum and long-term 

breeding 

Plant development is the process of crop quantity, yield and quality. 

Plant development is the process of plant in its life cycle, which has 

aroused great interest in human history, because it is necessary to 

know and predict when the harvest part of plant is in the best stage. 

This kind of knowledge is especially important (even crucial) in 

medicinal plants, because in plants (such as medicinal plants), the 

harvest time determines the value of products (such as medicinal 

plants). This interest increased as groups moved from hunting and 

gathering to agricultural societies. Crop development can be defined 

by the number and rate of plant appearance, growth and senescence. 

However, this definition lacks information about when the transition 
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from vegetative plant to reproductive plant occurs, which is defined 

by crop phenology. Crop growth and development is the main 

mechanism for plants to escape biotic and abiotic stresses and adapt to 

the environment, which is of great significance in agricultural 

production. At a more practical level, it affects crop management 

because cultural practices are more effective at specific stages of crop 

development (Gregory S. et al., 2019). 

Major food, feed and industrial crops have been domesticated in a 

number of centers of origin, including the fertile crescent, America 

and China. The wild relatives of modern crops have adapted to the 

environment prevailing in the center of origin. These primitive crops 

are locally grown in the areas of origin, but some species show a 

significant ability to adapt to the new environment and spread globally 

with human migration and trade. For example, wheat was 

domesticated in the Middle East ("fertile crescent") ( Heun M et al., 

1997), about 32 °N, and is currently planted between 30 and 60°N and 

27 and 40 °S. However, it can grow at low latitudes, high altitudes and 

even in the arctic circle beyond these limits. This kind of environment 

makes wheat become one of the most plastic crops. It needs a large 

number of developmental mechanisms to adapt to this different 

environment. The photoperiod ranges from 13-14 hours to nearly 20 

hours. One of the main achievements of the "green revolution" is the 

discovery of photoperiod insensitive wheat mutants that can grow in 

low latitudes. Developmental plasticity is the key to the adoption of 

crops in a wide range of environments. Although growth and 
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development are related, they are different processes. Development is 

the initiation and differentiation of organs and the progress of cells, 

organs and plants in their life cycle, while growth is the change of the 

size or weight of the initial organs. Biological factors (such as genetics, 

weeds and diseases) and abiotic factors (such as temperature, light, 

water and nutrients) affect the occurrence, growth and senescence of 

plant organs. Since Johann Wolfgang Von Goethe first published the 

metamorphosis of plant in 1790, people have made extensive research 

on how plants germinate and mature in an orderly and predictable way. 

This research has led to a broad conceptual framework for plant 

development, producing many tools to predict plant development. 

New shoots of plants are formed by forming a series of almost 

identical tectonic blocks, which are called vegetations (Gray A, 1879; 

Bateson W, 1894). A vegetative plant is associated with a leaf, and the 

plant body is produced on a twig in an orderly manner; for example, 

the plant body of leaf 2 is formed after the plant body of leaf 1. 

Phenology is the study of the life cycle of plants or animals and how it 

is affected by seasonal and interannual climate change. The phenology 

of a crop is defined by a series of stages, which in turn define the 

phenology. Stem tips may need to be examined at some stages of 

identification. For example, after germination, the apical meristem 

produces vegetative structures, such as leaf primordia. When the 

temperature and photoperiod meet the requirements, the shoot tip will 

start to start the reproductive structure, such as spikelet and floret 
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primordium. The occurrence rate of plant body and the change of 

shoot tip are regulated by the heredity, environment and their 

interaction. The main environmental driving factors of plant 

development are temperature and photoperiod, and their effects on 

phenology interact with plant genetic response through photoperiod 

sensitive genes, vernalization genes and precocity itself. This article 

covers how plant development is regulated by temperature and 

photoperiod. Temperate grains are valued because they can adapt to a 

variety of environments and exhibit a series of adaptive mechanisms 

to regulate their development. However, before explaining their rules, 

it is necessary to define the parts of the plant and how to build the 

canopy, as well as the sequence of events throughout the crop cycle. 

This article first defines the canopy structure and the event sequence 

of crop development, and then the latest knowledge about how 

temperature including vernalization and photoperiod regulate crop 

development. At the end of this article, there are two important parts: 

crop development model and future direction. It is very important to 

establish crop development model, to understand the physiological 

and genetic basis of crop development, to predict the possible time of 

key development events as accurately as possible, to assist breeding 

plan and management practice, and to fine tune varieties according to 

current and future climate conditions (Gregory S. et al., 2019). 

Because plant development is an orderly process, accurate 

identification of plant parts helps to describe the process and quantify 

the development rate. Several naming systems for plant parts have 
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been proposed, but most of them are very similar. For example, l 

(Jewiss O, 1972; Klepper B et al., 1982 and 1983) (Fig.5) can be used 

to start from the first leaf L1 (Klepper B et al.,1983), and the true leaf 

of each twig can be top numbered. Similarly, the Jewiss (1972) 

proposed a system for naming tillers, which has been modified and 

extended by many people, but the modified system proposed by 

Klepper et al. (1982 and 19838) is being adopted more and more. This 

system uses the number of leaf axils of the parent branch to name 

tillers. The first tender branch in the seed is the main stem. The tillers 

appearing from the axils of the main stem are primary tillers, named 

by T and the number corresponding to the number of leaves. For 

example, the tiller from the first leaf (L1) of the main stem is called 

T1. Primary tillers can produce tillers called secondary tillers. 

Secondary tillers can be produced from the axils of petioles of primary 

tillers, and their second number is zero (Fig. 5). 
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Crop development related to temperature and photoperiod. Fig. 5 names the leaves 

and tillers of winter wheat plants 

Similarly, the leaf and tiller naming scheme was extended to 

wheat inflorescences. Klepper et al. (1983) defined a numerical 

indicator of inflorescence development, which Wilhelm and 

McMaster (1996) extended to uniquely identify each plant part. 

Spikelets are named s, followed by the position from the base of 

spikelet. Then, S1 is the basal spikelet and S2 is the second spikelet 

from the peduncle (Fig. 6). The florets are named F and numbered 

upward from the base of the rachis. After fertilization, the letter F for 

floret is changed to the letter C for caryopsis. This system allows the 
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reproductive structure of grasses, such as wheat, to be named after 

each spikelet. 

 

The development of crops is related to temperature and photoperiod, Fig. 6 The 
position of spikelets is indicated by the letter S and numbered along the axis. The 
position of floret / caryopsis is indicated by the letter F / C and numbered along the 
axis (from: Wilhelm and McMaster, 1996) 

The reciprocal of thallus is called development rate (DR), which can 

be summarized as the reciprocal of the time interval between two 

development events. The relationship between plastids and 

chloroplasts depends on the species. In wheat, the production of leaf 

primordia is faster than their appearance, which indicates that different 

mechanisms are involved in the regulation of each process. The leaf 

primordium starts from the meristem of the stem tip, where new cells 

are produced quickly. After the formation of leaf primordium, the 

number and size of cells continued to increase, but this increase did 
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not occur in the apical meristem, but in the middle meristem of the 

leaf base. The amount of a leaf growing in a curly leaf until it appears 

is much larger than the amount of leaf primordium formation, so it is 

more dependent on available resources such as water, carbohydrates 

and nutrients (Gregory S., 2019). 

The development stage of crops appears in a consistent pattern every 

year, and there are many methods to describe the phenological 

characteristics of crops. The most widely used phenological scales of 

temperate grain are Feekes (Large EC, 1954), Zadoks (1974), 

Haun(1973) and BBCH (1991). The feekes scale is shown in Fig. 7: 

 

The relationship between crop development and temperature and photoperiod is 
shown in Fig. 7 The approximate time of some shoot tip development events (from: 
McMaster G, 2005) 
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The abbreviation BBCH derives from the names of the originally 

participating stakeholders: "Biologische Bundesanstalt, 

Bundessortenamt und CHemische Industrie". BBCH scale of cereal is 

mainly based on Zadoks scale, while Han scale mainly describes the 

development of shoots before the last leaf is fully expanded. The 

phenological scale considers the basic development stages, such as 

germination, emergence, tillering, stem elongation, heading, flowering, 

grain filling and physiological maturity. The differences between the 

scales are mainly reflected in the characteristics of each stage. Some 

development phases are not well defined, resulting in confusion in 

measuring and reporting on these phases. For example, the beginning 

of stem elongation is usually recorded as the date of extraction or 

when the first node is visible on the ground; however, when the top is 

underground, the first node that is easily visible is formed and only 

visible after the stem is extended enough to raise the top and node to 

the ground. Similarly, physiological maturity refers to when the 

maximum dry weight is reached. In wheat, it is a little difficult to 

determine physiological maturity, because there is no obvious 

morphological change as corn (and sunflower). In corn, when the 

maximum dry weight is reached, a black layer appears near the bottom 

of the grain. The feekes scale defines harvest maturity as the 90% 

maturity of rice (Oryza sativa L.) when it is difficult to segment the 

grain along the crease, as when the grain can not be dented with nails. 

These definitions may not be closely related to the maximum seed 

biomass. Therefore, it is now generally accepted to assume that when 
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all green disappears from the ear, the physiological maturity of 

temperate grain is assumed. This definition seems reasonable, because 

leaves and internodes have lost all the green, so no photosynthesis has 

occurred, and no reports have been made that carbohydrate reserves 

are now being transferred to the grain (Gregory S. et al., 2019). 

Crop development is regulated by environmental factors that interact 

with plant genetics. Many developmental responses related to 

temperature and photoperiod are well known and can be well 

predicted at the crop level. Similarly, the rapidly emerging knowledge 

in genomics helps to understand the genetic basis of some aspects of 

crop development. Unfortunately, the quantitative integration of 

genetic and physiological knowledge is largely unknown, and both 

genetic and physiological models will benefit from better integration 

of knowledge. For example, the genetic basis of photoperiod and 

vernalization pathway is well known. With the development of new 

genome research, more complex models are being established 

(Higgins JA et al., 2010) to show the complexity of flowering time. 

However, the genetic mechanisms described in this entry interact with 

responses to other environmental factors, which define a highly 

complex network of response signals that is not yet fully understood. 

Fortunately, new research on GxE integration is increasingly being 

reported, which will improve our model. The study of model 

organisms has greatly promoted the understanding of crop 

development, but there are also some key differences, such as the lack 

of vernalization gene FLC (Flowering Locus C) in temperate grains. 
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For example, four vernalization genes have been described in wheat, 

but only three have been cloned and located in the vernalization 

pathway. Completion of this approach will greatly improve the 

understanding of how temperate crops respond to non freezing low 

temperatures. At the same time, the physiological response to 

temperature has been widely studied, and the genetic difference has 

been well proved; however, the basis of genetic effect is still unclear. 

Encouragingly, new genes (such as earliness per se ( EPS-1) are being 

identified, but once the main processes (photoperiod and vernalization 

requirements) are solved, the quantitative variation of crop 

development needs to identify new genes, which may not be effective. 

For example, a recent study on Maize found that there was no 

significant QTL (quantitative trait locus) for flowering time in nested 

mapping population (Buckler ES et al., 2009). Although no major 

epistatic or environmental interactions were found, individual QTL 

effects were different in the original lines of the population (Buckler 

ES et al., 2009). In order to establish quantitative genetic model, it is 

necessary to determine QTL or gene effect accurately. 

The global population growth rate has exceeded the linear growth rate 

of food production, so the Food and Agriculture Organization of the 

United Nations (FAO) estimates that 70% more food must be 

produced in the next 40 years (FAO, 2009) to fully feed the estimated 

population of more than 9 billion by 2050. The consequences of 

climate change and changes in crop production systems have greatly 
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reduced the possibility of achieving this unprecedented growth (34), 

which requires increasing the historical linear growth of annual food 

production by 37% (Tester M, 2010). 

Frequent droughts and floods, such as the recent drought and flood in 

the horn of Africa (5), are symptoms of the severe impact of extreme 

weather conditions on crop production and food security. Chatham 

House (Evans A, 2009), based on data from the United Nations 

Intergovernmental Panel on climate change (IPCC), concluded that 

the direct consequences of climate change would lead to malnutrition 

in another 40 million to 170 million people. In fact, the overwhelming 

prediction is that extreme weather events, such as heavy precipitation, 

heat waves and sea level rise, will occur in many parts of the world in 

the 21st century (IPCC, 2012), and the resulting floods, droughts and 

salinization are the most serious consequences. Because of the 

different types and degrees of problems, the strategies developed to 

address these constraints will vary from region to region. For example, 

although there is a consensus that global rainfall will generally 

increase, annual rainfall will actually decrease in some places, and the 

seasonality of rainfall and the timing of crop cultivation will also 

change. What is more worrying is that the frequency and duration of 

extreme weather events are expected to increase. Table 1 summarizes 

some of the expected negative impacts on crop production in various 

regions of the world. 
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Table 1 some expected negative impacts of climate change on crop production in 

different regions (FAO, 2010)(Adapted from the second report on the state of plant 

genetic resources for food and agriculture in the World) From: repositioning crop 

improvement to adapt to changing climate conditions in the 21st century 

ASIA 

Crop yields could decrease by up to 30% in Central and South Asia 

More than 28million hectares (ha) in arid and semi-arid regions of South and East Asia will require substantial (at least 
10%) increases in irrigation for a 1 °C increase in temperature. 

AFRICA 

One of the most vulnerable continents to climate change and climate variability 

With many semi-arid regions and projected increase of 5% to 8% by the 2080s, likely reduction in the length of growing 
seasons will render further large regions of marginal agriculture out of production 

Projected reductions in crop yields of up to 50% by 2020 

Fall in crop net revenues by up to 90% by 2100 

Population of 75 to 250 million people at risk of increased water stress by the 2020s and 350 to 600 million people by 
the 2050s 

AUSTRALIA AND NEW ZEALAND 

Agricultural production may decline by 2030 over much of southern and eastern Australia, and over parts of eastern New 
Zealand, due to increased drought and fire 

Change land use in southern Australia, with cropping becoming non-viable at the dry margins 

Production of Australian temperate fruits and nuts will drop on account of reduced winter chill 

Geographical spread of a major horticultural pest, the Queensland fruit fly (Bactrocera tryoni), may spread to other areas 
including the currently quarantined fruit fly-free zone 

Crop productivity is likely to decrease along the Mediterranean and in south-eastern Europe 

Differences in water availability between regions are anticipated to increase 

Much of European flora is likely to become vulnerable, endangered or committed to extinction by the end of this century 

Increased climate sensitivity is anticipated in the south-eastern USA and in the USA corn belt making yield 
unpredictable 

Yields and/or quality of crops currently near climate thresholds (for example, wine grapes in California) are likely to 
decrease 

Yields of cotton, soybeans, and barley are likely to change 

Risk of extinctions of important species 

By the 2050s, 50% of agricultural lands in drier areas may be affected by desertification and salinization 

Generalized reductions in rice yields by the 2020s 

Reductions in land suitable for growing coffee in Brazil, and reductions in coffee production in Mexico 

The incidence of the coffee leaf miner (Perileucoptera coffeella) and the nematode Meloidogyne incognita are likely to 
increase in Brazil’s coffee production area 

Risk of Fusarium head blight in wheat is very likely to increase in southern Brazil and in Uruguay 

Subsistence and commercial agriculture on small islands will be adversely affected by climate change 

In mid- and high-latitude islands, higher temperatures and the retreat and loss of snow cover could enhance the spread of 
invasive species including alien microbes, fungi, plants, and animals 
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It takes a lot of time, resources and manpower to introduce the genetic 

diversity of wild species into food security varieties. This is a long 

process, starting from the field, where genetic resource experts, 

botanists and taxonomists locate, identify and collect breeding 

materials. Then, it is preserved and identified by gene bank manager; 

further identification and evaluation, character and gene discovery and 

verification are carried out by geneticists, agronomists and 

pathologists; finally, it is carried out by pre breeder or germplasm 

enhancement program, and variety development breeder. These 

products then go into the seed system (formal and informal) and 

eventually into Farmers' fields  (Hannes, 2017). 

Crop wild relatives (CWRS) are closely related to crops and are 

potential sources of important traits including insect resistance or 

disease resistance, yield improvement and / or stability (Perrino, 2020). 

It must also be taken into account that they are key components of 

plant genetic resources for food and agriculture (PGRFA), although 

they are ignored for conservation purposes, and in situ and ex situ 

conservation methods should be used to ensure their availability (Zair 

W, 2020). In terms of currency, CWR has made significant 

contributions to agriculture and horticulture as well as the world 

economy (Maxted, N. et al., 2008 and 2009). Pimentel et al. (Pimentel, 

D., 1997) estimated that wild related plants contribute about $20 

billion annually to increasing crop yields in the United States and 

$115 billion worldwide. Phillips and Meilleur (1998) pointed out that 

the loss of rare wild plants has caused huge economic losses to 
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agriculture. It is estimated that the annual wholesale value of the farm 

of relatives of endangered food crops is about 10 billion US dollars. 

Although these studies show clear differences, they highlight the 

major global economic value of CWR diversity to mankind. 

According to Maxted et al. (2006), CWR is a taxon belonging to the 

same genus as cultivated species. In this way, about 80% of European 

and Mediterranean plant species are CWR, which is important from a 

socio-economic point of view (Kell, S.P., 2008). However, genetic 

rather than taxonomic approaches suggest that only those species that 

can hybridize with cultivated species should be considered CWRS. 

According to Harlan and De wet (1971), gene pool represents a 

diversity pool, which can be used by organisms to adapt to the 

changing environment, and can also be used by breeders to improve 

crops. Wild relatives of a particular crop are considered to be in the 

same gene pool, and they can exchange genes with their related 

cultivated taxa even if they look different in taxonomy. Unfortunately, 

not all wild relatives are ready to do so. Therefore, based on the ability 

to exchange genes with cultivated species, CWR can be divided into 

three categories (The primary gene pool: GP1, The Secondary gene 

pool: GP2, The Tertiary gene pool: GP3) (Harlan, J.R and De Wet, 

1971). In Italy, according to the concept of taxon, 43 CWS are at risk 

of insufficient protection in situ or in other places. However, if the 

endemic species in Italy were not taken into account, the number of 43 

species fell to 14. In addition, according to the concept of gene pool. 

From the point of view of plant breeding, the number of gene pool 
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decreased from 14 to 8. For the latter species, this paper describes 

their geographical distribution, conservation level, ecology, including 

vegetation and habitat 92 / 43 EEC, characteristics, gene pool and 

measures to avoid further genetic erosion. So as to improve the in situ 

and ex situ conservation of species and habitat. The ultimate goal is to 

strengthen the management and utilization of genetic resources, 

promote sustainable agriculture and environmental protection through 

special research, and make recommendations for each of the 14 

chemical weapons considered to be at risk. (Perrino, E.V., 2021). 

Crop wild related species (CWR) include the ancestors of crops and 

other more or less closely related species. In the process of 

domestication, crops will experience a genetic bottleneck, resulting in 

much less genetic variation than wild species. This genetic alignment 

makes crops more vulnerable to biotic and abiotic stresses. CWR has 

been used in formal crop improvement programs for more than 100 

years (e.g., Mujeeb Kazi and Kimber, 1985, Large, 1940), especially 

in improving resistance to pests and diseases. For example, they have 

been used to enhance resistance to wheat false smut mites (Malik et al., 

2003), potato late blight (Pavek and Corsini, 2001) and rice grass 

dwarf disease (Brar and Khush, 1997). Wild relatives of crops have 

been used to improve tolerance to stress abiotic conditions, such as 

drought tolerance in Wheat (Faroq and Azam, 2001), and heat 

tolerance in rice has been tested (Sheehy et al., 2005). They are also 

used to improve the nutritional value of some crops, such as protein 

content in durum wheat (Kovacs et al., 1998), calcium content in 
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potato (Bamberg and hanneman, 2003) and provitamin A in tomato 

(Pan et al., 2000). Due to the latest progress of molecular technology, 

which improves the efficiency and accuracy of transferring the 

required traits from CWR to crops, it is expected that the application 

of CWR in breeding will increase (Hajjar and Hodgkin, 2007). 

Climate is one of the main factors controlling the distribution of wild 

plant species, directly through physiological constraints on growth and 

reproduction, or indirectly through ecological factors such as resource 

competition (Shao and Halpin, 1995). The relatively mild climate 

change in the past century has had a significant impact on the 

distribution, abundance, phenology and physiology of many species. 

Many examples have recorded the species range moving up to the 

poles or altitudes, as well as the gradual advance of seasonal migration 

and reproduction (e.g., Walther et al., 2002, Parmesan and Yohe, 2003, 

Root et al., 2003, Parmesan, 2006). Global warming has accelerated in 

the past 30 years (Osborn and Briffa, 2005) and is expected to be 

between 1.1 and 6.4 ° C by 2100 (IPCC, 2007). Simulation studies 

(e.g., Thomas et al., 2004) show that climate change may lead to mass 

extinction. In view of the potential impact of climate change on global 

food production (Rosenzweig and Parry, 1994, Hijmans, 2003, Jones 

and Thornton, 2003), and the importance of crop wild genetic 

relationships in breeding new varieties, the adaptability of these new 

varieties to biotic and abiotic stresses has been improved, and the full 

protection of crop wild relatives is essential. The protection and 
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utilization of CWR to broaden the genetic basis of modern crops is 

crucial for adapting agricultural systems to the impacts and 

consequences of climate change (Sheehy et al., 2005). However, due 

to climate change, these genetic resources themselves may face the 

threat of extinction in the wild. Therefore, assessing the potential 

impact of climate change on coal water slurry and formulating 

appropriate conservation strategies are the key activities to maintain 

agricultural production. The climate envelope model provides a 

method to assess the potential impact of climate change on wild 

species by predicting the range change. The climate envelope model 

uses the environmental data of the location of the discovered or 

undiscovered species to infer their climate requirements. These 

inferred requirements can be used to classify the applicability of any 

other location (Guisan and Thuiller, 2005). 

Many studies have applied climate envelope based species distribution 

models to understand climate change impacts by using current and 

future climate data (Thomas et al., 2004) and past climate data (Ruegg 

et al., 2006). These methods basically transfer species adaptation in 

time, on the one hand, it is assumed that there is no greater plasticity 

than currently observed, on the other hand, no evolution is assumed, 

and many methods ignore the possible consequences of changes in 

biological interactions such as competition (Lawler et al., 2006). More 

and more studies have evaluated the suitability of applying species 

distribution models to predict range changes and assess the risk of 

extinction in the face of climate change (Thuiller et al., 2004, Araújo 
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et al., 2005a, Araújo, et al., 2005b, Araújo and Rahbek, 2006, Hijmans 

and Graham, 2006, Lawler et al., 2006). 

Although there is uncertainty in the application of species distribution 

models to understanding the possible impacts of climate change on 

species survival, the results are still important because they can help to 

select and prioritize actions to mitigate the negative impacts. Further 

investigation is needed to better understand the potential impact of 

climate change on wildlife species. First, different climate envelope 

models should be used and the results analyzed to verify the 

consistency between the models. Different GCM models and 

scenarios should also be used to further determine where the 

consistency of model results converges or disagrees. These measures 

may contribute to the uncertainty in the estimates, or may reduce that 

uncertainty. Second, experimental research can help to better 

understand the true adaptation of wild species to climate change. 

Peanuts, for example, are found in some of the hottest and driest 

regions in Latin America. Climate change is expected to create new 

climates that have not yet been found on the continent. The adaptation 

of these species to these new very high temperatures is unclear and 

can be tested by experiments similar to those proposed by Zavaleta 

(2006). The experimental research can make use of the advantages of 

land migration collection to conduct common garden experiments on 

different climate environment (representing current and future climate) 

in order to understand the physiological basis of climate adaptation 
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from mechanism. Although there is uncertainty in the application of 

species distribution models to understanding the possible impacts of 

climate change on species survival, the results are still important 

because they can help to select and prioritize actions to mitigate the 

negative impacts. In this paper, we use climate envelope model to 

evaluate the potential geographical changes of the distribution of wild 

species in three cultivated crops. Using three migration scenarios, we 

evaluated potential range size changes and fragmentation of these 

climate appropriate areas. It is worth noting that even in CWR group, 

there are significant differences in the impact between species. Which 

means that conservation planning in the context of climate change 

should be analyzed by means of a level between species as a starting 

point for priority conservation of species in the field. However, our 

results are most related to the methods of offsite preservation of seeds 

stored in gene banks. Climate change must be a basic consideration 

for conservation management, and the selection of new reserves and 

existing areas management plans needs to take into account their 

expected impact (Jarvis, A. et al., 2008). 

As a new source of genetic diversity, the wild close relatives of the 

wild close relatives of the plant species have been used in plant 

breeding for decades, and contribute to a wide range of beneficial 

agronomic and nutritional traits (Hajjar, R., 2007). Due to the 

continuous improvement of species and their diversity information 

and the progress of breeding tools, their utilization is expected to 

increase (Tanksley, S. D., 1997). However, this expectation is based 
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on the assumption that the wild relatives of crops will be available for 

research and plant breeding at any time, which requires that they be 

preserved in the gene bank as germplasm resources and functional 

mechanisms to obtain such diversity (McCouch et al., 2013). A 

preliminary assessment of the overall conservation of wild related 

species in the gene bank shows that there is a huge gap ( Vincent, H. 

et al. 2013), and a series of species are threatened by the 

transformation of natural habitats to agriculture, urbanization, invasive 

species, mining, climate change and / or pollution (Jarvis, A., 2008). 

Therefore, for biodiversity conservation and food security goal 

(Dempewolf, H. et al. 2013), it is timely to work together to improve 

the conservation and utilization of wild related species of crops, as the 

window of opportunity to address these deficiencies will not be 

opened indefinitely (FAO, 2010). 

The distribution of wild relatives of crops is simulated to occur in all 

continents except Antarctica, and most tropical, subtropical and 

temperate regions except the driest and polar regions (Fig. 8). 

The map shows overlapping potential distribution models for 

assessing wild relatives of crops. Dark red indicates that the 

distribution of potential taxa has greater overlap, that is, there are 

more wild relative taxa in the same geographical area. 
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Fig. 8 Relative taxon richness of wild crops. 
From: Global priorities for the protection of wild related species of crops 

The most abundant taxa were simulated in the Mediterranean, near 

and southern Europe, South America, Southeast Asia and East Asia, 

and Central America, with as many as 84 taxa overlapping in a 25 km2 

grid. These richness hotspots are largely consistent with the 

traditionally recognized centers for crop diversity (Vavilov, 1926), 

although the analysis also identified some less well-known areas, such 

as central and Western Europe, eastern United States, southeast Africa 

and northern Australia, which also have considerable richness. Hot 

spots in tropical and subtropical regions are basically consistent with 

the areas with high abundance of recorded endemic flora and fauna, 

and have experienced abnormal habitat loss (Myers, N., et al., 2000). 

Temperate regions identified by the same criteria, such as California 

and Cape Floristic provinces, southwest Australia, central Chile and 

New Zealand, overlap much less with areas of rich crop wild relatives. 

Practical strategies for field collection and subsequent ex situ 

conservation have led to increased availability of plant breeding 
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germplasm, and policies for managing germplasm collection and 

exchange need to be negotiated, 30. Assess the risks of field work 

(e.g., wars and civil strife in areas with high diversity of wild related 

species), coordinate the time schedule of field work to maximize the 

collection of viable seeds and other propagules, give priority to the 

target crop gene pool according to the interest of the breeding 

community in the use of wild germplasm, and determine the wild 

species in the relatively difficult gene pool to maintain Quality 

resources. Although the seeds of most wild related species can be 

preserved under standard conditions for long-term ex situ preservation, 

some wild related species will produce stubborn seeds or no seeds at 

all. Such wild related species may require more expensive methods 

(e.g., in vitro preservation or cryopreservation), especially for such 

taxa, alternative conservation strategies such as establishing in situ 

reserves may be more effective (Castañedaet al., 2016). 

By providing wild genetic diversity to breeders in a more directly 

available form, pre breeding is a key step in linking the valuable 

characteristics of CWR with the development of modern varieties 

(Stander, 1993; Valkoun, 2001; Haussmann et al., 2004; Sharma et al., 

2013). Pre breeding includes basic research and applied research. It is 

difficult to quantify the accuracy of CWR in prebreeding. A meta-

analysis of research literature and variety release reports is helpful to 

fully understand the application trend of CWR in crop improvement 

(Harlan, 1976; Stalker, 1980; Prescott Allen, 1981 and 1986; Hajjar 
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and Hodgkin, 2007; Maxted and Kell, 2009; Hunter and Heywood, 

2011). However, these estimates are limited. By definition, pre 

breeding does not produce a variety for release, which is a key 

indicator of the success of breeding programs. On the other hand, once 

a useful trait is introduced, it is likely to spread rapidly through 

breeding programs, but it is difficult to quantify the progress in the 

number of varieties, because the early introduced breeding population 

is often not well documented, and many modern varieties are released 

by private companies, and the pedigree is usually not disclosed. 

Although growers sometimes publish release notes along with new 

varieties, the materials being developed by public research institutions 

are underreported. Usually, new variety publications include limited 

pedigree, ignored or unknown history and ancestral hybridization with 

CWR. Of course, the breeding projects being carried out by private 

enterprises are commercially sensitive and therefore more difficult to 

estimate. It is difficult to estimate the economic value of CWS due to 

the lack of mechanism to accurately track the genetic contribution and 

phenotypic effect of CWS to a specific variety, which will be a useful 

tool to provide information for decision-making. Existing assessments 

(Prescott ‐ Allen and Prescott ‐ Allen, 1986; Pimentel et al., 1997; 

Hein and Gatzweiler, 2006; Hunter and Heywood, 2011) show 

extensive estimates of economic value, which may underestimate the 

potential value of wild species, and do not reflect the breadth of 

ongoing CWR work. Clearly, there is a need to improve the 

mechanisms for monitoring wild species use in breeding programs. 
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There are several ways to use wild diversity, and two main ways can 

be distinguished: (I) "first selection": selection of wild materials 

expressing a certain trait of interest according to phenotype, genotype 

or collected local data, and use for directional hybridization, and then 

evaluation of hybrid offspring; or (II) "hybridization priority": 

hybridization of wild and domesticated materials with a wider range, 

and in domestication The characters of interest were screened out 

under the background of genetic transformation. According to 

different traits, the first method can explore agronomic traits data 

(directly expressed observable traits), genotype data (known alleles 

related to a specific trait), or combine the two by using statistical 

genetics tools through targeted pathological screening. This concept 

has been described in the literature as a predictive feature (Thormann 

et al., 2014). Once traits of interest are identified in wild species or 

individuals, they need to be transferred to the crop background. Or, 

first of all, cross between wild and domesticated taxa, and screen their 

progenies (as F1 or progeny materials) for beneficial traits. The latter 

strategy, although the initial focus is much smaller, may reveal 

unexpected sources of diversity, which can only be revealed in the 

context of domestication (Hannes et al., 2017). 

Once the allele of interest is transferred to the target background, a 

certain amount of backcross is needed to dilute the harmful diversity 

usually associated with CWR introduction. When these non 

designable features are associated with the features of interest, they 
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are usually called chain resistance (Zamir, 2001). There are many 

traits related to poor agronomic traits in wild species, which are 

systematically selected from their domesticated close relatives. These 

may include, among other things, low yields, broken seeds, and 

smaller seed or fruit sizes (Salamini et al., 2002). These characteristics 

bring many practical problems to breeders, such as the difficulty in 

recovering enough seeds, the inability to use standard equipment, or 

the need to meet different agronomic or horticultural requirements. 

Linkage resistance remains an important obstacle to the use of wild 

species in many crop improvement projects, although in some cases 

intensive genetic mapping and marker assisted selection (MAS) can 

be used to help solve this problem. 

Despite these difficulties, experts surveyed are generally optimistic 

that wild species will play an increasingly important role in crop 

improvement. Our in-depth literature review of past use of CWR is the 

most comprehensive of such studies to date, and extends the work of 

Hajjar and Hodgkin (2007) 10 years ago, who focused on 19 crops, 

including extensive breeder interviews, as well as Maxted and Kell 

(2009) and earlier reviews, Robert and Christine Prescott Allen 

reviewed the application of CWR in plant breeding for the first time in 

1986. Now we've provided an online resource

（ http://www.cwrdiversity.org/checklist/）It includes 4157 potential 

or confirmed "uses" of CWR in crop improvement, distributed in 127 

different crops and 970 CWR taxa. They are divided into seven 

"breeding utilization categories" as follows: agronomic traits (485), 
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abiotic stress (700), biological stress (2427), fertility traits (272), 

morphological traits (20), phenological traits (54) and quality traits 

(199) (Fig. 9-10-11).  

 

 

Fig. 9 Identified and potential "breeding uses" of 10 crops, with most "breeding 
uses" cited in the literature, are classified in the trait category (Hannes et al., 2017). 
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Fig. 10 Identified and potential "breeding uses" of 10 crops, with most "breeding 

uses" cited in the literature, are classified in the trait category (Hannes et al., 2017). 

As shown in Fig. 9, sunflower (Helianthus annuus L.), wheat 

(Triticum aestivum L.) and potato (Solanum tuberosum L.) are the 

most common crops for CWR breeding. For sunflower, after 

biological stress, the biggest "utilization" category is fertility 

characteristics, which can be explained by the historical important role 

of CWR in identifying cytoplasmic male sterile sources for breeding 

hybrid sunflower. For wheat and potato, abiotic stress types seem to 

be particularly strong, which indicates that CWR of potato and wheat, 

unlike most other crops, seems to have been significantly utilized in 

abiotic stress resistance. Overall, the number of "used" references 

seems to be increasing over time, especially since the beginning of the 

century (Figure 11).  
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Fig. 11 The number of breeding uses (black line) quoted in each year from 1930 to 
2016 was fitted with local weighted scatter smoothing (blue curve). 

 

This shows that the scientific community has a higher and higher 

understanding of the value of these species. In 2011, due to the 

publication of wild crop genetic relationships: genome and breeding 

resources, the number of breeding uses cited reached its peak (Kole, 

2011). The application range of CWS varies with crops. Crops with 

long breeding history of wild related species continue to benefit most 

from wild genetic diversity (Fig. 11). Rice (Oryza sativa L.), tomato 

(Solanum lycopersicum L.) and wheat (Triticum aestivum L.) 

especially have large-scale and mature pre breeding projects, which 

use advanced genomic tools and diversified characteristics and 
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evaluation data, and pay special attention to CWR (Hajjar and 

Hodgkin, 2007; Kilian et al., 2011; Nemeth et al., 2015). 

The main crops in the global high-yield temperate crop regions are 

facing the increasing threat of climate change, especially the drought 

and high temperature in the critical development period of crop life 

cycle. The research to solve this problem usually focuses on trying to 

identify foreign genetic diversity with obvious stress tolerance or 

stress avoidance, clarify and introduce responsible genetic factors, or 

find potential genes as the basis of targeted genetic modification. 

Although this method is occasionally successful in specific stress 

environments, such as by regulating root depth, major gene 

modifications of plant structure or function are often highly 

environment dependent. In contrast, the long-term genetic gain 

obtained by conventional breeding gradually improves the yield of 

modern crops by accumulating beneficial and small effect varieties, 

and these varieties also provide yield stability through stress 

adaptation. Here, we review the breeding progress of main crops and 

the effects of long-term conventional breeding on climate adaptation 

and yield stability under abiotic stress. Looking ahead, new 

approaches need to be outlined and improved to complement 

traditional breeding in order to maintain and accelerate the breeding 

process, despite the challenges of climate change as a prerequisite for 

sustainable future crop productivity (Snowdon, 2020). 

Crop growth and performance are affected by a complex interaction of 

multiple interacting environmental (E) and management factors (M), 
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and climate change accounts for a significant part of global crop yield 

change (Ray et al., 2015). Both E and m have strong interactions with 

plant genotypes (G), so higher-order G* E* M interactions must be 

considered in breeding and agronomy (Cooper et al., 2020). 

Considering that G * E * M interaction can affect all physiological 

processes under quantitative genetic control, such as water and 

nutrient absorption or transportation, dry matter production and 

distribution, organogenesis and flowering. The effects of senescence 

or maturity on source sink efficiency and yield performance under 

environmental stress are very complex. Therefore, a better 

understanding of the genetic and physiological interactions between 

the molecular and developmental processes of crop response to 

climate change is considered to be the key to minimizing crop 

adaptive response limiting yield potential (Fernie et al. 2020). 

However, in order to identify useful and selective breeding traits, it is 

extremely difficult to understand the complexity of G * E * M 

interaction. Therefore, in the past century, yield performance has 

generally been regarded as the final result of all possible G * E * M 

interactions in arable crop breeding. In many crops threatened by 

climate change, a lot of efforts have been devoted to pre breeding and 

introduction programs in recent decades, especially focusing on the 

identification and implementation of variations that may be useful for 

climate adaptation traits. The most deeply studied abiotic stress in all 

crops is drought, which reflects the main threat of climate change to 

global yield performance (Snowdon, 2020). 
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This classical conventional breeding method is the basic basis for the 

more or less linear increase of genetic gain in the past century. A large 

number of studies have been carried out on many different crops in 

different regions, such as wheat (Crespo Herrera et al. 2018; Fischer 

and Edmeades 2010; Peltonen sainio et al Al. 2009; Sanchez Garcia et 

al., 2012), maize (Badu apraku et al., 2015; Ci et al., 2011; duvick 

2005; Russell et al 1991), rape (Stahl et al., 2017, 2019), soybean 

(Rincker et al., 2014; Ustun et al., 2001), barley (Laidig et al., 2017), 

sugar beet (Loel et al., 2014) and rye (Laidig et al., 2017). The 

breeding duration of cultivated crops, from the initial hybridization to 

the subsequent fixation of the required genetic components in the 

parents to a stable variety, can usually be as long as 10 years. 

Therefore, it seems that the traditional selection process for testing 

breeding progenies in multi environment phenotype assessment over 

the years is essentially very suitable for selection to adapt to gradual 

climate change, which will also develop in the process of several years 

or decades. On the other hand, if severe yield inhibition caused by 

severe drought and high temperature (Lobell et al. 2011) becomes the 

norm rather than the exception in important temperate crop regions, 

the breeding process of these specific target traits must be accelerated 

faster than before to make up for the severe productivity loss caused 

by climate change. Therefore, in order to optimize the future genetic 

gain in the face of climate change, it is necessary to consider how to 

further optimize the selection process in order to capture genome-wide, 

small effect variance more effectively. These variances have a positive 
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impact on the long-term adaptation of key abiotic stressors, and will 

not inadvertently have a negative pleiotropic impact on yield 

performance. Since genetic diversity provides a necessary basis for 

maintaining long-term genetic gain, breeding programs must pay 

attention to managing selection intensity and effective population size 

to reduce the risk of losing adaptive alleles that may be useful for 

future climate scenarios. The modern hexaploid wheat breeding pool 

shows a considerable initial effect, which is represented by the 

differential sub genome diversity pattern related to the directional 

selection of important phenology, plant height or resistance traits (Hao 

et al. 2020; Voss Fels et al. 2015; Zhao et al. 2019). For example, 

Voss Fels et al. (2016) found that the linkage resistance caused by 

preferential selection of loci affecting flowering after Vernalization of 

European winter wheat erodes the diversity of two closely linked 

QTLs for root biomass and strongly limits the phenotypic diversity of 

root traits which may be important in future varieties facing climate 

change. Therefore, it is still an important aspect of modern breeding 

program to recover allelic diversity from the sources of unadapted 

primary gene pool or exotic wild relatives (He et al. 2019) in order to 

maintain genetic diversity for a long time. 

A common assumption about genetic diversity in the gene pool of 

modern high-quality crops is that the emphasis of breeding on high 

yield may inadvertently lead to the loss of important genetic diversity 

of climate adaptation traits. Which may be necessary to ensure 
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sustainable breeding progress in the face of climate change. This 

assumption is based on a reasonable concern that the consequences of 

climate change are a relatively new phenomenon in the world's most 

productive arable areas. Where relatively predictable and favourable 

climatic conditions that have dominated the past century have been a 

key factor in building highly productive agricultural production 

systems. However, today, at a critical time of crop growing season, 

long-term and severe abiotic stress also threatens those regions that 

benefit from a century of great breeding progress under favorable 

climatic conditions. The plant breeding program with the goal of high-

yield planting system logically focuses on maximizing the yield under 

the main production conditions. Since water and nitrogen supply are 

the main limiting factors of grain yield, historical yield growth is 

usually related to more water and nitrogen consumption rather than 

genetic gain (Sinclair and Rufty, 2012). This is sometimes interpreted 

as indicating that modern elite varieties reduce water and nutrient 

efficiency, even if empirical studies show the opposite (e.g., Badu 

Apraku et al. 2015; Hatzig et al. 2015; Voss Fels et al. 2019). 

As high-yielding traditional farming systems usually optimize plant 

nutrition and health through adequate application of mineral fertilizers 

and chemical plant protection, it can be expected that genetic variation 

related to performance may be eliminated from modern breeding 

pools through genetic drift due to lack of selection advantage under 

suboptimal input conditions. For example, Kahiluoto et al. (2019) 

asserted that the reduction in "reactive diversity" of European winter 
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wheat cultivars they explained was due to the reduction in genetic 

diversity caused by breeding, although there was no data to support 

this claim. However, in direct contrast, various empirical studies 

actually show that the genetic diversity in the elite gene pool of 

European wheat has not decreased in recent decades (Van de wouw et 

al. 2010; Voss Fels et al. 2019; Würschum et al. 2018). 

Although there is evidence that this is not the case, non breeders often 

focus on improving grain or biomass yield, believing that this is 

related to the neglect of sustainability related traits such as disease 

resistance, nutrient or water use efficiency. Possibly because people 

mistakenly believe that these traits are not related under high yield 

conditions, because yield is suppressed through intensive management 

Control factors can be minimized. This argument chain is often 

expressed in mass media sources, but rarely supported by empirical 

data from peer-reviewed publications. However, in sharp contrast to 

this hypothesis, empirical studies on the retrospective breeding 

progress of different crops actually draw the opposite conclusion 

(Badu Apraku et al. 2015; e.g.Chen et al. 2013; Voss Fels et al. 2019). 

At the same time, some studies also revealed the genetic structure of 

long-term yield progress of crop production under suboptimal growth 

conditions, and provided insights to guide future breeding to maintain 

breeding progress in the face of climate change. These examples 

demonstrate the importance of empirical data to document the 
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consequences and potential of breeding to improve adaptation to 

suboptimal production environments. 

Based on the above review of breeding progress, the results of Voss 

Fels et al. (2019) showed that, due to the breeding results, the yield 

performance of varieties had obvious linear genetic gain pattern over 

time. In addition, the increase in yield over time was also reflected in 

the corresponding incremental improvement patterns for almost all 

other traits (Fig. 12). Most interestingly, these traits not only include 

traits that are expected to lead to continuous improvement through 

continuous selection in long-term breeding, such as important fungal 

resistance, grain quality, harvest index, and key major yield 

components, such as grains per panicle (Fig. 12). In addition, in 

complex, low heritability traits, clear evidence of continuous and 

increasing genetic gain can also be observed, because breeders do not 

have the resources for specialized long-term selection. For example, 

nitrogen use efficiency and photosynthetic efficiency of new varieties 

are higher than those of old varieties, although these traits are difficult 

to show and expensive in large-scale breeding population multi 

environment experiments. The obvious explanation is that traits that 

affect more efficient use of resources, such as water, nutrients, and 

light, contribute significantly to the overall performance of intensive 

cropping systems in highly competitive environments. On the contrary, 

it is helpful to accelerate the genetic gain and keep the yield stable to 

clarify and consider the related physiological components and their 

potential quantitative genetic structure in breeding activities. 
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Fig. 12 From: Crop adaptation to climate change as a consequence of long-term 
breeding (Snowdon, 2020) 

 

Climate change may have very different effects on crop performance, 

depending on the time point and duration of drought events, and 

whether drought stress occurs simultaneously with heat stress or alone. 

According to the type and intensity of stress, different genetic 

responses may be more conducive to the performance of varieties. 

This means that there is no single, simple solution to overcome the 

potential impact of drought stress caused by climate change. Selection 

performance and yield stability may be the best way to maintain crop 

performance and reduce risk under the expected stress scenario that 

usually occurs in a specific target area. Yield selection in the target 
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environment also improves complex stress response characteristics 

and yield stability (Voss Fels et al., 2019). 

In response to climate change, "silver bullet" breeding, in the form of 

new or induced genetic variation for beneficial phenological and 

physiological responses, can certainly play an important role in 

environment-dependent crop stress adaptation. And new tools such as 

gene editing provide breeders with new opportunities to accelerate the 

implementation and accumulation of beneficial variants of important 

target traits. However, the major genes of most key adaptive traits are 

usually rapidly fixed in high-performance modern crop gene banks. 

The pleiotropic interactions associated with severe changes in plant 

phenology mean that breeders need to be cautious in promising huge 

returns from technological breakthroughs at the single gene level. On 

the other hand, the traditional selection process in plant breeding, 

driven by years of testing and selection in different environments, has 

proved to be very suitable for modern varieties to gradually adapt to 

changing environmental conditions. Just as the same method has 

achieved great success in adapting globally successful crops to various 

ecogeographical and climatic conditions, which are far beyond their 

origins The natural habitat range of the center. 

The accumulation of beneficial alleles for complex quantitative traits 

affecting yield and quality is the basis of all crop breeding historical 

processes, which will also play an important role in crop adaptation to 

climate change in the future. However, in most cases, retrospective 

breeding progress for climate adaptation is only a positive by-product 
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of long-term, multi environment, high-yield selection and variety 

registration policies that encourage high and stable yield (Snowdon et 

al., 2019). This is because breeders in the past could not obtain the 

resources and tools that can effectively elucidate, dissect and select 

key adaptive target traits under complex genetic control. These traits 

have small genome-wide effects. Today, there are many more 

opportunities to capture and exploit the time complexity of important 

environmental life cycle characteristics. Automatic phenotype analysis, 

remote sensing and image analysis are constantly improving. With the 

continuous expansion of phenotype and genome data base, genome 

selection strategy is expected to grow, which makes it more and more 

feasible to use the great power of new prediction methods based on 

artificial intelligence and "deep learning". With the continuous 

expansion of world population and the increasing demand for crop 

products, yield performance as a result of G * E * M interaction will 

continue to be the most valuable target trait for breeding progress in 

the face of climate change. At the same time, breeders' methods to 

maintain yield progress are increasingly enriched by powerful new 

technologies and techniques, which help to identify, introduce and 

recombine new genome-wide diversity of complex adaptive traits in 

high-yield environments. However, even with the continuous 

development of breeding technology, classical breeding theories and 

methods will continue to ensure long-term breeding progress to ensure 

sustainable crop productivity in the face of climate change (Snowdon, 

2020). 
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Today's world is experiencing climate change, and agricultural 

production in humid, arid and semi-arid areas will face unprecedented 

challenges. Serious planning and strategic research are needed to deal 

with these challenges. In order to meet the challenges of improving 

agricultural productivity and environmental sustainability in complex 

marginal systems, it is necessary to change the traditional research and 

development model. This shift will involve a shift in research 

objectives towards enhancing adaptive capacity by adopting a more 

participatory approach, adopting key principles of multi-scale analysis 

and intervention, and using a variety of systems analysis, information 

management and impact assessment tools. 

Agriculture responds to climate change in terms of its impact on crop 

growth and development. The distribution of plants all over the world 

proves that climate is the decisive parameter for the effective growth 

of plants. Climate change will have positive and negative effects on 

plant growth and yield. The impact of climate adequacy is not only 

limited to growth and development, but also extends to the field of 

product quality, in which climate also affects the quality of feed or 

grain or products. Changing clothes can also affect the emergence of 

insects or diseases, thereby affecting the yield and quality of plants. 

There are two time scales for the impact of climate change on crops: 

one is the long time scale that may affect crop cultivation; the other is 

the seasonal time scale reflected by weather patterns that will affect 

the growth and development of crops and the pressure they face. 

Regional models are needed to provide fine scale climate information 
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for impact studies, especially in areas with diversity and heterogeneity. 

Most parts of the world are rich in natural resources, economic 

challenges and human settlements, as well as poverty and insecurity. 

Climate change is becoming a new threat, which has not been fully 

prepared. The decline of crop production is not only the impact of 

climate change, but also the complex interaction among social, 

political, economic, cultural and environmental factors. 

The trend of climate warming is not enough to cause large-scale 

changes in crop producing areas in the United States. Management 

methods may change to adapt to higher temperatures during part of 

the growing season and the expansion of growing areas for 

populations of different maturity. Water resources management will 

become a greater factor in crop production in various regions, where 

the importance of water shortage is generally fully recognized. The 

trend of summer drought in various regions will bring additional risks, 

because soil water reserves may be insufficient to achieve optimal 

crop production. Developing the practice of removing only the 

required water from the soil profile and then limiting the drainage 

process to increase the water storage for the remaining growing season 

in the soil profile will prove beneficial to crop production. Due to 

increased precipitation during the autumn harvest, crop production 

faces additional risks, which increases the problem of timely 

harvesting and quality food. Water management in many areas with 

limited precipitation must improve crop water use efficiency by 
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increasing soil water storage capacity. Increasing soil organic matter 

content and soil water holding capacity is a potential way to improve 

soil water availability and accumulation. It will be a challenge to 

develop deep-rooted crops that can make better use of soil profiles. A 

challenge for plant scientists and agronomists is to assess more 

comprehensively the interactions between genetic resources and 

environmental conditions, soil and atmosphere. What is likely to 

happen in the context of climate change will constitute a new pattern 

of stress, requiring a broader understanding of the interaction between 

genetics and the environment. 

The diffusion effect is caused by the increase of carbon dioxide 

concentration, temperature, precipitation pattern change, water 

resource utilization rate change, extreme weather including flood, 

rainstorm and drought frequency increase, climate induced soil 

erosion and sea level rise. Although some of these effects have been 

studied in isolation, the complex interactions between different factors, 

especially extreme events, are still not well understood. 

The synergistic improvement of grain yield and quality 

Firstly, the concept and importance of grain quality are put forward. In 

field crops, the quality of the final product is traditionally related to 

the composition and structure of the seed at harvest maturity. The seed 

composition and structure at harvest time are determined by genotype, 

environment and crop management measures adopted in crop growth 

cycle. The quality of a grain can not vary with the end use of any 



CROP PRODUCTION and INFLUENCING FACTORS | 237 

 

 

 

product. There is an appropriate quality standard for each specific end 

use and for each stage of the business chain of each crop, from field 

harvesting to grain dealers to industry. In this case, quality will be 

considered according to the standards adopted in all aspects of food 

growth and utilization. For example, for wheat and barley (Fig.13), 

grain quality at field harvest is related to grain size (and weight) and 

carbohydrate and protein composition. When grain is sold to grain 

dealers, seed purity, test weight, grain moisture and protein percentage 

are the main characteristics of rewards (Fig. 13). After this stage, other 

attributes may be relevant and they will depend on the industry 

involved. For the baking industry, wheat flour yield and dough 

strength will be the most important, while malt extract and 

saccharifying power will be considered for malting barley, which is 

related to nitrogen content. The purpose of this item is to summarize 

the key elements of grain structure, grain growth and main grain 

composition synthesis of field crops, so as to highlight the main 

attributes affecting grain quality. Other quality attributes currently 

considered by consumers, such as the sustainability of production 

systems that produce grains, will not be considered in this entry. We 

will not consider aspects related to organic production or the existence 

of genetically modified organisms. These problems will affect 

customers' views on grain quality, but they are not within the scope of 

this article (Déborah P. et al., 2019) 
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To improve the grain quality of oil and cereal crops, Fig. 13 Schematic diagram of 
wheat and wheat post harvest processing and storage, barley production and main 
quality indicators of each link (from: Déborah P. et al., 2019) 

 

The grain structure needs to be further developed. The harvested 

cereal and oil seed organs may include true seeds (soybeans, canola) 

or fruits (seed and maternal accompanying structures, such as 

sunflower achenes or Caryopsis of wheat, barley, rice, corn and 

sorghum). The seed is developed from the fertilized ovule and consists 

of three genetically different tissues: (a) zygotic embryo (diploid, 

representing the next generation), (b) endosperm (usually triploid), (c) 

testa formed by integument, representing the maternal tissue of ovule 

(Boesewinkel FD and Bouman F, 1995). The proportion of these three 

components in the mature seeds of cereal and oil is different. The 

endosperm of cereal is dominant, and the embryo of oil is dominant. 

Except for a few exceptions, the development of endosperm always 
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precedes the development of embryo, and the development of seed 

coat always precedes both. These genetically different parts interact 

closely in the process of development and germination. Recent studies 

have proved the complexity of connection and regulation between 

different seed tissues (Berger F, Grini PE and Schnittger A, 2006). 

After fertilization and seed setting, grain is the main sink of plants. 

Grain filling requires a large amount of photoassimilates, which are 

provided by the parent plant through actual photosynthesis and / or 

carbohydrate storage transferred from the nutritional structure. There 

is no vascular connection between the mother plant and the 

developing embryo (Meyer CJ, Steudle E, Peterson CA, 2007). 

Therefore, grain growth can be maintained through the movement of 

cell membrane, water and solute regulated by the mother plant and the 

seed. Seed attachment structure includes seed coat (seed coat and 

tegmentum) and other different material origin structures, such as 

lemma and palea in cereal, pod in soybean, silique in rape and shell in 

sunflower (ovary wall attached to receptacle). These structures have 

great influence on the evaluation of grain quality. The influence of 

seed coat color of different types of Soybean (Phaseolus vulgaris L.) 

on consumers varies from region to region, which leads to the 

exclusion of some genotypes although they have good nutritional 

characteristics. Sorghum caryopsis with or without tannins is another 

example of the importance of husks affecting seed quality. Some seed 

coats provide nutrients, such as B vitamins and micronutrients in 

cereal membranes. In addition, they have other important biological 
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and technological functions to protect seeds from mechanical damage 

after harvest, or by affecting industrial grain processing (wheat 

grinding, barley malting, rice cooking). Seed coat can also affect seed 

dormancy and germination process (Baskin JM and Baskin CC, 2004). 

In recent years, seed attachment structure has attracted special 

attention due to its effect on potential grain size and volüme (Lizana 

XC et al., 2010). 

Seeds store carbohydrates (starch), oil (triacylglycerol) and proteins 

(soluble and insoluble). The storage locations of cereal and oil seeds 

vary greatly. In cereals, the tissue that stores starch and protein is the 

endosperm. On the contrary, oilseed has no special storage tissue; oil 

and protein are accumulated in embryo and cotyledon cells. The starch 

endosperm of cereals is well developed with a aleurone layer, which 

accounts for 80% of the dry weight of mature seeds. Mature 

endosperm consists of dead cells, which are filled with starch granules 

embedded in protein matrix. The embryo is relatively small, 

accounting for only 1-2% of the dry weight of wheat seed, usually 

located on one side of the seed, close to the attachment point between 

the seed and the mother plant (Boesewinkel FD and Bouman F, 1995). 

The non endosperm true seed of oilseed consists of a large embryo 

and hypocotyl. Most of the reserved materials were stored in 

cotyledons, which accounted for 70% (sunflower) to 90% (soybean 

and rape) of the dry weight of seeds (Egli DB, 1998). Grain structure 

is important because it determines the quality of grain and industrial 

processing. The structure of cereal endosperm is determined by the 
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number, shape and size of starch grains and the number and type of 

protein in protein matrix. Endosperm structure classifies wheat 

according to its hardness (soft and hard), which affects its industrial 

processing quality (milling capacity and flour yield). In addition, the 

structure of endosperm is based on the quantity and distribution of 

pollen endosperm and horny endosperm (horny endosperm accounts 

for a large proportion of chert maize). Other endosperm structural 

characteristics that affect grain quality are transparency and color, 

which are important for corn, rice, bread and wheat. Grain structure is 

also an important factor to determine the quality of oilseeds. In 

sunflower, the ratio of shell to embryo is an important factor to 

determine the oil yield. Because shell does not store oil, the oil 

concentration in embryo is reduced. In the past 30 years, genetic 

improvement has reduced the shell ratio of sunflower seeds and 

increased the oil content of the whole seed (Putt ED (1997). However, 

in the process of industrial processing, thin shell is usually difficult to 

remove, so other improvement strategies are needed to increase the 

percentage of sunflower seed oil. Therefore, the grain structure has a 

strong impact on the commercial and industrial quality of grain. 

Therefore, the grain sales regulations of all countries in the world 

stipulate the attribute of grain structure. 

Grain quality has become one of the most important objectives of 

breeders and growers (Ceoloni, C., 2017; Camerlengo, F., 2017), 

because it is essential to obtain high-quality prices and meet the 
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market demand for grain products (Troccoli, A., 2000). Protein 

content, color and gluten strength of grain are considered to be the 

most important characteristics in the production of pasta and bread. It 

is well known that the protein content of grain is affected by climate 

parameters, genetic factors, nitrogen dosage, nitrogen application time, 

soil residual nitrogen and effective water in filling period (Campbell, 

C.A., 1981; Rao, A.C.S., 1993; Uhlen, A.K., 1998; Rharrabti, Y.2001). 

Yellow is caused by carotenoid content in the whole grain, which is 

considered as the yellow index in coarse flour commercially. 

Carotenoids, as an important aesthetic parameter, also have important 

nutritional and health characteristics (Ficco, et al., 2014). Although 

the yellow index is influenced by weather conditions, varieties, 

nitrogen application amount and nitrogen application time (Garrido et 

al., 2005; Ficco, et al., 2014; Fagnano, 2014), little is known about the 

influence of nitrogen source and sulfur fertilizer on the yellow index. 

The strength of the gluten helps the dough maintain shape during 

baking. Gluten strength is usually estimated by SDS precipitation test, 

which provides good cooking quality index for pasta according to 

protein quality (Dexter et al., 1980; Carter et al 1999; Ercoli et al 

2011). Ercoli et al. (2011) found that SDS values increased with the 

increase of inorganic N (from 120 to 180 kg ha−1) and S (from 0 to 60 

kg ha−1) rates. The use of nitrogen fertilizer is generally considered to 

be a key factor in grain crops. Many studies have been carried out on 

the optimal nitrogen application amount and application timing. In 

fact, if it has been proved that nitrogen has a positive impact on grain 
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yield and quality, on the other hand, nitrogen management is essential 

to avoid nitrogen loss caused by leaching, runoff, denitrification or 

volatilization (Alcoz et al., 1993; Garrido et al., 2005; Barraclough et 

al., 2010). 

Taking into account all these factors, the use of organic nitrogen 

fertilizer may be another option, reducing nitrate pollution and 

improving environmental sustainability of traditional agricultural 

systems, in conjunction with other planting management and practice 

(Fagnano, 2014). Therefore, another feature can be added to the 

definition of grain product quality (Mäder, 2007). In addition, in 

organic crop management (e.g., wheat), fertility management is the 

key factor limiting yield and grain protein content (Mayer, J. et al., 

2015). Fertility management is the key factor to limit yield and grain 

protein content in organic wheat management. The results of the study 

emphasized the importance of adequate supply of soil organic 

fertilizer and the necessity of improving the availability of organic 

nitrogen (Bilsborrow, P., et al., 2013). The latter option can be 

achieved by regulating the degradation and mineralization of organic 

matter (OM) in soil, which is the traditional role of heterotrophic 

microorganisms (Kirchman et al., 2012). The number of these 

microorganisms was found, especially the number of sulfur oxide 

microorganisms: (I) larger in some sunshine layers (e.g., canola and 

wheat) than in the large soil control (Graystone et al., 1990); and (II) 

stimulated by sulfur fertilizer and soil om (Gemida et al., 1993). A 
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recent study in the Canadian grassland has shown that biomass 

production of common wheat in organic systems is positively 

correlated with the S concentration of plant tissues among other 

factors (Dai M. et al 2014). Sulfur is the basic element of all 

organisms because it exists in many molecules (amino acids, 

oligopeptides, vitamins and many secondary metabolites) and 

participates in a variety of biochemical processes. The key steps for 

plants to absorb sulfate ions (SO4
2-)from soil solutions and use them 

for metabolism (Scherer et al., 2001). 

