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PREFACE 

In general, "sustainability" is based on the principle that we must meet 

our needs without compromising and hindering the ability of future 

generations to meet their own needs. Nowadays we are facing problems such 

as: Hunger in poor countries, climate change, rising costs of food, fuel and 

transportation, pollution from pesticide use, adaptation and resistance to 

pests, loss of soil fertility and organic carbon, soil erosion, biodiversity 

reduction, desertification, etc. Which pose a serious threat to the continuity 

of life on earth. Despite unprecedented advances in science that allow us to 

visit other planets and discover subatomic particles, the earth's most 

important food-related issues clearly show that conventional agriculture is 

not yielding adequate results for feeding humans and preserving ecosystems. 

Sustainable agriculture is an alternative to solving the basic and applied 

issues related to food production in an environmentally friendly way. While 

conventional agriculture aims at almost only productivity and profitability, 

sustainable agriculture integrates biological, chemical, physical, ecological, 

economic and social sciences in a comprehensive way to develop new 

agricultural practices that are safe and do not degrade our environment. To 

address current issues and practices used in relation to sustainable 

agriculture in Turkey and to promote discussions and cooperation on this 

issue, we have provided this book with a summary of papers that provide 

different solutions and ideas regarding the practices of development of 

sustainable agriculture in our country. 

Sincerely Yours, September, 2022 

Assoc. Prof. Dr. Korkmaz BELLİTÜRK 

Dr. Yusuf SOLMAZ 
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INTRODUCTION 

The agricultural waste may be managed in a variety of ways: Organic 

wastes are broken down into simpler forms during the composting process by 

microorganisms, mostly bacteria and fungus. The carbon in the waste serves 

as a fuel source for the bacteria. The breakdown of the original ingredients 

into a much more homogenous product that may be utilised as a soil 

amendment happens as a consequence of the degradation of the nitrogen-

containing elements (Uyizeye et al., 2019). Many undesirable species, 

including weed seeds and diseases, are killed by the heat produced during the 

process. Composting has many benefits, including a decrease in waste 

volume, the removal of pests that have been heat-killed, and the creation of 

useful and marketable materials (Ayilara et al., 2020). By raising the amount 

of organic carbon in the soil, compost application may enhance soil qualities 

that are desperately in need of rejuvenation. Additionally, compost acts as a 

soil intervention to enhance soil tilth, water holding capacity, water 

penetration rate, and structure (Coelho et al., 2019). 

Organic matter is known to enhance the health of the soil and the 

availability of nutrients for plants (Lasaridi et al., 2018). Although the organic 

wastes might be applied directly to the soil in their raw state, this is often not 

ideal for the health of the soil. According to custom, organic wastes are 

employed in t/ha to increase crop output, whether they have been composted 

or not (Aruna et al., 2018; Lasaridi et al., 2018). Because of this, the 

availability of organic wastes in enormous bulk quantities to be applied at 

several t/ha might be a limiting issue in its scope and may also not be 

financially viable. Compost technology as a solid waste management 

technique has lately attracted increased attention. A clever treatment of 

decomposed material may not only lower compost application rates but also 

aid in producing a product with the necessary properties. The enrichment or 
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mixing of the compost with certain particular nutrients (organic fertiliser) and 

plant growth-promoting rhizobacteria is an innovative way to turn 

decomposed waste into a value-added product (bio-fertilizer). Such value-

added soil amendments have been discovered by Ventorino et al. (2019) to 

have extremely beneficial impacts on soil health and maize yield. 

Vermicomposting is the alternative method for dealing with agricultural 

waste (Bellitürk, 2016; Bellitürk, 2018). The physical and biological 

characteristics of the raw material are changed by the earthworms' strong 

interactions with various microbes and animals of the decomposer community 

via vermicomposting. Part of the nutrients in organic materials are changed to 

make them more accessible. It is a finely structured substance that resembles 

peat and has high porosity, strong aeration, drainage, microbial activity, high 

water-holding capacity, rich nutritional status, and good buffering capacity; 

optimal physiochemical characteristics crucial for plant development and soil 

fertility (Pathma and Natarajan, 2012). The abundance of hormones and 

enzymes produced during the passage of organic materials through the 

earthworm's intestines may promote plant development while suppressing 

plant diseases and ensuring the production of hygienically sound goods. 

Vermicomposting produces useful biofertilizer up to two to five times quicker 

than thermophilic composting (Atiyeh et al., 2000). Various organic wastes, 

including sewage sludge (Benitez et al., 1999), paper-mill industry sludge 

(Butt, 1993), pig waste (Reeh, 1992), crop residues (Bansal and Kapoor, 

2000), cow dung (Aira et al., 2011), biogas slurry, rice straw (Mitchell, 1997), 

etc., have been tested as feed material for earthworm species. Plant growth-

promoting rhizobacteria, often known as beneficial rhizobacteria or PGPR, 

influence plant development either directly or indirectly via a variety of 

methods of action (Korir et al., 2017; Egamberdieva et al., 2017). According 

to Ahmad et al. (2020), certain PGPR work as sinks for 1-
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amonocyclopropene-1-carboxylate (ACC), the direct precursor of ethylene in 

higher plants, by bringing down the amount of endogenous ethylene in the 

plant. PGPR with ACC- deaminase characteristic are attractive candidates for 

bio-fertilizer formulation since they often provide extremely consistent results 

in terms of boosting plant growth and output (Korir et al., 2017). 

Approaches and technology that enhance soil health and the 

environment over the long term must be urgently modified. This strategy has 

contradictory implications, such as: 1). Creation of a helpful soil amendment 

for agricultural crops and soil health. 2). The amount of environmental 

contamination brought on by the enormous amounts of organic waste might 

be reduced. 

 

EARTHWORMS AND RAW MATERIAL FOR 

VERMICOMPOSTING 

There are more than 3000 different species of earthworms in soil, but 

only around 8 to 10 of them are good for making vermicompost (Cook and 

Linden, 1996). Epigeic species of earthworms, such Eisenia fetida and 

Eudrilus eugeniae, are the finest kinds for vermiculture and vermicomposting 

(Bansal and Kapoor, 2000; Dominguez and Edwards, 2004). As opposed to 

worm species that feed on plain soil, they prefer to reside on the soil's top 

surface and consume organic material like vegetable waste, compost, and 

organic bedding in order to generate rich material. In comparison to other 

species, these animals consume up to half of their body weight each day, and 

by breaking down and decomposing natural remnants, they generate high-

quality organic compost. Additionally, the aforementioned earthworm species 

are resilient to changes in humidity and temperature. These species are always 

active throughout the year, break down organic material quickly, and quickly 

create vermicompost. Red worms of other species, such as Lumbricus 
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rubellus, Perionyx sansibaricus, Perionyx excavatus, Eisenia andreii, etc., 

might be utilized to produce vermicompost with similar results (Dominguez 

and Edwards, 2004). Any material that decomposes quickly is used for 

vermicomposting, including cow dung, weeds, fruits and vegetable leaves, 

animal roughage, agricultural leftovers, and municipal trash that are organic 

in nature (Kiehl, 2001). The organic waste that an earthworm consumes is 

physically broken down in the gizzard before being exposed to several 

enzymes, including chitinase, cellulose, lipase, amylase protease, and others, 

that are released into the lumen by the gut wall and related bacteria. These 

enzymes convert intricate biomolecules into more basic ones. Mucus secreted 

by the gut wall provides vermicompost stability. Earthworms only absorb 5-

10% of the material they need for development; the remainder is expelled as 

casting. 
 

VERMICOMPOST AS BIOFERTILIZER 

The use of biofertilizers is now recognized to have a number of positive 

effects on soil, including the solubilization of important minerals, the 

absorption of nutrients, the provision of micronutrients in forms that are more 

readily absorbed by plants, and participation in biological nitrogen fixation. 

Azospirillum, Azotobacter, phosphor-bacteria, Rhizobia, and cyanobacteria 

are among the plant growth-promoting microorganisms (PGPMs) that belong 

to this category of microbes. The PGPMs may impart beneficial effects on the 

growth and yield characteristics of a variety of cultivable crops in various 

locations of the globe (Mahanty et al., 2017). Rhizosphere bacteria increase 

the availability of nutrients, inhibit the development of plant diseases, or 

produce hormones like auxins to encourage plant growth (Kumar et al., 2017). 

Utilizing conventional culture medium or main source augmented media, 

biofertilizers are mass produced in a lab for agricultural use (Backer et al., 

2018; Mahajan and Gupta, 2009; Meena et al., 2020). According to a recent 



9 | AGRICULTURAL PRACTICES AND SUSTAINABLE MANAGEMENT IN TÜRKİYE 

study by Vyas and Gulati (2009), the use of vermicast as a carrier material 

may boost the survival rate of biofertilizer organisms for up to a year. 

Vermicomposting dramatically increases microbial diversity and 

activity, and the resulting material may contain plant growth regulators 

produced as a result of interactions between microorganisms and earthworms, 

which may have a significant positive impact on plant growth, flowering, and 

yields (Schütz et al., 2018). In order to promote plant growth and production, 

microbial inoculants such biofertilizers might be added or enhanced. There 

are no studies on the microbial enrichment of vermicompost that take into 

account the quantity of inoculum needed, the time of inoculation, the survival 

rate of inoculated microorganisms in vermicompost during storage, or the 

relationship between the total microbial population and that of inoculated 

microorganisms. Therefore, the current study was carried out to assess the 

survival rate of A. brasilense and R. leguminosarum in enriched vermicompost 

in relation to the total microbial population and to optimize the inoculum level 

and time of inoculation of biofertilizers in enrichment process of 

vermicompost (Schütz et al., 2018). 

 

MECHANISM OF ZINC SOLUBILIZING, PHOSPHORUS 

SOLUBILIZING AND CELLULYTIC MICROBES AS 

BIO-FERTILIZER 

According to the definition given by the term "bio-fertilizer," it is "a 

product that comprises live microflora that integrated to plant surfaces, seed 

or in soil, colonize within or the rhizosphere and promote the development by 

giving primary nutrients to plants" (Vessey, 2003). A further modification to 

the definition was made by Dineshkumar et al. (2018) who defined it as "the 

liquid-based products comprising dormant or living microbiota (fungi, 

bacteria, actinomycetes) individually or in association, which incorporate in 
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solubilizing soil nutrients atmospheric nitrogen (N) fixation and additionally 

secretion growth promoting substances for increasing crop growth and yield 

attributes". 

The microorganisms that live in biofertilizers use a variety of 

techniques to benefit agricultural plants. They may be proficient at all the 

processes—nitrogen fixation, phosphate solubilization, zinc solubilization, 

cellulose degradation (Table 1, Figure 1-3) and plant growth promotion—or 

they may combine all (Mahanty et al., 2017; Zandi and Basu, 2016; Bhardwaj 

et al., 2014; Ritika and Utpal, 2014). Through the biological nitrogen fixation 

(BNF) process, biofertilizers may fix atmospheric N2, as well as solubilize 

plant-necessary minerals like phosphate, zinc, and potassium, and secrete 

compounds that encourage plant development, such as a variety of hormones 

(Borkar, 2015; Kumar et al., 2018). Additionally, biofertilizers may grow and 

take part in nutrient cycling when used as seed or soil inoculants, which aids 

in crop development for sustainable farming (Itelima et al., 2018; Singh et al., 

2011). The microbial inoculants are superior than their chemical counterparts 

in a number of ways (Backer et al., 2018; Mahajan and Gupta, 2009; Meena 

et al., 2020). They are sustainable, ethical sources of the nutrients needed to 

support soil biology and health (Raklami et al., 2019, Bhardwaj et al., 2014, 

Sun et al., 2020). Additionally, they fight abiotic stressors and show 

antagonistic action against a number of agricultural diseases (Ilangumaran and 

Smith, 2017; Timmusk et al., 2015; Bharti et al., 2016; Sharma et al., 2016; 

Timmusk et al., 2014). Based on their capacity to draw nutrients from the soil, 

fix atmospheric N2, promote the solubilization of nutrients, and function as 

biocontrol agents, a variety of microbial taxa have been employed 

commercially as effective biofertilizers (Schütz et al., 2018). 
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Table 1. Mechanism of Zn solubilizing bacteria (ZSB). 

Bacteria  Mechanism of 

solubilization 

Reference  

Bacillus cereus Organic acid production (Kumar et al., 2017) 

Pseudomonas sp. and 

Bacillus sp. 

Organic acid production  (Saravanan et al., 2004) 

Pseudomonas 

fluorescens 

Production of organic 

acid  

(Di Simine et al., 1998) 

Mechanism of Zn solubilizing bacteria (ZSB) 

Pseudomonas 

corrugata NRRLB-

30409 

Production of 2-

Ketogluconic acid  

(Trivedi and Sa, 2008) 

Bacillus cereus, 

Bacillus subtilis, 

Paenibacillus sp 

Production of Oxalic acid, 

malic acid, formic acid, 

acetic acid, tartaric acid 

and gluconic acid 

(Chawngthu et al., 2020) 

Pseudomonas trivalis 

BIHB 769 

Production of Gluconic 

acid, ketogluconic acid, 

lactic acid, fumaric acid, 

malic acid and succinic 

acid  

(Vyas and Gulati, 2009) 

Pseudomonas poae 

BIHB 751 

Gluconic acid, 

ketogluconic acid, citric 

acid and malic acid  

(Vyas and Gulati, 2009) 
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Figure 1. Zn solubilizing bacteria mechanism (Rani et al., 2020). 

 

Figure 2. Cellulolytic bacteria mechanism (Sharma and Garg., 2017). 

 

https://www.sciencedirect.com/science/article/pii/B9780444639905000177#!
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 Figure 3. Phosphorous solubilizing bacteria mechanism (Rawat et al., 2020). 

Researchers' focus has changed away from using chemical fertilizers 

and pesticides in favor of organic fertilizers like vermicompost, which may 

boost crop yield and protect it from destructive pests without harming the 

environment (Joshi et al., 2014). Vermicompost is produced when earthworms 

and other microorganisms speed up the biological breakdown of organic 

wastes. By passing the organic waste through a gizzard that grinds it into 

smaller pieces, earthworms absorb the trash and get their nutrition from the 

microorganisms that colonize it. The procedure increases the rates of organic 

matter deterioration, modifies the material's physical and chemical 

characteristics, and produces a humification effect in which the unstable 

organic matter is completely oxidized and stabilized (Orozco et al., 1996). The 

earthworms' fragmentation of the parent organic components and the 

microorganisms' colonization of the sand considerably humify the final result, 

which is known as vermicompost (Edwards, 1998). 

Bacteria, actinomycetes, fungus, and cellulose-degrading bacteria are 

abundant in vermicompost (Werner and Cuevas, 1996). According to Tomati 
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et al. (1983), earthworm castings, which are produced following sludge 

digestion, are abundant in microorganisms, particularly bacteria. The 

microorganisms connected to vermicompost and those in conventional 

composts were compared by Nair et al. (1997). In comparison to ordinary 

composts, the vermicompost contained substantially bigger populations of 

bacteria (5.7 x 107), fungus (22.7 x 104), and actinomycetes (17.7 x 106). 

Vermicompost is made up of finely split mature peat-like materials with a high 

porosity, aeration, drainage, and water-holding capacity. It is stabilized by 

interactions between earthworms and microorganisms in a non-thermophilic 

process (Edwards and Burrows, 1988). 

The majority of plant nutrients found in vermicompost are present in 

forms that plants may use, including nitrate, phosphates, exchangeable 

calcium, and soluble potassium (Orozco, 1996). Compared to commercial 

plant growth media, vermicompost made from animal waste typically contains 

more mineral elements, and many of these elements have been changed to 

forms that make them easier for plants to absorb, like nitrates, exchangeable 

phosphorus, and soluble potassium, calcium, and magnesium (Edwards and 

Burrows, 1988). Similar to this, Orozco et al. (1996) found that following 

processing by Eisenia fetida, coffee pulp improved the availability of nutrients 

including phosphate, calcium, and magnesium. 

Vermicompost was characterized by Joshi et al. (2014) as a superior 

organic fertilizer and a biocontrol agent via a variety of research, as well as 

the reasons why it is more environmentally friendly than chemical fertilizers. 

As a result, the goal of this research is to evaluate how plants react when 

vermicompost is applied. 
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CHARACTERISTICS OF VERMICOMPOST 

 Vermicompost was described by Adhikary (2012) as the worm 

excretions that may enhance the nutritional content and overall health of the 

soil. Vermicomposting is the process by which all kinds of biodegradable 

wastes, including those from farms, kitchens, markets, agro-based companies, 

animals, etc., are transformed into nutrient-rich vermicompost as they travel 

through worm guts. Vermicompost, which is comprised of compost that has 

been digested, is a great soil enhancer. Compared to conventional composts, 

it has a greater nutritional value. This is a result of the earthworms' higher 

humification and mineralization rates (Albanell et al., 1988). Additionally, it 

greatly improves soil fertility by enhancing the physical features of the soil. 

This is due to the high porosity, aeration, drainage, and water-holding capacity 

of vermicompost (Edwards and Burrows, 1988). Vermicompost also contains 

nutrients including nitrates, phosphates, exchangeable calcium, and soluble 

potassium in forms that plants may use (Orozco et al., 1996). Additionally, the 

author noted that vermicompost improved N availability and that it also 

increased the availability of C, P, K, Ca, and Mg in the castings (Orozco et al., 

1996). 

 

VERMICOMPOSTING PROCESS 

 Earthworms and microbes work together in the breakdown process 

known as vermicomposting (Aira et al., 2000). Earthworms in particular are 

employed to speed up the waste conversion process and create superior 

products (Adhikary, 2012). 

 

NUTRIENTS IN VERMICOMPOST 

 Vermicompost, which is comprised of compost that has been digested, 

is a great soil enhancer. Worm castings are regarded as a better value product 

since they contain much more nutrients and microbial life (Adhikary, 2012). 
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Up to five times as many plant-available nutrients are present in worm castings 

than in typical potting soil blends. Castings were chemically analyzed (Ruz-

Jerez et al., 1992), and it was discovered that they contain five times as much 

nitrogen, seven times as much potash, and one and a half times as much 

calcium as 15 cm of healthy top soil. Additionally, compared to other potting 

mixes, the nutritional life is up to 6 times longer. According to reports, 

phosphorus is changed into a form that plants may use during transit through 

worms' guts (Reinecke et al., 1992). Typically, phosphorus is seen as a 

limiting ingredient for plant development. As a result, any method that 

considerably increases the availability of phosphorus via plants and organic 

matter will be crucial for agriculture. The typical potting soil mixtures sold on 

the market are often sterile and devoid of any microbial life, the microbial and 

nutritional mix. 

 

EFFECT OF VERMICOMPOST ON PLANTS  

 Vermicompost includes the nutrients and other necessary elements like 

phosphorus and potassium, which greatly boost plant development (Fernandez 

et al., 2010). Numerous field studies have shown the beneficial results of even 

modest vermicompost treatment rates to crops (Norman and Clive, 2005). 

Vermicompost has successfully boosted the output of tomatoes and okra 

(Suthar, 2010). Similarly, Sallaku et al. (2009) discovered that the application 

of vermicompost considerably increased the relative growth rate of cucumber 

(Cucumis sativus) seedlings. Numerous studies also shown that using 

vermicompost together with the suggested inorganic fertilizer might boost 

crop output in the majority of cases. Vermicompost and half of the 

recommended inorganic fertilizers were applied together, increasing tomato 

output (Kolte et al., 1999). Vermicompost applied to field plots at rates of 20 

t/ha and 10 t/ha and at rates of 8 t/ha and 5 t/ha, respectively, significantly 

increased the growth and yields of field tomatoes and peppers when compared 
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to those receiving equivalent amounts of inorganic fertilizers, according to 

Arancon et al. (2002). According to Ushakumari et al. (1999), the application 

of vermicompost at a rate of 12 t/ha together with 100% or 75% of the advised 

fertilizers boosted okra yields. Similar to this, Athani et al. (1999) show that 

vermicompost applied at rates of 2 kg/plant together with 75 percent of the 

recommended number of inorganic fertilizers enhanced banana shoot output. 

Tomato yields were enhanced to a level comparable to that of tomatoes grown 

in soil treated with 4 t/ha vermicompost and half of the prescribed rates of 

inorganic fertilizers by using a reduced application rate of 2 t/ha 

vermicompost together with the appropriate quantities of inorganic fertilizers 

(Patil et al., 1998). After supplementing the soils with 2.5 t/ha of 

vermicompost and 75% of the prescribed inorganic fertilizers, potatoes 

achieved the highest commercial yields (Mrinal et al., 1998). Sunflowers 

produced the most after soil treatments with 50% of the recommended 

inorganic fertilizers application rates and 5t/ha or 10t/ha of vermicompost 

(Devi et al., 1998). Peas produced more and yielded more when soils were 

amended with farm manure applied at a rate of 10t/ha, vermicompost made 

from it, and the full recommended application rate of inorganic fertilizers 

(Ramachandra et al., 1998). Sugarcane yields were found to have risen by 

Zende et al. (1998) after soils were amended with vermicompost at rates of 

5t/ha together with 100 percent of the recommended application rate of 

inorganic fertilizers. Vermicompost-applied wheat crops have improved in 

production and growth, according to studies. Wheat yield increased by more 

than 40% to the use of vermicompost fertilizers (Palanisamy, 1996). 

Vermicompost has been shown to have positive agronomic effects on rice 

crops (Oryza sativa), including increased populations of nitrogen fixers, 

actinomycetes, and mycorrhizal fungi that promote improved crop 

development and nutrient absorption (Kale et al., 1992). 



AGRICULTURAL PRACTICES AND SUSTAINABLE MANAGEMENT IN TÜRKİYE| 18 

PHYSICO-CHEMICAL CHANGES IN SOILS IN 

RESPONSE TO VERMICOMPOST APPLICATIONS 

There are a number of reasons why crops grown in greenhouse potting 

medium or in field soil that has been replaced or altered with vermicompost 

have shown benefits in growth and yield. Vermicompost helps to enhance the 

physical, chemical, and biological properties of planting medium and field 

soils, which in turn helps plants develop more successfully. The measured pH 

changes, however, were different from those reported by Tyler et al. (1993), 

who found increases in substrate pH in response to progressively higher 

additions of composted turkey litter to a medium for plant containers. As salt 

content rose, it caused a linear rise in electrical conductivity in pig dung 

vermicompost (Atiyeh et al., 2001a, b). 

Vermicompost was added to soils, which resulted in a considerable rise 

in the amounts of N, P, and K in the soil (Venkatesh et al., 1998, Sreenivas et 

al., 2000). The amounts of total extractable N, microbial biomass N, and 

dissolved organic N in soils planted with strawberries were statistically 

comparable across all treatments at the end of the strawberry growth cycle, 

but soils treated with vermicompost had higher levels of orthophosphates than 

soils treated with inorganic fertilizers. In response to vermicompost 

treatments, Masciandaro et al. (1997) found that soils had higher levels of 

organic carbon, better pH, reduced bulk density, increased microbial 

populations, and enhanced dehydrogenase activity. 

 

PLANT GROWTH REGULATOR PRODUCTION IN 

VERMICOMPOST 

Numerous studies have shown that microorganisms, such as bacteria, 

fungi, yeasts, actinomycetes, and algae, are capable of generating significant 

amounts of plant growth hormones and plant growth regulators (PGRs), 
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including auxins, gibberellins, cytokinins, ethylene, and abscisic acid (Arshad 

and Frankenberger, 1993). The creation of plant growth-regulating 

compounds by mixed microbial populations in soil has been extensively 

studied, but their availability to plants, persistence, and destiny in soils, as well 

as the reliable documentation of their effects on plant development, have 

received far less attention (Arshad and Frankenberger, 1993). 

PGRs may be absorbed by plants from soil in sufficient amounts to 

affect plant development, according to Norman and Clive's (2005) review. 

Auxins generated by Azospirillum brasilense were demonstrated to have an 

impact on the development of graminaceous plants (Kucey, 1988). 

Gibberellins may also affect the development and growth of plants (Arshad 

and Frankenberger, 1993). Arthrobacter and Bacillus spp. synthesis of 

cytokinin in soil has been linked to seedlings' increased vigour (Jagnow, 

1987). It is likely that vermicompost might be a reliable source of plant growth 

regulators created by interactions between microorganisms and earthworms 

since vermicomposting improves microbial variety and activity. This could 

considerably improve plant growth, blooming, and yields. Nielson (1965), 

who extracted indole compounds from earthworms and found increases in pea 

growth owing to the earthworm extracts, proved the existence of plant growth 

regulating chemicals in the tissues of Aporrectodea caliginosa, Lumbricus 

rubellus, and Eisenia fetida. 

It has been noted that vermicompost made from animal manure, sewage 

sludges, or paper-mill sludges contains significant levels of humic compounds 

(Senesi et al., 1992; Garcia et al., 1995; Masciandaro et al., 1997; Elvira et al., 

1998). Studies on the impact of humic compounds on plant development have 

consistently shown beneficial growth benefits when appropriate mineral 

feeding is present (Chen and Aviad, 1990). 
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SUPPRESSION EFFECT OF VERMICOMPOST 

According to Shakir and Mikhal (2004), either general or targeted 

suppression techniques may dramatically reduce the prevalence of plant 

diseases like Pythium, Rhizoctonia, and Verticillium. Additionally, they 

showed that adding vermicompost to soils had a major impact on the trophic 

structure of nematode populations, drastically reducing populations of plant 

parasite species. Vermicompost may reduce the quantity of feeding and 

damage caused by sucking pests like aphids and mealy bugs and chewing pests 

like caterpillars, according to trials conducted in greenhouses. 

According to studies, organic amendments help prevent plant illnesses 

(Lazarovitis et al., 2001; Fikre et al., 2001). Chanyasak et al. (1983) observed 

that the use of vermicompost prevented the growth of Plasrodiophara 

brassicae, Phytophthora nicotianae (late blight of the tomato), and Fusarium 

lycopersici (fusarium wilt of the tomato). Szczech (2002) observed that 

vermicompost was effective in Phytophthora nicotianae and Fusarium 

lycopersici suppression on tomatoes. By adding vermicompost to the growing 

medium, Rodriguez et al. (2000) showed that gerbera plant diseases such 

Rhizoctonia solani, Phytophthora drechsleri, and Flisarium oxysponlm are 

generally suppressed. Aqueous extracts of vermicomposts were shown to 

suppress the mycelial development of Botrytis cinerea, Sclerotinia 

sclerotiorum, Corticium rolfsii, Rhizoctonia solani, and Fusarium oxysporum, 

according to research by Nakasone et al. (1999). Some important information 

regarding the superior properties of vermicompost is given in Figure 4 below. 
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Figure 4. Some important superior of vermicompost.  

 

EFFECT OF VERMICOMPOST ON PLANT DISEASES 

Numerous studies have shown that vermicompost is beneficial in 

preventing a variety of plant diseases (Chaoui, 2002; Arancon, 2002). 

Vermicompost is helpful in protecting plants from a variety of illnesses, 

according to several research (Moradi et al., 2014). The resident microbial 

population, of which fungi play a very significant part, is the active component 

engaged in the biodegradation and conversion process during composting in 

vermicomposting (Wiegant, 1992). 

 

SUMMARY AND CONCLUSIONS 

It has long been understood in agriculture that using organic matter, such 

as animal manures, human waste, food wastes, yard wastes, sewage sludge, and 

composts, is helpful for plant development and production as well as the 

preservation of soil fertility. Vermicomposting, one of the newest methods for 

applying organic amendments to farms, has been shown to be a successful 

method for raising soil fertility, crop yields, and soil structure. 
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Even at a very low rate, vermicompost may boost the development, 

blooming, and yields of agricultural and ornamental crops. Vermicompost's 

effects on plants are due to a variety of growth-regulating substances, including 

humic acids and plant growth hormones, in addition to the high quality of 

mineral nutrition it provides. Vermicomposting also improves soil quality by 

boosting microbial activity and biomass, which are essential for nutrient cycling, 

the generation of plant growth regulators, and the defence of plants against 

insect assaults and soil-borne diseases. 
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INTRODUCTION 

Cucurbitaceae is one of the most potential plant families, which has 

approximately 975 species within around 98 genera, which include several 

economically important and popular fruit and vegetables, frequently 

disseminated in tropical and sub-tropical areas worldwide (Xu and Chang, 

2017; Salehi et al. 2021). The most nutritional and potential horticultural 

crops in this family are melon (Cucumis melo L.), pumpkin (Cucurbita 

moschata Duchesne ex Poir.), watermelon (Citrullus lanatus (Thunb.) 

Matsum. & Nakai), bottle gourd (Lagenaria siceraria), cucumber (Cucumis 

sativus var. sativus L.), summer squash (Cucurbita pepo L.) and winter 

squash (Cucurbita maxima Duch. ex. Lam.) species (Mandoulakani et al. 

2015; Dhillon et al. 2016). Breeding is focused on modifying the genetic 

structure of presenting varieties to create desirable characteristics such as 

phenotypes and genotypes for a given objective. Breeding with new 

technologies has been applied to increase the production and develop the 

quality of primary vegetables along with to meet customer’s preference and 

demands and providing appropriate cultivars to the farmer in short of time. 

Haploid and double haploid production as part of advanced breeding 

approved to be popular among breeders in the latest years and also utilized in 

cucurbits breeding studies to increase the 100% pure homozygous lines 

required (Nyirahabimana and Solmaz, 2022). The inbred pure lines 

production is known as the fundamental of modern vegetable breeding. 