Crop yield and quality are two major topics in crop science research. 

However, for a long time, due to the increasing pressure of population 

growth on food demand, the focus of food crop research is on high 

yield. In recent years, people have paid more attention to the quality of 

crops, cultivated high-quality varieties to meet different needs, and 

studied the supporting high-quality cultivation techniques. However, 

in many cases, high yield and good quality are not coordinated, high 

yield is often accompanied by quality decline, and good quality is 

mostly at the cost of yield reduction. It is a very important period for 

scientific research and crop quality improvement in the future (Yu 

Zhenwen, 2006). 

The current situation of yield and quality research of Chang has been 

the focus of crop physiology and cultivation. The first step to increase 

crop yield is to increase the production and accumulation of 

photosynthetic products, and to improve the crop biomass. Secondly, 

it is necessary to improve the operation and distribution of 
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photosynthetic products, increase the proportion of photosynthetic 

products to the grain, and increase the harvest index (Gifford RM, et 

al., 1984). The production, accumulation and distribution of 

photosynthetic products are different due to the genetic characteristics 

of crop varieties. Environmental conditions and cultivation techniques 

have significant regulatory effects on them (Fageria NK, et al., 2006). 

To improve soil conditions, the application of leaf age model (rice, 

corn) cultivation technology, fine seeding (sparse planting) and high 

accumulation cultivation technology of small groups of individuals 

(rice, wheat), live planting late harvest and yield increase technology 

(corn). Nitrogen fertilizer backward transfer and yield increase 

technology (rice, wheat) are all high-yield and high-efficiency 

cultivation measures The yield of crops can be increased by increasing 

the accumulation of photosynthetic products or improving the 

distribution of photosynthetic products. 

Crop quality is closely related to the content and proportion of protein 

and starch in grain. The connotation of different crop quality is 

different, so the requirements of grain protein and starch content, 

components and other indicators of different crop quality are very 

different. For example, the wheat used to make high quality bread and 

noodles requires high protein content in grain, appropriate 

composition of high molecular weight glutenin subunits (HMW-GS) 

(generally 2 *, 5 + 10, 17 + 18). Large proportion, large amount and 

proportion of glutenin macropolymer (GMP) and low amylose content 
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(Li Shuobi et al., 2001; Chen Jixian et al., 2000; Cao Weixing et al., 

2005).  The nutritional quality of rice was mainly related to protein 

and lysine content, and the eating quality was mainly related to 

amylose content (Tian ZX et al., 2009). Grain quality traits are first 

determined by the genetic genes of varieties, but environmental 

conditions and cultivation techniques have significant effects on them 

(Zhang T et al., 2010). The effects of temperature, light, fertilization, 

irrigation and other factors on grain protein content were mainly 

through the effects of root absorption and transportation of nitrogen, 

enzyme activities related to grain protein synthesis, production, 

accumulation and distribution of photosynthetic products, grain filling 

rate and duration, and plant senescence process.  

Effect of high temperature on yield and yield components 

Some biennial crops (such as carrot, Chinese cabbage, celery, sugar 

beet and black henbane, etc.) and some winter annual crops (such as 

winter wheat, winter rye and winter rape, etc.) must undergo a period 

of low temperature induction during the vegetative growth period to 

turn into reproductive growth and then blossom and bear seeds. This 

characteristic is called temperature sensitivity of crops, This process is 

also known as vernalization. According to the range and time of low 

temperature requirements, the temperature sensitivity of crops can be 

divided into three types: winter, semi winter and spring. In the process 

of flower differentiation and formation in crops, photoperiod 

induction is also necessary (especially in annual and biennial crops), 

which is called photonu. According to the response to photoperiod, 
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crops are generally divided into three types: long day crops, short day 

crops and day neutral crops. Low temperature is the main condition of 

vernalization, its effective temperature is 0 ~ 10 ℃, and the 

vernalization time is from several days to dozens of days. The specific 

effective temperature and low temperature duration depend on crop or 

variety. If the temperature is lower than 0 ℃, the metabolism will be 

inhibited and vernalization can not be completed; if there is high 

temperature before the end of vernalization, the effect of vernalization 

will be weakened or even eliminated. Vernalization is usually 

completed at seed germination or seedling stage, such as winter wheat. 

A few crops such as carrots can only pass vernalization when the 

green seedlings grow to a certain size. The parts of crops affected by 

low temperature are the growth point of stem tip and tender leaves, 

that is, mitotic cells (Liu Chunlei, 2011). 

Vernalization may promote flowering through negative regulation of 

flowering locus C(FLC). With the extension of low temperature 

treatment time, FLC transcription level became lower and lower until 

undetectable level (Liu Lina et al., 2003). There are also three genes 

involved in vernalization in arabidopsis, namely VRN1, VRN2 and 

VRN3. The expression of VN3 in winter Arabidopsis thaliana could 

only be detected after a period of low temperature treatment. When 

the low temperature condition of vernalization changed to normal 

growth environment, VN3 closed down rapidly. When VN3 was 

induced, the expression of FLC was inhibited. The function of vn1 
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and vn2 is to maintain the persistent inhibition of FLC expression 

after vernalization, i.e. the inhibition of FLC expression activated by 

vin3 protein (Sung s, 2004). 

Two vernalization related genes, VRN1 and VRN2, were also isolated 

in winter wheat, which were different from those in Arabidopsis 

thaliana. VRN1, a flowering promoting factor, encodes a protein 

containing MADS box (MCM1 comes from Saccharomyces 

cerevisiae, Saccharomyces cerevisiae; Agamous from Arabidopsis 

thaliana; Defects in snapdragon (Sommer h et al., 1990); SRF (Serum 

Response Factor) from (Homo sapiens), which is induced to express 

by low temperature. VRN2 encodes a zinc finger domain protein, 

which is a flowering inhibitor. Its main function is to inhibit the 

expression of VRN1 (Yan L et al., 2004). Vernalization is a complex 

process of flower induction, which involves multiple pathways, 

multiple signals and multiple genes. At present, the upstream 

regulation of vernalization and the expression mechanism of related 

genes are not clear, which increases the difficulty of research. It is of 

great practical significance to study the mechanism of vernalization. If 

we have a clear and complete understanding of vernalization, it is 

possible that crops can pass vernalization through simple manual 

control instead of being treated at low temperature, which will bring 

new life to crop breeding and cultivation. The sensitivity of crops to 

photoperiod is related to the sensitivity of crops to photoperiod. Many 

experiments have proved that the critical dark stage is more effective 

for flowering. If the photoperiod was interrupted by a short period of 
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darkness, the induction of flowering was not affected; but if the 

photoperiod was interrupted by flash, the flowering of short day crops 

could not be induced, but the flowering of long day crops was induced. 

So long day crops are short night crops, short day crops are long night 

crops (Li dequan, 1999). 

It is predicted that by the end of this century, the global surface 

temperature will rise by about 2-5 ℃, which will lead to significant 

changes in crop productivity, water supply and related economic 

values (IPCC 2007). An overall increase of 2 ℃ in temperature and 

7% in rainfall will lead to a loss of nearly 8% in farm net income. 

These changes have taken place. Another major change is the 

westward shift of the monsoon pattern; this limits rainfall to certain 

areas and may lead to flooding, which in turn leads to food shortages 

for many people. The impact of global warming on food security in 

India may be more serious than in other parts of the world. If the 

temperature rises by 2 ℃, GDP will decrease by 5%, while if the 

temperature rises by 6 ℃, GDP will decrease by 15-16%. In Haryana, 

the yield of wheat (Triticum aestivum L.) decreased from 4106 kg/ha 

in 2001 to 3937 kg /ha in 2004. In the past seven years, the maximum 

temperature (booting stage and grain filling stage) in February and 

March increased by about 3 ℃ (Gahukar, 2009). 

Temperature rise would affect crop calendar in tropical regions (Abrol 

and Ingram, 1996). In the tropics, higher temperatures may shorten the 

length of the growing season, especially in areas where more than one 
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crop is grown each year. In the semi-arid area and other agro 

ecological areas where the daily temperature variation is large, the 

annual average temperature variation is small, which can significantly 

increase the frequency of high temperature injury. Abiotic stress is the 

main cause of crop loss, which reduces the average yield of most 

major crops by more than 50% (Boyer, 1982; Bray et al., 2000). 

Recent studies on the potential impact of climate change on 

agriculture in developing countries provide an equally grim prediction. 

Consider the following example (ETC, 2008): 

Due to climate change 3-4 ℃ (especially higher than 30 ℃) increase 

in temperature, such as when corn at flowering, may lead to a 15-35% 

decrease in crop yields in Africa and Western Asia and a 25-35% 

decrease in crop yields in the Middle East (FAO, 2008). About 65 

countries in the southern hemisphere, mainly in Africa, are likely to 

lose 280 million tons of potential grain production, worth US $56 

billion (UNNC, FAO, 2005). 

Due to the increase of night temperature higher than (>  21 ℃), the 

rice yield in Asia will decrease greatly. Under warmer conditions, 

photosynthesis slows down or stops, pollination is stopped, and 

dehydration begins. Rice yield decreased by 10% with the increase of 

nighttime temperature highr than (> 21 ℃) (IRRI 2004: Peng et al., 

2004). 

Close relatives of wild crops are particularly vulnerable to extinction 

due to climate change. CGIAR (2007) reported that by 2055, 16-22% 
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of the wild related species of cowpea (Vigna unguiculata L. walpers), 

peanut (Arachis hypogaea L.) and potato (Solanum tuberosum L.) will 

be extinct, and the geographical scope of the rest wild species will be 

reduced by more than 20%. Wild related species are important sources 

of resistance genes for crop improvement in the future, but their 

habitats are threatened, and only a small number of species are 

preserved in the gene pool. 

Temperature is the most important environmental factor leading to 

plant development, growth, fertilization and grain yield. It also 

includes the ecological, epidemiological and distribution effects of 

insects, which are particularly important for insects that interact with 

plants. Plant viruses and Fungi are highly responsive to humidity, 

rainfall and temperature (Coakley et al., 1999). The relative 

importance of mean and extreme temperatures varies geographically. 

High temperature stress is a complex function of intensity 

(temperature in degrees), duration and heating rate. Production is 

expected to decrease by 70% in some equatorial regions due to high 

temperatures and low latitudes. On the other hand, the current colder 

temperatures in some areas (high latitudes) limit crop production and 

will benefit from higher temperatures. Generally speaking, high 

temperature stress, either alone or in combination with drought, is a 

common constraint in flowering and filling stages of many cereal 

crops in temperate and tropical regions. Compared with the vegetative 

growth process, the reproductive process affecting yield is very 
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sensitive to high temperature. The most sensitive and vulnerable 

reproductive stages to high temperature stress include: (a) pre 

flowering stage and (b) flowering and fertilization stage. Cereal and 

legume crops are sensitive to short-term high temperature stress in 

these periods. These two stages are clearly defined in cereals (e.g., 

grain sorghum, Sorghum bicolor (L.) Moench, Prasad et al., 2008a, 

Fig. 14) and legumes (e.g., peanut, Prasad et al., 1999a; Prasad et al., 

2001; Fig. 14).  

 

Fig. 14 Effects of short-term (10 day) high temperature on seed setting rate and 
grain weight of sorghum (hybrid dk28-e) at different stages of reproductive 
development expressed by flowering days under controlled environmental 
conditions.  

 

The line on the symbol represents the standard error of the average, 

and the vertical line represents LSD, which is used for comparison 

processing. The results showed that 10 days before flowering and 

flowering stage were the two most sensitive periods to high 

temperature stress. (adapted from Prasad et al., 2008a; Rishi P. Singh, 

et al., 2011). 
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Fig. 15 Under controlled environmental conditions, the effects of high temperature 

of flower bud (39 ℃) and optimum temperature of flower bud (28 ℃) on fruit 

setting rate of Peanut (variety 86015) were studied at different stages of reproductive 

development.  

The line on the sign represents the standard error of the mean. The 

results showed that the most sensitive period to high temperature 

stress was 4 days before flowering and fruit setting (Fig. 15). (adapted 

from Prasad et al., 2001; Rishi P. Singh, et al., 2011). 

During a period of time before flowering, high temperature stress can 

lead to the loss of vitality due to microsporogenesis (pollen) and 

Megasporogenesis (ovule) (about 7-14 days before flowering, 

depending on crop species). High temperature stress at flowering stage 

led to pollen senescence, destroyed pollination, reduced pollen 

germination ability and reduced pollen tube growth rate. These 

negative effects will destroy fertilization and reduce the number of 
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seeds. Studies on peanut have shown that high temperature stress on 

the first day of flowering can reduce seed set, especially when high 

temperature occurs in the first 6 hours of the day (Prasad et al., 2000). 

Temperature higher than 33 ℃ significantly reduced peanut seed set 

(Fig. 16). Recent studies on Rice (Oryza sativa L.) have shown that 

high temperature stress (above 33 ℃ for several days) can 

significantly reduce pollen viability, therefore, seed set (Jagadish et al., 

2008, 2010). Short term or long-term exposure to high temperature 

during grain filling also accelerated senescence, reduced seed set and 

seed weight, and reduced pulse beans (Siddique et al., 1999) and 

wheat (Prasad et al., 2008b). 

 

Fig. 16. Response of peanut seed setting to temperature under controlled 
environment.  
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The results showed that when the temperature of flower bud was 

higher than 33 ℃, the seed setting rate decreased with the increase of 

temperature, and reached zero when it was close to 40 ℃(adapted 

from Prasad et al. 2000) (Rishi P. Singh, et al., 2011). 

The results of long-term high temperature study showed that it was 

similar to rice (Baker and Allen 1993; Baker et al. 1995; Prasad et al. 

2006a), soybean (Glycine max (L.) Merr; Boote et al. 2005), and 

common soybean (Phaseolus vulgaris L.). Prasad et al., 2002), peanut 

(Prasad et al., 2003), cotton (cotton; Reddy et al., 2000), sorghum 

(Prasad et al., 2006b) and wheat (Prasad et al., 2008b). The typical 

optimum temperature for grain yield of rice, soybean and peanut was 

25 ℃. With the increase of temperature, the yield decreased gradually; 

the yield of rice and sorghum decreased completely at 35 ℃ and the 

yield of peanut and soybean decreased completely at 39-40 ℃ (Boote 

et al., 2005). When the average temperature increased to above 23 ℃, 

the seed growth rate, seed size and seed distribution intensity (seed HI) 

of soybean decreased until it reached zero at 39 ℃ (Thomas, 2001). 

Baker et al. (1989) reported that in rice, seed size (single seed growth 

rate) gradually decreased above 23 ℃, while fertility decreased above 

30 ℃, resulting in a decrease in seed harvest index (HI) at 

temperatures above 23 ℃ or 27 ℃. Boote et al. (2005) reported that hi 

of soybean was zero at 39 ℃. The critical temperature is the daily 

average temperature at the beginning of growth. The knowledge of 

low threshold temperature is very important in physiological research 
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and crop production. High temperature threshold is particularly 

important in tropical and subtropical climate, because high 

temperature stress may be the main factor limiting crop production. 

The results show the critical temperature of some important economic 

crops. Persistent heat stress affects Wheat Productivity in developing 

countries, and 40% of temperate environments (covering 36 million 

hectares) have terminal heat stress problems (Reynolds et al., 2001). 

Lawler and Mitchell (2000) pointed out that the increase of 1 ℃ (> 

21 ℃) would shorten wheat growth period by 6%, grain filling period 

by 5%, and correspondingly reduce grain yield and hi. Bender et al. 

(1999) analyzed spring wheat grown in nine locations in Europe, and 

found that the yield decreased by 6% when the temperature increased 

by 1 ℃; Lobell and Field (2007) found that when the temperature was 

higher than the optimal temperature (about 21 ℃), the global average 

yield decreased by 5.4% when the temperature increased by 1 ℃, 

especially in the reproductive development stage. Prasad et al. (2008b) 

reported that the increase of nighttime high temperature (higher than 

20 ℃) during wheat reproductive development significantly shortened 

the grain filling stage, resulting in the decrease of grain yield. 

The researchers made similar observations on other crops. Laing et al. 

(1984) found that the yield of common bean was the highest at 24 ℃, 

but decreased sharply at higher temperature. Peng et al. (2004) 

reported that for every 1 ℃ increase in the minimum temperature in 

the dry season, rice yield would decrease by 10%. According to the 

reports of these researchers, their report provides direct evidence that 
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an increase in nighttime temperature (from 22 ℃ to 24 ℃) associated 

with global warming causes a decline in rice yield. In the past century, 

with the steady increase of atmospheric greenhouse gas concentration, 

the daily nighttime minimum temperature has increased faster than the 

daily maximum temperature (Easterling et al., 1997). Lobell and 

Asner (2003) showed that the yield of American Maize (Zea mays L.) 

and soybean decreased by 17% for every 1 ℃ increase, and reported 

the confounding effects of other yield limiting factors. In a recent 

assessment of the response of global maize production to temperature 

and rainfall over the period 1961-2002, Lobell and Field (2007) 

reported that for every 1 degree Celsius increase, the yield would 

decrease by 8.3%. According to the prediction of various global 

climate change scenarios, if the temperature rises by 2-6 ℃ in this 

century, crop breeding failure will be a major problem. Major cereal 

crops can only withstand a narrow temperature range; temperatures 

beyond this range during flowering will hinder fertilization and seed 

production, resulting in a decline in yield (Porter, 2005). The response 

of plants to temperature also depends on genotype parameters. Some 

genotypes were more tolerant to high temperature stress (Crufurd et al. 

2003; Prasad et al. 2006b). For example, rice variety n-22 is tolerant 

to long-term (Prasad et al. 2006b) and short-term (Jagadish et al. 2008) 

high temperature stress. These different genotype responses indicate 

the importance of genotype adaptation to mean and extreme 

temperature changes. 
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To sum up, high temperature had adverse effects on photosynthesis, 

chlorophyll content, pollen viability, seed setting rate, seed number 

and grain weight of rice, leading to yield decline and quality decline. 

In the period of climate change and variation, the cultivation of heat-

resistant varieties is very important to ensure the successful 

production of crops. Some physiological characteristics that contribute 

to high temperature tolerance include canopy temperature depression 

(CTD), enhanced membrane thermal stability, increased 

photosynthetic rate, prolonged green leaf duration, increased fecundity 

through pollen viability and seed setting rate, and changed flowering 

time to avoid high temperature. Breeding programs should measure 

these traits to assist in the selection of heat-resistant varieties (Rishi P. 

Singh, et al., 2011). 

Light and crop yield and quilty  

More than 99% of the world's energy input comes from solar radiation. 

Nearly half of them are directly converted into heat, 23% of them 

provide energy for evaporation and precipitation, and about 0.02% of 

them are used for photosynthesis (Vinck, 1975). 

The advantage of high light intensity in arid areas is partly offset by 

shorter day, higher night temperature, increased dark respiration and 

higher light respiration rate in white sky. Due to the interaction of 

these factors, C3 species performed better in temperate climate or cool 

seasons, while C4 species performed better in warm regions and 

summer conditions. The light energy needed to regulate growth is 
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different at different growth stages. In many cases, especially in arid 

areas, the large amount of incident light required by plants at certain 

growth stages may have adverse side effects (McDaniel, 1982). Light 

intensity and crop yield. Evans (1973) divided the effect of light on 

yield into two stages: during the early vegetative growth and 

differentiation of storage organs; during the period when storage 

organs were full of assimilates. The direct contribution of assimilates 

stored in the early stage of plant life to economic yield (seed, fruit, 

tuber) is very small, while economic yield mainly depends on 

simultaneous assimilation. However, the early light environment may 

indirectly affect the yield by determining the potential storage 

capacity. And the time of development cycle related to the seasonal 

variation of radiation. In desert areas, the sky is usually clear. This is 

conducive to high sunshine in the daytime and rapid radiation at night. 

Due to the heating of the land during the day, the rising air flow 

causes a typical "dust storm". Warm air often rises high enough to 

cool to dew point and form clouds; however, these may result in less 

precipitation reaching the ground. If it reaches the surface, the rain is 

usually local, rainstorm and transient (Debenham, 1954). When the 

sun shines through the crevices of the clouds, the reflection of the 

clouds may increase in a short time, or even double the intensity of the 

incident radiation, while the light clouds may completely intercept the 

direct radiation and reduce it to zero (Slatyer, 1967). Cloudy days may 

reduce direct radiation and reduce light intensity to about one fifth of 

sunny days, while photosynthesis will not decrease proportionally, 
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because the uniform distribution of light (De Wit, 1967) the duration 

of light is crucial to the growth and development of plants. The effect 

of photoperiodicity - the relative length of the daily light and dark 

periods - on nutritional and reproductive development stages is well 

known. The most typical tropical crops are those with short days 

(flowering requires long nights), while those in high latitudes are 

usually those with long days. In different periods of a year, the 

sunshine length in a specific place is the minimum variable of climate 

factors, so it is the most reliable prediction value of normal climate 

conditions in a specific time of a year. Sensitivity to sunlight 

(photoperiodicity) enables plants to ensure that their life cycle is as 

close to favorable climatic conditions as possible, so it is of great 

significance to agriculture. In this case, sunshine length is the main 

component of light environment (Evans, 1973), which is the most 

important climatic factor for crops to adapt to a given latitude. 

One of the main objectives of crop management is to maximize the 

light interception of crop canopy. This can be achieved in a variety of 

ways (EUROCONSULT, 1989): (a) choice of location. For example, 

the most sunny hillside is clearly the best location for the vineyard and 

is a major factor in productivity and wine quality. On the contrary, a 

row or rows of trees may have a significant effect on the amount and 

intensity of light reaching crops in adjacent fields. (b) It is one of the 

main methods for farmers to adjust the density and direction of plant 

population in order to maximize the use of crop canopy interception 

light. (c) Pruning. Pruning can reduce the light competition between 
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different parts of plants and among plants, which is widely used in 

many horticultural crops. (d) Artificial lighting can be used to increase 

photosynthesis or regulate the photoperiod. Photosynthesis requires 

considerable light energy, and artificial lighting for this purpose is 

rarely justified economically. In contrast, regulating photoperiodicity 

requires low power input and is widely used in flower cultivation to 

ensure that flowers are ready for market at the most favorable time. (e) 

Alternatively, some crops, such as coffee or cocoa, may need to 

provide shade, which is grown under the canopy of a suitable tree crop. 

Cigar tobacco grows in the shade provided by a special cloth cover. 

Sometimes it is best to prevent light from reaching certain parts of the 

plant, such as celery or asparagus, in order to "bleach" the marketed 

product. This is done by ridging the soil on the plant rows. High yield 

breeding refers to the manipulation of physiological and 

morphological traits to improve photosynthetic efficiency. In 

cultivated plants, it is often necessary to modify the photoperiodic 

plant response. One of the important goals of plant breeders is to 

change the photoperiod response to the direction of indifference to 

daylength, so as to expand the adaptability of varieties (Arnon I.,1992). 

Generally, the change of sunshine hours may lead to premature or late 

physiological maturity of some crops. Further analysis is needed to 

examine climate change during the planting cycle and equate it with 

possible crop responses. For example, high altitude crops (and 

therefore the farmers who grow them) may react differently than low 
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altitude crops. However, this problem largely depends on the 

complexity of the cropping system (i.e. location, photoperiod, variety 

and technology, planting date, etc.) and needs to be addressed 

separately for each crop, geographical area and possible farming 

system (Andy Jarvis et al., 2011). 

There are three types of receptors for plants to distinguish day from 

night: phytochrome, cryptochrome and phototaxin. Phytochrome is 

the receptor of red light and far red light, which is encoded by gene 

proline hydroxylase (PHY) in Arabidopsis thaliana; cryptochrome and 

phototaxin are the receptors of blue light, cryptochrome is encoded by 

genes CRY1 and CRY2, and phototaxin is encoded by phototropin1 

and phototropin2. cry2, phyA and phyB may be the main 

photoreceptors in photoperiodic reaction (Sha Haihua et al., 2006). 

The integration of light signal and biological clock signal is the 

premise of controlling flowering time by photoperiod. Early 

Flowering3 (ELF3) is a gene that can inhibit the signal transduction 

from light signal to biological clock. ELF3 protein level is regulated 

by the circadian clock and reaches a higher level at night, which 

makes the circadian clock insensitive to light at night, thus ensuring 

that the circadian clock can readjust its rhythm in the early morning. 

Zeitlupe (ZTL) may be another gene integrated with light signal and 

circadian clock signal. It can degrade Timing of CAB expression1 

(TOC1) protein in circadian clock regulation pathway at night and 

form strong rhythmic changes in circadian cycle (Mas P et al., 2003). 

Co gene encodes a transcriptional regulator, which controls flowering 
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time by regulating the expression of flowering gene ft. FKF1 protein 

accumulated to a high level from noon to dusk, which promoted the 

transcription of CO gene at a high level. PhyA and cryptochrome were 

activated under light, which promoted the stability of CO protein. In 

the early morning, phyB can inhibit the action of phyA and 

cryptochrome and promote the degradation of CO protein. At the 

same time, at night, CO protein will be degraded by an unknown 

mechanism. These factors eventually make co protein accumulate to a 

higher level from dusk to early night. High level accumulation of CO 

protein activated the expression of flowering gene ft, which promoted 

the flowering of Arabidopsis thaliana. Under the condition of short 

day, CO gene was transcribed at a high level only at night, but due to 

the instability of CO protein at night, it could not accumulate at a high 

level and induce flowering. The co gene homology was also found in 

rice, but its function was opposite to that in Arabidopsis, i.e. it 

inhibited flowering under long day and promoted flowering under 

short day (Sha Haihua et al., 2006). At present, the mechanism of 

photoperiod has been preliminarily understood, but there are still 

many problems to be solved. For example, how does light cause 

changes in CO protein activity? Degradation mechanism of CO 

protein? Is the mechanism of photoperiod conservative among 

different long day crops or different short day crops? FT gene is 

expressed in leaves, but how is it transported to shoot tip? It is 

believed that with the solution of these problems, people can control 

the flowering of crops through simple operation in the future, which is 
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of great significance to crop breeding, introduction, ornamental and 

horticultural crop cultivation (Liu Chunlei, 2011). 

The light regulation of the new shoots development of higher plants 

seems to involve the complex interaction between many 

photoreceptors and the factors in the downstream signal pathway. The 

complexity of the system lies in the number of functional redundant 

photoreceptors, and the possibility that downstream signal 

transduction pathways directly affect the output response of light 

regulation or function by inputting signals to biological clocks. These 

signaling pathways ultimately affect many major aspects of bud 

morphogenesis, including cell elongation, photosynthesis and 

flowering transition. In Arabidopsis, there are five photosensitive 

pigments (photosensitive pigments a[phya], phyB, phyC, phyD and 

phyE) that absorb red / far red light and at least two cryptopigments 

(CRY1 and CRY2) that absorb blue / UV-A light (Chory, 1997; 

Cashmore et al., 1999). These two photoreceptors control many 

aspects of photomorphogenesis, and their functions overlap in 

controlling physiological responses (Cashmore et al., 1999). Signal 

transduction networks that respond to these photoreceptors have 

begun to be elucidated, and several factors of photopigment signal 

transduction have been defined (Whiteram et al., 1993; Ahmed and 

Cashmore, 1996; Wagner et al., 1997; Genoud et al., 1998; Ni et al., 

19981999; Choi et al., 1999; Fankhauser et al., 1999; Halliday et al., 

1999; Hoecker et al., 1999; Hudson et al N et al., 1999; Smith, 1999). 

The different roles of phyA and phyB in plant development may be 
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due to their different structural activities, phyA is not light resistant 

and phyB is not light resistant, in part because of the different 

correlations between the downstream signal pathways activated by 

these two photoreceptors (Quail et al., 1995). These differences lead 

to the widespread belief that phyA is the main sensor of continuous far 

red light, and phyB mainly mediates the reaction to continuous red 

light (Chory, 1997). 

In plants, the clock regulates many aspects of development, including 

hypocotyl elongation and photoperiodic induction of flowering (Kreps 

and Kay, 1997). Recently, some Arabidopsis genes related to 

biological clock (such as CCA1, LHY, FKF1 and ZTL) have been 

involved in the control of photomorphogenesis in plants, including the 

control of hypocotyl elongation and flowering time (Schaffer et al., 

1998; Wang and Tobin, 1998; Nelson et al., 2000; Somers et al., 

2000). In addition, photoreceptors regulate the band of light / dark 

cycles by endogenous circadian oscillators and the regulation of 

circadian clock functions (Millar et al., 1995; Somers et al., 1998). 

However, the relationship between these clock related genes and 

photoreceptors that regulate the clock to recognize light / dark periods 

is unclear. 

Previous studies have shown that Arabidopsis ELF3 mutants have 

defects in light perception or light-mediated signal transduction; when 

growing under constant light, they also have defects in circadian 

rhythms, but not in constant darkness (Hicks et al., 1996; Zagotta et al., 
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1996). Recently, Reed et al. (2000) reported the possible independent 

effects of early flowering 3 (ELF3) and phyB on controlling the 

elongation and flowering time of hypocotyls. In this study, our aim 

was to elucidate the role of ELF3 in signal transduction pathways 

related to photoreceptor function and clock regulation. We found that 

ELF3 is a part of phyB signal complex, which controls the elongation 

of hypocotyl, while ELF3 and photosensitive pigment control 

flowering through independent signal transduction pathway. This 

makes it possible for Zagotta et al. (1996) to interact with 

cryptopigments or other potential blue light receptors (such as FKF1 

and ZTL) to regulate photoperiod induction of Arabidopsis flowering. 

Many aspects of plant development are regulated by photoreceptor 

function and biological clock. Loss of function mutations in the early 

flowering 3 (ELF3) and phytochrome B (phyB) genes in Arabidopsis 

lead to early flowering and affect the activity of circadian clock 

regulation. Here we demonstrate the relative abundance of ELF3, a 

new nuclear localization protein, which shows circadian regulation 

following the circadian accumulation pattern of ELF3 transcripts. In 

addition, ELF3 protein interacted with phyB in yeast two hybrid test 

and in vitro test. Genetic analysis showed that ELF3 needed phyB 

function in early morphogenesis, rather than flowering regulation. 

This suggests that ELF3 is a component of phyB signaling complex, 

which controls the early events of plant development, but ELF3 and 

phyB control flowering through independent signal transduction 

pathways (Liu XL et al., 2001). 
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Canopy light interception (LI) is an important environmental factor 

determining dry matter production and crop development (Chenu et al., 

2005, Escobar Gutiérrez et al., 2009). Photosynthetically active 

radiation (PAR) is solar radiation with wavelength of 400-700 nm 

(Asrar et al., 1989). Par is a part of the light radiation spectrum of 

green plants producing dry matter through photosynthesis (Marini and 

Marini, 1983). The amount of light intercepted by crop canopy reflects 

the physiological process, microclimate and hydrodynamics in canopy 

(Singer et al., 2011). 

Light interception by crop canopy is complex and is affected by solar 

angle, plant row direction, canopy structure, diffuse proportion of 

incident radiation and leaf optical properties (Wagenmakers and 

Callesen, 1995, Giuliani et al., 2000, Mariscal et al., 2000, Nouvelon 

et al., 2000). In particular, canopy structure, which is influenced by 

plant internal structure characteristics and canopy management 

practices, has a great impact on Li (Wiechers et al., 2011, Zhang et al., 

2015a). In order to quantify the light intensity in the canopy, beer's 

law was used to calculate the light intensity in each layer of the 

canopy at a specific height (Monsi and Saeki, 1953). The vertical 

distribution of par in crop canopy is a mathematical function of 

extinction coefficient (k) and leaf area index (LAI). Therefore, many 

studies focus on these two parameters (Nilson, 1971, Suits, 1972, Ross, 

1981, Goel and Strebel, 1984, Campbell, 1990, Wang et al., 2007). 
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However, the observed results do not satisfy this mathematical 

function (Wilson et al., 1992). 

At the same time, 3D digital methods based on information 

technology have been used to simulate light distribution in plant 

canopy (Mariscal et al., 2000, Chenu et al., 2005, Munier Jolain et al., 

2013). These studies include Ross and Marshall (1988), Chelle and 

Andrieu (1998), Chelle and Saint Jean (2004). However, these models 

do not consider the interaction between plant organs (Andrieu et al., 

1995). In addition, these methods have a large amount of calculation 

and data storage, and it is difficult to obtain the model parameters. In 

order to consider spatial heterogeneity, Munier jolain et al. (2013) 

created a multi-year weed dynamic model florsysfor to simulate Li in 

heterogeneous canopy. However, this model is too complex to be 

universal. 

Geostatistics provides a multi-functional tool for environmental 

disciplines with high spatial heterogeneity, such as agriculture, 

aquaculture, hydrology, geology, meteorology, soil science, ecology, 

petroleum engineering, forestry, meteorology and Climatology 

(Francescangeli et al., 2006, Fortin et al., 2012, Griffith, 2012, Arbia, 

2014). Recently, we have successfully measured canopy light using 

geostatistics, and quantified the spatial distribution of light in 

heterogeneous cotton canopy based on geostatistical sampling (Zhi et 

al., 2014). 
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Water sapply  

Water is now a natural resource and needs to be used very carefully 

for any purpose. Wise water management should be instilled in human 

habits. Water is important to every area of our lives, and the approach 

is now shifting from global water management to the local level. The 

world's six billion people already account for 54% of all available 

freshwater reserves. It is predicted that the share of human beings will 

reach 70% by 2025. The World Water Resources Development Report 

2003 of the United Nations development program only accounts for 

8% of the global water consumption. The agricultural sector is the 

world's largest water user, accounting for about 70% of total 

freshwater extraction. However, it is estimated that industrial water 

demand will increase and capture the share of households and the 

agricultural sector. In fact, in high-income countries, industrial water 

already accounts for about 60% of total freshwater consumption, 

almost twice as much as agricultural water. Therefore, even if more 

and more countries begin to choose industry rather than agriculture as 

the key to economic growth, it may become a global trend. This 

estimate reflects how we need to allocate more water to humans. 

Agricultural water accounts for nearly 70% of the world's water use, 

most of which is used for irrigation (Ajai Singh, 2017). 

Water pollution in The Soil–Plant–Atmosphere System (SPAS), may 

occur in a variety of preparations: (1) biodegradable products and 

organic substances; (2) chemicals (minerals, heavy metals, acids and 
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bases); (3) non biodegradable organic products (plastics, detergents, 

pesticides and other petrochemical products). These pollutants enter 

the food chain of the ecosystem at some stages and can reach human 

beings. The serious problem is heavy metal poisoning, such as lead, 

mercury, arsenic and cadmium. For still or semi still water, such as 

lakes and dams, the term eutrophication is usually used to indicate the 

increase of ion concentration in water, especially for nutrients, such as 

those containing nitrogen, nitrogen and phosphorus. This organic 

(industrial, urban, or agricultural) or inorganic (industrial) source 

creates an imbalance in these ecosystems. Some species of plants, 

such as algae, develop in a worrying way compared to others, 

changing oxidation conditions, light penetration, temperature, fauna 

and flora. In fact, eutrophication is an irreversible process. In a few 

cases where measures can be taken, a lot of money has been spent on 

its recovery (Klaus Reichardt and Luís Carlos Timm, 2020). 

Global and regional climate has begun to change. Climate change is 

directly or indirectly attributable to human activities that alter the 

composition of the global atmosphere, as well as to natural climate 

change observed over comparable periods of time (Karmakar et al., 

2016). A model describing global climate is a mathematical 

representation of physical and dynamic processes used to simulate the 

interactions between the atmosphere, land surface, ocean and sea ice 

(Dettinger, 2005). IPCC (2007) reported: "from pre industrialization 

to 2005, the concentrations of carbon dioxide, methane and nitrous 

oxide in the global atmosphere have increased. The annual average 
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growth rate of CO2 concentration in the past 10 years (1995-2005, 1.9 

ppm per year) is higher than that since the start of continuous direct 

atmospheric measurements (1960-2005, 1.4 ppm per year), although 

the growth rate varies year by year. ". In order to limit global early 

warning to 2 ° C above pre industrial levels in 2100, annual emissions 

from the agricultural sector must be reduced by 1 gigaton of CO2 

equivalent per year by 2030 (Wollenberg et al., 2016). Currently 

available interventions, such as the sustainable intensification of dairy 

production and alternate wetting and drying of irrigated rice to achieve 

emission efficiency, and innovative policies to promote soil carbon 

sequestration are necessary (Cole et al., 2018). 

Water is one of the most important materials in the earth's crust, which 

plays an important role in life and physical and chemical processes. In 

the liquid and solid phases, it covers more than two-thirds of the earth. 

In the gas phase, it is part of the atmosphere and exists in every part. 

Without water, life as we know it would not exist. Organisms 

originated from water medium, and they are absolutely dependent on 

water medium in the process of evolution. Water is a component of 

protoplasm, and its proportion can reach 95% or more of the total 

weight of living organs. In protoplasm, it is involved in important 

metabolic reactions, such as photosynthesis and oxidative 

phosphorylation. It is a versatile solvent that makes most chemical 

reactions possible. In plants, water also has the function of 

maintaining cell expansion, responsible for vegetative growth. 
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Therefore, understanding its physical and chemical properties is very 

important for studying its function in nature, especially its overall 

behavior in soil plant atmosphere system (Klaus Reichardt and Luís 

Carlos Timm, 2020). 

Water is the key and fatal factor in plant production. The lack or 

excess of water directly affects the growth and development of plants. 

Therefore, reasonable management of water is a necessary condition 

to maximize agricultural production. Any crop in its growth cycle will 

consume a lot of water, of which up to 98% of the water can only 

reach the atmosphere through plants and transpiration. However, this 

kind of water flow is essential for the development of plants. 

Therefore, the water flow rate of each crop must be kept within an 

appropriate limit. The water fixed by photosynthesis is the smallest 

relative to transpiration, and is incorporated in the formation of sugar 

and finally into dry matter. According to the needs of the plant, the 

water in the reservoir can be sent back to the soil temporarily. Since 

the natural recharge of the reservoir including rainwater is 

discontinuous, the amount of water available to plants is variable. 

When the rainfall is too large, its storage capacity will be exceeded, 

and a huge loss will occur. These losses may be due to soil erosion 

caused by surface runoff or loss to groundwater due to deep 

percolation. From the point of view of the factory, the leachate is lost, 

but from the point of view of the underground aquifer, the leachate is 

obtained. One drawback is that the drainage carries all the nutrients 

and organic compounds such as soluble salts. When there is not 
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enough rain, the soil acts as a necessary reservoir for plant growth. 

When the crops run out, the reservoir needs to be manually reloaded, 

which is irrigation. Therefore, the correct management of water 

resources is the basis of rational agriculture. In arid and semi-arid 

areas, proper management means water-saving policies and salt care 

practices. In over wet areas, the fundamental problem is the leaching 

and drainage of soil materials. In areas with abundant rainfall, 

distribution problems often occur, leading to periods of water shortage. 

In these areas, the most important thing is to improve crop water use 

efficiency and supplementary irrigation as much as possible (Klaus 

Reichardt and Luís Carlos Timm, 2020). 

For many years, the concept of plant available water has caused 

controversy among researchers. The main reason for the controversy 

may be the lack of a physical definition of the concept. Veihmeyer 

and Hendrickson (1927, 1949, 1950, 1955) pointed out that soil 

moisture is equal in the range of water content from the upper limit 

(field capacity FC to the lower limit (permanent wilting point PWP 

(θPWP). The PWP was defined by veimeyer and Hendrickson (1949) as 

soil moisture content, under which wilting plants could not recover 

their expansibility even after 12 hours in saturated atmosphere. It is 

generally assumed that the soil moisture content corresponds to a 

matrix potential of - 15 atm (- 1.5 MPa). These authors assume that 

the biological function of plants is not affected in this range, and the 

sudden change exceeds the lower limit (curve “a” in Fig. 17).  
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Fig. 17 different views (points) on soil water availability 
(From: Klaus Reichardt and Luís Carlos Timm, 2020) 
 

Other researchers, especially Richards and waldleigh (1952), have 

found that there is evidence that water availability of plants decreases 

with the decrease of soil water content, and plants may lack water and 

reduce growth before reaching the permanent wilting point. Other 

researchers do not agree with these two views (curve “b” in Fig. 17). 

They try to divide the range of available water into two intervals, one 

is "immediately available water" and the other is "available water". 

Look for a "critical point" between the field capacity and the 

permanent wilting point as an additional criterion for the definition of 

usability (curve “c” in Fig. 17). None of these schools can base their 

hypothesis on well founded theories. Through a few experiments 
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carried out under specific conditions, these authors have reached a 

general conclusion. When it is found that different plants have 

different responses to soil water, the problem becomes more 

complicated, which makes researchers realize that soil water content 

alone is not a sufficient standard to determine the effectiveness of soil 

water. The attempt to solve this problem by associating the energy 

state of water in plants with the state of water in soil is an 

improvement in terms of its potential. Therefore, the soil "constant" is 

defined as the generally applicable potential (-1 / 3 atm (-33 kPa) for 

θFC and -15 atm (-1.5 MPa) for θPWP). However, although the use of 

these energy concepts represents considerable progress, it is still 

necessary to consider the soil plant atmosphere system as a continuous 

and extremely dynamic system. Considering the inherent complexity 

of space-time relationship involved in the process of plant water 

absorption, it is difficult to accurately describe the water absorption of 

plants with a well founded theory. Roots grow disorderly in the most 

different directions and spaces. The traditional method of measuring θ 

and ψ is based on sampling relatively large volume of soil. Because of 

these and many other difficulties, this phenomenon can only be 

analyzed semi quantitatively. In the second half of the 20th century, 

the interpretation of the relationship between soil plant and water 

changed fundamentally. With the development of theoretical 

knowledge of water state in soil, plant and atmosphere, as well as the 

development of experimental technology, we can give a more solid 

explanation to this problem. It is becoming more and more clear that 
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in such a dynamic system, static concepts, such as equivalent water 

content, permanent wilting point, critical water content, capillary 

water, gravity water, etc., are usually meaningless, because they are 

based on the assumption that the processes occurring in the magnetic 

field point to this static state (Klaus Reichardt and Luís Carlos Timm, 

2020). 

This development makes us improve the classical concept of water use 

in the original sense. Of course, there is no qualitative difference in 

water holding capacity under different soil potentials. And the amount 

of water that plants absorb is not just a function of their potential in 

the soil. This amount depends on the ability of roots to absorb the soil 

water in contact with them and the soil properties of supplying and 

transferring water to roots, and its proportion meets the requirements 

of transpiration. It can be seen that this phenomenon depends on soil 

factors (the relationship between hydraulic conductivity, diffusivity, 

water content and water potential), plants (root density, depth, root 

growth rate, root physiology, leaf area) and atmosphere (saturation 

deficit, wind, effective radiation). Denmead and Shaw (1962) 

confirmed the effects of dynamic conditions on water uptake and 

subsequent transpiration by experiments. The transpiration rates of 

potted and field maize under different irrigation and evaporation 

conditions were measured. When the evapotranspiration is equal to 3 

– 4 mm day-1, the actual evapotranspiration rate ETc is lower than the 

etc rate, because the average soil water content corresponds to a soil 

water potential of about 2 atm. Under more extreme weather 
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conditions, ETc varies from 6 to 7 days, and the decrease of ETc has 

been verified by the potential of soil moisture equivalent to 0.3 atm. 

On the other hand, for very low values of etc, less than 1.5 mm day-1, 

no decrease in ETc was observed before the potential reached -12 atm. 

Although the processes involved in water flow, i.e. infiltration, 

redistribution, evaporation and absorption by plants, are independently 

studied, they can and do occur simultaneously. In order to study the 

water cycle of crops or any ecosystem, it is necessary to consider the 

water balance including these processes. WB is just the sum of the 

amount of water entering and leaving the soil volume elements in a 

given time interval, so as to obtain the remaining net water in the soil. 

In fact, water balance is the law of conservation of mass, which is 

closely related to energy balance, because the process involved needs 

energy. Conversely, energy balance is also the law of conservation of 

energy. From an agronomic point of view, water balance is the most 

basic, because it defines the water conditions under which crops 

develop or are developing at each phenological stage (Klaus Reichardt 

and Luís Carlos Timm, 2020). 

The difference of water absorption during grain filling also affected 

photosynthesis, thus affected carbohydrate supply of mature grains. 

For example, there is a good relationship between RLD of deep soil 

and harvest index (indicating grain filling) of chickpea, especially 

under severe drought conditions (Kashiwagi et al. 2006). A similar 

phenomenon may be common in sorghum. In sorghum, maintaining 
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green phenotype is related to better grain filling. One of the 

hypotheses is to maintain physiological activity and green leaves 

under extreme water stress, as well as the lowest water absorption, and 

maintain grain filling under extreme drought. This is consistent with 

the deep rooting of green genotypes observed under water stress 

(Vadez et al., 2014). The amount of water needed to maintain grain 

filling may be relatively small, which is due to the slight difference in 

root development (depth, RLD). This difference is difficult to capture 

by current measurements of root growth (biomass, rld, root length), 

but can be measured by assessment of water absorption, which will 

"synthesize" the benefits of slight RLD differences over time. 

Water use efficiency (WUE) can be defined as several levels: (1) 

instantaneous carbon fixation / transpiration ratio (A / E) at the 

cellular level, (2) biomass / water transpiration ratio (TE) at the plant 

level, and (3) yield or aboveground biomass / transpiration ratio 

(WUE) at the field level. Here we will discuss te, which is usually the 

main part of moisture, although in some dryland situations soil 

evaporation may be a large part of evapotranspiration (Vincent Vadez 

et al., 2011). 

Due to the higher VPD, the shorter crop planting period and the faster 

water use of soil profile, the temperature related differences in canopy 

development will have a negative impact on the overall water balance 

of soil profile. From the perspective of water availability, the strategy 

of determining successful genotypes suitable for limited water 

resources in climate change scenarios needs to be based on the 
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following two basic requirements: (1) maximize transpiration and 

water capture. (2) Ensure water supply at the critical stage of crop 

development, especially after flowering. An exception to the emphasis 

on reproductive growth is that climate change is predicted to reduce 

the likelihood of rainfall at the beginning of the growing season in 

southern Africa, thereby shortening the length of the growing season 

(Tadros et al., 2007). If we can develop crop genotypes that can 

withstand early droughts, it will enable them to sow under limited 

rainfall conditions, and it will be earlier than waiting for a good start. 

Studies on wheat, lupin and broad bean showed that as long as there 

was enough rain for germination and emergence, the seedlings could 

endure for as long as one month without follow-up rain. For this 

drought / climate change situation, screening for differences in 

seedling survival without water would be a simple and effective 

solution. The reproductive stage of crops is extremely sensitive to any 

type of stress (Boyer and Westgate, 2004). First of all, we think that 

the reproductive stage is a series of events from the appearance of 

flower bud to the beginning of grain filling. It is important to 

understand the water supply dynamics of these stages under stress, 

whether there are any genotypic differences in the dynamics, and how 

these differences are related to yield. 

If we can manipulate the planting geometry (changing the number of 

plants per unit area without affecting yield or the number of plants per 

hectare), we can save a lot of water. If we increase the number of 
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plants by changing the planting geometry, we need more water, but 

the yield per unit area will increase. It depends on how we plan our 

course of action. If the availability of water is not a limiting factor, it 

is possible to grow more plants per unit area and thus achieve more 

yield (Ajai Singh, 2017). 

Water management is becoming more and more important in the case 

of low water supply. In order to avoid underestimating or 

overestimating crop water consumption, it is necessary to understand 

the exact water loss caused by actual evapotranspiration for 

sustainable development and environmentally sound water 

management (Shideed et al., 1995).  

Silva et al. (2009) gave an example of estimating the amount of water 

extracted from coffee plants. Another example is Rocha et al. (2010), 

who tested a macro model of soil water extraction by roots based on 

micro scale processes and described the experimental results of plants 

dividing roots into soil layers with different hydrological 

characteristics. Another significant factor affecting the estimation of 

soil water storage is its spatial variability. Soil water content changes 

in space, level and depth, which is caused by the changes of pore 

space arrangement and the quality and size of matrix particles. As a 

result, problems arise concerning the form and quantity of samples 

required to obtain representative values of water content and the 

resulting storage capacity. These aspects are discussed by Kachanoski 

and de Jong (1988) and Turati and Reichardt (1991). In addition, 

Reichardt et al. (1990) and Silva et al. (2006) discussed how the 
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spatial variability of water storage affects the estimation of water 

balance. 

Less effort has been made to study the input side of water balance, 

that is, to obtain water from the soil. It has been known for a long time 

that the hydraulic conductivity of roots is variable (Henzler et al., 

1999). In addition, the water conductivity of root cell membrane may 

be reduced by the blocking of water channels or aquaporins in root 

cell membrane. These transporters have received extensive attention 

in the past few years (Kjellbom et al., 1999). 

Root zone soil hypoxia seriously affects crop growth and reduces crop 

yield and quality. Subsurface drip irrigation will aggravate soil 

hypoxia. Subsurface drip irrigation (SDI) is an efficient water-saving 

irrigation method developed to improve drip irrigation technology 

(Camp, C. R. 2003). SDI can keep the surface soil dry, effectively 

prevent and control the loss of soil water, control the overgrowth of 

weeds, reduce surface evaporation, surface runoff and deep infiltration, 

improve irrigation water efficiency, promote crop growth, and 

improve crop yield and quality In order to alleviate the pressure of 

water shortage (Camp, C. R. et al., 1998;  Lamm, F. R. et al., 2007; 

Paris, P. et al. 2018; Phene, C. J. et al. 1991), we should reduce the 

use of pesticides and use unconventional water for irrigation. 

However, SDI not only provides water and nutrients for crops, but 

also eliminates the air in the root zone pores, thus forming a 
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temporary or long-term anaerobic environment in the root zone 

(Bhattarai, C.J. et al., 1991). Under the condition of high soil moisture, 

the diffusion rate of dissolved oxygen (do) from water to deep soil 

layer decreased significantly, resulting in the decrease of soil oxygen 

content (Armstrong, W. et al., 2007). When the oxygen content in soil 

is insufficient, one of the earliest stress responses of plants is stomatal 

closure (Gao, P et al., 2003), which in turn has adverse effects on crop 

photosynthesis (Kimball et al., 2002). When hypoxia stress occurs, the 

relative transpiration of crops decreases greatly immediately. 

Persistent hypoxia can cause many adverse effects on crops, such as 

nutritional deficiency, metabolic inhibitors and the incidence rate of 

root diseases (Vartapetian et al., 1997). Under hypoxia stress, the 

growth of plants decreased, the formation of new leaves was hindered, 

the number and area of leaves decreased, the leaves turned yellow 

rapidly, wilted, the dry matter content decreased, and the fruit quality 

was poor (Bennicelli, R.P. et al, 1998; Lopez et al., 2003; Guo, S. et 

al., 2008). 

Through the SDI whole pipeline system, the water and oxygen needed 

for crop growth were transported to the root zone, which effectively 

improved the lack of soil ventilation and the oxygen environment of 

crop root zone, and promoted the growth, yield and quality of crops. 

Previous studies used air compressors or air ejectors as forced air 

intake systems to deliver air to the root area of crops (Bhattarai et al., 

2006; Li, Y. et al., 2016; Niu, W., et al., 2016) through buried 

pipelines. Forced air intake could alleviate the anoxia in rhizosphere, 
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increase the dry weight and activity of roots, and enhance the water 

absorption of roots (Bhattarai et al., 2005; Li, Y., 2016). The results 

showed that oxygen application could alleviate soil hypoxia and 

improve crop yield and quality. When the soil water content is high, 

the forced air intake mode plays a positive role in promoting crop 

yield. However, when the soil moisture content is low, this method 

will have a negative impact on crop yield (20). At present, most 

oxidation methods focus on adding hydrogen peroxide to irrigation 

water and using venturi syringe or air syringe (Bhattarai et al., 2015; 

Lee, J.W. et al., 2014; Li, Y et al., 2015). The air diffusion into the 

soil through the SDI transmitter is asymmetric in all directions. Air is 

likely to diffuse into the atmosphere through several preferred 

channels; this is known as the "chimney effect" (Elder, C.R. et al., 

2010), resulting in low gas utilization and short contact time with crop 

roots. 

In drip irrigation system, one of the main design criteria is to 

minimize the variation of flow (or emitter flow) along the drip line, 

whether it is horizontal or secondary. By designing a suitable length 

for a given working pressure, the flow variation of a fixed diameter 

branch or sub boat can be kept within an acceptable range. The change 

of flow rate or emitter flow rate is controlled by the pressure change 

along the pipeline, which is caused by the combined effect of friction 

drop and pipeline slope. When kinetic energy is considered to be very 

small and neglected in drip irrigation pipeline, pressure change will be 
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a simple linear combination of friction drop and energy gain or loss 

due to slope (Wu and Gitlin, 1973; Howell and Hiler, 1974). The 

transverse length (or sub length) can be designed by step-by-step 

calculation with a computer. The computer program can be used to 

simulate different situations to develop design charts, as shown in Wu 

and Fang Meier, 1974. The shape and slope of the general gradient 

line are simplified by using the program (Howell and Hiler, 1974). 

Wu and Gitlin (1974) introduced the design drawing of siding design, 

but they need to try and error technology in the design process. The 

purpose of this chapter is to deduce the mathematical expression of 

the side line or sub body, which will simplify the design technology. 

The derivation is applicable to different types of uniform slope 

conditions, in which the ground slope along the radiation length does 

not change. The derived equation relates the design length to the total 

head, and its form is convenient to use the computer design method. 

These calculations can be completed by digital computer or by pocket 

calculator, so that the design engineer can carry out the correct design 

on site. You can also develop graphical solutions. While basically still 

a trial and error technique, the adaptability of these design equations 

to computer solutions should represent a significant advance in drip 

irrigation system design. 

Through the five pressure distributions, these represent the design 

conditions generated by siding or sublines laid on a uniform slope. 

The program to determine the pressure distribution by the slope of the 

ground and the total friction drop at the end of the pipeline is 
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established. According to the given pressure variation criterion, the 

equation of design lateral length or submarine is derived. These 

equations can not be solved directly, but can be solved by trial and 

error method on pocket calculator or Newton approximation method 

in computer program. The established mathematical equation can 

provide reference for the computerized design of drip irrigation 

system in the future (Victor A. et al., 2017). 

Deficiet irrigate and water requirement  

English and Nuss (1982) put forward the concept of deficit irrigation, 

and defined it as "deliberately less irrigation of crops, that is, the 

irrigation water supply of crops is reduced relative to the amount of 

water needed to meet the maximum evapotranspiration". The concept 

of deficit irrigation was further developed from English (1990) to 

"under irrigation of crops in a planned and systematic way in the 

whole biological cycle under the condition of a certain yield 

reduction". His definition also includes an analytical framework to 

estimate the profit maximizing level of water use. Ferres and Soriano 

(2007) pointed out that deficit irrigation should be defined according 

to the water supply level related to the maximum crop 

evapotranspiration, instead of seeking the maximum yield. Capra et al. 

(2008) developed another deficit irrigation term as an irrigation 

application that is lower than the total evapotranspiration of crops. By 

reducing capital and operating costs, it is possible to improve 

efficiency and maximize profits. In view of, Chai et al. (2016) pointed 
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out that deficit irrigation is considered as an irrigation practice, which 

is characterized by the application of irrigation water below the total 

amount of water required for optimal growth and yield, in order to 

improve the response of plants to a certain degree of water shortage in 

a positive way and improve the water use efficiency of crops. 

Therefore, deficit irrigation is regarded as a key contributor of water-

saving technology. Capra et al. (2008) reported that some authors who 

adopted the English definition of deficit irrigation only dealt with the 

physiological and agronomic aspects of deficit irrigation, that is, the 

response of crops to different irrigation systems, without any 

economic assessment, which caused some misunderstanding. 

Irrigated agriculture is the main contributor to food production in 

Egypt, consuming 85% of Egypt's water resources. Surface irrigation 

is the main irrigation system of old land, and the water use efficiency 

of farmland is 50-60%. Farmers are used to sowing in the basin, there, 

or in the furrow. This practice leads to the application of a large 

amount of irrigation water. Under furrow irrigation, water runoff may 

cause soil erosion and fertility loss (Sojka et al., 2007). In addition, 

fertilizer leaching is also the result of massive irrigation, resulting in 

groundwater pollution (Abouelenein et al., 2010). On the new land, 

sprinkler and drip irrigation systems are prevalent, and surface 

irrigation is prohibited by law. Small areas of new land use canal 

irrigation originated from the Nile, but most of the new land use 

groundwater irrigation. However, due to the low utilization efficiency 

of land and water resources, poor or lack of agricultural background, 
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weak or lack of extension services to deal with the specific needs of 

new land, most of the reclaimed areas have low income compared 

with their full potential, poor agricultural credit and low input supply. 

In addition, there are other problems in the new land, that is, soil 

degradation caused by salinization. High evapotranspiration and / or 

combination with high water table in some areas leads to salt 

accumulation, especially in the northern part of the Nile Delta 

(Mohamedin et al. 2011). 

Recently, water shortage is prevalent in many parts of the world and 

threatens its population, with nearly 800 million people without access 

to safe drinking water and 2.5 billion without proper sanitation 

(Schiermier, 2014). This is expected to get worse in the coming 

decades, as the world population is expected to grow by 30% in 2050 

(Godfray et al., 2010). As a result, it is expected to be more difficult to 

provide food for the growing population, given the water shortage. 

More than 40% of global food production comes from irrigated land 

every year, and 70% of fresh water is extracted (FAO, 2007). Coupled 

with projected climate change, this situation is likely to be the worst in 

the future (De Wit and Stankiewicz, 2006). Irrigation is an important 

measure to obtain high yield potential and increase total yield. Since 

irrigated agriculture is the largest freshwater user on earth (Gan et al., 

2013), irrigation water is over exploited and over used (Chai et al., 

2014). In addition, irrigated agriculture is practiced in many parts of 

the world, and many developing countries do not consider the 
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protection and sustainability of water resources (Ferres and Soriano, 

2007). Some countries, such as Egypt, are changing from a water rich 

situation to a water shortage situation recently. Egypt has passed the 

threshold of water shortage, reaching 600 m3 / person / year (Ministry 

of irrigation and water resources, 2014). Due to the increase of 

population, the value is expected to reach 500 m3 / person / year in 

2025. Egypt's rapid urbanization has created a conflict between water 

demand in agriculture and other sectors. Strategic changes in water 

resource management are taking place in many parts of the world, and 

the supply available for irrigation is limited to the remaining water 

resources after all other sectors meet their needs (Ferries and Soriano, 

2007). In this case, the water allocation to farmers is usually lower 

than the maximum evapotranspiration demand, or the water supply 

must be concentrated on a smaller land area, or the total area must be 

irrigated at a level lower than the full evapotranspiration (Vörösmart 

et al., 2010a). Therefore, available water resources for agriculture 

need to be re rationalized to meet the development needs of other 

sectors (Vörösmart et al., 2010b). Deficit irrigation is one of the most 

important management strategies. Fereres and Soriano (2007) defined 

deficit irrigation as an irrigation strategy, that is, to maximize yield 

with the minimum amount of water. 

Due to the complexity of the effects of water regulation on crop 

growth, yield and quality, studies before the 1980s generally did not 

consider whether there was "luxury transpiration" in crops, and 

ignored the effect of water on quality. They only regarded the crop 
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evapotranspiration under the condition of sufficient water and 

fertilizer supply and the highest yield as crop water demand, and 

applied it in farmland In the process of water management. Sufficient 

irrigation technology with high yield and abundant water is adopted to 

meet the potential demand of crops for water. With the aggravation of 

the contradiction between supply and demand of water resources and 

the decrease of available water per unit cultivated area, the crop water 

demand experiment began to change from the normal full irrigation 

experiment to the sub poor full irrigation experiment. A large number 

of research results show that water stress is not completely negative 

effect, and moderate water shortage in some specific development 

stages will not lead to water shortage. In the end the transpiration 

water consumption and total water consumption of crop growth period 

were significantly reduced, but the crop yield was improved to a 

certain extent, and the product quality was significantly improved. On 

the one hand, it shows that crops have "luxury transpiration" under the 

condition of sufficient water supply, and this water condition is not the 

best water requirement of crops. On the other hand, it also shows that 

from the physiological water demand characteristics of crops, by 

changing the water supply time and water supply amount. Water 

deficit (regulated deficit irrigation) can be applied to some specific 

growth stages of crops In order to meet the water requirement of crop 

life. Although regulated deficit irrigation has made significant 

progress in theory, which has changed the passive adaptation of crops 

to water deficit into active regulation of moderate water deficit. This 
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regulation is only time regulation to a certain extent, and has not fully 

exploited the physiological water saving potential of crops. In addition, 

due to the different sensitivity of crop growth stages to water shortage, 

the water shortage in the previous stage may have an impact on the 

physiological and biochemical characteristics and growth and 

development in the later stage or several stages. Therefore, if the 

regulation is not appropriate, it is bound to have a negative effect. 

Therefore, it is very important to determine the water demand index 

and water control index of crop life and health in each growth stage. 

The most ideal state is to create an environment, so that crops can self 

perceive environmental changes, regulate stomatal movement 

behavior. So as to reduce their transpiration water consumption under 

the condition of meeting the water demand of their own life and health, 

without affecting the photosynthesis and nutrient absorption of crops. 

The research results of plant water physiology show that there is a 

rapid signal transmission system in crops. Whether it is endogenous 

hormones produced by crop root sensing drought or exogenous 

hormones sprayed on crop leaves. Crops will quickly transmit these 

information to the action sites of guard cells, so as to adjust the water 

swelling degree of guard cells, However, the change of water swelling 

degree of guard cells will cause the change of stomatal opening 

(Schachtman et al 2008; Zhang Suiqi, 2010). 

Root chemical signal is an early warning system for plant homeostasis 

and water use optimization. When soil is dry, roots can synthesize and 

output a variety of signal substances. These signals can be output from 
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the drought affected cells in the form of electrochemical wave or 

specific chemical substances. Also can be transported from the 

production site to the action site to promote the opening of stomatal 

part Closing and inhibiting the opening of closed stomata can control 

the water and gas exchange between plants and the outside world. 

Abscisic acid (ABA) seems to play a major role in this information 

transmission in plants (Davies WJ et al., 1990). 

Although people have fully realized the importance of crop life water 

requirement information and its process control, and made some 

gratifying progress in recent years. Due to the influence of natural 

conditions, crop physiological characteristics, irrigation technology 

and other factors, crop life and health water requirement involves soil, 

meteorology, plant water physiology, agriculture and so on At present, 

there are still some scientific problems to be solved (Kang Shaozhogn, 

2007): 

(1) Quantitative expression and standardization of crop life water 

requirement process. It includes the equipment and monitoring of 

long-term non-destructive continuous monitoring of plant 

transpiration, noise interference elimination methods, variation 

analysis among plants and standardized treatment, etc. 

(2) Spatial temporal variation and scale transformation of crop water 

requirement information. It includes the existing form of 

spatiotemporal heterogeneity of crop water demand information, the 
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optimization of sampling strategy, the representative analysis of 

sampling points, the determination of scale turning point. The 

identification of dominant factors at different scales, the derivation 

method of crop water demand information at different scales, and 

different monitoring methods at the same scale the determination of 

legal weight and the fusion rules and selection of different scales and 

different monitoring methods.  

(3) Determination of crop life water requirement index system and 

comprehensive index. It is necessary to design enough water treatment 

in different regions, different climates and different irrigation methods 

and carry out continuous experimental research for many years, 

establish the relationship model between crop water and yield and 

quality, comprehensively analyze and determine crop life water 

demand index, water physiological index and soil water control index 

in each period, a comprehensive discriminant index and discriminant 

method, which can reflect the crop water status on each link and guide 

the regulation of crop water demand, are proposed.  

(4) The regulation approaches and models of crop physiological water 

saving and consumption process. This paper studies the process of 

water deficit signal generation, transmission and response of water 

loss organs, including drought sensing organs, sensing mode, water 

deficit signal, signal generation and transmission mode, and response 

process of water loss organs. On this basis, the induction pathway of 

water deficit signal is studied, and the regulation pathway and 
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regulation mode of physiological water saving and consumption 

process of crops are put forward.  

(5) Quantitative characterization of the response of crop life water 

requirement to environmental change and new technology and mode 

of precision irrigation based on the process control of crop life water 

requirement (Sun Jingsheng et al., 2011). 

Crop water shortage diagnosis is the basis of precision irrigation. 

Crops will respond to drought in many ways. There are many 

indicators that can reflect whether crops are short of water. The most 

traditional and commonly used is soil water index. The research on the 

determination method and threshold of soil moisture index has a long 

history. It has experienced the process from soil drying determination 

to real-time automatic collection by sensors. At present, the rapid 

measurement technology of soil moisture has been relatively mature, 

and the application of neutron method, gamma ray method, impedance 

method, time domain reflection method, microwave method, etc, 

There is also the near-infrared method which is suitable for large-scale 

remote sensing measurement. Most of the above measurement 

technologies can realize real-time automatic monitoring and data 

acquisition, and the measurement accuracy can basically meet the 

requirements of precision irrigation. At present, the main research 

direction is to improve the stability of monitoring equipment and 

adaptability to various soils, further improve the measurement 

accuracy and reduce the cost of sensors. In terms of soil water 
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threshold, although there are a large number of experimental research 

results for different regions and different crops at home and abroad. 

With the cultivation of crop stress resistant varieties and the 

application of regulated deficit irrigation, the appropriate soil water 

threshold for different crops at different growth stages is still a subject 

to be studied. Soil water index reflects the water status of crop growth 

environment, and the water status of crop will be reflected more 

directly and quickly in its physiological process and ecological status. 

Therefore, it is more accurate to determine whether crops are short of 

water by measuring the physiological and ecological indexes of crops. 

However, it is still a difficult problem to determine which 

physiological and ecological indicators are suitable for crop water 

shortage diagnosis and irrigation decision-making, how their 

sensitivity, stability and representativeness are, and how to realize the 

automatic measurement of crop physiological and ecological 

indicators. At present, the main physiological and ecological 

indicators of crops include: stem diameter variation (İsabel et al., 

2000), stem sap flow (Ali AA et al., 2001), photosynthetic rate, leaf 

temperature and canopy air temperature difference (Yuan Guofu et al., 

2001). The measurement method of stem diameter micro change is 

relatively simple, non-destructive to crops, and can realize continuous 

automatic monitoring. At present, there are research reports on using 

stem diameter variation to diagnose crop water status and make 

irrigation decision at home and abroad. Crop canopy air temperature 

difference can be measured by hand-held or positioning infrared 
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thermometer, or by aerial or satellite remote sensing, which makes it 

more advantageous in regional drought monitoring (Yu Keshun et al., 

1999). Compared with the research of soil moisture index, the real-

time, reliability and stability of crop physiological and ecological 

index monitoring are relatively poor due to the great influence of 

environmental factors such as sunshine, temperature and wind speed. 

As an index of crop water shortage diagnosis and irrigation decision-

making, the reasonable threshold range for different crops is a hot and 

difficult research topic. Crop irrigation prediction and decision-

making is the core of precision irrigation. The traditional irrigation 

forecast is mostly based on the principle of soil water balance in root 

zone, and the crop irrigation schedule is formulated according to the 

measured soil water content and the calculated crop water demand. 

Representative models include CROPWAT software package 

recommended by food and Agriculture Organization of the United 

Nations (FAO) (Fernandez et al., 2001), ISAR model (Sellami et al., 

2003) and IRRIWAT model (Xie Hua et al., 2001). Although this kind 

of model can well simulate the change of soil moisture, calculate crop 

water demand and irrigation water demand, and formulate optimal 

irrigation schedule, it can not meet the requirements of precise 

irrigation dynamic decision-making. 

Another problem of precision irrigation research is how to solve the 

problem of spatial variability. There are obvious spatial differences in 

the growth environment and development status of farmland crops, 
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including uneven terrain, different soil texture, different density of 

crops, different crop varieties or genes, etc. In order to achieve the 

goal of "spatial positioning management and variable input according 

to demand" in precision irrigation. İt is necessary not only to study the 

reasonable layout of field crop and soil moisture monitoring sensors, 

but also to put forward higher requirements for field irrigation 

facilities and control system as well as irrigation water transmission 

and distribution technology. In recent years, the variable technology 

developed in the world can solve the control problem of precision 

irrigation on field irrigation facilities. The variable technology of 

precision irrigation refers to changing the structure parameters or 

performance parameters of irrigation system directionally or randomly 

according to the basic variable parameters input by expert decision 

system or user experience, so as to achieve the purpose of real-time 

and precision irrigation. For example, the circular and flat moving 

sprinkler installed with advanced equipment such as computer 

intelligent control system, differential global positioning system 

(DGPS) and geographic information system can timely and 

automatically adjust the spraying water volume of the sprinkler or the 

walking speed of the machine according to the field position, so as to 

realize local variable rate irrigation and fertilization, and avoid mixing 

water, fertilizer and pesticide Spray to unnecessary places, resulting in 

water and fertilizer loss and non-point source pollution. The research 

of variable rate technology for precision irrigation is not mature, and it 

can only be realized with the help of variable rate equipment with 



CROP PRODUCTION and INFLUENCING FACTORS | 297 

 

 

 

excellent performance (such as variable rate emitter, variable rate 

water supply equipment, pressure regulator, variable rate spraying 

chemical equipment, controller, positioning equipment, etc.) (Liu Yu, 

and Xu Di, 2011). 

Deficit irrigation (DI) refers to the application of water less than the 

transpiration demand of crops. Therefore, compared with full 

irrigation, irrigation water demand can be reduced and the saved water 

can be used for other purposes. Although DI is only a technology to 

optimize economic output in the case of limited water resources 

(Sinclair TR and Seligman NG, 1996), reducing irrigation supply in an 

area can cause many adjustments to the agricultural system. Therefore, 

DI practice is multifaceted, which causes changes at the technical, 

socio-economic and institutional levels. In humid and sub humid areas, 

irrigation supplement rainfall is a tactical measure to stabilize 

production during drought. This approach is known as supplementary 

irrigation (García-Vila M et al., 2009), although it uses limited water 

due to relatively high rainfall, the goal is to achieve maximum 

production and eliminate yield fluctuations due to water shortage. 

Rainfall replenishment through one or more irrigation in arid areas is a 

di form, as maximum production is not sought. When the irrigation 

rate is lower than the transpiration rate under soil water stress, the 

crop will extract water from the soil reservoir to compensate for the 

deficit. Then there are two possible situations. In one case, if sufficient 

water is stored in the soil and transpiration is not limited by soil water, 
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even if irrigation water is reduced, consumption utilization (ET) will 

not be affected. However, if the soil water supply is insufficient to 

meet the needs of crops, the decrease of growth and transpiration and 

the decrease of DI induced et are lower than its maximum potential. 

The difference between the two cases is of great significance in basin 

scale (Sophocleous M, 2005). In the first case, DI will not lead to net 

water saving and yield should not be affected. If the extracted storage 

soil water is supplemented by seasonal rainfall, di practice is 

sustainable and has the advantage of reducing irrigation water. In the 

second case, di reduces water use and consumption (ET), but in the 

case of production directly related to ET, the output may be negatively 

affected. There are several strategies to impose water deficits on DI, 

but there are basically two options (English MJ,1990). One is to 

impose the same level of deficit (continuous or continuous DI) 

throughout the irrigation season, while the other focuses on some of 

the crop growth stages (regulating DI, RDI) that are considered least 

sensitive to water stress. Deficit irrigation helps to cope with supply 

constraints by reducing irrigation water. In field crops, when full 

irrigation is not possible, a well designed DI system can optimize WP 

in a region. The results show that ET is linear with the yield of main 

field crops, which will reduce the yield to some extent (Bergez JE et 

al., 2004). In many horticultural crops, if trees and vines, RDI has 

been shown not only to improve wettability powder, but also to 

farmers' net income as well. Because different crops respond to water 

deficit differently, it is important to study the basis of positive 
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response to water deficit without affecting yield. Although DI can be 

used as a tactical measure to reduce irrigation water when water 

supply is restricted by drought or other factors, it is not known 

whether DI can be used for a long time considering that the decrease 

of water application may lead to a large accumulation of salt in the 

profile. It is necessary to study the sustainability of DI through long-

term testing and modeling work to determine how much DI can 

promote permanent reduction of irrigation water (Elías Fereres and 

Margarita García-Vila, 2019). 

In commodity agriculture, farmers' choice of crops is a complex 

decision, which is based on the related factors of production economy 

and marketing, followed by other socio-economic and biophysical 

factors. Water related factors such as crop water use are most 

important when supply is lower than expected demand. Crop 

consumption and utilization mainly depend on evaporation demand, 

season length and the proportion of incident radiation intercepted by 

crop canopy. There are great differences among different kinds of 

crops. These differences are also affected by the climate type of crop 

growth. In this regard, there are significant differences between 

tropical and temperate climates. In the tropical climate, the reference 

et is relatively constant throughout the year, and irrigation is used in 

the dry season; the key problem here is the duration of the growing 

season, and the goal is to produce a variety of crops in one year. In 

tropical climate, daily yield is the best indicator of efficiency, and 
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crops must follow the order of optimal use of land and water (Elías 

Fereres and Margarita García-Vila, 2019). 

Water shortage is an increasingly important issue as it will determine 

the next generation of global food and feed production. Under the 

condition of water shortage, the key factors for sustainable growth and 

production of annual and perennial (fruit) crops are very important. 

Nitrogen is the most important limiting factor for crop production 

worldwide after water deficit. Therefore, it is very important to know 

how to increase the yield of different crops by adding nitrogen 

fertilizer. In the crop development cycle, the dynamics of crop 

demand for nitrogen, the time of soil nitrogen supply determined 

according to soil characteristics, climate and soil agronomic 

management, the response of crops to different intensities, and the 

timing of nitrogen deficiency are all important issues. Using 

diagnostic and decision-making tools to manage the time of crop 

nitrogen application, in order to optimize the relationship between 

crop yield reduction and environmental impact balance. In an 

increasingly volatile and changing climate, the next generation of 

high-yield crops will rely on genetic interventions based on process 

understanding, selection of target traits in management environments, 

and high-throughput phenotypic and genotyping. Therefore, it is very 

important to understand the latest progress of plant high-yield 

breeding and the main limitation of abiotic stress on productivity 

(Elías Fereres and Margarita García-Vila, 2019). 
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Crop water requirement is an important index for agricultural 

irrigation, and its complexity lies in its dynamic change. Different 

crops and different varieties of the same crop have different water 

requirements; in the process of crop growth and development, due to 

the difference of individual size and water demand of physiological 

process, the water demand of crops varies with different development 

stages. The main and more unstable factor affecting the change of 

crop water demand is atmospheric conditions, which determines the 

energy of crop water consumption. The greater the energy, the greater 

the water demand. The determination method of crop water 

requirement includes direct measurement and theoretical calculation. 

Lysimeter is the main instrument for direct measurement, which is 

used to measure the water consumption of crops under the condition 

of unrestricted water. However, the crop water requirement varies 

greatly in different years, and the application of this measurement 

value in production practice is limited. It can not predict crop water 

requirement and guide irrigation. Therefore, the theoretical calculation 

is very important, it fully considers the influence mechanism of crop 

water demand, can predict crop water demand under different 

environments, and provides the basis for scientific irrigation scheme 

(Elías Fereres and Margarita García-Vila, 2019). 

From the late 1940s to the early 1970s, the calculation method of crop 

water demand developed rapidly. Penman published the calculation 

method of water surface evaporation in 1948 in the Journal of the 
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Royal Society. However, this method is very rough when applied to 

farmland and pasture. Monteith derived the Penman Monteith formula 

(P-M) (Monteith JL, 1965) by introducing the concept of surface 

resistance, which opened up a new way for the study of unsaturated 

underlying surface evaporation; Jensen proposed the logarithmic 

relationship between the soil water correction coefficient estimated by 

potential evapotranspiration and the soil available water content 

(Jensen ME, 1974); Priestley and Taylor The formula (Priestley CHB, 

1972) for estimating evaporation in humid climate is derived. 

Although these studies have laid a solid foundation for the estimation 

of crop water demand, they all belong to the calculation of actual 

water consumption rather than water demand. 

It was not until the concept of crop coefficient was proposed that the 

calculation of crop water demand was started. The calculation formula 

is ETP = kcET0 (1), in which KC is the crop coefficient; ET0 is the 

reference crop evapotranspiration; ETP is the crop water demand. 

Reference crop evapotranspiration is a kind of evapotranspiration 

calculated by penman sing Monteith formula when the height is 12cm, 

the canopy albedo is 0-23, and the leaf stomatal resistance is 100s / m. 

In this way, the crop water demand at any time can be calculated for 

different atmospheric conditions. This solves the water demand of a 

standard crop. Other crops can refer to this standard, and calculate the 

water demand of different crops by a correction, which is the crop 

coefficient. However, there are still many problems in determining 

crop coefficient and crop water demand. (1) The food and Agriculture 
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Organization of the United Nations (FAO) has always recommended 

the use of the formula above to calculate crop water demand, but the 

change in crop coefficients is very complex because it includes the 

effects of soil and crop characteristics. When the crops are not fully 

covered, the soil is exposed, and the water demand of crops includes 

ecological water (soil evaporation) and physiological water (crop 

transpiration). If the surface soil is dry and the root area is full of 

water, the problem is more complex. In practice, the change process of 

crop coefficient is generalized into several stages. According to the 

variation law of leaf transpiration and soil surface evaporation in each 

stage, the average value of a period is used to represent the crop 

coefficient in this stage. That is, KC = KCB + Ke. KCB is the basic crop 

coefficient, which is the ET0 of the soil in the root area when the 

surface soil is dry and the average soil moisture content meets the 

transpiration of the crops. Ke is the coefficient of soil surface 

evaporation, which reflects the influence of soil surface evaporation 

intensity on etc in a short period due to the wetting of surface soil after 

irrigation or rainfall. In fact, the above segmentation method of crop 

coefficient is very rough, and the crop coefficient can be divided into 

basic crop coefficient reflecting crop leaf transpiration and coefficient 

reflecting soil surface evaporation, namely KC = KCB + Ke. KCB is 

defined as the ratio of Crop Evapotranspiration to reference 

evapotranspiration when soil is dry and transpiration is carried out at 

potential rate. Allen was equal to the KCB formula in 1998, which 

considered the influence of wind speed, relative humidity of air and 
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crop height. Ke is the evaporation coefficient when the soil is wet 

after irrigation or precipitation, which represents the ratio of 

evaporation water to the whole crop water demand. Therefore, it is 

related to crop coverage. Allen et al.(1998) And Vu et al. (2005) have 

proposed the calculation method of Ke. (2) The advantage of formula 

(1) to measure crop water demand is that the dynamic prediction of 

crop water demand can be carried out as long as the weather 

conditions, crop types and crop development period are known 

(Doorenbos J et al., 1992; Akinbilel et al., 2010 ). But it is still unclear 

how universal crop coefficients are. FAO recommends a set of crop 

coefficient calculation methods under standard conditions. The so-

called standard condition refers to the situation that large area crops 

with good soil fertility and good soil moisture condition without pests 

and diseases, and can obtain the highest potential yield under certain 

climate conditions. In practice, the growth conditions of crops are 

often different from the standard ones. If there are water shortage, low 

soil fertility, salt, disease and disease, waterlogging, or different 

management levels (mulching or crop interplanting, etc.), the crops 

will grow under non-standard conditions. How to adjust KC 

reasonably according to the actual environmental conditions in the 

non-standard condition to calculate the crop coefficient under the non-

standard condition? Some scholars have calculated the crop 

coefficients of different crops under non-standard conditions in 

different climatic regions, but these methods have some theoretical 

shortcomings. For different climate areas, how is the difference of 
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crop coefficient between planting a crop? It is unclear whether the 

comparison of different areas can be solved by using large-scale 

steaming meter. (3) There is still such a dispute about the concept of 

crop water demand. Is soil water not limited and other conditions are 

suitable, and the water consumption is equal to the crop water demand? 

Many experiments have shown that, in certain stage of crop 

development, when the soil is under light water stress, the normal 

growth and development of crops are not limited, and better product 

quality may be obtained. Therefore, the water demand of crops 

described in formula (1) should be modified. The method can be used 

for different crops and different development periods. However, the 

inconsistency of soil and crop conditions in the field will bring great 

difficulties to the test. (4) If there is a reference crop (usually 

represented by alfalfa), under soil water stress, ET0 in the formula is 

replaced by the actual evapotranspiration of reference crops. Can the 

left ETP be considered as the actual crop water consumption? If this 

relationship is true, the actual water consumption can be inferred by 

the measurement of the steamer. It also needs relevant theoretical 

inference and experimental research to confirm (Shen Shuanghe, 

2011). 
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Nutrition uptake  

In 1840, Justus von lieberg, a famous German chemist, put forward 

the "theory of plant mineral nutrition", that is, mineral elements are 

essential basic nutrients for plants. This not only created the basic 

theory of plant nutrition and became the cornerstone of the 

development of modern plant nutrition, but also directly led to the rise 

of chemical fertilizer industry and promoted the development of 

traditional agriculture The development of agriculture to modern 

agriculture. So, how do crops absorb and utilize nutrients (N, P, K, 

CA, Mg, S, Fe, Mn, Cu, Zn, B, Mo, etc.) from soil? What are the ways 

and mechanisms for different crop species to absorb and utilize soil 

nutrients? Are they identical or similar? These became important 

scientific problems in early plant nutrition research. In 1952, 

American scientists Epstein and Hagen found that the curve of ion 

absorption by roots is similar to the curve of the relationship between 

the rate of enzymatic reaction and the concentration of substrate in 

chemistry, so they put forward the theory of enzyme kinetics of ion 

absorption, and believed that there are carriers responsible for ion 

absorption on the protoplasm membrane of plant root cells, just like 

enzymes, which play the role of absorbing and transporting mineral 

ions ( Epstein E et al., 1952) . In 1972, Epstein and bloom found that 

there were two different absorption curves of potassium ions in plant 

roots when the medium potassium concentration was very low (0-0.20 

mmol / L-1) and very high (1-50 mmol / L-1), which meant that there 

were different types of carriers (proteins) in the absorption of certain 
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ions on plant cell membrane (Epstein E et al., 1972). In addition, the 

German scholar marschner proposed that there are two different 

mechanisms of iron absorption in plants: Mechanism I and mechanism 

II. Mechanism I is possessed by dicotyledons and non gramineous 

plants, while mechanism II is possessed by gramineous plants. These 

important breakthroughs have greatly improved people's 

understanding of the mechanism of crop nutrient absorption and 

utilization, reflected the genetic differences of crop nutrient absorption 

and utilization, and promoted the development of chemical fertilizer 

industry and the rational application of fertilizer. 

With the development of agricultural modernization, the application 

of chemical fertilizer has become one of the most important 

cultivation measures in modern agricultural production. In 2006, the 

amount of chemical fertilizer (pure nutrient) in China exceeded 50 

million tons, accounting for more than 30% of the total amount of 

fertilizer in the world (Xu Fangsen and Wu Ping, 2011). 

Accelerate the depletion of mineral resources, and a large number of 

residual fertilizers in the soil with soil erosion, environmental 

pollution, such as water eutrophication is a huge potential threat. 

Therefore, it has become a hot topic in the field of agriculture at home 

and abroad to improve the efficiency of soil nutrient absorption and 

utilization. Especially, to reveal the molecular mechanism of crop 

nutrient efficient utilization, to excavate excellent germplasm 

resources or important functional genes for crop nutrient efficient 
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utilization. To cultivate new crop varieties with high nutrient 

efficiency and high yield plant nutrition, crop breeding, molecular 

biology and other disciplines is another scientific problem to be solved. 

This is of great social, economic and ecological significance for the 

countries with increasing population and shortage of resources to 

realize the sustainable development of a resource-saving and 

environment-friendly harmonious society (Xu Fangsen and Wu Ping, 

2011). 

The process of crop nutrient utilization includes four aspects: 

activation, absorption, transportation and utilization of soil nutrients. 

The research on efficient utilization of crop nutrients and its 

mechanism is reflected in two aspects: ① the ability and mechanism of crop to activate, absorb, transport 

and utilize soil nutrients efficiently under the condition of 

nutrient deficiency ② the ability and mechanism of crop to activate, absorb, transport 

and utilize soil nutrients efficiently under the condition of 

adequate or sufficient nutrients, The potential and mechanism of 

nutrient metabolism to maximize crop yield. 

The difficulties and key points of the research mainly focus on the 

first level. With the development of plant physiology, molecular 

biology and other disciplines, the research on the efficient use of 

nutrients in crops has gone from physiological and biochemical 

mechanisms to the molecular level. In 1992, Anderson and sentenac 
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cloned the KAT1 and AKT1 genes of Arabidopsis thaliana (Anderson 

JA et al., 1992; Sentenac H et al., 1992). Since then, a large number of 

transporter genes and their regulatory factors related to the absorption 

and transportation of mineral nutrients in plants have been cloned (Yin 

Lipng et al., 2006), and important progress has been made in the 

mining of excellent germplasm, gene mapping cloning and variety 

breeding of rice, wheat, soybean, rape and other crops. 

Soil resources are the material basis for human survival and 

development. They have a certain degree of self purification ability 

and can maintain relatively stable. However, if the external influence 

is beyond its tolerable range, it will lead to degradation of soil 

properties and functions. At present, the concept of soil degradation is 

more common: the process that leads to the agricultural production 

capacity or potential of land use and environmental control. That is the 

decline of soil quality and its Sustainability temporary and permanent, 

and even the complete loss of physical, chemical and biological 

characteristics of soil, which is caused by various natural and 

especially human factors, It includes the degradation processes of the 

past, the present and the future. Soil degradation means reducing or 

losing its biological and economic productivity. Besides the soil circle, 

soil degradation can also have adverse effects on other circles. For 

example, soil degradation caused by deforestation and land use 

changes will eventually aggravate greenhouse effect. All groundwater 

and most of the pesticide residues in surface water come from soil. 



310 | Abdulgani DEVLET 

 

The causes of soil degradation include natural factors and human 

factors. The soil degradation can be caused by the natural factors such 

as topography, climate, vegetation conditions and soil parent materials. 

The high and low mountain areas are prone to geological disasters 

such as soil gravity erosion, landslide and debris flow. The basin, the 

gentle slope flat and various depressions are easy to form the 

salinization of soil. Climate drought is the key factor leading to 

desertification, such as the largest Sahara desert in the world. The 

climate in the region is extremely dry, and the annual precipitation in 

most areas is below 50mm. If the vegetation coverage is low, it will 

lead to the weakening of wind and sand fixation capacity, increase of 

soil erosion and even desertification. In recent years, the proportion of 

soil degradation caused by human factors has become more and more 

large, such as deforestation and deforestation. Overgrazing leads to 

the decline of vegetation coverage, soil erosion and soil erosion; 

intensive agricultural management and high-intensity fertilization lead 

to a series of soil quality, such as soil nutrient imbalance, soil 

acidification, biodiversity decline, accumulation of soil harmful 

substances, etc Degradation. With the expansion of global population 

and the improvement of people's consumption level, the development 

and utilization of soil will be intensified, which makes the problem of 

soil degradation increasingly serious and urgent to be solved. 

According to the classification standard of global soil degradation 

assessment of the United Nations Environment Programme, there are 

about 1.2 billion hm2 of vegetation covered land in the world with 
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moderate or more soil degradation, of which 300 million hm2 land has 

been seriously degraded, and its inherent biological function has been 

completely lost. In terms of regional distribution, the area of soil 

degradation in Asia is the largest, accounting for 38% of the total area 

of global soil degradation (GLASOD, 1990). 

Cultivated land is the basic resource for human survival. The quantity 

and quality of cultivated land is related to World's food security and 

people's health. However, due to the population pressure, the 

deterioration of the global environment and the unreasonable use of 

cultivated land, the phenomenon of cultivated land degradation is 

extremely serious. Cultivated land degradation includes soil erosion, 

soil desertification, soil salinization, soil pollution, deterioration of 

soil properties and non-agricultural occupation of cultivated land. 

Cultivated land fertility is the basic attribute and essential feature of 

cultivated land soil. İt is the comprehensive reflection of natural and 

man-made fertility. The ability of soil to supply and coordinate 

nutrients, water, air and heat for plant growth, and a comprehensive 

performance of physical, chemical and biological properties of soil 

ventilation, water permeability, water retention, mineral content, 

humus content, pH and other physical, chemical and biological 

properties (Brady NC, 1996). The following points are the formation 

and evolution of cultivated land fertility, mainly including:   
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 ①  The original soil forming process, that is, the rock weathering 

is original soil or fine soil with the participation of plants and 

microorganisms;  ② Organic matter accumulation process, including grass felt or 

spot felt, humification and peat;  ③ The process of clay, that is, the process of clay particles 

formed by coarse to fine;  ④ The process of decalcification and calcium deposition. 

Leaching leads to decalcification, while lime and gypsum are 

used to cause calcium recovery;  ⑤ The process of salinization and desalting. The dry area and 

coastal area are easy to salinize, while irrigation and leaching 

can make the soil desalination and become normal soil;  ⑥ Alkalization and dealkylation process. The results showed that 

the sodium saturation of soil complex was high when 

alkalization;  ⑦ The ash process. Under the condition of strong acid humus in 

forest soil, abundant leaching of water leads to leaching of iron 

and manganese, and the soil is gray. During the process of 

aluminizing, desilting and desilication of soil occur in the humid 

hot climate, while aluminum, iron and manganese precipitate in 

the original soil layer. Soil is bleached because of the effect of 

iron and manganese removal caused by organic matter reduction 

and water seepage. The white pulp layer is also called white soil 

layer, and the process of ripening is also described. It refers to 
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the process of soil fertility under the guidance of human factors. 

The main factors influencing the formation and evolution of 

cultivated land fertility include mother matter, climate, biology 

and human activities (Viets FG, 1977; Oren R. et al., 2001; 

Havlin JL et al., 2005). Parent material is the basic material for 

soil construction, the "skeleton" of soil, and the initial source of 

plant mineral nutrient elements excluding nitrogen. Climate 

determines the hydrothermal conditions of soil forming process, 

which not only directly participates in the process of parent 

material weathering and material leaching, but also controls the 

growth of plants and microorganisms, and affects the 

accumulation and decomposition of soil organic matter; 

Biological factors participate in the geological and biological 

small cycle of plant nutrients, synthesize and decompose soil 

humus, nitrogen fixation and transformation of mineral nutrients; 

human factors have a wide and profound impact on soil fertility, 

which makes the change speed of soil fertility far exceed the 

natural evolution process. Soil fertility factors have interaction 

among water, nutrients, air and heat, such as insufficient water, 

which limits the release, dissolution and plant absorption of soil 

nutrients. If the water is too much, the soil gas condition and soil 

temperature are too low, which affect the growth of plants. The 

coordination of various fertility factors is the basis of high-yield 

and stable yield of crops. The goal of coordination of various 

fertilizer factors and high and stable yield of crops can be 
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achieved through soil configuration transformation such as 

passenger soil, thickened cultivation layer, etc.  Elimination of 

soil obstacle factors such as acid, salt, alkali, etc., and 

improvement of water and fertilizer gas and heat status such as 

fertilization, irrigation, cultivation, etc.  

The main progress in the formation and evolution of cultivated land 

fertility is as follows:  ① It is found that the soil fertility is formed under the interaction 

of biology, climate, topography, geology and human activities 

on the macro level, and the micro fertility of cultivated land is 

determined by the relationship between porosity, organic matter, 

mineral matter and aggregate structure (Luxmoore RJ,1991; 

Viets FG, 1997;); ② In soil biology, soil biology is found (including microorganisms 

and higher animals and plants) are the drivers of the cycle 

process of carbon, nitrogen, phosphorus and sulfur in farmland 

nutrients, which participate in the processes of biological 

nitrogen fixation, nitration denitrification, fixed singing 

mineralization and biodegradation (Mader P, 2002; Dybzinski R, 

2008);  ③ In soil chemistry, it is found that the primary minerals in 

weathering or soil forming process are succeeding to secondary 

minerals, and secondary minerals provide a great deal of soil 

reaction Some surface sites, soil organic matter can form humus, 
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which is aromatic and aliphatic compounds with multiple 

functional groups. These functional groups make humus become 

the largest electronic source and proton source in soil chemical 

reaction, the strongest binding bond of metal and the coating 

(forming aggregates) on secondary minerals. This characteristic 

is for the maintenance and maintenance of nutrient ions and the 

inclusion of secondary minerals The supply and formation of 

soil buffer are very important (Viets FG, 1977; Luxmoore RJ, 

1992);  ④ In soil physics, the law of soil water movement is studied, and 

the concept of soil water energy is established to determine the 

best irrigation period and optimal irrigation amount of crops; it 

is found that soil aeration directly affects the oxygen diffusion 

rate and redox potential, It is related to soil structure, texture, 

pore property and water content, and the soil heat status has an 

important influence on the growth and development of plants, 

microbial activities, nutrient transformation and other processes 

(Viets FG, 1977; Luxmoore RJ, 1992; Halvin et al., 2005);  ⑤ In soil management, the paper puts forward solutions to the 

quality of cultivated land fertility under intensive management 

The principle and technical approaches of soil ripening, soil 

acidification, soil salinization, soil drought, nutrient imbalance 

and organic matter decrease are determined (Halvin et al., 2005); 
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 ⑥ Long term soil fertility test shows that the effect of organic 

fertilizer and Fertilizer on yield increase is the same under long-

term fertilization, but the application of organic fertilizer can 

obviously change the physical, chemical and biological 

characteristics of cultivated land, and under the same 

fertilization conditions, The yield of the crop can be obtained by 

rotation ratio. The effect of long-term fertilization on crop yield 

is higher than that of sufficient fertilizer in the current season 

(Viets FG, 1997; Stevens GN et al., 2006).  

At present, there are some difficulties in the research of the formation 

and evolution of cultivated land fertility.  

(1) The formation and evolution of cultivated land fertility is driven 

by environmental factors, human factors and soil properties. 

Even the same type of soil, due to different planting methods, 

fertilization habits and hydrothermal conditions, the formation 

and evolution of cultivated land fertility are very different. At 

present, it is urgent to establish models for soil forming process, 

soil properties and fertility status, and study the equilibrium 

points of soil pH and organic matter under intensive cultivation 

conditions to predict the evolution of cultivated land fertility. 

Because of the many factors affecting the formation and 

evolution of cultivated land fertility, it is difficult to deduce 

from point to surface through geographic information system, 

global positioning system and remote sensing technology.  
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(2) Soil biology is the frontier of soil fertility research and the most 

active research field. In the future, it is necessary to carry out the 

research on soil biodiversity and soil biological process related 

to the change of cultivated land fertility; to explore and utilize 

soil biogenic resources to improve the fertility of cultivated land; 

to study the role of Rhizosphere Microorganism and the role of 

microorganism in the nutrient cycle of farmland.  

(3) The formation and evolution of soil fertility are closely related 

to the chemical process of soil. The formation and 

transformation of soil minerals and humus should be studied by 

means of modern analytical technology (nuclear magnetic 

resonance technology and synchrotron radiation technology), the 

processes of nutrient adsorption desorption, precipitation 

dissolution, chelation of collaterals and choral, oxidation 

reduction and their relationship with nutrient bioavailability. 

(4) In terms of nutrient management, we must take the road of high 

yield, high quality, high efficiency and sustainable utilization of 

farmland. In order to cultivate the fertility of cultivated land, we 

should study the mechanism and ways of efficient utilization of 

nutrient resources, develop precise nutrient management 

technology and best management measures. In addition, long-

term soil fertility test spans a long time scale, records rich 

information of human activities and environmental changes, and 

is a valuable wealth with great scientific value. In the future, the 
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research on the formation and evolution of cultivated land 

fertility should continue to develop this huge scientific 

information base (Zhou Wei et al., 2011). 

The premise of analyzing crop response to nitrogen is to determine the 

content and redistribution of plant nitrogen. How much nitrogen is 

contained in plants and crops? In which plant tissues? What kind of 

physiological function? Therefore, based on the answers to these 

questions, it is possible to determine a critical plant nitrogen condition 

as the minimum plant nitrogen concentration that allows the 

maximum plant (or crop) growth rate. It has been proved that this 

critical plant nitrogen concentration decreases with the growth of the 

plant, which is due to the ontogenetic development of plant structure. 

As the plant grows larger, nitrogen compounds are diluted with the 

increase of the proportion of nitrogen free compounds. This process of 

nitrogen dilution can be described by a negative power relationship 

between plant nitrogen concentration and crop quality. This critical 

nitrogen dilution curve allows the distinction between nitrogen 

deficiency (below the curve) and nitrogen luxury consumption (above 

the curve). Therefore, we can calculate the nitrogen nutrition index 

(NNI) to quantify the nitrogen deficiency or nitrogen deficiency 

intensity at any stage of crop life cycle. This possibility of determining 

crop nitrogen status and quantifying nitrogen deficiency in terms of 

intensity or time allows a completely reversed approach: the problem 

is not crop response to nitrogen supply, but crop response to nitrogen 

deficiency. In this way, the check treatment is unrestricted under 
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nitrogen conditions, crop growth potential is limited only by genetics 

and climate. Therefore, a more general method can be used to study 

the effects of nitrogen deficiency intensity and time on the growth 

process and yield components of different plants. This new method of 

analyzing the effect of plant nitrogen nutrition on crop yield provides 

physiological, agronomic and genetic approaches for improving crop 

nitrogen use efficiency (Gilles Lemaire and François Gastal, 2019). 

In the world, nitrogen, together with water and phosphorus, is 

considered to be one of the most important factors limiting crop 

production. In the past 50 years, a large amount of mineral fertilizer 

has been used to produce enough food to meet the needs of the 

growing population (Angus JF,2001; Eikhout B et al., 2006). During 

this period, the supply of mineral nitrogen in the agricultural system 

increased sevenfold, and the agricultural grain production doubled. 

These large amounts of mineral nitrogen are provided by the industrial 

process of chemical reduction of atmospheric nitrogen, which has a 

high energy cost associated with a large amount of greenhouse gas 

emissions. In addition, the extensive use of nitrogen in intensive 

agricultural production systems has led to major environmental 

problems, such as freshwater eutrophication (London JG, 2005) and 

marine ecosystems (Beman JM et al., 2006), groundwater pollution, 

and gaseous emissions of nitrogen oxides and ammonia in the 

atmosphere (Ramos C, 1996; Stulen I et al., 1998). Therefore, issues 

related to sustainable development, global change, environmental 
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protection and global food security are questioning the use efficiency 

of nitrogen fertilizer in agricultural systems (Cassman KG, 2007). The 

relatively high product / fertilizer price ratio encourages farmers to 

apply excessive nitrogen fertilizer to avoid any limitation of crop 

nitrogen nutrition, thus affecting crop yield. These practices lead to 

the gradual increase of excess nitrogen accumulation in soil and the 

risk of nitrogen leaching, which has a serious impact on water quality 

(Addiscott TM et al., 2008). The use of more limited nitrogen 

fertilizer is a prerequisite for sustainable agricultural development. 

However, due to the unpredictability of climate change, soil nitrogen 

mineralization and crop growth potential are determined. Therefore, in 

order to reduce environmental hazards and optimize crop production, 

it is necessary to better understand the regulation mechanism of 

nitrogen absorption and effective utilization by crops from soil, so as 

to improve yield and quality. The purpose of this paper is to establish 

an overall framework of nitrogen economy (i.e. nitrogen absorption 

and distribution) and plant and crop growth regulation principles, and 

to develop tools to improve fertilization management and breeding 

strategies using these principles. First, we suggest that a new 

ecophysiological paradigm based on the response of plants and crops 

to nitrogen deficiency should replace the agronomic paradigm based 

on the response of crop yield to nitrogen supply. Therefore, we 

theoretically analyzed the relationship between nitrogen demand 

dynamics and growth potential of plants and crops in crop growth 

cycle, and proposed and discussed agronomic tools for evaluating 
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nitrogen status of crops. Secondly, we analyzed the physiological and 

morphological responses of plants and crops to nitrogen deficiency. In 

the last section, we will explore the concept of nitrogen use efficiency 

based on the principles previously developed (Gilles Lemaire and 

François Gastal, 2019). 

The response of plant and canopy leaf area to nitrogen deficiency is 

caused by the expansion of single leaf and the significant decrease of 

branching or tillering (Vos J et al., 2005). These authors suggest that 

in many species, nitrogen has little effect on the occurrence rate of 

leaves and the duration of single leaf expansion. The accumulation of 

non structural carbohydrates in nitrogen deficient leaves showed that 

carbohydrate supply was not the reason for the decrease of leaf area 

expansion under low nitrogen supply (Debaeke P et al., 2012). 

Nitrogen deficiency changed the rate of cell division and cell 

expansion, and the final cell length was almost unaffected (Trápani N 

et al., 1999). The response of crops to nitrogen deficiency is: (I) 

reducing leaf expansion, and then reducing crop leaf area index and 

light interception, and (II) reducing leaf nitrogen content per unit leaf 

area, and then reducing leaf photosynthetic capacity or both (Grindlay 

DJC,1997). These two types of responses represent a trade-off 

between resource capture and resource utilization efficiency. 

Lemaire et al. (2008) used the relationship between LAI and crop 

quality (W) in formula 10 to study the different response types of crop 

species to nitrogen deficiency (see Fig. 18). 
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Response of crops to nitrogen, Fig. 18 Comparison of response of maize and wheat 
to contrast nitrogen supply: open sign corresponds to unrestricted nitrogen, dark sign 
corresponds to restricted nitrogen, as shown in Fig. 18. a and d, in which the critical 
nitrogen uptake curve NC = a'Wc1-b of each plant was plotted. (b) and (e) represents 
the relationship between leaf area index (LAI) and W of two varieties, (c) and (f) 
represents the relationship between nitrogen uptake and leaf area index (redrawn by 
Lemaire et al., 2007) 
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It is a worldwide goal to improve the nitrogen utilization efficiency of 

main crop varieties. Nevertheless, as shown above, nitrogen utilization 

efficiency is a very complex variable, including a large number of 

elemental processes and some tradeoffs. A large number of literatures 

have reported the interaction between the NUE genotype and 

environment of different crop varieties. However, few allow NUEto 

be broken down in its three components: NRE, NCE and HI, thus 

avoiding a clear explanation of the differences between species and 

genotypes (Gilles Lemaire and François Gastal, 2019).  

Three important conclusions can be drawn:  

(1) with the increase of plant quality, the NRE and NEC increase 

due to the feedback control of nitrogen dilution process and 

plant growth rate on nitrogen absorption. Therefore, crops with 

high biomass will automatically have higher NRE and NCE than 

those with low biomass. Therefore, high yield breeding should 

be the direct result of high-yield breeding.  

(2) it is more interesting to select plants with higher NUE under 

similar crop quality. The variability of the critical N dilution 

curve between species is low (except C3 and C4), indicating that 

the intraspecies variability of the NCE may be low and does not 

represent the realistic goal of the breeding plan. However, the 

variation of the interspecific NRE seems to indicate that there 

should be intraspecies differences in the ability of crops to adapt 
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to their own nitrogen demand under low nitrogen supply 

conditions. It is a relative breeding tool to sort the ability of 

genotypes to maintain high NNI under low nitrogen condition.  

(3) For grain crops, nitrogen utilization efficiency not only depends 

on the ability of the crops to accumulate a large amount of 

nitrogen during flowering, but also depends on the effective 

transfer of carbon and nitrogen during grain filling. In order to 

determine the genetic control of these processes, a more detailed 

analysis is necessary (Thomas H and Ougham, 2014). However, 

these studies need to be well related to the identification of 

nitrogen status in flowering crops. In fact, the results of the 

comparison of the utilization ratio of nucleoside among 

genotypes reported in the literature mostly involve the increase 

of grain yield under the unit nitrogen supply, but there is no 

possibility of decomposition of nucleoside utilization, 

nucleoside utilization, nucleoside utilization, nucleoside 

utilization, nucleoside utilization, nucleoside utilization rate, etc. 

the possibility of decomposition of hi and non-use crops is not 

existed NNI is used as covariant to correctly explain observed 

differences (see Sadras and Lemaire., 2014: which part of the 

differences are explained by differences in crop quality or / or 

crop nitrogen status, which is corresponding to insignificant 

impacts, which is the result of intrinsic progress of NRE or NCE 

or HI? It is a worldwide goal to improve the nitrogen utilization 

efficiency of main crop varieties. Nevertheless, as shown above, 



CROP PRODUCTION and INFLUENCING FACTORS | 325 

 

 

 

nitrogen utilization efficiency is a very complex variable, 

including a large number of elemental processes and some 

tradeoffs. A large number of literatures have reported the 

interaction between the nue genotype and environment of 

different crop varieties. However, few allow nue to be broken 

down in its three components: NRE, NCE and HI, thus avoiding 

a clear explanation of the differences between species and 

genotypes. Three important conclusions can be drawn from the 

above methods: (1) with the increase of plant quality, the NRE 

and NCE increase due to the feedback control of nitrogen 

dilution process and plant growth rate on nitrogen absorption. 

Therefore, crops with high biomass will automatically have 

higher NRE and nce than those with low biomass. Therefore, 

high yield breeding should be the direct result of high-yield 

breeding. (II) it is more interesting to select plants with higher 

nue under similar crop quality. The variability of the critical N 

dilution curve between species is low (except C3 and C4), 

indicating that the intraspecies variability of the nce may be low 

and does not represent the realistic goal of the breeding plan. 

However, the variation of the interspecific NRE seems to 

indicate that there should be intraspecies differences in the 

ability of crops to adapt to their own nitrogen demand under low 

nitrogen supply conditions. It is a relative breeding tool to sort 

the ability of genotypes to maintain high NNI under low 
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nitrogen condition. （3） For grain crops, nitrogen utilization 

efficiency not only depends on the ability of the crops to 

accumulate a large amount of nitrogen during flowering, but 

also depends on the effective transfer of carbon and nitrogen 

during grain filling. In order to determine the genetic control of 

these processes, a more detailed analysis is necessary (Thomas 

H, Ougham H., 2014). 

In fact, most of the comparison results of nucleoside utilization rate 

among genotypes reported in the literature only involved the 

improvement of grain yield per unit nitrogen supply, but there was no 

possibility of decomposition of nucleoside utilization rate, nucleoside 

utilization rate, nucleoside utilization rate, nucleoside utilization rate, 

nucleoside utilization rate, nucleoside utilization rate, nucleoside 

utilization rate, nucleoside utilization rate, HI and no use of crop 

nitrogen NNI was used as a covariate to correctly explain the observed 

differences (see Sadras and Lemaire., 2014: which part of the 

differences were explained by differences in crop quality or / or crop 

nitrogen status, which part of the differences corresponded to 

insignificant effects, and which part of the differences were the results 

of internal progress of NRE or NCE or HI?. 

When analyzing the response of plants and crops to nitrogen 

deficiency, the first point to emphasize is that all basic processes must 

be integrated and extended to the whole plant and crop level. Nitrogen 

metabolism in plants is controlled by many physiological processes, 
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such as nitrate or ammonium transport through root cell membrane, 

nitrate reduction in roots and leaves, nitrogen fixation in legume 

nodules, ammonium assimilation and protein synthesis for new tissue 

synthesis. Each of these metabolic processes is regulated by a certain 

degree of genetic variation at the molecular level. However, when all 

these processes are integrated at the whole plant and crop level, the 

integrated regulation of nitrogen uptake and nitrogen use efficiency 

can be summarized by a limited number of general rules, for which 

interspecific variability is reduced. For example, regardless of the 

source of nitrogen, i.e. nitrate, ammonium or biological nitrogen 

fixation, the feedback control of nitrogen obtained through 

aboveground growth seems to be similar and controls the total 

nitrogen absorption capacity of plants, although the intrinsic capacity 

of nitrogen absorption per unit root area or root mass is different. 

Therefore, it seems that the genetic variation of nitrogen absorption 

capacity that may be observed at the cell or organ level has been 

"buffered" at the whole plant level, while at the whole plant level, the 

integrated feedback mechanism is playing a role. In addition, when 

expanding from a single plant to a plant population, light competition 

leads to isometric growth, which exerts strong regulation on nitrogen 

uptake dynamics at the crop level. Isometric growth and nitrogen 

dilution curve are new characteristics of plant population level, so 

they have little to do with molecular and genetic control. Therefore, 

the acquisition and distribution of nitrogen in vegetative period of 

crops are mainly controlled by the plant plant interaction of light 
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acquisition: the sharing of nitrogen between individual plants is 

parallel to the sharing of light. Therefore, any attempt to improve the 

ability of plants to obtain and utilize nitrogen in biomass production 

by controlling the genetic variation in some basic metabolic processes 

while ignoring the emergence characteristics of the whole integrated 

system is unsuccessful. To improve efficiency, genomic tools should 

be used within a more complete framework of plant and crop 

functions. The second conclusion discussed the possibility of 

improving crop nitrogen use efficiency through the application of 

comprehensive knowledge of crop breeding and agronomy. The 

primary goal of improving crop nitrogen use efficiency is to improve 

the ability of crop to absorb and accumulate nitrogen in soil. The 

ability of plants to absorb mineral soil nitrogen must be studied under 

low and high nitrogen conditions. As has been proved, under these 

two conditions, the nitrogen absorption efficiency of plants directly 

depends on their growth ability, which depends on (I) their own 

genetic potential, (II) external conditions such as soil and climate, (III) 

management technology, and (IV) the interaction between these three 

components. Therefore, improving crop growth capacity through 

breeding and crop management (such as irrigation, P, K, s fertilization 

and planting density) will improve nitrogen absorption efficiency. It is 

more important to improve nitrogen absorption capacity under similar 

crop quality. In this way, a certain yield can be obtained with less 

nitrogen fertilizer. This goal requires more effective root system (root 

length density) to improve the competitive ability of plants to use soil 
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mineral nitrogen against soil microorganisms and weeds. The 

cultivation of root structure is not easy, but some studies show that it 

is possible. In order to improve the root development of crops, it is 

necessary to conduct more in-depth experiments through soil tillage 

and soil structure maintenance, and to study the quantitative effects on 

the nitrogen absorption capacity of crops (Gilles Lemaire and François 

Gastal, 2019). 

Nitrogen application timing is an important way to improve crop 

nitrogen use efficiency and nitrogen use efficiency. Because the 

ability of nitrogen absorption of crops depends on the growth rate of 

crops to a great extent, it is the best time to apply nitrogen fertilizer 

before the acceleration of crop growth. Progress must be made in 

noninvasive and operational tools for rapid diagnosis of crop nitrogen 

status using NNI method. These tools can monitor the evolution of 

nitrogen status of plants during the whole growth period. For most 

crops, high response period or low response period can be determined 

by studying the effects of short-term nitrogen deficiency time and 

intensity on Yield and quality. This information can be incorporated 

into decision-making tools to reduce fertilizer supply and achieve 

target yields. It is not easy to cultivate plants to improve the nitrogen 

use efficiency of dry matter production (feed or energy crops), 

because in addition to the difference between C4 and C3 species, the 

similarity of critical nitrogen dilution curve also proves that there is no 

obvious interspecific difference. However, the harvest index and 
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nitrogen harvest index have great differences among genotypes, which 

may be different if yield and protein content are considered. 

Identifying the key elements in response to nitrogen deficiency from 

the perspective of grain development will provide us with more 

information about the local influence of whole plant nitrogen status on 

grain formation, grain development and grain filling. Because the 

nitrogen status of plant itself does not allow to determine the nitrogen 

status of reproductive meristem, it is necessary to establish more 

accurate models to describe the distribution and movement of nitrogen 

and carbon fluxes in plants, so as to consider the close relationship 

between nitrogen and carbon fluxes at the organ level (Gilles Lemaire 

and François Gastal, 2019). As described by Hammer et al., (2004), 

this will require collaboration between plant molecular physiologists, 

geneticists, agronomists, and bioinformatics experts. 

Cereals and legumes are widely cultivated all over the world. There is 

no doubt that they are important as feed and food sources, mainly as 

carbohydrate and protein sources. The yield of these crops can be 

defined as the product of the number of grains per unit area and the 

average grain weight. The source sink regulation of cereal crops 

showed that the key period of determining grain number mainly 

occurred before flowering, while the key period of temperate legumes 

occurred at grain filling stage. In temperate grains, it is generally 

believed that the grain weight is almost not limited by the source of 

assimilates during grain filling. On the other hand, in temperate 

legumes, there is much less information about the effects of source 
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sink regulation at grain filling stage. Determining the sensitivity of 

these yield components to source sink operations is essential for 

designing breeding and management strategies to maximize the yield 

of these crops (Patricio Sandaña and Daniel F. Calderini, 2019). 

The sensitivity of grain crops to source bank regulation was studied to 

evaluate the key phenological period of grain number determination 

and whether the yield was source limit or reservoir limit during filling 

period. These studies provide key information for establishing the 

concept and mathematical model of yield decision of staple crops, and 

provide useful tools for crop management and plant breeding. Cereals 

and cereals are widely grown around the world, and their importance 

as a source of feed and food is undoubtedly, mainly as a source of 

carbohydrates (cereals) and proteins (beans). Although in some 

countries, cereals are also important sources of protein, and beans 

have been recognized as the relevant source of micronutrients 

(Graham P and Vance C., 2003). 

Due to the differences in phenology and growth habits, there are 

important differences among these crop populations. In deterministic 

crops (e.g. temperate grains), it is generally assumed that the 

determination of grain number and grain weight after flowering has 

little overlap, while in semi deterministic and uncertain species (e.g. 

legumes), grain position extends after flowering. In the last group, 

when the upper node reached flowering stage, the basal node was 

already in pod stage. Therefore, in a long period of time, the yield and 
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grain number of legumes are more sensitive to the availability of 

assimilates than cereals. Although this hypothesis is important, few 

studies have evaluated the yield and component responses of 

temperate cereals and legumes to different source sink ratios in the 

same experiment. Therefore, the purpose of this entry is to assess the 

response of comparative crop groups (i.e., deterministic and semi 

deterministic / uncertain) to source sink manipulation in order to 

understand grain yield decisions and sensitivities. With regard to 

cereal and legume crops, including several species that grow in 

different seasons of the year, this article focuses on temperate stable 

food crops, such as wheat and peas, and complements this information 

with other representatives of these groups. It is also important to 

emphasize that, despite the great progress in scientific knowledge of 

source sink response and grain yield measurement, the understanding 

of different crops is significantly different, as there is much more 

research on temperate grains than on legumes. Therefore, in the 

absence of data, it is difficult to compare the yield responses of these 

crops and infer the research results from specific environments. 

However, the key responses found in different experiments are useful 

as tools for crop management and plant breeding of these species. It is 

necessary to consider the effect of the source sink ratio on crop 

development. After that, the sensitivity of temperate grains and 

legumes throughout the crop cycle will be analyzed (Patricio Sandaña 

and Daniel F. Calderini, 2019). 
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Wheat plant development includes three main stages: vegetative stage, 

reproductive stage and grain filling stage, as described by slafer et al. 

(1994). These stages are defined by sowing flowers, flowering and 

flowering physiological maturity (Fig. 19). At the sowing and 

flowering stage, only the leaf primordium was produced in the seed, 

and four leaves differentiated from the mother plant. After imbibition, 

the seed began to metabolize again, and the leaf primordium began to 

continue until the flower began to differentiate. During this period, 

two more leaves were differentiated. A reproductive morphological 

marker at the top is the first double ridge, which can only be seen after 

the beginning of flowering, so it is an indisputable fact that the plant 

has begun to reproduce. 

 

The relationship between source and sink of cereals and legumes is shown in Fig. 19 
The conceptual model of wheat growth and development shows sowing date (Sw), 
emergence stage (Em), flowering stage (FI), heading stage (Hd), flowering stage 
(An) and physiological maturity stage (PM). The box indicates the differentiation or 
growth period of some organs during vegetative, reproductive and filling periods. 
(adapted from Slafer GA and Rawson HM, 1994) 
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After the flower bud started, the spikelet primordium was developed 

at the apex, and then the flower bud started from the earliest one. The 

beginning stage of spikelet ends when the last spike (terminal spikelet) 

is developed in the meristem of the top of the main stem. At this stage, 

the maximum spikelets are fixed. From the center spikelet, the 

beginning of the flower continued to pass through the ear until it 

started. Anthers are visible outside the glume about a week to 10 days 

after heading, and this stage is called flowering. Floret fertilization 

occurs a few days before flowering. Different growth rates were 

reported according to the position of florets in the spikelets during the 

whole period of floret growth. The development rate of flowers near 

the axis is higher than that in the far position. Therefore, only fully 

developed flowers can fertilize when they bloom. Mirales and 

Richards believe that the availability of assimilates determines the 

mortality of florets. Once the fertile florets are fertilized, the grain 

filling phase begins. The characteristics of the seed collection and fall 

stage are that the grain development does not increase weight in 

essence, and is called the "lag period" of endosperm cell development. 

After the lag period, the effective filling period (linear period) 

occurred, and the dry matter accumulated rapidly in the form of seed 

reserve until the physiological maturity. Therefore, physiological 

maturity is the phenological stage indicating the end of the growth 

stage of the grain (Fig. 20). It is important to stress that the key to 

determine grain weight is also found in the pre flowering stage of 

wheat, and the upper limit of wheat characters (Calderini DF et al., 
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1999. This period also has important significance for the grain weight 

potential of other crop varieties such as barley, sorghum and rye 

(Ugarte C et al., 2007; Lindström LI et al., 2006; Scott RW et al., 

1983; Yang Z et al., 2009). These reports show that the overlap 

between grain number and grain weight is larger than generally 

thought, indicating that flowering is not a critical period for grain 

quantity and grain weight even in crops such as grain. 