Breeding programs take a very long time due to the classical breeding of the 

vegetable species belonging to the Cucurbitaceae family (Zheng et al. 2019). 

For reasons such as shortening this period, facilitating selection, and 

increasing breeding efficiency, the haploid plant production methods have 

been used in cucurbit crops. Biotechnological methods are also used in the 

breeding studies of cucumber, melon, winter squash and summer squash, 
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watermelon, bottle gourd, pumpkin, which are the most important vegetables 

(Dhillon et al. 2020). Generally, the haploid plant is the plant that contains 

with a gametophyte chromosome number (n) and doubled haploids (2n) are 

haploid plants which have been subjected to chromosome duplication. 

However, seeds are used to propagate cucurbits, and the traditional breeding 

methods have been used to increase these vegetable crops are difficult and 

have various limitations (Sultana et al. 2021).  Furthermore, haploids and 

DHs production, as well as the evolution of haploidy technology to provide 

homozygous plants, is a very appealing biotechnological technique. 

Recently, the available methods to obtain haploids plants in cucurbits are in 

vitro androgenesis, gynogenesis that are added to the pollination with 

irradiated pollens i.e parthenogenesis and are most effective and widely 

applied techniques (Dong et al. 2016; Sari and Solmaz, 2021).  

1. HAPLOID PLANT PRODUCTION TECHNIQUES IN 

CUCURBIT CROPS  

This section enumerates all techniques used in Cucurbitaceae crops 

improvement for advanced breeding as well as androgenesis, gynogenesis, 

and parthenogenesis techniques. 

Figure 1: Haploid Plant Production Techniques in Cucurbitaceae Crops 

Haploid plant production 
methods

Androgenesis

Microspore Anther

Gynogenesis

Ovule Ovary

Parthenogenesis

Irradiated Pollen
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1.1. Anther-microspore Culture (Androgenesis) Technique 

According to androgenesis (in vitro anther/microspore culture) 

method, several factors are considered to have distinct effects on haploid 

production through this process such as genotype, environmental factor, 

culture conditions such as pre-treatments applications (cold and heat 

shocks), plant growth regulators or hormones (Nyirahabimana and Solmaz, 

2021). Commonly, it is known that many factors influence are donor plant 

genotypes, heat shock and cold pre-treatments of male flower buds, during in 

vitro androgenesis culture processes, development stages of 

anther/microspore in culture, the growing conditions of donor plant, embryo 

developmental induction, regeneration, and differentiation media, and 

chromosome doubling strategies (Sari and Solmaz, 2021). The in vitro 

androgenesis such as anther culture is generally an alternative technique for 

haploid and DHs production in several crops owning that it may be 

established and applied on the large-scale for a wide range of genotypes 

(Seguí-Simarro and Nuez, 2004). For instance, the effect of hormones (2,4-

D) and sucrose combinations at different concentrations on the formation of 

haploid plants in summer squash variety via anther culture has been 

analysed. The used basal medium was MS (Murashige and Skoog) and 

different concentrations of sugar 30, 60, 90, 120 and 150 g L-1 and 2,4-D 

(0.1, 1.0, 2.5 and 5.0 mg L-1) were compared. The obtained results have been 

reported that mostly the plantlets were formed from the incubation medium 

supported by 2,4-D (5 mg L-1 ) and sucrose (150 gL-1) ( Gałązka and 

Niemirowicz-Szczytt, 2013). Nowadays, most studies recommend that 

anther culture is similar in efficacy for pollination with irradiated pollen 

method. For instance: several research based on anther/microspore culture in 

cucumber have been performed to produce haploid (Kumar et al. 2003; 

Mohamed and Refaei, 2004; Song et al. 2007; Suprunova and Shmykova, 
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2008; El-Maksoud et al. 2009; Zhan et al. 2009; Nguyen and Chen, 2012; 

Hamidvand et al. 2013; Gałązka and Niemirowicz-Szczytt, 2013; Abdollahi  

et al. 2016; Asadi et al. 2018; Asadi et al. 2019; Amirian et al. 2020; 

Ghanbari and Golabadi, 2020; Asadi and Seguí-Simarro, 2021), watermelon 

( Yue et al. 2005; Zhu et al. 2010; Zhu et al. 2012; Abdollahi et al. 2015; 

Zhu et al. 2015; Akbaş and Solmaz, 2019; da Silva et al. 2021; Sari and 

Solmaz, 2021), melon (Dong et al. 2016; Nguyen et al. 2019; de Oliveira et 

al. 2022); winter squash and pumpkin (Kurtar et al. 2016; Kurtar, 2018; 

Kurtar et al. 2020; Kurtar and Seymen, 2021c). Table 1 highlights recent 

and current studies to generate haploid and DH plants in Cucurbitaceae 

family through androgenesis techniques. 
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1.2. Un-pollinated Ovule and Ovary Culture (Gynogenesis) 

Technique 

Recently, in vitro gynogenesis become a prominent technique applied 

to produce haploid/double-haploid or suitable homozygous lines for 

advanced vegetable breeding programs (Kurtar and Seymen, 2021a). 

According to its facility, gynogenesis is used as an alternative haploid 

induction method compared to the application of irradiated pollen technique 

which requires an external beam source and exists with intense labor during 

embryo recovery (Zhu et al. 2020). Additionally, the ovule-ovary culture in 

haploid production studies for distinct cucurbits genotypes reported to be 

affected by several factors including genotype, temperature shock (cold/heat) 

applications, female gametophyte developmental stages, plant growth 

regulators (Gałązka and Niemirowicz-Szczytt, 2013; Golabadi et al. 2017; 

Ozsan et al. 2017; Nyirahabimana and Solmaz, 2021; Baktemur et al. 2022). 

Currently, studies of haploid plant production through gynogenesis in 

cucurbits have intensified, for instance: watermelon (Zhu et al. 2018; Zou et 

al. 2018; Zhu et al. 2020); pumpkin and squash ( Min et al. 2016; Zou et al. 

2020); cucumber (Li et al. 2013; Moqbeli et al. 2013; Tantasawat et al. 2015; 

Golabadi et al. 2017; Ozsan et al. 2017; Erol and Sari, 2019; Deng et al. 

2020; Demirel and Onus, 2021;Baktemur et al. 2022); melon 

(Nitwatthanakul and Tiraumphon, 2018). Currently, the evaluation of double 

haploid production in Cucurbitaceae crops have taken in action (Domblides 

et al. 2019; Kurtar and Seymen 2021a; Sari and Solmaz, 2021; Segui-

Simarro, 2021). Table 2 highlights recent and current studies to produce 

haploid and DH plants in Cucurbitaceae through the gynogenesis method. 
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1.3. Parthenogenesis Technique  

Parthenogenesis or the application of irradiated pollen is the haploid 

induction that is very popular in haploid production in Cucurbitaceae family. 

After the discovery of first summer melon haploid plant production via 

parthenogenesis technique by Sauton (1987), the first winter melon (Sari et 

al. 1992) and watermelon haploids (Sari et al. 1994) were developed by 

parthenogenesis technique. Authors have noticed that the dose and the age of 

pollen decreased the pollen viability (Dong et al. 2016). Currently, various 

studies have been performed for haploid plant production via 

parthenogenesis method. For instance, Kurtal et al. (2021) applied gamma 

rays with cobalt60 source [γ (Co60)] and by using medium of E20A 

(modified) for induction and MS + 1 mg L-1 IAA + 0.1 mg L-1 BA for 

embryo regeneration, the haploid plants have been produced from squashes. 

Moreover, Lotfi et al. (2008), applied irradiated pollen with 250 Gy dose to 

the cucumber male flowers. The pollinated fruits have been harvested after 

21-23 days from the day of pollination, and the seeds taken from the 

harvested fruits were transferred to the liquid culture of E20A medium and 

kept under 16/8 hours light/dark conditions for ten days. Furthermore, 

Ebrahimzadeh et al. (2021) carried out a research on production of haploid 

plants in Styrian pumpkin using irradiated pollen by applying gamma [γ 

(Co60)] rays with 100 Gy dose. The rescued embryos have been cultured in 

an induction medium of E20A + 0.01 mg L-1 IAA + 2% sucrose which was 

the same as in embryo regeneration medium.  

Additionally, Dal et al. (2016) carried out a study about the 

application and comparision of effectiveness of various sources of irradiation 

to stimulate haploid embryos of Kırkağaç melons. Two distinct doses of 

cesium-137 (200 Gy and 300 Gy), one dose (300 Gy) from cobalt-60, and 

two various doses (200 Gy and 300 Gy) from X-ray have been applied to 
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irradiate pollen. The high value (60.38%) of the fruit set has reported from 

cesium-137 source, with a dose of 200 Gy and the lowest value (20.01%) 

was observed in the 300 Gy dose X-ray source. In the study performed by 

Hooghvorst et al. (2020) the use of X-ray (137Cs) radiation with 250 Gy dose 

to produce haploid and double haploid plants in melon. During embryo 

rescue the E20A (liquid) was used as an induction medium and E20A (solid) 

for embryo regeneration medium. Currently, double haploid plant generation 

in (Piel de Sapo) melon variety via irradiated pollen study has been carried 

out. The beneficial protocol for producing haploid embryo through 

parthenogenesis and protocol of haploid plants chromosome doubling for 

‘Piel de Sapo’ genotypes have been developed (Hooghvorst et al. 2021). 

Table 3 highlights recent and current studies to produce haploid and DH 

plants in Cucurbitaceae family through pollination with irradiated pollen 

technique (parthenogenesis).  
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Table 3: Haploid Production Via Pollination with Irradiated Pollen Technique in 

Cucurbits 

Species Radiatio

n sources 
Radiatio

n doses 
Developmen

t stages of 

fruit 

(Day=d, 

weeks=w) 

Embry

o excise 
Inductio

n media 

(mgL-1) 

Regeneratio

n media 

(mgL-1) 

Results 

(plantlets

) 

Reference 

Cucumber  γ (Co60) 100 - 400 
Gy 

2 - 35 w OI MS MS + BAP  
 

CP, HP, 
DH 

Lei et al. 
2006 

γ (Co60) 300 Gy 3 -5 w OI E20A MS HP, DH Smiech et al. 

2008 

γ (Co60) 250 Gy 21 - 23 d LB E20A   Lotfi and 
Salehi, 2008 

γ (Co60)  10 d  E20A  HP, DH Lotfi et al. 

2008 

Watermelo

n  

γ (Co60) 200, 300 

Gy 

2-4 w OI E20A + 

0.107 
IAA 

E20A + 

0.107 IAA 

HP, DH, 

TP 

Sari et al. 

1994 

γ (Co60)  300 Gy 

150, 200, 
250 and 

300 Gy  

3 w OI E20A 

MS 

MS None Solmaz et al. 

2011a 

γ (Co60) 275 Gy 25 d OI CP (Chee 
et 

al.1992) + 
0.02 IAA 

+ 3% 
Sucrose 

 HP Taskin et al. 
2013 

Melon  γ (Co60) 300 Gy 3 -4 w OI, X 

ray 

E20A E20A HP, DH Sari et al. 

1992 

γ (Co60) 300 Gy 21-25 d   E20A HP, DH, 

TP 

Koksal et al. 

2001 

X-rays 65 KR 21 d  MS MS HP, DH Yashiro et al. 

2001 

X-rays 130 kR or 

65 kR 

3 w  MS MS HP Kuzuya et al. 

2003 

Cs137 250 Gy 21-23 d OI E20A E20A CP, HP, 

DH 

Lotfi et al. 

2003 

Cs137 250 Gy 3 w LMC E20A E20A CP, HP, 

DH 

Lim and 

Earle, 2008; 
2009 

γ (Co60) 300 Gy 3-4 w LB E20A + 

0.01 IAA 

E20A + 0.5 

BAP + 0.01 
IAA  

CP, HP, 

DH 

Ari et al. 

2010 

γ (Co60)  3-5 w MI E20H8 E20H8 HP, DH Gonzalo et al. 

2011 

γ (Co60) 300 Gy 1 day before 

anthesis 

 E20A E20A HP, DH Solmaz et al. 

2011 

Cs137 250 Gy 3 w LMC E20A E20A HP, DH Nasertorabi 

et al. 2012 

γ (Co60) 250 Gy 21 d OI E20A + 
0.011 

IAA 

E20A + 
0.011 IAA 

HP, DH Godbole and 
Murthy, 

2012a, b  

γ (Co60) 300 Gy 3-4 w OI MS  HP  
Dal et al. 

2016 
Cs137 200 Gy 

and 300 

Gy 

3-4 w OI MS  HP 

X-ray 200 Gy 
and 300 

Gy 

3-4 w OI MS  HP 

X-ray 
(Cs137) 

250 Gy 3 w  E20A 
(Liquid) 

E20A (Solid) HP, DH, 
CP 

 

Hooghvorst 
et al., 2020 
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γ (Co60) 300 Gy 3-4 w OI E20A MS HP, DH Ivanova, 

2020 

Squash 
(summer & 

winter) 

γ (Co60) 50, 100 
Gy 

3-4 w LMC  E20A  E20A HP, DH Kurtar and 
Balkaya, 

2010 

γ (Co60) 150 Gy 35 d OI CP 

medium 

(Chee et 
al.1992): 

(30 g L-1 
sucrose, 8 

g L–1 
agar, 0.08 

B12 + 
0.02 IAA) 

E20A HP, DH Baktemur et 

al. 2014 

γ (Co60)  3-4 w OI E20A 

(modified

) 

MS + 0.1 

IAA + 1 BAP 

HP Kurtar et al. 

2021b 

Pumpkin 

and 
Pumpkin 

cv. Styriaca 

γ (Co60) 50, 100 

Gy 

3-6 w OI E20A E20A HP, DH Kurtar et al. 

2009 

X rays 200 Gy 4 w OI E20A + 

0.011 
IAA 

E20A + 

0.011 IAA  

HP, DH, 

TP 

Kosˇmrlj et 

al. 2013 

γ (Co60) 50, 75 Gy 4 w LB E20A + 

0.011 
IAA 

 HP, DH Ebrahimzade

h et al. 2013 

γ (Co60) 100 Gy 4 w LB E20A + 

0.01 IAA 
+ 2% 

Sucrose 

E20A + 0.01 

IAA + 2% 
Sucrose 

HP, DH Ebrahimzade

h et al. 2021 

 

CP: Chimeric (mixoploid) plantlet, DH: Double Haploid plantlet, γ 

(Co60): Gamma ray source (Cobalt 60), HP: Haploid plantlet, LB: light box 

containing a small white fluorescent lamp, LMC: liquid medium culture, 

MI: morphology identification, OI: opened individually, TP: tetraploid 

plantlet, XR: X-ray radiography 
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2. CHROMOSOME DOUBLING AND PLOIDY LEVEL 

DETERMINATION 

2.1. Ploidy Level Determination 

Generally the most known and useful methods for determining ploidy 

level are direct method (chromosome counting) and indirect methods 

(morphological observation, stomatal sizes, chloroplast counts and flow 

cytometry). 

 

a) Chromosome counts  

Counting for chromosomes in metaphase stage in actively growing 

cells is the oldest method. Although it can be done in cells at the stage of 

mitosis or meiosis; counting mitotic chromosomes is faster and easier. Root 

ends are the very important source of mitotic cells. If root-tips are not 

suitable, leaves, young buds, or calli cells may also be used. In this method, 

which requires a long time and effort; the cytological procedures for the 

preparation and staining of chromosomes vary according to the plant species 

and if plants are in an in vivo or in vitro conditions (Song et al. 2007; 

Mohamed and Refaei, 2004; Abdollahi et al. 2016; Dong et al. 2016). The 

Sang (2002) technique has been applied for chromosome counts. 

Nevertheless, chromosomes of several species in this family are too small 

and hard to determine even if by using a microscope of high power (Zhang 

et al. 2019a).  

b) Morphological Observation and Presence of Pollen 

Haploid plants have the characteristic of being a miniature of the same 

plant, showing the characteristics of its kind, but with smaller leaves, thinner 

stems, and shorter stature (Sari et al. 1999). They are also sterile due to their 

inability to form pollen. It is an old but still valid method to identify the 

plant by looking at its morphological and physiological characteristics and to 
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examine the pollen presence daily in greenhouse conditions, especially after 

the haploid plants are acclimated to the external environment (Kurtar et al. 

2002; Xie et al. 2006; Song et al. 2007) 

c) Stomatal Examinations and Chloroplast Counts 

Stomata are living structures that are formed by the differentiation of 

the epidermis in plants and that control transpiration and gas exchange in the 

plant with their opening and closing properties. Stomata consist of two guard 

cells, and inside the guard cells are chloroplasts, a cytoplasmic organelle 

called chloroplasts where photosynthesis takes place. It has been proven in 

many plant species that there is a linear relationship between the sizes of 

stomata in plants and the chloroplast numbers in guard cells and ploidy 

levels. Normally, this technique is known as cytological analysis in various 

studies (Sari et al. 1999; Kurtar and Balkaya, 2010; Min et al. 2016). 

d) Flow cytometry 

Mostly, in several current studies the ploidy levels of plantlet which 

regenerated from various plant crops including vegetables is determined by 

flow cytometry with taking sample fresh or young leaves for several 

cucurbits (Sari et al. 1999; Claveria et al. 2005; Gonzalo et al. 2011; Li et al. 

2013; Zhang et al. 2019b; Zou et al. 2020).  

2.2. Chromosome Doubling 

To produce pure inbred lines for fundamental study and like also 

commercial crops, the doubled haploids approach was developed. According 

to the protocol for each species, the approach typically begins with the 

generation of HPs followed by chromosome duplication that may be spaced 

and overlapped in specific time. Production of HPs is frequently required for 

greater optimization and has delayed research and developments in 
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chromosomal doubling techniques (Hooghvorst and Nogues, 2021). Haploid 

plantlets can be transformed to diploids through application of different 

chemical solutions including commonly known as colchicine solution that 

depending on in vivo or in vitro explants submerged in chromosome 

duplication chemicals as colchicine concentration at a specific time. 

Frequently, treatments of low colchicine concentration in short-term have 

given the pivotal results in a view of duplication and survival rates. For 

instance, (Lim et al. 2008; Solmaz et al. 2011b), described that in vivo shoot 

tips submerged into colchicine concentration of 5000 mgL-1 in two hours or 

in vitro single nodal/micro-cuttings explants into 500 mg L-1 of colchicine 

for twelve hours are an efficient protocol which can be applied in 

chromosome doubling processes for cucurbit plants. Besides, various 

chemicals for chromosome doubling known as reagents such as oryzalin, 

trifluralin, amiprophos-methyl are available on markets and are being 

successful application in many crops (Kato, 2001; Bae et al. 2020; Garcia‐

Lozano et al. 2021).  

The current protocol applied 50 mgL-1 of oryzalin for 18 hrs 

(Ebrahimzadeh et al. 2018). Prior to antimitotic application, roots and stems 

of plantlets have been cut into pieces of 3cm of length and have been 

incubated within a solution of antimitotic reagent in 5 hrs at 25°C under 

sterile conditions on a shaker at 120 rpm speed. Furthermore, the results 

demonstrated that increasing the concentration of antimitotic reagent also 

raise the rate of plantlet mortality to the 91.11% in the 1000 mg/l of 

colchicine concentration. In the other hand, the mid-range concentration 

experiment of oryzalin for 2.5 mg/l concentration demonstrated the high 

number of mortalities, at the rate of 34.78% (Hooghvorst et al. 2018; 

Hooghvorst and Nogues, 2021). Currently, many and various techniques 

such as morphological observations, marker-assisted selection, chromosome 
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counting, flow cytometry, pollen counts, cytological analysis, and seed 

germination are useful for ploidy level identification in cucurbit species 

(Dong et al. 2016; Sari and Solmaz 2021). The use of colchicine (0.1%) of 

haploid chromosome doubling in cucumber haploid shoot apical meristems 

that have immersed in colchicine solution for 1 hour. The ploidy levels for 

the plant were carried out utilizing flow cytometry after 30 days of culturing 

(Deng et al. 2020). 

CONCLUSION 

Most of researchers have been reported that haploid plant production 

technology has various factors (obstacles) that affect the increase of haploid 

plant formation level in Cucurbitaceae family including culture conditions, 

nutrient media, development stages, pre-treatment conditions, heat shock 

application, and genotypes of donor plants; for the case of genotype most 

cucurbit species are recalcitrant. According to many studies, it is very 

important to select appropriate genotypes for haploid plant stimulation by 

different techniques. Further studies are needed for efficient protocols in 

almost cucurbit haploid induction through gynogenesis and androgenesis for 

supporting and reducing the costs that have been found in using irradiated 

pollen methods. The genotype independent new protocols should be 

designed and developed via different research by improving existing ones 

particularly on modification of culture media, heat shock applications and 

cold pre-treatments. 

ABBREVIATIONS: 2, 4-D: 2-Dichlorophenoxyacetic Acid; DH: 

Doubled Haploid; GA3: Gibberellic Acid; MC: Microspore Culture; MS: 

Murashige and Skoog; NAA: a-Naphthaleneacetic Acid; IBA: Indole-3-

Butyric Acid; KIN: Kinetin; PGR: Plant Growth Regulator; PUT: 

Putrescine; SPD: Spermidine; TDZ: Thidiazuron; AC: Anther culture; DH: 
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Double Haploid; HP: Haploid plantlet; OC: Ovary/Ovule culture; TP: 

tetraploid plantlet; CP: Chimeric plantlet; γ (Co60): Gamma ray source 

(Cobalt 60); LB: light box containing a small white fluorescent lamp; BA: 

N6-Benzylaminopurine; LMC: liquid medium culture; MI: morphology 

identification; OI: opened individually; XR: X-ray radiography. 
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1. INTRODUCTION 

Drying is the process of removing water or other liquids from gases, 

liquids, and solids. However, the most common use of the concept of drying 

is the process of removing water or volatile substances from solid materials 

by thermal methods (Güngör and Özbalta, 2009). 

Drying is a complicated process that involves simultaneous heat and 

mass transfer. Water molecule transport has a close relationship with the 

drying process, including molecular diffusion, such as capillary motion, liquid 

diffusion, vapor diffusion, and hydrodynamics (Çelen et al., 2017).  

Industrial raw materials include many different products due to their 

formation and usage areas, and the products included in this scope have a high 

importance in Turkish mining and export of mineral products. In this context, 

feldspar, perlite and pumice, magnesite, bentonite, trona, cement raw 

materials, sepiolite, ceramic clays and kaolin, quartz, quartz sand and quartzite 

and phosphate have been identified as important raw materials among 

industrial raw materials (Turkish Republic Ministry of Development, 2015). 

Silica (quartz) sand is abundant in the earth's crust. The main areas of 

use are the glass industry, the casting industry, the refractory industry, 

chemistry, filtration, and construction industries (Kurşun and İpekoğlu, 1995). 

The literature introduces a wide range of industrial dryers for materials 

with various qualities. Some of these dryers are fluidized bed dryers 

(Chuwattanakul et al., 2022), spray dryers (Baker and McKenzie, 2005),  

vacuum dryer (Mella et al., 2022(, microwave-solar dryers (Çelen and Arda, 

2019), infrared dryers (Ning et al., 2015), microwave dryers (Köse Tınmaz et 

al., 2019). 

Fluidized bed dryers can be divided into horizontal and vertical types 

according to the location of the fluidized bed drying chamber. Fluid bed dryers 

have the advantages of high product quality, short drying time, simple 
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construction, and low procurement and maintenance costs (Yahya et al., 

2022). Also, one of the most significant benefits of these dryers is that 

adequate mixing takes place during the drying process, increasing drying 

efficiency (Nabizadeh et al., 2020). In addition, they can be used to dry wet 

granular and granular materials such as agricultural (rice, wheat, soybean, and 

corn), pharmaceutical, chemical, food, herbal, and heat-sensitive products 

(Yahya et al., 2022). 

A typical fluidized bed drying system consists of a gas blower, a heater, 

a fluidized bed column, and gas cleaning systems such as cyclones, bag filters, 

precipitators, and scrubbers. Sometimes the off-gas is partially recycled to 

save energy (Mujumdar, 2006). 

The conditions that occur in the bed according to the air velocity in 

fluidized bed dryers are shown in Figure 1. When air is supplied to the system 

faster than the ideal fluidization rate, the bubbles increase, causing large voids 

and violent boiling in the dryer. The system in which this type of boiling is 

applied is called a turbulent fluidized bed (Erbaş, 2007). 

 

 
Figure 1: Bubbles that may form in the fluidized bed (Kunii and Levenspiel, 1977) 

 

In the fluidized bed dryer, the wet material is loaded into the drying 

chamber of the batch fluidized bed dryer before the drying air starts to 

circulate. After the material is completely dry, it is removed from the drying 
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chamber. In this study, the drying behavior of silica sand with three different 

temperatures given from the bottom was investigated. 

 

2. MATERIALS AND METHOD 

2.1. Silica Sand 

The silica sand used in this research was obtained from a company that 

produces and distributes cement, ready-mixed concrete, and aggregates. The 

silica sand obtained from the rocks is extracted with an average of 10% 

moisture. In order for it to be used in concrete production, the product 

moisture needs to be below 0.05% (Figure 2). 

 

 
Figure 2: Silica sand sample 

 

2.2. Sieve and Moisture Analyzer 

It is aimed at determining the grain size of silica sand used in drying 

experiments with thesieve analysis method. In this study, the particle sizes of 

the silica sand sample were determined with the sieve analyzer in the 

laboratory of Asos Proses Makina (Figure 3a). The moisture values of the 

samples taken at the beginning and during the experiments of the silica sand 

used in the drying experiments were measured with the RADWAG brand 

moisture analyzer (Figure 3b).  
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(a)                                                            (b) 

Figure 3: a) Sieve analyzer, b) Moisture Analyzer 

 

2.3. Density Test Apparatus 

In this study, the bulk density of the product was measured with the 

bulk density device and balance in the laboratory of Asos Process Engineering 

(Figure 4). 

 

 
Figure 4: Bulk density meter and balance 

 

2.4. Vertical Type Fluid Bed Dryer 

The vertical type fluidized bed dryer used in the experiment is a 

stainless steel dryer with a diameter of 108 mm, a product chamber length of 

151 mm, and a total height of 853 mm. There is a perforated stainless steel 
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sheet with 2 mm diameter holes inside. The drying system is a computer-

controlled system (Figure 5). 

 

 
Figure 5: Pilot vertical type fluidized bed dryer 

 

2.5. Method 

2.5.1. Test Parameters and Measurement 

This study was carried out with a moist silica sand sample obtained 

from a construction company in the laboratory of Asos Proses Makina factory. 

Among the factors affecting the drying process in the drying experiment, 

temperature, bed height, and particle size parameters were investigated. 

During the experiments carried out, the product temperature and product 

moisture values at the end of the 3rd, 6th, 9th, and 12th minutes were 

measured. The product temperature was measured with a thermometer during 

sampling. The product moisture of the product samples taken at the specified 

minutes was measured with a moisture analyzer (Şengül, 2022). 

The drying air temperature used in the experiments was determined as 

90°C, 120 °C, and 150 °C, and the experiments were carried out at these 
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temperatures. The drying experiments of the silica sand used in the study were 

carried out at 150 mm bed height. In order to determine the particle size of the 

silica sand, it was dried in an oven at 105 ⁰C for 24 hours and subjected to 

sieve analysis. According to the analysis results, the accepted particle size was 

910 µm. 

Bulk density is the bulk solid mass of interparticle voids that occupies 

a unit volume of a bed. In order to determine the particle size, the free bulk 

density was measured with the sample taken from the sand, which was dried 

in an oven at 105°C for 24 hours and provided moist (Table 1). 

 

Table 1. Silica sand free bulk density 

Weight (g)  Volume (ml)  Density (g/ml)  

139.53 100 1.3953 

139.05 100 1.3905 

140.95 100 1.4095 
 Average: 1.3984 

 

In order to measure the initial moisture values of silica sand, which was 

supplied in three different sizes and kept in an airtight manner, separate 

samples were taken and three measurements were made in the moisture 

analyzer. According to the values obtained, the average initial moisture values 

of the samples were determined as 9.57%. 

 

3. RESEARCH FINDINGS 

3.1. Moisture Change Analysis 

In Experiment 1, the values of which are given in Table 2, silica sand 

with an initial moisture of 9.57%, a bed height of 150 mm, and a wet weight 

of 2718 g was subjected to drying at 90 °C air temperature for 12 minutes. 

The experiments were carried out with vibration to provide fluidization to the 

sand. At the 3rd minute of the sample, the product temperature was measured 
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at 32.40 °C and the product moisture was 5.217%. The product temperature at 

the 6th minute was 35.25 °C and the product moisture was 1.495%. The 

product temperature at the 9th minute was 52.21 °C and the product moisture 

was 0.664%. At the 12th minute, the product temperature was 57.18 °C and 

the product moisture was 0.622% (Figure 6).  