The evaluation of crop response to different source to sink ratio is a 

powerful tool to understand the key phenological period of crop yield 

decision and to develop management and breeding strategies. The 

temperate grain and legume crops are very sensitive to the source 

around the flowering period, which has a great influence on the final 

grain yield. Among these groups, grain production is limited by 

assimilation sources and soil and climate factors (flowering) that 

affect the source. However, in temperate cereal crops, higher 

sensitivity is before flowering, while in cereals such as peas and lupin 

beans, after this phenological period. Therefore, management aimed at 

improving food production should focus on these stages based on each 

group and how crops reach these stages. Differences between the 

same group of crops also affect the most sensitive time, such as two 

lines of barley and wheat (Patricio Sandaña and Daniel F. Calderini, 

2019). 
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Nutrient and root development 

It is well known that plant response to nitrogen and phosphorus 

deficiency is achieved by increasing RMR due to the functional 

balance between root and shoot growth (Robinson D, 2001). Crop 

roots are plastic and can utilize the uneven distribution of nutrient 

patches in the soil by multiplying roots (Robinson D et al., 1999). For 

example, the response of wheat to water and fertilizer was observed 

within 24 hours of applying water and fertilizer (Jackson RB et al., 

1989). Generally, there is a strong correlation between root length and 

phosphorus uptake. Therefore, it is relatively simple to use "foraging" 

response to explain root proliferation in phosphorus rich patches. The 

response of root system to patches rich in nitrogen and phosphorus in 

soil includes increasing the production of lateral roots and increasing 

nutrient inflow into patches (absorption rate per unit root length) 

(Robinson D, 2001). Nitrate uptake from nitrogen rich soil can adapt 

to the imbalance of nitrate supply in the whole root system. The 

number and elongation of primary and secondary lateral roots were 

increased by local nitrogen application (97%). Drew and Saker (Drew 

MC, Saker LR,1975, 1978 and 1998) proved that barley has a strong 

response to N and P. Zhang and Forde (Zhang HM and Forde BG, 

1998) proved that in Arabidopsis thaliana, the extension of lateral 

roots in nitrate rich patches is controlled by heredity. Because 

irrigation and nitrogen fertilizer can lead to root proliferation in 

topsoil (Robinson D, 1994), the availability distribution of these 

resources in the early stage of crop growth may change the relative 
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distribution of roots with depth (b) at flowering. For two barley 

varieties grown in Mediterranean field conditions, the RMR under low 

nitrogen and phosphorus supply increased (Brown SC et al., 1987) 

compared with the control treatment with sufficient nitrogen and 

phosphorus supply. Herrera et al. (2005) showed that high nitrogen 

supply increased the number of roots in wheat, and root formation 

stopped earlier when nitrogen was limited. Barraclough et al. (1989) 

observed the increase of RMR under low nitrogen supply in the field 

experiment of nitrogen x drought of Winter Wheat in England. The 

effects of Nitrogen Application on SRL were not consistent. SRL of 

different species had increasing, decreasing or neutral effects (Ryser P 

and Lambers H, 1995). Field trials of Jordanian spring barley and 

durum wheat showed that the response of SRL to three different 

nitrogen levels was inconsistent (Ebrahim NM, 2008). Under rain fed 

condition, SRL of durum wheat increased with the increase of 

nitrogen application rate, while that of spring barley was on the 

contrary. In the field, there are few studies on the effects of Nitrogen 

Application on SRL and its components. In addition, it was observed 

that nitrogen application increased the average root diameter of cereal 

crops, but decreased RW: RV (Zhu J et al., 2011 ). Intuitively, thinner 

roots facilitate access to soil resources, although there may be trade-

offs with other root functions such as anchoring, supporting, and 

transportation (Fitter AH, 1996). Fig. 20 summarizes the relationship 

between these root traits and resource capture. In addition, it has been 

reported that the effect of root diameter on resource capture has been 
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shown to be highly correlated with plant dry matter (Hetrick BAD et 

al., 1988; Ryser P, 1998) and vessel diameter. These main root traits 

may be affected by abiotic stress during the rapid growth and 

expansion stage of root system before flowering, thus affecting the 

resource capture during seed filling. 

 

The absorption of water and nutrients by roots, Fig. 20 the relationship between 
these root traits and resource capture (from: P. Carvalho and M. J. Foulkes, 2019) 
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Root traits and resource capture 

The main root characteristics to improve the capture of underground 

resources were root morphology (root axis number, root depth, root 

length density), root elongation, root longevity and root function in 

root length (Doussan C, et al., 2003; Palta J and Watt M, 2009; 

Foulkes MJ, et al., 2009). 

There is no doubt that water is important to plants because it has many 

physiological and structural functions. The levels all account for 80 – 

90% of the fresh weight of herbs, providing a continuous liquid phase 

in which gases, minerals and other solutes enter cells, move from one 

cell to another, and move within different plant organs (Kramer PJ, 

Boyer JS, 1995). Water is the reactant or substrate of most plant 

biochemical reactions (such as photosynthesis). It maintains the 

expansion of plants, which is necessary for cell growth, expansion, 

formation and movement of various plant structures, such as stomatal 

opening (Gregory PJ, 2006). Crop production is closely related to 

water consumption. Therefore, it is very important to maintain 

uninterrupted water supply to leaves for yield maximization. Water 

capture is closely related to root size, which is usually measured by 

surface area, volume or length. According to van Noordwijk's (Van 

Noordwijk,1983) theoretical model, the water uptake rate of plants is 

mainly limited by the migration of soil to root soil root interface. 
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Therefore, the root density measured by unit soil volume length (root 

length density: RLD, cm cm-3) is the most suitable parameter to 

describe the water absorption of plant roots. More productive roots 

can capture water more effectively than sparse roots, but the 

competition between roots sets a natural upper limit for the optimal 

RLD of cereal crops. Beyond this upper limit, further increase will 

lead to excessive roots, and roots have no measurable effect on water 

absorption (Van Noordwijk,1983). The critical RLD (CRLD) of water 

absorption predicted by theoretical calculation is about 1cm cm-3. This 

figure is generally consistent with the water absorption values 

reported by Gregory and brown (Gregory PJ and Brown SC, 1989) 

and Barraclough et al. (Barraclough PB, et al., 1989), who show that 

the RLD of 1 cm cm-3 is related to the extraction of all available water 

from spring barley and winter wheat. However, for upland rice, CRLD 

values were reported to range from 1.5 to 1.6 cm cm-3 (Lilley JM, et 

al., 1994; Pantuwan G, et al., 1997) and as low as 0.30 cm cm- 3 

(Siopongco J, 2005) under controlled environmental conditions. The 

distribution of RLD with depth mainly depends on growth time 

(residence time in topsoil is longer than that in subsoil), soil porosity 

and strength, and water availability (Barraclough PB, 1991). The root 

length density of wheat is usually lower than the critical root density 

of ca. 80 cm (Ford KE, 2005) in soil depth, which is about 1 cm cm-3. 

A simulation study concluded that relatively deep root distribution in 

the soil profile and reduced SRL would lead to greater water capture 

and yield at low water use efficiency (King J, 2003). Experimental 
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evidence also supports a relatively deep root distribution strategy to 

improve water capture under drought conditions. Compared with the 

recurrent parent (Reynolds M et al., 2007), the water absorption of the 

synthetic derived wheat lines increased, which was related to the 

relatively deep root distribution. Compared with the control variety 

Hartog (Christopher JT, 2008), the drought resistance of spring wheat 

SeriM82 was related to the relatively deep root distribution. Other root 

traits favorable for promoting water uptake included increased root 

longevity and root osmotic capacity after anthesis (Bengough AG, 

Bransby, 2006), although there was relatively little information on the 

genetic variation of these traits in cereals. In several crops, the steeper 

root angle is related to drought tolerance. A strong correlation 

between root angle and drought tolerance was observed in Rice (Kato 

Y et al., 2006). The high expression of DRO1 gene in rice is related to 

the increase of root bending by changing auxin distribution, which 

leads to the increase of yield under drought stress (Uga Y et al., 2011). 

The seed roots of drought tolerant wheat varieties grow in narrow 

angle and deep into the soil. In Australia (Manscadi A et al., 2010), 

the larger the vertical angle of wheat seedling root, the more the 

number of root, which is related to the closer and deeper the root 

system. The root angle of Japanese Winter Wheat Varieties in the 

controlled environment was related to their vertical root distribution in 

the field (Olivares et al., 2007). Studies on Maize also showed that in 

the United States and South Africa, steeper root angles were 

associated with increased rooting depth in low nitrogen environments 
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(Oyanagi A et al., 1993). In addition, it is also important that the root 

angles of rice (Lynch JP, 2013), wheat (Manscadi A et al., 2008) and 

maize (Lynch JP, 2013) are steeper under drought conditions. In order 

to optimize the root system of rice under waterlogged condition, the 

complex interaction between internal aeration adaptation and effective 

nutrient acquisition adaptation must be considered. A model 

developed by Kirk (2003) provides a consistent representation of rice 

roots in submerged soils and predicts a system consisting of coarse. 

Aerated primary roots whose impermeable walls conduct oxygen to 

short, fine, and aerated lateral branches, providing the best 

compromise between the need for internal ventilation and the need for 

ventilation, and the maximum possible absorption surface per unit root 

mass. 

Water and nutrient absorption should be considered together, as 

nutrients reduce dryness as soil is lost. Nitrate profile is easy to be 

leached, so rooting depth is an important index of soil nitrogen 

acquisition. For a long time, due to its high mobility in soil, nitrogen 

supply is considered to be independent of root characteristics. It is 

assumed that only material flow and diffusion are the related 

mechanisms of plant nitrogen absorption (Herrera JM et al., 2005). 

The role of crop root system in nitrogen absorption is still a 

controversial topic. Robinson et al., 1991) showed that only 4-11% of 

root length was involved in nitrogen absorption. On the other hand, 

the results of 15 N labeling tests on Wheat by Palta and Watt (2009) 

showed that at 0.2m at the top of soil profile, the active roots absorbed 
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about 60% n compared with the non active roots. In addition, positive 

correlation between nitrate and water absorption and root long density 

was found in Maize (Cooper PJM et al., 1987) and some captured crop 

species (Thorup-Kristensen K, 1993). These studies show that the 

higher the root length density, the better the nitrogen absorption effect. 

The low availability of nitrate limits the growth of plants. However, 

the lower nitrate availability has a relatively small effect on the 

elongation of primary and lateral roots and does not prevent roots 

from reaching the deep layer of the soil profile (Linkhor BI, et al., 

2002). Usually the ratio of root to crown increases. It is reported that 

the rooting depth of maize genotypes with low crown root number 

increased by 45%, and nitrogen absorption increased (Saengwilai P et 

al., 2014). The biggest difference of nitrogen acquisition among 

genotypes of cereals lies in deep layer, which emphasizes the 

importance of deep root system for more effective nitrogen acquisition. 

In addition, some studies have shown that the capture of nitrate 

depends on the response capacity of root to the supply of space-time 

nitrogen (Robinson D, 2001). The absorption capacity of nitrogen 

mainly depends on the relationship between nitrate content and root 

morphology in soil. Nitrate is supplied to the root system through 

mass flow (ions carried in transpiration flow) and diffusion (ions 

move down the concentration gradient, through a large amount of soil 

water or along the water film around the particles). About 50% of 

nitrogen absorbed by wheat crops can be transported through mass 

flow (Gregory PJ et al., 1979). As for water absorption, the 
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competition between roots sets a natural upper limit for the best RLD 

of nitrogen absorption of cereal crops,which is about 1 cm cm-3 

(Robinson D et al., 1999). 

RLD distribution with depth is mainly determined by growth time, 

including the retention time of topsoil is longer than that of subsoil, 

soil porosity and strength, and the availability of nutrients and water 

(Barraclough PB et al., 1991). King et al. (2003) concluded that under 

low nitrogen availability, the relative deep distribution of root system 

in soil profile and the increase of SRL will bring more nitrogen 

capture and yield. Similar to water absorption, the root characters 

which are beneficial to nitrogen capture include prolonging root life 

after flower and enhancing root permeability (Bengough AG et al., 

2006), although the genetic variation information of these characters is 

relatively small. Barraclough et al. (1989) found that water absorption 

increased with the increase of N due to the decrease of soil 

evaporation due to higher RLD and higher ground cover in the field 

experiment of N x drought of Winter Wheat in the UK. The positive 

correlation between nitrogen capture and RLD was also found in 

Maize  (Wiesler F, Horst, 1993) and hard grain wheat and barley 

(Ebrahim NM, 2008) Responses of root and shoot growth of durum 

wheat (Triticum turgidum L. var durum) and barley (Hordeum vulgare 

L.) plants to different water and nitrogen levels. Although higher 

nitrogen supply usually increases the total rld and N absorption of 

crops, this usually results in a reduction in N absorption efficiency 

(crop N absorption / N availability) (Cabrera et al., 2007), which leads 
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to a potentially greater loss of nitrate to the environment. A recent 

simulation study has shown that higher rld and deeper rooting depth 

will reduce the residual nitrate in highly leached soil (Dunbabin V et 

al., 2003). Forde and Clarkson (1999) concluded that there was no 

strong evidence that the root system's ability to absorb nitrate or 

ammonium ions changed significantly with age. 

Nutrient uptake may also be affected by root membrane transport 

system. Recent studies have shown that there is a balance between the 

active uptake of nitrate by the plasma membrane and the net uptake of 

nitrate by the cell. Two different gene families of nitrate transporters, 

nrt1 and nrt2, have been identified (Forde and Clarkson,1999) (in 

Arabidopsis genome). Some members of the nrt1 and nrt2 gene 

families are nitrate induced, expressed in root epidermis and root hairs, 

and may be responsible for nitrate uptake from soil (e.g., Lauter FR, 

Ninnemann et al., 1996). If Arabidopsis root screening can adapt to 

the larger and different structure of wheat roots, then in the long run, 

there is still a prospect to transfer these information to wheat to 

improve nitrogen uptake efficiency (UPE). A broad review of this area 

is beyond the scope of this document. Fortunately, there are excellent 

reviews in this subject area (Bucher M, 2007). The root length may be 

more important for the absorption of relatively fixed ions such as 

phosphate (Gregory PJ, 1994) than nitrate. However, some studies 

have found that the uptake rate of phosphate, calcium and potassium 

from solution has little relationship with root length, which may be 
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because root length is significant only when the uptake of these 

nutrients is limited. The special properties of each nutrient in soil 

impose different rld requirements on its effective absorption. For 

example, due to the low mobility of phosphorus (P) in soil, a higher 

RLD (about 10 cm3) is required for available phosphorus uptake than 

for water and / or nitrogen. High plant cycle, coupled with low 

mobility, leads to the accumulation of phosphorus in topsoil. In order 

to effectively obtain phosphorus from the soil, shallow roots are 

needed in the topsoil (Lynch JP, Brown KM, 2001). The RSA 

response of Arabidopsis to phosphorus deficiency was characterized 

by increased lateral root and root hair yields ( Zhu J and Lynch JP, 

2004). The study of a barley mutant without root hair showed that 

compared with the wild type (Gahoonia TS et al., 2001), the uptake of 

phosphorus was reduced by 50%. Under the condition of low 

phosphorus, barley varieties with long root hair can maintain higher 

yield, while barley varieties with short root hair have much lower 

yield (Gahoonia TS, Nielsen NE, 2004). Some studies have shown 

that strigolactones are key regulators of root and shoot responses to 

available phosphorus levels (Ruyter-Spira C et al., 2011). When 

phosphate was sufficient, strigolactones inhibited lateral root 

emergence and elongation, and promoted primary root elongation 

(Matthys C et al., 2016). When phosphate was depleted, the opposite 

was observed (Ruyter-Spira C et al., 2011). In addition to the length 

and number of roots, the angle of roots also determines whether the 

roots are shallow or deep. Under the condition of low phosphorus, 
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gravitropism may hinder the development of shallow roots, which is 

an ideal choice for surface soil foraging. In common bean, the 

development of shallow roots depends on the ability to adjust the 

gravity drift angle (Bonser AM et al., 1995). With regard to the carbon 

cost of roots, it seems that there is only limited capacity to reduce the 

root allocation of cereal crops with high yield potential at flowering 

stage to about 10% lower than the current level due to the trade-off 

between water and nitrogen capture required for future biomass 

growth. However, while maintaining RMR, deeper root relative 

distribution may be part of the ideal type to maximize yield in future 

breeding programs. 

Hydrophilicity and hydrophilicity are also crucial. Although soil 

moisture has a strong vertical distribution pattern, the heterogeneity of 

soil moisture exists, and the sensing of available moisture is very 

important for the optimal water absorption. Studies have shown that 

plants can partially inhibit gravitropism and water growth, which is 

known as the water response (see Eapen D et al., 2005). Arabidopsis 

thaliana can change its taproot growth from low osmotic potential to 

low water use (Takahashi N et al., 2002). Similar water driven 

hydrophilic reactions were observed in maize (Takahashi H et al., 

1991), cucumber (Mizuno H et al., 2002) and pea (Takahashi H, Suge 

H,1991). Auxin distribution, driven by polar auxin transport, plays a 

central role in regulating the bending of plant organs and the response 

to gravity (Shkolnik D et al., 2016) Hydrotropism: root bending does 
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not require auxin redistribution. Mol Plant 9:757–759 Hydrotropism: 

root bending does not require auxin redistribution. Mol Plant 9:757–

759 (Shkolnik D, Kreiger G, Nuriel R, Fromm H, 2016). It has been 

proved that Arabidopsis roots can distinguish between wet and dry 

surfaces, and selectively facilitate the development of roots in these 

wet places, rather than in dry places (Bao Y et al., 2014). These moist 

surfaces determine the location of new lateral root forming cells. Deak 

and malamy (2005) have shown that the development rate of lateral 

root primordia under dry conditions is similar to that under control 

conditions. These primordia can then be rapidly induced in high water 

use efficiency areas. The combination of the formation and 

appearance of primordia leads to specific root proliferation in the area 

with high water use efficiency, which is called waterization. This 

process seems to have nothing to do with the main drought stress 

hormone ABA (Bao Y et al., 2014). Further research on this new topic 

is needed to provide more knowledge about how plant roots perceive 

water and regulate RSA (Koevoets IT et al., 2016). 

Genetic analysis of rooting traits  

Root traits are considered to be complex and controlled by multiple 

genes. The genetic effect of each gene is very small. The genetic loci 

that regulate these traits are called quantitative trait loci (QTLs) 

(Sharma S et al., 2011). 29 1BS-1RS recombinants were obtained by 

crossing Pavon-76 × Pavon-1RS.1BL in bread wheat. A high-

resolution chromosome arm specific mapping population was 

constructed to detect QTLs (Sharma S et al., 2011) for different root 
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traits on short arm of rye chromosome 1. A total of 15 QTL effects 

were detected for different root length and root weight traits in 1RS 

wheat, including 6 additive effects and 9 epistatic effects. Bai et al. 

(2013) studied QTLs for root morphology and seedling traits in 199 

lines of a winter wheat double haploid population crossed by Avalon 

and cadenza. The QTLs of root traits on chromosome 2D and 4D were 

consistent with the plant height measured in the field. In addition, 

these authors also reported that near isogenic lines (NILs) of semi 

dwarf and Dwarf Winter Wheat reduced root length (Rht-B1c, Rht-

D1c, Rht-8c and Rht12) and root dry weight (Rht-D1b, rht-B1c, Rht-

D1c and Rht12) compared with high control (RHT). Atkinson et al. 

(2015) identified 29 QTLs for root traits of Winter Wheat Seedlings 

by investigating 94 lines from a double haploid population crossed by 

Savannah and Rialto. Two root QTLs were co-located with yield and 

nitrogen uptake QTLs on chromosome 2B and 7D, respectively. It is 

also reported that there is a major gene on chromosome 6D that 

regulates root activity / growth of seedlings. In rice, many QTLs were 

analyzed for root morphological traits (maximum length, thickness, 

volume, distribution, etc.) of different mapping populations (see Price 

et al., 2002; Courtois et al., 2009); Mai et al. (2014) QTL of root 

penetrating ability was related to QTL of root thickening or 

lengthening (Ray JD et l., 1996; Price AH et al., 2000). QTL of basal 

root thickness was related to yield in dry land, but not in wet lowland 

(Liu H et al., 2005). Using the development process of NILs 

introduced by different background QTLs, fine mapping of QTLs was 
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carried out in rice with the aim of mapping and cloning (Steele KA et 

al., 2006). The first QTL cloned for rice is phosphorus uptake 1 

(PUP1), which is a QTL for phosphorus uptake in low phosphorus soil. 

The gene under QTL, later known as phosphorus starvation tolerance 

1 (PSTOL1), was cloned and appears to encode a receptor like 

cytoplasmic kinase (Gamuyao R et al., 2012 ). Another cloned gene 

related to root development QTL in rice is deep root 1 (DRO1), which 

controls root growth angle and enhances deep root development (Uga 

Y et al., 2011). DRO1 encodes an unknown protein related to the 

lemma. More generally, the genetic control of grain root traits was 

reviewed, with emphasis on drought resistance (Coudert Y et al., 

2013). In sorghum, maize and rice, the association between root angle 

and deep rooting system has been confirmed. Recently, many QTLs 

(Palta J and Watt M, 2009) showing interspecific homology have been 

reported. Two root hair elongation genes, RTH1 and RTH3, were 

found in maize, which may be valuable for genetic improvement 

(Hochholdinger F, Tuberosa R, 2009). In maize, nodal root formation 

is controlled by a single gene WOX11, an auxin and cytokinin 

induced transcription factor (Zhao Y et al., 2009). 

However, the current research on the efficient utilization of crop 

nutrients still has the following difficulties: 

1. Nutrient signal transduction and its regulation. When nutrient 

deficiency occurs, the morphological configuration, 

physiological and biochemical reactions and the expression of 

transporter genes of crop roots will change significantly. The 
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acceptance, conduction and chain level of nutrient signal are 

increasingly revealed. For example, it was found that the 

tendency of Arabidopsis lateral root elongation to nitrate 

nitrogen was regulated by NO-
3 signal. Nitrogen deficiency 

signal in rhizosphere induced lateral root elongation, while high 

level of nitrogen in vivo inhibited lateral root elongation (Zhang 

HM et al., 1998). This inhibition may be achieved through ABA 

signal pathway (Signora L et al., 2009). However, the key 

problems of crop nutrient signal receptor, transmission pathway 

and the node and regulatory system of its interaction with 

hormone signal have not been solved. Revealing these key 

issues is the basis of exploring the adaptive mechanism of 

nutrient signal regulating crop nutrient use efficiency, and also 

the focus of research in this field at home and abroad.  

2. Adaptive molecular mechanism of root morphology in response 

to nutrient stress. Plant has formed a mechanism of root 

development in the long-term evolution process to adapt to 

nutrient stress. The adaptability of root system, such as the 

change of three-dimensional structure of root system, the 

extension of lateral root and the increase of root hair density, 

expand the capacity of the inter root nutrient bank. İmprove the 

ability of activating rhizosphere nutrients, and increase the 

efficiency of plant to soil nutrient absorption and utilization. 

However, because of the complexity of root morphology and 
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difficult to observe and measure in situ, quantitative research on 

the parameters of root morphology and its molecular mechanism 

of development has been one of the difficulties in the research of 

root biology in the world.  

3. The molecular mechanism of soil nutrient activation and 

absorption and transport crops will induce the release of protons, 

organic acids and hydrolase secretion to the rhizosphere soil to 

activate insoluble nutrients when the crops are under nutrient 

stress. At the same time, these activated nutrients are absorbed 

and transported into the cells through the highly affinity 

transporter expressed specifically. The results show that there 

are many different gene families or members in the absorption 

and transport of a nutrient ion, such as Pht1, Pht2 and Pht3, and 

11 genes (Pht1; 1-Pht1; 11) in the Pht1 family of rice, and most 

of them are in It was induced or enhanced expression under P 

deficiency stress (Ai PH et al., 2009). The difficulties and key 

points of the present study are the transcription factors 

regulating the expression of transporters, the interaction 

mechanism between different transporters, and the coupling 

between soil nutrient activation and absorption and transport. It 

is of great theoretical and practical significance to reveal these 

molecular mechanisms, clone important functional genes and 

regulatory factors related to the genetic improvement of crop 

nutrition.  
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4. The ultimate goal of nutrient efficiency is that the highest dry 

matter and grain yield can be formed by the nutrients absorbed 

by crops. Therefore, the nutrient in the object should play its 

physiological role in order to achieve the high efficiency and 

high yield. However, there is a lack of understanding about the 

molecular mechanism of high-efficiency metabolism of 

nutrients and how to participate in the formation of crop yield, 

because it involves not only complex nutrient metabolism 

network and its interaction with photosynthetic carbon 

assimilation and energy metabolism (Wu P et al., 2003), but also 

the redistribution of photosynthetic products to grains. Therefore, 

it is difficult to reveal the molecular mechanism of the 

relationship between high efficiency and high yield of nutrients. 

The relationship between crop quality and yield is complex. Protein 

content is one of the most closely related indexes with quality. When 

the yield level is low, the correlation between yield and grain protein 

content is not obvious. With the increase of yield, the negative 

correlation between yield and protein content gradually showed. For 

example, the critical value of the relationship between protein content 

and yield of wheat grain is 15% - 16%. When the value is lower than 

this value, the contradiction between grain yield and protein content is 

not significant, and higher than this value, the contradiction between 

grain yield and protein content is obvious. The negative correlation 

between protein content and yield is related to two factors: one is 
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breeding goal, crop breeding pays more attention to high yield, which 

leads to the high yield and high quality of the cultivated varieties can 

not be coordinated; the second is the cultivation target. For a long time, 

crop cultivation has been high-yield cultivation, cultivation research 

and technological innovation are closely around the high-yield target. 

The results show that the negative correlation between yield and 

protein content is mainly related to three factors. 

First, the combination of high-yield varieties and high-yield 

cultivation technology makes the production accumulation of 

photosynthetic products and the proportion of distribution to grain 

increase significantly, which can dilute the egg white content of seeds. 

The second is that there are two metabolic pathways of carbon and 

nitrogen in the process of grain development. The relative activity of 

starch synthesis related enzymes and protein synthesis related 

enzymes in the process of grain development affects the trend of 

photosynthetic carbon, thus affecting the synthesis and accumulation 

of starch and protein in grains and their proportion. Third, the first is 

high-yield cultivation The common point is that the high 

photosynthetic rate of the population in the yield formation period 

lasts for a long time, the plant aging is delayed, and the nitrogen 

transfer from stem and leaf sheath to the grain is reduced. The quality 

of crops is not only determined by the protein content of grain, but 

also directly or indirectly related to the protein components, HMW GS 

composition, GMP quantity proportion, amylose content, ratio to 

amylopectin, starch type and particle size distribution. In addition, the 
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quality requirements of different crop products are different, which 

makes the relationship between crop yield and these factors more 

complex(Wang Zhenxi, 2011). 

Problems needed to be studied in the synergetic improvement of crop 

yield and quality: 

(1) The yield, protein content and quality of crops were improved 

synergistically. High and super-high yield of crops are often 

accompanied by the decrease of grain protein content, the 

accumulation of protein components, HMW, GS and GMP, and 

the deterioration of quality. It is an important problem to study 

the mechanism and way of yield, protein content and quality. (2) 

The high yield of crops is related to the improvement of starch 

components and starch particle size distribution. The content 

and proportion of amylopectin and amylopectin in grains and the 

distribution of starch grains were closely related to the 

processing quality. The composition of starch components and 

the morphology of starch grains were different at different 

stages of grain development. Under the condition of high yield 

and super high yield, the mechanism of starch composition and 

starch grain morphology and its cultivation regulation are the 

important problems to be studied (Wang Zhenxi, 2011). 
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The difficulties of crop yield and quality improvement are:  

1) Physiological mechanism and regulation of the relationship 

between starch formation and protein formation under the 

condition of high and super-high yield;  

2) Physiological mechanism and regulation of grain protein 

composition, GMP formation and particle size distribution, 

starch particle size distribution caused by high yield;  

3) Cultivation theory and way of crop yield and quality 

improvement; 

4) The relationship between global climate change and biological 

disasters (Wang Zhenlin, 2011). 

 

Soil, plant and atmosphere  

Soil, plants and atmosphere are connected by energy and matter flows 

including water and carbon (Baldocchi et al., 2001). Plant 

photosynthesis and a series of complex supporting physiological 

processes are the driving forces of these exchange processes, 

including the absorption of atmospheric carbon and storage in 

ecosystems, as well as the extraction and release of water from soil to 

the atmosphere (Lambers et al., 2008). Therefore, vegetation is an 

important and highly dynamic component of the carbon and water 

cycle (Reichstein et al., 2013). Driven by soil water availability and 

atmospheric water demand, water flows continuously in the soil plant 

atmosphere continuum (SPAC) (Asbjornsen et al., 2011). However, in 

the growing season, only about 1% of the water extracted from soil is 
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used for plant growth; the rest of the water is released into the 

atmosphere through plant transpiration, which is an inevitable by-

product of carbon exchange through stomata (Green et al., 2017; 

Nobel, 2009; Reichstein et al., 2013). Evapotranspiration is the 

general term of water flux from terrestrial ecosystem to atmosphere, 

which is the sum of plant transpiration and soil and plant surface water 

evaporation. In Vegetation Ecosystems, transpiration is the largest 

component of evapotranspiration, with a contribution rate of 90% 

(Jasechko et al., 2013). In addition to its role in water cycle dynamics, 

vegetation also responds to changing water availability: water embeds 

into cells, transports nutrients, provides structural support (expansion), 

supports plant movement, and stabilizes temperature. Small changes 

in water use efficiency may lead to functional responses of plants 

(Nobel, 2009). The dual role of vegetation in driving and responding 

to water cycle dynamics determines that Vegetation Ecosystems cause 

a number of interactions and feedback in the earth (Richardson et al., 

2013; Seneviratne et al., 2010; Suni et al., 2015). The water potential 

gradient of the whole spac provides physical forces for roots to absorb 

soil water, transport water to leaves through plant xylem, and release 

water to atmosphere through stomata (Norman and Anderson, 2005). 

Therefore, plant water relationship (i.e. storage and flow of plant 

water) is highly dependent on soil water content and atmospheric 

water vapor deficit. Therefore, through a complex feedback 

mechanism, the relationship between plants and water is expected to 

change with environmental changes (i.e., changes in temperature and 
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precipitation patterns, increase in aerosol emissions and increase in 

atmospheric CO2 concentration). For example, increasing the 

concentration of carbon dioxide in the atmosphere promotes plant 

photosynthesis and may change the exchange of carbon and water in 

Vegetation Ecosystems (Nobel, 2009). With the increase of CO2 

concentration, the decrease of stomatal density of C3 plants may lead 

to the decrease of transpiration rate (Lammertsma et al., 2011). This 

development may also affect plant diversity in ecosystems as plants 

adapt to or migrate to species communities that are more resistant to 

changing environmental conditions, and the underlying relationship 

between plant diversity and ecosystem functions determines the strong 

feedback of biogeochemical cycles (Hooper et al., 2012; Hooper et al., 

2005). Although the future trajectory of plant development is still 

unknown, they may have physiological feedback on Hydrology 

(Lammertsma et al., 2011). 

Soil plant atmosphere system (SPAS) or soil plant atmosphere 

continuum (SPAC) is an organic whole composed of soil, plant and 

atmosphere. As early as 1948, Korner et al Soil, plants and 

atmosphere should be studied as a continuum. In 1965, Cowan, a 

British scholar, considered that soil, plant and atmosphere should be 

regarded as a continuous whole when he studied the water transport in 

soil, and put forward the concept of soil singing plant singing 

atmosphere system. In 1966, Philip, a famous Australian hydrologist 

and soil physicist, formally put forward the concept of soil singing, 

plant singing and atmospheric continuum. At present, it has become a 
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consensus and an important development trend to study the organic 

relationship of soil, plant and atmosphere as an objective entity 

(Vitousek, 1997). 

In order to reveal the complex feedback and interaction of plant water 

relationship and environmental change, it is necessary to better 

understand the impact of vegetation on water cycle and its dependence 

on the availability of water resources. Nobel (2009) pointed out the 

wealth of interactive, sometimes compensatory factors. Although our 

understanding of plants and ecosystems is still limited, all of these 

factors must be taken into account to promote our understanding of 

the plant water relationship. Therefore, strategies for assessing plant 

water relationships across scales ideally include the use of models and 

observations. However, the model always simplifies the reality and 

may be biased due to the parameterization calibrated with field 

observations (Waring and Landsberg, 2011). Useful observations of 

plant water relationships are always local and expensive; large scale 

observations are emerging, but not mature enough. Penuelas et al. 

(1996) pointed out that our assessment of plant water status is still 

based on the measurement of relative water content, water potential or 

transpiration, while accurate measurement can only be carried out at 

the leaf level; their rise to the ecosystem level is still very challenging. 

Even mature techniques, such as vorticity covariance technique 

(Baldocchi, 2003), can produce great uncertainty when dividing 

measured evapotranspiration into evaporation and transpiration 
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components (Villegas et al., 2014). We hypothesize that advanced 

cross-scale monitoring of the relationship between plants and water 

can achieve joint observation and modeling methods. This paper 

reviews remote sensing evaluation methods of plant water relationship 

from pure observation to joint observation simulation. Based on this 

view, we used the energy balance and radiative transfer model (Van 

der tol et al., 2009) to evaluate the explanatory power of purely 

observational methods focusing on plant parameters for estimating 

plant water relationships. We outline and discuss a more efficient 

integration of remote sensing information into the SPAC model. A 

mechanical model simulating water movement in SPAC reveals the 

complex relationship among soil, plant and atmosphere parameters to 

simulate water flow in SPAC, and points out the necessity of 

combining remote sensing with spac model. Finally, from the 

perspective of future observation capability, the strategies to promote 

the evaluation of plant water relationship are discussed. 

The transportation and storage of water in the SPAC is shown in (Fig. 

21). Liquid water flowing into plants from soil depends on the fact 

that the water potential of plants is lower than that of soil, so the soil 

water potential determines the effectiveness of soil water diffusion to 

plants. Water potential refers to the energy (joule) that can be obtained 

by moving a large amount of water (kg) into a pure pool under 

atmospheric pressure and specified altitude; while in soil and plants, 

the water potential is usually negative, which indicates that energy 

must be consumed to remove water. As the soil dries, the water 
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potential decreases, making it more difficult for plants to obtain the 

water needed for growth. Soil water potential is related to soil water 

content through "water release curve", which varies with soil. The 

water release curves of many different soil types were measured. 

Generally speaking, soil can provide water storage equivalent to 5% 

(sand) to 20% (silt loam) of plant rooting depth. Therefore, for plants 

with a root depth of 1 m, the soil can provide about 50 – 200 mm of 

water for the plants. Due to the evapotranspiration rate of 2 – 10 mm 

day-1, the soil can store enough water to maintain the plant for a month 

or more without rainfall or irrigation. 

Once the water enters the plant through the root system, if the water 

potential of the leaf is lower than that of the root system, the water 

will enter the leaf through the vascular system of the plant. According 

to the principle of conservation, the flow through root and xylem must 

be equal, and the water potential difference from soil to root xylem is 

usually greater than that from root xylem to leaf. Water is lost from 

the plant through stomata on the leaf surface. The cells under the 

stoma evaporate and absorb water from the leaf cells, which are 

connected with a continuous water column through water power to the 

root. When water is transported through the pores, extra water is 

absorbed through the xylem to replace it, much like suction on straw 

in soda water. Of course, this evaporation below the surface of the leaf 

consumes most of the solar energy absorbed by the leaf, because the 

water vapor molecules take away the potential energy that the liquid 
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water from the root does not contain. The liquid water flow from soil 

to blade is directly proportional to the water potential difference, 

while the water vapor flow from inside to surface is directly 

proportional to the water vapor pressure difference. At the interface, 

there is an approximate equilibrium between the liquid water and the 

water vapor in contact with it. Although different processes are used 

to describe the movement of water in different parts of the system, the 

flow is continuous at the discontinuities of these processes. As the 

plant grows, a very small amount of water from the soil to the 

atmosphere remains in the plant for storage (less than 5%). Hydrogen 

and oxygen in water absorbed from soil remain in plants in the form 

of organic molecules synthesized by plants. The water flowing from 

the stomata must pass through a thin and static air layer, which is 

called the blade boundary layer, and it is transported through the 

canopy space along the path of water vapor pressure reduction through 

turbulent mixing. Finally, the water vapor leaves the plant canopy, 

passes through the planetary boundary layer thousands of meters 

below the atmosphere, is lifted into the atmosphere, where it 

condenses into clouds, and finally falls back to the earth as 

precipitation, repeating this cycle (Norman and Anderson, 2005). 
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Fig. 21 water movement and storage in soil plant atmosphere continuum. The chart 
on the right shows the drop in water potential as water flows from the soil to the 
atmosphere. The left side lists the three components of the soil plant atmosphere 
system and the main factors for each component that should be considered in the 
medium complexity model. 

 

In the vertical direction, the system includes the lower soil root layer, 

the middle plant layer and the upper troposphere; in the time, the 

system has obvious dynamic characteristics, and continuously changes 

in various time scales. The research on the soil plant atmosphere 

system mainly focuses on the mechanism and law of the flow and 

transformation of various forms of energy and substances in this 

continuum. 
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Water, oxygen, carbon dioxide and other substances flow and 

transform constantly in the soil and plant atmosphere system. The 

movement of water in soil and plants is one of the key problems in the 

study of soil plant atmosphere system.  ①  Because of the complexity of water movement, the soil water 

system includes five states of water, namely, water in the 

atmosphere, surface water, soil water, water in plants and 

groundwater, which can be called "five water" system. Water in 

various states can be transformed or exchanged directly or 

indirectly through a certain interface. For example, water in the 

atmosphere becomes surface water by precipitation, soil water 

by infiltration, and groundwater by underground runoff. Soil 

water is absorbed by plant roots and becomes water in plants. 

Surface water, soil water and water in plants can be transformed 

into water in the atmosphere by evaporation and evaporation, 

and so on. The five ways of water transformation or exchange 

can be summed up as 10 processes, each of which will be 

restricted and affected by complex factors.  ②  The complexity of coupling of water, heat, water and mineral 

matter, the continuous water flow in soil and plant system is 

determined by the total water potential gradient of soil, and the 

water potential gradient is affected by transpiration pull, The 

total water potential is composed of gravity potential, pressure 

potential, matrix potential, solute potential and temperature 
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potential. The total water potential of soil is related to soil 

moisture content, soil texture and structure.  

 ③  Water movement directly or indirectly affects the flow and 

transformation process of oxygen, carbon dioxide and various 

minerals. In the flow path of water from soil to plant and then to 

atmosphere, the total water potential of soil is related to soil 

moisture content, soil texture and structure, There are two 

important interfaces: one is the interface between plant root and 

soil, the other is the interface between plant canopy leaf stem 

and atmosphere. The process of water entering into roots 

through the first interface is determined by the water potential 

difference between plant root sap and soil solution and root 

surface resistance (Hutjes RWA, 1998) . In plants, driven by 

water potential gradient, water flows from roots to stems and 

leaves. The process of air escaping from the stem and leaf 

canopy through the second interface is driven by the difference 

between the air vapor pressure inside and outside the leaf 

stomata. The process of water flowing from soil to various parts 

of plant body is also accompanied by the process of plant uptake 

of various nutrients. In addition to water flow, oxygen, carbon 

dioxide and other gases exchange between plants and 

atmosphere, soil and atmosphere. In the process of 

photosynthesis, plants absorb carbon dioxide and release oxygen 

through stomata; in the process of respiration, plants absorb 
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oxygen and release carbon dioxide through stomata. In the soil, 

the respiration of plant roots also leads to the continuous 

exchange of oxygen, carbon dioxide and other gases between 

the soil and the atmosphere (Chang et al., 1999).  

To sum up, in the soil, plant and atmosphere system, all kinds of 

energy and material transfer, resource, environment and 

transformation are continuously carried out. The difficulty in studying 

this system lies in the complexity of these processes, including 

physical and chemical processes as well as biological processes, 

which are intertwined, interdependent, and mutually restricted (Kang 

et al., 1994). The mechanism of some processes remains to be 

explored and studied, and some processes are difficult to describe 

accurately and quantitatively. Therefore, there are several difficulties 

and hot spots in the research of this system. (1) The research on the 

material and energy cycle of the system has changed from qualitative 

research to quantitative research with simulation model as the tool. (2) 

Combined with modern science and technology, we should strengthen 

the research on the behavior characteristics of logistics and energy 

flow at the soil atmosphere interface. (3) We should strengthen the 

research on the feedback mechanism of soil, plant and atmosphere 

system under global climate change (Cao and Liu, 2011). 

The research of SPAC is interdisciplinary (involving research in areas 

not covered by existing disciplines) and multidisciplinary (requiring 

cooperation between scientists from many disciplines). For example, 

to understand the effects of vegetation on weather forecasting, the 
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following activities are needed: meteorologists study the effects of 

surface energy and water exchange on the lower reaches of the 

atmosphere, known as the planetary boundary layer. Physiologists 

describe the dependence of photosynthesis and stomatal processes on 

atmospheric and soil environmental factors; soil scientists measure 

soil heat and water retention properties and carbon exchange 

processes Micrometeorologists relate vegetation canopy 

characteristics and atmospheric variables to the exchange of heat, 

mass and momentum with the atmosphere, while hydrologists 

consider the runoff characteristics of soil surface and the infiltration 

recharge of groundwater. The study of canopy structure, canopy 

internal processes and the interaction between remote sensing and 

vegetation cover is a key interdisciplinary field unrelated to any 

specific discipline. Most scientific research is funded by government 

agencies and carried out within the discipline structure of research 

institutions or universities; therefore, the competition for funds among 

disciplines and the limited perspective of individual researchers will 

reduce the comprehensive view of SPAC. Although the value of 

interdisciplinary and interdisciplinary research is highly praised, there 

is no obvious sustaining structure in the research institutions for such 

comprehensive activities, and progress is still dominated by the 

special efforts of determined and visionary individuals or teams. In 

recent decades, one of the most valuable strategies is to organize and 

implement large-scale, international, multidisciplinary and intensive 

field experiments, which have broad objectives and attract scientists 
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from many disciplines. In recent years, the extensive distribution and 

open access of these experimental data have brought great gains to 

people's understanding of SPAC. Two examples of such experiments 

are the first islscp (International Satellite land surface Climatology 

Project) field experiment (Fife) in the prairie of Kansas, USA, and the 

northern ecosystem atmosphere study (Boreas) in the northern forest 

of Canada. The long-standing reductionist view that "changing a 

single variable and keeping all other factors unchanged" is impossible 

in-depth study of SPAC as a whole. Instead, we have to face the 

challenge of exploring important processes without restrictive 

paradigms and narrow disciplinary constraints, which is a huge 

challenge for environmental scientists. In a scientific world dominated 

by reductionism, it is still a challenge to integrate the knowledge from 

various components of SPAC into a whole view. The earth is a 

complex and self-organizing system. With the improvement of our 

understanding of the relationship between the components of SPAC, 

this view has been more widely accepted (Norman and Anderson, 

2005). 

Plant water relationship is an important information source for 

understanding vegetation function and its impact on water cycle under 

global environmental change. Remote sensing observation and spac 

mechanical model are advanced methods to understand water flow 

and storage of plants. However, our analysis shows that both methods 

have limitations when applied across space and time. In particular, 

more in-depth understanding of remote sensing information and its 
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causal relationship with plant water relationship related processes is 

needed. We conclude that assessing the highly variable flow and 

storage of water in plants at both spatial and temporal scales requires 

complex methods based on simple correlated process models and 

remote sensing observations or using complex data assimilation 

schemes. These efforts will greatly improve our predictive ability to 

assess the relationship between plants and water and ultimately the 

role of vegetation in the water cycle by clarifying and responding to 

the complex interactions between plants that affect the dynamics of 

the water cycle (Damm, 2018). 

Air temperature  

Air temperature is the driving force of many biological and chemical 

reactions and largely affects the photosynthetic rate of plants, such as 

Collatz et al. (1991). In addition, air temperature drives the heat 

exchange (sensible heat flux) in the soil plant atmosphere system, 

competing with evapotranspiration in the utilization of net radiation 

flux. Due to the great variation of temperature in space and time, 

accurate estimation of temperature is very important for understanding 

and quantifying water movement in ecosystem. The air temperature 

inside and just above the plant canopy - for any layer of atmosphere - 

cannot be directly estimated by space remote sensing. This can be 

explained by weighting functions in the thermal infrared and 

microwave spectral ranges, which quantify the relative contribution of 

the atmosphere to the measured signal at a single wavelength on a 
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remote sensor (Rodgers, 1976). However, most of the time, leaf 

surface temperature (see Li et al. 2013) for a comprehensive overview 

of leaf temperature remote sensing) is close to air temperature, 

although significant differences may occur during the day (e.g., Dong 

et al. (2017)). 

Steam pressure difference 

VPD is the difference between the actual vapor pressure and the 

saturated vapor pressure at a given temperature (Choudhury, 1998). It 

constitutes the atmospheric water demand and therefore has a 

significant impact on leaf water potential and water movement from 

plants to the atmosphere (Asbjornsen et al., 2011; Waring and 

Landsberg, 2011). 

Wind speed 

Wind speed is another important environmental forcing, which not 

only contributes to the observed changes in atmospheric evaporation 

demand (McVicar et al., 2012), but also affects the leaf boundary 

layer conductance (Haghighi and Kirchner, 2017; Schymanski and Or, 

2017), which limits the water vapor, heat and CO2 exchange rates at 

the leaf atmosphere interface Considering the non-linear relationship 

between transpiration and wind speed under different environmental 

conditions, it is very important to quantify the effect of wind speed on 

plant transpiration rate. The results show that under cloudy sky 

conditions, transpiration rate increases with the increase of wind speed 

due to the increase of water vapor concentration gradient in the leaf 
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boundary layer (Haghighi and Kirchner, 2017; schymanski and or, 

2016; Schymanski and Or, 2017). 

Soil volume water content 

Only when there is no vegetation or the vegetation is sparse, can we 

obtain the soil parameters on the relevant spatiotemporal scale through 

remote sensing technology (Mulder et al., 2011; Owe et al., 2008; 

Srivastava, 2017). One of the key parameters is soil volume water 

content, which is the supply side of water transport in SPAC. Various 

methods for estimating soil volumetric water content from remote 

sensing data have developed over time. Early attempts focused on the 

use of spectral data and the use of soil moisture induced water 

absorption characteristics (Liu et al., 2002; Lobell and Asner, 2002). 

Other methods use thermal and optical data and empirically correlate 

soil volumetric water content with derived surface temperature and an 

index describing green biomass (i.e., NDVI) (Sandholt et al., 2002). 

Other confounding factors affecting radiative transfer in the optical 

domain, as well as the empirical nature of thermooptic methods, 

hinder their wide acceptance in global soil volumetric moisture 

mapping. 

Soil type 

Soil type is a volume parameter that characterizes soil water holding 

capacity, soil water movement and soil water potential. Distinguishing 

soil types greatly affects the success of estimating water content, 
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because various inherent and dynamic soil properties (i.e. texture, 

structure, composition) affect the water holding capacity and water 

flow of the soil. Methods for distinguishing soil types (Digital Soil 

Mapping) are usually based on combinations of soil properties derived 

from spectral measurements and used as primary or secondary data 

sources in Geostatistical Methods (Mulder et al., 2011). These soil 

properties include soil organic carbon content, soil salinity, soil iron 

content, clay / sand components or their mineralogy (Ben dor et al., 

2009; Mulder et al., 2013; Stevens et al., 2010). 

Soil tilled layer structure 

Under the effect of long-term cultivation, cultivation and fertilization, 

the solid particles and pores with different sizes and shapes in the soil 

plough layer form a certain spatial arrangement, that is, the soil 

plough layer structure. Some scholars believe that soil plough layer 

structure not only refers to the size, shape and spatial distribution of 

solids and pores in the plough layer, but also includes the continuity of 

pores, the ability to maintain and transport substances (liquid, 

inorganic and organic), and the ability to support the growth and 

development of crop roots (Lal R.,1991). Soil plough layer structure 

determines the porosity, distribution and proportion of large and small 

pores in plough layer, thus regulating the maintenance and 

transmission of water and nutrients in soil, soil heat and ventilation, 

microbial activity and organic matter transformation, and further 

affecting farmland CO2 fixation and crop growth and development 

( Kladivko EJ, 1994; Bronick et al., 2005 ). Although people have 
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long recognized the decisive role of plough layer structure in soil 

quality, there is still a lack of comprehensive indicators that can 

accurately and quantitatively describe plough layer structure and its 

dynamics. Soil bulk density (and relative porosity, etc.) is the most 

commonly used parameter to reflect the structure of soil plough layer, 

while soil compaction is used to express the degree of soil compaction 

(Logsdon SD, 2004). Unfortunately, it is difficult to accurately reflect 

the compaction process of soil only depending on the changes of bulk 

density and compactness (Whalley WR, 2007). Some scholars believe 

that water content and aeration are better indicators of soil physical 

structure. Recently, it has been proposed to quantitatively describe soil 

structure using soil water characteristic curve (Dexter AR., 2004; 

Schjonning P. et al., 2007). 

From the perspective of Agronomy, good soil plough layer structure 

can effectively regulate the soil water, fertilizer, gas and heat status, 

buffer the impact of adverse environmental conditions on the soil, so 

as to create conditions for high and stable yield of crops. From the 

point of view of soil science, the soil with good plough layer structure 

is often characterized by high content of organic matter, obvious 

aggregate structure and suitable ratio of large and small pores (Keller 

et al., 2007). Among them, the quantity, size distribution and stability 

of soil aggregates are important indicators to measure the structure 

and function of plough layer. Aggregates are formed by the interaction 

of soil mineral particles, organic matter and ions in various physical, 
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chemical and biological processes (Kladivko EJ, 1994). A large 

number of studies have shown that soil physical and chemical 

processes dominate the formation of micro aggregates, while soil 

biological processes earthworm activity, fungi and plant root growth 

greatly affect the formation and stability of large aggregates. Soil 

plough layer structure is the product of certain soil, climate and 

planting system, so it has significant temporal and spatial variation 

characteristics. For example, although they are all major corn 

producing areas, there are great differences between the fluvo aquic 

soil in North China and the black soil in Northeast China in plough 

layer thickness, aggregate distribution and content, water retention and 

permeability. After ploughing, the plough layer gradually changes 

from loose to compact. Under field conditions, alternation of drying 

and wetting and freezing and thawing have a great impact on soil 

plough layer structure. In addition, the requirements of plough layer 

structure are different in different growth stages of crops. How to 

quantitatively determine the optimal plough layer structure of crops at 

a certain growth stage according to the climate, soil and water 

conditions, and provide a good soil environment for crop growth and 

development, is still a scientific problem that has not been solved by 

the academic circles (Rentu Sheng, 2011). 

İt is necessary to use agricultural technology to cultivate soil layer 

structure. Human beings mainly regulate the structure of soil plough 

layer through crop cultivation, rotation, soil plough layer structure, 

intercropping, etc., soil tillage and water and fertilizer management. 
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Recent studies have shown that traditional tillage can only improve 

the relationship between soil moisture and air moisture in a short 

period of time, providing a more favorable plough layer structure for 

crop growth (Bronick CJ, 2005). However, long-term ploughing not 

only produces plough layer and leads to water loss, but also destroys 

soil structure and promotes decomposition of organic matter, thus 

forming poor soil plough layer structure and aggravating soil erosion 

risk. On the contrary, conservation tillage, covering crops, less tillage, 

no tillage, etc.  have been greatly developed in the world in the past 50 

years due to creating good hydrothermal conditions, reducing 

mechanical disturbance to soil, increasing organic matter 

accumulation, and promoting the formation of stable aggregates in soil 

It's more than 50% (Six J, 2002). In recent years, conservation tillage 

technology has attracted more and more attention. How to build 

conservation tillage system according to local conditions. It is an 

inevitable choice to establish crop rotation and organic fertilizer 

application system suitable for conservation tillage technology to 

improve soil layer structure, promote crop high yield and resource 

efficient utilization. 

Agronomists and breeders often believe that grain quality and yield 

are equally important. Quality characteristics are why only a few plant 

species are used to meet human needs for food and fiber (Slafer GA 

and Satorre EH, 1999). Traditionally, grain quality consists of a set of 

characteristics that together determine the utility of harvested grain for 
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a specific end use. Therefore, it is very important to cultivate and 

manage food crops to achieve specific quality standards and to be able 

to predict the quality of specific crops in a specific growth 

environment. To achieve this goal depends on the understanding of 

the factors that change the grain composition. 

As food markets become more specialized, food quality now includes 

other characteristics. Consumers are increasingly interested in the 

sustainability of production systems that produce grains, and concepts 

such as organic and non genetically modified organisms (GMOs) also 

affect product quality. At present, one of the biggest challenges facing 

the world is how to ensure that the growing global population has 

enough food to meet its nutritional needs in a sustainable way. Food 

security is a complex condition that requires an integrated approach to 

various forms of malnutrition, productivity and income of small-scale 

food producers, resilience of food production systems, and sustainable 

use of biodiversity and genetic resources (FAO, 2017). Farmers are 

facing more and more pressure, they need to produce more unified and 

more characteristic food under specific sustainable management 

(Wrigley CW, 1994). Appropriate animal husbandry to obtain high 

quality and stable food may be more and more important to achieve 

economic benefits. Food quality is changed by the environment and 

crop management methods used by farmers. However, the strategies 

and tools needed to produce grains with certain quality characteristics 

are not as good as those needed to achieve high yield. 
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Structure and function of farmland biodiversity 

Natural and improved ecosystems provide a variety of functions and 

services to support human well-being (Díaz et al., 2018 and 2019). It 

has long been recognized that biodiversity plays an important role in 

the operation of ecosystems (Naeem et al., 2012; Tilman et al., 2014), 

but the dependence of ecosystem services on biodiversity is still under 

debate. Early comprehensive results showed inconsistent results 

(Cardinale et al., 2012), while subsequent studies showed that a few 

dominant species may provide most of the ecosystem services 

(Winfree et al., 2015; Kleijn et al., 2015). Therefore, it is not clear 

whether a few dominant species or many complementary species are 

needed to provide ecosystem services. The explanation of early 

studies has always been controversial, because the multiple 

mechanisms of ecosystem service changes in response to biodiversity 

can be combined (Loreau et al., 2000; Hooper et al., 2005). On the one 

hand, communities with many species may include species that have a 

significant impact on the whole community due to statistical selection. 

On the other hand, such different communities may contain specific 

combinations of species that complement each other in service 

delivery. Although these mechanisms imply that species richness has a 

positive impact on ecosystem services supply, the total biological 

richness or dominance of some species may also promote the number 

of interactions conducive to ecosystem services supply. According to 

species complementarity, community richness and relative importance 
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of dominant species, different relationships between species richness 

and ecosystem services can be expected (Schleuning et al., 2015). In 

real world ecosystems, natural communities are composed of some 

highly abundant (dominant species) and many rare species. The 

importance of richness, richness, and dominance may be influenced 

by the extent to which relative richness varies with species richness 

(Larsen ert al., 2005) and differences in the effectiveness and 

specialization of communities providing services. However, these 

three aspects of diversity are usually tested in isolated environments, 

mainly in small-scale experimental environments (Reiss et al., 2009; 

Bannar-Martin et al., 2018). However, comprehensive studies on their 

relative importance in real world ecosystems are still lacking. One of 

the major constraints in addressing these relationships is the lack of 

evidence from human driven biodiversity change in the real world 

(Balvanera etr al., 2014; Isbell et al., 2017), especially for ecosystem 

services in agricultural ecosystems. For example, the impact of 

agricultural land clearance (Chaplin-Kramer et al., 2011; Kennedy et 

al., 2013) on the biological richness and total or relative richness of 

services provided may change the flow of human interests in different 

ways than the experimental random loss of biodiversity. Over the past 

half century, the need to feed a growing world population has led to a 

significant expansion and intensification of agricultural production, 

turning many areas into simple landscapes (Foley et al., 2005). This 

transformation not only promotes the improvement of agricultural 

production, but also leads to the deterioration of the global 
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environment. The loss of biodiversity will destroy the key 

intermediate services of agriculture, such as crop pollination (Ricketts 

et al., 2008) and biological pest control (Bianchi et al., 2006), which 

are the basis of the final supply services of crop production (Garibaldi 

et., 2013). Recently, crop yields have stagnated or even continued to 

decline (Ray et al., 2012), indicating that alternative approaches are 

necessary to maintain stable and sustainable crop production in the 

future (Foley et al., 2013; Bommarco et al., 2013; Pretty et al., 2018). 

There is an urgent need for a better understanding of ecosystem 

services driven by global biodiversity in agroecosystems and their 

knock on effects on crop production in order to predict the future 

supply of ecosystem services and implement sustainable management 

strategies (Isbell et al., 2017). We developed an extensive database of 

89 studies measuring the richness and abundance of pollinators, 

natural enemies of pests, and related ecosystem services at 1475 

sampling sites around the world (Fig. 22). 
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Fig. 22 analyzes the impact of the distribution and richness of the study on the 
provision of ecosystem services. (A) The map shows the size (number of crop fields 
sampled) and location of the 89 studies (further details of the studies are shown in 
table S1). (B) The global impact of pollinator richness on pollination (821 areas of 
52 Studies). (C) Global impact of natural enemy abundance on pest control (n = 654 
fields, 37 studies). The thick line in each graph represents the median of the 
posterior distribution of the model. The light gray line indicates that 1000 are 
randomly selected from the back. These lines are used to describe the uncertainty of 
model relationships (Matteo et al., 2019). 
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In 1992, 168 countries signed the convention on biological diversity 

(CBD) to protect biological diversity. In 2002, in what is known as the 

most important conservation agreement at the beginning of the 21st 

century (Balmford et al. 2005 ). World leaders set the specific goal of 

achieving a substantial reduction in biodiversity loss rate by 2010. The 

important tools to achieve this goal include a series of international 

treaties such as cites, CMOS and Ramsar) and various policy 

instruments, such as European Union (EU) nitrate directive, natura 

2000 (EU bird and habitat directive) and agricultural environment 

plan. However, as 2010 goes by, these treaties and instruments are 

obviously not enough to achieve this goal (Butchart et al., 2010). 

Between 1970 and 2009, conservation work increased rapidly and 

significantly, but biodiversity threats also increased. To understand 

why biodiversity is still declining, it is crucial to know how 

conservation actions and threats interact and to what extent 

conservation can offset the loss of biodiversity. 

In Europe, more than 45% of the rural areas are used as farmland 

(EEA, 2006). Many threatened species are closely related to farmland 

habitats. The decline of this group of species is well documented and 

particularly steep (Gregory, et al., 2014). The drivers of this decline 

have been extensively examined and relatively well understood 

(Benton et al., 2002). Species from other parts of the world and more 

natural habitats are only now beginning to receive a similar level of 

attention (Craigie, et al., 2010); in contrast, the impact of conservation 
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policy instruments on farmland in Europe has been widely reviewed 

for more than a decade. 