Table 2. Experiment (Exp)-1, dp1= 0.000910 m, h= 150 mm, T= 90 °C drying table 

Exp PS (m) 
BH 

(mm) 

DT 

(°C) 

 IM 

(%) 

DT 

(min) 

 PT 

(◦C) 

PM 

(%) 

Exp-1 0,000910 150 90 9,57 3 32,40 5,217 

Exp-1 0,000910 150 90 9,57 6 35,25 1,495 

Exp-1 0,000910 150 90 9,57 9 52,21 0,664 

Exp-1 0,000910 150 90 9,57 12 57,18 0,622 

PS: Particle Size, BH. Bed Height, DT: Drying Temperature, IM: Initial Moisture, 

DT: Drying Time, PT: Product Temperature, PM: Product Moisture 

 

 

Figure 6: Experiment -1, dp1= 0,000910 m, h= 150 mm, T= 90 °C product 

moistureand temperature change 

 

In Experiment 2, the values of which are given in Table 3, silica sand 

with an initial moisture of 9.57%, a bed height of 150 mm, and a wet weight 

of 2718 g was subjected to drying at 90 °C air temperature for 12 minutes. 
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The experiments were carried out with vibration to provide fluidization to the 

sand. At the 3rd minute of the sample, the product temperature was measured 

at 38.40 °C and the product moisture was 2.483%. The product temperature at 

the 6th minute was 48.40 °C and the product moisture was 0.529%. The 

product temperature at the 9th minute was 67.50 °C and the product moisture 

was 0.141%. At the 12th minute, the product temperature was 74.00 °C and 

the product moisture was 0.099% (Figure 7).  

 

Table 3. Experiment-2, dp1= 0.000910 m, h= 150 mm, T= 120 °C drying table 

Exp PS (m) 
BH 

(mm) 

DT 

(°C) 

IM 

(%) 

DT 

(min) 
PT (◦C) 

PM 

(%) 

Exp-2 0,000910 150mm 120 °C 9,57% 3 38,40 °C 2,483% 

Exp-2 0,000910 150mm 120 °C 9,57% 6 48,30 °C 0,529% 

Exp-2 0,000910 150mm 120 °C 9,57% 9 67,50 °C 0,141% 

Exp-2 0,000910 150mm 120 °C 9,57% 12 74,00 °C 0,099% 

 

 
Figure 7: Experiment-2, dp1= 0,000910 m, h= 150 mm, T= 120 °C product moisture 

and temperature change 

 

%9,570

%2,483 %0,529 %0,141 %0,099

38,40 48,30

67,50
74,00

0,00

20,00

40,00

60,00

80,00

100,00

120,00

%0,000

%2,000

%4,000

%6,000

%8,000

%10,000

0 1 2 3 4 5 6 7 8 9 10 11 12 S
a
m

p
le

 T
em

p
er

a
tu

re
, 

°C

M
o
is

tu
re

 R
a
ti

o
, 

%

Time, min

120 °C, 150mm  - moisture change

120 °C, 150mm  - sample temperature



67 | AGRICULTURAL PRACTICES AND SUSTAINABLE MANAGEMENT IN TÜRKİYE 

In Experiment 3, the values of which are given in Table 2.4, silica sand 

with an initial moisture of 9.57%, a bed height of 150 mm, and a wet weight 

of 2718 g was subjected to drying at 90 °C air temperature for 12 minutes. 

The experiments were carried out with vibration to provide fluidization to the 

sand. At the 3rd minute of the sample, the product temperature was measured 

at 66.50 °C and the product moisture was 1.171%. The product temperature at 

the 6th minute was 89.50 °C and the product moisture was 0.423%. The 

product temperature at the 9th minute was 98.80 °C and the product moisture 

was 0.086%. At the 12th minute, the product temperature was 99.10 °C and 

the product moisture was 0.044% (Figure 8).  

 

Table 4. Experiment-3, dp1= 0.000910 m, h= 150 mm, T= 150 °C drying table 

Exp PS (m) 
BH 

(mm) 

DT 

(°C) 

IM 

(%) 

DT 

(min) 
PT (◦C) 

PM 

(%) 

Exp-3 0,000910 150mm 150 °C 9,57% 3 66,50 °C %1,171 

Exp-3 0,000910 150mm 150 °C 9,57% 6 89,50 °C %0,423 

Exp-3 0,000910 150mm 150 °C 9,57% 9 98,80 °C %0,086 

Exp-3 0,000910 150mm 150 °C 9,57% 12 99,10 °C %0,044 

 

 

Figure 8: Experiment-3, dp1= 0,000910 m, h= 150 mm, T= 150 °C product moisture 

and temperature change 
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When figure 9 is evaluated, it is observed that the moisture of the 

product decreases over time and the temperature increases over time. The 

time-dependent graph of the moisture loss of the product according to the 

drying air temperature of silica sand with a diameter of 0.000910 m and a bed 

height of 150 mm is shown in Figure 9. 

 

Figure 9: dp1=0.000910 m, h=150mm, 90°C-120°C-150°C product moisture 

change comparison chart 

 

In all experiments, it was observed that the moisture content decreased 

as the temperature increased. 

Figure 10 shows the thermal camera images during the drying of the 

silica sand sample with a dp3=0.000910 m bed height of 150 mm and an air 

temperature of 90 °C, 120 °C, and 150 °C, respectively, in a vertical type 

fluidized bed dryer for 12 minutes. In thermal analysis, the green parts in the 

chamber are the distribution of silica sand samples within the chamber that 

have started to dry. The red parts are the overheated parts. Since hot air is 

supplied to the dryer from the bottom, the bottom of the product is the hottest 

part. 
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Figure 10: Thermal camera images at 90 °C, 120 °C and 150 °C air temperatures 

 

4. CONCLUSION 

In this study, the effects of drying of silica sand at three different drying 

temperatures (90 °C, 120 °C, and 150 °C) in a vertical fluidized bed dryer on 

parameters such as 0.000910 m particle size and 150 mm bed height were 

experimentally investigated. In all experiments, it was observed that the 

moisture decreased with temperature. In the analysis made with a thermal 

camera, it has been observed that drying at 150°C is effective and dries in the 

shortest time. 
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INTRODUCTION 

Malkara district of Tekirdağ province, located in the Thrace region, 

has been home to agriculture for many years. The district is located 56 km 

from the center of Tekirdag. Keşan is located in the west of the district, 

Uzunköprü in the northwest, Hayrabolu in the northeast, Şarköy in the 

southeast and Gelibolu in the south. Located between 40.54 north latitude 

and 26.52 east longitude in the world, the district has the largest land area in 

Tekirdağ province and its surface area is 1.225 km² [Fig. 1 (Anonymous, 

2022a) and Fig. 2 (Anonymous, 2022b)].  

 

Figure 1: Map of Tekirdağ province (Anonymous, 2022a). 
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Tekirdağ İdari Haritası: Tekirdağ Administrative Map 

Marmara Denizi: Sea of Marmara 

 

Figure 2: Map of Malkara district (Anonymous, 2022b). 

The district usually consists of level lands, and therefore there are no 

high mountains, valleys. In general, the soils are eroded and have the 

appearance of a plateau with a semi-plain characteristic from the hills 

(Anonymous, 2022c). There are no large streams in the district in terms of 

surface shapes. There are creeks feeding ponds and dams. 

Malkara district is a region with semi-terrestrial climate 

characteristics. In winter, cold and rainy weather shows its effect in the 

region. Summer months are generally hot and dry. Spring and autumn 

months are generally rainy. Meteorological data of Tekirdağ province are 

shown in Table 1 (Anonymous, 2022d). Although the agricultural soils of 
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Malkara district are stone-free, deep-structured and around neutral in terms 

of pH, the most obvious deficiency of the agricultural soils of the region is 

that they are getting poorer day by day in terms of organic matter and the 

amount of available Zn is insufficient (Bellitürk, 2011; Bellitürk, 2019). In 

this regard, soil analysis should be given importance especially in wheat and 

sunflower agriculture, which is intensively done in the region, and producers 

should be informed and even supported about the widespread use of organic 

and organo mineral fertilizers in addition to chemical fertilizers in 

fertilization programs (Bellitürk and Çelik, 2022). 

Table 1: Tekirdağ province meteorological data (Anonymous, 2022d). 
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In this study, the situation of agricultural production potential in 

Malkara district of Tekirdağ province, which is one of the most important 

centers of agriculture in Turkey, in the last five years has been examined and 

evaluated. In this compilation study, the last five years of plant and animal 

information belonging to the Malkara district of Tekirdağ province were 

evaluated according to the examination and scientific criteria. 

2. AGRICULTURAL PRODUCTION IN MALKARA 

DISTRICT 

2.1. Plant Production 

Malkara district has been prominent with agriculture since pre-

Republican times. Reasons such as the flatness of the surface, the favorable 

climatic conditions, the fertility of the soil, and the easy marketing of the 

cultivated products have brought this district to the forefront in the field of 

agriculture. Agriculture is carried out mainly in open field conditions in the 

region. There has been an increase in the cultivated agricultural areas in the 

district day by day. The data for the last five years of the cultivated areas in 

Malkara district are shown in Table 2 (TURKSTAT, 2022). 

Table 2: Cultivated areas in Malkara district of Tekirdağ province. 

Production Year Cultivated Area (da) 

2017 759.929,40 

2018 759.233,40 

2019 750.539,40 

2020 750.589,50 

2021 795.781,00 

 

As seen in Table 2, a significant increase has been observed in the 

cultivated agricultural areas in recent years. It has been understood that the 
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main reason for this increase is the increase in the demand for food of the 

increasing population day by day and that production should be done in all 

agricultural areas that can be cultivated in order to meet this demand. 

According to the data of the Ministry of Agriculture and Forestry in 

the district, the number of registered farmers has been increasing in recent 

years. The data regarding the number of farmers registered in the Farmer 

Registration System for the last five years in Malkara district are shown in 

Table 3 (Ministry of Agriculture and Forestry, 2022). 

Table 3: Number of farmers registered in the Farmer Registration System in 

Malkara district of Tekirdağ province. 

Production year Number of farmers (person) 

2017 6364 

2018 6348 

2019 6201 

2020 6142 

2021 6262 

 

The products with the highest cultivation rate in in open field 

agriculture, which is mainly carried out in Malkara district, are cereals. 

Wheat is one of the most important cereals cultivated in the district. Since 

wheat is a strategic plant that has been cultivated for years in region 

conditions, its cultivation increases every year. Wheat, which is the raw 

material of flour, has wide cultivation areas in the region. Modern 

agricultural practices in the district, use of certified pure seeds, timely and 

adequate fertilization, effective struggle against diseases and pests, and 

climate have contributed greatly to the increase in yield in wheat cultivation 

areas. This increase in yield has enabled the increase in wheat production in 

the district every year. The information about the wheat cultivation area, 
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yield and production amount for the last five years in Malkara district is 

shown in Table 4. 

Table 4: Data of wheat cultivation area, yield and production amount in 

Malkara district of Tekirdağ province. 

Production year 
Cultivation 

area(da) 
Yield (kg/da) 

Production amount 
(ton) 

2017 373.150 450 168.098 

2018 369.542 320 115.483 

2019 367.388 464 170.372 

2020 373.463 380 141.720 

2021 367.893 527 194.042 

 

Although there are small fluctuations in the cultivation area seen 

in Table 4 depending on the years, it has been seen that the production 

amount has increased with the modern agricultural methods applied in 

the district. 

After wheat, the most cultivated plant in the district is 

sunflower. Sunflower, an oily plant, is a plant that has been cultivated 

in the region for years and contributes to the local economy. The 

increase in the demand for oil crops in our country has led to an 

increase in the agricultural areas where sunflowers are cultivated in 

recent years. The cultivation of sunflower in the region has been 

gaining momentum in recent years and has contributed positively to 

the amount of yield obtained from the unit area. The information on 

the cultivation area, yield and production amount of the sunflower 

plant in the last five years of Malkara district is shown in Table 5 

(TURKSTAT, 2022). 
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Table 5: Data of sunflower cultivation area, yield and production amount in 

Malkara district of Tekirdağ province. 

Production year 
Cultivation 

area(da) 
Yield (kg/da) 

Production amount 
(ton) 

2017 287.350 225 64.555 

2018 292.364 241 70.320 

2019 257.128 250 64.394 

2020 281.844 246 69.325 

2021 329.650 240 78.955 

 

As seen in Table 5, although there are small fluctuations in the amount 

of yield depending on the years, the increase in the amount of cultivation 

area has made a positive contribution to the increase in the total production 

amount. 

Livestock farming is predominantly carried out besides agriculture in 

Malkara district. The cultivation of forage crops is of great importance in the 

district due to the widespread livestock farming. Forage crops in the district 

are the most cultivated crops after sunflower. There is diversity in the 

cultivated forage plants. The most cultivated forage crops in the region can 

be listed as barley (forage), corn (silage), alfalfa (green grass), Hungarian 

vetch (green grass). 

The information on the cultivation area, yield and production amount 

of the forage crops in the last five years of Malkara district is shown in Table 

6, Table 7, Table 8 and Table 9 (TURKSTAT, 2022). 
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Table 6: Data of barley (forage) cultivation area, yield and production amount in 

Malkara district of Tekirdağ province. 

Production year 
Cultivation 

area(da) 
Yield (kg/da) 

Production amount 
(ton) 

2017 32.034 554 17.748 

2018 33.542 319 10.694 

2019 35.000 505 17.670 

2020 23.030 427 9.845 

2021 26.700 576 15.373 

Table 7: Data of corn (silage) cultivation area, yield and production amount in 

Malkara district of Tekirdağ province. 

Production year 
Cultivation 

area(da) 
Yield (kg/da) 

Production amount 
(ton) 

2017 22.900 4640 106.250 

2018 24.140 4638 111.962 

2019 25.000 4636 115.900 

2020 19.000 4595 87.300 

2021 17.000 4894 83.200 

Table 8: Data of alfalfa (green grass) cultivation area, yield and production amount 

in Malkara district of Tekirdağ province. 

Production year 
Cultivation 

area(da) 
Yield (kg/da) 

Production amount 
(ton) 

2017 11.675 4400 51.370 

2018 12.800 4600 58.880 

2019 13.500 4600 62.100 

2020 12.000 4600 55.200 

2021 10.200 4600 46.920 
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Table 9: Data of Hungarian vetch (green grass) cultivation area, yield and 

production amount in Malkara district of Tekirdağ province. 

Production year 
Cultivation 

area(da) 
Yield (kg/da) 

Production amount 
(ton) 

2017 11.000 2200 24.200 

2018 12.000 3000 36.000 

2019 10.000 3000 30.000 

2020 9.000 3000 27.000 

2021 8.250 3000 24.750 

 

Canola is the most cultivated plant after forage crops in Malkara 

district. Canola plant is cultivated in the region as an alternative product for 

oil crops. It is seen that the cultivation areas of the canola plant, which is 

widely cultivated in the Thrace region, have been on the rise in recent years. 

The increase in cultivation areas, affiliated with the applied modern 

agricultural methods, naturally resulted in an increase in yield and total 

production amount. The canola cultivation areas, yield and production 

amount for the last five years of Malkara district are shown in Table 10 

(TURKSTAT, 2022). 

Table 10: Data of canola cultivation area, yield and production amount in Malkara 

district of Tekirdağ province. 

Production year 
Cultivation 

area(da) 
Yield (kg/da) 

Production amount 
(ton) 

2017 4.000 271 1.083 

2018 8.985 330 2.965 

2019 15.530 360 5.591 

2020 13.000 360 4.680 

2021 18.000 389 7.010 
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An image taken from a sunflower field in Malkara district of Tekirdağ 

province is presented in Figure 3, and another image taken from a canola 

field is presented in Figure 4 below. 

 

Figure 3. A view from the sunflower field of Kozyörük neighborhood of 

Malkara district. 
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Figure 4: View of canola field from Balabancık neighborhood of Malkara district. 

It is seen that the yield amounts of the plants cultivated in the district 

are on the rise every passing year. Correct and timely fertilization comes at 
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the beginning of this increase in yield. In the district where livestock farming 

is intense, well-burned farm manure obtained from animal feces is used in 

the agricultural areas. Chemical fertilizers, which are widely used in the 

district, and solid organomineral fertilizers, which have recently been widely 

used, contribute greatly to this yield increase. The use of chemical fertilizers 

for the last five years and solid organomineral fertilizers for the last three 

years are shown in Table 11 and Table 12 (Ministry of Agriculture and 

Forestry, 2022). 

Table 11: Chemical fertilizer amounts used in Malkara district of Tekirdağ 

province. 

Production year Chemical fertilizer amount (kg) 

2017 39.215,725 

2018 28.440,000 

2019 38.165,550 

2020 38.052,000 

2021 27.405,610 

 

Table 12: Solid organomineral fertilizer amounts used Malkara district of Tekirdağ 

province. 

Production year 
Number of 

user 
Total amount of use (kg) 

2019 181 592.250 

2020 171 459.475 

2021 565 1.634.360 

 

When the tables are examined, a serious decrease has been observed 

in the use of chemical fertilizers in recent years. The main reason for this 

decrease is the increase in fertilizer prices. In recent years, with the Solid 

Organic-Organomineral Fertilizer Support, which has an important support 

from the Ministry of Agriculture and Forestry in our country, the use of 
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organic fertilizers by the farmers in our district has started to become 

widespread. 

These fertilizers can be easily obtained by the farmers from 24 

fertilizer dealers in the district. Besides, there are 16 Plant Protection 

Products Dealers providing easy access to plant protection products used in 

the struggle against plant diseases. The rate of mechanization is high in the 

region and there are 10 Agricultural Equipment and Machinery Production-

Sales enterprises in the district. 

2.2. Animal Production 

Malkara district has an important place in Turkey in terms of animal 

presence and quality. In general, cattle and small cattle breeding is 

widespread. Although not in large quantities, beekeeping and egg poultry 

farming are carried out. Dairy farming is done intensively in the district. The 

majority of the cows are pure Holstein and Simmental breeding with high 

productivity. Besides, it is an open market in terms of breeding animals. 

There are two feed factories in the district. Producers can meet their 

animal feed needs from this factory, as well as easily obtain them from feed 

factories, producer cooperatives and grain producers in the surrounding 

provinces and districts. Besides, by means of the various forage plants 

cultivated in the district, producers can produce their own feed. There is one 

Meat Combination Plant belonging to Tekirdağ Metropolitan Municipality in 

the district. Thus, the slaughter of the animals is easily done under veterinary 

control in a hygienic environment in accordance with Islamic conditions. 

Private veterinary clinics serving producers are considerably common. 

Besides, vaccination and tagging services are provided to the animals by the 

District Directorate of Agriculture and Forestry. 

Various supports are provided to the producers by the Ministry of 

Agriculture and Forestry. Besides, long-term credits are provided by public 
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and private banks with low interest rates. Since all these positive 

developments have contributed positively to livestock activities, the number 

of animals in the district has started to increase. Data of cattle and sheep and 

goat existence in Malkara district are shown in Table 13 (TUIK, 2022). 

Table 13: Animal existence in Malkara district of Tekirdağ province. 

Production year Sheep and goat existence Cattle existence 

2017 58.490 55.136 

2018 58.550 55.021 

2019 59.360 54.317 

2020 60.250 55.845 

2021 66.400 56.377 

 

2.3. Agricultural Economics and Subsistence 

A large part of the economy of Malkara district is based on agriculture 

and livestock farming. The size and productivity of the agricultural lands in 

the district, the adequate climatic conditions, the variety of products, the 

second crop cultivation after the harvest of some products, and the good 

irrigation opportunities are of great importance in the economic development 

of agriculture. 

Agricultural Organization has an important place in the district. In this 

context, 71 Cooperatives and Unions, including 57 Agricultural 

Development Cooperatives, 8 Irrigation Cooperatives, 1 Aquaculture 

Cooperative, Dairy Producers Union, Red Meat Producers Union, Breeding 

Sheep-Goat Producers Union, Cattle Producers Union and Honey Producers 

Union, are present. There are also many local dealers who enable the farmers 

to market their products. Various long-term and low-interest credits are 

provided to the farmers by the bank with repayment at harvest time. 

Most of the people living in rural areas are engaged in livestock 

farming as well as agriculture. The production of 'Malkara Old Kashar 
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Cheese' which is the geographically indicated product of the district and 

other cheese varieties, are intense (Anonymous, 2022e). Since the presence 

of large dairy factories and many small and medium-sized dairy farms in the 

region increases the demand for milk, milk is both easy to market and has a 

high economic value. Besides, support is given by the ministry for milk and 

meat production in the district. 

Agriculture and livestock farming supports are given prevalently in 

the district by the Ministry of Agriculture and Forestry. Supports for plant 

production can be listed as Diesel and Fertilizer Support, Certified Seed Use 

Support, Forage Crops Support, Cereals, Legumes and Grain Corn 

Deficiency Payments, Oil Seeds Deficiency Payments, Solid Organic-

Organomineral Fertilizer Support, Licensed Warehousing Supports. The 

supports given for animal production are Calf Support, Mother Sheep and 

Goat Support, Herd Growth and Renewal Support, Beehive Support, Herd 

Manager (shepherd) Employment Support, Raw Milk Support. Besides, 

grant supports are provided by the ministry at certain rates at certain times. 

The income status of people engaged in agriculture and livestock farming is 

generally high. 

Tourism opportunities in the district are limited. Malkara Organized 

Industrial Zone, which was established in the district, provided job 

opportunities to many people in the region. 

A view of Malkara Old Kashar Cheese, a geographically indicated 

product of Malkara district, is given in Figure 5 (Anonymous 2022f). 
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Figure 5: A view of geographically indicated Malkara Old Kashar Cheese 

(Anonymous, 2022f). 
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2.4. Population and Number of Villages 

Agriculture is done intensively in Malkara district. In the post-

Republican period, the majority of the population lived in rural areas, as a 

large part of the population was engaged in agriculture. However, in recent 

years, there have been migration movements from rural areas to cities with 

the increase in the attraction to district life. The reasons such as the restricted 

opportunities in rural areas, the inadequacy of social activities and the lack 

of interest of the young population in agriculture have caused this migration 

to increase. A large part of the population lives in the district center and they 

generally reside in the village for a certain period of time during planting and 

harvesting. When the production season is over, they continue to live in the 

district center. Generally, people with higher average age reside in the 

villages. Malkara is the second district with the highest number of villages in 

Tekirdağ. There are 77 neighborhoods in the district. 4 of these 

neighborhoods are central neighborhoods and 73 of them are mentioned as 

villages. Population data of the Malkara district for the years 1940-2020 are 

shown in Table 14 (Anonymous, 2022g). 

Table 14: Population data of Malkara district of Tekirdağ province. 

Year Total population City population Rural population 

1940 38.113 4.576 33.537 

1950 44.363 5.971 38.392 

1960 53.868 9.364 44.504 

1970 57.720 13.108 44.612 

1980 58.829 15.425 43.404 

1990 62.524 20.180 42.344 

2000 59.125 24.898 34.227 

2010 54.315 27.787 26.528 

2020 52.101 30.263 21.838 

 



AGRICULTURAL PRACTICES AND SUSTAINABLE MANAGEMENT IN TÜRKİYE| 90 

3. Conclusion and Suggestions 

Malkara district of Tekirdag province, whose agricultural and animal 

production information has been given above and evaluated according to 

scientific criteria, constitutes one of the important agricultural centers of our 

country. However, in recent years, some problems have occurred in 

agricultural production due to some reasons such as excessive price changes 

in agricultural inputs and the global climate. Moreover, these problems are 

present throughout our country. However, the precautions taken by the 

Ministry of Agriculture and Forestry and the incentives given to the 

producers reduce the impact of these problems and partially relieve the 

producers. However, the fact that the producers give more importance to soil 

analysis, make fertilization programs and spraying applications more 

professionally will positively affect the course of agricultural production. In 

recent years, some problems have occurred in livestock farming in the 

district due to the increase in feed and energy prices, and this situation needs 

to be solved urgently. This is a global problem and partially affects the 

district negatively. 

The agricultural lands of Malkara district, where wheat, sunflower, 

silage corn, barley, canola and alfalfa are cultivated intensively, must be 

analyzed from year to year. Moreover, there are soil analysis laboratories 

authorized by the Ministry of Agriculture and Forestry in the region and at 

many points close to the region. Training and demonstration studies should 

be carried out and followed up on the use of this advantage by the producers. 

It is known that chemical fertilizers are used above the average of our 

country in Malkara district, where cereals production is intense. In this 

regard, it is very important to prevent the use of excessive fertilizers by 

following the producers and soil analyzes in terms of both reducing input 
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costs and preventing environmental pollution. Although the producers prefer 

chemical fertilizers as fertilizers, they should also be supported and informed 

about using organic (for example, compost, vermicompost, green manure, 

algae fertilizer) and organo mineral fertilizers. In this regard, the financial 

supports of the Ministry of Agriculture and Forestry are still continuing. 

Incentive, project and demonstration studies should be carried out on 

the use of animal wastes as compost in the facilities where livestock farming 

is performed in the region and their use as organic fertilizers in agricultural 

areas. Although this subject is popular all over the world, it is also essential 

for Malkara district, considering the excessively increasing prices of 

chemical fertilizers today. The use of the wastes as organic fertilizers is 

extremely important in terms of its contribution to agricultural areas, 

preventing environmental pollution and also reducing agricultural inputs. 

As a result, agriculture and livestock farming are important means of 

existence in Malkara district, and it is extremely important to increase 

incentives and support and training programs in this regard. Malkara district 

is one of the important centers of agriculture against the increasing 

population of the country. It is seen as an obligatory requirement to include 

agriculture among the priority issues with the help of incentives, different 

supports and farmer training programs to be performed in the future in the 

region. Considering its past and present contributions to agricultural 

production, it is estimated that Malkara district will add value to agricultural 

production in the future. In terms of geographical location and soil structure, 

Malkara district has the characteristics of a full agricultural city and is an 

important center of attraction in terms of agricultural production. 
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1. INTRODUCTION  

The increase in temperatures of last decade and alarming projection in 

coming decades with increase in CO2 and more variable precipitations due to 

climate changes are hampering agriculture production. Soon some plant 

species will not able to rely on their own defense and adaptation mechanisms 

(Hatfield and Walthall, 2014). Legumes and vegetables are among vulnerable 

species in which yield losses are being observed. Effects of climate changes 

particularly abiotic stresses are detrimental to grain quality and composition 

of food legumes (Sarkar et al., 2021). Moreover, abiotic stresses such as heat, 

cold, drought, and salinity are known to considerably reduce vegetables yields 

(Malhi et al., 2021; Shimira and Taşkın, 2022). Legumes and vegetables 

provide innumerable dietary and health benefits. Because of their higher 

protein contents, fibers, essential amino acids, minerals, vitamins, and 

phytochemicals, these crops are gaining popularity among consumers and the 

food industry. Legumes and vegetables, which contain all of the 

aforementioned phytonutriceuticals, may safeguard humans from chronic 

diseases while also addressing pressing global nutrition issues (Dias, 2012; 

Keskin et al, 2022). 

Nowadays, the only promising solution to mitigate these challenges is 

to rely on sustainable agriculture that involve the use of resilient crops species 

with high yield and limited environmental impact (Tian et al, 2020). 

Commonly, sustainable agriculture is defined as crop production that does not 

impact the environment, biodiversity, and agricultural crop quality. Producing 

crops sustainably optimizes the system's ability to maintain constant quality 

and yield over time without increasing the necessity for agricultural chemical 

inputs to ensure continued management (Imadi et al., 2016). Sustainable crop 

production involves adding organic matter to the soil, improving nutrient 

quality, adopting integrated pest management, and reducing pesticide use. 
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Most of these environmentally friendly practices are aimed at preserving 

biodiversity and ensuring food security, as well as lowering global carbon 

footprint and greenhouse gas emissions (Imadi et al., 2016; Shimira et al., 

2021).  

Additionally, breakthroughs in plant breeding technologies have been 

employed by scientists and breeders for crop quality and yield improvement 

through the development of improved pest-resistant and multi-stress tolerant 

crop varieties. All of these research initiatives have helped to limit yield loss 

due to climate adversities, weeds, diseases, and insects while also greatly 

increasing yields. For the future, novel technologies such as precision farming, 

which uses GPS, sensors, and drones are expected to straighten sustainable 

agricultural practices (Smyth et al., 2022). In the sake of reducing climate 

adversities such as abiotic stresses biochar application is greatly considered 

by scientific community as an environmentally friendly solution for soil 

fertility replenishment, contaminant immobilization, in situ carbon 

sequestration, and wastewater treatment. Thus, biochar is made through the 

partial or complete combustion of biomass or organic waste in absence of 

oxygen. In other words, it is made under the controlled thermochemical 

combustion of organic materials (Ali et al., 2017; Egamberdieva et al., 2022; 

Wang et al., 2022). Although in these days, biochar material is re-gaining 

popularity, anthropological reports shows that it was used in ancient time by 

the pre-Columbian Indios as a soil supplement. It was regularly applied to 

soils to preserve fertility which have given a nutrient-rich soils known as Terra 

Preta do Indio (Nguyen et al., 2022). 

In this chapter, we highlighted all different research findings on the role 

of biochar application in mitigating abiotic stresses particularly drought and 

soil salinity that are responsible of huge crop yield losses. Prospective use of 

biochar for soil health improvement and its role in rising yield of legumes and 
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vegetables as well as its mechanisms of actions that allows crop development 

under drought and saline stress conditions were also discussed in this chapter. 