In recent decades, driven by population growth, food shortage and 

economic development, excessive attention to the output of 

agricultural products and one-sided pursuit of agricultural economic 

benefits have become the leading goals of agricultural development, 

making modern agricultural production increasingly single, large-

scale, intensive and humanized. In today's oil agricultural production 

process, it is usually to plant some specialized varieties or species of 

crops in a large area, artificially exclude the competition of other 

crops (plants) to improve the yield of target crops, which results in the 

decline of biodiversity and the decline of crops in the farmland 

ecosystem Varieties tend to be monotonous, biological community 

structure tends to be simplified, and many excellent local varieties are 

eliminated and gradually disappear. Compared with the natural 

ecosystem, the species type and density (including many important 

natural enemies of pests) of farmland biological community are 

greatly reduced, and the biodiversity of farmland is reduced. At the 

same time, a large number of agricultural chemicals, especially the 

excessive use of chemical pesticides, have killed many non-target 

natural enemies (such as frogs, spiders, etc.), and the original food 

chain (WEB) in the farmland ecosystem is broken and appears to be 

"fragmented", thus weakening or replacing the harm to pests (diseases, 

insects, grass, etc.) under natural conditions The ecological control 

function of the plant (You Shimin et al., 2004; Zhang Jiaen et al., 
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2005) Due to the perennial use of chemical pesticides, the resistance 

of crop diseases and insect pests is also rising, and some new or 

occasional diseases and insect pests continue to be rampant or 

frequent. Modern oil agriculture has fallen into a "never ending and 

never winning" war with crop pests. In this context, only by respecting 

the laws of nature and ecology, reconstructing and optimizing the 

structure and function of farmland ecosystem. And restoring, 

protecting and effectively utilizing the biodiversity of farmland, can 

we gradually get out of the current predicament and achieve twice the 

result with half the effort. In farmland, the utilization of biodiversity is 

mainly carried out from two levels of genetic diversity and species 

diversity. In recent years, many researchers have carried out active 

and beneficial scientific research and practical exploration on the 

utilization of farmland biodiversity from these two levels. In the 

aspect of genetic diversity utilization, it is usually to use the varieties 

of the same crop with different genetic characteristics to control the 

occurrence of some diseases, pests and weeds by means of appropriate 

space-time configuration such as rotation, intercropping or mixed 

planting. In the past decade, China has made great progress in using 

genetic diversity to continuously control rice diseases and insect pests, 

and there have been many successful cases. For example, when a new 

rice variety is replaced by a new one, it can control the disease and 

insect resistance by planting different varieties. That is to say, multiple 

varieties should be reasonably distributed in the same area to increase 

the diversity of crop disease resistance genes in farmland. Reduce the 
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selective pressure of pathogens and pests, and then reduce the 

possibility of epidemic of rice pests; or multi line rice varieties and 

varieties carrying different disease resistance genes should be mixed, 

and the resistance difference and density of genetic diversity should be 

analyzed. The results showed that the effect of degree dilution, 

physical barrier, nutrient complementarity, allelopathy and 

microclimate had a good continuous control effect on rice diseases, 

insect pests and weeds (Zhu YY et al., 2000; Tang J et el., 2009, 49: 

47-54; Zhu Youyong et al., 2004). 

In terms of species diversity utilization, there are many excellent 

patterns of species diversity utilization in traditional Chinese 

agriculture (Li WH, 2001). For example, using the differences of light, 

temperature, nutrient, water, disease resistance, insect resistance and 

grass resistance among different crops, through the reasonable variety 

matching between crops and the optimization of space-time planting 

structure, that is, through intercropping, mixed cropping, 

intercropping, rotation and adjacent cropping and other diversified 

planting patterns, farmland space can be fully utilized niche, time 

niche and resource niche, and then realize the complementary 

utilization of aboveground light and heat resources and underground 

nutrient and water resources (Li L et al., 2007), effective control of 

diseases and pests and other ecological functions. There are also many 

successful practices in the utilization of farmland biodiversity in the 

breeding of compound species between crops and animals (Zhang JE 

et al., 2009), such as duck raising, fish raising, shrimp raising and 
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turtle raising in paddy fields. In addition, the relationship between 

crop pests and insects, between crops and soil microorganisms, and 

between crops and soil animals can also be used to restore and 

reconstruct the biodiversity community structure of farmland, such as 

releasing or cultivating natural enemy organisms of pests in farmland, 

inoculating beneficial microorganisms such as mycorrhizal fungi in 

soil, and so on; In order to prevent and control the harm of pests, we 

should introduce or breed soil animals (such as earthworm) in the 

farmland, or plant some plants with the function of avoiding or 

trapping ("biological fence" or "ecological patch") on the ridge of 

farmland to prevent and control the harm of pests, which are 

commonly used in the utilization of farmland species diversity (Luo 

Shiming, 2008). 

Although a lot of scientific research and related production practice 

have been carried out in the field of farmland biodiversity utilization 

at home and abroad, there are not many farmland biodiversity 

utilization modes which have obvious effect and can completely 

replace the use of pesticides and chemical fertilizers. There are many 

scientific problems to be solved. These problems mainly include:  

1) Most of the existing farmland biodiversity utilization models are 

often empirical and arbitrary, and lack of strict, scientific and 

reasonable proportion structure and corresponding technical 

parameters and standards, so it is difficult to play its optimal 

ecological function.  
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2) At present, there is a lack of in-depth research and 

understanding on the process of farmland biodiversity and its 

internal ecological mechanism and function. Therefore, it is 

difficult to effectively regulate and utilize farmland biodiversity 

according to local and temporal conditions.  

 

3) When different levels of farmland biodiversity (such as genetic 

diversity, species diversity and even ecosystem diversity) are 

superimposed and integrated at the same time, how will the 

interaction process and its ecological function effect change? 

How to make a systematic and effective space-time 

configuration for them to play a greater role in the overall 

superposition and integration? They are important scientific 

propositions that need to be studied. 

 

4) How to make a scientific, objective and operable comprehensive 

evaluation of the ecological service function of various farmland 

biodiversity utilization patterns and their impact on global 

change from the perspective of ecological, economic and social 

benefits is also a major problem.  

 

5) Due to the influence of technology, capital, human resources, 

education level of producers, production standards, and the 

differences of independent production goals and value 

orientation of thousands of households, some scientific and 

reasonable farmland biodiversity utilization modes are difficult 

to operate and implement in production and application, which 
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are different between regions and production It is difficult to 

coordinate with each other and make overall plans, so it is 

difficult to popularize and apply. The research and solution of 

the above scientific and practical problems will be the key to the 

successful popularization and application of farmland 

biodiversity (Zhang Jiaen, 2011). 

Human land use threatens the global biodiversity and damages many 

ecosystem functions that are crucial to food production. It is unclear 

whether crop yield related ecosystem services can be maintained by a 

few dominant species or depend on high abundance. Using the global 

database of 89 studies (1475 sites), the relative importance of species 

richness, richness and dominance to pollination, biological pest 

control, and final yield in the context of sustainable land use change 

were classified. The richness of pollinators and enemies directly 

supports ecosystem services, and is independent of richness and 

dominance. Up to 50% of the negative impact of landscape 

simplification on ecosystem services is due to the loss of the richness 

of the organisms providing services, which has a negative impact on 

crop yield. Therefore, maintaining the biodiversity of ecosystem 

service providers is essential to maintain the flow of the main benefits 

of agroecosystems to the society (Matteo et al., 2019). 

Biodiversity and ecosystem function are inseparable. The reasons for 

biodiversity conservation can be demonstrated from the perspectives 

of economy, social culture and aesthetics (Balmford e et al., 2002). 
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Although biodiversity loss occurs in all terrestrial ecosystems, many 

of its driving factors are related to agricultural intensification (Hails et 

al., 2002). Agricultural production will double again by 2050 (Tilman, 

1999). Unless the agricultural footprint is carefully managed through 

sustainable development, both the agricultural system and the 

remaining natural ecosystems will be further degraded, increasing the 

proportion of endangered species in the world and further limiting the 

ecosystem services they can provide (Tilman, 2001). Managing the 

environmental impact of agriculture requires assessing the 

biodiversity risks and benefits of all new agricultural practices (ACRE, 

2006). Understanding the ecological mechanisms that affect the risk of 

extinction is the basis of risk assessment. A key factor seems to be the 

degree of specialization shown by a species (Owens et al., 2000). 

Experts have narrow niche requirements and are disproportionately 

affected by reduced niche availability; their inference is that generalist 

species may be more resilient to environmental disturbances 

(Siriwardena er al., 1998). 

Agricultural land accounts for one third of the earth's land area. In 

recent decades, the expansion and intensification of agricultural land 

has become one of the direct driving forces of biodiversity loss in the 

Anthropocene due to the continuous increase of population and the 

change of diet structure. However, the expansion of agricultural 

production is not always or everywhere at the expense of biodiversity. 

On the contrary, a considerable number of wild species have adapted 

to or even depended on farmland habitats in the course of centuries of 
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agricultural practice and development. Therefore, the exact 

characteristics of agricultural development are related to the fate of 

global biodiversity, and wildlife friendly farmland should be regarded 

as a valuable ecosystem (Li, L et al., 2020). 

Biodiversity - the diversity and variability of animals, plants, and 

microorganisms at the genetic, species, and ecosystem levels - is 

necessary to maintain the key functions, structures, and processes of 

ecosystems. Food and agricultural biodiversity can be managed to 

maintain or strengthen ecosystem functions, provide options for 

optimizing agricultural production, and help improve the disaster 

resistance of ecosystems and reduce risks. In fact, biodiversity 

enhances ecosystem services because, at some point in time, 

seemingly redundant components become very important when they 

change. 

Crop genetic diversity plays a key role in improving and maintaining 

production level and nutritional diversity under various agro 

ecological conditions. A variety of organisms that contribute to soil 

biodiversity play many important roles in regulating soil ecosystem, 

including: decomposition of litter and nutrient cycling; conversion of 

atmospheric nitrogen into organic form and then into gaseous nitrogen; 

and change of soil structure. Through crop rotation, crop species 

mixing, permanent soil cover crops used in conservation agriculture or 

agroforestry, the diversity of intentional planting on farms is a 

common technology to improve yield stability and soil fertility. 
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Grassland and forage / crop systems that diversify and integrate 

ruminants and crops tend to be more sustainable, as they offer 

opportunities for rotational diversity, perennial farming and higher 

energy efficiency. The introduction of grazing animals at some stages 

of the agricultural cycle may help to decompose plant matter and 

increase nutrient supply. Predators and parasites attack pests or 

pathogens on crops, or plants feed on insects to attack weeds, which is 

helpful for pest control. In addition to these direct nutritional 

relationships, a network of interactions between different life forms on 

the farm can bring additional benefits. For example, crop production 

may benefit from benign microorganisms that reside in crops and their 

habitats, preventing pathogens from forming, or from non crop plants 

that are attractive to pests, thereby reducing their number on crops. In 

conclusion, the direct and indirect effects of biodiversity may create 

"pest control" conditions. Greater farm plant diversity, closer distance 

between crops, bare land coverage and more perennial cultivation may 

be measures to enhance resistance to invasive agricultural systems and 

contribute to weed management. Pollinators are essential for orchards, 

horticulture and feed production, helping to improve the quality of 

fruits and fiber crops. The best guarantee of healthy pollination 

service is the richness and diversity of pollinators, which is largely 

provided by wildlife diversity. 

Ecosystem services are defined as "the benefits that ecosystems 

provide for human beings". Biodiversity provides many key 

ecosystem services, such as nutrient cycling, carbon sequestration, 
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pest control and pollination, which maintain agricultural productivity. 

Promoting the healthy functioning of ecosystems ensures the 

resilience of agriculture, which is being strengthened to meet the 

growing demand for food production. Climate change and other 

pressures are likely to have a significant impact on key functions, such 

as pollination and pest control services. Learning to strengthen 

linkages between ecosystems to promote resilience and mitigate 

barriers to the ability of agro ecosystems to deliver goods and services 

remains an important challenge. 

Ecosystem services can be: 

Support (e.g. soil formation, nutrient cycling, primary production) 

Supply (e.g. food, fresh water, fuelwood, fiber, biochemical products, 

genetic resources). 

Regulation (such as climate regulation, disease regulation, water 

regulation, water purification, pollination) 

Culture (e.g. spirit and religion, recreation and ecotourism, aesthetics, 

motivation, education, sense of place, cultural heritage). 

Biodiversity is an important regulator of agricultural ecosystem 

function, which not only affects production in a strict sense, but also 

meets the needs of farmers and the whole society. Agro ecosystem 

managers, including farmers, can establish, strengthen and manage the 

basic ecosystem services provided by biodiversity in order to achieve 
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sustainable agricultural production. This can be achieved through 

good agricultural practices that follow an ecosystem based approach 

aimed at improving the sustainability of production systems. They are 

designed to meet consumer demand for products of high quality, 

safety and produced in an environmentally and socially responsible 

manner. 

Biodiversity conservation and enhancement in aboveground and 

underground cropping systems, such as soil biodiversity, is the basis 

for sustainable farming practices. These measures can also improve 

biodiversity in other parts of the environment adjacent but not directly 

connected to farmland, such as water bodies and broader agricultural 

landscapes. The composition and diversity of planned biodiversity (e.g. 

selected crops) strongly affect the nature of the associated 

Biodiversity - plants, animals and microorganisms. One challenge is 

to combine planned biodiversity with associated diversity (e.g., wild 

pollinators) through an ecosystem approach strategy. 

By 2030, food production will have to increase by 50% to feed nine 

billion people. This brings great pressure to agricultural production. In 

addition to the demand for increased production in the agricultural 

sector, there is an increasing expectation and demand for sustainable 

farming practices. The increased demand for crop production of food, 

fiber and non food agricultural products (especially bioenergy crops), 

coupled with the impact of climate change and climate change, makes 

it necessary to rethink agricultural systems to adapt to new needs. 
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Traditionally, increased yields have involved increased dependence on 

pesticides and fertilizers, as well as excessive water use, which can 

degrade soil and water resources. However, planting practices are 

undergoing a shift from relying on traditional inputs and chemical 

based intensification to bioaugmentation that utilizes rich biodiversity 

and natural resources to provide ecosystem services. Promoting the 

healthy operation of ecosystem services through ecosystem based 

approaches can increase the choice of sustainable and optimized 

agricultural production (Case Studies Database: CSD-16). 

FAO stressed that the protection of food and agricultural biodiversity 

and its sustainable use, oriented towards increased crop production 

and quality, is necessary for food provision, improvement of people's 

economic, social and environmental conditions, and meeting the needs 

of future generations, especially the rural poor. In this regard, the 

partnership assists member countries in developing their capacity to 

manage biodiversity and in providing ecosystem services to increase 

options for optimizing agricultural production. 

 

 

 

 

 

 

 

 



394 | Abdulgani DEVLET 

 

REFERENCES  

A. Balmford et al., Science 297, 950 (2002). 

A. Balmford, et al. The Convention on Biological Diversity's 2010 target, 

Science, 307 (2005), pp. 212-213. 

A. Damm, E. Paul-Limoges, E. Haghighi, C. Simmer, F. Morsdorf, F.D. 

Schneider, C. van der Tol, M. Migliavacca, U. Rascher, Remote 

sensing of plant-water relations: An overview and future perspectives, 

Journal of Plant Physiology, Volume 227, 2018, Pages 3-19, ISSN 

0176-1617, https://doi.org/10.1016/j.jplph.2018.04.012. (https://www. 

sciencedirect.com/science/article/pii/S0176161718301172). 

A. Dobson, R. Carper Biodiversity Lancet, 342 (1993), pp. 1096-1099. 

A. Leaf, Potential health effects of global climate and environmental 

changes N. Engl. J. M, 321 (1989), pp. 1577-1583. 

A. Mujeeb-Kazi, G. Kimber The production, cytology and practicality of 

wide hybrids in the Triticeae Cereal Res. Commun., 13 (1985), pp. 

111-124. 

A.D. Richardson, T.F. Keenan, M. Migliavacca, Y. Ryu, O. Sonnentag, M. 

Toomey Climate change, phenology, and phenological control of 

vegetation feedbacks to the climate system Agric. For. Meteorol., 169 

(2013), pp. 156-173. 

A.J McMichael, A Haines, R Slooff, S Kovats (Eds.), Climate Change and 

Human Health, World Health Organization, World Meteorological 

Organization, United Nations Environmental Program, Geneva, 

Switzerland (1996). 

A.J. Escobar-Gutiérrez, D. Combes, M. Rakocevic, C. De Berranger, A. 

Eprinchard-Ciesla, H. Sinoquet, C. Varlet-Grancher Functional 

relationships to estimate morphogenetically active radiation (MAR) 



CROP PRODUCTION and INFLUENCING FACTORS | 395 

 

 

 

from PAR and solar broadband irradiance measurements: the case of a 

sorghum crop Agric. For. Meteorol., 149 (2009), pp. 1244-1253. 

ABARE (2010) Available from: http://www.abareconomics. 

com/publications_html/data/data/data.html#. Accessed April 1, 2011. 

Abouelenein R, Oweis T, Sherif M, Khalil FA, Abed El-Hafez SA, Karajeh 

F (2010) A new water saving and yield increase method for growing 

berseem on raised seed bed in Egypt. Egypt Journal of Appl Sci 

25(2A):26–41. 

Abrol YP, Ingram KT (1996) Effects of higher day and night temperatures 

on growth and yields of some crop plants. In: FA Bazzaz and WG 

Sombroek (eds) Global Climate Change and Agricultural Production: 

Direct and Indirect Effects of Changing Hydrological, Pedological and 

Plant Physiological Processes, pp. 1–19. John Wiley & Sons Ltd., 

Chichester, West Sussex, England. 

Acevedo et al., 1999 F. Acevedo, C. Canales, J.C. Gentina Biooxidation of 

an energite–pyrite gold concentrate in aerated columns R. Amils, A. 

Ballester (Eds.), Proc. International Biohydrometallurgy Symposium 

on Biohydrometallurgy and the Environment Towards the Mining of 

the 21st Century, Part A, Elsevier, Amsterdam (1999), pp. 301-308. 

Adams RM, et al. Global climate change and US agriculture, Nature, 1990, 

345(6272): 219-224. 

ADB Report (2009) The Economics of Climate Change in Southeast Asia: A 

Regional Review. Asian Development Bank Report, Philippines. 

Addiscott TM, Withmore AP, Powlson DS (1991) Farming, fertilizers and 

nitrate problem CAB International, Wallingford, p 170. 

Advisory Committee on Releases to the Environment (ACRE), Managing 

the Footprint of Agriculture: Towards a Comparative Assessment of 



396 | Abdulgani DEVLET 

 

Risks and Benefits for Novel Agricultural Systems [Department for 

Environment, Food, and Rural Affairs (Defra), London, 2006]; 

available at www.defra.gov.uk/environment/acre/fsewiderissues/acre-

fse-060317draft.pdf. 

Ahmad, M., and Cashmore, A.R. (1996). The pef mutants of Arabidopsis 

thaliana define lesions early in the phytochrome signaling pathway. 

Plant J. 10, 1103–1110. 

Ai PH, Sun S B, Zhao JN, et al, Two rice phosphate transporters, OsPht1; 2 

and OsPht1;6, have different functions and kinetic properties in uptake 

and translocation. Plant J, 2009, 57 (5): 798-809. 

Aikawa M, Hiraki T, Eiho J (2009) Change of atmospheric condition in an 

urbanized area of Japan from the viewpoint of rainfall intensity. 

EnvironmentalMonitoring and Assessment 148(1–4): 449–453. 

Aikawa M, Hiraki T, Eiho J et al. (2007) Characteristic air temperature 

distributions observed in summer and winter in urban area in Japan. 

Environmental Monitoring and Assessment 131(1–3): 255–265. 

Ajai Singh, Maximizing Profits by Using Different Planting Geometry, 

Micro İrrigation Management, Technological Advances and Their 

Applications, Innovations and Challenges in Micro Irrigation, CRC 

Press, 2017. Chapter 10: 295-301. 

AJCN (2003), Sustainability of Meat-based and Plant-based Diets and the 

Environment. 

Akinbil Co, sangodoyin ay, estimating chip efficient model for upland rice 

(Neri) CA) under Springer irrigation system, African Journal of 

agricultural research, 2010, 5 (6): 436 sing 441. 

Alcamo J, Moreno JM, Nov´aky B, Bindi M, Corobov R, Devoy RJN, 

Giannakopoulos C, Martin E, Olesen JE, Shvidenko A (2007) Europe. 

In: ML Parry, OF Canziani, JP Palutikof, PJ van der Linden, and CE 

http://www.defra.gov.uk/environment/acre/fsewiderissues/acre-fse-060317draft.pdf
http://www.defra.gov.uk/environment/acre/fsewiderissues/acre-fse-060317draft.pdf


CROP PRODUCTION and INFLUENCING FACTORS | 397 

 

 

 

Hanson (eds) ClimateChange 2007: Impacts, Adaptation and 

Vulnerability. Contribution of Working Group II to the Fourth 

Assessment Report of the IntergovernmentalPanel on Climate Change, 

pp. 541–580. Cambridge University Press, Cambridge, UK. 

Alcoz, M.M.; Hons, F.M.; Haby, V.A. Nitrogen Fertilization Timing Effect 

on Wheat Production, Nitrogen Uptake Efficiency, and Residual Soil 

Nitrogen. Agron. J. 1993, 85, 1198–1203. 

Alexandratos N, Bruinsma J (2012) World agriculture towards 2030/2050: 

the 2012 revision, ESA Working paper. Food and Agriculture 

Organization, Rome. 

Alexandrov VA, hoogenboom g. the impact of climate variability and 

change on crop yield in Bulgaria, agricultural and forest meteorology, 

2000, 104 (4): 315, 327. 

Ali AA, David CN, use of crop water stress index for monitoring water 

status and schedu Ling irrigation in wheat agricultural water 

management, 2001, 47:69:75. 

Allen GA, Pereira ls, Raes D, et al Crop water requirement (m), FAO 

irrigation and drainage paper56, FAO, Rome, ITA Ly, 1998, 78, 86. 

Allen JR, Free air CO2 enrichment field experiment: an historical overview, 

Crit Rev Plant Sci, 1992, 11:121-134. 

Alpert, P. (2005). Sharing the secrets of life without water. Integrative and 

Comparative Biology, 45, 683–684. 

https://doi.org/10.1093/icb/45.5.683. 

Amthor JS, Loomis RS (1996) Integrating knowledge of crop responses to 

elevated CO2 and temperature with mechanistic simulation models: 

Model components and research needs. In: GWKoch and HA Mooney 



398 | Abdulgani DEVLET 

 

(eds) Carbon Dioxide and Terrestrial Systems, pp. 317–346. 

Academic Press, San Diego, CA. 

Anderson JA, Huprikar SS, Kochian L V, et alÃ30021; Functional 

expression of a probable Arabidopsang 6 thaliana potassium channel 

in Saccharomyces cerevisiae, Proc Sci USA, 1992, 89:3736-3740. 

Andrei Kirilenko and Nikolay Dronin, Climate Change Impacts and 

Adaptations in the Countries of the Former Soviet Union, Crop 

Adaptation to Climate Change, 2011, Chapter 3.5: 84-106. 

Andresen, J. A., Alagarswamy, G., Rotz, C. A., Ritchie, J. T. & LeBaron, A. 

W. Weather impacts on maize, soybean, and alfalfa production in the 

Great Lakes region, 1895–1996. Agron. J. 93, 1059–1070 (2001). 

Andy Jarvis, Annie Lane, Robert J. Hijmans, The effect of climate change 

on crop wild relatives, Agriculture, Ecosystems & Environment, 

Volume 126, Issues 1–2, 2008, Pages 13-23, ISSN 0167-

8809,https://doi.org/10.1016/j.agee.2008.01.013. (https://www. 

sciencedirect.com/science/article/pii/S0167880908000133). 

Andy Jarvis, Julian Ramirez, Osana Bonilla-Findji, and Emmanuel Zapata, 

Impacts of Climate Change on Crop Production in Latin America, 

Crop Adaptation to Climate Change, 2011, Chapter 3.1:44-56. 

Angus JF (2001) Nitrogen demand and supply in Australian agriculture. 

Aust J Exp Agric 41:277–288. 

Anonymous, 2008a. Food Matters Towards a Strategy for the 21st Century. 

http://www.cabinetoffice.gov.uk/media/cabine. 

Anuforom AC (2009) Climate change impacts in different agro-ecological 

zones of West Africa–Humid zone. Paper presented at the 

International Workshop on Adaptation to Climate Change in West 

African Agriculture at Ouagadougou, Burkina Faso, April 27–30, 

2009. 

http://www.cabinetoffice.gov.uk/media/cabine


CROP PRODUCTION and INFLUENCING FACTORS | 399 

 

 

 

Anwar M, O’Leary G, McNeil D, Hossain H, Nelson R (2007) Climate 

change impact on wheat crop yield and adaptation options in 

SoutheasternAustralia. Field Crops Research 104: 139–147. 

Armstrong, W. Aeration in higher plants. Advances in Botanical Research 7, 

225–332 (2007). 

Arnon I., Climatic Factors and their Effect on Crop Production. (1992). 

Developments in Agricultural and Managed Forest Ecology, 39–83. 

doi:10.1016/b978-0-444-88912-6.50006-2. 

Asbjornsen et al., 2011 H. Asbjornsen, G.R. Goldsmith, M.S. Alvarado-

Barrientos, K. Rebel, F.P. Van Osch, M. Rietkerk, J. Chen, S. Gotsch, 

C. Tobón, D.R. Geissert, A. Gómez-Tagle, K. Vache, T.E. Dawson 

Ecohydrological advances and applications in plant-water relations 

research: a review J. Plant Ecol., 4 (1–2) (2011), pp. 3-22. 

Asian Development Bank (2009) The Economics of Climate Change in 

Southeast Asia: A Regional Review. Asian Development Bank, 

Manila, Philippines. 

Asseng S, Jamieson PD, Kimball B, Pinter P, Sayre K, Bowden JW, 

Howden SM (2004) Simulated wheat growth affected by rising 

temperature, increased water deficit and elevated atmospheric CO2. 

Field Crops Research 85: 85–102. 

Atkinson JA, Wingen LU, Griffiths M, Pound MP, Gaju O, Foulkes MJ, Le 

Gouis J, Griffiths S, Bennett MJ, King J, Wells DM (2015) 

Phenotyping pipeline reveals major seedling root growth QTL in 

hexaploid wheat. J Exp Bot 66:2283–2292. 

Audsley E, Pearn KR, Simota C, Cojocaru G, Koutsidou E, Rounsevell 

MDA, Trnka M, Alexandrov V (2006) What can scenario modelling 



400 | Abdulgani DEVLET 

 

tell us about future European scale agricultural land use, and what not? 

Environmental Science and Policy 9: 148–162. 

Aydoğdu M.H., Yenigün K., 2016. Farmers’ risk perception towards climate 

change: a case of the GAP-Great Urfa Region, Turkey. Sustainability, 

8: 1-12. 

B. Andrieu, N. Ivanov, P. Boissard Simulation of light interception from a 

maize canopy model constructed by stereo plotting Agr. For. 

Meteorol., 75 (1995), pp. 103-119. 

Badu-Apraku B, Fakorede MAB, Oyekunle M, Akinwale RO (2015) 

Genetic gains in grain yield under nitrogen stress following three 

decades of breeding for drought tolerance and Striga resistance in 

early maturing maize. J Agric Sci 154:647–661. 

Baethgen WE, Romero R (2000) Sea surface temperature in the El Ni˜no 

region and crop yield in Uruguay. In: Comisi´on Nacional sobre el 

Cambio Global (CNCG). Climate Variability and Agriculture in 

Argentina and Uruguay: Assessment of ENSO Effects and 

Perspectives for the Use of Climate Forecast: Final Report to the 

Inter-American Institute for Global Change Research. Comisi´on 

Nacional sobre el Cambio Global, Montevideo, Uruguay. 

Bai C, Liang Y, Hawkesford MJ (2013) Identification of QTLs associated 

with seedling root traits and their correlation with plant height in 

wheat. J Exp Bot 64:1745–1753. 

Bai Liping, Zhou guangsheng, research progress on the impact of global 

environmental change on crops, Chinese Journal of applied and 

environmental biology, 2004, 10 (3): 394-397. 

Baker JT, Allen LH Jr (1993) Effects of CO2 and temperature on rice: A 

summary of five growing seasons. Journal of Agricultural 

Meteorology (Tokyo) 48: 575–582. 



CROP PRODUCTION and INFLUENCING FACTORS | 401 

 

 

 

Baker JT, Allen LH Jr, Boote KJ (1989) Response of soybean to air 

temperature and carbon dioxide concentration. Crop Science 29: 98–

105. 

Baker JT, Boote KJ, Allen LH Jr (1995) Potential climate change effects on 

rice: Carbon dioxide and temperature. In: Rosenzweig C et al. (ed.) 

Climate Change and Agriculture: Analysis of Potential International 

Impacts, pp. 31–47. American Society of Agronomy Special 

Publication No. 59. ASA, Madison, WI. 

Balbus, J., Crimmins, A., Gamble, J. L., Easterling, D. R., Kunkel, K. E., 

Saha, S., & Sarofim, 

Bamberg, J.B., Hanneman, R.E., Calcium rich potatoes: it's in their genes. 

Agricultural Research Magazine, March 2003. 

Bange M., 2012. Effects of climate change on cotton growth and 

development, The Australian Cotton Grower, 41-45. 

Bangladesh (2007) Climate Change and Bangladesh. Climate Change Cell 

Department of Environment, Government of the People’s Republic of 

Bangladesh. 

Bao Y, Aggarwal P, Robbins NE, Stuttock CJ, Thompson MC, Tan HQ et al 

(2014) Plant roots use a patterning mechanism to position lateral root 

branches toward available water. Proc Natl Acad Sci USA 111:9319–

9324. 

Barnett C, Hossell J, Perry M, Procter C, Hughes G, 2006. A Handbook of 

Climate Trends Across Scotland. Scotland: Scotland & Northern 

Ireland Forum for Environmental Research (SNIFFER): SNIFFER 

project CC03. 



402 | Abdulgani DEVLET 

 

Barraclough PB, Kuhlmann H, Weir AH (1989) The effects of prolonged 

drought and nitrogen-fertilizer on root and shoot growth and water-

uptake by winter-wheat. J Agron Crop Sci 163(5):352–360. 

Barraclough PB, Kuhlmann H, Weir AH (1989) The effects of prolonged 

drought and nitrogen-fertilizer on root and shoot growth and water-

uptake by winter-wheat. J Agron Crop Sci 163(5):352–360. 

Barraclough PB, Weir AH, Kuhlmann H (1991) Factors affecting the growth 

and distribution of winter wheat roots under UK field conditions. 

Develop Agric Manag-For Ecol 24:410–441. 

Barraclough, P.B.; Howarth, J.R.; Jones, J.; Lopez-Bellido, R.; Parmar, S.; 

Shepherd, C.E.; Hawkesford, M.J. Nitrogen efficiency of wheat: 

Genotypic and environmental variation and prospects for 

improvement. Eur. J. Agron. 2010, 33, 1–11. 

Barthelemy PA (2007) Changes in agricultural employment. Web site of the 

European Commission of agriculture and rural development. 

Available from: http://ec.europa.eu/agriculture/envir/report/en 

/emplo_ en/report_en.htm. Accessed March 29, 2011. 

Baskin JM, Baskin CC (2004) A classification system for seed dormancy. 

Seed Sci Res 14:1–16. 

Bateson W (1894) Materials for the study of variation treated with special 

regard to discontinuity in the origin of species. Macmillan, London. 

Battisti DS, Naylor RL (2009) Historical warnings of future food insecurity 

with unprecedented seasonal heat. Science 323: 240–244. 

Beddington J, Asaduzzaman M, Fernandez A, Clark M, Guillou M, Jahn M, 

Erda L, Mamo T, Van Bo N, Nobre CA, Scholes R, Sharma R, 

Wakhungu J: Achieving food security in the face of climate change: 

Summary for policy makers from the Commission on Sustainable 

Agriculture and Climate Change. Copenhagen, Denmark: CGIAR 



CROP PRODUCTION and INFLUENCING FACTORS | 403 

 

 

 

Research Program on Climate Change. 2011, Agriculture and Food 

Security (CCAFS), Copenhagen. 

Beman JM, Arrigo K, Matson PM (2005) Agricultural runoff fuels large 

phytoplankton blooms in vulnerable areas of the ocean. Nature 

434:211–214. 

Bender J, Hertstein U, Black C (1999) Growth and yield responses of spring 

wheat to increasing carbon dioxide, ozone and physiological stresses: 

A statistical analysis of “ESPACE-wheat” results. European Journal 

of Agronomy 10: 185–195. 

Ben-Dor et al., 2009 E. Ben-Dor, S. Chabrillat, J.A.M. Dematte, G.R. Taylor, 

J. Hill, M.L. Whiting, S. Sommer Using Imaging Spectroscopy to 

study soil properties Remote Sens. Environ., 113 (2009), pp. S38-S55. 

Bengough AG, Bransby MF, Hans J, Mckenna SJ, Roberts TJ, Valentine TA 

(2006) Root responses to soil physical conditions; growth dynamics 

from field to cell. J Exp Bot 57(2):437–447. 

Bennicelli, R. P. et al. The effect of soil aeration on superoxide dismutase 

activity, malondialdehyde level, pigment content and stomatal 

diffusive resistance in maize seedlings. Environmental & 

Experimental Botany 39, 203–211 (1998). 

Ben-Noah, I. & Friedman, S. P. Aeration of clayey soils by injecting air 

through subsurface drippers: Lysimetric and field experiments. 

Agricultural Water Management 176, 222–233 (2016). 

Berger F, Grini PE, Schnittger A (2006) Endosperm: an integrator of seed 

growth and development. Curr Opin Plant Biol 9:664–670. 

Bergez JE, Garcia F, Lapasse L (2004) A hierarchical partitioning method 

for optimizing irrigation strategies. Agric Syst 80:235–253. 



404 | Abdulgani DEVLET 

 

Berlato MA, Fontana DC (1997) El Ni˜no Oscilac¸ao Sul e a agricultura da 

regiao sul do Brasil. In: Berry GJ (ed.) Efectos de El Ni˜no sobre la 

Variabilidad Clim´atica, Agricultura y Recursos H´ıdricos en el 

Sudeste de Sudam´erica (Impacts and Potential Applications of 

Climate Predictions in Southeastern South America), Workshop and 

Conference on the 1997–98 El Ni˜no, December 10–12, 1997, pp. 27–

30, Montevideo, Uruguay. 

Berry, W. (2010). The hidden wound (2nd ed.). Berkeley, CA: Counterpoint. 

United Nations Water. (2016). World water development report. 

United Nations World Water Assessment Programme. Retrieved from 

https://www.unwater.org/publications/world-water-development-

report-2016/ 

Beverly C, BariM, Christy B, HockingM, SmettemK (2005) Predicted 

salinity impacts from land use change; comparison between rapid 

assessment approaches and a detailed modelling framework. 

Australian Journal of Experimental Agriculture 45: 1453–1469. 

Bhattarai, S. P., Huber, S. & Midmore, D. J. Aerated subsurface irrigation 

water gives growth and yield benefits to zucchini, vegetable soybean 

and cotton in heavy clay soils. Annals of Applied Biology 144, 285–

298 (2015). 

Bhattarai, S. P., Pendergast, L. & Midmore, D. J. Root aeration improves 

yield and water use efficiency of tomato in heavy clay and saline soils. 

Scientia Horticulturae 108, 278–288 (2006). 

Bhattarai, S. P., Su, N. & Midmore, D. J. Oxygation unlocks yield potentials 

of crops in oxygen-limited soil environments. Advances in Agronomy 

88, 313–377 (2005). 

Bilsborrow, P.; Cooper, J.; Tétard-Jones, C.; Średnicka-Tober, D.; Barański, 

M.; Eyre, M.; Schmidt, C.; Shotton, P.; Volakakis, N.; Cakmak, I.; et 



CROP PRODUCTION and INFLUENCING FACTORS | 405 

 

 

 

al. The effect of organic and conventional management on the yield 

and quality of wheat grown in a long-term field trial. Eur. J. Agron. 

2013, 51, 71–80. 

Boko M, Niang I, Nyong A et al. (2007) Africa climate change 2007: 

Impacts, adaptation and vulnerability. In: ML Parry, OF Canziani, JP 

Palutikof, et al. (eds) Contribution of Working Group II to the Fourth 

Assessment Report of the Intergovernmental Panel on Climate Change, 

pp. 433–467. Cambridge University Press, Cambridge, UK. 

Bonser AM, Lynch J, Snapp S (1995) Effect of phosphorus availability on 

basal root-growth angle in bean. Plant Physiol 108:112. 

Boote KJ, Sinclair TR (2006) Crop physiology: Significant discoveries and 

our changing perspective on research. Crop Science 46: 2270–2277. 

Boyer JS (1982) Plant productivity and environment. Science 218: 443–448. 

Boyer JS, Westgate ME (2004) Grain yields with limited water. Journal of 

Experimental Botany 55: 2385–2394. 

Brady NC, the nature and properties of soils Chang New Jersey: prentice 

sing hall, Inc., 1996 Zhu Zuxiang, Chang Soil Science (2) Chang, 

Beijing: Agricultural Publishing House, 1983:263:286. 

Bray EA, Bailey-Serres J, Weretilnyk E (2000) Responses to abiotic stress. 

In: W Gruissem, B Buchannan, and R Jones (eds) Biochemistry and 

Molecular Biology of Plants, pp. 1158–1249. American Society of 

Plant Physiologists, Rockwill, MD. 

Brettell R (2008) Breeding crops of a changing climate. ICARDA Caravan; 

Special Issue on Climate Change 25:9–12. 

Bronick CJ, Lal R. Soil structure and management: a review. Geoderma, 

2005, 124:3-22. 



406 | Abdulgani DEVLET 

 

Brown SC, Keatinge JDH, Gregory PJ, Cooper PJM (1987) Effects of 

fertilizer, variety and location on barley production under rainfed 

conditions in northern Syria 1. Root and shoot growth. Field Crop Res 

16:53–66. 

Bucher M (2007) Functional biology of plant phosphate uptake at root and 

mycorrhiza interfaces. New Phytol 173(1):11–26. 

Buckler ES, Holland JB, Bradbury PJ, Acharya CB, Brown PJ, Browne C, 

Ersoz E, Flint-Garcia S, Garcia A, Glaubitz JC et al (2009) The 

genetic architecture of maize flowering time. Science 325(80):714–

718. 

Bunce JA (2008) Contrasting responses of seed yield to elevated carbon 

dioxide under field conditions within Phaseolus vulgaris. Agriculture, 

Ecosystems and Environment 128: 219–224. 

Butterworth MH, Semenov M, Barnes AP, Moran D, West JS, Fitt BDL, 

2010. North‐south divide; contrasting impacts of climate change on 

crop yields in Scotland and England. Journal of the Royal Society 

Interface 7, 123–30. 

C. M. Kennedy, E. Lonsdorf, M. C. Neel, N. M. Williams, T. H. Ricketts, R. 

Winfree, R. Bommarco, C. Brittain, A. L. Burley, D. Cariveau, L. G. 

Carvalheiro, N. P. Chacoff, S. A. Cunningham, B. N. Danforth, J.-H. 

Dudenhöffer, E. Elle, H. R. Gaines, L. A. Garibaldi, C. Gratton, A. 

Holzschuh, R. Isaacs, S. K. Javorek, S. Jha, A. M. Klein, K. Krewenka, 

Y. Mandelik, M. M. Mayfield, L. Morandin, L. A. Neame, M. Otieno, 

M. Park, S. G. Potts, M. Rundlöf, A. Saez, I. Steffan-Dewenter, H. 

Taki, B. F. Viana, C. Westphal, J. K. Wilson, S. S. Greenleaf, C. 

Kremen, A global quantitative synthesis of local and landscape effects 

on wild bee pollinators in agroecosystems. Ecol. Lett. 16, 584–599 

(2013). 



CROP PRODUCTION and INFLUENCING FACTORS | 407 

 

 

 

C. Parmesan Ecological and evolutionary responses to recent climate change 

Annu. Rev. Ecol. Syst., 37 (2006), pp. 637-669. 

C. Parmesan, G. Yohe A globally coherent fingerprint of climate change 

impacts across natural systems Nature, 421 (2003), pp. 37-42. 

C. Rosenzweig, A. Iglesias, X.B. Yang, P.R. Epstein, E. Chivian 

Implications of Climate Change for U.S. Agriculture: Extreme 

Weather Events Plant Diseases and Pests, Center for Health and the 

Global Environment, Harvard Medical School (2000). 

C. Rosenzweig, D. Hillel Climate change and the global harvest New York, 

New York (1998), pp. 101-122. 

C. Rosenzweig, M.L. Parry Potential impact of climate change on world 

food supply Nature, 367 (1994), pp. 133-138. 

C. van der Tol, W. Verhoef, A. Timmermans, A. Verhoef, Z. Su An 

integrated model of soil-canopy spectral radiances, photosynthesis, 

fluorescence, temperature and energy balance Biogeosciences, 6 

(2009), pp. 3109-3129. 

C.D. Thomas, A. Cameron, R.E. Green, M. Bakkenes, L.J. Beaumont, Y.C. 

Collingham, B.F.N. Erasmus, M. Ferreira De Siqeira, A. Grainger, L. 

Hannah, L. Hughes, B. Huntley, A.S. Van Jaarsveld, G.F. Midgley, L. 

Miles, M.A. Ortega-Huertas, A.T. Peterson, O.L. Phillips, S.E. 

Williams Extinction risk from climate change Nature, 427 (2004), pp. 

145-148. 

Cabrera-Bosquet L, Molero G, Bort J, Nogués S, Araus JL (2007) The 

combined effect of constant water deficit and nitrogen supply on 

WUE, NUE and D13C in durum wheat potted plants. Ann Appl Biol 

151(3):277–289. 



408 | Abdulgani DEVLET 

 

Calderini DF, Abeledo LG, Savin R, Slafer GA (1999) Effect of temperature 

and carpel size during pre-anthesis on potential grain weight in wheat. 

J Agric Sci 132:453–460. 

Camerlengo, F.; Sestili, F.; Silvestri, M.; Colaprico, G.; Margiotta, B.; 

Ruggeri, R.; Lupi, R.; Masci, S.; Lafiandra, D. Production and 

molecular characterization of bread wheat lines with reduced amount 

of α-type gliadins. BMC Plant Biol. 2017, 17, 1–11. 

Camp, C. R. & Lamm, F. R. Irrigation systems, subsurface drip. 

Encyclopedia of Water Science (2003). 

Camp, C. R. Subsurface drip irrigation: A review. Transactions of the Asae 

41, 1353–1367 (1998). 

Campbell, C.A.; Davidson, H.R.; Winkleman, G.E. Effect of Nitrogen, 

Temperature, Growth Stage and Duration of Moisture Stress on Yield 

Components and Protein Content of Manitou Spring Wheat. Can. J. 

Plant Sci. 1981, 61, 549–563. 

Cao cuogui, Liu Anguo, Structure of Tilled Soil Layer, editorial board of 

Agricultural Science Volume "10000 scientific problems". Beijing: 

Science Press, 2011, resources and environment: 237-239. 

Cao Weixing, Guo Wenshan, Wang Longjun, et al. Physiological ecology 

and optimization technology of wheat quality. Beijing: China 

Agricultural Publishing House, 2005: 1-43, 85-90. 

Capra A, Consoli S, Scicolone B (2008). In: Alonso A, Iglesias HJ (eds) 

Agricultural irrigation research progress, Nova Science Publishers, Inc, 

New York. 

Carloni A (2001) Regional analysis: Sub-Saharan Africa. In: J Dixon, A 

Gulliver, and D Gibbon (eds) Global Farming Systems Study: 

Challenges and Priorities to 2030. Food and Agriculture Organization 

of the United Nations, Rome. 



CROP PRODUCTION and INFLUENCING FACTORS | 409 

 

 

 

Carter, B.P.; Morris, C.F.; Anderson, J.A. Optimizing the SDS 

sedimentation test for end-use quality selection in a soft white and 

club wheat breeding program. Cereal Chem. 1999, 76, 907–911. 

Cashmore, A.R., Jarillo, J.A., Wu, Y.J., and Liu, D. (1999). Cryptochromes: 

Blue light receptors for plants and animals. Science 284, 760–765. 

Cassman KG (2007) Climate change, biofuels, and global food security. 

Environ Res Lett 2:11–12. 

Castañeda-Álvarez, N., Khoury, C., Achicanoy, H. et al. Global conservation 

priorities for crop wild relatives. Nature Plants 2, 16022 (2016). 

https://doi.org/10.1038/nplants.2016.22. 

CDC (2011), Animal Feeding Operations. 

Ceoloni, C.; Kuzmanović, L.; Ruggeri, R.; Rossini, F.; Forte, P.; Cuccurullo, 

A.; Bitti, A. Harnessing genetic diversity of wild gene pools to 

enhance wheat crop production and sustainability: Challenges and 

opportunities. Diversity 2017, 9, 55. 

CGIAR (2007) Consultative group on international agricultural research: 

Global climate change: Cane agriculture cope. Online Briefing 

Dossier, 2007. Available from: http://www.dfid.gov.uk/R4D/PDF/ 

Articles/cc_agriculture_execsummary.pdf. Accessed April 19, 2011. 

CGIAR (2007) Consultative group on international agricultural research: 

Global climate change: Cane agriculture cope. Online Briefing 

Dossier, 2007. Available from: http://www.dfid.gov.uk/R4D/PDF 

/Articles/cc_agriculture_execsummary.pdf. Accessed April 19, 2011. 

Chai Q, Gan Y, Turner NC, Zhang RZ, Yang C, Niu Y, Siddique KHM 

(2014) Water-saving innovations in Chinese agriculture. Adv Agron 

126:147–197. https://doi.org/10.1016/ B978-0-12-800132-5.00002-X. 

https://doi.org/10.1038/nplants.2016.22


410 | Abdulgani DEVLET 

 

Chai Q, Gan Y, Zhao C, Xu H, Waskom RM, Niu Y, Siddique KHM (2016) 

Regulated deficit irrigation for crop production under drought stress. 

A review. Agron Sustain Dev 36(3):2–21. 

Champoux M, Wang G, Sarkarung S, Mackill DJ, O’Toole JC, Huang N, 

Mccouch SR (1995) Locating genes associated with root morphology 

and drought avoidance in rice via linkage to molecular marker. Theor 

Appl Genet 90:969–981. 

Chang Ming Liu, Hui Wang, Chang Chang Xiao, Chang Chang soil crop 

atmospheric interface water process and water saving regulation 

Chang, Beijing: Science Press, 1999. 

Chang NF, Richardson HL, soil fertility and manuring in China, science, 

1942, 95 (2476): 601-602. 

Chen Jixian, Zhao Xulan. Basis of wheat breeding with high and stable yield, 

good quality and wide adaptability. Beijing: Science Press, 2000:157. 

Chen pan, Qin Chang, climate change and natural disasters, Journal of 

natural disasters, 1996, 5:11:17. 

Chen X, Chen F, Chen Y, Gao Q, Yang X, Yuan L, Zhang F, Mi G (2013) 

Modern maize hybrids in Northeast China exhibit increased yield 

potential and resource use efficiency despite adverse climate change. 

Glob Change Biol 19:923–936. 

Chinvanno S, Souvannalath S, Lersupavithnapa B, Kerdsuk V, Thi Hien 

Thuan N (2006) Climate risks and rice farming in the lower Mekong 

River countries. In Chaudhry P, Ruysschaert G (2007) Fighting 

climate change: Human solidarity in a divided world. Climate Change 

and Human Development in Viet Nam, Human Development Report, 

2007/2008, Occasional Paper, Human Development Report Office, 

UNDP. 



CROP PRODUCTION and INFLUENCING FACTORS | 411 

 

 

 

Choi, G., Yi, H., Lee, J., Kwon, Y.K., Soh, M.S., Shin, B., Luka, Z., Hahn, 

T.R., and Song, P.S. (1999). Phytochrome signalling is mediated 

through nucleoside diphosphate kinase 2. Nature 401, 610–613. 

Chory, J. (1997). Light modulation of vegetative development. Plant Cell 9, 

1225–1234. 

Choudhury, 1998 B.J. Choudhury Estimation of vapor pressure deficit over 

land surfaces from satellite observations B.J. Choudhury, S. Tanaka, 

A. Kondo, M. Menenti, F. Becker (Eds.), Synergistic Use of 

Multisensor Data for Land Processes (1998), pp. 669-672. 

Christopher JT, Manschadi AM, Hammer GL, Borrell AK (2008) 

Developmental and physiological traits associated with high yield and 

stay-green phenotype in wheat. Aust J Agric Res 59(4):354–364. 

Ci X, Li M, Xu J, Lu Z, Bai P, Ru G, Liang X, Zhang D, Li X, Bai L, Xie C, 

Hao Z, Zhang S, Dong S (2011) Trends of grain yield and plant traits 

in Chinese maize cultivars from the 1950s to the 2000s. Euphytica 

185:395–406. 

Cline W, (2007) GlobalWarming and Agriculture: Impact Estimates by 

Country. Center for Global Development and Peterson Institute for 

International Economics, Washington, DC. 

Close M.B. Araújo, R.G. Pearson, W. Thuiller, M. Erhard Validation of 

species–climate impact models under climate change Glob. Change 

Biol., 11 (2005), pp. 1504-1513. 

Cole MB, Augustin MA, Robertson MJ, Manners JM (2018) The science of 

food security. NPJ Sci Food 2:14. https://doi.org/10.1038/s41538-018-

0021-9. 

Collatz et al., 1991 G.J. Collatz, J.T. Ball, C. Grivet, J.A. Berry 

Physiological and environmental-regulation of stomatal conductance, 

https://doi.org/10.1038/s41538-018-0021-9
https://doi.org/10.1038/s41538-018-0021-9


412 | Abdulgani DEVLET 

 

photosynthesis and transpiration – a model that includes a laminar 

boundary-layer Agric. For. Meteorol., 54 (2–4) (1991), pp. 107-136. 

Convention on Biological Diversity (CBD), Aichi Biodiversity Targets. 

http://www.cbd.int/sp/targets/default.shtml. 

Cooper M, Tang T, Gho C, Hart T, Hammer G, Messina C (2020) 

Integrating genetic gain and gap analysis to predict improvements in 

crop productivity. Crop Sci 60:582–604. 

Cooper PJM, Gregory PJ, Keatinge JDH, Brown SC (1987) Effects of 

fertilizer, variety and location on barley production under rainfed 

conditions in Northern Syria. 2: soil water dyamics and crop water use. 

Field Crop Res 16:67–84. 

Cooper, H.D., C. Spillane, and T. Hodgkin, editors. 2001. Broadening the 

genetic base of crop production. CAB International, Wallingford. 

Coudert Y, Dievart A, Droc G, Gantet P (2013) ASL/LBD phylogeny 

suggests that genetic mechanisms of root initiation downstream of 

auxin are distinct in lycophytes and euphyllophytes. Mol Biol Evol 

30:569–572. 

Coudert Y, Dievart A, Droc G, Gantet P (2013) ASL/LBD phylogeny 

suggests that genetic mechanisms of root initiation downstream of 

auxin are distinct in lycophytes and euphyllophytes. Mol Biol Evol 

30:569–572. 

Courtois B, Ahmadi N, Khowaja F, Price AH, Rami J-F, Frouin J, Hamelin 

C, Ruiz M (2009) Rice root genetic architecture: meta-analysis from a 

drought QTL database. Rice 2:115–128. 

Cowan IR, Transport of water in the soil, plant, atmosphere system, J Appl 

Ecol,1965, 2: 221-239. 

Craufurd PQ, Prasad PVV, Kakani VG, Wheeler TR, Nigam SN (2003) Heat 

tolerance in peanuts. Field Crops Research 80: 63–77. 

http://www.cbd.int/sp/targets/default.shtml


CROP PRODUCTION and INFLUENCING FACTORS | 413 

 

 

 

Crespo-Herrera LA, Crossa J, Huerta-Espino J, Vargas M, Mondal S, Velu 

G, Payne TS, Braun H, Singh RP (2018) Genetic Gains for Grain 

Yield in CIMMYT’s Semi-Arid Wheat Yield Trials Grown in 

Suboptimal Environments. Crop Sci 58:1890–1898. 

Crimp S, Howden M, Power B, Wang E, De Voil P (2008) Global climate 

change impacts on Australia’s wheat crops, report prepared for the 

Garnaut Climate Change Review. CSIRO, Canberra. 

CSIRO and BoM (2007) Climate Change in Australia. In: KB Pearce, PN 

Holper, M Hopkins et al. (eds) Technical Report 2007, p. 148. CSIRO 

Marine and Atmospheric Research, Aspendale. 

D. Baldocchi, E. Falge, L.H. Gu, R. Olson, D. Hollinger, S. Running, P. 

Anthoni, C. Bernhofer, K. Davis, R. Evans, J. Fuentes, A. Goldstein, 

G. Katul, B. Law, X.H. Lee, Y. Malhi, T. Meyers, W. Munger, W. 

Oechel, K.T.P. U, K. Pilegaard, H.P. Schmid, R. Valentini, S. Verma, 

T. Vesala, K. Wilson, S. Wofsy. 

D. K. Ray, N. Ramankutty, N. D. Mueller, P. C. West, J. A. Foley, Recent 

patterns of crop yield growth and stagnation. Nat. Commun. 3, 1293 

(2012). 

D. Kleijn, R. Winfree, I. Bartomeus, L. G. Carvalheiro, M. Henry, R. Isaacs, 

A.-M. Klein, C. Kremen, L. K. M'Gonigle, R. Rader, T. H. Ricketts, N. 

M. Williams, N. Lee Adamson, J. S. Ascher, A. Báldi, P. Batáry, F. 

Benjamin, J. C. Biesmeijer, E. J. Blitzer, R. Bommarco, M. R. Brand, 

V. Bretagnolle, L. Button, D. P. Cariveau, R. Chifflet, J. F. Colville, B. 

N. Danforth, E. Elle, M. P. D. Garratt, F. Herzog, A. Holzschuh, B. G. 

Howlett, F. Jauker, S. Jha, E. Knop, K. M. Krewenka, V. le Féon, Y. 

Mandelik, E. A. May, M. G. Park, G. Pisanty, M. Reemer, V. 

Riedinger, O. Rollin, M. Rundlöf, H. S. Sardiñas, J. Scheper, A. R. 



414 | Abdulgani DEVLET 

 

Sciligo, H. G. Smith, I. Steffan-Dewenter, R. Thorp, T. Tscharntke, J. 

Verhulst, B. F. Viana, B. E. Vaissière, R. Veldtman, K. L. Ward, C. 

Westphal, S. G. Potts, Delivery of crop pollination services is an 

insufficient argument for wild pollinator conservation. Nat. Commun. 

6, 7414 (2015). 

D. Tilman et al., Science 292, 281 (2001). 

D. Tilman, C. Balzer, J. Hill, B.L. Befort, Global food demand and the 

sustainable intensification of agriculture, Proceedings of the National 

Academy of Sciences 108 (50) (2011) 20260e20264. 

D. Tilman, F. Isbell, J. M. Cowles, Biodiversity and ecosystem functioning. 

Annu. Rev. Ecol. Evol. Syst. 45, 471–493 (2014). B. J. Cardinale, J. E. 

Duffy, A. Gonzalez, D. U. Hooper, C. Perrings, P. Venail, A. Narwani, 

G. M. Mace, D. Tilman, D. A. Wardle, A. P. Kinzig, G. C. Daily, M. 

Loreau, J. B. Grace, A. Larigauderie, D. S. Srivastava, S. Naeem, 

Biodiversity loss and its impact on humanity. Nature 486, 59–67 

(2012). 

D. Tilman, Proc. Nat. Acad. Sci. U.S.A. 96, 5995(1999). D. Pimentel et al., 

Bioscience 47, 747 (1997). 

D.A. Griffith Spatial statistics: a quantitative geographer's perspective Spat. 

Stat., 1 (2012), pp. 3-15. 

D.D. Baldocchi Assessing the eddy covariance technique for evaluating 

carbon dioxide exchange rates of ecosystems: past, present and future 

Global Change Biol., 9 (4) (2003), pp. 479-492. 

D.l. Albritton, M.R. Allen, A.P.M. Baede, et al. IPCC Working Group I 

Summary for Policy Makers, Third Assessment Report: Climate 

Change 2001: The Scientific Basis, draft (2001). 

D.R. Easterling, B. Horton, P.D. Jones, T.C. Peterson, T.R. Karl, D.E. Parker, 

M.J. Salinger, V. Razuvayev, N. Plummer, P. Jamason, C.K. Folland 



CROP PRODUCTION and INFLUENCING FACTORS | 415 

 

 

 

Maximum and minimum temperature trends for the globe Science, 

277 (1997), pp. 363-367. 

D.R. Easterling, G.A. Meehl, C. Parmesan, S.A. Changnon, T.R. Karl, L.O. 

Mearns Climate extremes: observations, modeling, and impacts 

Science, 289 (2000), pp. 2068-2074. 

D.S. Brar, G.S. Khush Alien introgression in rice Plant Mol. Biol., 35 (1997), 

pp. 34-57. 

D.U. Hooper, E.C. Adair, B.J. Cardinale, J.E.K. Byrnes, B.A. Hungate, K.L. 

Matulich, A. Gonzalez, J.E. Duffy, L. Gamfeldt, M.I. O/'Connor A 

global synthesis reveals biodiversity loss as a major driver of 

ecosystem change Nature, 486 (7401) (2012), pp. 105-108. 

D. U. Hooper, F. S. Chapin III., J. J. Ewel, A. Hector, P. Inchausti, S. 

Lavorel, J. H. Lawton, D. M. Lodge, M. Loreau, S. Naeem, B. Schmid, 

H. Setälä, A. J. Symstad, J. Vandermeer, D. A. Wardle, Effects of 

biodiversity on ecosystem functioning: A consensus of current 

knowledge. Ecol. Monogr. 75, 3–35 (2005). 

Dai, M.; Hamel, C.; Bainard, L.D.; Arnaud, M.St.; Grant, C.A.; Lupwayi, 

N.Z.; Malhi, S.S.; Lemke, R. Negative and positive contributions of 

arbuscular mycorrhizal fungal taxa to wheat production and nutrient 

uptake efficiency in organic and conventional systems in the Canadian 

prairie. Soil Biol. Biochem. 2014, 74, 156–166. 

Darwin R (2001) Climate change and food security, economic research 

service. United States Department of Agriculture Information Bulletin 

Number 765-8. 

David W. J. Thompson, Elizabeth A. Barnes, Clara Deser, William E. Foust, 

and Adam S. Phillips, Journal of Climate, 2015, Volume 28: Issue 16, 

Page(s): 6443–6456, DOI: https://doi.org/10.1175/JCLI-D-14-00830.1. 

https://doi.org/10.1175/JCLI-D-14-00830.1


416 | Abdulgani DEVLET 

 

Davies WJ, Zhang J, root signals and the regulation of growth and 

development of plants in Drying soil, annual review of plant physics 

and plant molecular biology, 1990, 42:55-76. 

De Wit M, Stankiewicz J (2006) Changes in surface water supply across 

Africa with predicted climate change. Science 31:1917–1921. 

https://doi.org/10.1126/science.1119929. 

De Wit, CT., 1967. Photosynthesis: its relation to overpopulation. In: A. San 

Pietro, F.A. Greer and T.J. Army (Editors), Harvesting the Sun. 

Academic Press, New York, pp. 315-320. 

Deak KI, Malamy J (2005) Osmotic regulation of root system architecture. 

Plant J 43:17–28. 

Debenham, F., 1954. The geography of deserts. In: J.L. Cloudsley-

Thompson (Editor), Biology of Deserts. Institute of Biology, London, 

pp. 1-6. 

Déborah P. Rondanini, Lucas Borrás and Roxana Savin, Improving Grain 

Quality in Oil and Cereal Crops, Springer (2019), Crop Science:269-

285. 

Dempewolf H, Baute G, Anderson J, Kilian B, Smith C, Guarino L (2017) 

Past and future use of wild relatives in crop breeding. Crop Sci. 

doi:10.2135/cropsci2016.10.0885. 

Dempewolf, H. et al. Adapting agriculture to climate change: a global 

initiative to collect, conserve, and use crop wild relatives. Agroecol. 

Sustain. Food Syst. 38, 369–377 (2013). 

Deressa T (2007) Measuring the economic impact of climate change on 

Ethiopian agriculture: Ricardian approach. World Bank Policy 

Research Paper No. 4342. World Bank, Washington, DC. 

Dettinger MD (2005) From climate-change spaghetti to climate-change 

distributions for 21st century California. San Francisco Estuary 

https://doi.org/10.1126/science.1119929


CROP PRODUCTION and INFLUENCING FACTORS | 417 

 

 

 

Watershed Sci 3(1). http://repositories.cdlib.org/jmie/sfews/vol3 

/iss1/art4. 

Dexter AR. Soil physical quality: Part I. Theory, effects of soil texture, 

density and organic matter and effects on root growth. Geoderma, 

2004, 120(3-4): 201-214. 

Dexter, J.E.; Matsuo, R.R.; Kosmolak, F.G.; Leisle, D.; Marchylo, B.A. The 

Suitability of the sds-sedimentation test for assessing gluten strenght 

in durum wheat. Can. J. Plant Sci. 1980, 60, 25–29. 

DFID (2004) Key sheet 7. Adaptation to climate change: The right 

information can help the poor to cope. Global and Local Environment 

Team, Policy Division. 

Ding Yi, Hui Chang, climate warming, disasters and problems we face, 

Chang China disaster reduction, 2003, 2:19:25. 

Dixon J, Gulliver A, Gibbon D (2001) Global Farming Systems Study: 

Challenges and Priorities to 2030, 115pp. FAO, Rome. 

Doğdu M.Ş., Toklu M.M., Sağnak C., 2007. Examining rain and 

groundwater levels in Konya Closed Basin, (In Turkish) I Turkey 

Climate Change Congress, 11-13 April, Istanbul. 

Dong et al., 2017 N. Dong, I.C. Prentice, S.P. Harrison, Q.H. Song, Y.P. 

Zhang Biophysical homoeostasis of leaf temperature: a neglected 

process for vegetation and land-surface modelling Global Ecol. 

Biogeogr., 26 (9) (2017), pp. 998-1007.  

Doorenbos J, Pruitt Wo, crop water requirements, FAO irrigation and 

drainage paper,1992:24. 

Doughty, C. E. et al. Drought impact on forest carbon dynamics and fluxes 

in Amazonia. Nature 519, 78–82 (2015). 



418 | Abdulgani DEVLET 

 

Doussan C, Pages L, Pierret A (2003) Soil exploration and resource 

acquisition by plant roots: an architectural and modelling point of 

view. Agronomie 23(5–6):419–431. 

Drew MC, Saker LR (1975) Nutrient supply and the growth of the seminal 

root system in barley: II. Localized, compensatory increases in lateral 

root growth and rates op nitrate uptake when nitrate supply is 

restricted to only part of the root system. J Exp Bot 26(1):79–90. 

Drew MC, Saker LR (1978) Nutrient supply and the growth of the seminal 

root system in barley: III. Compensatory increases in growth of lateral 

roots, and in rates of phosphate uptake, in response to a localized 

supply of phosphate. J Exp Bot 29(2): 435–451. 

Drew MC, Saker LR, Ashley TW (1973) Nutrient supply and the growth of 

the seminal root system in barley: I. The effect of nitrate concentration 

on the growth of axes and laterals. J Exp Bot 24(6): 1189–1202. 

Dronin N, Bellinger E (2005) Climate Dependence and Food Problems in 

Russia (1900–1990). The Interaction of Climate and Agricultural 

Policy and Their Effect on Food Problems. CEU Press, Budapest–

New York, NY. 

Dunbabin V, Diggle A, Rengel Z (2003) Is there an optimal root architecture 

for nitrate capture in leaching environments? Plant Cell Environ 

26:835–844. 

Dursun S., Onder S., Acar R., Direk M., Mucehver O., 2012. Effect of 

environmental and socioeconomically change on agricultural 

production in Konya Region, International Conference on Applied 

Life Sciences, 10-12 September, Turkey. 

Duvick DN (2005) The contribution of breeding to yield advances in maize 

(Zea mays L.). Adv Agron 86:83–145. 



CROP PRODUCTION and INFLUENCING FACTORS | 419 

 

 

 

Duvick, D. Genetic rates of gain in hybrid maize yields during the past 40 

years. Maydica (1977). 

Duvick, D. N. & Cassman, K. G. Post–green revolution trends in yield 

potential of temperate maize in the North-Central United States. Crop 

Sci. 39, 1622–1630 (1999). 

Duvick, D. N. Genetic contributions to advances in yield of US maize. 

Maydica (Italy) (1992). 

Dwivedi, S.L., H.D. Upadhyaya, H.T. Stalker, M.W. Blair, D.J. Bertioli, S. 

Nielen, and R. Ortiz. 2008. Enhancing crop gene pools with beneficial 

traits using wild relatives. Plant Breed. Rev. 30:179–230. 

doi:10.1002/9780470380130.ch3. 

Dybzinski R, farqionr JE, Zak Dr, et al, Ty in a long term biological 

experience Mader P, fliebbach a, Dubois D, et al, soil fertility and 

biological in organic Learning science, 2002296:1694 singing 1697. 

E. Zavaleta Shrub establishment under experimental global changes in a 

California grassland Plant Ecol., 184 (2006), pp. 53-63. 

E.C. Large The Advance of the Fungi. Johnathan Cape, London (1940) 488. 

E.I. Lammertsma, H.J. De Boer, S.C. Dekker, D.L. Dilcher, A.F. Lotter, F. 

Wagner-Cremer Global CO2 rise leads to reduced maximum stomatal 

conductance in Florida vegetation Proc. Natl. Acad. Sci. U. S. A., 108 

(10) (2011), pp. 4035-4040. 

Eapen D, Barroso ML, Ponce G, Campos ME, Cassab GI (2005) 

Hydrotropism: rootgrowthresponsestowater. Trends Plant Sci 10:44–

50. https://doi. org/10.1016/j.tplants.2004.11.004. 

Easterling WE, Aggarwal PK, Batima P, Brander KM, Erda L, Howden SM, 

Kirilenko A, Morton J, Soussana J-F, Schmidhuber J, Tubiello FN 

(2007) Food, fibre and forest products. In: ML Parry, OF Canziani, JP 



420 | Abdulgani DEVLET 

 

Palutikof, PJ van der Linden, and CE Hanson (eds) Climate Change 

2007: Impacts, Adaptation and Vulnerability. Contribution ofWorking 

Group II to the Fourth Assessment Report of the Intergovernmental 

Panel on Climate Change, pp. 273–313. Cambridge University Press, 

Cambridge, UK. 

Easterling we, Weiss a, Hays CJ, et al, Ting what and make productivity: the 

case of the us great plain agricultural and forest Meteorology, 1998, 

90:51:63. 

Ebrahim NM (2008) Responses of root and shoot growth of durum wheat 

(Triticum turgidum L. var durum) and barley (Hordeum vulgare L.) 

plants to different water and nitrogen levels. University of Jorda. 

ECLAC (Economic Commission for Latin America and the Caribbean) 

(2009) Climate Change and Development in Latin America and the 

Caribbean. Overview 2009 (LC/L.3140), Santiago, Chile, November. 

ECLAC (Economic Commission for Latin America and the Caribbean, CL), 

FAO (Food and Agriculture Organization of the United Nations, IT), 

IICA (Inter-American Institute for Cooperation on Agriculture, CR) 

(2010) The outlook for agriculture and rural development in the 

Americas: A perspective on Latin America and the Caribbean IICA, 

Santiago, Chile. 

ECO-PB (2015), New Plant Breeding Techniques. Position Paper. Available 

online: http://www.ifoam-eu.org/sites/default/files/ifoameu_policy 

_npbts_position_final_20151210.pdf (accessed on 14 June 2017). 

ECO-PB: European Consortium for Organic Plant Breeding 

(http://www.eco-pb.org). 

EEA (2006) Progress Towards Halting the Loss of Biodiversity by 2010, 

EEA report No 5/2006. European Environment Agency. 

http://www.eco-pb.org/


CROP PRODUCTION and INFLUENCING FACTORS | 421 

 

 

 

Egli DB (1998) Seed biology and the yield of grain crops. CAB International, 

New York, 178 p. 

EIP (2011), Hazardous Pollution from Factory Farms. 

EIP (2011), Hazardous Pollution from Factory Farms. 

Eikhout B, Bouwman AF, Zeijts VH (2006) The role of nitrogen in world 

food production and food sustainability. Agric Ecosyst Environ 

116:4–14. 

Elder, C. R. & Benson, C. H. Air Channel Formation, Size, Spacing, and 

Tortuosity During Air Sparging. Ground Water Monitoring & 

Remediation 19, 171–181 (2010). 

Elías Fereres and Margarita García-Vila, Irrigation Management for 

Efficient Crop Production, Springer (2019), Crop Science:345-360. 

English M, Nuss GS 1982. Designing for Deficit Irrigation. J. Irrig. Drain. 

Div. 108:91–106. 

English MJ (1990) Deficit irrigation. I: analytical framework. J Irrig Drain 

Eng 116:399–412. 

Epstein E, Bloom AJ. Mineral nutrition of plants: principles and perspectives, 

New York: Wiley, 1972. 

Ercoli L., Lulli L., Mariotti M., Masoni A., Arduini A., 2008. Post/anthesis 

dry matter and nitrogen dynamics in durum wheat as affected by 

nitrogen supply and soil water availability, European Journal of 

Agronomy, 28: 138-147. 

Ercoli, L.; Lulli, L.; Arduini, I.; Mariotti, M.; Masoni, A. Durum wheat grain 

yield and quality as affected by S rate under Mediterranean conditions. 

Eur. J. Agron. 2011, 35, 63–70. 

ETC Group (May/June 2008). Patenting the “Climate Genes” and Capturing 

the Climate Agenda. Communique issue: 99. 



422 | Abdulgani DEVLET 

 

Euroconsult, 1989. Agricultural Compendium for Rural Development in the 

Tropics and Subtropics. Elsevier, Amsterdam. Pan Rui Chi, plant 

physiology, Beijing: Higher Education Press, 2008:244-245. 

European Commission (2007) The challenge of integrating environmental 

requirements into the common agricultural policy. Web site of the 

European Commission of agriculture and rural development. 

Available from: http://ec.europa.eu/agriculture/envir/report/en/ 

concl_en/ report.htm#Foot3. Accessed March 29, 2011. 

Evans A: The Feeding of the Nine Billion: Global Food Security for the 21st 

Century. 2009, Chatham House, London. 

Evans N, Baierl A, Semenov MA, Gladders P, Fitt BDL, 2008. Range and 

severity of a plant disease increased by global warming. Journal of the 

Royal Society Interface 5, 525–31. 

Evans, L.T., 1973. The effect of light on plant growth, development and 

yield. In: R.O. Slatyer (Editor), Plant Response to Climatic Factors. 

Proc. Uppsala Symp. UNESCO, Paris, pp. 21-35. 

Evenson RE, Rosegrant M (2003) The economic consequences of crop 

genetic improvement programmes. In: Evenson RE, Gollin D (eds) 

Crop variety improvement and its effect of productivity. CABI, 

Cambridge, pp 473–497. 

Ewert F, Rounsevell MDA, Reginster I, Metzger MJ, Leemans R (2005) 

Future scenarios of European agricultural land use I. Estimating 

changes in crop productivity. Agriculture, Ecosystems and 

Environment 107: 101–116. 

F. Isbell, A. Gonzalez, M. Loreau, J. Cowles, S. Díaz, A. Hector, G. M. 

Mace, D. A. Wardle, M. I. O'Connor, J. E. Duffy, L. A. Turnbull, P. L. 

Thompson, A. Larigauderie, Linking the influence and dependence of 

people on biodiversity across scales. Nature 546, 65–72 (2017). 



CROP PRODUCTION and INFLUENCING FACTORS | 423 

 

 

 

F. J. J. A. Bianchi, C. J. H. Booij, T. Tscharntke, Sustainable pest regulation 

in agricultural landscapes: A review on landscape composition, 

biodiversity and natural pest control. Proc. Biol. Sci. 273, 1715–1727 

(2006). 

F. S. Chapin III et al., Nature 405, 234 (2000). 

Fageria NK, Baligar VC, Clark RB, Physiology of Crop Productio, New 

York: Food Products Press,2006: 95-115, 131-145. 

Fagnano, M.; Fiorentino, N.; D’Egidio, M.G.; Quaranta, F.; Ritieni, A.; 

Ferracane, R.; Raimondi, G. Durum Wheat in Conventional and 

Organic Farming: Yield Amount and Pasta Quality in Southern Italy. 

Sci. World J. 2012, 2012, 1–9. 

Fankhauser, C., Yeh, K.C., Lagarias, J.C., Zhang, H., Elich, T.D., and Chory, 

J. (1999). PKS1, a substrate phosphorylated by phytochrome that 

modulates light signaling in Arabidopsis. Science 284, 1539–1541. 

FAO (2003) Responding to agricultural and food insecurity challenges: 

Mobilising Africa to implement NEPAD programmes. Conference of 

Ministers of Agriculture of the African Union, Maputo, Mozambique, 

July 1–2, 2003. 

FAO (2005) 31st Session of the Committee onWorld Food Security: Special 

Event on Impact of Climate Change, Pests and Diseases on Food 

Security and Poverty Reduction, Rome, Italy, May 23–26, 2005. 

FAO (2006), Livestock's Long Shadow. 

FAO (Food and Agriculture Organization of the United Nations) 2012 Food 

and Agriculture Organization of the United Nations, Crop Production 

and Trade Statistics (available from: http://faostat.fao.org/site/ 

339/default.aspx). WHO, 2011. Fact Sheet n. 311. 

http://faostat.fao.org/site/%20339/default.aspx
http://faostat.fao.org/site/%20339/default.aspx


424 | Abdulgani DEVLET 

 

FAO 2006. World agriculture: towards 2030/2050, Food and Agriculture 

Organization of the United Nations, Rome. 

FAO, 2003. Trade Reforms and Food Security. Conceptualizing the 

Linkages. Rome, Italy: Food and Agriculture Organisation of the 

United Nations. http://www.fao.org/docrep/005/y4671e/y4671e00.htm. 

Accessed 12 Nov 2010. 

FAO, FAO Production Statistics, 2012. Available at: 

http://faostat.faoorg/site/339/default.aspx. 

FAO, Press Release (2008) Agriculture in the near east likely to suffer from 

climate change, Rome/Cairo. Available from: http://www.fao.org/ 

newsroom/en/news/ 2008/1000800/index.html. Accessed March 3, 

2008. 

FAO. (2015), The State of Food Insecurity in the World. Rome: FAO. 

FAO. 2011b. The state of food and agriculture: Women in agriculture. 

Closing the gender gap for development. Rome, Italy. 

FAOSTAT [Online database] (2010) Available from: http://faostat.fao.org. 

Accessed June 1, 2010. 

Fereres E, Soriano A (2007) Deficit irrigation for reducing agricultural water 

use. J Exp Bot, 58:147–159. 

Fernandez JE, Palomo MJ, Diaz sing Espejo a, et al. Chang heat sing pulse 

measurements of sap flow inolives for automatic irrigation: tests, root 

flow and diagnostics of water stress Chang agricultural water 

management, 2001, 51:99:123. 

Fernie AR, Bachem CWB, Helariutta Y, Neuhaus HE, Prat S, Ruan YL, Stitt 

M, Sweetlove LJ, Tegeder M, Wahl V, Sonnewald S, Sonnewald U 

(2020) Synchronization of developmental, molecular and metabolic 

aspects of source-sink interactions. Nat Plants 6:55–66. 



CROP PRODUCTION and INFLUENCING FACTORS | 425 

 

 

 

Ficco, D.B.M.; Mastrangelo, A.M.; Trono, D.; Borrelli, G.M.; De Vita, P.; 

Fares, C.; Beleggia, R.; Platani, C.; Papa, R. The colours of durum 

wheat: A review. Crop Pasture Sci. 2014, 65, 1–15. 

First Nations Development Institute [FNDI]. (2013). Reclaiming native food 

systems—Part 1: Indigenous knowledge and innovation for supporting 

health and food sovereignty. Longmont, CO: First Nations 

Development Institute. Retrieved from 

https://www.firstnations.org/wp-content/uploads/publication-

attachments/2013_Reclaiming_Native_Food_Systems_Part_I.pdf. 

Fischer G, Shah M, Tubiello FN, van Velhuizen H (2005) Socio-economic 

and climate change impacts on agriculture: An integrated assessment, 

1990–2080. Philosophical Transactions of the Royal Society B: 

Biological Sciences 360: 2067–2083. 

Fischer G, ShahM, Tubiello FN et al. (2005) Socioeconomic and climate 

change impacts on agriculture: An integrated assessment, 1990–2080. 

Philosophical Transactions of the Royal Society 360(1463): 2067–

2083. 

Fischer G, ShahM, van Velthuizen H (2002) Climate change and agricultural 

vulnerability. International Institute for Applied Systems Analysis 

under United Nations Institutional Contract Agreement No.1113 on 

Climate Change and Agricultural Vulnerability as a Contribution to 

the World Summit on Sustainable Development, Johannesburg. 

Fischer RAT, Edmeades GO (2010) Breeding and cereal yield progress. 

Crop Sci 50:S85-98. 

Fitt BDL, Fraaije BA, Chandramohan P, Shaw MW, 2011. Impacts of 

changing air composition on severity of arable crop disease epidemics. 

Plant Pathology 60, 44–53. 



426 | Abdulgani DEVLET 

 

Fitter AH (1996) Characteristics and functions of root systems. In: Waisel Y, 

Eshel A, Kafkafi U (eds) Plant roots: the hidden half. Marcel Dekker, 

New York, pp 1–20. 

Food and Agriculture Organization of the United Nations (FAO) The Second 

Report on the State of the World‘s Plant Genetic Resources for Food 

and Agriculture (Commission on Genetic Resources for Food and 

Agriculture, FAO, 2010). 

Food and Agriculture Organization of the United Nations: How to Feed the 

World in 2050. 2009, FAO, Rome. Tester M, Langridge P: Breeding 

technologies to increase crop production in a changing world. Science. 

2010, 327: 818-822. 

Food and Agriculture Organization of the United Nations: Mitigation of 

Climate Change in Agriculture Series No. 1. FAO, 2010, Global 

Survey of Agricultural Mitigation Projects, Rome. 

Ford KE, Gregory PJ, Gooding MJ, Pepler S (2006) Genotype and fungicide 

effects on late-season root growth of winter wheat. Plant Soil 284(1–

2):33–44. 

Forde BG, Clarkson DT (1999) Nitrate and ammonium nutrition of plants: 

physiological and molecular perspectives. In: Callow JA 

(ed)Advances in botanical research incorporating advances in plant 

pathology, vol 30. Academic Press Inc., San Diego, pp 1–90. 

Foulkes MJ, Hawkesford MJ, Barraclough PB, Holdsworth MJ, Kerr S, 

Kightley S, Shewry PR (2009) Identifying traits to improve the 

nitrogen economy of wheat: recent advances and future prospects. 

Field Crop Res 123:139–152. 

Fraisse CW, Cabrera VE, Breuer NE et al. (2008) El Ni˜no—Southern 

Oscillation influences on soybean yields in eastern Paraguay. 

International Journal of Climatology 28: 1399–1407. 



CROP PRODUCTION and INFLUENCING FACTORS | 427 

 

 

 

Freibauer, A., Mathijs, E., Brunori, G., Damianova, Z., Faroult, E., Gomis, 

J.iG., O’Brien, L. & Treyer, S. 2011. Sustainable food consumption 

and production in a resource-constrained world. European 

Commission–Standing Committee on Agricultural Research (SCAR), 

149 pp. 

Fujibe F, Yamazaki N, Kobayashi K (2006) Long-term changes in the 

diurnal precipitation cycles in Japan for 106 years 1898–2003. Journal 

of the Meteorological Society of Japan 84(2): 311–317. 

Fujihara Y., Tanaka K., Watanabe T., Nagano T., Kojiri T., 2008. Assessing 

the impacts of climate change on the water resources of the Seyhan 

River Basin in Turkey: Use of dynamically downscaled data for 

hydrologic simulations, Journal of Hydrology, 353: 33-48. 

G. Arbia Pairwise likelihood inference for spatial regressions estimated on 

very large datasets Spat. Stat., 7 (2014), pp. 21-39. 

G. Asrar, R.B. Myneni, E.T. Kanemasu Estimation of Plant-canopy 

Attributes from Spectral Reflectance Measurements John Wiley & 

Sons, New York; USA (1989). 

G. M. Siriwardena et al., J. Appl. Ecol. 35, 24 (1998). Li, L., Hu, R., Huang, 

J. et al. A farmland biodiversity strategy is needed for China. Nat Ecol 

Evol 4, 772–774 (2020). https://doi.org/10.1038/s41559-020-1161-2. 

G. Shao, P.N. Halpin Climatic controls of eastern North American coastal 

tree and shrub distributions J. Biogeogr., 22 (1995), pp. 1083-1089. 

G.D. Bhatta, P.K. Aggarwal, Coping with weather adversity and adaptation 

to climatic variability: a cross-country study of smallholder farmers in 

South Asia, Climate and Development (2015). 

http://dx.doi.org/10.1080/17565529.2015.1016883. 

https://doi.org/10.1038/s41559-020-1161-2


428 | Abdulgani DEVLET 

 

G.F. Midgley, G.O. Hughes, W. Thuiller, A.G. Rebelo, Migration rate 

limitations on climate change-induced range shifts in Cape Proteaceae 

Divers. Distrib., 12 (2006), pp. 555-562. 

G.H. Suits The calculation of the directional reflectance of a vegetative 

canopy Remote Sens. Environ., 2 (1972), pp. 117-125. 

G.R. Walther, E. Post, P. Convey, A. Menzel, C. Parmesan, T.J.C. Beebee, 

M. Jean- Fromentin, O. Hoegh-Guldbergand, F. Bairlein Ecological 

responses to recent climate change Nature, 416 (2002), pp. 389-395. 

G.S. Campbell Derivation of an angle density function for canopies with 

ellipsoidal leaf angle distributions Agric. For. Meteorol., 49 (1990), pp. 

173-176. 

Gahoonia TS, Nielsen NE (2004) Barley genotypes with long root hairs 

sustain high grain yields in low-P field. Plant Soil 262(1):55–62. 

Gahoonia TS, Nielsen NE, Joshi PA, Jahoor A (2001) A root hairless barley 

mutant for elucidating genetic of root hairs and phosphorus uptake. 

Plant Soil 235:211–219. 

Gahukar RT (2009) Food security: The challenges of climate change and 

bioenergy. Current Science 96: 1. 

Gamuyao R, Chin JH, Pariasca-Tanaka J, Pesaresi P, Catausan S, Dalid C, 

Slamet-Loedin I, Tecson- Mendoza EM, Wissuwa M, Heuer S (2012) 

The protein kinase Pstol1 from traditional rice confers tolerance of 

phosphorus deficiency. Nature 488: 535–539. 

Gan Y, Siddique KHM, Turner NC, Li X-G, Niu J-Y, Yang C, Liu L, Chai 

Q (2013) Ridge-furrow mulching systems—an innovative technique 

for boosting crop productivity in semiarid rain-fed environments. Adv 

Agron 118:429–476. https://doi.org/10.1007/s11104-010-0312-7. 

Gao, P., Wang, G., Zhao, H., Li, F. & Tao, Y. Isolation and Identification of 

Submergence-induced Genes in Maize (Zea mays) Seedlings by 

https://doi.org/10.1007/s11104-010-0312-7


CROP PRODUCTION and INFLUENCING FACTORS | 429 

 

 

 

Suppression Subtractive Hybridization. Acta Botanica Sinica 45, 479–

483 (2003). 

Garcia, R. A., Cabeza, M., Rahbek, C. & Araujo, M. B. Multiple dimensions 

of climate change and their implications for biodiversity. Science 344, 

1247579 (2014). 

García-Vila M, Fereres E, Mateos L, Orgaz F, Steduto P (2009) Deficit 

irrigation optimization of cotton with AquaCrop. Agron J 101:477–

487. 

Garrido-Lestache, E.; López-Bellido, R.J.; López-Bellido, L. Durum wheat 

quality under Mediterranean conditions as affected by N rate, timing 

and splitting, N form and S fertilization. Eur. J. Agron. 2005, 23, 265–

278. 

Garry O’Leary, Brendan Christy, Anna Weeks, James Nuttall, Penny Riffkin, 

Craig Beverly, and Glenn Fitzgerald, Downscaling Global Climatic 

Predictions to the Regional Level: A Case Study of Regional Effects 

of Climate Change on Wheat Crop Production in Victoria, Australia, 

and Crop Production: An Overview, Crop Adaptation to Climate 

Change, 2011, Chapter 1.2: 12-26. 

Genoud, T., Millar, A.J., Nishizawa, N., Kay, S.A., Schafer, E., Nagatani, A., 

and Chua, N.H. (1998). An Arabidopsis mutant hypersensitive to red 

and far-red light signals. Plant Cell 10, 889–904. 

Germida, J.J.; Janzen, H.H. Factors affecting the oxidation of elemental 

sulfur in soils. Fertil. Res. 1993, 35, 101–114. 

Giannakopoulos C, Bindi M, Moriondo M, LeSager P, Tin T (2005) Climate 

Change Impacts in the Mediterranean Resulting from a 2◦C Global 

Temperature Rise, pp. 54–68. WWF report, Gland, Switzerland. 



430 | Abdulgani DEVLET 

 

Gibbs WJ, Maher JV, Coughlan MJ Climatic variability and extremes In: 

Pittock AB Climatic Change and Variability Cambridge: Cambridge 

University Press, 1975. 

Gifford RM, Thorne JH, Hitz WD, et al. Crop productivity and 

photoassimilate partitioning, Science, 1984, 225: 801-808. 

Gilles Lemaire and François Gastal, Crop Responses to Nitrogen, Springer 

(2019), Crop Science: 159-184. 

Glasod, Global assessment of soil degradation World maps, Wageningen 

(Netherlands): ISRIC and PUNE, 1990. 

GOA (2008), Concentrated Animal Feeding Operations. 

Godfray H, Charles J, Beddington JR et al (2010) Food security: the 

challenge of feeding 9 billion people. Science 327(5967):812–818. 

Godfray HCJ, Beddington JR, Crute IR, Haddad L, Lawrence D, Muir JF, 

Pretty J, Robinson S, Thomas SM, Toulmin C (2010) Food security: 

the challenge of feeding 9 billion people. Science 327:812–818. 

https://doi.org/10.1126/science.1185383. 

Goethe JWV (2009) The metamorphosis of plants. MIT Press, Cambridge, p 

123. (re-print). 

Graham P, Vance C (2003) Legumes: importance and constraints to greater 

use. Plant Physiol 131:872–877. 

Grassini P, Yang H, Cassman KG (2009) Limits to maize productivity 

inWestern Corn-Belt: A simulation analysis for fully irrigated and 

rainfed conditions. Agricultural and Forest Meteorology 149: 1254–

1265. 

Gray A (1879) Structural botany: or organography on the basis of 

morphology. Ivison Blakeman Taylor, New York/Chicago. 

https://doi.org/10.1126/science.1185383


CROP PRODUCTION and INFLUENCING FACTORS | 431 

 

 

 

Graystone, S.; Germida, J. Influence of crop rhizospheres on populations and 

activity of heterotrophic sulfur-oxidizing microorganisms. Soil Biol. 

Biochem. 1990, 22, 457–463. 

Greenpeace (2017), Forests and Agriculture. 

Gregory PJ (1994) Resource capture by root networks. In: Monteith JL, 

Scoot RK, Unsworth MH (eds) Resource capture by crops. 

Nottingham University Press, Nottingham, pp 77–97. 

Gregory PJ (2006) Plant roots: growth, activity, and interaction with soils. 

Blackwell Publishing, Oxford. 

Gregory PJ, Brown SC (1989) Root growth, water use and yield of crops in 

dry environments: what characteristics are desirable? Asp Appl Biol 

22:235–243. 

Gregory PJ, Crawford DV, Mcgowan M (1979) Nutrient relations of winter 

wheat: 2. Movement of nutrients to the root and their uptake. J Agric 

Sci 93:495–504. 

Gregory PJ, Ingram JSI Brklacich M (2005) Climate change and food 

security. Philosophical Transactions of the Royal Society B: 

Biological Sciences 360: 2139–2148. 

Gregory PJ, Johnson SN, Newton AC, Ingram JSI, 2009. Integrating pests 

and pathogens into the climate change/food security debate. Journal of 

Experimental Botany 60, 2827–38. 

Gregory S., McMaster, Marc Moragues, Crop Development Related to 

Temperature and Photoperiod, Part I, Crop Yield and Quality 

Determination, springer nature (2019): 7-28. 

Grindlay DJC (1997) Towards an explanation of crop nitrogen demand 

based on leaf nitrogen per unit leaf area. J Sci Food Agric 63:116–123. 



432 | Abdulgani DEVLET 

 

Grondona MO, Magrin GO, Travasso MI, Moschini RC, Rodr´ıguezGR, 

Messina C, Boull´on DR, Podest´aG, Jones JW (1997) Impacto del 

fen´omeno El Ni˜no sobre la producci ´on de trigo yma´ız en la 

regi´on PampeanaArgentina. In: Berry GJ (ed.) Efectos de El Ni˜no 

sobre la Variabilidad Clim´atica, Agricultura y Recursos H´ıdricos en 

elSudeste de Sudam´erica (Impacts and Potential Applications of 

Climate Predictions in Southeastern South America), Workshop and 

Conference on the 1997–98 El Ni˜no, December 10–12, pp. 13–18, 

Montevideo, Uruguay. 

Grosson, Pierre, Impacts of climate change on the agricultural and economy 

of the Missouri, lowa, Nebraska and Kansas (MINK) region In：

Agriculture Dimentions of Global Climate Changes, Delray Beach：

St Lucie Press: 1993. 

Guo Yunhai, he hongxuanchang, global warming and infectious diseases, 

modern preventive medicine, 2008, 35:4504:4505 

Guo, S., Tang, Y., Gao, F., Ai, W. & Qin, L. Effects of low pressure and 

hypoxia on growth and development of wheat. Acta Astronautica 63, 

1081–1085 (2008). 

Gustavsson, J., Cederberg, C., Sonesson, U., Van Otterdijk, R. and Meybeck, 

A. (2011), Global Food Losses and Food Waste. Rome: FAO. 

H. Asbjornsen, G.R. Goldsmith, M.S. Alvarado-Barrientos, K. Rebel, F.P. 

Van Osch, M. Rietkerk, J. Chen, S. Gotsch, C. Tobón, D.R. Geissert, 

A. Gómez-Tagle, K. Vache, T.E. Dawson Ecohydrological advances 

and applications in plant-water relations research: a review J. Plant 

Ecol., 4 (1–2) (2011), pp. 3-22. 

H. Lambers, I. Chapin, F. Stuart, T.L. Pons Plant Physiological Ecology 

(2nd ed.), Springer (2008). 



CROP PRODUCTION and INFLUENCING FACTORS | 433 

 

 

 

H.C.J. Godfray, J.R. Beddington, I.R. Crute, I. Hadded, D. Lawrence, et al., 

Food Security: the challenge of feeding 9 million people, Science 327 

(2010) 812e818. 

Haghighi and Kirchner, 2017 E. Haghighi, J.W. Kirchner Near-surface 

turbulence as a missing link in modeling evapotranspiration-soil 

moisture relationships Water Resour. Res., 53 (7) (2017), pp. 5320-

5344. 

Haim D, Shechter M, Berliner P (2008) Assessing the impact of climate 

change on representative field crops in Israeli agriculture: A case 

study of wheat and cotton. Climate Change 86: 425–440. 

Hajjar, R. & Hodgkin, T. The use of wild relatives in crop improvement: a 

survey of developments over the last 20 years. Euphytica 156, 1–13 

(2007). 

Halliday, K.J., Hudson, M., Ni, M., Qin, M., and Quail, P.H. (1999). poc1: 

An Arabidopsis mutant perturbed in phytochrome signaling because 

of a T DNA insertion in the promoter of PIF3, a gene encoding a 

phytochrome-interacting bHLH protein. Proc. Natl. Acad. Sci. USA 

96, 5832–5837. 

Hammer GL, Sinclair TR, Chapman SC, van, Oosterom E (2004) On system 

thinking, systems biology, and the in silico plant. Plant Physiol 

134:909–911. 

Hammer GL, Woodruff DR, Robinson JB (1987) Effects of climate 

variability and possible climate change on reliability of wheat 

cropping—A modelling approach. Agricultural and Forest 

Meteorology 41: 123–143. 

Hannes Dempewolf,* Gregory Baute, Justin Anderson, Benjamin Kilian, 

Chelsea Smith, and Luigi Guarino,Past and Future Use of Wild 



434 | Abdulgani DEVLET 

 

Relatives in Crop Breeding, Crop Sci. 57:1070–1082 (2017). doi: 

10.2135/cropsci2016.10.0885. 

Hansen J, Fung I, Lacis A et al, Global climate change as forecast by the 

GISS 3D model Geophysical Research, 1988 (93): 9341-9364. 

Hansen JW, Jones JW (2000) Scaling-up crop models for climate variability. 

Agricultural Systems 65: 43–72. 

Hao C, Jiao C, Hou J, Li T, Liu H, Wang Y, Zheng J, Liu H, Bi Z, Xu F, 

Zhao J, Ma L, Wang Y, Majeed U, Liu X, Appels R, Maccaferri M, 

Tuberosa R, Lu H, Zhang X (2020) Resequencing of 145 landmark 

cultivars reveals asymmetric sub-genome selection and strong founder 

genotype effects on wheat breeding in China. Mol Plant. 

https://doi.org/10.1016/j.molp.2020.09.001. 

Harlan, J.R. 1976. Genetic resources in wild relatives of crops. Crop Sci. 

16:329–333. doi:10.2135/cropsci1976.0011183 X001600030004x. 

Harlan, J.R.; de Wet, J.M.J. Towards a rational classification of cultivated 

plants. Taxon 1971, 20, 509–517. 

Hatzig SV, Schiessl S, Stahl A, Snowdon RJ (2015) Characterizing root 

response phenotypes by neural network analysis. J Exp Bot 66:5617–

5624. 

Haun JR (1973) Visual quantification of wheat development. Agron J 

65:116–119. 

Haussmann, B.I.G., H.K. Parzies, T. Presterl, Z. Susic, and T. Miedaner. 

2004. Plant genetic resources in crop improvement. Plant Genet. 

Resour. 2:3–21. doi:10.1079/PGR200430. 

Havlin JL, Beaton JD, Tisdale SL, et al smooth soil mobility and 

alertizers:an introduction to Nuclear management, seven edition new 

jersey: prentice sings hall, Inc. Pearson Education Copyright, 2005. 

https://doi.org/10.1016/j.molp.2020.09.001


CROP PRODUCTION and INFLUENCING FACTORS | 435 

 

 

 

He F, Pasam R, Shi F, Kant S, Keeble-Gagnere G, Kay P, Forrest K, Fritz A, 

Hucl P, Wiebe K, Knox R, Cuthbert R, Pozniak C, Akhunova A, 

Morrell PL, Davies JP, Webb SR, Spangenberg G, Hayes B, 

Daetwyler H, Tibbits J, Hayden M, Akhunov E (2019) Exome 

sequencing highlights the role of wild-relative introgression in shaping 

the adaptive landscape of the wheat genome. Nat Genet 51:896–904. 

Hein, L., and F. Gatzweiler. 2006. The economic value of coffee (Coffea 

arabica) genetic resources. Ecol. Econ. 60:176–185. 

doi:10.1016/j.ecolecon.2005.11.022. 

Henzler T, Waterhouse RN, Smyth AJ, Carvajal M, Cooke DT, Schäffner 

AR, Steudle E, Clarkson DT. 1999. Diurnal variations in hydraulic 

conductivity and root pressure can be correlated with the expression of 

putative aquaporins in the roots of Lotus japonicus. Planta210,50–60. 

Hermann Lotze-Campen, Climate Change, Population Growth, and Crop 

Production: An Overview, Crop Adaptation to Climate Change, 2011, 

Chapter 1.1: 34-44. 

Hermann Lotze-Campen, Regional Climate Impacts on Agriculture in 

Europe, Crop Adaptation to Climate Change, 2011, Chapter 3.4: 78-

83. 

Herrera JM, Stamp P, Liedgens M (2005) Dynamics of root development of 

spring wheat genotypes varying in nitrogen use efficiency. In: Foulkes 

J, Russel G, Hawkesford M, Gooding M, Sparkes D, Stockdale E (eds) 

Roots and the soil environment II. Associatin of Applied Biologists, 

Warwick, pp 197–201. 

Hetrick BAD, Leslie JF, Wilson GT, Kitt DG (1988) Physical and 

topological assessment of effects of a vesicular-arbuscular 



436 | Abdulgani DEVLET 

 

mycorrhizal fungus on root architecture of big bluestem. New Phytol 

110(1):85–96. 

Heun M, Schafer-Pregl R, Klawan D, Castagna R, Accerbi M, Borghi B, 

Salamini F (1997) Site of einkorn wheat domestication identified by 

DNA fingerprinting. Science 278(80):1312–1314. 

Hicks, K.A., Millar, A.J., Carre, I.A., Somers, D.E., Straume, M., Meeks-

Wagner, D.R., and Kay, S.A. (1996). Conditional circadian 

dysfunction of the Arabidopsis early-flowering 3 mutant. Science 274, 

790–792. 

Higgins JA, Bailey PC, Laurie DA (2010) Comparative genomics of 

flowering time pathways using Brachypodium distachyon as a model 

for the temperate grasses. PLoS One 5:e10065. 

Hlavinka P, Trnka M, Semeradova D et al. (2009) Effect of drought on yield 

variability of key crops in Czech Republic. Agricultural and Forest 

Meteorology 149: 431–442. 

Hochholdinger F, Tuberosa R (2009) Genetic and genomic dissection of 

maize root development and architecture. Curr Opin Plant Biol 

12:172–177. 

Hoecker, U., Tepperman, J.M., and Quail, P.H. (1999). SPA1, a WD-repeat 

protein specific to phytochrome A signal transduction. Science 284, 

496–499. 

Hofste, R.W., Reig, P., & Schleifer, L. (2019, August 6). 17 countries, home 

to one-quarter of the world’s population, face extremely high water 

stress. World Resources Institute. Retrieved from 

https://www.wri.org/blog/2019/08/17-countries-home-one-quarter-

world-population faceextremely- high-water-stress. 



CROP PRODUCTION and INFLUENCING FACTORS | 437 

 

 

 

Holmgren, M., Hirota, M., Van Nes, E. H. & Scheffer, M. Effects of 

interannual climate variability on tropical tree cover. Nature Clim. 

Change 3, 755–758 (2013). 

Hoogenboom G (2000) Contribution of agrometeorology in the simulation of 

crop production and its applications. Agricultural and Forest 

Meteorology 103: 137–157. 

Hooks, B. (2009). Belonging: A culture of place. New York, NY: Routledge. 

Houghton J.T., Meiro Filho L.G., Callandar B.A., Harris N., Kattenberg A., 

Maskell I. (Eds.), Intergovernmental Panel on Climate Change (IPCC), 

Climate Change '95: The Science of Climate Change. Contribution of 

Working Group I to the Second Assessment Report of the IPCC, 

Cambridge, UK, 1996. 

Houghton JT, Climate Change: The IPCC Scientific Assessment, New York: 

Cambridge University Press, 1990. 

Houghton, 1996 E. Houghton Climate Change 1995: The Science of Climate 

Change: Contribution of Working Group I to the Second Assessment 

Report of the Intergovernmental Panel on Climate Change Cambridge 

University Press (1996) (Jun 6). 

Howden SM, Crimp S (2005) Assessing dangerous climate change impacts 

on Australia’s wheat industry. In: A Zeger, and RM Argent (eds) 

MODSIM 2005 International Congress onModelling and Simulation. 

Modelling and Simulation Society of Australian and New Zealand, 

December 2005, pp. 170–176. ISBN: 0-9758400-2-9. 

Howden SM, Jones RN (2004) Risk assessment of climate change impacts 

on Australia’s wheat industry. New Directions for a Diverse Planet: 

Proceedings of the 4th International Crop Science Congress, Brisbane, 

Australia, September 26 to October 1, 2004. 



438 | Abdulgani DEVLET 

 

Howden SM, Meinke H, Gifford RM (2010) Grains. In: CJ Stokes and SM 

Howden (eds) Adapting Australian Agriculture to ClimateChange, pp. 

21-48. CSIROPublishing, Collingwood, Australia. 

Howell, T. A., & Hiler, E. A. (1974). Designing trickle irrigation laterals for 

uniformity. Journal of the Irrigation and Drainage Division, ASCE, 

100 (IR4): 443–454, Paper 10983. 

Howell, T. A., & Hiler, E. A. (1974). Trickle irrigation lateral design. 

Transactions American Society of Agricultural Engineers, 17(5), 902–

908. 

Huang J, Pray C, Rozelle S, 2002. Enhancing the crops to feed the poor. 

Nature 418, 678–84. 

Hudson, M., Ringli, C., Boylan, M.T., and Quail, P.H. (1999). The FAR1 

locus encodes a novel nuclear protein specific to phytochrome A 

signaling. Genes Dev. 13, 2017–2027. 

Hufford, M.B., P. Lubinksy, T. Pyhäjärvi, M.T. Devengenzo, N.C. Ellstrand, 

and J. Ross-Ibarra. 2013. The genomic signature of crop-wild 

introgression in maize. PLoS Genet. 9(5): e1003477. 

doi:10.1371/journal.pgen.1003477. 

HulmeM, Doherty R, Ngara T, NewM (2005) Global warming and African 

climate change. In: PS Low (ed.) Climate Change and Africa, pp. 29–

40. Cambridge University Press, Cambridge, UK. 

Hunter, D., and V. Heywood, editors. 2011. Crop wild relatives: A manual 

of in situ conservation. Biodiversity International, Rome. 

Hutjes RWA, Kabat P, Running SW, Biospheric aspects of the hydrological 

cycle, JHydrol,1998, 212: 1-21. 

I. P. F. Owens, P. M. Bennett, Proc. Natl. Acad. Sci. U.S.A. 97, 12144 

(2000). 



CROP PRODUCTION and INFLUENCING FACTORS | 439 

 

 

 

I.D. Craigie, et al. Large mammal population declines in Africa's protected 

areas. 

IDS (Institute of Development Studies) (2006) Overcoming the barriers: 

Mainstreaming climate change adaptation in developing countries. 

Tearfund Climate Change Briefing Paper 1. 

IFOAM. (2014), The IFOAM NORMS for Organic Production and 

Processing Norms 2014. Bonn, Germany: IFOAM. 

IFOAM. (2016), Principles of Organic Agriculture Preamble. Bonn, 

Germany: IFOAM Organics International. Available online: 

http://www.ifoam.bio/sites/default/files/poa_english_web.pdf(Accesse

d on 14 June 2017). 

IFPRI (International Food Policy Research Institute), 2008. The Challenge 

of Hunger in 2008, Global Hunger Index. Washington, DC, USA: 

IFPRI. 

Intergovernmental Panel on Climate Change (2001) IPCC. Third Assessment 

Report: Climate Change 2001. IPCC, Geneva. 

Intergovernmental Panel on Climate Change (2007) IPCC Fourth 

Assessment Report: Climate Change 2007. IPCC, Geneva. 

Intergovernmental Panel on Climate Change (IPCC): Summary for 

Policymakers. Managing the Risks of Extreme Events and Disasters to 

Advance Climate Change Adaptation. Edited by: Field CB, Barros V, 

Stocker TF, Qin D, Dokken DJ, Ebi KL, Mastrandrea MD, Mach KJ, 

Plattner G-K, Allen SK, Tignor M, Midgley PM. 2012, Cambridge 

University Press, Cambridge. 

International Food Policy Research Institute (IFPRI): Global Hunger Index: 

The Challenge of Hunger. Taming Price Spikes and Excessive Food 

Price Volatility. 2011, , Washington, DC. 



440 | Abdulgani DEVLET 

 

IPCC (2001b) Climate Change 2001: Impacts, Adaptation and Vulnerability. 

Contribution of Working Group II to the Third Assessment Report of 

the IPCC. UNEP/WMO, Geneva. 

IPCC (2007) Intergovernmental panel on climate change fourth assessment 

report: climate change 2007. Synthesis report. World Meteorological 

Organization, Geneva. 

IPCC (2007a) Climate Change 2007: The Physical Science Basis. In: S 

Solomon, D Qin, M Manning, et al. (eds) Contribution of Working 

Group I to the Fourth Assessment Report of the Intergovernmental 

Panel on Climate Change, 996pp. Cambridge University Press, 

Cambridge, UK. 

IPCC (2007b) Climate change 2007: mitigation. In: B Metz, O Davidson, P 

Bosch, R Dave, and LMeyer (eds) Contribution ofWorking Group III 

to the Fourth Assessment Report of the Intergovernmental Panel on 

Climate Change. Cambridge University Press, Cambridge, UK. 

IPCC (2013) Summary for Policymakers. In: Stocker TF, Qin D, Plattner G-

K, Tignor M, Allen SK, et al.., editors. Climate Change 2013: The 

Physical Science Basis. Contribution of Working Group I to the Fifth 

Assessment Report of the Intergovernmental Panel on Climate Change. 

Cambridge, United Kingdom and New York, NY, USA: Cambridge 

University Press. Available: http://www.climatechange2013.org/ 

images/uploads/WGI_AR5_SPM_brochure.pdf. 

IPCC 2014: Climate Change 2014: Synthesis Report. Contribution of 

Working Groups I, II and III to the Fifth Assessment Report of the 

Intergovernmental Panel on Climate Change [Core Writing Team, 

R.K. Pachauri and L.A. Meyer (eds.)]. IPCC, Geneva, Switzerland, p 

151. 

http://www.climatechange2013.org/%20images/uploads/WGI_AR5_SPM_brochure.pdf
http://www.climatechange2013.org/%20images/uploads/WGI_AR5_SPM_brochure.pdf


CROP PRODUCTION and INFLUENCING FACTORS | 441 

 

 

 

IPCC, 2007. Climate change 2007: Synthesis report. summary for 

policymakers. Tech. rep. URL http://www.ipcc.ch/ipccreports/ar4-

syr.htm. 

IPCC, Climate Change, 2007: The Science Basis Contribution of Working 

Group I to Forth assessment Report of Intergovernmental Panel on 

Climate Change, Cambridge: Cambridge University Press, 2007. 

IRRI (2006) Climate Change and Rice Cropping Systems: Potential 

Adaptation and Mitigation Strategies. International Rice Research 

Institute, Manila, Philippines. 

IRRI, Press Release (2004) Rice harvests more affected than first thought by 

global warming. Proceedings of the National Academy of Sciences 

101: 9971–9975. 

Isaac, G., Finn, S., Joe, J. R., Hoover, E., Gone, J. P., Lefthand-Begay, C., & 

Hill, S. (2018). Native American perspectives on health and traditional 

ecological knowledge. Environmental Health Perspectives, 126(12), 

125002–125010. https://doi.org/10.1289/EHP1944. 

Isabel a, Luis SP, non, water, stressed baselines for irrigation scheduling 

with infrared other Mometers: a new approach, irrigation science, 

2000, 19:101-106. 

J. A. Foley, N. Ramankutty, K. A. Brauman, E. S. Cassidy, J. S. Gerber, M. 

Johnston, N. D. Mueller, C. O’Connell, D. K. Ray, P. C. West, C. 

Balzer, E. M. Bennett, S. R. Carpenter, J. Hill, C. Monfreda, S. 

Polasky, J. Rockström, J. Sheehan, S. Siebert, D. Tilman, D. P. M. 

Zaks, Solutions for a cultivated planet. Nature 478, 337–342 (2011). 

J. A. Foley, R. DeFries, G. P. Asner, C. Barford, G. Bonan, S. R. Carpenter, 

F. S. Chapin, M. T. Coe, G. C. Daily, H. K. Gibbs, J. H. Helkowski, T. 

Holloway, E. A. Howard, C. J. Kucharik, C. Monfreda, J. A. Patz, I. C. 

http://www.ipcc.ch/ipccreports/ar4-syr.htm
http://www.ipcc.ch/ipccreports/ar4-syr.htm


442 | Abdulgani DEVLET 

 

Prentice, N. Ramankutty, P. K. Snyder, Global consequences of land 

use. Science 309, 570–574 (2005). 

J. Duncan, J. Dash, P.M. Atkinson, Elucidating the impact of temperature 

variability and extremes on cereal croplands through remote sensing, 

Global Change Biology 21 (4) (2015) 1541e1551. 

J. Lawler, D. Whit, R. Nelson, A.R. Blaustein Predicting climate-induced 

range shifts: model differences and model reliability Glob. Chang. 

Biol., 12 (2006), pp. 1568-1584. 

J. Lawler, D. Whit, R. Nelson, A.R. Blaustein Predicting climate-induced 

range shifts: model differences and model reliability Glob. Chang. 

Biol., 12 (2006), pp. 1568-1584. 

J. Penuelas, I. Filella, L. Serrano, R. Savé Cell wall elasticity and water 

index (R970 nm/R900 nm) in wheat under different nitrogen 

availabilities Int. J. Remote Sens., 17 (2) (1996), pp. 373-382. 

J. Pretty, Intensification for redesigned and sustainable agricultural systems. 

Science 362, eaav0294 (2018). 

J. Reiss, J. R. Bridle, J. M. Montoya, G. Woodward, Emerging horizons in 

biodiversity and ecosystem functioning research. Trends Ecol. Evol. 

24, 505–514 (2009). 

J. Ross The Radiation Regime and Architecture of Plant Stands W. Junk 

Hague, The Hague (1981). 

J.A. Foley, N. Ramakutty, K.A. Brauman, E.S. Cassidy, J.S. Gerber, et al., 

Solutions for a cultivated planet, Nature 478 (2011) 337e342. 

J.C. Villegas, J.E. Espeleta, C.T. Morrison, D.D. Breshears, T.E. Huxman 

Factoring in canopy cover heterogeneity on evapotranspiration 

partitioning: beyond big-leaf surface homogeneity assumptions J. Soil 

Water Conserv., 69 (3) (2014), pp. 78A-83A. 



CROP PRODUCTION and INFLUENCING FACTORS | 443 

 

 

 

J.E. Sheehy, A. Elmido, C. Centeno, P. Pablico Searching for new plants for 

climate change J. Agric. Met., 60 (2005), pp. 463-468. 

J.J. Pavek, D.L. Corsini Utilization of potato genetic resources for variety 

development Am. J. Potato Res., 78 (2001), pp. 433-441. 

J.J. Zhang, M.D. Whiting, Q. Zhang Diurnal pattern in canopy light 

interception for tree fruit orchard trained to an upright fruiting 

offshoots (UFO) architecture Biosys. Eng., 129 (2015), pp. 1-10. 

J.K. Green, A.G. Konings, S.H. Alemohammad, J. Berry, D. Entekhabi, J. 

Kolassa, J.E. Lee, P. Gentine Regionally strong feedbacks between the 

atmosphere and terrestrial biosphere, Nat. Geosci., 10 (6) (2017), p. 

410. 

J.K. Ross, A.L. Marshak, Calculation of canopy bidirectional reflectance 

using the Monte Carlo method Remote Sens. Environ., 24 (1988), pp. 

213-225. 

J.M. Norman, M.C. Anderson Soil–plant–atmosphere continuum D. Hillel 

(Ed.), Encyclopedia of Soils in the Environment, Elsevier, Oxford 

(2005), pp. 513-521. 

J.R. Petit, J . Jouze, D. Raynaud, N.I. Barkov, J.M. Barnola, I. Basile, M. 

Bender, J. Chapellaz, M. Davis, G. Delaygue, M. Delmotte, V.M. 

Kotlyakov, M. Legrand, V.Y. Lipenkov, C. Lorius, L. Peplin, C. Ritz, 

E. Saltzman, M. Stievenard Climate and atmospheric history of the 

past 420,000 years from the Vostok Ice Core Antartica, Nature, 399 

(1999), pp. 429-436. 

J.W. Singer, D.W. Meek, T.J. Sauer, J.H. Prueger, J.L. Hatfield, Variability 

of light interception and radiation use efficiency in maize and soybean, 

Field Crops Res., 121 (2011), pp. 147-152. 



444 | Abdulgani DEVLET 

 

J.W. Wilson, D. Hand, M. Hannah Light interception and photosynthetic 

efficiency in some glasshouse crops J. Exp. Bot., 43 (1992), pp. 363-

373. 

Jackson RB, Caldwell MM (1989) The timing and degree of root 

proliferation in fertile-soil microsites for 3 cold-desert perennials. 

Oecologia 81(2): 149–153. 

Jacobsen, S.-E., Sørensen, M., Pedersen, S. M. and Weiner, J. (2013), 

Feeding the world. Agronomy for Sustainable Development, 4, 651–

62. 

Jagadish SVK, Craufurd PQ, Wheeler TR (2008) Phenotyping parents of 

mapping populations of rice (Oryza sativa L.) for heat tolerance 

during anthesis. Crop Science 48: 1140–1146. 

Jagadish SVK, Muthurajan R, Oane R, Wheeler TR, Heuer S, Bennett J, 

Craufurd PQ (2010) Physiological and proteomic approaches to 

address heat tolerance during anthesis in rice (Oryza sativa L.). 

Journal of Experimental Botany 61: 143–156. 

Japan, Meteorological Agency (2009) Climate ChangeMonitoring Report 

2008. Japan meteorological Agency Tokyo, Japan. 

Jarvis, A., Lane, A. & Hijmans, R. J. The effect of climate change on crop 

wild relatives. Agric. Ecosyst. Environ. 126, 13–23 (2008). 

Jensen me, consumption use of water and irrigation water requirements, 

New York: American society of civil engineers 1974:277. 

Jerry L. Hatfield and John H. Prueger, Agroecology: Implications for Plant 

Response to Climate Change Crop Adaptation to Climate Change, 

2011, Chapter 2:27-43. 

Jerry L. Hatfield, Changing Climate in North America: Implications for 

Crops, Crop Adaptation to Climate Change, 2011, Chapter 3.2: 57-65. 



CROP PRODUCTION and INFLUENCING FACTORS | 445 

 

 

 

Jewiss O (1972) Tillering in grasses – its significance and control. J Br 

Grassl Soc 27:65–82. 

Jin Zhiqing, Liu Anguo, Structure of Tilled Soil Layer, editorial board of 

Agricultural Science Volume "10000 scientific problems". Beijing: 

Science Press, 2011, resources and environment: 233-236. 

Jin ZQ ， Zhu DW, Impacts of changes in climate and its variability on food 

production in Northeast China Acta Agronomica Sinica, 2008, 34 (9): 

1588-1597. 

Jinek, M., Chylinski, K., Fonfara, I., Hauer, M., Doudna, J. A., and 

Charpentier, E. (2012), A programmable dual-RNA–guided DNA 

endonuclease in adaptive bacterial immunity. Science, 337(6096), 

816–21. 

Jones P, Thornton P (2003) The potential impacts of climate change on 

maize production in Africa and Latin America in 2055. Global 

Environmental Change 13: 51–59. 

K. Caldeira, M.E. Wickett Anthropogenic carbon and ocean pH Nature, 425 

(6956) (2003), p. 365 Sep. 

K. Chenu, N. Franck, J. Dauzat, J.-F. Barczi, H. Rey, J. Lecoeur Integrated 

responses of rosette organogenesis, morphogenesis and architecture to 

reduced incident light in Arabidopsis thaliana results in higher 

efficiency of light interception Funct. Plant Biol., 32 (2005), pp. 1123-

1134. 

K. H. Bannar-Martin, C. T. Kremer, S. K. M. Ernest, M. A. Leibold, H. 

Auge, J. Chase, S. A. J. Declerck, N. Eisenhauer, S. Harpole, H. 

Hillebrand, F. Isbell, T. Koffel, S. Larsen, A. Narwani, J. S. 

Petermann, C. Roscher, J. S. Cabral, S. R. Supp, Integrating 

community assembly and biodiversity to better understand ecosystem 



446 | Abdulgani DEVLET 

 

function: The community assembly and the functioning of ecosystems 

(CAFE) approach. Ecol. Lett. 21, 167–180 (2018). 

K. Norris, N. Harper, Proc. R. Soc. London Ser. B 271, 123 (2004). 

K.C. Ruegg, R.J. Hijmans, C. Moritz, Climate change and the origin of 

migratory pathways in the Swainson's thrush, Catharus ustulatus J. 

Biogeogr., 33 (2006), pp. 1172-1182. 

K.E. Trenberth, The extreme weather events of 1997 and 1998, 

Consequences, 5 (1999), pp. 3-15. 

Kachanoski RG, De Jong E (1988) Scale dependence and temporal 

persistence of spatial patterns of soil water storage. Water Resour Res 

24:85–91. 

Kahiluoto H, Kaseva J, Balek J, Olesen JE, Ruiz-Ramos M, Gobin A, 

Kersebaum KC, Takac J, Ruget F, Ferrise R, Bezak P, Capellades G, 

Dibari C, Makinen H, Nendel C, Ventrella D, Rodriguez A, Bindi M, 

Trnka M (2019) Decline in climate resilience of European wheat. Proc 

Natl Acad Sci U S A 116:123–128. 

Kaiser H M, RibaS J., WilksD., et al. Adaptation to global climate change at 

the farm level In: Agricultural Dimentions of Global Changes Delray 

Beach: St Lucie Press, 1993. 

Kang Shaozhong, Du Taisheng, sun Jingsheng, et al., 2007, the theory and 

technology of crop water saving based on the information of life water 

demand, Acta Sinica Sinica, 38 (6): 661-667. 

Kang Shaozhong, Liu Xiaoming, Xiong Yunzhang, Chang, soil sing, plant 

sing, atmospheric continuum water transport theory and its application 

Chang, Beijing: Water Conservancy and electric power press, 1994. 

Kao C-W (2009) A white paper on the impacts of climate change on 

drylands. Seminar on Climate Change, Department of Geography, 

University of Florida, FL. 



CROP PRODUCTION and INFLUENCING FACTORS | 447 

 

 

 

Karlen DL, Erbach DC, Kaspar TC, et al. Soil tilth: a review of past 

perceptions and future needs. Soil Sci Soc Am J,1990, 54: 153-161. 

Karmakar R, Das I, Dutta D, Rakshit A (2016) Potential effects of climate 

change on soil properties: a review. Forensic Sci Int 4:51–73. 

Kato Y, Abe J, Kamoshita A, Yamagishi J (2006) Genotypic variation in 

root growth angle in rice (Oryza sativa L.) and its association with 

deep root development in upland fields with different water regimes. 

Plant Soil 287:117–129 

Kell, S.P.; Knüpffer, H.; Jury, S.L.; Ford-Lloyd, B.V.; Maxted, N. Crops and 

wild relatives of the Euro-Mediterranean region: Making and using a 

conservation catalogue. In Crop Wild Relative Conservation and Use; 

Maxted, N., Ford-Lloyd, B.V., Kell, S.P., Iriondo, J., Dulloo, E., 

Turok, J., Eds.; CAB International: Wallingford, UK, 2008. 