2. BIOCHAR AMENDMENT AND ITS MECHANISMS OF 

ACTIONS 

Biochar is now widely used for soil improvement in agricultural 

production systems and environmental remediation, owing to its physico-

chemical properties (Figure 1). These features improve the overall biological 

and physio-biochemical status of the soil. It is also one of the key reasons why 

biochar amendment is becoming increasingly popular (Egamberdieva et al., 

2022; Imran et al., 2022). Biochar is a carbon-rich material with key attributes 

including high alkalinity and high surface adsorption potential. Moreover, 

biochar is a soil conditioner, a bio-stimulant and a fertilizer that boosts crop 

production. Biochar is also frequently combined with other materials to create 

biochar composites that can be used as soil amendments. Biochar amendment 

has been proposed as a means of combating soil salinization and drought. 

Salinization degrades soil biochemical and physical properties, particularly 

carbon availability and microbial activity, decreasing soil productivity or even 

rendering it unproductive once salt levels surpass acceptable limits (Lee et al., 

2022; Nguyen et al., 2022). While, Drought stress reduces soil water 

availability, resulting in insufficient water for plant growth (Giordano et al. 

2021). This sustainable approach could enhance productivity while also 

addressing the food security crisis, which is exacerbated by global warming 

(Lee et al., 2022). Biochar application has been shown to directly alter soil 

structure and chemical fertility, resulting in increased crop productivity. 

Biochar composites are densely enriched with immobilization/degradation 

components that ensure long-term remediation of polluted soils with minimal 

life cycle impact (Imran et al., 2022; Wang et al., 2022). Additionally, it is 

stated that specific biochar combinations stimulate the overall nitrogen status 
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of the soil under saline conditions (Moradi et al., 2019). It is also reported that 

biochar amendment can reverse the drought adverse impacts on soils and 

plants (Gavili et al., 2019).  

 

Figure 1: Physicochemical properties of biochar. 

Biochar is made through pyrolysis and depending on the heating rate, 

temperature, residence time, and pressure, pyrolysis can be classified as rapid 

or slow. Additionally, several types of biochar can be created based on the 

intended purpose (Yaashikaa et al., 2020). Rotating kilns, gasification, vertical 

silo-type reactors, and hydrothermal carbonization are all common ways for 

producing biochar. Depending on pyrolysis settings such as temperature, 

aeration, time, speed, high electrical conductivity (EC), high pH, high mineral 

content (Na, K, Fe, Mg, etc.), ash concentrations, and low volatile matter, it is 

estimated that total organic carbon accounts for about 30 to 70% of biochar 

(Ali et al., 2017). These types of pyrolysis and the type of raw materials 

employed (feedstock), are just some of the many factors that might affect 

biochar quality (Joseph et al., 2021; Lefebvre et al., 2020).Slow pyrolysis, for 

instance, is carried out under limited oxygen (O2) settings, in which 

agriculture waste is burned in a furnace for two hours until the appropriate 
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temperature (300-700 °C) is reached, with an average heating speed of 5 °C 

min-1 (Saleem et al., 2022). 

3. BIOCHAR APPLICATION AND ITS EFFECTS IN 

ALLEVIATING SOIL SALINITY STRESS 

Salinization is one of the most common soil degradations in farmland, 

especially in arid and semiarid areas. Soil salinization is exacerbated by dry 

climate, excessive evaporation, and irrigation-based agriculture, which 

introduces soluble salts including Na+, Cl-, SO4
2-, and HCO-

3 into the soil (Lee 

et al., 2022). High salinization levels can lead to the loss of evolving soil 

resources, affecting agricultural production and soil health. Soil salinization 

refers to saline, sodic, and alkaline soils, which are defined as having a high 

salt concentration, a high sodium cation (Na+) concentration, and a high pH in 

the soil, often due to a high CO3
2- content (Daliakopoulos et al., 2016). 

Furthermore, Salinity alters soil biodiversity and microbial activity, resulting 

in lower rates of microbial respiration and carbon recycling (Yu et al., 2019). 

Salinity prevents water from penetrating into the soil, resulting in erosion and 

surface runoff. It also restricts agricultural development and ecological 

functions by reducing the utilization of available soil resources (Rengasamy, 

2006; Gorji et al., 2020).  

3.1.  Biochar-based mitigation of soil salinity under legumes 

cultivation 

To combat the adverse effects of salt stress, biochar treatment has been 

applied to a wide range of legumes. Various researchers have carried out field, 

greenhouse, and pot experiments, with encouraging outcomes. Farhangi-

Abriz and Torabian (2018a) have tested biochar (10, and 20%) treatment to 

alleviate the negative impacts of salt stress in common bean seedlings. They 

observed that biochar amendment reduces the levels some endogenous stress 
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hormones like polyamines, polyamine oxidase, jasmonic acid, abscisic acid, 

and 1-aminocyclopropane-1-carboxylic acid, as well as the Na concentration. 

In contrast, biochar treatment improved indole-3-acetic acid levels resulting 

in better growth of shoot and roots of common beans. Similarly, Farhangi-

Abriz and Torabian (2018b) and Karabay et al. (2021) conducted distinct 

biochar amendment experiments in common beans to evaluate its impact on 

plant growth under salinity stress conditions. Due to its unique 

physicochemical properties, particularly its high Na+ adsorption capacity, 

biochar application was unanimously confirmed to be a promising strategy for 

increasing common bean growth in saline soils. Biochar treatment improves 

plant growth and biomass. 

Other advantages of biochar treatment include increased chlorophyll 

content (a, b, and total) and key nutrient uptake (like potassium, calcium, and 

magnesium). It also limits Na content and uptakes. Zhang et al. (2020) also 

assessed the effect of biochar amendment on soybean productivity under 

salinity and drought stress. Soybean grain yield was considerably enhanced 

by biochar amendment. It also mitigates the detrimental effects of both 

stresses on soybean productivity and water use efficiency. Table 1 lists 

additional relevant findings on the effect of biochar treatment on salt-stressed 

legumes. 

3.2.  Biochar-based mitigation of soil salinity under 

vegetables cultivation 

Biochar application have been proven to be beneficial to broad variety 

of vegetables grown under salinity stress conditions. Several field, greenhouse 

and pot experiments have been conducted by various researchers and 

promising results were found. For instance, Hammer et al. (2015) used lettuce 

to investigate combined effects of biochar and arbuscular mycorrhizal fungi 

on its growth and physiology during salinity stress. The combined amendment 
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positively increased lettuce yield. Thus, it raised nutrient uptake of key 

elements such as phosphorus and manganese as well as improved Na/K ratio 

in stressed-lettuce.  

Table 1. Key experiments on the use of biochar in legumes as salinity-mitigating 

treatments. 

No 
Type of 

Amendment 
Crops Findings  References 

1. Biochar  Mung 

bean 

Biochar application improved 

plant growth (the shoot/root 

ratio, total root area and specific 

root length) and numerous 

parameters in mung bean such as 

xylem structure and plant growth 

regulator particularly IAA. It 

also enhanced relative water 

content. Additional, biochar 

amendment lowered keys stress 

hormones (ABA and ACC), 

known to promote plant 

senescence which result in high 

salt-tolerance of mung. 

(Nikpour-

Rashidabad et 

al., 2019) 

2. Biochar and 

CaCl2 

Cowpea Biochar and osmopriming by 

CaCl2 were tested on cowpea 

seeds and examined their effects 

on seed germination under 

salinity stress. They reported that 

under salt stress, the combination 

of osmopriming and biochar 

application accelerated and 

synchronized seedling 

emergence and also improved 

seedling development, total 

antioxidant activity, α-amylase 

activity as well as the Na 

accumulation. The combined 

treatment promoted chlorophyll 

synthesis, sugar accumulation 

which lowered the oxidative 

damage and Na+ toxicity.  

(Farooq et al., 

2020). 
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3. Biochar Quinoa Biochar amendment assisted to 

reduce adverse effect of salt 

stress in quinoa crops. In 

addition, biochar treatment 

combined with an alternate root-

zone drying irrigation regime 

boosted plant height, shoot 

biomass, and grain production 

considerably under salinity stress 

conditions. 

(Yang et al., 

2020) 

4. Biochar Licorice Biochar treatment helped to 

substantially increase shoot 

biomass and moderately 

increased root biomass. 

Moreover, K and N 

concentrations in plant tissue 

increased as well. The 

application of biochar to the soil 

improved enzymatic activities 

(proteases, acid 

phosphomonoesterases, 

hydrolase, and diacetate), as well 

as overall nutrient uptake. 

(Egamberdieva 

et al., 2021) 

5. Biochar (5% 

and 10%) 

Common 

bean 
Biochar application diminished 

enzymatic activities (CAT, SOD, 

and POD), proline, and 

malondialdehyde (MDA) 

contents, resulting in improved 

plant growth due to decreased 

oxidative and osmotic stresses. A 

low dose of biochar (5%) 

increased plant height and leaf 

area, as well as leaf relative water 

content and chlorophyll-a 

concentration. However, the 

highest increase rates in shoot 

and root biomass, as well as the 

number of leaves, were observed 

with a 10% biochar application. 

(Kul et al., 

2021b). 

 

Similarly, Malik et al. (2022) assessed the impact of biochar (5-7%) on 

lettuce growth efficiency under salinity and drought stress conditions. They 
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reported that small sized (< 1 mm) biochar (7%) mixed with manure 

significantly improved root biomass under salinity stress conditions and 

promoted phosphorus cycling in soil. Phosphorus use efficiency of lettuce 

leaves is one of the parameters that increased after the application of small 

particle-sized co-composted biochar. Other relevant findings on the effect of 

biochar treatment on salt-stressed vegetables are listed in Table 2. 

Table 2. Key experiments on the use of biochar in vegetables as salinity-mitigating 

treatments. 

No 
Type of 

Amendment  
Crops Findings  References 

1.  Biochar (5-

10%) 

Okra The biochar application 

considerably increased salt-

tolerance in okra crops. Thus, 

okra salt threshold was increased 

to more than 80% particularly 

with 10% dose biochar. They 

also observed a better growth 

and high yield in okra as well as 

high water content in the soil. 

Furthermore, soil bulk density 

was lowered after the 

amendment.  

(Elshaikh et al., 

2018) 

2. Biochar Eggpla

nt 

Biochar treatment result in better 

shoot and root growth as well as 

in high and fruit yield of 

eggplant. Moreover, parameters 

such as stomatal conductance 

and photosynthetic rate were 

boosted. They also observed a 

decrease of leaf temperature and 

electrolyte leakage in eggplant 

leaf tissues.  

(Parkash and 

Singh, 2020) 

3. Sulfur-

enhanced 

biochar (5%) 

with 

microorganis

ms  

Pepper Biochar composite application 

resulted in amelioration of 

nutritional status, photosynthetic 

efficiency, and dehydration 

tolerance. They also observed 

significant pepper growth and 

(Abd El-

Mageed et al., 

2020). 
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yield as well as macro- and 

micronutrient concentrations. 

Other improved parameters 

include irrigation usage 

efficiency and dehydration 

tolerance.  

4. Biochar 

% (B2), 4% 

(B4), and 6% 

(B6) for pot 

experiments 

Licoric

e 

Biochar amendment was 

favorable to the licorise growth 

and root system adaptation as 

well as nutrient uptake. Thus, the 

root architecture, soil enzyme 

activity (proteases, fluorescein 

diacetate hydrolase, and acid 

phosphomonoesterases) and 

nodule formation was enhanced 

after biochar treatment. Only, 

high dose biochar (6%) did not 

show any positive result.  

(Egamberdieva 

et al., 2021). 

5. Biochar (5%, 

10%) 

Tomat

o 

Biochar treatment significantly 

improved plant biomass under 

saline conditions. Additionally, 

biochar application at both doses 

considerably lowered the 

catalase, superoxide dismutase, 

and peroxidase activities. It also 

lowered malondialdehyde and 

proline levels, resulting in 

enhanced plant growth as 

oxidative and osmotic stresses 

were minimized. 

(Kul et al., 

2021a). 

6. Biochar and 

soil fungi 

(Trichoderm

a harzianum) 

Spinac

h 

The combined application of 

biochar and soil fungi was 

favorable to lower key 

parameters such as reactive 

oxygen species, membrane 

leakage, malondialdehyde, 

electrolyte leakage, and salt 

content in spinach under salt 

stress. They also reported that 

antioxidant upregulation was 

improved. 

(Sofy et al., 

2021) 
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7. Nanoparticle

s enriched 

biochar 

Radish The application of nanoparticles 

enriched biochar help to reduce 

malondialdehyde (MDA) and 

hydrogen peroxide (H2O2) in 

the early seedling growth stage 

of radish.  

(Taqdees et al., 

2022) 

 

Furthermore, the effect of biochar (2%, 4%, and 8%) application was 

evaluated on tomato growth under saline water irrigation regimes by She et al. 

(2018). Findings show that the addition of biochar to the soil improved 

vegetative growth, yield, and quality indicators. It also improved salt tolerance 

of tomato crops. In the soil, biochar treatment reduced transient sodium ions 

through adsorption and liberated mineral nutrients including calcium, 

potassium, and magnesium into the soil solution. Kul et al. (2021a) examined 

thoroughly the effect of biochar treatment on the physiology, growth and 

antioxidant activity of common bean grown under salt stress conditions.  

Biochar treatments reduced the adverse effects of salt stress on the 

physiological and plant growth characteristics of common beans, according to 

the findings. They also detected a decrease in antioxidant activity, MDA, and 

H2O2, as well as a rise in relative leaf water content and total chlorophyll.  

4. BIOCHAR APPLICATION AND ITS EFFECTS IN 

ALLEVIATING DROUGHT STRESS 

Drought stress is known to limit crop production worldwide, and with 

ongoing climate change it may become more severe in the future. Due to this 

constraint, plants are experiencing growth and water use disturbance. 

Although plants possess their own mechanisms of defense to counter water 

deficit stress, which involve a variety of physiological and biochemical 

responses at cellular and whole organism levels, if stress persists, drought 

effects might be detrimental to growth process (Farooq et al, 2012). Moreover, 
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drought stress has also been identified as a major constraint to legume and 

vegetable growth and yield decline (Egamberdieva et al., 2020; Malhi et al., 

2021).  

It has been reported that applying biochar to crops can help lessen the 

negative effects of drought (Ali and Elshaikh, 2022). Because of its negatively 

charged surfaces and large surface area, biochar is recommended in drought 

mitigation strategies because it improves soil water retention capacity. Other 

advantages of using biochar include the reduction of soil bulk density and the 

absorption of nutrients that are then gradually released to the plants (Hafeez 

et al., 2017). Additionally, the use of biochar creates favorable conditions for 

microbial proliferation and survival (Egamberdieva et al., 2020). For instance, 

drought-stressed crops benefit from biochar amendment in terms of 

physiological, morphological, performance, and nutrient uptake. Water 

retention, as well as the physical and biological qualities of soils, have also 

been reported to improve. In biochar-amended soil, sodium (Na+) ion uptake 

was reduced, resulting in increased uptake of other cations such as potassium 

(K+) by plants (Ali and Elshaikh, 2022). 

4.1.  Biochar-based mitigation of drought stress in legumes 

cultivation 

The effect of biochar application on important legumes grown under 

water deficiency stress has been investigated in a variety of field and pot 

experiments. It is also been observed that biochar treatment improves 

physiological qualities and legume growth by increasing root and shoot dry 

mass, as well as yield through a large number of pods in major legumes 

including common bean (Phaseolus vulgaris L.), garden pea (Pisum sativum 

L.), and others (Egamberdieva et al., 2020). Table 3 summarizes the other 

important findings on the effect of biochar application on drought-stressed 

legumes. 
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Table 3. Key experiments on the use of biochar in legumes as drought-mitigating 

treatments. 

No 
Type of 

Amendment  
Crops Findings References 

1. Biochar Lentil  The use of biochar (5 t ha-1) 

was proven to be beneficial 

to soil quality and plant 

growth. Biochar doses of 5 

to 15 t ha-1 were found to be 

unfavorable to lentil 

growth and soil quality. 

Weed development was 

also exacerbated by these 

high doses.  

(Safaei et al., 

2018). 

2. Biochar (1.25, 

2.5 and 5%) 

soybean Biochar amendment raised 

the leaf area, stomatal 

conductance and the 

greenness index of soybean 

leaves. Furthermore, the 

biochar application at 

1.25% dose was found 

favorable for raising pod 

and plant height as well as 

other parameters such as 

water use efficiency.  

(Gavili et al., 

2019). 

3. Biochar with 

alternate root-

zone drying 

irrigation 

(ARD) 

Quinoa Biochar application was 

proven to alleviate the 

combined effect of drought 

and salinity stress in quinoa 

crops. They observed an 

ameliorated shoot biomass, 

plant height, and grain 

yield. Furthermore, the 

interactive effect of biochar 

and ARD efficiently 

adjusted the balance 

between chemical signal 

(leaf ABA) and hydraulic 

signal (leaf water 

potential). 

(Yang et al., 

2020). 
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4.  Biochar and 

CaCl2 

Cowpea Biochar and osmopriming 

by CaCl2 were essayed on 

cowpea seeds and 

evaluated their impact on 

seed germination under 

drought stress. It was found 

that It boosted cowpea 

effectiveness under water 

deficit conditions by 

synchronizing seedling 

emergence and promoting 

growth, as well as CO2 

assimilation, chlorophyll 

synthesis, nutrient uptake 

with minimal oxidative 

damage, and osmolyte 

accumulation. 

(Farooq et al., 

2021). 

5. Biochar Soybean High yield was obtained 

with biochar application at 

100 t ha−1. It also 

significantly increased crop 

growth rate and total 

biomass production of 

soybean under drought 

stress condition in a clay 

soil. Stress tolerance in 

soybean was enhanced by 

biochar application and key 

nutrient like potassium was 

made available to soybean.  

(Mannan et 

al., 2021). 

6. Biochar Soybean Chlorophyll content and 

the soybean growth was 

ameliorated after biochar 

application. Biochar 

reversed the effect of 

drought stress by 

modulating the plant 

physiology and 

biochemistry whereby it 

lowered proline, abscisic 

acid and sucrose contents. 

Malondialdehyde and 

hydrogen peroxide are 

(Gullap et al, 

2022). 
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other parameter reduced by 

biochar amendment.  

7. Biochar and 

Plant growth 

promoting 

rhizobacteria 

(PGPR) 

Canola  The combination of biochar 

and PGPR ameliorated 

epidermal vigor and 

stomatal physiology in 

canola (Brassica napus L.). 

hydrogen peroxide, 

malondialdehyde, and 

osmolyte content such as 

proline are among 

parameters lowered after 

the combined amendment.  

(Lalay et al., 

2022). 

 

For instance, Mannan et al (2016) revealed that applying biochar at a 

high dose (50 t ha-1) boosted soybean (Glycine max. L.) yields and improved 

overall drought tolerance. As a result, the number of pods produced was higher 

than in untreated soybean crops. They also noticed high accumulation of water 

and proline in the leaves, as well as less chlorophyll degradation. Crop height, 

relative water content, and chlorophyll content are among the other variables 

that have increased. Likewise, Hafeez et al. (2017) demonstrated that a biochar 

amendment of at least 20 t ha-1 can assist soybean (Glycine max (L.) Merr.) 

seedlings cope with water stress during germination and seedling growth. 

Biochar application reduced proline and sugar levels while also improving a 

number of important indices such as seed vigor, shoot length, membrane 

stability index, carotenoid, and chlorophyll content.  

The broad bean or faba bean (Vicia faba L.), another prominent legume, 

was selected to assess the effect of biochar on the growth and nutritional 

uptake of the said beans cultivated in a sandy loam soil under drought stress. 

The addition of biochar (2–4%) to the soil boosted plant biomass and growth, 

as well as nodule formation. It also enhanced the nutritional value of the soil 

and nutrient uptake, particularly P and K (Egamberdieva et al., 2020). 
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Similarly, El-Mageed et al. (2021) examined the effect of acidified biochar 

amendment on faba bean (Vicia faba L.) growth and productivity, as well as 

its involvement in reducing the negative effects of salt stress. After applying 

acidified biochar (5–10 t ha-1), the authors reported a considerable increase in 

seed yield. They also emphasized its function in improving faba bean growth 

and physiological responses, as well as soil qualities in general.  

4.2.  Biochar-based mitigation of drought stress in vegetables 

cultivation 

Biochar has been recommended by several researchers as a promising 

amendment to improve long-term water and nutrient status, as well as crop 

yield. As a result, this extremely porous pyrolyzed substance retains more 

water, which enables water use efficiency by crops (Mulcahy et al., 2013; 

Agbna et al., 2017; Yildirim et al., 2021). Research in vegetable crops showed 

promising results. For instance, Gavili et al. (2018) evaluated biochar effect 

in mitigating the adverse effects of drought in spinach, and after field 

experiment they found that an application of low level biochar (1.25%) can 

provide positive impacts on the plant’s growth and yield. The application 

increased some physiological quality such as water use efficiency and shoot 

dry matter yield.  

Likewise, a combined effect of biochar application with Arbuscular 

mycorrhizal fungi (AMF) treatment was assessed by Jabborova et al. (2021) 

in pot experiments on Okra (Abelmoschus esculentus) under drought stress. 

After applying biochar alone, they noticed a large increase in plant growth and 

root morphological traits, as well as a considerable increase in chlorophyll 'a' 

content and microbial biomass. While AMF alone enhanced various plant 

development indices such as root dry, plant shoot and height weights, as well 

as root diameter and volume. The combination treatment of biochar and AMF 
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treatment showed the maximum values of plant growth indices and root 

morphological traits, as expected. Furthermore, enzymatic activities, notably 

dehydrogenase alkaline phosphatase and fluorescein diacetate enzyme 

activities, increased with both combined amendments. Table 4 summarizes 

the other major findings in drought-stressed vegetables.  

Table 4. Key experiments on the use of biochar in vegetables as drought-mitigating 

treatments. 

No 
Type of 

Amendment  
Crops Findings References 

1. Biochar  Tomato  Biochar soil amendment 

increases tomato seedling 

resistance to drought in sandy 

soils. The results demonstrate 

that, in sandy substrates, 30% 

(v/v) biochar, concentrated in 

seedling root zones, 

significantly increases seedling 

resistance to wilting.  

(Mulcahy et 

al., 2013) 

2.  Biochar Spinach Biochar amendment (25 t ha-1) 

was found suitable to reduce 

adversity of drought stress in 

spinach. It significantly 

increased stomatal 

conductance, greenness index, 

and leaf area. Additionally, it 

also improved plant growth 

parameters. 

(Gavili et al., 

2016). 

3. Biochar Tomato Biochar has a positive impact 

on tomato physiology, growth, 

irrigation water use efficiency, 

fruit quality, and yield. It also 

enhance soil water and nutrient 

status by increasing total 

nitrogen and soil organic 

matter, while considerably 

lowering soil nitrate nitrogen 

and ammonium nitrogen 

levels. 

(Agbna et 

al., 2017). 
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4. Biochar Tomato Tomato seedling growth (dry 

weights of shoots and roots) 

and biomass were enhanced 

dramatically following biochar 

treatment, whereas chlorophyll 

content was altered. 

Furthermore, biochar 

significantly lowered plant 

antioxidants and enzymatic 

activities (superoxide 

dismutase and peroxidase), as 

well as malondialdehyde. High 

doses of biochar (6%) were 

found to be effective in 

improving soil physiochemical 

parameters as well as the 

physiology of tomato 

seedlings. 

(Khan et al., 

2019) 

5. Biochar (2%) Sugar 

Beet 

Biochar amendment (2%) 

resulted in the highest shoot 

dry matter of the sugar beet 

crops. Similarly, large doses 

(1.0–2%) of biochar enhanced 

nitrogen, phosphate, and 

potassium concentrations. In 

summary, biochar treatments 

boosted the growth and 

development of sugar beet 

crops. 

(Durukan et 

al., 2020). 

6. Biochar (2%) 

and compost 

(2%) 

Sweet 

pepper  

The overall impact of biochar 

(2%) and compost (2%) 

considerably boosted yield, 

pepper growth, and water use 

efficiency. 

(Obadi et al., 

2020). 

7. Biochar Cabbage Biochar application enhanced 

the photosynthetic activity, 

plant growth, nutrient uptake 

in cabbage seedlings under 

water deficit conditions.  

(Yildirim et 

al., 2021). 
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5. CONCLUSION AND PERSPECTIVE 

Biochar amendment was shown as effective in the mitigation of drought 

and salt stress in pot, field, and greenhouse experiments. The key evidences 

compiled in this chapter clearly show that different doses and forms of biochar 

applications are invaluable to legume and vegetable crops grown in saline and 

drought conditions, which can have a substantial impact like increased crop 

biomass and yield. When applied to the soil, biochar improves soil health and 

fertility, makes key nutrients more available to crops, and increases 

photosynthetic activity. Other advantages include increased soil nutrient 

retention and soil enzyme activity.  

Nevertheless, the effectiveness of biochar in mitigating drought and 

salinity stress is dependent on the pyrolysis raw material or feedstock type, 

pyrolysis temperature and time, soil type and properties, and crop species. 

Biochar amendments are a valuable asset for sustainable agriculture, and their 

actions in mitigating the negative effects of some abiotic stresses have been 

described. This chapter sheds light on its numerous advantages, which can be 

maximized in the production of legumes and vegetables as well as other crops. 
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1. INTRODUCTION 

Anthurium is the most popular genus with the Araceae Family, which 

is a monocotyledonous and epiphytic ornamental plant (Castro et al., 2004). 

By discovering many new species especially in the Andes of Western South 

America, more than 1690 species were named and described today (Croat, 

2015).  

Although there seem to be different chromosome numbers in 

Anthuriums, the most common chromosome number is 2n=30 

(Sheffer&Kamemoto 1976; Sheffer&Croat 1983). 

Table 1:Taxonomy 

Domain Eukaryota 

Kingdom Plantae 

Phylum Spermatophyta 

Subphylum Angiospermae 

Class Monocotyledonae 

Order Arales 

Family Araceae 

Genus Anthurium 
 

Its homeland is considered to be tropical regions of Central and South 

America, Colombia, Costa Rica, and Ecuador (Herk et al., 1998). The first 

known species of this genus owes its scientific name to the Austrian physician 

and botanist Karl von Scherzer, who discovered the first species of Anthurium 

scherzerianum in Costa Rica in 1850 and introduced it to Europe (Higaki et 

al., 1972). 

The name Anthurium comes from the Greek. Combining the words 

Anthos = flower and Oura = tail, and it is called tail flower = tailed flower. 

The genus Anthurium called as “Flamingo flower” in our country and in some 

countries; “Cresto de Gallo” in America; “Bullshead” in China; “Tailflower” 

in America and “Lak-Anthurium” (Lacquer flower) = varnished flower in the 
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Netherlands. 40% of the production in the Netherlands consists of red 

varieties. Among the red varieties produced and sold at auctions, more than 

95% of them are tropical varieties (Herk et al., 1998). Anthurium andraeanum, 

is grown traditionally for cut flowers for its large spathes and showy red, 

orange, pink or white colours (Henny et al., 1999) (Figure 1). This spathe has 

an enchanting beauty and not only its flowers, but also its aesthetic leaves are 

used as cut greens in arrangements. It has also managed to attract people's 

attention as a potted ornamental plant. Anthurium has always been in demand 

in the ornamental plants market. The volume of Anthurium sales is ranked 

second in the world, after orchids (Rikken, 2010; Hua, 2014). 

 

Figure 1 : General view of Anthurium 

2. ECOLOGYCAL DEMANDS 

2.1.  Light 

Anthuriums do not like direct sunlight and are grown in 73% and 80% 

shade. Shade is provided by tree ferns or natural vegetation with wood or lathe 

or polypropylene mesh. Excess light adversely affects the plant and requires 

80% or more shade for best spathe colour development (Kunisaki, 1982; RA 
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Criley, 1988). If the plant is exposed to direct sunlight, the leaves will be 

damaged and may cause death of the plant. 

2.2. Temperature 

Since Anthurium is a tropical plant, they do not like extremely hot and 

extremely cold environments. The desired temperature in anthurium 

cultivation is approximately 26°C during the day and 16°C at night. 

2.3. Irrigation 

Considering that the natural habitats of Anthuriums are tropical regions; 

good drainage should be provided and irrigation should be done by moistening 

the soil surface in a small amount. Anthuriums are reported to be sensitive to 

sodium chloride, suffering economic reductions when irrigated by water of 

less than 0.6 mScm EC (Sonneveld and Voogt, 1983). 

3. FLOWER STRUCTURE AND POLLINATION 

BIOLOGY OF ANTHURIUM 

The term "flower" in Anthuriums refers to the spathe, spadix and 

peduncle (flower stalk) (Figure 2). The spathe of  Anthurium is actually a 

modified bract that carries the erumpent cylindrical inflorescence rachis, 

which is called the spadix (Higaki et al., 1984; Vern,2004). 

  

Figure 2: Anthurium Flower (A.Spadix, B. Spathe, C.Flowerstalk) 
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Approximately 150-300 flowers arranges helically on the spadix 

(Higaki et. al 1984). The flower structure of Anthuriums is hermaphrodite. 

Since the flower is protogynous, the stigmas protrude through the tepals and 

they become receptive, dehydrate and shrink at first. Then the anthers emerge, 

dehisce and shed their pollens. The time span between the receptivity of 

stigma and anther dehiscence is almost a week (Higaki et al., 1984). Therefore, 

foreign pollination occurs in Anthuriums (Figure 3). 

Like all members of the Araceae, Anthuriums are entomophilous 

(Grayum, 1990; Franz, 2007). 

 

Figure 3: Flower structure of Anthurium (A. Female phase, B.Spadix,  C.Male 

phase) 

4. PROPAGATION METHODS OF ANTHURIUM 

Anthuriums are propagated by seed, cutting and tissue culture 

(Murguía, 1996). 

4.1. Propagation 

Seeds, collected from healthy plants, are planted in viols. After sowing, 

the seeds should remain in 75-80% shade in order to germinate immediately. 

By this way, the plantlets can be planted in 4 to 6 months. Flowering of the 
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seedlings can be expected in 15 months after planting, but most seedlings 

usually begin to bloom between 30 and 36 months  Growing Anthurium plants 

from seed is a lengthy process. It may take nearly 3 years from seed to bloom 

formation (Hikagi et al., 1995). 

4.2. Cutting 

Vegetative propagation is the asexual method of propagation that 

insures the offsprings to be identical with their parent. In order to increase a 

particular cultivar the plants grow until some roots have developed on the 

stem.Then the rooty top is removed for producing a new plantlet. The 

remaining base of the stem will develop two or more side shoots (suckers). 

Repeating of this procedure ensures propagating large numbers of plants. The 

tendency of a plant to produce suckers is not only inherent in the cultivar but 

also influenced by its growing environment. In order to encourage new shoot 

production, the stems may be placed in damp media. However, with this 

method, reproduction of the plant is limited and a large number of plants 

cannot be obtained (Hikagi et al., 1972). 

4.3. Tissue Culture 

In seed production, it is not preferred commercially due to negative 

reasons such as genetically heterozygocity of the seed, low yield of the plant 

from the seed and long-term plant formation. Propagation by seed is preferred 

by breeders and hobby breeders. Although steel and separation methods are 

sufficient for hobby cultivation in Anthurium production, they are not 

considered sufficient for commercial production. Therefore, in vitro 

techniques are used for disease and pest-free production, clonal and mass 

production. Clonal production, clean plantlets and the possibility of mass 

production are the main advantages of tissue culture. Since Anthurium is a 

commercially valuable plant, many in vitro methods have been tried (Figure 

4). The first tissue culture studies on Anthurium started in the mid-1970s 

(Pierik et al. 1974) and continued with different researchers such as (Pierik et 

al., 1974),  (Eapen and Rao 1985),(Trujillo et al., 2000),(Mahanta and Paswan 

2001),(Reddy et al., 2011),(Farsi et al., 2012),(Thockhom & Maitra 

2017),(Oo, et al.,2019) (Table 2). Because of the Anthurium is a commercially 

important species and there are many varieties and genotypes, propagation 

protocols are still being developed and new ones are being added. 

❖ In vitro methods used in Anthurium 
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➢ Somatic Embryogenesis 

➢ Micropropagation 

➢ Meristem Culture 

➢ Organogenesis 

 

Figure 4: Different Explant Types Used in Tissue Culture; (A.Meristem, B.Spathe, 

C.Spadix, D.Leaf,  E.Petiole,  F.Flowerstalk) 
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Table 2: Tissue culture studies at Anthurium 
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In many studies in the literature, it has been observed that different 

combinations and concentrations of auxin and cytokinin are used. Since 

genotype is an important factor in regeneration, it can be said that the reason 

for these differences is genotype and breed differences. Anthuriums have mass 

propagation possibilities by using clean starting materials taken. 

5. PLANT BREEDING  

Plant breeding began with the first humans by selecting those with 

superior characteristics, so the first breeding method was selection breeding. 

This process, which started with the domestication of wild species, continues 

today with same way. The Plant Hybridization Experiments carried out by 

Gregor Mendel in 1866 who became the turning point of plant breeding and 

genetics and guided the work done today. In order to perform hybridization 

breeding in a hermaphrodite plant, first of all, the male organs (anthers) on the 

flower of the female parent should be emasculated and the female organ 

(pistil) should be left alone. Then, the desired male parent pollen is brought 

on the pistil of female parent and by this way pollination is carried out. 

5.1.  Anthurium Breeding 

Anthurium breeding is gaining importance as this genus has always had 

an important place in the floriculture market. Classical and biotechnological 

methods are used in plant breeding, but multidisciplinary studies give better 

and shorter results. 

5.1.1. Classical Method 

The basis of classical cross breeding is emasculation and controlled 

pollination. However, there is dichogamy in flowers of Anthuriums. In other 

words, male and female organs mature at different periods. In this context, 

Anthuriums are in the group of plants with protogynous feature. In Anthurium 

flowers, the female organs become receptive first. The maturation of the 

female organs is from the bottom to up and takes quite a long time. The stigma 

receptivity can be easily recognized by the velvety and shiny structure of the 

inflorescences due to wetness. All of the stigmas are receptive and after the 

completion of the female phase, the stigmas dehydrate and turn to brown. 

After stigma uptake is completed, anthers are formed, again starting from the 

bottom. At this stage, the anthers mature and release pollen. Pollens of 

Anthiriums are very small. Although very small flowers with cluster structure 

in anthuriums seem to create difficulties in emasculation and hybridization for 
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reproduction, the absolute dichogamy–protoginous- structure of the plant 

eliminates the need for emasculation and provides easy pollination procedure 

in the stage when the pistil is receptive (Grayum, 1990). However, since 

pollen release is very low, pollen can be transferred to the receiving stigmas 

with the help of our finger or a short-bristled brush. 

At this stage, the gradual structure of the flowers, that is, one flower in 

the female stage and the other in the male stage, will facilitate the 

hybridization processes. 

5.1.2. Points to Consider in Anthurium Hybridization 

In order to obtain sufficient seeds in Anthuriums, the flowers need to 

be pollinated many times. The pistils of the flowers mature within a week or 

two, but each pistil on the spadix remains receptive (can be pollinate) for only 

1 day. In this case, the obtained pollen should be brought to the stigmas of the 

pistils at several days intervals and each flower should be pollinated several 

times. 

5.1.3. Development of F1 Plants 

After the seeds obtained after 6 to 8 months (Henny et al., 2008) , they 

are germinated under suitable conditions, a long period of 3 years is required 

for flower formation (Hikagi et al., 1995). Good maintenance and greenhouse 

conditions may be used to shorten this period in natural conditions. 

5.2. Biotechnological Methods 

Biotechnological breeding methods are used to support classical 

breeding methods and to ensure the breeding program to reache results in a 

shorter time. 

Biotechnological Breeding methods ; 

✓ Haploidization 

✓ Somatic hybridization 

✓ Marker assisted selection 

✓ Somaclonal variation 

✓ In vitro mutation 

In addition to traditional plant breeding, new techniques are needed to 

improve plant varieties in the Anthurium plant. Therefore, for creating 

additional variation in a different way breeders may use mutation breeding 

The application of ionizing radiation, chemical mutagens and somaclonal 

variation, which is one of the in vitro techniques, is quite common in the 

generation of genetic variation (Puchooa, D., 2005).  
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5.2.1. Haploidization 

Haploidization; by making use of the gametes, which have half (n) of 

the normal chromosome number of a species is the production of plants that 

carries the gametic chromosome number of that species. 

Breeders used haploidization method to save time and money by 

shortening the plant growing process while obtaining a pure line. 

Homozygous reproduction-folding is required for haploid plantlets 

regenerated from anthers in vitro to interact effectively. Colchicine is one of 

the most common mutagenic chemicals used in vivo and in vitro. (Castillo et. 

al. , 2009) The first anther culture of Anthurium was tested by Custers (2004) 

with culturing the whole anther withfilament in half MS medium. 

5.2.2. Somatic Hybridization 

Protoplast culture, one of the plant tissue culture techniques, is the 

isolation, culture and fusion (hybridization or fusion) of cells without a cell 

wall. The most important reason for using protoplast culture in plant breeding 

is that this method offers new opportunities in plant breeding. By using the 

somatic hybridization technique, desired characters of two different species 

are combined and a new species can be created (Anonymous, 1995,Espinosa 

et al. 1986, Harding and Millam, 2000;Kumlay et al., 2005;). In a study by 

Duquenne (2007), protoplast culture was performed on Spathiphyllum wallisii 

'Alain' and Anthurium scherzerianum plants. It has been reported that as a 

result of protoplast culture, the cells develop up to the colony stage 

(Duquenne, et al., 2007). 

5.2.3. Somaclonal Variation 

The definition of somaclonal variation is appeared by cytological 

abnormalities, frequent qualitative and quantitative phenotypic mutations, 

sequence changes, and gene activation or silencing (Kaeppler et. al, 2000). 

This method is used to create breeding populations and to provide genetic 

diversity in plants with fertilization problems or difficulties in creating 

populations. Somaclonal variation is an undesirable situation during 

propagation, but it is an auxiliary biotechnological method that can be used in 

plant breeding. 

5.2.4. Marker Assisted Selection 

Molecular marker technology has led to the adoption of wide-ranging 

new applications to improve selection strategies in plant breeding. Molecular 

markers are DNA fragments associated with any gene region or gene region 

in the genome. Molecular markers are markers that reveal the DNA sequence 
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difference of different genotypes in various ways. The use of nucleic acid-

based genetic markers in genome analysis is an area needed for breeders. By 

using these markers, varieties that are morphologically very close to each 

other can be distinguished and identified (Yorgancılar et al, 2015). Because of 

the process from seed to flowering in Anthurium takes about 3 years, 

shortening this long process by using marker assisted selection will ensure the 

breeders to select plants earlier, less labor, time and save cost.  

5.2.5. In Vitro Mutation 

In order to induce useful phenotypic variations, mutagenic agents have 

been used for more than 70 years (Foster&Twell, 1996). Numerous mutant 

lines were isolated from many plants and these are used for plant research and 

crop cultivation (Evans, 1962). Besides traditional plant breeding methods, 

new tachniques are required for Anthurium breeding. Mutation breeding like 

ionizing radiation and chemical mutagens in tissue culture may be proposed 

for creating variations. In Anthuriums, gamma radiation indicates both 

positive and negative mutations and could be used for further breeding 

programmes (Puchooa, 2005). 

Gene mutations occur less frequently than chromosomal mutations, 

which include translocations, inversions, deletions, and omissions. Mutations 

affect parts of a gene, single base pairs, or groups. Alteration of base pairs or 

changes in their sequences can alter the primary gene product and ultimately 

lead to an altered phenotypic expression of one or more traits through a 

complex chain reaction of events. 

For this reason, breeding studies using mutagenic chemicals can be used 

as an alternative to classical breeding methods. 



AGRICULTURAL PRACTICES AND SUSTAINABLE MANAGEMENT IN TÜRKİYE| 134 

REFERENCES 

Collette, V. (2004). Anthuriumaristocracy. NZ Gard J, 7(1), 3-5. 

Criley, R. A. (1988, October). Culture and cultivar selection for anthurium in Hawaii. 

In International Symposium on Protected Cultivation of Ornamentals in Mild 

Winter Climates 246 (pp. 227-236). 

Croat, T. B. (1983). A revision of the genus Anthurium (Araceae) of Mexico and 

Central America. Part I: Mexicoandmiddle America. Annals of the Missouri 

Botanical Garden, 211-416. 

Croat, T. B. (2015). A review of studies of Neotropical Araceae. Aroideana, 38(1), 

44-54. 

Custer, J. B. M. (2004). Preliminary research in anther culture of Anthurium. HAPLIN 

Report, (20), 1-6. 

DE CASTRO, A. C. R., RESENDE, L. V., GUIMARÃES, W. N. R., & LOGES, V. 

(2004). Uso de técnicas moleculares em estudo de diversidade genética em 

Anthurium. Ornamental Horticulture, 10(1/2). 

deLeal, A. T., &Daquinta, M. (1999). Micropropagación de variedades 

Anthuriumandraenum de interéscomercial. Agrícolavergel: Fruticultura, 

horticultura, floricultura, (216), 793-804. 

digitatum, usingleaf as explant. Asian J. Pharm. HealthSci. 1 (2), 70–74. 

EAPEN, S., &Rao, P. S. (1985). Regeneration of plantsfromcallus cultures of 

Anthuriumpatulum. Current Science, 54(6), 284-286. 

Farsi, M., Taghavizadeh, Y. M., & Qasemiomran, V. (2012). Micropropagation of 

Anthuriumandreanum cv. Terra. African Journal of Biotechnology, 11(68), 

13162-13166. 

Franz, N. M. (2007). Pollination of Anthurium (Araceae) byderelomine flower 

weevils (Coleoptera: Curculionidae). Revista de biología tropical, 55(1), 269-

277. 

Henny, R. J. (1999). Red Hot'Anthurium. Hort Science, 34(1), 153-154. 

Henny, R. J., Chen, J., & Mellich, T. A. (2008). Tropical foliage plant development: 

Breeding techniques for Anthurium and Spathiphyllum. EDIS, 2008(5). 



135 | AGRICULTURAL PRACTICES AND SUSTAINABLE MANAGEMENT IN TÜRKİYE 

 

Herk M., Van Koppen M., Smeding S., Van Der Elzen C.J., Van Rosmalen N., Van 

Dijk J., Lont A.,Van Spingelen J., 1998. In: Anthura, B.V. Ed., Cultivation 

Guide Anthurium. Bleiswijk, Holland, 140 p 

HerK, M. Van /et.al./. Guía del cultivo del Anthurium. Editado en Anthura. BV. 

Holanda, 1998. 

Higaki, T., & Watson, D. P. (1972). Anthuriumculture in Hawaii, University of 

Hawaii. Service Circular, (420), 20. 

Higaki, T., Lichty, J. S., &Moniz, D. (1995). Anthuriumculture in Hawai'i. 

Higaki, T., Rasmussen, H. P., &Carpenter, W. J. (1984). A study of some 

morphological and anatomical aspects of Anthurium and reanum Lind. 

https://www.cabi.org/isc/datasheetreport/7993 - Report date : 

Hua, X. (2014). Flower market research report in Chinese New Year in 2013. China 

Flowers Hortic, 13, 24-28. 

Mahanta, S., & Paswan, L. (2001). In vitro propagation of Anthurium from Axillary 

Buds. Journal of Ornamental Horticulture, 4(1), 17-24. 

Mendel, KG. (1866). Versucheuberp flanzen-hybriden. Verhand lungendes 

naturforschendenVereins in Brunnfur, 4, 3-47. 

Murguia Gonzalez, J. (1996). Evaluation of growing media Anthurium in Amatlan de 

los Reyes, Ver. Memorias Cientificas (Mexico). 

Oo, K. T., Htun, N. M., Htwe, M. Y., Mon, A. M., Htet, W. T., & Win, N. A. (2019). 

In vitro Propagation of Anthurium and raeanum Linn.(White) via Indirect 

Organogenesis through the Use of Leaf Lamina and Petiole Explants. Journal 

of Scientific and Innovative Research, 8(3), 78-82. 

Puchooa, D. (2005). In vitro mutation breeding of Anthuriumby gamma radiation. 

International Journal of Agriculture and Biology, 7(1), 11-20. 

Reddy, J.M., Bopaiah,A.K.,Abhilash, M., 2011. In vitro micropropagation of 

Anthurium 

Sonneveld, C., &Voogt, W. (1983). Studies on the salt tolerance of some flower crops 

grown under glass. Plantands oil, 74(1), 41-52. 

Thokchom, R., &Maitra, S. (2017). Micropropagation of Anthurium and reanum cv. 

Jewel from leaf explants. Journal of Cropand Weed, 13(1), 23-7. 



AGRICULTURAL PRACTICES AND SUSTAINABLE MANAGEMENT IN TÜRKİYE| 136 

KUMLAY, A. M., & PEHLUVAN, M. PATATES (SOLANUM TUBEROSUM L.) 

ISLAHINDA PROTOPLAST KÜLTÜRÜYLE SOMATİK MELEZLEME. 

Duquenne, B., Eeckhaut, T., Werbrouck, S., & Van Huylenbroeck, J. (2007). Effect 

of enzyme concentrations on protoplast isolation and protoplast culture of 

Spathiphy llum and Anthurium. Plantcell, tissue and organ culture, 91(2), 165-

173. 

Kaeppler, S. M., Kaeppler, H. F., &Rhee, Y. (2000). Epigeneticaspects of 

somaclonalvariation in plants. Plant gene silencing, 59-68. 

YORGANCILAR, M., YAKIŞIR, E., & ERKOYUNCU, M. T. (2015). Moleküler 

Markörlerin Bitki Islahında Kullanımı. Bahri Dağdaş Bitkisel Araştırma 

Dergisi, 4(2), 1-12. 

Puchooa, D. (2005). In vitro mutation breeding of Anthuriumby gamma radiation. 

International Journal of Agriculture and Biology, 7(1), 11-20. 

Foster, G.D. and D. Twell, 1996. Plant Gene Isolation: Principles and Practice. pp. 

215–45. John Wiley and Sons Ltd. 

Evans, H.J., 1962. Chromo some aberrations induced byionizin gradiations. Int. Rev. 

ofCyt., 13: 221–308 



137 | AGRICULTURAL PRACTICES AND SUSTAINABLE MANAGEMENT IN TÜRKİYE 

 

 

 

 

 

CHAPTER 7 

BIOTECHNOLOGICAL STRATEGIES FOR THE 

MITIGATION OF ABIOTIC STRESS IN FRUIT CROPS 

UNDER SUSTAINABLE AGRICULTURE 

 

Ghassan ZAHID1, Sara IFTIKHAR2
, Munazza IJAZ3, Hafiz 

Muhammad AHMAD4
, Dicle DÖNMEZ5

, Yıldız Aka KAÇAR6 

 

 

 

 

 

 
1 Department of Biotechnology, Faculty of Sciences, The University of Azad Jammu 

& Kashmir, 01330 Muzaffarabad, Pakistan. https://orcid.org/ 0000-0003-3516-362X 

Correspondence: ghassanzahid@gmail.com 
2 Department of Biotechnology, Institute of Applied Biosciences, National University 

of Science and Technology, 44000, Islamabad, Pakistan. https://orcid.org/ 0000-
0003-0003-5142 
3 Department of Molecular Biology, Institute of Biotechnology, Zhejiang University, 

310058, Hangzhou, China. https://orcid.org/0000-0001-8655-4861 
4 Department of Bioinformatics and Biotechnology, Institute of Sciences, Government 

College University, 310058, Hangzhou, China. https://orcid.org/0000-0003-3795-
5372 
5 Biotechnology Research and Application Center, Çukurova University, 01330, 

Adana, Turkey. https://orcid.org/ 0000-0002-7446-9405 
6 Department of Horticulture, Faculty of Agriculture, Çukurova University, 01330, 

Adana, Turkey https://orcid.org/ 0000-0001-5314-7952 



AGRICULTURAL PRACTICES AND SUSTAINABLE MANAGEMENT IN TÜRKİYE| 138 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



139 | AGRICULTURAL PRACTICES AND SUSTAINABLE MANAGEMENT IN TÜRKİYE 

 

INTRODUCTION  

Global food production is decreased by extreme abiotic conditions like 

drought, extreme heat, salinity, etc. Among these, the stability of agro-

ecosystems is significantly impacted by the increase in atmospheric 

temperature caused by natural and anthropogenic sources. According to the 

Intergovernmental Panel on Climate Change (IPCC), if anthropogenic sources 

continued to contribute to global warming in the current pattern there is a 

possibility that the average temperature of the earth may rise by 6.4 C. Thus, 

by the end of the 21st century, the melting of glaciers will expedite sea levels 

by approximately 59 cm. Climate changes increase the chances of natural 

disasters like flash floods, cyclones, storms, drought and weather patterns. 

Since agriculture is extremely climate reliant and sensitive to agro-climatic 

conditions, changes in temperature, moisture, and rainfall have a negative 

influence on agricultural plant growth (Hossain et al., 2021). 

Stress is generally characterized as an outside factor that adversely 

affects the plant. In most cases, stress is analyzed in terms of crop production, 

biomass accumulation, plant survival, or the main assimilation pathways 

(CO2 and mineral absorption), which are all indications of overall 

development. Different environmental parameters, like atmospheric 

temperature, might become stressful in a couple of minutes, while others, like 

some mineral nutrients, may take days or even months to become stressful. 

Waterlogging, high temperatures, cold and freezing stress, salinity stress, and 

flooding stress are the few different abiotic factors that have an impact on fruit 

development. Even though it is easier to look at each of these elements 

independently, many of them are interlinked. For instance, a deficiency of 

water is usually followed by salt in the root zone or excessive heat in the 

leaves. Cross-resistance, or reaction to one stress caused by adaptation to 

another, is common in plants. This behavior suggests that the resistance 



AGRICULTURAL PRACTICES AND SUSTAINABLE MANAGEMENT IN TÜRKİYE| 140 

 
mechanisms to diverse pressures have many similarities. Plants are subjected 

to severe environmental pressures throughout their life cycle that also have a 

detrimental influence on growth and have a substantial impact on crop yield. 

Fruit trees are perennial crops, therefore once they are established, and they 

are always susceptible to a range of stresses. It would be difficult for the fruit 

trees to recover if they were severely harmed by environmental pressures, 

which would result in reduced growth and less fruit production. Additionally, 

the detrimental impacts of stress may not only affect the current year's fruit 

yield but also continue across the subsequent year (s). Consequently, it is 

necessary to develop strategies for minimizing stress damage and enhancing 

stress resistance in fruit cultivars for long-term cultivation, which can be done 

through genetic engineering and various other biotechnological approaches 

(Bakshi et al., 2022) 

1. ABIOTIC STRESS 

Drought, salinity, temperature, and flooding are some examples of 

environmental stress factors that can seriously disrupt growth and production 

characteristics and reduces the value of fruits in tropical fruit plants. The 

reactions of plants to environmental stresses have been studied using a range 

of omics techniques (Zhuang, et al., 2014). In mango fruits, intrinsic tissue 

breakdown was found to be induced by high temperatures (Vasanthaiah et al., 

2008). During exposure to heat stress at 44 °C as well as under chilling stress, 

fruits have demonstrated increased expression of senescence-related and 

abiotic genes (Khanum et al., 2020). Transcriptome studies contributed to the 

discovery of 18 eIF gene which activates in response to temperature stress, 

salt and osmotic stress (Li et al., 2019). Moreover, bHLH TF genes as well as 

WD40 protein families that regulate abiotic stress levels in papaya, mango and 

citrus, particularly citrus can give information to understand responses to 

saline, drought, alkaline, and freezing environmental stress (Salih et al., 2021). 
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Chilling stress in fruits not only causes physical damage to fruit but also 

significantly reduces the flavor. Chilling damage to the fruits, in addition to 

inflicting physical damage, can significantly impair fruit flavor. Chilling 

damage was generated by banana fruits storage at 5 C and 20 C, which affected 

the fruit morphology and decreased volatile synthesis (Zhu et al., 2018). 

Furthermore, correlative transcriptomic, as well as proteome profiling of 

lowered thermal treated bananas, helped in the discovery of MYB TFs as well 

as 12,462 cold stress-responsive lncRNAs (Liu et al., 2018). Parallel studies 

contributed to understanding the molecular mechanisms of citrus fruit that 

respond to decreased temperatures to maintain nutritional fruit value and 

extend lifespan (Yun et al., 2012). Cold temperature (10 C) boosted carotenoid 

biosynthetic gene expression (CitPSY and CitVDE) while decreasing 

catabolic expression of the gene (CitNCED2 and CitNCED3), raising total 

carotenoid accumulation in citrus fruit sacs. Citrus fruits are extremely 

susceptible to salinity stress, and researchers have indicated genes involved in 

weakening of cell walls and stiffening in response to salinity, while alkaline 

stress has been linked to miRNAs and 28 PHAS genes (Wu et al., 2016). 

Assessment of drought-resistant and susceptible guava germplasm with SRAP 

along with ISSR markers has proven successful in evaluating drought-

resistant germlines (Abouzaid et al., 2019). In guava, however, 40 putative 

microRNAs linked to saline conditions and their target fragments were 

discovered (Sharma et al., 2020). CpHSF, CpMYB, CpNAC, CpNFY-A, 

CpERF, and CpWRKY are transcription factors that regulate drought stress 

tolerance in papaya (Gamboa-tuz et al., 2018). Despite the lack of genetic 

knowledge on water stress stress-related processes in jackfruit, SSR markers 

developed and QTLs discovered for drought tolerant root features in mulberry 

can be used to investigate jackfruit genotypes because they demonstrated 

79.25 percent cross-species replicability (Biradar et al., 2013). Drought stress 
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increased the levels of abscisic acid receptor PYL8, amino acid permease 8, 

and C2H2 zinc finger proteins in dragon fruits (Fan et al., 2014). The dragon 

fruit catalase gene (HuCAT3) and related proteins have been shown to play 

an important role in chloroplast and mitochondria metabolism under abiotic 

conditions (Nie et al., 2015). 

1.1. Drought stress  
In fruit orchards, soil moisture has a significant impact on fruit size, 

production, and plant development. Under conditions of drought, the amount 

of water that is absorbed by the soil in fruit orchards is less than the amount 

that is lost via stomata thus suppressing cell growth. The plant's cells contract 

and cell walls disintegrate as its water content drops. The solutes inside the 

cells accumulate as the water loss increases and the cells continue to constrict. 

The plasma membranes thicken and constrict more. Turgor-dependent 

processes are especially susceptible to a water shortage as turgor reduction is 

the earliest substantial biophysical impact of water stress. Significant leaf 

development happens at night because plants that are dehydrated tend to 

become rehydrated at that time. On indeterminate plants, water stress restricts 

the both size and number of leaflets because it reduces the number of branches 

and their rate of growth. If the plants get water stressed after developing a 

significant leaf area, the leaflets will senesce and fall off. This leaf section 

modification is a significant enduring alteration that increases the plant's 

strength in water-stressed conditions (Fernandes et al., 2018). In most cases, 

water pressure can negatively affect both stomatal closure and photosynthesis 

in the leaf. Since stomatal closure limits transpiration as much as it decreases 

intercellular Co2 levels, water usage efficiency may rise during the early 

phases of water stress. Photosynthesis is also inhibited when mesophyll cells 

are dehydrated. However, when stress increases, water utilization efficiency 

falls and inhibition by mesophyll cells becomes higher. The formation of a 
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thick cuticle, which reduces water loss in the epidermis, is a frequent 

physiological reaction to water stress (cuticular transpiration). Although a 

thicker cuticle reduces CO2 absorption, leaf photosynthesis remains intact 

because epidermal cells beneath the cuticle are non-photosynthetic (Bakshi et 

al., 2022). 

Drought is the most harmful abiotic stress that is reducing the 

production of fruits, vegetables and ornamental plants. The current situation 

of global warming and the improper raining system has enhanced the impact 

of drought stress on horticultural crops.  Drought stress imparts 

morphological, physiological and metabolic changes in plants (Ahmad et al., 

2021). Morphologically, drought stress alters root growth, leaf angel and leaf 

area. Whereas at the physiological level, osmotic adjustment, leaf water 

potential, transpiration rate, stomatal regulation and photosynthetic activities 

are affected (Ahmad et al., 2021). Drought stress affects the metabolic process 

of plants and may lead to the accumulation of a higher amount of free sugars, 

and free essential amino acids. Drought stress can be eliminated by the 

selection of appropriate genetic material and manipulation of drought 

tolerance or drought resistance genes in crop plants (Ahmad et al., 2015, 

2018). In fruit plants, drought stress exerts some positive effects on fruit 

quality because it may cause higher sugar accumulation, organic acid 

formation and fruit maturation. However, this may depend on plant species, 

developmental stages and duration of drought stress.  

Biotechnological approaches such as QTL mapping, Genome-wide 

association study, and gene transformation through different mediums have 

allowed plant biologists to develop the drought resistance germplasm. 

Transgenic plants displayed higher tolerance to drought, ABA-hypersensitive 

stomatal closing, an increase in leaf stomata and trichome density, and 

compact cuticle structures with a lower number of micro-channels (Pieczynski 
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et al., 2013). Drought resistance can be incorporated through the 

transformation of regulatory genes (Zinc finger proteins, NAC transcription 

factors, MYB transcription factors, Wax biosynthesis genes) and structural 

genes (proline, glycine betaine, trehalose, mannitol and LEA proteins). 

Drought tolerance genes have been achieved in tomatoes and apples (Szakiel 

et al., 2012; Qi et al., 2019; Diao et al., 2020).  Molecular approaches have 

been used to identify the QTLs responsible for drought tolerance in different 

plant species (Rahman et al., 2011; Mace et al., 2012). Drought resistance 

cultivars may possess a higher cuticular wax load that may increase the shelf 

life of plants and reduce the transpiration rate from fruits. Higher wax 

accumulation along with drought resistance has been observed in apples (Qi 

et al., 2019) and tomatoes (Leide et al., 2007). Recently it has been reported 

that miRNAs-based genetic modification leads to develop the drought 

tolerance genotypes in horticultural corps. miRNAs have been identified that 

control β-diketone wax formation and minimize the water loss from the plant's 

surface and tolerate drought stress (Huang et al., 2017). Phytohormones play 

an important role to eliminate the effect of drought stress. Overexpression of 

ABA-related genes and TFs such as NAC TFs, and RD26 shows high ABA 

sensitivity and causes up-regulate of the drought-responsive genes (Fu et al., 

2017). Table 1 illustrates the some drought genes and traits identified in fruit 

crops. 

Table 1. Drought tolerance/resistance genes expressed in different horticultural crops.  