Keller T, Arvidsson J, Dexter AR. Soil structures produced by tillage as 

affected by soil water content and the physical quality of soil.  Soil & 

Tillage Research,2007, 92(1-2):45-52. 

Kharin, V. V., Zwiers, F. W., Zhang, X. & Hegerl, G. C. Changes in 

temperature and precipitation extremes in the IPCC ensemble of 

global coupled model simulations. J. Clim. 20, 1419–1444 (2007). 

Kiers, E. T., Leakey, R. R. B., Izec, A. M., Heinemann, J. A., Rosenthal, E., 

Nathan, D. and Jiggins, J. (2008), Agriculture at a crossroads. Science, 

320, 320–1. 

Kilian, B., K. Mammen, E. Millet, R. Sharma, A. Graner, F. Salamini et al. 

2011. Aegilops. In: C. Kole, editor, Wild crop relatives: Genomic and 

breeding resources. Springer Berlin Heidelberg, Berlin, Heidelberg. p. 

1–76. 



448 | Abdulgani DEVLET 

 

Kimball, B. A., Kobayashi, K. & Bindi, M. Responses of agricultural crops 

to free-air CO2 enrichment. Chinese Journal of Applied Ecology 77, 

293–368 (2002). 

King J, Gay A, Sylvester-Bradley R, Bingham I, Foulkes J, Gregory P, 

Robinson D (2003) Modelling ceral root systems for water and 

nitrogen capture: towards an economic optimum. Ann Bot 91:383–

390. 

Kirchman, D.L. Degradation of organic material. In Processes in Microbial 

Ecology; Oxford University Press: New York, NY, USA, 2012. 

Kirk GJD (2003) Rice root properties for internal aeration and efficient 

nutrient acquisition in submerged soil. New Phytol 159(1):185–194. 

Kjellbom P, Larsson C, Johansson I, Karlsson M, Johanson U. 1999. 

Aquaporins and water homeostasis in plants. Trends in Plant 

Science4,308–314. 

Klaus Reichardt, Luís Carlos Timm, Soil, Plant and Atmosphere Concepts, 

Processes and Applications, ISBN 978-3-030-19321-8, ISBN 978-3-

030-19322-5 (eBook), https://doi.org/10.1007/978-3-030-19322-5, 

Springer Nature Switzerland AG, 2020. 

Klepper B, Rickman R, Belford R (1983) Leaf and tiller identification on 

wheat plants. Crop Sci 23:1002–1004. 

Klepper B, Rickman R, Peterson C (1982) Quantitative characterization of 

vegetative development in small cereal grains. Agron J 74:789–792. 

Klepper B, Tucker T, Dunbar B (1983) A numerical index to assess early 

inflorescence development in wheat. Crop Sci 23:206–208. 

Koevoets IT, Venema JH, Elzenga JTM, Testerink C (2016) Roots 

withstanding their environment: exploiting root system architecture 

responses to abiotic stress to improve crop tolerance. Front Plant Sci 

7:1335. 



CROP PRODUCTION and INFLUENCING FACTORS | 449 

 

 

 

Kole, C., editor. 2011. Wild crop relatives: Genomic and breeding resources. 

Springer-Verlag Berlin, Heidelberg. 

Korner CH, Farquhar GD, Roksaudic Z, A global survey of carbon isotope 

discrimination in plants from high altitude, Oecologia, 1988, 74: 623-

632. 

Köken E., Duygu M.B., Kirmencioğlu B., Aras M., 2015. Essential tools to 

establish a comprehensive drought management plain: Konya closed 

basin as a case study, XVth World Water Congress, 25-29 May, 

Edinburg, Scotland. 

Kramer PJ, Boyer JS (1995) Water relations of plants and soils. Academic 

Press, San Diego. 

Kreps, J.A., and Kay, S.A. (1997). Coordination of plant metabolism and 

development by the circadian clock. Plant Cell 9, 1235–1244. 

Kruchkov BG, Rakovskaya LI (1990) Zernovoe khozyastvo: territorial’naya 

organizatsiya I efectivnost’ proizvodstva. (Grain Production: 

Territorial Organization and Farming Efficiency) (in Russian). MSU, 

Moscow. 

Kucharik, C. J. & Ramankutty, N. Trends and variability in US corn yields 

over the twentieth century. Earth Interact. 9, 1–29 (2005).Return to ref 

1 in article ADS Article Google Scholar  

Kundi OA (2008) South Asian Regional Workshop on “Climate Change and 

Disaster Risk Reduction, Emerging Trends and Future Strategies,” 

Kathmandu, Nepal, August 21–22, 2008. 

Kurukulasuriya P, Mendelsohn R (2008) Crop switching as a strategy for 

adaptation to climate change. African Journal of Agricultural and 

Resource Economics 2: 105–125. 



450 | Abdulgani DEVLET 

 

L. A. Garibaldi, I. Steffan-Dewenter, R. Winfree, M. A. Aizen, R. 

Bommarco, S. A. Cunningham, C. Kremen, L. G. Carvalheiro, L. D. 

Harder, O. Afik, I. Bartomeus, F. Benjamin, V. Boreux, D. Cariveau, 

N. P. Chacoff, J. H. Dudenhoffer, B. M. Freitas, J. Ghazoul, S. 

Greenleaf, J. Hipolito, A. Holzschuh, B. Howlett, R. Isaacs, S. K. 

Javorek, C. M. Kennedy, K. M. Krewenka, S. Krishnan, Y. Mandelik, 

M. M. Mayfield, I. Motzke, T. Munyuli, B. A. Nault, M. Otieno, J. 

Petersen, G. Pisanty, S. G. Potts, R. Rader, T. H. Ricketts, M. Rundlof, 

C. L. Seymour, C. Schuepp, H. Szentgyorgyi, H. Taki, T. Tscharntke, 

C. H. Vergara, B. F. Viana, T. C. Wanger, C. Westphal, N. Williams, 

A. M. Klein, Wild pollinators enhance fruit set of crops regardless of 

honey bee abundance. Science 339, 1608–1611 (2013). 

Laidig F, Piepho H-P, Rentel D, Drobek T, Meyer U (2017) Breeding 

progress, genotypic and environmental variation and correlation of 

quality traits in malting barley in German official variety trials 

between 1983 and 2015. Theor Appl Genet 130:2411–2429. 

Laing DR, Jones PG, Davis JH (1984) Common bean (Phaseolus vulgaris 

L.). In: PR Goldsworthy and NM Fisher (eds) The Physiology of 

Tropical Field Crops, pp. 305–351. John Wiley and Sons, New York, 

NY. 

Lal M, Harasawa H, Murdiyarso D (2001) Asia. In Prabhakar SVRK, Shaw 

R (2008) Climate change adaptation implications for drought risk 

mitigation: A perspective for India. Climatic Change 88(2): 113–130. 

Lal R. Soil structure and sustainability. J Sustain Agric ,1991, 1: 67-92; 

Kladivko EJ. Residue effects on soil physical properties. In: Unger P 

W. Managing Agricultural Residual. Boca Raton: Lewis Publishers, 

1994: 123-141. 



CROP PRODUCTION and INFLUENCING FACTORS | 451 

 

 

 

Lamichhane, J. R., Barzman, M., Booij, K., Boonekamp, P., Desneux, N., 

Huber, L. and Sarah, J. L. (2015), Robust cropping systems to tackle 

pests under climate change. A review. Agronomy for Sustainable 

Development, 35(2), 443–59. 

Lamm, F. R. & Camp, C. R. 13. Subsurface drip irrigation. Developments in 

Agricultural Engineering 13, 473–551 (2007). 

Lammerts van Bueren, E. T., Backes, G., De Vriend, H. and Østergård, H. 

(2010), The role of molecular markers and marker assisted selection in 

breeding for organic agriculture. Euphytica, 175(1), 51–64. 

Lammerts van Bueren, E. T., Struik, P. C., Tiemens-Hulscher, M. and 

Jacobsen, E. (2003), Concepts of intrinsic value and integrity of plants 

in organic plant breeding and propagation. Crop Science, 43(6), 1922–

9. doi: 10.2135/cropsci2003.1922. 

Lancashire P, Bleiholder H, Boom T, Langelüddeke P, Strauss R, Weber E, 

Witzenberger A (1991) A uniform decimal code for growth stages of 

crops and weeds. Ann Appl Biol 119:561–601. 

Large EC (1954) Growth stages in cereals illustration of the Feekes scale. 

Plant Pathol 3:128–129. 

Lauter FR, Ninnemann O, Bucher M, Riesmeier JW, Frommer WB (1996) 

Preferential expression of an ammonium transporter and of two 

putative nitrate transporters in root hairs of tomato. Proc Natl Acad 

Sci USA 93(15):8139–8144. 

Lawlor DW, Mitchell RAC (2000) Crop ecosystem responses to climatic 

change: Wheat. In: KR Reddy and HF Hodges (eds) Climate Change 

and Global Crop Productivity, pp. 57–80. CAB International, New 

York, NY. 



452 | Abdulgani DEVLET 

 

Lee, J. W. et al. Effect of root zone aeration on the growth and bioactivity of 

cucumber plants cultured in perlite substrate. Biologia 69, 610–617 

(2014). 

Leemans R, Eickhout B, Strengers B, et al. The consequences of 

uncertainties in land use, climate and vegetation responses on the 

terrestrial carbon, Science in China, Series C, 2002, 45: 126-141. 

Lemaire G, van Oosterom E, Jeuffroz MH, Gastal F, Massignan A (2008) 

Crop species present different qualitative types of response to N 

deficiency during their vegetative growth. Field Crop Res 105:253–

265. 

Lemaire G, van Oosterom E, Sheehy J, Jeuffroy MH, Massignan A, Rossato 

L (2007) Is crop demand closely related to dry matter accumulation of 

leaf area expansion during vegetative growth? Field Crop Res 100:91–

106. 

Lettenmaier D, Major D, Poff L et al. (2008) Water resources. In: The 

Effects of Climate Change on Agriculture, Land Resources, Water 

Resources, and Biodiversity in the United States. A Report by the U.S. 

Climate Change Science Program and the Subcommittee on Global 

Change Research. Washington, DC, 362pp. 

Levy and Tasoff, 2017 M.R. Levy, J. Tasoff Exponential-growth bias and 

overconfidence J. Econ. Psychol., 58 (2017), pp. 1-4 Feb 1. 

Li C., Zhang G.P., Lance R.C.M., 1970. Recent advances in breeding barley 

for drought and saline stress tolerance, Advances in Molecular 

Breeding Toward Drought and Salt Tolerant Crops, p: 603-626. 

Li Dequan, plant physiology Chang Beijing: China Agricultural Science and 

Technology Press, 1999:183-184. 

Li et al., 2013 Z.L. Li, B.H. Tang, H. Wu, H.Z. Ren, G.J. Yan, Z.M. Wan, 

I.F. Trigo, J.A. Sobrino Satellite-derived land surface temperature: 



CROP PRODUCTION and INFLUENCING FACTORS | 453 

 

 

 

current status and perspectives Remote Sens. Environ., 131 (2013), pp. 

14-37. 

Li L, Li SM, sun JH, et al, Diversity enhances agricultural productivity via 

rhizosphere phosphorus facilitation on phosphorus deficient soils, 

PNAS, 2007104 (27): 11192-11196 

Li shuobi, Gao Xiang, Shan Mingzhu, et al. High molecular weight glutenin 

subunits and processing quality of wheat. Beijing: China Agricultural 

Press Society, 2001:1:21. 

Li WH, agro ecological farming systems in China, Nashville: Parthenon 

publishing, 2001. 

Li Yu'e, Zhang houyu, the influence of greenhouse effect on the potential 

productivity of grain crops in winter wheat region of northern 

China,1992, 13 (4): 37-39. 

Li, Y. et al. Effects of Artificial Soil Aeration Volume and Frequency on 

Soil Enzyme Activity and Microbial Abundance when Cultivating 

Greenhouse Tomato. Soil Science Society of America Journal 80 

(2016). 

Li, Y., Jia, Z., Niu, W., Wang, J. & Zhang, M. Effect of Post-Infiltration Soil 

Aeration at Different Growth Stages on Growth and Fruit Quality of 

Drip-Irrigated Potted Tomato Plants (Solanum lycopersicum). Plos 

One 10, e0143322 (2015). 

Li, Y., Niu, W., Dyck, M., Wang, J. & Zou, X. Yields and Nutritional of 

Greenhouse Tomato in Response to Different Soil Aeration Volume at 

two depths of Subsurface drip irrigation. Scientific Reports 6, 39307 

(2016). 



454 | Abdulgani DEVLET 

 

Lilley JM, Fukai S (1994) Effect of timing and severity of water deficit on 

four diverse rice cultivars I. Rooting pattern and soil water extraction. 

Field Crop Res 37(3):205–213. 

Lin Erda, et al. Chang, a simulation of the impact of global climate change 

on China's agriculture. Chang, Beijing: China Agricultural Science 

and Technology Press, Society, 1997. 

Lindström LI, Pellegrini CN, Aguirrezábal LAN, Hernández LF (2006) 

Growth and development of sunflower fruits under shade during pre 

and early post-anthesis period. Field Crop Res 96:151–159. 

Linkhor BI, Williamson LC, Fitter AH, Leyser HMO (2002) Nitrate and 

phosphate availability and distribution havedifferent effects on root 

system architecture of Arabidopsis. Plant J 29:751–760. 

Linton et al., 2020 N.M. Linton, T. Kobayashi, Y. Yang, K. Hayashi, A.R. 

Akhmetzhanov, S.M. Jung, B. Yuan, R. Kinoshita, H. Nishiura 

Incubation period and other epidemiological characteristics of 2019 

novel coronavirus infections with right truncation: a statistical analysis 

of publicly available case data J. Clin. Med., 9 (2) (2020), p. 538. 

Liu chunlei, Temperature Sensibility and Phototonus of Crops, editorial 

board of Agricultural Science Volume "10000 scientific problems". 

Beijing: Science Press, 2011, agronomy: 97-99. 

Liu et al., 2002 W.D. Liu, F. Baret, X.F. Gu, Q.X. Tong, L.F. Zheng, B. 

Zhang Relating soil surface moisture to reflectance Remote Sens. 

Environ., 81 (2–3) (2002), pp. 238-246 View Record in Scopus. 

Liu H, Wang S, Yu X, Yu J, He X, Zhang S, Shou H, Wu P (2005) ARL1, a 

LOB domain protein required for adventitious root formation in rice. 

Plant J 43:47–56. 

Liu Lina, Liu Wei, ye Qingsheng, research progress of FLC gene related to 

vernalization, Acta Botanica Sinica, 2003,23 (12): 2229-2234. 



CROP PRODUCTION and INFLUENCING FACTORS | 455 

 

 

 

Liu XL, Covington MF, Fankhauser C, Chory J, Wagner DR. ELF3 encodes 

a circadian clock-regulated nuclear protein that functions in an 

Arabidopsis PHYB signal transduction pathway. Plant Cell. 

2001;13(6):1293-1304. doi:10.1105/tpc.13.6.1293. 

Liu Yu, Xu Di, precision irrigation, editorial board of Agricultural Science 

Volume "10000 scientific problems". Beijing: Science Press, 2011, 

agricultural engineering: 514-518. 

Lizana XC, Riegel R, Gomez LD, Herrera J, Isla A, McQueen-Mason SJ, 

Calderini DF (2010) Expansins expression is associated with grain 

size dynamics in wheat (Triticum aestivum L.) J Exp Bot 61:1147–

1157. 

Lobell and Asner, 2002 D.B. Lobell, G.P. Asner Moisture effects on soil 

reflectance Soil Sci. Soc. Am. J., 66 (3) (2002), pp. 722-727. 

Lobell DB, Asner GP (2003) Climate and management contributions to 

recent trends in US. Agricultural Yields. Science 299: 1032. 

Lobell dB, Asner GP, climate and management contributions to recent trends 

in U Chang s Chang agricultural yields Chang science, 2003 299:1032 

Lobell DB, Field CB (2007) Global scale climate-crop yield relationships 

and the impacts of recent warming. Environmental Research Letters 

2(014002): 1–7. 

Lobell DB, Schlenker W, Costa-Roberts J (2011) Climate trends and global 

crop production since 1980. Science 333:616–620. 

Lobell DB,Burke MB, TebaldiCet al. (2008) Prioritizing climate change 

adaptation needs for food security in 2030. Science 319(2): 607–610. 

Loel J, Kenter C, Märländer B, Hoffmann CM (2014) Assessment of 

breeding progress in sugar beet by testing old and new varieties under 

greenhouse and field conditions. Eur J Agron 52:146–156. 



456 | Abdulgani DEVLET 

 

logical Sinica, 1998,12(2): 129-141. 

Logsdon SD, Karlen DL. Bulk density as a soil quality indicator during 

conversion to notillage. Soil & Tillage Research, 2004,78: 143-149. 

London JG (2005) Nitrogen study fertilizes fears of pollution. Nature 

433:791. 

Lopez, O. R. & Kursar, T. A. Does flood tolerance explain tree species 

distribution in tropical seasonally flooded habitats? Oecologia 136, 

193–204 (2003). 

Lough JM， Wigley TML ， Palutikof JP, Climate and climate impact 

scenarios for Europe in a warmer world Climate and Applied 

Meteorology, 1983, (22): 1673-1684. 

Luo Q, Bellotti W, Williams M et al. (2009) Adaptation to climate change of 

wheat growing in South Australia: Analysis of management and 

breeding strategies. Agriculture, Ecosystem and Environment 129: 

261–267. 

Luo shiming,  Landscape planning, cycle design and biological relationship 

reconstruction of eco agriculture, Chinese Journal of eco agriculture, 

2008,16 (4): 808-809. 

Luxmoore RJ opportunities in basic oil science research, Waskonsin: 

madison, Inc. Chang 1992. 

Lynch JP (2013) Steep, cheap and deep: an ideotype to optimize water and N 

acquisition by maize root systems. Ann Bot 112:347–357. 

Lynch JP, Brown KM (2001) Top soil foraging – an architectural adaptation 

of plants to low phosphorus availability. Plant Soil 237:225–237. 

M. C. (2016). Chapter 1: Introduction: Climate change and human health. In 

The impacts 



CROP PRODUCTION and INFLUENCING FACTORS | 457 

 

 

 

M. Chelle, B. Andrieu The nested radiosity model for the distribution of 

light within plant canopies Ecol. Model., 111 (1998), pp. 75-91. 

M. Chelle, S. Saint-Jean Taking into account the 3D canopy structure to 

study the physical environment of plants: the Monte Carlo solution 4th 

International Workshop on Functional-Structural Plant Models, 

Montpellier, France (2004), pp. 176-180. 

M. Jakob, G. Luderer, J. Steckel, M. Tavoni, S. Monjon Time to act now? 

Assessing the costs of delaying climate measures and benefits of early 

action Clim. Chang., 114 (1) (2012), pp. 79-99. 

M. Loreau et al., Science 294, 804 (2001). 

M. Loreau, A. Hector, Partitioning selection and complementarity in 

biodiversity experiments. Nature 412, 72–76 (2001). 

M. Monsi, T. Saeki Uber den Lichtfaktor in den Pflanzengesellschaften und 

seine Bedeutung fur die Stoffproduktion Jpn. J. Bot., 14 (1953), pp. 

22-52. 

M. Ö. Tatar, "Clımate Change Impacts On Crop Productıon In Turkey," 

Lucrări Ştiinţifice – seria Agronomie, 2016. 

M. Reichstein, M. Bahn, P. Ciais, D. Frank, M.D. Mahecha, S.I. Seneviratne, 

J. Zscheischler, C. Beer, N. Buchmann, D.C. Frank, D. Papale, A. 

Rammig, P. Smith, K. Thonicke, M. Van Der Velde, S. Vicca, A. 

Walz, M. Wattenbach Climate extremes and the carbon cycle Nature, 

500 (7462) (2013), pp. 287-295. 

M. Schleuning, J. Fründ, D. García, Predicting ecosystem functions from 

biodiversity and mutualistic networks: An extension of trait-based 

concepts to plant-animal interactions. Ecography 38, 380–392 (2015). 

M.B. Araújo, C. Rahbek How does climate change affect biodiversity? 

Science, 313 (2006), pp. 1396-1397. 



458 | Abdulgani DEVLET 

 

M.B. Araújo, R. Whittaker, R. Ladle, E. Markus Reducing uncertainty in 

projections of extinction risk from climate change Glob. Ecol. 

Biogeogr., 14 (2005), pp. 529-538. 

M.E. Mann, R.S. Bradley, M.K. Hughes Global-scale temperature patterns 

and climate forcing over the past six centuries Nature, 392 (1998), pp. 

779-787. 

M.I.P. Kovacs, N.K. Howes, J.M. Clarke, D. Leisle Quality characteristics of 

durum wheat lines deriving high protein from Triticum dicoccoides 

(6b) substitution J. Cereal Sci., 27 (1998), pp. 47-51. 

M.-J. Fortin, P.M.A. James, A. MacKenzie, S.J. Melles, B. Rayfield Spatial 

regression, and graph theory in ecology Spat. Stat., 1 (2012), pp. 100-

109. 

M.J. Mariscal, F. Orgaz, F.J. Villalobos Modelling and measurement of 

radiation interception by olive canopies Agric. For. Meteorol., 100 

(2000), pp. 183-197. 

Mäder, P.; Hahn, D.; Dubois, D.; Gunst, L.; Alföldi, T.; Bergmann, H.; 

Oehme, M.; Amadò, R.; Schneider, H.; Graf, U.; et al. Wheat quality 

in organic and conventional farming: Results of a 21 year field 

experiment. J. Sci. Food Agric. 2007, 87, 1826–1835. 

Magrin G, Gay Garc´ıa C, Cruz Choque D et al. (2007) Latin America. In: 

ML Parry, OF Canziani, JP Palutikof, PJ van der Linden, and CE 

Hanson (eds) Climate Change 2007: Impacts, Adaptation and 

Vulnerability. Contribution of Working Group II to the Fourth 

Assessment Report of the Intergovernmental Panel on Climate Change, 

pp. 581–615. Cambridge University Press, Cambridge, UK. 

Magrin GO, Grondona MO, Travasso MI, Boull´on DR Rodriguez CD, 

Messina CD (1998) Impacto del Fen´omeno “El Ni˜no” sobre la 



CROP PRODUCTION and INFLUENCING FACTORS | 459 

 

 

 

Producci´on de Cultivos en la Regi´on Pampeana Argentina. INTA-

Instituto de Clima y Agua, Bolet´ın de divulgaci´on, 16pp. 

Mahmuti M, West JS, Watts J, Gladders P, Fitt BDL, 2009. Controlling crop 

disease contributes to both food security and climate change 

mitigation. International Journal of Agricultural Sustainability 7, 189–

202. 

Mai CD, Phung NTP, Truong HTM, Gonin M, Hoang GT, Nguyen KL, Do 

VN, Courtois B, Gantet P (2014) Genes controlling root development 

in rice. Rice J 7:30. 

Manscadi A, Hammer G, Christopher J, De Voil P (2008) Genotypic 

variation in seedling root architectural traits and implications for 

drought adaptation in wheat (Triticum aestivum L.) Plant Soil 303: 

115–129. 

Manschadi AM, Christopher JT, Hammer GL, de Voil P (2010) 

Experimental and modelling studies of drought-adaptive root 

architectural traits in wheat (Triticum aestivum L.) Plant Biosyst 

144:458–462. 

Maracchi G, Sirotenko O, BindiM (2005) Impacts of present and future 

climate variability on agriculture and forestry in the temperate regions: 

Europe. Climatic Change 70: 117–135. 

Mark S. Howden and Steven J. Crimp, Regional Impacts: Australia, Crop 

Adaptation to Climate Change, 2011, Chapter 3.8: 143-155. 

Mas P, alabadi D, yanovsky MJ, et al dual role of toc1in the control of circle 

and Photographic responses in a rabidopsis smooth plant cell, 2003, 

15:223-236. 

Matarira CH, Mwamuka FC (1996) Vulnerability of Zimbabwe forests to 

global climate change. Climate Research 6: 135–136. 



460 | Abdulgani DEVLET 

 

Matlon PJ (1988) The West African semi-arid tropics. In: JW Mellor, CL 

Delgado, and MJ Blackie (eds) Accelerating Food Production in Sub-

Saharan Africa, pp. 59–77. Johns Hopkins University Press, London. 

Matteo Dainese, Emily A. Martin, Marcelo A. Aizen, Matthias Albrecht, 

View ORCID ProfileIgnasi Bartomeus, View ORCID ProfileRiccardo 

Bommarco, Luisa G. Carvalheiro, View ORCID ProfileRebecca 

Chaplin-Kramer, Vesna Gagic, Lucas A. Garibaldi, Jaboury Ghazoul, 

View ORCID ProfileHeather Grab, Mattias Jonsson6, Daniel S. Karp, 

Christina M. Kennedy, David Kleijn, Claire Kremen, Douglas A. 

Landis, Deborah K. Letourneau, Lorenzo Marini, View ORCID 

ProfileKatja Poveda, Romina Rader, Henrik G. Smith, Teja 

Tscharntke, Georg K. S. Andersson, Isabelle Badenhausser, Svenja 

Baensch, Antonio Diego M. Bezerra, Felix J. J. A. Bianchi, Virginie 

Boreux, Vincent Bretagnolle, Berta Caballero-Lopez, Pablo 

Cavigliasso, Aleksandar Ćetković, Natacha P. Chacoff, Alice Classen, 

Sarah Cusser, Felipe D. da Silva e Silva, G. Arjen de Groot, Jan H. 

Dudenhöffer, Johan Ekroos, View ORCID ProfileThijs Fijen, Pierre 

Franck, Breno M. Freitas, Michael P. D. Garratt, Claudio Gratton, 

Juliana Hipólito, Andrea Holzschuh, Lauren Hunt, Aaron L. Iverson, 

Shalene Jha, Tamar Keasar, Tania N. Kim, Miriam Kishinevsky, 

Björn K. Klatt, Alexandra-Maria Klein, Kristin M. Krewenka, View 

ORCID ProfileSmitha Krishnan, Ashley E. Larsen, Claire Lavigne, 

Heidi Liere, Bea Maas, Rachel E. Mallinger, Eliana Martinez Pachon, 

View ORCID ProfileAlejandra Martínez-Salinas, Timothy D. Meehan, 

Matthew G. E. Mitchell, Gonzalo A. R. Molina, Maike Nesper, Lovisa 

Nilsson, Megan E. O'Rourke, Marcell K. Peters, Milan Plećaš, Simon 

G. Potts, Davi de L. Ramos, Jay A. Rosenheim, Maj Rundlöf, Adrien 

Rusch, Agustín Sáez, Jeroen Scheper, Matthias Schleuning, Julia M. 



CROP PRODUCTION and INFLUENCING FACTORS | 461 

 

 

 

Schmack, Amber R. Sciligo, Colleen Seymour, Dara A. Stanley, 

Rebecca Stewart, Jane C. Stout, Louis Sutter, Mayura B. Takada, 

View ORCID ProfileHisatomo Taki, Giovanni Tamburini, Matthias 

Tschumi, View ORCID ProfileBlandina F. Viana, Catrin Westphal, 

Bryony K. Willcox, Stephen D. Wratten, Akira Yoshioka, Carlos 

Zaragoza-Trello, Wei Zhang, Yi Zou and Ingolf Steffan-Dewenter, A 

global synthesis reveals biodiversity-mediated benefits for crop 

production, Science Advances, 2019: Vol. 5, no. 10, eaax0121, DOI: 

10.1126/sciadv.aax0121. 

Matthys C, Walton A, Struk S, Stes E, Boyer FD, Gevaert K et al (2016) The 

whats, the wheres and the hows of strigolactone action in the roots. 

Planta 243:1327–1337. 

Maxted, N., Kell, S. Establishment of a Network for the In Situ Conservation 

of Crop Wild Relatives: Status and Needs; Commission on Genetic 

Resources for Food and Agriculture; Food and Agriculture 

Organization of the United Nations: Rome, Italy, 2009. 

Maxted, N.; Ford-Lloyd, B.V.; Jury, S.L.; Kell, S.P.; Scholten, M.A. 

Towards a definition of a crop wild relative. Biodivers. Conserv. 2006, 

15, 2673–2685. 

Maxted, N.; Ford-Lloyd, B.V.; Kell, S.P. Crop wild relatives: Establishing 

the context. In Crop Wild Relative Conservation and Use; Maxted, N., 

Ford-Lloyd, B.V., Kell, S.P., Iriondo, J., Dulloo, E., Turok, J., Eds.; 

CAB International: Wallingford, UK, 2008. 

Mayer, J.; Gunst, L.; Mäder, P.; Samson, M.-F.; Carcea, M.; Narducci, V.; 

Thomsen, I.K.; Dubois, D. Productivity, quality and sustainability of 

winter wheat under long-term conventional and organic management 

in Switzerland. Eur. J. Agron. 2015, 65, 27–39. 



462 | Abdulgani DEVLET 

 

McCouch, S., Baute, G., Bradeen, J. et al. Feeding the future. Nature 499, 

23–24 (2013). https://doi.org/10.1038/499023a. 

McDaniel, R.G., 1982. The physiology of temperature effects on plants. In: 

M.N. Christiansen and C.F. Lewis (Editors), Plants for Less Favorable 

Environments. Wiley, New York, pp. 13-46. 

McVicar et al., 2012 T.R. McVicar, M.L. Roderick, R.J. Donohue, L.T. Li, 

T.G. Van Niel, A. Thomas, J. Grieser, D. Jhajharia, Y. Himri, N.M. 

Mahowald, A.V. Mescherskaya, A.C. Kruger, S. Rehman, Y. 

Dinpashoh Global review and synthesis of trends in observed 

terrestrial near-surface wind speeds: implications for evaporation J. 

Hydrol., 416 (2012), pp. 182-205. 

Meehl GA, Stocker TF, Collins WD, Friedlingstein P, Gaye T, Gregory JM, 

Kitoh A, Knutti R, Murphy JM, Noda A, Raper SC. Global Climate 

Projections. 

Meshcherskaya AA, BlazhevichBG (1990) Catalogs of Temperature and 

Humidity Characteristics According to the Economical Regions of the 

Main Productive Zone of the USSR (1891–1983) (in Russian). 

Leningrad. 

Meyer CJ, Steudle E, Peterson CA (2007) Patterns and kinetics of water 

uptake by soybean seeds. J Exp Bot 58:717–732. 

MINAM Per´u (2009) Estudio Nacional Ambiental del Ministerio del 

Ambiente (MINAM). Available from: http://www.minam.gob.pe/ 

index.php?option=com_content&view=article&catid=1:noticias&id=1

87:minam-participara-en-diversas-actividades-por-el-diade- la-

tierra&Itemid=21. Accessed January 5. 

Miglietta F, Tanasescu M, Marica A, The expected effects of climate change 

on wheat De Level, global change biology, 1995, 1:407,-415. 

https://doi.org/10.1038/499023a


CROP PRODUCTION and INFLUENCING FACTORS | 463 

 

 

 

Millar, A.J., Straume, M., Chory, J., Chua, N.H., and Kay, S.A. (1995). The 

regulation of circadian period by phototransduction pathways in 

Arabidopsis. Science 267, 1163–1166. 

Miralles DJ, Richards RA (2000) Response of leaf and tiller emergence and 

primordium initiation in wheat and barley to interchanged photoperiod. 

Ann Bot 85:655–663. 

Mizuno H, Kobayashi A, Fijii N, Yamashita M, Takahashi H (2002) 

Hydrotropic response and expression pattern of auxin-inducible gene, 

CS-IAA1, in the primary roots of clinorotated cucumber seedlings. 

Plant Cell Physiol 43:793–801. 

Mohamedin AAM, Abdel-Razek MKM, Gendy AAS (2011) Evaluation of 

the reclamation of salt affected clay soil with gypsum and surface 

flushing under rice-wheat system in the North Nile Delta. Egypt J of 

Appl Sci 26(8):313–327. 

Mollah MR, Norton RM, Huzzey J. (2009) Australian Grains Free Air 

Carbon dioxide Enrichment (AGFACE) facility: design and 

performance. Crop and Pasture Science 60: 697–707. 

Monteith JL evaluation and environment in: Fogg Ge symbol of the society 

for ex Permanent biology, the state and movement of water in living 

organizations, Vol Academic Press, Inc., 1965:205:234 

Moreira EE, Coelho CA, SPI, based drought category prediction using log 

linear mod, Els, Journal of Hydrology, 2008, 354, 116-130. 

Moskin, J., Plumer, B., Lieberman, R., & Weingart, E. (2019, April 3). Your 

questions about food and climate change, answered. The New York 

Times. Retrieved from https://www.nytimes.com/ 

interactive/2019/04/30/dining/climate-change-food-eating-habits.html. 

MSO 2016. Meteorological State Office of Turkey, www.mgm.gov.tr. 

http://www.mgm.gov.tr/


464 | Abdulgani DEVLET 

 

Mulder et al., 2011 V.L. Mulder, S. de Bruin, M.E. Schaepman, T.R. Mayr 

The use of remote sensing in soil and terrain mapping – a review 

Geoderma, 162 (1–2) (2011), pp. 1-19. 

Mulder et al., 2013 V.L. Mulder, S. de Bruin, J. Weyermann, R.F. Kokaly, 

M.E. Schaepman Characterizing regional soil mineral composition 

using spectroscopy and geostatistics Remote Sens. Environ., 139 

(2013), pp. 415-429. 

Myers, N., Mittermeier, R. A., Mittermeier, C. G., da Fonseca, G. A. B. & 

Kent, J. Biodiversity hotspots for conservation priorities. Nature 403, 

853–858 (2000). 

N. Francescangeli, M.A. Sangiacomo, H. Marti, Effects of plant density in 

broccoli on yield and radiation use efficiency, Sci. Hortic.-Amst., 110 

(2006), pp. 135-143. 

N.M. Munier-Jolain, S.H.M. Guyot, N. Colbach A 3D model for light 

interception in heterogeneous crop:weed canopies: model structure 

and evaluation Ecol. Model, 250 (2013), pp. 101-110. 

N.M. Munier-Jolain, S.H.M. Guyot, N. Colbach A 3D model for light 

interception in heterogeneous crop:weed canopies: model structure 

and evaluation Ecol. Model, 250 (2013), pp. 101-110. 

N.S. Goel, D.E. Strebel, Simple beta distribution representation of leaf 

orientation in vegetation canopies, Agron. J., 76 (1984), pp. 800-802. 

National climate change assessment report Compilation Committee 

(NCCARCC), national assessment report on climate change, Beijing: 

Science Press, 2007:14. 

Nature (2009), The Disappearing Nutrient. 

Naveen P. Singh, Ma Cynthia S. Bantilan, A. Ashok Kumar, Pasupuleti 

Janila, and Abu Wali R. Hassan, Climate Change Impact in 

Agriculture: Vulnerability and Adaptation Concerns of Semiarid 



CROP PRODUCTION and INFLUENCING FACTORS | 465 

 

 

 

Tropics in Asia, , Crop Adaptation to Climate Change, 2011, Chapter 

3.6: 107-130. 

NDRC (National Development and Reform Commission), (2007) China’s 

National Climate Change Programme, People’s Republic of China. 

Nelson GC, Rosegrant MW, Koo J et al. (2009) Climate change: Impact on 

agriculture and costs of adaptation. Food Policy Report 19, 

International Food Policy Research Institute (IFPRI), Washington, DC. 

Nelson GC, Rosegrant MW, Koo J, Robertson R, Sulser T, Zhu F, Ringler F, 

Msangi S, Palazzo F, Batka M, Magalhaes M, Valmonte-Santos R, 

Ewing M, Lee D (2009) Climate Change: Impact on Agriculture and 

Costs of Adaptation, p. 20. International Food Policy Research 

Institute, Washington DC. 

Nelson, D.C., Lasswell, J., Rogg, L.E., Cohen, M.A., and Bartel, B. (2000). 

FKF1, a clock-controlled gene that regulates the transition to 

flowering in Arabidopsis. Cell 101, 331–340. 

Nemeth, C., C. Yang, P. Kasprzak, S. Hubbart, D. Scholefield, S. Mehra et 

al. 2015. Generation of amphidiploids from hybrids of wheat and 

related species from the genera Aegilops, Secale, Thinopyrum, and 

Triticum as a source of genetic variation for wheat improvement. 

Genome 58:71–79. doi:10.1139/gen-2015-0002. 

Newton AC, Gravouil C, Fountaine JM, 2010b. Managing the ecology of 

foliar pathogens: ecological tolerance in crops. Annals of Applied 

Biology 157, 343–59. 

Ni, M., Tepperman, J.M., and Quail, P.H. (1998). PIF3, a phytochrome-

interacting factor necessary for normal photoinduced signal 

transduction, is a novel basic helix-loop-helix protein. Cell 95, 657–

667. 



466 | Abdulgani DEVLET 

 

Nishiura et al., 2020 H. Nishiura, T. Kobayashi, T. Miyama, A. Suzuki, S. 

Jung, K. Hayashi, R. Kinoshita, Y. Yang, B. Yuan, A.R. 

Akhmetzhanov, N.M. Linton Estimation of the Asymptomatic Ratio 

of Novel Coronavirus Infections (COVID-19) (2020) (Jan 1. 

medRxiv). 

Niu, W., Guo, Q., Zhou, X. & Helmers, M. J. Effect of Aeration and Soil 

Water Redistribution on the Air Permeability under Subsurface Drip 

Irrigation. Soil Science Society of America Journal 76, 815–820 

(2012). 

Norman and Anderson, 2005 J.M. Norman, M.C. Anderson Soil–plant–

atmosphere continuum D. Hillel (Ed.), Encyclopedia of Soils in the 

Environment, Elsevier, Oxford (2005), pp. 513-521. 

NRDC (2001), Cesspools of Shame. 

Nuijten, E., Messmer, M. and Lammerts van Bueren, E. T. (2017), Concepts 

and strategies of organic plant breeding in light of novel breeding 

techniques. Sustainability, 9(1), 18. doi:10.3390/ su9010018. 

OECD/FAO (2020), OECD-FAO Agricultural Outlook 2020-2029, FAO, 

Rome/OECD Publishing, Paris, https://doi.org/10.1787/1112c23b-en. 

of climate change on human health in the United States: A scientific 

assessment (pp. 25–42). 

Ogbonnaya, F.C., O. Abdalla, A. Mujeeb-Kazi, A.G. Kazi, S.S. Xu, N. 

Gosman et al. 2013. Synthetic hexaploids: Harnessing species of the 

primary gene pool for wheat improvement. Plant Breed. Rev. 37:35–

122. 

Olesen JE, Bindi M (2002) Consequences of climate change for European 

agricultural productivity, land use and policy. European Journal of 

Agronomy 16: 239–262. 

https://doi.org/10.1787/1112c23b-en


CROP PRODUCTION and INFLUENCING FACTORS | 467 

 

 

 

Olesen JE, Carter TR, D´ıaz-Ambrona CH, Fronzek S, Heidmann T, Hickler 

T, Holt T,M´ınguezMI, Morales P, Palutikof J, Quemada M, Ruiz-

Ramos M, Rubæk G, Sau F, Smith B, Sykes M (2007) Uncertainties 

in projected impacts of climate change on European agriculture and 

terrestrial ecosystems based on scenarios from regional climate 

models. Climatic Change 81: 123–143. 

Olivares-Villegas JJ, Reynolds MP, McDonald GK (2007) Drought-adaptive 

attributes in the Seri/Babaxhexaploid wheat population. Funct Plant 

Biol 34:189–203. 

Oosterhuis D.M., 2013. Global warming and cotton productivity, ICAC 

72nd Plenary Meeting, 29th Sept- 4 th Oct., Cartagena, Colombia. 

Oren R, Elsworth DS, Johnsen kn, et al so utilization limits carbon sequence 

by forest Ecosystems in a CO2 singing enriched atmosphere natural, 

2001411 (6836): 469 singing 472. 

Oreskes, 2004 N. Oreskes The scientific consensus on climate change 

Science, 306 (5702) (2004), p. 1686 Dec 3. 

Ortiz R, Sayre KD, Govaerts B et al. (2008) Climate change: can wheat beat 

the heat? Agriculture, Ecosystems and Environment 126: 46–58. 

Owe et al., 2008 M. Owe, R. de Jeu, T. Holmes Multisensor historical 

climatology of satellite-derived global land surface moisture J. 

Geophys. Res. Earth Surf., 113 (F1) (2008). 

Oyanagi A, Nakamoto T, Wada M (1993) Relationship between root growth 

angle of seedlings and vertical distribution of roots in the field in 

wheat cultivars. Jpn J Crop Sci 62:565–570. 

Özdoğan M., Woodcock C.E., Salvucci G.D., Demir H., 2006. Changes in 

summer irrigated crop area and water use in Southern Turkey from 



468 | Abdulgani DEVLET 

 

1992- 2002: Implications for current and future water resources, 

Water Resources Management, 20: 467-488. 

Öztürk A., 1999. The effect of drought on the growth and yield of winter 

wheat, Turkish Journal of Agriculture and Forestry, 23: 531-540. 

P. Balvanera, I. Siddique, L. Dee, A. Paquette, F. Isbell, A. Gonzalez, J. 

Byrnes, M. I. O’Connor, B. A. Hungate, J. N. Griffin, Linking 

biodiversity and ecosystem services: Current uncertainties and the 

necessary next steps. Bioscience 64, 49–57 (2014). 

P. Carvalho and M. J. Foulkes, Roots and Uptake of Water and Nutrients 

Springer (2019), Crop Science: 107-130. 

P.G. Jones, P.K. Thornton The potential impacts of climate change on maize 

production in Africa and Latin America in 2055 Glob. Environ. 

Change, 13 (2003), pp. 51-59. 

P.J. Durack, T. Lee, N.T. Vinogradova, D. Stammer Keeping the lights on 

for global ocean salinity observation Nat. Clim. Chang., 6 (3) (2016), 

p. 228. 

P.R. Epstein Climate and health Science, 285 (1999), pp. 347-348. 

P.R. Epstein, H.F. Diaz, S. Elias, G. Grabherr, N.E. Graham, W.J.M. 

Martens, E. Mosley-Thompson, E.J. Susskind Biological and physical 

signs of climate change: focus on mosquito-borne disease Bull. Am. 

Meteorol. Soc., 78 (1998), pp. 409-417. 

P.R. Epstein, Is global warming harmful to health? Sci. Am. August (2000), 

pp. 50-57. 

P.S. Nobel, Physicochemical and Environmental Plant Physiology (fourth 

edition), Elsevier Academic Press (2009). M. Reichstein, M. Bahn, P. 

Ciais, D. Frank, M.D. Mahecha, S.I. Seneviratne, J. Zscheischler, C. 

Beer, N. Buchmann, D.C. Frank, D. Papale, A. Rammig, P. Smith, K. 

Thonicke, M. Van Der Velde, S. Vicca, A. Walz, M. Wattenbach 



CROP PRODUCTION and INFLUENCING FACTORS | 469 

 

 

 

Climate extremes and the carbon cycle Nature, 500 (7462) (2013), pp. 

287-295. 

P.S. Wagenmakers, O. Callesen Light distribution in apple orchard systems 

in relation to production and fruit quality J. Hortic. Sci., 70 (1995), pp. 

935-948. 

Pachauri RK, Reisinger A, 2007. Climate Change 2007: Synthesis Report. 

Contribution of Working Groups I, II and III to the Fourth Assessment 

Report of the Intergovernmental Panel on Climate Change. Geneva, 

Switzerland: IPCC. 

PalaciosDíaz, M. P. et al. Subsurface drip irrigation and reclaimed water 

quality effects on phosphorus and salinity distribution and forage 

production. Agricultural Water Management 96, 1659–1666 (2009). 

Palta J, Watt M (2009) Vigorous crop root systems: form and function for 

improving the capture of water and nutrients. In: Sadras V (ed) Crop 

physiology – applications for genetic improvement and agronomy. 

Elsevier, San Diego. 

Palta J.A., Kobata T., Turner N.C., Fillery I.R., 1994. Remobilization of 

carbon and nitrogen in wheat as influenced by postanthesis water 

deficits, Crop Science, 34: 118-124. 

Pantuwan G, Fukai S, Cooper M, O’toole JC, Sarkarung S (1997) Root traits 

to increase drought resistance in rainfed lowland rice. Breeding 

Strategies for Rainfed Lowland Rice in Drought-Prone Environments 

77:170–179. 

Paris, P. et al. Precision subsurface drip irrigation increases yield while 

sustaining water-use efficiency in Mediterranean poplar bioenergy 

plantations. Forest Ecology & Management 409, 749–756 (2018). 



470 | Abdulgani DEVLET 

 

Parry ML, Canziani OF, Palutikof JP et al. (2007) Technical summary. In: 

ML Parry, OF Canziani, JP Palutikof, PJ Hanson (eds) Climate 

Change 2007: Working Group II: Impacts, Adaptation and 

Vulnerability. Cambridge University Press, Cambridge, UK. 

Parry ML, Rosenzweig C, Iglesias A et al. (2004) Effects of climate change 

on global food production under SRES emissions and socio-economic 

scenarios. Global Environmental Change 14(1): 53–67. 

Parry ML, Rosenzweig C, Iglesias A, Livermore M, Fischer G (2004) 

Effects of climate change on global food production under SRES 

emissions and socioeconomic scenarios. Global Environmental 

Change 14: 53–67. 

Patricio Sandaña and Daniel F. Calderini, Source–Sink Relationships in 

Cereals and Legumes, Springer (2019), Crop Science:185-194. 

PEACE (2007) Indonesia and Climate Change: Current Status and Policies. 

PEACE, The World Bank, and DFID, Jakarta, Indonesia. 

Pederson, N. et al. The legacy of episodic climatic events in shaping 

temperate, broadleaf forests. Ecol. Monogr. 84, 599–620 (2014). 

Peltonen-Sainio P, Jauhiainen L, Laurila IP (2009) Cereal yield trends in 

northern European conditions: Changes in yield potential and its 

realisation. Field Crop Res 110:85–90. 

Peltonen-Sainio P, Jauhiainen L, Laurila IP (2009) Cereal yield trends in 

northern European conditions: Changes in yield potential and its 

realisation. Field Crop Res 110:85–90. 

Peng S, Huang J, Sheehy JE, Laza RC, Visperas RM, Zhong X, Centeno GS, 

Khush GS, Cassman KG (2004) Rice yields decline with higher night 

temperature from global warming. Proceedings of National Academy 

of Science 101: 9971–9975. 



CROP PRODUCTION and INFLUENCING FACTORS | 471 

 

 

 

Penman HL, natural evolution from open water, bare soil, and grass proc 

Roy SOC London, 1948, a193:120-146. 

Penuelas J, filella I, physiology responses to a warming world science, 2001, 

294:793-794. 

Perrino, E.V.; Perrino, P. Crop wild relatives: Know how past and present to 

improve future research, conservation and utilization strategies, 

especially in Italy: A review. Genet. Resour. Crop Evol. 2020, 67, 

1067–1105. 

Perrino, E.V.; Wagensommer, R.P. Crop Wild Relatives (CWR) Priority in 

Italy: Distribution, Ecology, In Situ and Ex Situ Conservation and 

Expected Actions. Sustainability 2021, 13, 1682. 

https://doi.org/10.3390/su13041682. 

Pew Commission (PC)(2008), Putting Meat on the Table. 

Phene, C. J. et al. Effect of high frequency surface and subsurface drip 

irrigation on root distribution of sweet corn. Irrigation Science 12, 

135–140 (1991). 

Philip JR, Plant water relations: some physical aspects, Ann Rev Plant 

Physiol, 1966, 17: 245-268. 

Phillips, O.L.; Meilleur, B. Usefulness and economic potential of the rare 

plants of the United States: A status survey. Econ. Bot. 1998, 52, 57–

67. 

Pimentel, D.; Wilson, C.; McCullum, C.; Huang, R.; Dwen, P.; Flack, J.; 

Tran, Q.; Saltman, T.; Cliff, B. Economic and environmental benefits 

of biodiversity. BioScience 1997, 47, 747–757.  

Pimm SL, Russell GJ, Gittleman JL, et al. The future of biodiversity Science, 

1995, 269:347-350. 



472 | Abdulgani DEVLET 

 

Pinto HS, Assad ED, Zullo J Jr et al. (2002) O aquecimento global e a 

agricultura. Mudanc¸as Clim´aticas. Com Ciˆencia, 34. Available from: 

http://www.comciencia.br/. Accessed December 13, 2009. 

Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts 

through producers and consumers. Science, 360(6392), 987–992. 

https://doi.org/10.1126/science.aaq0216. 

Porter JR (2005) Rising temperatures are likely to reduce crop yields. Nature 

436: 174. 

Porter JR, Gawith M (1999) Temperatures and the growth and development 

of wheat: A review. European Journal of Agronomy 10(1): 23–36. 

Prabhakar S, Srinivasan A, Shaw R (2009). Climate change and local level 

disaster risk reduction planning: Need, opportunities and challenges. 

Mitigation and Adaptation Strategies for Global Change 14(1): 7–33. 

Prabhakar SVRK, Shaw R (2008) Climate change adaptation implications 

for drought risk mitigation: A perspective for India. Climatic Change 

88(2): 113–130. 

Prasad PVV, Boote KJ, Allen LH Jr (2006a) Adverse high temperature 

effects on pollen viability, seed-set, seed yield and harvest index of 

grain-sorghum [Sorghum bicolor (L.) Moench] are more severe at 

elevated carbon dioxide due to high tissue temperature. Agricultural 

and Forest Meteorology 139: 237–251. 

Prasad PVV, Boote KJ, Allen LH Jr, Sheehy JE, Thomas JMG (2006b) 

Species, ecotype and cultivar differences in spikelet fertility and 

harvest index of rice in response to high temperature stress. Field 

Crops Research 95: 398–411. 

Prasad PVV, Boote KJ, Allen LH Jr, Thomas JMG (2002) Effects of 

elevated temperature and carbon dioxide on seed-set and yield of 



CROP PRODUCTION and INFLUENCING FACTORS | 473 

 

 

 

kidney bean (Phaseolus vulgaris L.). Global Change Biology 8: 710–

721. 

Prasad PVV, Boote KJ, Allen LH Jr, Thomas JMG (2003) Supra-optimal 

temperatures are detrimental to peanut (Arachis hypogaea L.) 

reproductive processes and yield at ambient and elevated carbon 

dioxide. Global Change Biology 9: 1775–1787. 

Prasad PVV, Craufurd PQ, Kakani VG, Wheeler TR, Boote KJ (2001) 

Influence of high temperature during pre- and post-anthesis stages of 

floral development on fruit-set and pollen germination in peanut 

Australian Journal of Plant Physiology 28: 233–240. 

Prasad PVV, Craufurd PQ, Summerfield RJ (1999a) Sensitivity of peanut to 

timing of heat stress during reproductive development. Crop Science 

39: 1352–1357. 

Prasad PVV, Craufurd PQ, Summerfield RJ (1999b) Fruit number in relation 

to pollen pollen production and viability in groundnut exposed to short 

episodes of heat stress. Annals of Botany 84: 381–386. 

Prasad PVV, Pisipati SR, Mutava RN, Tuinstra MR (2008a) Sensitivity of 

grain sorghum to high temperature stress during reproductive 

development. Crop Science 48: 1911–1917. 

Prasad PVV, Pisipati SR, Ristic Z, Bukovnik U, Fritz A (2008b) Impact of 

high nighttime temperature on growth and yield of spring wheat. Crop 

Science 48: 2372–2380. 

Prescott-Allen, C., and R. Prescott-Allen. 1986. The first resource: Wild 

species in the North American economy. Yale Univ. Press, New 

Haven, CT. 



474 | Abdulgani DEVLET 

 

Prescott-Allen, R., and C. Prescott-Allen. 1981. In situ conservation of crop 

genetic resources: A report to the International Board for Plant 

Genetic Resources. IBPGR, Rome. 

Price AH, Steele KA, Moore BJ, Barraclough PP, Clark LJ (2000) A 

combined RFLP and AFLP linkage map of upland rice (Oryza sativa 

L.) used to identify QTLs for root-penetration ability. Theor Appl 

Genet 100:49–56. 

Price AH, Steele KA, Moore BJ, Jones RGW (2002) Upland rice grown in 

soil-filled chambers and exposed to contrasting water-deficit regimes: 

II. Mapping quantitative trait loci for root morphology and distribution. 

Field Crop Res 76:25–43. 

Priestley CHB, Taylor RJ, on the assessment of surface heat flux and 

evaluation using Large scale parameters monthly weather review, 

1972100:81, 92  

Putt ED (1997) Early history of sunflower. In: Schneiter AA (ed) Sunflower 

technology and production. American Society of Agronomy, Madison, 

pp 1–19. 

Q. Pan, Y.-S. Liu, O. Budai-Hadrian, M. Sela, L. Carmel-Goren, D. Zamir, 

R. Fluhr Comparative genetics of nucleotide binding site-leucine rich 

repeat resistance gene homologues in the genomes of two 

dicotyledons: tomato and arabidopsis Genetics, 155 (2000), pp. 309-

322. 

Qin Dahe, Chen Zhenlin, Luo Yong, Ding Yihui, Dai Xiaosu, Ren Jiawen, 

Zhai Panmao, Zhang Xiaoye, Zhao Zongci, Zhang De’er, Gao Xuejie, 

Shen Yongping, Updated Understanding of Climate Change Sciences, 

Adv. Clim. Change Res., 2007, 3 (2): 63-73. 

Qin Dahe, environmental evolution report of Western China, Beijing: 

Science Press, 2002:248. 



CROP PRODUCTION and INFLUENCING FACTORS | 475 

 

 

 

Quail, P.H., Boylan, M.T., Parks, B.M., Short, T.M., Xu, Y., and Wagner, D. 

(1995). Phytochromes: Photosensory perception and signal 

transduction. Science 268, 675–680. 

Quantifying the Role of Internal Climate Variability in Future Climate 

Trends. 

R. Bommarco, D. Kleijn, S. G. Potts, Ecological intensification: Harnessing 

ecosystem services for food security. Trends Ecol. Evol. 28, 230–238 

(2013). 

R. Chaplin-Kramer, M. E. O’Rourke, E. J. Blitzer, C. Kremen, A meta-

analysis of crop pest and natural enemy response to landscape 

complexity. Ecol. Lett. 14, 922–932 (2011). 

R. E. Green, S. J. Cornell, J. P. Scharlemann, A. Balmford, Science 307, 550 

(2005); published online 23 December, 2004 (10.1126/ 

science.1106049). 

R. Giuliani, E. Magnanini, C. Fragassa, F. Nerozzi Ground monitoring the 

light–shadow windows of a tree canopy to yield canopy light 

interception and morphological traits Plant Cell Environ., 23 (2000), 

pp. 783-796. 

R. Hajjar, T. Hodgkin The use of wild relatives in crop improvement: a 

survey of developments over the last 20 years Euphytica, 156 (2007), 

pp. 1-13. 

R. Malik, C.M. Smith, G.L. Brown-Guedira, T.L. Harvey, B.S. Gill 

Assessment of Aegilops tauschii for resistance to biotypes of wheat 

curl mite (Acari: Eriophyidae) J. Econ. Entomol., 96 (2003), pp. 1329-

1333. 



476 | Abdulgani DEVLET 

 

R. Menendez, A. Gonzalez, J.K. Hill, B. Braschler, S. Willis, Y. Collinghan, 

R. Fox, D. Roy, C.D. Thomas Species richness changes lag behind 

climate change Proc. Biol. Sci., 273 (1593) (2006), pp. 1465-1470. 

R. S. Hails, Nature 418, 685 (2002). 

R. Winfree, J. W. Fox, N. M. Williams, J. R. Reilly, D. P. Cariveau, 

Abundance of common species, not species richness, drives delivery 

of a real-world ecosystem service. Ecol. Lett. 18, 626–635 (2015). 

R.D. Gregory, et al. The state of play of farmland birds: population trends 

and conservation status of lowland farmland birds in the United 

Kingdom, Ibis, 146 (Suppl. 2) (2004), pp. 1-13. 

R.G. Pearson Climate change and the migration capacity of species Trends 

Ecol. Evol., 21 (2006), pp. 111-113. 

R.G. Pearson, Climate change and the migration capacity of species, Trends 

Ecol. Evol., 21 (2006), pp. 111-113. 

R.H. Waring, J.J. Landsberg, Generalizing plant-water relations to 

landscapes, J. Plant Ecol., 4 (1–2) (2011), pp. 101-113. 

R.J. Hijmans, C.H. Graham The ability of climate envelope models to 

predict the effect of climate change on species distributions Glob. 

Change Biol., 12 (2006), pp. 2272-2281. 

R.J. Hijmans, The effect of climate change on global potato production,Am. 

J. Potato Res., 80 (2003), pp. 271-280. 

Ramos C (1996) Effect of agricultural practices on the nitrogen losses in 

environment. In: Rodriguez- Barrueco C (ed) Fertilizer and 

environment. Kluwer, Dordrecht, pp 335–361. 

Ranjana Bhattacharjee, Bonny R. Ntare, Emmanuel Otoo, and Pius Z. Yanda, 

Regional Impacts of Climate Change: Africa, Crop Adaptation to 

Climate Change, 2011, Chapter 3.3: 66-77. 



CROP PRODUCTION and INFLUENCING FACTORS | 477 

 

 

 

Rao AS, Climate and microclimate changes influencing the fauna of the Hot 

Indian Arid Zone In: Sivapevuman C, Baqri QH, Ramaswamy G, et al. 

Faunal Ecology and Conservation of the Great Indian Desert Faunal 

Ecology and Conservation of the Great Indian Desert, Berlin: Springer, 

2009, 13-23. 

Rao, A.C.S.; Smith, J.L.; Jandhyala, V.K.; Papendick, R.I.; Parr, J.F. 

Cultivar and Climatic Effects on the Protein Content of Soft White 

Winter Wheat. Agron. J. 1993, 85, 1023–1028. 

Ratang M, (2007) Perubahan iklim: Perubahan variaisi curah hujan, cuaca 

dan iklim ekstrim. Jakarta, Indonesia. 

Ray DK, Gerber JS, MacDonald GK, West PC (2015) Climate variation 

explains a third of global crop yield variability. Nat Comm 6(1):1–9. 

Ray H, Bett K, Tar’an B, Vandenberg A, Thavarajah D, Warkentin T (2014) 

Mineral micronutrient content of cultivars of field pea, chickpea, 

common bean, and lentil grown in Saskatchewan, Canada. Crop Sci 

54:1698–1708. 

Ray JD, Yu L, Mccouch SR, Champoux MC, Wang G, Nguyen HT (1996) 

Mapping quantitative trait loci associated with root penetration ability 

in rice (Oryza sativa L.) Theor Appl Genet 92:627–636. 

Ray, D., Gerber, J., MacDonald, G. et al. Climate variation explains a third 

of global crop yield variability. Nat Commun 6, 5989 (2015). 

https://doi.org/10.1038/ncomms6989. 

Reardon T, Barrett C, Kelly V, Savadogo K (1999) Policy reforms and 

sustainable agricultural intensification in Africa. Development Policy 

Review 17(4): 375–386. 

Reed, J.W., Nagpal, P., Bastow, R.M., Solomon, K.S., Dowson-Day, M.J., 

Elumalai, R.P., and Millar, A.J. (2000). Independent action of ELF3 

https://doi.org/10.1038/ncomms6989


478 | Abdulgani DEVLET 

 

and phyB to control hypocotyl elongation and flowering time. Plant 

Physiol. 122, 1149–1160. 