Fruit Crop 

species  

Gene/TF  Trait References 

Tomato CBF/NHX1/DREB1 Drought tolerance (Solankey et al., 

2015) 

Tomato HsfA1a Drought tolerance (Wang et al., 

2015) 

Tomato  SlSHN1 Cuticular wax 

accumulation  

(Al-Abdallat et 

al., 2014) 
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Tomato  GDSL1 Drought tolerance 

via cutin 

deposition  

(Girard et al., 

2012) 

Tomato sly-miR159 Drought tolerance  (López-Galiano 

et al., 2019) 

Tomato MdPIP1;3 Drought tolerance  (Wang et al., 

2017) 

Apple MdSHN3 Cuticular wax 

biosynthesis  

(Lashbrooke, 

Aharoni & Costa, 

2015) 

Banana MaAQPs Abiotic stress 

tolerance 

(Hu et al., 2015) 

strawberry FaPIP1 Water 

permeability  

(Alleva et al., 

2010) 
 

1.1.1. Response of fruit plants to drought stress and its 

management 

Multiple processes seem to be involved in the plant response caused by 

water constraints. Stomatal closure, which decreases water loss and controls 

plant water content, is one of the most prevalent methods. Leaf moisture 

content has been used to identify plant water crisis. It is thought that hormonal 

signaling from the roots has a role in the early drought response. In response 

to drought stress, Zhu et al. (2004) examined the leaf water capacity and 

intrinsic cytokinins in the xylem sap of early apple trees administered with or 

without paclobutrazol. The findings demonstrated that dryness considerably 

reduced the plants' moisture retention, but paclobutrazol treatment greatly 

decreased water holding capacity. In comparison to the drought treatment 

solely, the paclobutrazol-treated plants often had a high proportion of zeatin 

riboside. This could happen because of paclobutrazol ability to prevent 

cytokinin oxidation. Progress has been made in applications of molecular 

breeding approaches to increase the disease and stress tolerance of various 

fruit crops. To do this, the efficacy of a ferritin gene from Medicago sativa 

(MsFerr) was examined in grapes. It is suggested that increasing the total 

ferritin content protects plant cells against oxidative damage caused by a 
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variety of stressors by isolating the intracellular iron implicated in the 

formation of particularly reactive hydroxyl group radicals via Fenton-reaction. 

The current regeneration and transformation methods have been enhanced. 

The use of 1 M benzyl adenine increased the proportion of regenerated plants 

(BA). Plant reproduction was improved by keeping plant material on "half 

MS" media without a selective agent (after two years of selection) and cutting 

aberrant embryos underneath the hypocotyl. The separately regenerated 

transformants were examined using PCR, qPCR, and Western blot, and they 

were employed in a variety of abiotic stress tolerance studies (Parmar et al., 

2017). FaOLP2, a strawberry genomic clone encoding an osmotin-like protein 

(OLP) gene, was extracted and sequenced. FaOLP2 is projected to encode a 

229-amino acid precursor protein, and its sequence has substantial similarities 

with several other OLPs. FaOLP2 is a multi-gene family, according to a 

genomic DNA hybridization study. Real-time PCR was employed to examine 

the expression of FaOP2 in several strawberry parts. The results reveal that 

FaOLP2 was expressed at differing stages in foliage, crowns, rhizome, green 

fruits, and mature red fruits. Furthermore, the activity of FaOLP2 under 

various abiotic stressors was studied at various periods. Within 2-6 hours after 

treatment, all three abiotic stressors studied, abscisic acid, salicylic acid, and 

mechanical injury, induced a considerable induction of FaOLP2. Furthermore, 

salicylic acid stimulated FaOLP2 more strongly than abscisic acid or 

mechanical damage. The favorable responses of FaOLP2 to the three abiotic 

stressors revealed that strawberry FaOLP2 might contribute to defending 

against osmotic-related environmental factors and may potentially play a role 

in plant defense against infections (Meena et al., 2017). 
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1.2. Chilling and freezing stress 

Cold damage is most common in tropical or subtropical species. 

Freezing injury, on the other hand, happens when the temperature of the water 

falls below the freezing point. Plant leaves damaged by cold display decreased 

photosynthesis and glucose translocation, delayed respiration, decreased 

protein synthesis, and accelerated breakdown of existing proteins (Zhou et al., 

2020). All these reactions are most likely based on a common underlying 

mechanism that involves membrane function loss upon chilling. When tissue 

is naturally chilled, ice usually forms initially within the intercellular gaps and 

xylem vessels, where it may rapidly disseminate. Resistant plants are not 

harmed by this ice deposition, and the tissues restore completely when 

warmed. When plants are subjected to freezing conditions for a lengthy 

period, the formation of extracellular ice crystals causes the migration of water 

vapors from the fruiting bodies to the extracellular ice, resulting in severe 

dehydration (Ahn et al., 2012). Ice nucleation is the mechanism by which 

these dozens of ice molecules begin to create a stable ice crystal. Ice nucleators 

are big polysaccharides or proteins that aid in the production of ice crystals. 

Ice crystals begin to develop in plant cells from intrinsic ice nucleators, and 

the subsequent rather large internal ice crystals cause substantial cell damage 

and seem to be typically harmful (Duan et al., 2012). 

1.2.1. Management of chilling/freezing stress 

Crop protection efforts trace back at least 2000 years when Roman 

farmers conserved grapes by burning dispersed bodies of dead vines and 

peelings. Several distinct freeze protection technologies have arisen over the 

last 100 years as a result of major research efforts devoted to lowering freezing 

damage in horticulture crops. Significant progress has been made in 

identifying genetic control of cold hardiness as well as tolerance to other 

abiotic stimuli during the last two decades. The first focus of the research was 
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on extracting and characterizing cold-regulated (cor) genes, which has been 

followed by the identification of cold-induced transcriptional regulators and 

the analysis of cold-induced alterations in complete genomes employing 

microarray technologies. Metabolomics and proteomics have also revealed the 

physiology and biochemistry of cold adaptation. Cold tolerance is a 

complicated feature in fruit trees and woody plants in particular, and a 

comprehensive view of the physiology of chilling tolerance is required if 

biotechnology is to be employed effectively to increase environmental stress 

resistance (Liu, et al., 2018). 

Understanding the regulatory oversight of HSP gene transcription, as 

well as the discourse of their activity are essential prerequisites for developing 

transgenic crops capable of increasing HSP accumulation, particularly 

through HSTF upregulation, intending to improve tolerance to chilling injury. 

The observed ability of HSP to scavenge ROS and their interference in 

publicizing antioxidant systems, particularly by inoculation of APX gene 

expression and an increase in Gsh content, their contribution in boosting 

proline biosynthetic genotypes leading to proline deposition, and eventually 

their input to RFO accumulation by controlling galactinol and raffinose 

biosynthesis, are all biological events in which HSP is observed to contribute 

in the protection of fruits and vegetables. Modulation of HSP gene expression 

opens several possibilities for reducing post-harvest chilling damage. It would 

open up new possibilities for using biotechnological technologies to increase 

thermophilic temperature resistance and lengthen the time of chilled storage 

in fruits, horticultural crops, and vegetables that are susceptible to chilling 

damage (Aghdam et al., 2015). 

1.3. Salinity stress 

Soil salinity is a major issue in arid and sub-arid areas, where plants are 

subjected to high temperatures and severe water shortages during the dry 
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season. Salts tend to build up in the soil due to high evaporation rates and 

insufficient ion leaching in these climatic conditions, a problem that is 

frequently exacerbated by saline irrigation water in agricultural production 

areas (Levy et al., 2010). Saline water can arise as a consequence of coastal 

seawater pollution of fresh groundwater supplies or draining wastewater from 

irrigated areas. There are fewer incidents of salinity caused by the geological 

formations of soils. Salinity is one of the key restriction factors in fruit tree 

yield (Negrão et al., 2017). In addition to immediately harming plants, sodic 

soils' high Na+ concentrations also deteriorate the soil's structure by reducing 

water vapor permeability. The bigger the EC and the lesser the osmotic 

potential of water, the greater the salt concentration. In semi-arid and desert 

areas, irrigation water is of poor quality. 

High-salt stress affects plants in multiple ways, such as ion toxicity, 

nutritional disorders, alteration of metabolic processes, oxidative stress, 

genotoxicity, membrane disorganization, reduction of cell division and 

expansion as well as water stress. The accumulation of too much salt in the 

soil eventually leads to inhibition of plant growth and leads to plant death. 

Globally, no other toxin is as harmful to the growth of plants as salt. Salinity 

is considered an alarming phenomenon because it reduces agricultural 

production and results in the reduction of per hectare yield. It is estimated that 

20% of all arable land and 50% of all irrigated lands are affected by salinity, 

which can decrease the production potential of the plant. It is supposed that 

the increased level of salt in the soil is due to low-quality irrigation water, and 

the use of saline solutions. High-salt stress can impact fruit plants in many 

ways, such as ion toxicity, genotoxicity, nutritional disturbances, membrane 

fragmentation, metabolic processes, cell proliferation, oxidative stress, 

reduced cell division, and water stress as shown in Figure 1 (Ijaz et al. 2018). 

Plants have developed the following mechanism to retain their growth and 
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development during salt stress. This mechanism has four major steps, 

including (a) avoidance: to avoid contact with salts present in the soil, (b) 

escape: alteration of the life-cycle, (c) recovery: to enhance the vegetative 

growth potency, and (d) tolerance: invalidating the effects of salinity stress 

(Ijaz et al. 2020). 

 

Figure 1: Impacts of salinity stress on fruit trees. 
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Investigating the physiological and genetic basis of salt tolerance in 

fruit crops is vital to finding more effective solutions to the practical 

complications caused by salinity. It is possible to reduce production losses 

caused by high salinity stress by grafting salt-sensitive varieties on rootstocks 

that are resistant to salt. This approach can also produce plants with the good 

shoot and root characteristics. However, salt tolerance is a polygenic 

phenomenon consisting of a complex network of physiological and molecular 

processes. Therefore, the assessment of physiological characteristics by 

various biotechnological techniques is considered a more effective markers 

for assessing salt tolerance in many fruit crops (Ahmad and Anjum 2020). 

Effective use of limited water resources becomes even more necessary due to 

the rapid increase in agriculture in arid and semi-arid regions. Especially in 

arid and semi-arid environments, the presence of high amounts of soluble salts 

in irrigation water and soil solution are limiting factors that reduce plant 

growth and production (Hussain Khalid 2009). The salinity problem is 

increasing over time due to improper use of the canal irrigation system and 

also due to irrigation by salty groundwater. Leaf blight and defoliation are 

associated with the accumulation of toxic levels of Na+ and Cl− in leaf cells. 

Changes in different physiological processes such as photosynthesis, 

enzymatic activity, stomatal conductivity, ion uptake, hormonal stability 

osmotic regulation, nucleic acid production, and protein synthesis are the main 

causes of reduced plant growth under salinity conditions. Decreased plant 

growth is also caused by an osmotic effect or a high accumulation of ions in 

plant tissues resulting in ion toxicity and nutritional imbalance (Patanè et al. 

2013). 

The main factors governing stress-induced conditions include plant 

species, cultivars, growth phases, soluble salt composition, duration and 

severity of stress, as well as natural climate conditions. Plant resistance to 
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several abiotic stresses, such as salt stress, is largely determined by various 

physiological and molecular mechanisms. The fruit plants contain a 

considerable number of metabolites that are identical to solutes and do not 

interfere with the plant's metabolic processes when subjected to salt stress. 

Salt-stressed plants often display an increase in proline. Proline is found to be 

more prevalent in fruit plants' stress resistance mechanisms. The salinity 

problem needs to be solved urgently for enhanced fruit production worldwide 

(Ben Abdallah et al. 2017). There can be several factors influencing the 

reduction of salt stress in fruit crops, including proteins, proteomics, 

molecular impacts, climatic fluctuations, and genetic variability. In fruit crops, 

the process of developing and identifying salt-tolerant varieties has been 

extremely slow. The importance of developing and identifying salt-tolerant 

cultivars becomes very evident under such conditions. Salt-tolerant cultivars 

are not likely to be developed by conventional approaches. To improve salt 

tolerance in salt-sensitive cultivars, however, it is essential to use techniques 

such as association mapping, quantitative trait loci (QTL) mapping, marker-

assisted selection (MAS), and genome sequencing (Miranda-Apodaca et al. 

2018). 

The salt tolerance of annual crops and forages remains relatively 

constant throughout their life cycle, but the salt tolerance of fruit crops falls 

off after a few years. When fruit crops are exposed to high salinity stress in 

their initial years, salts are accumulated in their root and stem tissues. The 

accumulated salts, on the other hand, tend to move slowly toward the leaves 

due to long-term exposure to salinity. It is important to note that fruit crops 

are tolerant of excessive levels of salt during vegetative development but are 

adversely affected during reproductive development. Based on QTL 

information, interphase variability has been identified in salt tolerance 

mechanisms, so some species that will exhibit salt tolerance in the germination 
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stages may become salt sensitive in later phases of growth. As a fruit crop, salt 

toxicity has the most damaging effect and is harmful at reproductive stages, 

and partially edible or harvestable portions of the crop could also be affected 

(Ahmad and Anjum 2020). 

 Olive trees are more salt and drought tolerant than other temperate fruit 

cultivars, and they require less energy and nutrients than other fruit crops. At 

moderate concentrations, salinity affects pollen viability and germinability, 

the average proportion of complete blooms for each inflorescence, and fruit 

set but does not affect the size, fresh weight, or fruit drop. Salt tolerance 

regulatory components are encoded by the SOS1, SOS2, and SOS3 genes. It 

has been proposed that K plays an important role in salt tolerance. (Ozturk et 

al., 2021). Furthermore, salinity affects cellular and molecular reactions as 

well (Hussain et al., 2021). 

1.3.1. Gene expression and salinity 

A variety of genes and signaling pathways are strongly activated in 

response to abiotic stress, allowing agricultural plants to adapt to the stress 

levels. The majority of regulation occurs at the transcriptional, post-

transcriptional, and post-translational stages, with the transcriptional level 

receiving the most attention, which involves chromatin modification and 

overexpression and decreased expression of the gene's coding sequences 

(Lang et al., 2017). Salinity tolerance is a complex and ongoing genetic 

process controlled by several genes. Using genomic and transcriptome 

techniques, several transcription factors and salt-responsive genetic mutations 

have been identified. The SOS gene family is important in ion homeostasis in 

response to salinity (Sairam et al., 2004).    

Transcription factors are considered primary regulators because they 

play an important role in determining gene expression. The transcription 

factor class including NAC, WRKY, C2H2, Bzip, DREB and APETALA2 
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(AP2), contains several stress-responsive genes. Scientists have discovered 

bZIP gene expression demonstrating overexpression of genes in salt-sensitive 

wheat varieties, but reduced expression of genes in salt-tolerant wheat 

varieties (Arabbeigi et al., 2019). The NAC transcription factor group causes 

gene upregulation in wheat and rice crops, resulting in salt tolerance and thus 

playing an important role in stress relief. Some transcription factors are 

regulated by various kinases, which play an important role in plant salt stress 

response. The transcription factor OsRMC in rice crops has been discovered 

to code for receptor-like kinases and is thought to be a promoter of the salinity 

stress response. It has also been demonstrated that salt, extreme cold, or ABA 

have no effect on the transcription level of the gene OsERBP1 but are slightly 

influenced by mild cold and droughts (Singh and colleagues, 2021). 

1.4. Flooding stress 
Moisture condenses the pores of waterlogged or swamped soils with 

inadequate drainage, preventing O2 diffusion. When temperatures rise beyond 

200 degrees Celsius, oxygen uptake by the root system, soil fauna, and soil 

microorganisms can completely deplete the oxygen from most of the soil 

moisture within 24 hours. As a result, anaerobic conditions develop, and the 

development, viability and yield of several species of plants are greatly 

diminished. TCA cannot function without O 2, and ATP can only be 

synthesized by fermentation. Through all the activities of Lactate 

Dehydrogenase, roots start to convert pyruvate to lactate. Lactate fermentation 

is transitory because lactic acid production reduces cellular pH. Lactate 

Dehydrogenase is inhibited at acidic pH, but Pyruvate Decarboxylase is 

stimulated, resulting in the synthesis of ethanol via lactic acid (Nishiuchi et 

al., 2012) 
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1.4.1. Responses of fruit crops to flooding and its management 

The capacity of plants to survive flooded soil varies greatly. Flooding 

causes changes to the soil that is often detrimental to the establishment and 

growth of agriculture. Fruit crops react to flooding in a way that is directly 

linked to the significant changes in oxygen supply and the physicochemical 

states of the land that follow floods. These alterations have a significant 

impact on growth and maturation. A variety of variables can impact plant 

tolerance to moist soil conditions, including soil type, chemistry, anaerobiosis 

degree, pathogens status, low vapor pressure, root and air temperature and 

developmental stages. The relevance of all of these elements varies depending 

on the plant species. It is the root system, not the scion which determines fruit 

tree resistance to flooded conditions, while particular foliar indications of 

flooding harm may fluctuate with scion (Ward, et al., 2020).   

1.5. Heat stress 

At higher temperatures, both photosynthesis and respiration are 

reduced, although photosynthetic rates decline before the respiration. The 

temperature compensation point refers to the temperature where a certain 

amount of CO2 is emitted by respiration in each period. Photosynthesis cannot 

compensate for CO2 utilized as a respiratory substrate above this temperature. 

As a result, carbohydrate resources are depleted, and fruits lack their taste. 

One of the primary causes of the negative consequences of high temperatures 

is an imbalance between photosynthesis and respiratory activities. The 

durability of a variety of cellular membranes is critical during heat stress, as 

well as chilling and freezing conditions. Extreme fluid in lipids at elevated 

heat is associated with physiological impairment. At extreme heat, the 

intensity of hydroxyl group and electrostatic forces among polar groups as 

well as the membrane's liquid phase deteriorate. As a result, integral proteins 

(that communicate both with hydrophilic and hydrophobic regions of the 
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membranes) tend to be more firmly associated with the lipid phase. High 

temperatures alter the composition and structure of the membrane, resulting 

in ion loss (Verma et al., 2020). 

1.5.1. Response of fruit crops to heat stress and its 

management 

Sun exposure impairment in the form of huge black patches on the 

fruit pericarp can result from prolonged exposure to direct sunlight, rendering 

the fruit unsuitable. Fruits with an apical fruiting habit are more susceptible to 

sunlight. Several techniques might be implemented to minimize the frequency 

of sunburn. Different plant varieties may have greater leaf surfaces, giving 

better protection to fruits, and might have more resilient to sunburn.  A better 

nutrition and irrigation program might boost vegetative development and thus 

shield the fruits against direct sunshine. Shadows or screens might also be 

created to protect plants and fruits from direct sunshine. An alternate method 

of preventing sunburn on fruit is to employ aerial watering to cool the canopy 

through evaporation (Araújo et al., 2022). This possibility is seldom in desert 

conditions because of water shortages and high salinity, which might harm the 

canopy due to salt stress. Studies are indicating that salicylic acid has a key 

role in plant response to biotic and abiotic stress. There have been several 

reports on the use of salicylic acid to improve tolerance against heat in fruits, 

vegetables, and ornamental plant species.  Possible pathways of salicylic acid 

action in plant heat stress adaptations were also addressed (Liu et al., 2022). 

Although traditional methods such as sequencing techniques, QTL, MARS 

and MABC, are valuable in mapping, genetic variation studies and 

determination of genes linked to heat stress, they restrict the area in terms of 

complexity related to physiology, genetics, and molecular pathways.  High 

throughput sequencing techniques and proteomics investigations provide an 

in-depth understanding of the process and concepts. CRISPR/Cas 
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9, transgenic studies and genetic engineering are advanced technologies that 

can help to reduce heat stress by manipulating agricultural plants to produce 

better heat tolerance. However, high throughput sequencing techniques are 

more expensive than traditional methods, thus out of reach for most farmers 

than traditional technology. Integration of both traditional and advanced 

methods can therefore be more effective and accessible. High throughput 

approaches indicate the significance and processes of exogenous application 

of many osmoprotectants and other proteins in vivo, which may be entrapped 

into the plant from external sources for sustainable agricultural development 

towards heat tolerance There is currently a lot of research being done on heat 

stress, ye t, additional attention is required to gain an understanding of the 

phenomena of heat stress. Modern technology should be employed to help 

farmers improve heat tolerance in agricultural species (Verma et al., 2020). 

2. GENETIC IMPROVEMENT OF MAIN FRUIT 

THROUGH BIOTECHNOLOGICAL TOOLS  

Although genetically modified organisms (GMOs), particularly 

genetically modified plants (GMPs), are a valuable subject and the topic of 

intense debate, the general public is still very unfamiliar with them. Both 

acronyms are commonly used to refer to plants created using recombinant 

DNA technology, but they should be called Genetically Engineered Plants 

(GEPs). GEPs are the consequence of modifications and selection procedures 

based on current needs produced by humans over decades using any breeding 

strategy. GEPs, on the other hand, are produced by genome alterations induced 

by the insertion of genes extracted from any existing organism and transmitted 

via chemical, physical or biological (bacteria and viruses) vectors. These 

plants are currently referred to as "transgenics," since they involve the 

transcription of transgenes or the silencing of an indigenous protein to change 

a function. Genes/DNA can be transformed in species, however, the source of 
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the genes employed for the transformation is still unknown. This method has 

provoked vigorous debate among societies that are concerned with the transfer 

of genetic material across genotypes that would not naturally interbreed. 

Considering these criticisms, the cis-genic and intragenic ideas were proposed 

around a decade ago to differentiate modified plants based on the origin of 

advanced breeding genes or the alterations induced by the genetic variants of 

the plant exposed to alterations. As a result, such plants were termed "cis-

genic" when plant species were genetically engineered with one or many 

genes isolated out of a crossable donor plant (including introns and 

surrounding elements including native promoters as well as terminator 

sequences in a core component). On the contrary, the approach "intragenic" 

refers to changes produced in a single gene by in vitro reorganization of 

different genes, i.e. they might contain genetic material from various genes 

and loci, allowing gene expression to be altered by employing various 

promoters or terminator sequences (Schouten et al., 2006). From a legal 

perspective, both forms of plants are now recognized the very same. These 

two forms nevertheless have a similar phenomenon in which a unique 

sequence is inserted as randomly in the genome or the selected gene, as well 

as bacterial and viral noncoding vector regions e.g T-DNA borders (Zhuang 

et al., 2014). It has been well understood that the expected total agricultural 

yield of cultivated plants worldwide is approximately 40% of total potential 

agricultural production, with shortfalls contributed to diseases (10-20%), 

drought stress (25%) bindweed (5-10%), cold exposure (16%), lack of oxygen 

(16%), salt concentrations pressure (5%) heavy metals (3%) and poor soils 

(20%). The present need for food is interpreted to explain global profits, 

beyond wasting and inadequate circulation, which cannot be met with simple 

production of virgin fertile lands, which is insufficient. However, with the 

involvement of those lands that are now unsuitable due to a lack of appropriate 
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plants, and typical genetic improvement procedures do not appear to be highly 

beneficial for such goals. Biotechnology works to meet this demand by 

developing plant varieties with a higher yield, quality, safety, and stability, to 

decrease pre and post-harvest waste in a short period. Furthermore, these 

techniques enable plant modification to make them suitable for "Phyto 

assisted remediation" or "bio-assisted phytoremediation," i.e. the 

advancement of plants with extensive and compact root systems to provide a 

high surface area accumulation and an enlarged rhizosphere, which together 

would form the root exudates a microhabitat beneficial to the microbes 

responsible for the degradation of organic pollutants in soils. This 

modification can be applied to plants that are already known for their 

proclivity to accumulate harmful metals to increase their accumulation 

capacity. However, for many plant species, technical barriers exist, such as 

barriers to genetic exchange in selection procedures and ineffective techniques 

of in vitro cultivation of plants from cells or tissues, mainly those of somatic 

origin. Despite these challenges, there has been a tremendous success, 

particularly with herbaceous plants, that have a short life span and are tiny 

enough to be tested in vivo in small places. This method, on the other hand, is 

best suited for plant species with a prolonged juvenile period, a high amount 

of heterozygosity, or little genetic diversity. In comparison to any other known 

technique, it provides for fast and accurate elimination of defects in 

commercialized cultivars/rootstocks without affecting or altering their 

essential qualities. In comparison to any other known technique, it allows for 

the rapid and precise removal of deficiencies in commercialized 

cultivars/rootstocks without affecting or changing their essential qualities. 

Contrary to popular opinion, these approaches have the potential to save 

endangered species while also improving the quality of our products. Minor 

"gene therapy" operations to correct the most serious flaws enable us to 
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preserve biodiversity, particularly cultivated types. The genetic improvement 

approaches and the most promising genes for fruit crops, as well as the most 

interesting results, are described in Table 2 (Rugini et al., 2020). 

Table 2. Genetic transformation in fruit trees through genome editing tools. 

Fruit Cultivar Genes Results References 

Apple MdbHLH104 

MdSLMYB1 

Tolerance against 

iron deficiency 

and Multiple 

abiotic stress. 

(Wang et al., 

2013) 

Banana CBF1 Resistance to cold 

hardiness 

(Hu et al., 2013) 

Citrus Prolin synthesis Drought 

Resistance 

(Molinari et al., 

2004) 

Peach MbDREB1 Cold, salinity and 

drought tolerance 

(Yang et al., 2011) 

Olive Osmotin Cold and salinity 

tolarance 

  (Rugini et al, 2016) 

 

Kiwifruit AtNHX1 Salinity tolerance (Tian et al.,2011) 

Wild grapevine VaCPK20 Cold and drought 

tolerance 

(Zhoa et al., 2016) 

Plum Cytapx, cytsod Salt tolerance Vivancos et al., 

2013 

Rough lemon Yeast (HAL2) Salt tolerance  (Ali et al., 2012) 

 

2.1. Application of genome editing in fruit crops 

Plant genetic modification technologies such as Zinc-Finger Nucleases 

(ZFNs), Trans Activator-Like Effector Nucleases (TALENs), and Clustered 

Regularly Interspaced Short Palindromic Repeats (CRISPR) linked with Cas 

proteins are expanding crop improvement and functional genomics research 

opportunities. Various editing methods, particularly the CRISPR/Cas9 

system, have been employed effectively in fruit crops including banana, citrus, 

apple, pear, kiwifruit and grapes. Recent research has shown that genetic 

engineering techniques have a substantial impact on plant bioengineering in 

general, but also in fruit crops. As these tools enable the modulation of 

multiple genes without gene transfer, such plants could be termed non-
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transgenic. Editing tools enable the development of improved crop species 

that could have been approved even now in countries where transgenic crops 

are prohibited. Besides, genome-editing advancements produce high-quality 

product lines that would be nearly impossible to develop using conventional 

breeding techniques (Hussain et al., 2018). ZFNs and TALENs have been used 

in model organisms such as Arabidopsis and tobacco plants, and later in other 

crops, but their use in fruit crops is limited (Zhang et al., 2010; Butler et al., 

2016). CRISPR/Cas9 technology has been used to generate the majority of 

technologies for fruit crops such as citrus, kiwifruit, apple, pear and banana 

(Erpen-Dalla Corte et al., 2019). Even though CRISPR/Cas9 system has been 

used in various crops for application domains such as NHEJ-mediated gene 

knockout, HDR-mediated gene replacement, gene targeting and rearranging, 

germline engineering, selection of a single trait, plant domestication, 

manufacturing of biopharmaceuticals, etc, research practices in fruit crops are 

still limited (Kaul et al., 2020). However, multiple studies were conducted to 

adapt the CRISPR/Cas9 technology for fruit cultivars (Ahmar et al., 2020), 

and various physiological pathways were investigated. Chlorophyll and 

carotenoid synthesis (Qin et al., 2007), juvenile phase and blooming phase 

(Varkonyi-Gasic et al., 2019), fruit development, and pest and disease 

response were all taken into account (Parkhi et al., 2018). 

2.1. Genetic Engineering techniques in fruits 

Various biotechnological approaches can be employed to plants in 

terms of improving them throughout the plant breeding process. Tissue culture 

in crop species has been one of the most widely exploited areas of 

biotechnology. Tissue culture applications now reach well beyond rapid 

multiplication and micropropagation (Idowu et al., 2009). Another aspect of 

plant biotechnology is molecular marker technology. Molecular markers seem 

to be well known as useful plant breeding tools, and they have evolved into a 
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variety of systems based on various polymorphism-detecting techniques or 

approaches, such as SSR, RFLP, AFLP, RAPD, ISSR, SRAP, SNP, SSCP, etc 

(Jiang et al., 2013). Genetic engineering is a strong method for plant 

development, with the ability to integrate desirable traits into current genomes. 

Transformation technologies opened the way for key genes to be transferred 

into plant genomes to increase resistance to fungal, viral diseases, various 

pests, drought, and salt, as well as silencing unwanted genes and improving 

nutrient uptake (Mallikarjuna et al., 2016). GM technology offers both 

benefits and flaws. It can reduce the number of backcross generations by using 

to speed up the process of cleaning up the genetic background without 

changing the genetic makeup (no off-target effects). The requirement to know 

and sequence the target gene is a significant drawback of GM breeding. Other 

drawbacks of GM breeding include the need for specialist labs and the high 

cost, while less expensive, simpler alternatives are being explored (Forster et 

al., 2015). Table 3 illustrates several recent cases of genetic engineering 

techniques being used to transfer genes for fruits.  

 Table 3. Genetic engineering techniques used for gene transfer in various fruits. 

Plant species Targeted gene Transformation 

method 

References 

Citrus sinensis  Gfp, nptll, 

CsPDS 

Biolistic, Cas 9/sg 

RNA 

 (Wang at al., 

2014)  

Vitis vinifera  VpPUB23 Agrobacteriu 

tumifaciens. 

 (Mo et al., 

2015) 

Malus domestica 

and ficus carica 

uidA ZFN   (Peer et al., 

2015) 

Prunus mume  Sgf(S65T) SAAT  (Gao-Takai, and  

Tao., 2014) 

C.paradisi attE Agrobacteriu 

tumifaciens. 

(Mondal et al., 

2012)  

Vitis amurensis RolB and nptll Agrobacteriu 

tumifaciens. 

 (Kiselev et al., 

2007) 

 Olea europaea  gus and nptll  Biolistic  (Narvaez et al., 

2018) 
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Malus 

micromalus 

RolC, gus  Agrobacteriu 

tumifaciens 

 (Zhang et al., 

2006) 

Coffea 

canephora 

hptll,rol,uidA  Agrobacteriuenesm 

rhizog 

 (Kumar et al., 

2006) 

Many fruit and vegetable crops, including the garden strawberry 

(Fragaria X ananassa), apple (Malus domestica), sweet orange (Citrus 

sinensis), tomato (Solanum lycopersicum), and squash, are produced through 

hybridization and selection (Cucurbita maxima). By using diploid and 

tetraploid ancestors, hybridization breeding may also be used to develop 

horticultural crops without seeds, such as watermelons. Crop hybridization 

breeding does, however, have constraints that are challenging to overcome. 

Although genetic engineering approaches and accelerated breeding 

procedures can speed up the breeding and selection processes yet needs 

tremendous quantities of labor and land resources. Modern genetic 

engineering techniques have recently begun to be used in addition to 

traditional gene transfer technologies for a wide range of plant species 

(Dönmez et al., 2016). 

3.  PERSPECTIVES AND CONCLUSIONS 

From cereal production to diversified farming, the agricultural 

paradigm is already shifting. Aside from improving biological productivity 

and nutritional standards, horticultural crops can also significantly improve 

profitability, particularly fruit crops, which would constitute the core of any 

such agro-economic strategy for sustainable agriculture. To achieve enhanced 

production, cultivars and production technologies have been developed by 

studying the physiology of the growth and development process. With the 

changing environmental scenarios, many new issues, including climate 

change, have emerged as major challenges. To manage the stresses caused by 

temperature, light, and moisture regimes, we will need to develop a better 

understanding of both conventional management and molecular tools to cope 
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with these stresses. Dedicated efforts will be required to understand the 

physiological processes under various stresses. Climate change poses a threat 

to plant growth because of stress conditions, which will require an accelerated 

understanding of plant physiological processes and their molecular systems. 

Sustainable agriculture would be possible with committed biotechnological 

approaches combined with the physiology of fruit crops. These novel biotech 

approaches deal mainly with abiotic stress tolerance and ways to install 

tolerance mechanisms in fruit crops to achieve desired yields even in harsh 

environments. Molecular basis for plant heat tolerance and response to heat 

stress can be better understood through the application of genomics, 

proteomics, and transcriptomics approaches. An increasing number of 

molecules, their new roles, new concepts, and new mechanisms are being 

discovered in the field of abiotic stress tolerance. In addition, signal 

transduction pathways are becoming increasingly important, microarray 

analyses are becoming more common, and the field of functional genomics is 

becoming increasingly important. 
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INTRODUCTION 

Today, digitalization is of importance in term of businesses to compete 

with their competitors, to protect and develop their presence in the market. 

The pandemic process that we experienced has also caused to this digital 

world to get in our lives faster and to adapt to these digital applications. Today, 

digital applications are available in every sector and also every vary of 

business. Especially in the agricultural sector; Digital applications are to 

become more crucial thanks to the unique characteristics of the sector, the 

behavior of the producers, the structure and processing of agricultural 

enterprises, and its relationship with agricultural input and agro-industrial 

sectors. On the other hand, in the view of the fact that the critical role played 

by the agricultural sector in the development of the country, the sector should 

be strengthened with information and communication technologies. 

According to the datas, the agricultural gross domestic product value of our 

country is approximately 50 billion dollars and its share in the total GDP is 

6.4%. It is stated that the share of the agricultural sector in employment is 

around 20%. Turkey, develops a number of policies so as to maximize this 

power, has in agriculture. Digitalization in agriculture is one of these policies. 

(Pakdemirli, Birişik, Aslan, Sönmez & Gezici, 2021).   

Recently, concepts such as digitalization and digital transformation 

have been frequently encountered. The concept of digital comes from the 

Latin word “digitus” meaning finger and refers to digitization in information 

systems (Klein, 2020).  Accordingly, digitalization is named that country, 

industry or organization etc.  adopt to computer technologies and use these 

technologies in all processes. More with precise expression, ın order to reduce 

costs and increase efficiency, it is the enhancement or improvement of the 

efficiency of all processes through digital technologies and digitized data. 

(Tutkunca & Haydar, 2022). On the other hand, the results of the studies show 
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that many businesses are striving to achieve transformative effects from new 

digital technologies, but a significant minority are able to develop their 

management and technology skills in applying the potential of new 

technologies. In Fact, businesses using digital technology effectively can take 

advantage of at least one or more of these three areas, such as better customer 

experience and loyalty, improved operations, new business lines or models 

(Fitzgerald, Kruschwitz, Bonnet & Welch, 2013). This is seen that the 

agricultural sector has also been affected by the digitalization process 

experienced in the industrial sector with the effect of Industry 4.0 in the recent 

period. With digitalization, smart tools have been ready used in agricultural 

enterprises. It is possible to facilitate agricultural activities by analyzing the 

weather and soil conditions, estimated harvest time, where, how much and 

what kind of fertilizer or pesticide should be used, irrigation processes, 

minerals needed by plants, or the fight against pests with these smart tools 

(Çakır & İşlek, 2021). By the end of the 18th century, the use of water and 

steam power in production is stated as Industry 1.0. With the prevalence use 

of electricity in production at the beginning of the 20th century, mass 

production was started and this period was called Industry 2.0. By the 1970s, 

the use of computers, electronics, information technologies and automation 

systems became widespread, leading to the Industry 3.0 period. 

Today's Industry 4.0 is the name given to digital transformation, 

involving many areas such as fully autonomous systems, smart robots, 

pilotless aircraft, driverless cars, virtual reality (Kırkaya, 2019). At the core of 

Industry 4.0 are networked intelligent systems being able to regulate 

production and allow people, machines, equipment and products to 

communicate with each other (Guban & Kovacs, 2017). The purpose of using 

these practices in the agricultural sector is to maximize agricultural efficiency 

and productivity. In today's world, where agricultural areas are getting 
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smaller, water resources decreasing, risks related to food safety increasing, 

and the global climate crisis is affecting our world, the importance of 

digitalization in the agricultural sector emerges.  

In this context, the aim of this study is to reveal the digital applications 

seen in Turkish agriculture. The limitation of the study is to examine the 

digital applications made by the Ministry of Agriculture and Forestry, the 

Ministry of Commerce, the finance sector, producer organizations and the 

private sector, having significant effects on Turkey's agriculture with the 

policies and projects they have developed, in line with this purpose. 

2. 4.0 APPLICATION TOOLS IN AGRICULTURE AND 

DIGITAL APPLICATIONS IN AGRICULTURE WITH 

EXAMPLES FROM THE WORLD 

2.1. 4.0 Implementation Tools in Agriculture 

In the 1600s, changes in British agriculture in order to meet the 

increasing food demand due to population growth paved the way for the 1st 

Industrial Revolution and this period was called the Agricultural Revolution. 

While efficiency in agriculture increased with the consolidation of agricultural 

lands and the emergence of agricultural machinery in England, productivity 

increased even more with the use of fertilizers in the 1840s. With the 2nd 

Industrial Revolution between 1870-1914, electricity commence to be used, 

mass production was started, mechanization in agriculture increased, chemical 

fertilizers and pesticides for agricultural pests commence to be used. By the 

1960s, the 3rd Industrial Revolution, called the computer and digital 

revolution, was entered. The changes to have emerged in the agricultural 

sector with the use of mechanization, fertilization, irrigation, pesticides and 

technological knowledge in agriculture are called the Green Revolution. 

Satellite technologies were commenced to be used in 1994 in order to monitor 



AGRICULTURAL PRACTICES AND SUSTAINABLE MANAGEMENT IN TÜRKİYE| 178 

the farms and make more accurate planning. In the 2000s, software and mobile 

devices became used in the agricultural sector. In 2011, the German Federal 

Government introduced this advanced technology strategy in agriculture with 

the concept of Agriculture 4.0. (Kılavuz & Erdem, 2019). In the literature, it 

is also seen that the concept of agriculture 4.0 is referred to with the concepts 

of smart agriculture or digital agriculture. (Pogorelskaia & Varallyai, 2020). 

Agriculture 4.0 capitalize on a number of information and communication 

technologies to increase productivity in agriculture, investigate the variability 

of agricultural data and cope with changes in the agricultural scenario (Sott et 

al., 2020). These tools are briefly described below. 

2.1.1. Internet of Things (IoT): With the IoT technology placed in 

agricultural fields, producers are able to access the data of plants remotely. 

These devices consist of several sensors that examine several parameters in 

parallel, such as soil moisture content, temperature or soil electrical 

conductivity, affecting plant growth. In this way, plants are monitored in real 

time and in the light of the data obtained and determined for example, when 

irrigation, fertilization or pesticide use is needed (Pogorelskaia & Varallyai, 

2020). 

2.1.2. Big Data: Data collected from the field or farm includes 

information such as planting, agricultura spraying, necessary materials, yield, 

soil types, weather conditions and seasonal images (Wolfert, Ge, Verdouw & 

Bogaardt, 2017). Big data is an application that enables to make decision 

through the use of these data mentioned together. With this application, three 

important benefits such as cost reduction, improvement in decision making 

and improvement in products and services are provided (Özsoylu, 2017). Big 

data provides manufacturers with predictive innervision into their production 
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activities and real-time operational decisions and business process redesign 

(Zhai, Martinez, Beltran & Martinez, 2020). 

2.1.3. Use of Satellites and Drones: Within the framework of precision 

agriculture practices, satellites and aircraft have been used to obtain 

information about agricultural areas for a long time. As a result of the 

developments in drone technology, the use of these vehicles for agricultural 

purposes has been widespread. It also enable to possible for producers to 

access the images they need instantly or to carry out activities such as pesticide 

applications remotely at low cost. Drones, custom engineeredfor agricultural 

applications have sensitive sensors and imaging systems to detect pests and 

plant diseases (Ozdogan, Gacar & Aktas, 2017). 

2.1.4. Robotic Systems and Autonomous Vehicles: Farmer robots or 

autonomous agricultural machines are effectively used in agricultural 

activities. Autonomous tractors that precisely plow and seed the planting area 

or autonomous combine harvesters that separate the product and the stalk are 

examples of autonomous vehicles. Farmer robots, on the other hands, 

implement many tasks, from sowing the seed to the point where the highest 

yield will be obtained by analyzing the planting area, to detect the harmful 

weeds in the planting area and applying the most appropriate pesticide (Ercan, 

Öztep, Güler & Saner, 2019). 

2.1.5. Cloud Computing System: A cloud computing system is 

defined as a service structure that allows users' data to be accessed or run 

applications at any time via a server in the internet environment (Özsoylu, 

2017). In other words, cloud computing is the providing of computer or 

information technology infrastructure over the internet. With the cloud 

computing system, all data related to soil, weather, crop and producer can be 

stored in one place and data availability to be ensured. Thusly, users such as 
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producers, researchers, consultants and experts can easily access this data 

from anywhere and at any time via devices connected to the cloud system 

(Choudhary, Jadoun & Mandoria, 2016). 

2.1.6. Image Processing Technology: The basic definition of image 

processing is the processing of digital image, more precisely, the elimination 

of noise and all kinds of irregularities in the image by means of digital 

computers. It is used in many fields such as image processing, medical 

imaging, military, materials science, graphic arts, printing industry, textile, 

forensic research (Chitradevi & Srimathi, 2014) and it has been frequently 

used in agricultural activities in recent years. When agricultural activities are 

carried out using traditional methods, producers control their products by 

using their hands and eyes. However, when image processing methods are 

used for control purposes, possible to reach some numerical data over the 

obtained image and thus to reach new results. In this context, these systems 

are of importance in activities such as product quality control, product 

classification and automation (Kaymak, Örnek & Kahramanlı, 2019). In 

summary, these tools, to be applied at every stage of agricultural activities, 

have benefits such as providing quality and safe food, reducing the costs of 

chemical raw materials such as pesticides and fertilizers, creating an 

agricultural registration system, and accessing accurate information for more 

effective aquaculture and management decisions (Kaya, 2019). 

2.2. Digital Applications in Agriculture with Examples from 

the World 

Some examples of agricultural 4.0 practices in the world are given 

below. 
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2.2.1. England: England realizes digital agriculture practices with the 

cooperation of universities, industry and government, and for this purpose, it 

stands out with the support given to education and the research centers 

established. Rothamsted Institute, one of the leading organizations in England, 

works on environmentally friendly agricultural technologies and carries out 

successful projects. Researchers at the institute provide information sharing 

by making hundreds of articles published every year accessible worldwide. 

The institution carries out genetic studies so as to ensure food safety and 

increase productivity. Moreover, in 2015, they established the first field crops 

analysis facility in the world. One of the most important collaborations on 

agriculture in the country is the N8 agriculture platform. Universities of 

Manchester, Leeds, Newcastle, York, Lanchester, Liverpool, Durham and 

Sheffield have come together on the N8 agriculture platform. In line with the 

objectives of the platform, agriculture 4.0 technologies and gene studies are 

focused on. Also, continues to work on plant and food health, safe food supply 

chain and sustainable food production (Saygılı, Kaya, Tunalı Çalışkan & 

Erdölek Kozal, 2019). 

2.2.2. Netherlands: The Netherlands attaches importance to 

sustainable and technology-based agricultural policies. Renewable energy and 

high efficiency irrigation systems, robots, big data analysis, automation 

systems, smart software are used in the country. For example, the government 

purchased 1.4 million Euro worth of satellite data in order to increase 

productivity in agriculture, and based on this data, it provided information to 

its producers on issues such as atmosphere, soil and crop development 

(Kirmikil & Ertaş, 2020). 

2.2.3. Israel: Israel is one of the important countries in the field of 

agriculture with its research and development investments in the agricultural 
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sector and mechanization. In the country where soil and water scarcity is 

experienced, remarkable achievements have been achieved by using advanced 

technologies. Biological pest control, computer-controlled drip irrigation, 

thermal imaging in crop water stress detection, drought-resistant seed varieties 

can be counted among the projects carried out. The drip irrigation method, 

considered the most important development in modern agriculture, was 

invented by Israel in 1959. Irrigation software called CropX has been 

synchronized to smart phones, thus paving the way for real-time data access 

on weather and soil conditions. In the greenhouses located in the agricultural 

center called Arava in the desert, fertilization and irrigation are carried out 

using computers. Pytech, an agricultural technology company, provides 

support to manufacturers on the Internet of Things (IoT) (Kılavuz & Erdem, 

2019). Eshet Eilon company, on the other hand, uses X-rays to emerge the 

quality information of the fruit, when it will ripen or its nutritional value, by 

means of its spectral imaging machine (https://www.btk.gov.tr/uploads/ 

pages/arastirma-raporlari/akilli-tarim.pdf).   

2.2.4. Germany: CLASS company,  carrying on its activities on 

agricultural machinery in Germany, monitors animal herds through sensors 

and informs the authorities via SMS if the animals are sick (Davutoğlu, 2021). 

2.2.5. United States of America: The United States come into 

prominent for its investments in technology and learning to use technology. 

Accordingly, there are many institutes and sub-organizations in country's 

Federal Department of Agriculture (USDA). Under the leadership of the US 

Department of Commerce, the “Select USA” summit was held in 2016. At the 

summit, the importance of agricultural technologies was referred. With the 

support of the government, manufacturers use integrated systems that provide 

online humidity, temperature and harmful substance control in their 
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production areas. Even Though the USA meets 80% of the world almond 

production, almond is a product that requires a lot of water and production 

costs are increasing. In order to reduce the cost, soil analyzes made by placing 

moisture sensors on the trees and 20% savings were achieved. By means of a 

satellite sent to space by NASA, the amount of moisture in the soil is measured 

and the data obtained are presented to scientists. Again, the US-based tractor 

manufacturer John Deere reduced the fuel cost by 40% with the sensor added 

to the tractor (Kirmikil & Ertaş, 2020; Saygılı et al., 2019). Again, with an 

application called Scoutpro, developed in the USA, manufacturers can 

monitor their production sites in real time and access detailed information 

about the field  (https://www.btk.gov.tr/uploads/pages/arastirma-

raporlari/akilli-tarim.pdf). 

2.2.6. Canada: Precision Hawk, operating in Canada, has developed a 

UAV sensor platform. Thanks to this sensor, manufacturers access necessary 

information on issues such as air pressure and wind speed (Davutoğlu, 2021).   

2.2.7. Japan: Technology centers, universities and the private sector 

are at the forefront of smart agricultural practices in Japan. Japan's arable lands 

make up only 11% of its land, and the number of people working in the 

agricultural sector is gradually decreasing. However, Japan has increased 

agricultural production thanks to its investments in digital agriculture 

applications (https://www.btk.gov.tr/uploads/pages/arastirma-raporlari/akilli-

tarim.pdf).     

2.2.8. Taiwan: YesHealth IFarm in Taiwan has a fully controllable 

system. This production plant has 14 floors and vertically structured. While 

controlling the temperature, air and humidity, The nutrient absorption of 

plants is investigated by playing classical music in the facility. (Davutoğlu, 

2021). 
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2.2.9. Tanzania: The “Connected Farmers” project was implemented 

in Tanzania with the contributions of Vodafone company. With this project, 

more than 30,000 manufacturers become organized organize through their 

smartphones in an area of hundreds of kilometers. In addition, thanks to this 

mobile phone application, agricultural industry companies can register 

producers, open loans, make payments to them or deliver the products 

collected from hundreds of producers to the processing area more effectively 

(http://cv.ankara.edu.tr/duzenleme/kisisel/dosyalar/23112016172248.pdf). 

3. DIGITAL APPLICATIONS IN TURKISH AGRICULTURE 

Turkey is one of the ten largest agricultural producers in the world and 

the largest in Europe. In addition, considering its closeness to the 

European, Middle East and Central Asian markets, its relatively young 

population and the presence of agricultural land, it is clear that Turkey 

has an substantial agricultural potential. However, in order to use this 

potential at the highest level, it is necessary to give importance to 

digitalization in agriculture and to expand digitalization. In this 

direction, it would be beneficial to integrate information and 

communication technologies into all processes of agricultural 

production (Pakdemirli et al., 2021).  

On the other hand, While Turkey has a serious potential in terms of 

agricultural activities, is a country can not use this potential sufficiently. 

In 2020, approximately 18% of the working population was employed 

in the agricultural sector and this accounted for 6.6% of the gross 

domestic product (GDP). In the same year, the contribution of the sector 

to GDP was 47.3 billion dollars. In 2020, Turkey became the world 

leader in the production of dried apricots, hazelnuts, quince and figs. 
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The annual average growth rate in the agricultural sector between 2003 

and 2020 was determined as 2.5%. However, when the agricultural data 

refer to Turkey is analyzed, it is seen that the increase in agricultural 

GDP is lower than the general GDP increase (Oğul, 2022). On the other 

hand, considerable losses have been seen in our agricultural lands in 

recent years and our title of being a self-sufficient country in agriculture 

that we have for many years have been lost (Kaya, 2019). The 

Agriculture Law was took in effect on 18 April 2006 in order to 

determine and implement the necessary policies in order to increase the 

efficiency of the agricultural sector. There are some articles in the law 

that can be associated with agricultural transformation in particular. 

These; 

- Ensuring product diversity in agriculture, 

- Increasing productivity and quality in production, 

- Development of product and agricultural input markets, 

- Increasing competitiveness 

- Making production site usage plans, 

- Ensuring product-market integration, are classified (Sezer, 

2022).    

Therefore, it is clear that the use of digital agriculture applications in 

the execution of many agricultural activities, from planting to 

harvesting, from agricultural spraying to irrigation from fertilization to 

weeding, soil, plant and animal health, or marketing of products, is 

important in realizing the above-mentioned items related to agricultural 

transformation. These, 
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1. In agricultural machinery; Combiners harvester with sensors 

used for harvesting are regarded as autonomous agricultural 

machines that inform the producers about the estimated harvest 

time, the water status and mineral level of the soil, or when 

fertilizer should be applied. 

2.  In greenhouse activities; Smart greenhouse systems are used 

for remote access in irrigation and air conditioning, balancing the 

greenhouse temperature, determining the pH value and radiation 

level. 

3.  In product cultivation; smart irrigation systems, drones used 

in spraying, seeding and irrigation, precision seeding equipment 

and robots used in pest control or weed removal are regarded as 

counted. 

4. In animal breeding; The animal tracking system used to 

monitor the health and general condition of animals and to 

analyze the data obtained via computer, and smart traps used for 

the detection of pests are regarded as counted (Baran & Ersoy 

Karaçuha, 2021).  

 

Ercan et al. (2019) evaluated agriculture 4.0 practices in Turkey through 

SWOT analysis. Their findings are given in Table 2. 
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Table 2: SWOT Analysis on Agriculture 4.0 Practices in Turkey 

Strengh Weaknesses Opportunities Threads 

Presence of 

organizations 

offering smart 

agriculture 

technologies 

High average age 

of producers 

Predominance of 

young population 

Smart 

agriculture 

practices, 

causing a 

radical change, 

in the industry 

Producers are 

inclined to 

cooperate with 

operating smart 

agriculture 

organizations 

Inadequacy to use 

information 

technologies 

Of smartphones, 

using widespread 

Problems 

adapting to 

change that will 

be realized 

Producers have 

positive opinions 

about the smart 

agriculture 

practices they use. 

Lack of 

awareness for 

smart farming 

practices 

Agricultural and 

technology 

organizations' 

requests for the 

necessary 

investment in 

education and R&D 

studies 

Employment 

issues of 

agricultural 

workforce 

The existence of 

certificate 

programs on smart 

agriculture 

technologies and 

the increasing 

interest in these 

programs 

Foreign 

dependency in 

technology and 

infrastructure 

problems 

especially in rural 

areas 

Demands for the 

forming of state 

policies for the 

spread of smart 

agricultural 

practices 

Poor 

management of 

The state's to 

the process 

properly 

Carrying out smart 

agriculture studies 

by public 

institutions 

The fact that the 

lands have a 

fragmented 

structure and the 

agricultural 

enterprises are 

small-scale 

Smart agriculture 

practices are to 

create employment 

opportunities in 

many sectors such 

as insurance. 

Challenges 

encountered in 

intersectoral 

integration 

 

On the other hand, the technological transformation desired to be 

realized in the agricultural sector in Turkey can be achieved not only with the 

producers, but also with the cooperation of all stakeholders consisting of the 

public and private sectors, unions and cooperatives and universities (Kaya, 
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2019). Below, some digital applications carried out in the agricultural sector 

in Turkey have been tried to be discussed on the basis of sectors. 

3.1. Public Sector 

3.1.1. Ministry of Agriculture and Forestry 

The Ministry of Agriculture and Forestry is the primary government 

actor responsible for agricultural production and the most prominent investor 

in Turkish digital agricultural solutions. Within the Ministry, the General 

Directorate of Agricultural Research and Policies is responsible for 

conducting research; the General Directorate began digital agriculture 

research programs in 2002. Some of these programs include: Determination 

of Variables Affecting the Yield in Cereal Cultivation Areas Using Precision 

Agricultural Techniques; Field Specific Variable Rate Fertilizer Application 

in Maize Production in the Çukurova Region Using Information Technologies 

Supported by Satellite Images; and the Integrated Project for Planning, 

Development, and Dissemination of Precision Agricultural Applications in 

Crop Production. 

The Ministry also supports research programs conducted by 

ASELSAN, the largest defense electronics company in Turkey, with the aim 

of transferring the use of unmanned aerial devices, communication platforms, 

and traffic and automation systems to the field of agriculture. Some of 

ASELSAN’s projects to date include: Automatic Tractor Steering and Control 

System Development; Farm Management Systems Development, Image 

Processing Based Precision Agricultural Applications with Unmanned Aerial 

Vehicles, System Development for Monitoring and Tracking Wheat Losses 

During Harvest, and Development of the Intelligent Measurement Platform 

Prototype for Sheep and Goat Breeding. 
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Also within the Ministry of Agriculture and Forestry, the Integrated 

Control System Department under the General Directorate of Agrarian 

Reform is responsible for several national datasets and the digital services they 

support, including: 

• National Geographic Information Systems 

• Farm Accountancy Data Network 

• Land Parcel Identification System 

• Integrated Management and Control System  

• Agricultural Information Network 

• Farmer Registration System 

• Animal Registration System 

• Farmland Registration System 

• Village Database (FAO, 2021).  

DİTAP (Digital Agriculture Market) 

The Digital Agricultural Market (DİTAP) is a project developed by the 

Ministry of Agriculture and Forestry in order to ensure that the products 

produced by the farmer attain all buyers at value prices and that both the 

producer and the consumer win. It was put into effect service for Real / Legal 

persons on 29 April 2020. The system is preferred by real persons, private 

institutions and public institutions in the positions of producers and buyers. 

The distinguished brands of our country and Central Unions and Cooperatives 

are also actively using the Digital Agricultural Market (DİTAP) system. 

All buyers and manufacturers can meet through the online platform. It 

is on course to become a digital market where all stages from the seed stage 

of a product to the consumer's table are followed, supply and production 

provided, and production planned. Thanks to the Agricultural Market 

(DİTAP), Herbal Products, Animal Products and Aquaculture Products can be 
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sold directly. In order to expand export channels, pre-season prices are 

predicted by making contracted production. New modules continue to be 

added to the system. Thanks to the Agricultural Land Rental Module, which 

is one of these modules, it is possible for producer farmers to rent their own 

lands using the Digital Agricultural Market (DİTAP) system. One of the aims 

of the Digital Agriculture Market is to enable farmers being producers to find 

wider markets for their products. In addition, it is the creation of a platform 

where consumers and tradesmen can buy any quality product they want 

directly from the manufacturer without intermediaries. In this way, a much 

more efficient trade environment is created for both farmers, consumers and 

tradesmen (https://www.dijitaltarim.com/dijital-tarim-pazari-ditap-nedir/). 

3.2. Financial Sector- Denizbank 

In addition to agricultural consultancy, DenizBank provides 

information on weather information, grant-support news and product prices at 

harvest times, in order to enable farmers to grow their crops more efficiently, 

with the "Deniz’den Toprağa-From Deniz to Land" digital agriculture 

application. Anyone interested in agriculture is able to make use of the 

application free of charge, whether they are a customer of the bank or not. It 

has reached over 270 thousand downloads. Thanks to the algorithms in the 

application, the entire growth process of a product from sowing to harvest is 

animated in a virtual environment, and fertilization, spraying and irrigation 

suggestions specific to each stage are instantly communicated to the 

producers. Users receive the responses they need via the application or by 

calling from their registered phones, by sending their questions 24/7 to the 

team of agricultural engineers, who are experts in their fields, with another 

important function, “Ask the Engineer”. Market and stock market prices, 

news, official announcements and rental tractor functions allow the 
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manufacturer to enable instant access to information and to share the 

equipment and machinery necessary for the continuation of production. With 

the Satellite Field Tracking menu developed in 2019, users are able to pursue 

the satellite images of their recorded fields via the application, and monitor 

the development level of their fields online. In this way, they can get 

suggestions from agricultural engineers regarding underdeveloped regions in 

the field and increase their productivity (Denizbank, 2022).   

3.3. Private Sector 

3.3.1.Toros Tarım  

Toros Tarım is a Tekfen Chemical Industry Group company. It carries 

on its activities in the fields of special fertilizers and organic/organomineral 

fertilizers apart from mineral fertilizers. In classical fertilizers, it holds 38% 

of the total installed production capacity in Turkey. The “Toros Farmer Smart 

Agriculture and Fertilization Application”, distinctively developed by Toros 

Tarım for smart mobile phones and tablets, providing to farmers free of 

charge. The application is an agricultural decision support application that 

gather weather forecast, soil and plant data to develop suggestion for farmers' 

activities (https://www.toros.com.tr/tr/toros-kurumsal/duyurular/toros-ciftci-

uygulamasi-nedir). The application, activated operation at the end of 2016, 

receives the coordinates of the field where the farmer sows, the results of the 

soil analysis laboratory and the information of the plant to be sowed; produces 

a list of fertilizers that can be used based on plant and soil data. The 

application, estimating the stage of the plant by considering the planting date 

and weather information, informs when being time to apply the top fertilizer. 