Reichardt K, Libardi PL, Moraes SO, Bacchi OOS, Turatti AL, Villagra MM 

(1990) Soil spatial variability and its implications on the establishment 

of water balances. Trans Int Congr Soil Sci Kyoto Japan 1:41–46. 

Reidsma P, Ewert F, Lansink AO (2007) Analysis of farm performance in 

Europe under different climatic and management conditions to 

improve understanding of adaptive capacity. Climatic Change 84: 

403–422. 

Rentu sheng, Structure of Tilled Soil Layer, editorial board of Agricultural 

Science Volume "10000 scientific problems". Beijing: Science Press, 

2011, agronomy: 7-9. 

Reynolds M, Dreccer F, Trethowan R (2007) Drought-adaptive traits derived 

from wheat wild relatives and landraces. J Exp Bot 58(2):177–186. 

Reynolds MP, Nagarajan S, Razzaque MA, Ageeb OAA (2001) Heat 

tolerance. In: MP Reynolds, JI Ortiz- Monasterio, and A McNab (eds) 

Application of Physiology in Wheat Breeding, pp. 124–135. CIMMIT, 

Mexico, DF. 

Rharrabti, Y.; Villegas, D.; Del Moral, L.F.G.; Aparicio, N.; Elhani, S.; 

Royo, C. Environmental and genetic determination of protein content 

and grain yield in durum wheat under Mediterranean conditions. Plant 

Breed. 2001, 120, 381–388. 

Ribot JC, Najam A,Watson G (2009) Climate variation, vulnerability and 

sustainable development in the semi-arid tropics. In: ELF Schipper 

and I Burton (eds) Earthscan Reader on Adaptation to Climate change, 

pp. 117–160. The Earthscan, London, UK. 



CROP PRODUCTION and INFLUENCING FACTORS | 479 

 

 

 

Richards LA, Waldleigh CH (1952) Soil water and plant growth. In: Shaw 

BT (ed) Soil physical conditions and plant growth. American Society 

of Agronomy, Madison, WI, pp 73–251. 

Rincker K, Nelson R, Specht J, Sleper D, Cary T, Cianzio SR, Casteel S, 

Conley S, Chen P, Davis V, Fox C, Graef G, Godsey C, Holshouser D, 

Jiang G-L, Kantartzi SK, Kenworthy W, Lee C, Mian R, McHale L, 

Naeve S, Orf J, Poysa V, Schapaugh W, Shannon G, Uniatowski R, 

Wang D, Diers B (2014) Genetic improvement of U.S. Soybean in 

maturity groups II, III, and IV. Crop Sci 54:1419–1432. 

Ripple et al., 2019 W.J. Ripple, C. Wolf, T.M. Newsome, P. Barnard, W.R. 

Moomaw World scientists’ warning of a climate emergency 

BioScience (2019) (Nov 5). 

Ritchie JT,  Alocilja EC, Singh U et al, IBSNAT and the CERES, Rice 

model In: IRRI Weather and Rice Manila: IRRI, 1986. Gaoliang zhi, 

The foundation of agricultural systematics (FAS): Nanjing: Jiangsu 

Science and Technology Press, 1993. 

Robinson D (1994) The responses of plants to nonuniform supplies of 

nutrients. New Phytol 127(4): 635–674. 

Robinson D (2001) Root proliferation, nitrate inflow and their carbon costs 

during nitrogen capture by competing plants in patchy soil. Plant Soil 

232(1–2):41–50. 

Robinson D (2001) Root proliferation, nitrate inflow and their carbon costs 

during nitrogen capture by competing plants in patchy soil. Plant Soil 

232(1–2):41–50. 

Robinson D, Hodge A, Griffiths BS, Fitter AH (1999) Plant root 

proliferation in nitrogen-rich patches confers competitive advantage. 

Proc R Soc Lond Ser B Biol Sci 266(1418):431–435. 



480 | Abdulgani DEVLET 

 

Robinson D, Hodge A, Griffiths BS, Fitter AH (1999) Plant root 

proliferation in nitrogen-rich patches confers competitive advantage. 

Proc R Soc Lond Ser B Biol Sci 266(1418):431–435. 

Robinson D, Linehan DJ, Caul S (1991) What limits nitrate uptake from soil. 

Plant Cell Environ 14(1):77–85. 

Rocha MG, Faria LN, Casaroli D, van Lier QJ (2010) Evaluation of a root-

soil water extraction model by root systems divided over soil layers 

with distinct hydraulic properties. Braz J Soil Sci 34:1017–1028. 

Rodgers, 1976 C.D. Rodgers Retrieval of atmospheric-temperature and 

composition from remote measurements of thermal-radiation Rev. 

Geophys., 14 (4) (1976), pp. 609-624. 

Rosenzweig C, Iglesias A, Implications of Climate Change for International 

Agriculture: Crop Modeling Study Washington DC: US EPA, 1994. 

Rosenzweig C, Perry M, Fiseherd G, et al., Climate Change and World Food 

Supp]y, Environmental Change Unit. Oxford Uniersity, 1993. 

Rosenzweig CF, Parry ml, potential impact of climate change on world food 

Supply nature, 1994367:133:138. 

Ross-Ibarra, J., P.L. Morrell, and B.S. Gaut. 2007. Plant domestication, a 

unique opportunity to identify the genetic basis of adaptation. Proc. 

Natl. Acad. Sci. USA 104:8641–8648. doi:10.1073/pnas.0700643104. 

Rowhani, P., Lobell, D. B., Linderman, M. & Ramankutty, N. Climate 

variability and crop production in Tanzania. Agricultural Forest 

Meteorol. 151, 449–460 (2011). 

Rulli, M. C., Saviori, A. and D’Odorico, P. (2013), Global land and water 

grabbing. Proceedings of the National Academy of Sciences, 110(3), 

892–7. 

Russell WA (1991) Genetic improvement of maize yields. Adv Agron 

46:245–298, Return to ref 1991 in article. 



CROP PRODUCTION and INFLUENCING FACTORS | 481 

 

 

 

Ruyter-Spira C, Kohlen W, Charnikhova T, van Zeiil A, van Bezouwen L, 

de Ruijter N et al (2011) Physiological effects of the synthetic 

strigolactone analog GR24 on root system architecture in Arabidopsis: 

another below ground role for strigolactones? Plant 155:721–734. 

Ryser P (1998) Intra- and interspecific variation in root length, root turnover 

and the underlying parameters. In: Lambers H, Poorter H, van Vuuren 

MMI (eds) Inherent variation in plant growth. Physiological 

mechanisms and ecological consequences. Backhuys Publishers, 

Leiden. 

Ryser P, Lambers H (1995) Root and leaf attributes accounting for the 

performance of fast- and slowgrowing grasses at different nutrient 

supply. Plant Soil 170:251–265. 

S. Díaz, J. Settele, E. Brondízio, Summary for policymakers of the global 

assessment report on biodiversity and ecosystem services of the 

Intergovernmental Science-Policy Platform on Biodiversity and 

Ecosystem Services (United Nations Paris, Fr., 2019), 1–39. 

S. Díaz, U. Pascual, M. Stenseke, B. Martín-López, R. T. Watson, Z. Molnár, 

R. Hill, K. M. A. Chan, I. A. Baste, K. A. Brauman, S. Polasky, A. 

Church, M. Lonsdale, A. Larigauderie, P. W. Leadley, A. P. E. van 

Oudenhoven, F. van der Plaat, M. Schröter, S. Lavorel, Y. 

Aumeeruddy-Thomas, E. Bukvareva, K. Davies, S. Demissew, G. 

Erpul, P. Failler, C. A. Guerra, C. L. Hewitt, H. Keune, S. Lindley, Y. 

Shirayama, Assessing nature’s contributions to people. Science 359, 

270–272 (2018). 

S. Faroq, F. Azam Co-existence of salt and drought tolerance in Triticeae 

Hereditas, 135 (2001), pp. 205-210. 



482 | Abdulgani DEVLET 

 

S. Hepaksoy Et Al. , "Impact Of Clımatıc Changes On Plant Productıon In 

Kucuk Menderes Basın Of Ege Regıon/Turkey," Journal Of 

Envıronmental Protectıon And Ecology, vol.19, no.4, pp.1667-1677, 

2018. 

S. Jasechko, Z.D. Sharp, J.J. Gibson, S.J. Birks, Y. Yi, P.J. Fawcett 

Terrestrial water fluxes dominated by transpiration Nature, 496 (7445) 

(2013), pp. 347-350. 

S. Levitus, J.I. Antonov, T.P. Boyer, C. Stephens Warming of the world 

ocean Science, 287 (2000), pp. 2225-2229. 

S. Naeem, J. E. Duffy, E. Zavaleta, The functions of biological diversity in 

an age of extinction. Science 336, 1401–1406 (2012). 

S.H.M. Butchart, et al. Global biodiversity: indicators of recent declines, 

Science, 328 (2010), pp. 1164-1168. 

S.I. Seneviratne, T. Corti, E.L. Davin, M. Hirschi, E.B. Jaeger, I. Lehner, B. 

Orlowsky, A.J. Teuling Investigating soil moisture-climate 

interactions in a changing climate: a review, Earth Sci. Rev., 99 (3–4) 

(2010), pp. 125-161. 

Sadras VO, Lemaire G (2014) Quantifying crop nitrogen status for 

comparisons of agronomic practices and genotypes. Field Crop Res 

164:54–64. 

Saengwilai P, Tian X, Lynch JP (2014) Low crown root number enhances 

nitrogen acquisition from lownitrogen soils in maize. Plant Physiol 

166:581–589. 

Salamini, F., H. Özkan, A. Brandolini, R. Schäfer-Pregl, and W. Martin. 

2002. Genetics and geography of wild cereal domestication in the near 

east. Nat. Rev. Genet. 3:429–441. doi:10.1038/nrg817. 



CROP PRODUCTION and INFLUENCING FACTORS | 483 

 

 

 

Salinger J, Sivakumar MVK, Motha RP (2005) Increasing climate variability 

and change: Reducing the vulnerability of agriculture and forestry. 

Climatic Change 70 (1–2): 362. 

Sanchez-Garcia M, Royo C, Aparicio N, MartÍN-SÁNchez JA, ÁLvaro F 

(2012) Genetic improvement of bread wheat yield and associated 

traits in Spain during the 20th century. J Agric Sci 151:105–118. 

Sanchez-Garcia M, Royo C, Aparicio N, MartÍN-SÁNchez JA, ÁLvaro F 

(2012) Genetic improvement of bread wheat yield and associated 

traits in Spain during the 20th century. J Agric Sci 151:105–118. 

Sandholt et al., 2002 I. Sandholt, K. Rasmussen, J. Andersen A simple 

interpretation of the surface temperature/vegetation index space for 

assessment of surface moisture status Remote Sens. Environ., 79 (2–3) 

(2002), pp. 213-224. 

Satterthwaite D (2009) The implications of population growth and 

urbanization for climate change. Environment and Urbanization 21: 

545. 

Sawler, J., B. Reisch, M. Aradhya, B. Prins, and G. Zhong. 2013. Genomics 

assisted ancestry deconvolution in grape. PLoS ONE 8(11): e80791. 

doi:10.1371/journal.pone.0080791. 

Schachtman PP, Goodger JQD, chang chemical root to shoot signaling under 

growth trends in plant science, 2008, 13 (6): 281, sing 287. 

Schaffer, R., Ramsay, N., Samach, A., Corden, S., Putterill, J., Carre, I.A., 

and Coupland, G. (1998). The late elongated hypocotyl mutation of 

Arabidopsis disrupts circadian rhythms and the photoperiodic control 

of flowering. Cell 93, 1219–1229. 

Schaffnit-Chatterjee, C. (2010), Risk Management in Agriculture. Frankfurt 

am Main: Deutsche Bank Research. 



484 | Abdulgani DEVLET 

 

Scherer, H.W. Sulphur in crop production—Invited paper. Eur. J. Agron. 

2001, 14, 81–111. 

Schiermeier Q (2014) The parched planet: water on tap. Nature 510:326–328. 

https://doi. org/10.1038/510326a. 

Schjonning P, Munkholm LJ, Elmholt S, et al. Organic matter and soil tilth 

in arable farming: management makes a difference within 5-6 years. 

Agriculture, Ecosystems and Environment, 2007, 122: 157-172. 

Scholes RJ, Biggs R, 2004. Ecosystem Services in Southern Africa: A 

Regional Assessment. Pretoria, South Africa: Council for Scientific 

and Industrial Research. 

Schymanski and Or, 2016 S.J. Schymanski, D. Or Wind increases leaf water 

use efficiency Plant Cell Environ., 39 (2016), pp. 1448-1459. 

Schymanski and Or, 2017 S.J. Schymanski, D. Or Leaf-scale experiments 

reveal an important omission in the Penman-Monteith equation 

Hydrol. Earth Syst. Sci., 21 (2) (2017), pp. 685-706. 

Scott RW, Appleyard M, Fellowes G, Kirby EJM (1983) Effect of genotype 

and position in the ear on carpel and grain growth and mature grain 

weight of spring barley. J Agric Sci 100:383–391. 

Seddon, A., Macias-Fauria, M., Long, P. et al. Sensitivity of global 

terrestrial ecosystems to climate variability. Nature 531, 229–232 

(2016). https://doi.org/10.1038/nature16986. 

SEI (2004), The Precarious Geopolitics of Phosphorous. 

Sellami MH, sifaoui MS: estimating transformation in an intercropping 

system: measuring Sap flow inside the oasis agricultural water 

management, 2003, 59:191-204. 

Sentenac H, Bonneaud N, M in et M, et al30021; Cloning and expression in 

yeast of a plant potassang Sium ion transport system, Science, 1992, 

256:663-665. 

https://doi/
https://doi.org/10.1038/nature16986


CROP PRODUCTION and INFLUENCING FACTORS | 485 

 

 

 

Shahaihua, Wang Ying, liuzhiwen, Molecular regulation mechanism of 

photoperiodic response of plants and other plants, Journal of 

agriculture of North China, 2006, 21 (Supplement): 12-15. 

Sharma S, Xu S, Ehdaie B, Hoops A, Close TJ, Lukassewski AJ, Waines JG 

(2011) Dissection of QTL effects for root traits using a chromosome 

arm-specific mapping population in bread wheat. Theor Appl Genet 

122:759–769. 

Sharma, S., H.D. Upadhyaya, R.K. Varshney, and C.L.L. Gowda. 2013. Pre-

breeding for diversification of primary gene pool and genetic 

enhancement of grain legumes. Front. Plant Sci. 4:309. 

doi:10.3389/fpls.2013.00309. 

Shen L, Courtois B, McNally K, Robin S, Li Z (2001) Evaluation of near-

isogenic lines of rice introgressed with QTLs for root depth through 

marker-aided selection. Theor Appl Genet 103:75–83. 

Shen Shuanghe, Zihuan, Crop Coefficient and Crop Water Requirement, 

editorial board of Agricultural Science Volume "10000 scientific 

problems". Beijing: Science Press, 2011, resources and environment: 

230-232. 

Shideed K, Oweis T, Gabr M, Osman M (1995) Assessing on-farm water use 

efficiency: a new approach, ICARDA/ESCWA, Ed. Aleppo, Syria, 86 

pp. 

Shkolnik D, Kreiger G, Nuriel R, Fromm H (2016) Hydrotropism: root 

bending does not require auxin redistribution. Mol Plant 9:757–759. 

Siddique KHM, Loss SP, Regan KL, Jettner RL (1999) Adaptation and seed 

yield of cool season grain legumes in Mediterranean environments of 

south-western Australia. Australian Journal of Agricultural Research 

50: 375–387. 



486 | Abdulgani DEVLET 

 

Signora L, Smet I D, Foyer CH, et al, ABA plays a central role in mediating 

the regulatory The effect of nitrate on root branching in A rabidopsis, 

Plant J,2001,6:655-662. 

Silva AL, Bruno IP, Reichardt K, Bacchi OOS, Dourado- Neto D, Favarin 

JL, Costa FMP, Timm LC (2009) Soil water extraction by roots and 

Kc for the coffee crop. Agriambi 13:257–261. 

Silva AL, Roveratti R, Reichardt K, Bacchi OOS, Timm LC, Bruno IP, 

Oliveira JCM, Dourado-Neto D (2006) Variability of water balance 

components in a coffee crop grown in Brazil. Sci Agric 63:105–114. 

Simmonds, N. W. (1995), The relation between yield and protein in cereal 

grain. Journal of the Science of Food and Agriculture, 67, 309–15. 

Sinclair TR, Rufty TW (2012) Nitrogen and water resources commonly limit 

crop yield increases, not necessarily plant genetics. Glob Food Secur 

1:94–98. 

Sinclair TR, Seligman NG (1996) Crop modeling: from infancy to maturity. 

Agron J 88:698–704. 

Siopongco J, Yamauchi A, Salekdeh H, Bennett J, Wade LJ (2005) Root 

growth and water extraction response of doubled-haploid rice lines to 

drought and rewatering during the vegetative stage. Plant Prod Sci 

8(5):497–508. 

Sivakumar MVK, Das HP, Brunini O (2005) Impacts of preset and future 

climate variability and change on agriculture and forestry in the arid 

and semi-arid tropics. Climatic Change 70(1–2): 31–72. 

Sivapuram V.R.K. Prabhakar, Climate Change Impacts in Japan and 

Southeast Asia: Implications for Crop Adaptation, Crop Adaptation to 

Climate Change, 2011, Chapter 3.7: 131-142. 



CROP PRODUCTION and INFLUENCING FACTORS | 487 

 

 

 

Six J, Feller C, Denef K, et al. Soil organic matter, biota and aggregation in 

temperate and tropical soils effects of notillage. Agronomie, 2002, 22: 

755-775. 

Slafer GA, Halloran GM, Connor DJ (1994) Development rate in wheat as 

affected by duration and rate of change of photoperiod. Ann Bot 

73:671–677. 

Slafer GA, Rawson HM (1994) Sensitivity of wheat phasic development to 

major environmental factors: a re-examination of some assumptions 

made by physiologists and modellers. Aust J Plant Physiol 21:393–

426. 

Slafer GA, Satorre EH (1999) Wheat production systems of the pampas. In: 

Satorre EH, Slafer GA (eds) Wheat: ecology and physiology of yield 

determination. Food Product Press, New York, pp 333–343. 

Slatyer, R.O., 1967. Plant-Water Relationships. Academic Press, New York. 

Smith JB, Tirpak DA, The Potential Effects of Global Climate Change On 

the United State Report to Congress Washington DC: US EPA, 1989. 

Smith P, Martino D, Cai Z et al. (2007) Agriculture. In: B Metz, OR 

Davidson, PR Bosch, R Dave, and LA Meyer (eds) Climate Change 

2007: Mitigation. Contribution of Working Group III to the Fourth 

Assessment Report of the Intergovernmental Panel on Climate Change. 

Cambridge University Press, Cambridge, UK, and New York, NY. 

Smith, H. (1999). Phytochromes. Tripping the light fantastic. Nature 400, 

710–713. 

Snowdon, R.J., Wittkop, B., Chen, TW. et al. Crop adaptation to climate 

change as a consequence of long-term breeding. Theor Appl Genet 

(2020). https://doi.org/10.1007/s00122-020-03729-3.  

https://doi.org/10.1007/s00122-020-03729-3


488 | Abdulgani DEVLET 

 

Sojka RE, Bjorneberg DL, Strelkoff TS (2007) Irrigation-induced erosion. 

American Society of gronomy, Crop Science Society of America, Soil 

Science Society of America, 677 S. Segoe Rd., Madison, WI 53711, 

USA, Irrigation off-Agricultural Crops. 2nd ed., Agronomy 

monograph no: 30. 

Somers, D.E., Devlin, P.F., and Kay, S.A. (1998). Phytochromes and 

cryptochromes in the entrainment of the Arabidopsis circadian clock. 

Science 282, 1488–1490. 

Somers, D.E., Schultz, T.F., Milnamow, M., and Kay, S.A. (2000). 

ZEITLUPE encodes a novel clock-associated PAS protein from 

Arabidopsis. Cell 101, 319–329. 

Sommer H, Beltrán JP, Huijser P, Pape H, Lönnig WE, Saedler H, Schwarz-

Sommer Z (March 1990). "Deficiens, a homeotic gene involved in the 

control of flower morphogenesis in Antirrhinum majus: the protein 

shows homology to transcription factors". The EMBO Journal. 9 (3): 

605–13. doi:10.1002/j.1460-2075.1990.tb08152.x. PMC 551713. 

PMID 1968830. 

Sophocleous M (2005) Groundwater recharge and sustainability in the high 

plains aquifer in Kansas, USA. Hydrogeol J 13:351–365. 

Soylu S., Sade B., 2012. Research project on effects of climate change on 

agricultural products (In Turkish), Project Report No: 

TR51/12/TD/01/020, Mevlana Development Agency, Konya. 

Sri Lanka (2000) Initial National Communication under the UNFCCC. In 

Yamane A (2003) Rethinking vulnerability to climate change in Sri 

Lanka, Paper submitted to the 9th International Conference on Sri 

Lanka Studies, Matara, Sri Lanka, November 28–30, 2003. 



CROP PRODUCTION and INFLUENCING FACTORS | 489 

 

 

 

Srivastava, 2017 P.K. Srivastava Satellite soil moisture: review of theory and 

applications in water resources Water Resour. Manage., 31 (10) 

(2017), pp. 3161-3176. 

Stahl A, Pfeifer M, Frisch M, Wittkop B, Snowdon RJ (2017) Recent genetic 

gains in nitrogen use efficiency in oilseed rape. Front Plant Sci 8:963. 

Stahl A, Vollrath P, Samans B, Frisch M, Wittkop B, Snowdon RJ (2019) 

Effect of breeding on nitrogen use efficiency-associated traits in 

oilseed rape. J Exp Bot 70:1969–1986. 

Stalker, H.T. 1980. Utilization of wild species for crop improvement. Adv. 

Agron. 33:111–147. doi:10.1016/S0065-2113(08)60165-0. 

Stander, J.R. 1993. Pre-breeding from the perspective of the private plant 

breeder. J. Sugar Beet Res. 30:197–207. doi:10.5274/jsbr.30.4.197. 

Steele KA, Price AH, Shashidhar HE, Witcombe JR (2006) Marker-assisted 

selection to introgress rice QTLs controlling root traits into an Indian 

upland rice variety. Theor Appl Genet 112(2):208–221. 

Steele KA, Price AH, Witcombe JR, Shrestha R, Singh BN, Gibbons JM, 

Virk DS (2013) QTLs associated with root traits increase yield in 

upland rice when transferred through marker-assisted selection. Theor 

Appl Genet 126:101–108. 

Stevens et al., 2010 A. Stevens, T. Udelhoven, A. Denis, B. Tychon, R. Lioy, 

L. Hoffmann, B. van Wesemael Measuring soil organic carbon in 

croplands at regional scale using airborne imaging spectroscopy 

Geoderma, 158 (1–2) (2010), pp. 32-45. 

Stevens GN, Jones RH, patterns in oil efficiency and root herbivory 

interaction to influence fine Root dynamics, 2006, 87 (3): 616, 624. 

Stone R, the harm of global warming to human health, foreign medicine, 

1995,22:201-202. 



490 | Abdulgani DEVLET 

 

Stulen I, Perez-Soba M, De Kok LJ, Der Eerden V (1998) Impact of gaseous 

nitrogen deposition on plant functioning. New Phytol 139:61–70. 

Suji KK, Prince KSJ, Mankhar PS, Kanagaraj P, Poornima R, Amutha K, 

Kavitha S, Biji KR, Gomez SM, Chandra Babu R (2012) Evaluation 

of rice near isogenic lines with root QTLs for plant production and 

root traits in rainfed target populations of environment. Field Crop 

Res 137:89–96. 

Sun Baini, men Yanzhong, Yao Fengmei, environmental science and 

management, 2007,32 (6): 165-168. 

Sun Guangzhong, Analysis of natural disasters in China, natural disasters in 

China, Beijing: Academic Publishing House, 1990:1-15. 

Sun J, Liu XN, Gao B, Change trends of extreme climate events in China, 

ACTA Meteoro 

Sun Jingsheng, Kang Shaozhong, Crop life water requirement information 

and process control, editorial board of Agricultural Science Volume 

"10000 scientific problems". Beijing: Science Press, 2011, agricultural 

engineering: 509-513. 

Sung s, amazino RM is mediated by the PHD finger Protect VİN3, nature, 

2004,427:159-164. 

Supit I, van Diepen C A, Boogaard H L et al. (2010) Trend analysis of the 

water requirements, consumption and deficit of field crops in Europe. 

Agricultural and Forest Meteorology 150: 77–88. 

Suppakorn Chinvanno, Soulideth Souvannalath, Boontium Lersupavithnapa, 

Vichien Kerdsuk, and Nguyen Thi Hien Thuan (2006). Climate risks 

and rice farming in the lower Mekong River countries. AIACC 

Working Paper, No. 40. 



CROP PRODUCTION and INFLUENCING FACTORS | 491 

 

 

 

T. H. Larsen, N. M. Williams, C. Kremen, Extinction order and altered 

community structure rapidly disrupt ecosystem functioning. Ecol. Lett. 

8, 538–547 (2005). 

T. H. Ricketts, J. Regetz, I. Steffan-Dewenter, S. A. Cunningham, C. 

Kremen, A. Bogdanski, B. Gemmill-Herren, S. S. Greenleaf, A. M. 

Klein, M. M. Mayfield, L. A. Morandin, A. Ochieng', S. G. Potts, B. F. 

Viana, Landscape effects on crop pollination services: Are there 

general patterns? Ecol. Lett. 11, 499–515 (2008). 

T. Nilson A theoretical analysis of the frequency of gaps in plant stands 

Agric. Met., 8 (1971), pp. 25-38. 

T. Suni, A. Guenther, H.C. Hansson, M. Kulmala, M.O. Andreae, A. Arneth, 

P. Artaxo, E. Blyth, M. Brus, L. Ganzeveld, P. Kabat, N. De Noblet-

Ducoudré, M. Reichstein, A. Reissell, D. Rosenfeld, S. Seneviratne 

The significance of land-atmosphere interactions in the Earth system – 

ILEAPS achievements and perspectives Anthropocene, 12 (2015), pp. 

69-84. 

T.G. Benton, et al. Linking agricultural practice to insect and bird 

populations: a historical study over three decades J. Appl. Ecol., 39 

(2002), pp. 673-687. 

T.J. Osborn, K.R. Briffa The spatial extent of 20th-century warmth in the 

context of the past 1200 years Science, 311 (2005), pp. 841-844. 

T.L. Root, J.T. Price, K.R. Hall, S.H. Schneider, C. Rosenzweig, J.A. 

Pounds Fingerprints of global warming on wild animals and plants 

Nature, 421 (2003), pp. 57-60. 

Tadross M, Suarez P, Lotsch A, Hachigonta S, Mdoka M, Unganai L, Lucio 

F, Kamdonyo D, Muchinda M (2007) Changes in growing-season 

rainfall characteristics and downscaled scenarios of change over 



492 | Abdulgani DEVLET 

 

southern Africa: Implications for growing maize. In: IPCC Regional 

Expert Meeting on Regional Impacts, Adaptation, Vulnerability, and 

Mitigation, pp. 193–204, Nadi, Fiji, June 20–22, 2007. 

Takahashi H, Scott TK (1991) Hydrotropism and its interactions with 

gravitropism in maize roots. Plant Physiol 96:558–564. 

Takahashi H, Suge H (1991) Root hydrotropism of an agravitropic pea 

mutant, ageotropum. Physiol Plant 82:24–31. 

 Takahashi H, Takano M, Fijii N, Yamashita M, Suge H (1996) Induction of 

hydrotropism in clinorotated seedling roots of Alaska pea, Pisum 

sativum L. J Plant Res 109:335–337. 

Takahashi N, Goto N, Okada K, Takahashi H (2002) Hydrotropism in 

abscisic acid, wavy, and gravitropic mutants of Arabidopsis thaliana. 

Planta 216:203–211. 

Tallamy, D. W. (2020). Nature’s best hope: A new approach to conservation 

that starts in your yard. Portland, OR: Timber Press. 

Tang J, Xie J, Chen x, et al, an rice genetic diversity reduce Echinochloa 

crusgalli infestation Weed research, 2009, 49:47:54. 

Tanksley, S. D. & McCouch, S. R. Seed banks and molecular maps: 

unlocking genetic potential from the wild. Science 277, 1063–1066 

(1997). 

Tanksley, S.D., and S.R. McCouch. 1997. Seed banks and molecular maps: 

Unlocking genetic potential from the wild. Science 277:1063–1066. 

doi:10.1126/science.277.5329.1063. 

Terzioğlu S., Tüfekçioğlu A., Küçük M., 2015. Vegetation and plan diversity 

of high-altitude mountains in Eastern Karadeniz (Black Sea) Region 

of Turkey and climate change interactions, In: Climate Change 

Impacts on High-Altitude Ecosystems, Ed. Özturk et. Al., Springer, 

London, p:383-408. 



CROP PRODUCTION and INFLUENCING FACTORS | 493 

 

 

 

The Royal Society (TRS)(2010), Energy and the Food System. 

The state of food security and nutrition in the world. 2017. FAO. Available 

in http://www.fao.org/state-offood-security-nutrition/en/. 

Thomas DSG, Tonyman C, Asbahr D (2007) Adaptation to climate change 

and variability: Farmer responses to intraseasonal precipitation trends 

in South Africa. Climate Change 83: 301–322. 

Thomas H, Ougham H (2014) Senescence and crop performances. In: Sadras 

VO, Calderini DF (eds) Crop physiology. Applications for genetic 

improvement and agronomy, 2nd edn. Elsevier/Academic, Amsterdam, 

pp 223–250. 

Thomas JMG (2001) Impact of Elevated Temperature and Carbon Dioxide 

on Development and Composition of Soybean Seed, 185pp. Ph.D. 

Dissertation, University of Florida, Gainesville, FL. 

Thomas, C. D. et al. Extinction risk from climate change. Nature 427, 145–

148 (2004) Return to ref 7 in article. 

Thormann, I., M. Parra-Quijano, and D. Endresen. 2014. Predictive 

characterization of crop wild relatives and landraces: Technical 

guidelines version 1. Biodiversity International, Rome. 

Thorup-Kristensen K (1993) Root development of nitrogen catch crops and 

of a succeeding crop of broccoli. Acta Agric Scand Sect B Soil Plant 

Sci 43:58–64. 

Tian ZX, Qian Q, Liu QQ, et al,  Allelic diversities in rice starch 

biosynthesis lead to a diverse array of rice eating and cooking 

qualities, PNAS,2009, 106(51): 21760-21765. 

TMEU, 2010. Turkey’s national climate change adaptation strategy and 

action plan, Turkish Ministry of Environment and Urbanization, BMS 

Press, Ankara. 

http://www.fao.org/state-offood-security-nutrition/en/


494 | Abdulgani DEVLET 

 

Torres F, Pe˜na F, Cruz R, and G´omez E. (2001) Impacto de El Ni˜no sobre 

los cultivos vegetales y la productividad primaria en la sierra central 

de Piura. In: J Tarazona, W Arntz, and E Castillo (eds) El Ni˜no en 

Am´erica Latina, Impactos Biol´ogicos y Sociales, pp. 237–248. 

Omega S.A., Lima. 

Trachsel S, Kaeppler SM, Brown KM, Lynch JP (2013) Maize root growth 

angles become steeper under low N conditions. Field Crop Res 

140:18–31. 

Trápani N, Hall AJ, Weber M (1999) Effects of constant and variable 

nitrogen supply on sunflower (Helianthus annuus L.) leaf cell number 

and size. Ann Bot 84:599–606. 

Trisos et al., 2020 C.H. Trisos, C. Merow, A.L. Pigot The projected timing 

of abrupt ecological disruption from climate change Nature, 580 (7804) 

(2020), pp. 496-501. 

Troccoli, A.; Borrelli, G.M.; De Vita, P.; Fares, C.; Di Fonzo, N. Durum 

wheat quality: A multidisciplinary concept. J. Cereal Sci. 2000, 32, 

99–113. 

Tubiello FN, Donatelli M, Rosenzweig C et al. (2000) Effects of climate 

change and elevated CO2 on cropping systems: Model predictions at 

two Italian locations. European Journal of Agronomy 13: 179–189. 

Tubiello FN, Fischer G (2007) Reducing climate change impacts on 

agriculture: Global and regional effects of mitigation, 2000–2080. 

Technological Forecasting and Social Change 74: 1030–1056. 

TUIK 2016. Turkish Statistical Institute, www.tuik.gov.tr. 

Turatti AL, Reichardt K (1991) Soil water storage variability in “Terra Roxa 

Estruturada”. Braz J Soil Sci 13:253–257. 

Uddling J, Gelang-Alfredsson J, Karlsson PE et al. (2008), Source-sink 

balance of wheat determines responsiveness of grain production to 

http://www.tuik.gov.tr/


CROP PRODUCTION and INFLUENCING FACTORS | 495 

 

 

 

increased [CO2] and water supply. Agriculture, Ecosysystems and 

Environment 127:215–222. 

Uga Y, Okiuno K, YanoM(2011) Dro1, a major QTL involved in deep 

rooting of rice under upland field conditions. J Exp Bot 62:2485–2494.  

Ugarte C, Calderini DF, Slafer GA (2007) Grain weight and grain number 

responsiveness to preanthesis temperature in wheat, barley and 

triticale. Field Crop Res 100:240–248. 

Uhlen, A.K.; Hafskjold, R.; Kalhovd, A.-H.; Sahlström, S.; Longva, Å.; 

Magnus, E.M. Effects of Cultivar and Temperature During Grain 

Filling on Wheat Protein Content, Composition, and Dough Mixing 

Properties. Cereal Chem. J. 1998, 75, 460–465. 

UN (2010), Rearing Cattle Produces More Greenhouse Gases than Driving 

Cars. 

UNESCO (2010), The Green, Blue and Grey Water Footprint of Farm 

Animals and Animal Products. World Bank (2008), Agriculture for 

Development. 

UNFCCC (1992) United Nations Framework Convention on Climate 

Change, Climate Change Secretariat, Bonn. Available from: 

http://unfcc.int/. Accessed May 2010. 

United Nations Media Brief. (2010). The human right to water and sanitation. 

UN-Water Decade Programme on Advocacy and Communication and 

Water Supply and Sanitation Collaborative Council. Retrieved from 

https://www.un.org/waterforlifedecade/pdf/human_right_to_water_ 

and_sanitation_media_brief.pdf. 

United Nations News Centre, FAO (2005) Climate Change Threatens Crop 

Losses, More Hungry People—UN, 26 May 2005. 



496 | Abdulgani DEVLET 

 

United Nations Statistical Division (UNSD) (2019) Goal 2 Zero Hunger. 

UNSD, New York. 

United Nations(UN), 2009, Global Assessment Report on Disaster Risk 

Reduction, Oriental Press, Manama, Kingdom of Bahrain,2009. 

United Nations. (2015), World Population Prospects: The 2015 Revision, 

Key Findings and Advance Tables, Department of Economic and 

Social Affairs, Population Division. Working Paper No. 

ESA/P/WP.241.https://esa.un.org/unpd/wpp/publications/files/key_fin

dings_wpp_2015.pdf. 

Urban, D., Roberts, M. J., Schlenker, W. & Lobell, D. B. Projected 

temperature changes indicate significant increase in interannual 

variability of U.S. maize yields. Climatic Change 112, 525–533 

(2012). 

USDA-FAS (2007) Oilseeds: World market and trade. Circular Series FOP 

07-07. United States Department of Agriculture—Foreign 

Agricultural Service. Available from: http://www.fas.usda.gov/ 

psdonline/circulars/oilseeds.pdf. Accessed September 2, 2007. 

USEPA (2011), Human Health. 

USEPA (2011), Human Health. 

USEPA (2011), What's the Problem. 

Ustun A, Allen FL, English BC (2001) Genetic Progress in Soybean of the 

U.S. Midsouth Crop Sci 41:993–998. 

Vadez V (2014) Root hydraulics: the forgotten side of roots in drought 

adaptation. Field Crop Res 165:15–24. 

Valkoun, J. 2001. Wheat pre-breeding using wild progenitors. In: C. Van De 

Wiel, J. Schaart, R. Niks, and R. Visser, editors, Traditional plant 

breeding methods. Springer, Dordrecht, the Netherlands. p. 699–707. 

https://esa.un.org/unpd/wpp/publications/files/key_findings_wpp_2015.pdf
https://esa.un.org/unpd/wpp/publications/files/key_findings_wpp_2015.pdf


CROP PRODUCTION and INFLUENCING FACTORS | 497 

 

 

 

Van de Wouw M, van Hintum T, Kik C, van Treuren R, Visser B (2010) 

Genetic diversity trends in twentieth century crop cultivars: a meta 

analysis. Theor Appl Genet 120:1241–1252. 

Van Heerwaarden, J., J. Doebley, W.H. Briggs, J.C. Glaubitz, M.M. 

Goodman, J. de Jesus Sanchez Gonzalez, and J. Ross-Ibarra. 2011. 

Genetic signals of origin, spread, and introgression in a large sample 

of maize landraces. Proc. Natl. Acad. Sci. USA 108:1088–1092. 

doi:10.1073/pnas.1013011108. 

Van Noordwijk M (1983) Functional interpretation of root densities in the 

field for nutrient and water uptake. In: Böhm W, Kutschera L, 

Lichtenegger E (eds) Root ecology and its practical application, 

international symposium on gumpenstein 1982. 

Vartapetian, B. B. & Jackson, M. B. Plant Adaptations to Anaerobic Stress. 

Annals of Botany 79, 3–20 (1997). 

Vavilov, N. I. Centers of origin of cultivated plants. Bull. Appl. Bot. Plant 

Breed. 16, (1926). 

Veihmeyer FJ, Hendrickson AH (1927) Soil moisture conditions in relation 

to plant growth. Plant Physiol 2:71–78. 

Veihmeyer FJ, Hendrickson AH (1949) Methods of measuring field capacity 

and wilting percentages of soil. Soil Sci 68:75–94 Veihmeyer FJ, 

Hendrickson AH (1950) Soil moisture in relation to plant growth. Ann 

Rev Plant Phys 1:285–304 Veihmeyer FJ, Hendrickson AH (1955) 

Does transpiration decrease as the soil moisture decreases? Trans Am 

Geoph U 36:425–448. 

Venkatramanan V, Shah S, Prasad R (eds) (2020a) Global climate change 

and environmental policy: agriculture perspectives. Springer Nature, 

Singapore. 



498 | Abdulgani DEVLET 

 

Verhoog, H. (2007), Organic agriculture versus genetic engineering. NJAS - 

Wageningen Journal of Life Sciences 54 (4), 387–400. 

doi:10.1016/S1573-5214(07)80011-X. 

Victors A. Gillespie, Allan L. Philips I. And Pai wu, Desighn of Lateral 

Micro Irrigation Management: Technological Advances, CRC Press, 

2017, Chapter 11: 304-320. 

Vincent Vadez, Jana Kholova, Sunita Choudhary, Paul Zindy, Medulline 

Terrier, Lakshman Krishnamurthy, Pasala Ratna Kumar, and Neil C. 

Turner, Responses to Increased Moisture Stress and Extremes: Whole 

Plant Response to Drought under Climate Change, Crop Adaptation to 

Climate Change, 2011, Chapter 5.2, 186-197. 

Vincent, H. et al. A prioritized crop wild relative inventory to help underpin 

global food security. Biol. Conserv. 167, 265–275 (2013). 

Vinck, A.P.A., 1975. Land Use in Advancing Agriculture. Springer, Berlin. 

Vitamins FG Chang a perspective on two centers of progress in soil fertility 

and plant nutrition soil SCI SOC Am J, 1977, 41:242-249. 

Vitousek P, Aber JD, Howarth RW, Human alterations of the global nitrogen 

cycle: sources and consequences Eco Applications,1997, 7(3):737-738. 

Vos J, van der Putten PEL, Birch CJ (2005) Effect of nitrogen supply on leaf 

appearance, leaf growth, leaf nitrogen economy and photosynthetic 

capacity in maize (Zea mays L.) Field Crop Res 93:64–73. 

Voss-Fels K, Frisch M, Qian L, Kontowski S, Friedt W, Gottwald S, 

Snowdon RJ (2015) Subgenomic Diversity Patterns Caused by 

Directional Selection in Bread Wheat Gene Pools. Plant Genome-Us 

8(2):1–13. 

Voss-Fels KP, Qian L, Parra-Londono S, Uptmoor R, Frisch M, Keeble-

Gagnere G, Appels R, Snowdon RJ (2016) Linkage drag constrains 

the roots of modern wheat. Plant Cell Environ 40(5):717–725. 



CROP PRODUCTION and INFLUENCING FACTORS | 499 

 

 

 

Voss-Fels KP, Stahl A, Wittkop B, Lichthardt C, Nagler S, Rose T, Chen 

TW, Zetzsche H, Seddig S, Baig MM, Ballvora A, Frisch M, Ross E, 

Hayes B, Hayden MJ, Ordon F, Leon J, Kage H, Friedt W, Stutzel H, 

Snowdon RJ (2019) Breeding improves wheat productivity under 

contrasting agrochemical input levels. Nat Plants 5:706–714. 

Vörösmarty CJ, McIntyre PB, Gessner MO, Dudgeon D, Prusevich A, Green 

P, Glidden S, Bunn SE, Sullivan CA, Liermann RC, Davies PM 

(2010a) Rivers in crisis: global water insecurity for humans and 

biodiversity. 

Vörösmarty CJ, McIntyre PB, Gessner MO, Dudgeon D, Prusevich A, Green 

P, Glidden S, Bunn SE, Sullivan CA, Reidy Liermann C, Davies PM 

(2010b) Global threats to human water security and river biodiversity. 

Nature 467(7315):555–561. https://doi.org/10.1038/nature09440. 

Vu sh, Watanabe h, Takagi K, application of FAO for evaluating evaluation 

In simulation of polymeric runoff from paddy rice field in Japan, 

agricultural water management, 2005, 195:76 210 

W. M. Adams et al., Science 306, 1146 (2004). 

W. Thuiller, M.B. Araújo, R.G. Pearson, R.J. Whittaker, L. Brotons, S. 

Lavorel Biodiversity conservation: uncertainty in predictions of 

extinction risk Nature, 430 (2004), p. 34. 

W.M. Wang, Z.L. Li, H.B. Su Comparison of leaf angle distribution 

functions: effects on extinction coefficient and fraction of sunlit 

foliage Agric. For. Meteorol., 143 (2007), pp. 106-122. 

Wagner, D., Hoecker, U., and Quail, P.H. (1997). RED1 is necessary for 

phytochrome B–mediated red light–specific signal transduction in 

Arabidopsis. Plant Cell 9, 731–743. 

https://doi.org/10.1038/nature09440


500 | Abdulgani DEVLET 

 

Wang Chunyi, Wang Shili, Huo Zhiguo, et al, Research progress, Acta 

Meteorologica Sinica, 2005, 63 (5): 659-671. 

Wang Futang, some progress in the study of the impact of climate warming 

in China in recent ten years, Journal of Applied Meteorology, 2002,13 

(6): 755-766. 

Wang Shaowu, introduction to climate system Chang, Beijing: 

Meteorological publishing house, 1994. 

Wang YP, Connor DJ (1996) Simulation of optimal development for spring 

wheat at two locations in southern Australia under present and 

changed climate conditions. Agricultural and Forest Meteorology 79: 

9–28. 

Wang YP, Handoko J, Rimmington GM (1992) Sensitivity of wheat growth 

to increases in air temperature for different scenarios of ambient CO2 

concentration and rainfall in Victoria, Australia—a simulation study. 

Climate Research 2: 131–149. 

Wang zhenlin, The Synergistic Increase of Grain Yield and Quality in Cereal 

Crops, editorial board of Agricultural Science Volume "10000 

scientific problems". Beijing: Science Press, 2011, agronomy: 108-

110. 

Wang, Z.Y., and Tobin, E.M. (1998). Constitutive expression of the 

Cırcadıan Clock Assocıated 1 (CCA1) gene disrupts circadian 

rhythms and suppresses its own expression. Cell 93, 1207–1217. 

Wangzhenlin, The Synergistic Increase of Grain Yield and Quality in Cereal 

Crops, editorial board of Agricultural Science Volume "10000 

scientific problems". Beijing: Science Press, 2011, agronomy: 108-

110. 



CROP PRODUCTION and INFLUENCING FACTORS | 501 

 

 

 

Waring and Landsberg, 2011 R.H. Waring, J.J. Landsberg Generalizing 

plant-water relations to landscapes J. Plant Ecol., 4 (1–2) (2011), pp. 

101-113. 

Warschefsky, E., R.V. Penmetsa, D.R. Cook, and E.J.B. von Wettberg. 2014. 

Back to the wilds: Tapping evolutionary adaptations for resilient crops 

through systematic hybridization with crop wild relatives. Am. J. Bot. 

101:1791–1800. doi:10.3732/ajb.1400116. 

Washington, DC: U.S. Global Change Research Program. 

https://doi.org/10.7930/J0VX0DFW. 

Wassmann R, Jagadish SVK, Sumfleth K et al. (2009) Regional 

vulnerability of climate change impacts on Asian rice production and 

scope for adaptation. Advances in Agronomy 102: 92–131. 

Watson RT, 2001. Climate Change 2001: Synthesis Report. A Contribution 

of Working Groups I, II, and III to the Third Assessment Report of the 

Intergovernmental Panel on Climate Change. Cambridge, UK: 

Cambridge. 

Weart S.R., 2008. The discovery of global warming, Revised and Expanded 

Edition, Harvard University Press, Cambridge, MA. 

Wei X, Matthews R, Holman I, et al. Modelling China’s potential maize 

production at regional scale under climate change, Climatic 

Change,2007, 85: 433-451. 

Whalley WR, To J,  Kay BD, et al. Prediction of the penetrometer resistance 

of soils with models with few parameters. Geoderma, 2007, 137: 370-

377. 

Wheeler T, Von Braun J (2013) Climate change impacts on global food 

security. Science 341 (6145):508–513. 



502 | Abdulgani DEVLET 

 

Whitelam, G.C., Johnson, E., Peng, J., Carol, P., Anderson, M.L., Cowl, J.S., 

and Harberd, N.P. (1993). Phytochrome A null mutants of 

Arabidopsis display a wild-type phenotype in white light. Plant Cell 5, 

757–768. 

Wickson, F., Binimelis, R. and Herrero, A. (2016), Should organic 

agriculture maintain its opposition to GM? New techniques writing 

the same old story, Sustainability, 8(12), 1105. 

Wiesler F, Horst WJ (1993) Differences among maize cultivars in the 

utilization of soil nitrate and the related losses of nitrate through 

leaching. Plant Soil 151:193–203. 

Wilhelm W, McMaster G (1996) Spikelet and floret naming scheme for 

grasses with spike inflorescence. Crop Sci 36:1071–1073. 

Wollenberg E, Richards M, Smith P, Havlík P, Obersteiner M, Tubiello FN, 

Herold M, Gerber P, Carter S, Reisinger A, van Vuuren DP, Dickie A, 

Neufeldt H, Sander BO, Wassmann R, Sommer R, Amonette JE, 

Falcucci A, Herrero M, Opio C, Roman-Cuesta RM, Stehfest E, 

Westhoek H, Ortiz-Monasterio I, Sapkota T, Rufino MC, Thornton 

PK, Verchot L, West PC, Soussana JF, Baedeker T, Sadler M, 

Vermeulen S, Campbell BM (2016) Reducing emissions from 

agriculture to meet the 2 °C target. Glob Chang Biol 22(12):3859–

3864. https://doi. org/10.1111/gcb.13340. Epub, Jul 11. 

World Bank (2009) The World Development Report 2010: Development and 

Climate Change. The World Bank, Washington, DC. 

Wu jianguo, Response trend and research methods of soil organic carbon 

and nitrogen decomposition to temperature change: Journal of Applied 

Ecology, 2007, 18 (12): 2896 2904. 



CROP PRODUCTION and INFLUENCING FACTORS | 503 

 

 

 

Wu P, Ma LG, Hou XL, et al, Phosphate starvation triggers distinct 

alterations of genome Expression in A rabidopsis roots and 

leavesalong, Plant Physiol, 2003, 132:1260-1271. 

Wu, I. P., & Fangmeir, D. C. (1974). Hydraulic design of twin-chamber 

trickle irrigation laterals. Technical Bulletin No. 216, The Agricultural 

experiment station, Tucson, Ariz. 

Wu, I. P., & Gitlin, H. M. (1973). Hydraulics and uniformity for drip 

irrigation. Journal of the Irrigation and Drainage Division, ASCE, 99 

(IR3), 157–168. Paper 9786. 

Wu, I. P., & Gitlin, H. M. (1974). Design of drip irrigation lines. Technical 

Bulletin No. 96, Hawaii Agricultural Experiment Station, University 

of Hawaii, Honolulu, Hawaii. 

WWF (2008), Living Planet Report 2008. 

X.Y. Zhi, Y.C. Han, S.C. Mao, G.P. Wang, L. Feng, B.F. Yang, Z.Y. Fan, 

W.L. Du, J.H. Lu, Y.B. Li, Light Spatial Distribution in the Canopy 

and Crop Development in Cotton, Plos One, 9 (2014), pp. 113-409. 

Xiao G, Zhang Q, Yao Y et al. (2009) Impact of recent climatic change on 

the yield of winter wheat at low and high altitudes in semi-arid 

northwestern China. Agriculture, Ecosysystems and Environment 127: 

37–42. 

Xie Hua, Shen Rong, Kai Chang, study on transpiration law of Winter 

Wheat by stem flow meter, Chang irrigation and drainage, 2001,20 (1): 

5:9. 

Xie Liyong, Gao Xining Chang, problems and Discussion on research 

method of effect of elevated carbon dioxide concentration on crops 

(face), Journal of China Agricultural University, 2008, 13 (3): 23:28. 



504 | Abdulgani DEVLET 

 

Xiong W, Holman I, Lin E et al. (2010) Climate change, water availability 

and future cereal production in China. Agriculture, Ecosysystems and 

Environment 135: 58–69. 

Xu Fangsen and Wu Ping, Crop Nutrient Use Efficiency, editorial board of 

Agricultural Science Volume "10000 scientific problems". Beijing: 

Science Press, 2011, resources and environment: 325-328. 

Xu Yinlong, Ma Jianyong, Jiang Jiang, Climate Change and Crop 

Production, editorial board of Agricultural Science Volume "10000 

scientific problems". Beijing: Science Press, 2011, resources and 

environment: 221-223. 

Y. Nouvellon, A. Begue, M.S. Moran, D. Lo Seen, S. Rambal, D. Luquet, G. 

Chehbouni, Y. Inoue PAR extinction in shortgrass ecosystems: effects 

of clumping, sky conditions and soil albedo Agric. For. Meteorol, 105 

(2000), pp. 21-41. 

Yamane A (2003) Rethinking Vulnerability to Climate Change in Sri Lanka, 

Paper submitted to the 9th International Conference on Sri Lanka 

Studies, Matara, Sri Lanka, November 28–30, 2003. 

Yan L, loukoioanov a, blechl a, et al smooth the where VRN2 gene is a 

flowing reporter Down regulated by virtualization, science, 2004, 

303:1640-1644. 

Yan XL, Wu P, Ling HQ, et al, Plant nutriomics in China: an overview, 

Annals of Botany, 2006, 98: 473-482. 

Yan Zhongwei, Yang Chi, 2000, extreme climate pattern in China in recent 

decades, 5 (3): 267-272. 

Yang Kun, Wang Xianhong, LV Shan, et al., the impact of climate warming 

on several important vector borne diseases in China, International 

Journal of Medical Parasitic Diseases, 2006, 33:182-187 



CROP PRODUCTION and INFLUENCING FACTORS | 505 

 

 

 

Yang xiaoguang, Adaption Mechanism of Crop to Climate Change, 

Structure of Tilled Soil Layer, editorial board of Agricultural Science 

Volume "10000 scientific problems". Beijing: Science Press, 2011, 

Agronomy: 20-22. 

Yang Xiaoguang, Liu Zhijuan, Chen Fuchang. Analysis of the possible 

impact of climate warming on the northern boundary of cropping 

system and grain yield in China, Chinese Agricultural Sciences, 2010, 

43 (2): 329-336. 

Yang Y, Feng Z, Huang HQ, Lin Y (2008) Climate-induced changes in crop 

water balance during 1960–2001 in Norhtwest China. Agriculture, 

Ecosysystems and Environment 127: 107–118. 

Yang Z, van Oosterom EJ, Jordan DR, Hammer GL (2009) Pre-anthesis 

ovary development determines genotypic differences in potential 

kernel weight in sorghum. J Exp Bot 60:1399–1408. 

Yin Liping, Huang Leni, Wu ping, molecular biology and signal recommend, 

second version 30021; beijing: Scientific Pub, 2006. 

You Minsheng, Liu Yufang, Hou youmingchang, Acta Zoologica Sinica 

Sinica, 2004, 24 (1): 117-122. 

Yu Jiaju, who is the biggest victim of climate warming, world science, 2007, 

11:23:24. 

Yu Keshun, Li Shaohua, Meng Zhaoqing, et al, Tree Science, 1999,16 (2): 

86:91. 

Yu Zhenwen, wheat yield and quality physiology and cultivation techniques, 

Beijing: China Agricultural Publishing House, 2006:13-90, 367-373. 

Yuan Guofu, Luo Yi, sun Xiaomin, et al, Acta Sinica Cheng, 2002, 18 (6): 

13:17 



506 | Abdulgani DEVLET 

 

Yue S, Hashino AM (2003) Temperature trends in Japan: 1900–1996. 

Theoretical and Applied Climatology 75(1–2): 15–27. 

Zadoks J, Chang T, Konzak C (1974) A decimal code for the growth stages 

of cereals. Weed Res 14:415–421. 

Zagotta, M.T., Hicks, K.A., Jacobs, C.I., Young, J.C., Hangarter, R.P., and 

Meeks-Wagner, D.R. (1996). The Arabidopsis ELF3 gene regulates 

vegetative photomorphogenesis and the photoperiodic induction of 

flowering. Plant J. 10, 691–702. 

Zair, W.; Maxted, N.; Brehm, J.M.; Amri, A. Ex situ and in situ conservation 

gap analysis of crop wild relative diversity in the Fertile Crescent of 

the Middle East. Genet. Resour. Crop Evol. 2020, 68, 693–709. 

Zamir, D. 2001. Improving plant breeding with exotic genetic libraries. Nat. 

Rev. Genet. 2:983–989. doi:10.1038/35103590. 

Zapf, M. K. (2009). Social work and the environment: Understanding people 

and place. Toronto, ON: Canadian Scholars Press. 

Zhai PM, Zhang XB, Wan H,et al, Trends in total precipitation and 

occurrence of extreme precipitation over China, Journal of 

Climate,2005, 18: 1096-1108. 

Zhang Chengchang, climate and human beings: Zhengzhou: Henan science 

and Technology Press, 1988. 

Zhang Guoqing, review on the theory of biological disaster management [J / 

OL], science net (2010-11-27) http://www.sciencenet.cn/blog/user_ 

content.aspx?id=387854. 

Zhang HM, Forde BG (1998) An Arabidopsis MADS box gene that controls 

nutrient-induced changes in root architecture. Science 279(5349): 

407–409. 



CROP PRODUCTION and INFLUENCING FACTORS | 507 

 

 

 

Zhang HM, Forde BG, An A rabidopsis MADS box gene that control 

nutrientsing induced chansing ges in root architecture, Science, 1998: 

279:407-409. 

Zhang J, Agriculture, Ecosystems & Environment, 2004, 102: 133-153. 

Zhang JE, Xu Rb, Chen x, et al, 2009, 9:251-258 Zhang JE, Zhao BL, Chen 

x, et al,  Effects of duck activities on a weed community under a 

transplanted rice duck farming system in southern Chin, Weed 

Biology and Management, 2009, 33, 809: 801. 

Zhang Jiaen, Luo shiming, discussion on practical and theoretical problems 

of sustainable development of ecological agriculture in China at 

present Magazine, 2005, 24 (11): 1365, 1370. 

Zhang jiaen, The Structure and Function of Biodiversity in Farmland, Zhang 

jiaen, Structure and function of farmland biodiversity, editorial board 

of Agricultural Science Volume "10000 scientific problems". Beijing: 

Science Press, 2011, agronomy: 13-16. 

Zhang Shunqian, Qing Qingtao, Hou Meiting, et al, remote sensing 

monitoring and impact assessment of summer drought in Sichuan 

Province Based on Temperature Vegetation Drought Index Journal of 

agricultural engineering, 2007, 23 (9): 141-146. 

Zhang Suiqi, root and plant efficient water use, Beijing: Science Press, 

2010:40-54. 

Zhang T, Wang Z, Yin Y, et al, Starch content and granule size distribution 

in grains of wheat in relation to post anthesis water deficits. Journal of 

Agronomy and Crop Science,2010,196:1-8. 

Zhao J, Wang Z, Liu H, Zhao J, Li T, Hou J, Zhang X, Hao C (2019) Global 

status of 47 major wheat loci controlling yield, quality, adaptation and 



508 | Abdulgani DEVLET 

 

stress resistance selected over the last century. BMC Plant Biol 

19(1):1–14. 

Zhao Y, Hu Y, Dai M, Huang L, Zhou DX (2009) The WUSCHEL-related 

homeobox gene WOX11 is required to activate shoot-borne crown 

root development in rice. Plant Cell 21:736–748. 

Zhao Zongci, research progress of global climate change prediction in recent 

years. Research Progress on climate change, 2006, 2 (2): 68-70. 

Zhou Wei, sun Jingwen, Origination and Evolution of Fertility of Cultivated 

Soils, board of Agricultural Science Volume "10000 scientific 

problems". Beijing: Science Press, 2011, resources and environment: 

240-243. 

Zhou Zhiyong, The Correlation between Climate Change and Biological 

Disease, editorial board of Agricultural Science Volume "10000 

scientific problems". Beijing: Science Press, 2011, forestory: 591-593. 

Zhu J, Iingram PA, Benfey PN, Elich T (2011) From lab to field, new 

approaches to phenotyping root system architecture. Curr Opin Plant 

Biol 14:310–317. 

Zhu J, Lynch JP (2004) The contribution of lateral rooting to phosphorus 

acquisition efficiency in maize (Zea mays) seedlings. Funct Plant Biol 

31:949–958. 

Zhu Youyong, Leung H, Chen Hailu, et al, Sustainable control of rice 

diseases by using resistance gene diversity, China agriculture science, 

2004, 37 (6): 832-839. 

Zhu YY, Chen HR, fan JH, et al, Genetic diversity and disease control in 

rice, Nature, 2000 406:718 -722. 

Zickfeld K, Knopf B, Petoukhov V, and Schellnhuber HJ (2005) Is the 

Indian summer monsoon stable against global change? Geophysical 

Research Letters 32: L15707. 



CROP PRODUCTION and INFLUENCING FACTORS | 509 

 

 

 

Zohary D, Hopf M (2000) Domestication of plants in the old world. Oxford 

University Press, Oxford. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



510 | Abdulgani DEVLET 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CROP PRODUCTION and INFLUENCING FACTORS | 511 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



512 | Abdulgani DEVLET 

 

 

 

 

 

 

 

 

 

 

 



ISBN: 978-625-7636-37-7