In addition, it also offers the farmer a calendar of the dates when the weather 

conditions are most convenient for fertilization. The farmer using the 

application can follow the daily weather forecasts for his field, as well as 

access the frost, hail and storm warnings through the application. Thus, the 
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farmer, having sufficient time to take the necessary measures, is able to 

minimize the possible damage those will encounter. In addition, thanks to the 

right fertilization at the right time, productivity increase and cost efficiency 

are also provided. There are approximately 7000 farmers, 7500 fields and 800 

dealers registered in the “Torosfarmer-Torosçiftçi” application 

(www.skdturkiye.org)  

3.3.2. Doktar 

Doktar is an agricultural technology company that aims to optimize the 

food ecosystem with intensive use of information and data-based decisions. 

For this purpose, Doktar develops digital agriculture solutions based on new 

technologies such as remote sensing, machine learning and Internet of Things 

for the entire agricultural value chain. It establishes effective distribution 

systems and business partnerships for the collective use of these technologies. 

Doktar’s Digital Agricultural Products are Agricultural Information 

Services, Agricultural Sensor Station, Digital Soil Analysis, Variable Rate 

Fertilizer Application, Orbit Scouting & Crop Health, Farm Management 

System and Digital Pest Trap (https://www.doktar.com/en). 

Agricultural Information Services; ensures farmers to have easy access 

to technical information, agricultural updates, market prices, grant support 

information, and obtain more yields with less input per unit area.    

Agricultural Sensor Station; Take effective spraying and irrigation 

decisions with hourly data from the field. 

Digital Soil Analysis; It enables the farmer to make fast and profitable 

decisions by determining the chemistry of soil and fertilizer needs within five 

minutes. 

Variable Rate Fertilizer Application; Variable rate application service 

aims to reach your yield potential by taking differences within the field into 

account. 
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Orbital Scouting and Crop Health; By using daily satellite images, the 

farmer monitors the health of his field and easily determines the problem 

areas. 

Farm Management System; It records all financial and operational 

activities related to the farmer's agricultural business and monitors its 

profitability in the field. 

Digital Pest Trap; Provides real-time tracking of pests 

(https://www.doktar.com/).   

Doktar’s Corporate Services; ensures that the enterprises operating in 

the agriculture sector to connect with the farmers and provide satisfaction and 

sales-enhancing solutions. It creates competitive advantage by agricultural 

technologies that are supported by business decisions with farmers’ insight. 

Corporate services are Market Intelligence, Agricultural & Technical Support 

Line, Doktar CRM, Agricultural Social Media Management, Crop Detection 

& Crop Type Identification, Digital Field Days and Traceability in 

Agricultural Procurement. 

3.4. Cooperatives- Agricultural Credit Cooperatives 

3.4.1.Agricultural Credit Technology 

Agricultural Credit Technology is a subsidiary of Turkey Agricultural 

Credit Cooperatives. It provides software services, hardware supply and 

communication infrastructure services by developing original projects for 

institutions and organizations in the public and private sectors beside 

cooperatives (https://www.tarimkredi.org.tr/kurumsal/%c4%b1stiraklerimiz 

/tarim-kredi-teknoloji/). The company cooperates with Gazi University 

Technopark. The company's brands in the agricultural sector; 

https://www.tkteknoloji.com.tr/kurumsal/hakkimizda/  



AGRICULTURAL PRACTICES AND SUSTAINABLE MANAGEMENT IN TÜRKİYE| 194 

ZİHA (Agricultural Unmanned Aerial Vehicle): In the plant 

protection method with ZİHA, the discharged liquid holds on to the plant in 

much higher amounts, the fuel cost which is included in the input cost 

decreases, and the damage caused by the relevant vehicle or tractor to the 

product is eliminated. Since distribution can be made completely 

autonomously, many factors related to human error are also disabled 

(https://www.tkteknoloji.com.tr/sektorler/tarim-teknolojileri/z%C4%B1ha-

zirai-%C4%B1nsansiz-hava-araci/). 

ÇDP (Farmer Support Platform): It is a platform that enables the 

collection and interpretation of agricultural data such as meteorological data, 

soil analysis data, insect trap data, field health and phytosanitary data by 

establishing an agricultural data infrastructure that can be used by all farmers, 

and then proceed to the stage of processing the analysis 

(https://www.tkteknoloji.com.tr/en/sectors/agricultural-technologies/cdp-

farmer-support-platform/). 

Multispectral Camera UAVs: Image analysis and artificial 

intelligence methods are used on multispectral / hyperspectral, visible / 

infrared / thermal bands, satellite images, aerial photographs obtained from 

UAVs and imaging aircraft, and images taken from the ground. The solutions 

are used to optimize the use of pesticides, water and fertilizers in sensitive 

agricultural practices, as well as provide information to farmers about the plant 

development process, to make more accurate planning by making harvest 

estimates and to protect their products from damage with early warning 

(https://www.tkteknoloji.com.tr/en/sectors/agricultural-technologies/multi 

spectral-uav/). 

ATS (Smart Tractor Systems): Robotic and autonomous technologies 

are adapted to agricultural machinery and presented to the use of farmers in 
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order to carry out more precise and accurate agricultural operations. The aim 

is to minimize human-induced errors and reduce labor, as well as to obtain 

better quality products and higher efficiency. Smart Tractor Systems will be 

an auxiliary technology that will have automatic and manual options, helping 

farmers to navigate their routes between rows and over rows properly on the 

field (https://www.tkteknoloji.com.tr/en/sectors/agricultural-technologies/ 

ats-smart-tractor-systems/). 

3.4.2. KORBIS (Turkey's First Digital Cooperative) 

It is an application enabling the members of agricultural credit 

cooperatives to do their work with cooperatives in a mobile environment with 

the Cooperative Joint Information System (KORBIS). Thanks to KORBIS, 

fast and easy access was provided, and the infrastructure of transactions such 

as instant tracking of partner information, interactive information, online 

order-collection, subsidies, and cash and in-kind loan applications was created 

(https://tarimkredi.org.tr/faal%c4%b1yetler/korbis/). The life of the partners 

is easied with Reminder Services, Institution and Branch Information, Nearest 

Cooperative, Call Center, Opinion, Suggestion and Request Communication, 

Campaign Notification, HAYBIS (Animal Information System), Partner 

Information and Agricultural Weather and Early Warning System in the 

KORBIS application. 

Satellite Field Tracking System (TARKIP); In agriculture, remote 

sensing technologies have been developed in order to provide the inputs 

needed to adapt the crop and soil conditions suitable for the land as required 

by Precision Agriculture, to perform all production processes more 

effectively, to ensure a continuous flow of information from the land and to 

prevent possible risks. With the system, the development, yield, water and 

stress (nutrient deficiency, drug follow-up, chlorophyll deficiency, disease, 

etc.) status of the products in the production land and the problems occurring 
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in different parts of the land is able to be detected early and compared with 

previous seasons. With this program, which will create a decision support 

system in production, efficiency is possible to be increased and risks to be 

reduced. TARKİP; It facilitates the work of partners with Breeding 

Suggestions, Agricultural Notification and Warning, Field Based Analysis, 

Accurate Decision-Making Center Database, Artificial Intelligence Studies, 

Early Warning System and Easy User Interface (http://www.korbis.org.tr 

/Korbis/Index#features).  

 

3.5. GSM Operators-Turkcell and Vodafone 

3.5.1. Turkcell 

Turkcell's applications for farmers are "Turkcell Farmer's World", 

"Turkcell Agricultural Doctor", "Turkcell Village Weather", "Turkcell Farm 

Doctor" and “Turkcell Filiz”. These services are paid and subscription 

required. 

"Turkcell Farmer's World" contains regional announcements, the latest 

developments in agriculture, current news from the Ministry of Agriculture 

and the Chambers of Agriculture, 3-day agricultural weather conditions 

specific to the district, the highest and lowest temperatures, meteorological 

events (sunny, partly cloudy, torrential rain, etc.) (https://m.turkcell.com.tr/ 

servisler/ciftci-haber-paketi?place=related_services). 

"Turkcell Agricultural Doctor" A separate program is created for each 

field/product registration. It is offered in the period until the harvest; product-

specific technical breeding program, field and product-specific fertilization 

program, district-based 5-day meteorological forecasts, regional early 

warnings against diseases and pests, discounted soil and product analysis; 

market information about agricultural products, market and stock market 

prices, and regional and product-specific incentives and support information 
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from the Ministry of Agriculture and Forest (https://m.turkcell.com.tr/ 

servisler/turkcell-tarim-doktoru-paketi). 

"Turkcell Village Weather" Information is given from the 3-day 

agricultural weather forecast of the village (https://m.turkcell.com.tr/ 

servisler/koy-hava-durumu?place=related_services).  

"Turkcell Farm Doctor" Subscribers who register their animals are 

provided with nutrition, basic information on disease prevention, personalized 

veterinary services on farm management and reproduction, and services for 

customer relations (https://m.turkcell.com.tr/servisler/turkcell-ciftlik-

doktoru?place=related_services). 

“Turkcell Filiz” It is an application that allows the user to get more 

detailed information about the field, is used with the ground-weather station 

and can receive instant data. With the application, information about the field 

can be obtained without going to the field, and written and verbal support can 

be obtained from agricultural engineers who are experts in their fields 

(https://m.turkcell.com.tr/kurumsal/dijital-is-servisleri/iot-nesnelerin-interne 

ti/turkcell-filiz). With Turkcell Filiz, we regularly monitor different values of 

soil and air through sensors and combine with algorithms created with 

artificial intelligence; It provides the producers with critical information such 

as what should be done for the development of the plant, the need for water 

and the risks of disease, via the mobile application, and enables them to take 

precautions. It protects its users from possible harm by giving early warning 

against diseases, heavy rain, frost. Contains breeding information for sixty 

different plants (https://medya.turkcell.com.tr/bulletins/dijital-tarimda-yerli-

ve-milli-urun-filiz/). 
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3.5.2. Vodafone 

Digital Agriculture Solution (Vodafone); provides you with 'best 

timing' suggestions for agricultural operations by analyzing the data for 

spesfic land established that receives from the air and soil through the sensors 

and modules it is in, and helps the farmer to avoid product loss and equipment 

damage by giving early warnings. It is a support and decision system that 

allows to reduce production costs such as electricity, pesticide and fertilizer 

amount while maximizing the yield from the field (https://www. 

vodafone.com.tr/vodafone-business/cozumler/dijital-tarim-cozumu). 

Vodafone Farmers Club; It is a versatile program that includes special 

advantages and offers to farmers and their relatives. Vodafone Farmers' Club 

members are possible to access all news that they interest in (weather forecast, 

product-specific disease and risk information, market and stock market prices, 

agricultural grants and supports, news about the agricultural sector and free 

fair invitations) with the Farmer News Package (https://www.vodafone. 

com.tr/ciftci-kulubu). 

Vodafone Smart Village; The smart village is a new generation rural 

life model that combines traditional farming methods with the possibilities of 

advanced technology, making it a sole goal to increase the efficiency of 

production with information and communication technologies and to raise the 

social life standards of the producer with qualified knowledge. In this model, 

it is aimed to increase the productivity and profitability of small producers 

(family farming) with technological agriculture. In this model, it is aimed to 

increase the productivity and profitability of small producers (family farming) 

with technological agriculture (https://www.tabit.com.tr/vodafone-akilli-

koy/). The project has been continuing successfully for 5 years with the 

cooperation of Vodafone and TABİT. Among its purposes; Increasing 

productivity in agricultural production with information and communication 
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technologies, preventing migration and unemployment by making young 

people love farming, ensuring digitalization in villages, using new agricultural 

technologies in the world. With Vodafone Smart Village, the inequality of 

opportunity that is gradually increasing, the convenience brought by 

technology, access to information and thus the difference in efficiency will be 

balanced. It prevents migration and supports reverse migration, thanks to the 

fact that the studies carried out increase both the welfare and income of the 

farmer in the area. 

Vodafone Smart Village had organized trainings for farmers and 

studied on access issue to technology so that products can be grown with high 

efficiency, health and residues free (http://www.vodafoneakillikoy.com/ 

uploads/files/VakRapor.pdf). 

CONCLUSION 

Increasing world population, climate change and environmental 

problems reveal the value of scarce resources and the importance of 

sustainability. For this reason, while countries allocate significant resources 

to research and development activities for these developments, especially 

affecting the agricultural sector, technological developments in agriculture are 

becoming increasingly common. On the other hand, the Pandemic process in 

the world has also contributed to the understanding and spread of the 

importance of digital developments. Today, digitalization has commenced to 

become a crucial element for businesses, in term of competition, preserving 

and developing their presence in the market. The pandemic process we 

experienced had also enabled this digital world to go into our lives more 

quickly. Today, digital applications are seen in every sector and every type of 

business. Especially in the agricultural sector; Digital applications are of more 

importance due to the unique characteristics of the sector, the behavior of the 

producers, the structure and operation of agricultural enterprises, and its 
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relation with agricultural input and industrial sectors based on agricultura. 

Digital applications are mostly developed for the needs of manufacturers. In 

the field research conducted by the Credit Registration Bureau for 2021, it was 

determined that 80% of the farmers use smart mobile phones (with internet) 

and they connect to the internet mostly via smart mobile phones (75%). These 

rates give an idea that Turkish farmers are able to access the information they 

wish via the internet at any time. With the globalization process and increasing 

competition, agricultural enterprises have commenced to take an much more 

interest in technological innovations in order to increase income and reduce 

costs in production.  

With the using of advanced technologies in agriculture, enables farmers 

to produce more agricultural products at less cost and also to contribute to the 

production of safe, quality and sustainable food. In this scope, smart 

agriculture applications and many other information communication 

technologies (mobile phones, internet, satellite images, remote sensing, sound 

waves, robots, advanced machines, etc.) have commenced to be used at all 

stages from soil to fork in the agricultural value chain. In this way, the need 

for labor has begun to decrease and the way for data to be collected and 

processed more frequently and accurately has been paved (Ministry of 

Agriculture and Forestry, 2022).  

With the developments in the world in the field of Agriculture 4.0, 

Turkey has accelerated its work in this field. In Turkey, having a high 

agricultural production potential, research and development activities in the 

field of agricultural technology have been developed with the support of both 

state policies, universities and research centers and the private sector in recent 

years. In addition, especially GSM companies; The number of companies 

producing agricultural equipment, R&D and software and their patent 

applications are increasing day by day. In this field, examples of cooperation 
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among private sector companies have started to be seen. Vodafone Smart 

Village, established in Aydın with the aim of supporting rural development in 

partnership with Vodafone Turkey and TABİT, is on its way to becoming the 

first smart village in the world and Turkey equipped with end-to-end digital 

Technologies (Saygılı et al., 2019).  

In our country, the level of awareness of producers about what smart 

agriculture is and its benefits is gradually increasing. Private sector 

companies, the public, cooperatives and technology companies have a great 

role in this increase. Digital applications are becoming widespread among 

manufacturers. Some companies offer their digital applications as free of 

charge. However, there are some obstacles to the spread of digital 

applications. 

There are problems with government support and access. Among them;  

• Due to the limited technical knowledge of the farmer, problems in 

data reading and interpretation,  

• the inadequacy of the educated population working in agriculture,  

• the lack of information support to be provided by reliable institutions 

in the selection of technology to be used in agriculture,  

• the lack of information support to be provided by the farmer to 

evaluate the technology and get the most suitable one, fragmented 

and small structure of agricultural lands.  

• Due to the high costs of the use of agricultural technology, the use 

of agricultural technology is introduced, encouraged and 

implemented in the stages. (Saygılı et al., 2019). 

 

In order to disseminate smart agricultural practices, incentives should 

be given to small-scale enterprises, farmers should be trained on digital 

agriculture, pilot studies should be visited to ensure that the facilities and 
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benefits provided by the practices are observed, young people should be 

encouraged to agriculture, cooperation between producers, universities, public 

and industry should be ensured, domestic companies producing smart 

agricultural products should be encouraged and  supported. 

In summary to increase the efficiency, productivity and 

competitiveness of the agricultural sector in our country, both in terms of 

producers and production, digital applications in agriculture should be 

prevalent. 
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INTRODUCTION 

Grafting is a vegetative propagation method defined as a combination 

of the shoot part of the plant, known as the scion, and the root part, known as 

the rootstock (Goldschmidt, 2014). Although it is not known how grafting was 

first discovered, it is said that it started to be practiced in Asia and the Middle 

East in the 5th century BC, and after it was mentioned in the ancient Greek and 

Chinese texts and the Bible. Furthermore, the relationship between mistletoe, 

apple, and poplar, people have observed that different kinds of plants grow on 

each other, and the ideas of obtaining new plants by cutting and combining 

different plants since ancient times has been tried (Melnyk and Meyerowitz, 

2015). In addition, between the year 384 and 322 B.C, Aristotle explained the 

techniques of grafting. In the years 1300–1500, new grafting techniques had 

been used in Europe. Even though, the physiology of grafting was not yet 

known in England in the 16th century, the effect of cambium on grafting had 

been well understood (Hartmann and Kester, 1991; Belmonte-Urena et al. 

2020). Tachisi had introduced the splice grafting technique in 1917 and the 

oblique splice grafting had been started by Watanabe in 1923. In 1962, 

Bravenboer has studied inoculation in Solanaceae plants and formed the 

source of grafting in the sense of agriculture (Louvet, 1974). The demand for 

grafting has been increased with the prohibition of methyl bromide, which is 

a soil disinfectant (Miles et al. 2017). Grafting of vegetables in European 

countries has been first started in cucurbits and then in Solanaceae species in 

the 1980s and continued intensively (Belmonte-Urena et al. 2020). Inoculation 

in fruit-edible vegetables has been started in the early of 20th century (Yetisir 

et al. 2004). The first grafting studies have been started in Japan and Korea 

due to the demand for continuity in agricultural production but insufficient 

areas (Ertok and Padem, 2007). The first grafting against fusarium wilt in 

vegetables started with the grafting of watermelon (Citrullus lanatus) on 
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gourd (Lagenaria siceraria) rootstock in Japan in 1914 (Yetisir et al. 2004). 

Following the spread of grafting in watermelons, grafted plants began to be 

produced in eggplant in 1950, cucumber in 1960, tomato in 1970, and melon 

until the 1990s (Ulaş and Yetişir, 2016; Malik et al. 2021). In this section, 

general information about grafting in cucurbits, grafting physiology, 

incompatibility in grafting, rootstocks, and techniques used in grafting and up-

to-date information on grafting are given. 

1. GRAFTING IN CUCURBITS 

The Cucurbitaceae family includes about 1000 species of important 

vegetables that are grown economically all over the worldsuch as melon, 

watermelon, cucumber, bitter gourd, bottle gourd, was gourd, and pumpkin 

(Guo et al. 2020). The global production of cucurbit crops is 159.35 million 

tons grown in the different regions of world (Faostat, 2020). Grafting on 

vegetables has been used for more than two decades in China, Korea, Turkey, 

Israel, France, Italy, and some other European countries. In the year of 2019, 

58 million plants were grafted in North America, 24% (13.5 million) of which 

were watermelons. Grafted vegetables are grown in ratio of 51.5% in Mexico, 

35% in Canada, and 13.5% in the United States. Today, 99% of Korea, 94% 

of Japan, and 40% of China are using grafted plants in watermelon production 

(Thies, 2021). At the beginning of the 21st century, with the prohibition of 

methyl bromide, which is a soil disinfectant in the USA, suitable grafting 

materials have been studied. As a result of those research studies, it has been 

reported that the grafting materials to be used should be closely related and 

compatible. The plants should be observed after grafting until harvesting time 

and the rootstock should be tolerant or resistant to soil-borne diseases and 

pests, biotic and abiotic stress conditions, and should be chosen as materials 

that show homogeneous growth on a commercial scale (Belmonte-Urena et al. 

2020). The use of the grafting method is increasing every year, especially in 
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watermelon, to reduce soil-borne diseases and pests, which are difficult and 

limited (Fallik and Ziv, 2020). Rootstock selection is important in the grafting 

method.  

Grafting is widely applied, especially in Cucurbitaceae and Solanaceae 

plants (Lee et al. 2010; Bie et al. 2017). Gourd (Lagenaria siceraria L.) and 

watermelon (Citrullus amarus Schrad.) rootstocks are used in limited 

numbers, while interspecies hybrids [Cucurbita maxima (Duchesne) x C. 

moschata (Duchesne ex Poir)] are commonly used rootstocks (Paris, 2015). 

Cucurbits are usually grafted onto the same species (C. melo L.) or cross-

species like Cucurbita moschata × Cucurbita maxima hybrid rootstocks (King 

et al. 2010). The effect of Lageneria siceraria, bitter gourd (Momordica 

charantia) and ridge gourd (Luffa acutangula) rootstocks on cucumber was 

investigated. It has been determined that gourd rootstocks gave higher yields 

and had few dead plants compared to other rootstocks (Noor et al. 2019). It 

has been reported that the interspesific hybrid rootstocks (C. maxima × C. 

moschata), melon and watermelon genotypes, and gourds are salinity tolerant 

and usable in breeding programs, but Luffa cylindrica is susceptible to salt 

stress (Modarelli et al. 2020). Fruit quality, flesh color, and fruit firmness have 

also been positively affected by grafting technique. Plants grafted to 

interspesific Cucurbita rootstocks had more color intensity and more flesh 

firmness, but delayed color formation and an 8.8% decrease in TSS (Salar et 

al. 2014; Modarelli et al. 2020). Although the effect of rootstock and lineage 

genotype is important in grafting, rootstock-scion, lineage-environment, 

rootstock-environment and the interaction of these three are also very 

important (Thies, 2021). Grafting technique in cucurbits and used rootstocks 

are described in the following sections. 
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1.1. Watermelon 

Generally, grafting technology with distinct rootstocks in watermelon 

has reached a good stage. The most common used rootstocks in watermelons 

are the interspesific hybrid pumpkins (C. moschata×C. maxima), gourd 

(Lagenaria siceraria) and C. lanatus var. citroides (Kong et al. 2014; Liu et 

al. 2015). Furthermore, pumpkin rootstocks improve fruit quality, yield, and 

resistance to disease and pests in watermelon (Xing et al. 2015) whereas 

grafting watermelon onto interspecific squash rootstock reduces TSS but 

increases yield, flesh firmness, and lycopene content (Kyriacou et al. 2020). 

In addition, Cucurbita, Lagenaria, and citron species and varieties have been 

tried as rootstocks for watermelon, and the authors reported that the best 

rootstock was the Nun9075 variety from Cucurbita hybrid (Kombo and Sarı, 

2019).  

According to Davie et al. (2005), garfting did not change fruit shape of. 

watermelon.  The fruit flesh firmness is directly related to the amino acid 

called Citrulline, and it increases in fruit by grafting using zucchini cultivars 

(Soteriou et al. 2017; Fallik and Ziv, 2020). For watermelon, gourd 

(Lagenaria siceraria (Molina) Standl.) and interspesific hybrid pumpkin 

rootstocks (Cucurbita moschata (Molina) Standl. × C. maxima Duchesne) are 

very usable and durable rootstocks for resistance to Fusarium oxysporum f. 

sp. niveum (E. F. Smith) disease (Sheu et al. 2018; Thies, 2021). Additionally, 

Cucurbita pepo L., Cucurbita maxima Duchesne, Cucumis melo L. and C. 

moschata Duchesne rootstocks are applied to combat nematodes 

(Meloidogyne incognita) in watermelon varieties (López-Pérez et al. 2016). 

However, C. colocynthis and Lageneria rootstocks are extremely sensitive to 

various diseases (Thies et al. 2010). The bottle gourd (Lageneria siceraria), 

Cucumis melo, and squash (Cucurbita pepo) were used for fusarium wilt 

resistance and growth development in watermelon. For improvement of the 
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growth resistance to the low temperature, C. maxima x C. moschata, wax 

gourd (Benincasa hispida) and pumpkin (Cucurbita moschata), for nematode 

resistance Sicyos angulatus rootstocks are used (Mohanta et al. 2015).  

1.2. Melon  

Recently, the interspecific hybrids of Cucurbita moschata and 

Cucurbita maxima and Cucumis melo species have been widely used as 

rootstock in melon (Karabulut et al. 2018). Several authors have stated that 

grafting techniques allow for the prevention of many stress factors and 

diseases in melon plants. For instance, when the wild watermelon C. lanatus 

var. citroides was used as rootstock against the necrotic spot virus the 

resistance was obtained between 0% and 20%, while the hybrid rootstock of 

C. maxima × C. moschata had approximately 100% resistance to the same 

disease (García-López et al. 2018). Furthermore, Cucurbita spp. are also used 

for fusarium wilts and growth promotion in open field grown melon, as well 

as C. maxima x C. moschata and Cucumis melo rootstocks for low 

temperature. On the other hand, for greenhouse grown melon, Cucumis melo 

and Benincasa hispida are utilized for fusarium wilts and growth 

development, and for low temperatures, the C. maxima x C. moschata 

rootstocks are used (Mohanta et al. 2015).  

1.3. Cucumber 

Grafting methods in cucumber varieties have been shown to have 

greater prevalence due to the emergence of new disease strains and lower 

quality and yield from climate change. The main objectives of grafting 

cucumbers are to provide tolerant and resistant cucumber lines to the cold and 

fusarium wilt, and improve fruit appearance. Typically, cucumber has been 

grafted onto figleaf gourd (C. ficifolia Bouché), squash, interspecific hybrid 

squash, and pumpkin (Lee et al. 2010; Velkov and Pevicharova, 2016). 

Depending on the rootstock selection, most grafted plants have a higher total 
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fruit number and yield than other rootstocks or non-grafted plants (Goreta et 

al. 2014). Currently, grafted cucumbers with squash interspecific hybrid 

rootstocks provide earliness and increase yield by around 1.8% to 18.2 times 

compared to non-grafted cucumbers (Guan et al. 2020). In a study, Cucurbita 

moschata hybrid 360-3×112-2 and commercial C. ficifolia rootstocks have 

been used for salinity resistance, and it was stated that the most suitable 

rootstock was 360-3×112-2 hybrid rootstock (Zhou et al. 2010). In addition, 

TZ148, Nun 9075, and Local-3 rootstocks were found to improve the 

tolerance of cucumber plants to salinity stress conditions (Usanmaz and Abak, 

2018). Moreover, the increase in the amount of dry matter, which is one of the 

most important criteria in the market and consumption phase, has been 

observed when the ‘figleaf gourd’ pumpkin rootstock was used (Zh et al. 

2021). Generally, grafted plants produced higher yield, plant height (Farhadi 

and Rezaie 2015) and increased resistance to fusarium, which is one of the 

most important diseases, compared to ungrafted plants. However, there is not 

much increase in yield in soils devoid of diseases (Cardoso et al. 2010; Sabry 

et al. 2022). For fusarium wilts, growth development and low temperature in 

cucumber, fig. leaf (Cucurbita ficifolia, C. maxima x C. moschata, Cucumis 

sativus); for growth development and nematode resistance, Sicyos angulatus 

rootstocks are used (Mohanta et al. 2015). 

2. GRAFTING PHYSIOLOGY 

When rootstock and scion are cut, the plant perceives injury or fracture 

to its cell walls, which prompts defense and growth responses (Nuhse, 2012). 

After grafting, healthy cells adhere to opposing tissues and become stronger 

over time. Wrapping around the graft site with tape during grafting increases 

the physical pressure around the graft and supports the formation of the new 

grafted cell walls. For a while, the opening between the rootstock and root 

cells is V-shaped, and pectic substances accumulate in this opening. The 
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pectins, which accumulate and compress, increase the strength of the bond 

between the rootstock and the scion, and callus begins to form two days after 

grafting. Besides, the differentiation of the phloem and xylem occurs. The 

phloem, consisting of living cells, carries macromolecules, nutrients, water, 

and mineral substances to the callus, while the xylem, consisting of dead cells, 

the callus protrusions begin to form in the spaces between the rootstock and 

the scion. Meanwhile, the pectins inside begin to become thicker than the cell 

wall thickness. Four days after inoculation, callus cells fill the junction 

between rootstock and scion. Then, after five days, grafting formation occurs 

and pectins disappear (Jefree and Yeoman, 1983; Ertok and Padem, 2007; 

Melnyk et al. 2015). Plant hormones are effective for vegetative and 

generative growth in plants, and therefore, it is believed that they will also be 

effective in the connection between rootstock and scion (Aloni et al. 2010). 

Consequently, the use of various growth regulators to improve the grafting 

site and increase the grafting rate has begun to be investigated (Köse and 

Güleryüz, 2006). Many studies have indicated that ABA has an effect on 

vascular tissue formation during the grafting (Nanda and Melnyk, 2018). 

According to one view, the application of ABA suppresses the 

formation of genes that are activated by callus in the absence of callus (Pena-

Cortes et al. 1989). In the case of ABA deficiency, there is a decrease in the 

suppression of genes that are active in callus. In this way, it is proven that 

ABA is directly effective in the formation of calli. In another view, ABA 

accumulated around the callus does not have any effect on the tissue but 

causes drying of the damaged tissues (Birkenmeier and Ryan, 1998). To 

combat salinity stress, resistant plants are obtained from grafting method 

application by using rootstocks with high ABA content levels (Etehadnia et 

al. 2008). Due to the auxin and cytokinin balance in the grafted plants being 

disturbed, more cytokines are transmitted to the shoot and the ratio of IAA is 
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decreased, which results in high growth development in the scion parts than 

in the rootstock (Aloni et al. 2010). Auxin also plays an important role in 

grafting during the grafted plant formation, as it allows vascular tissue 

formation and callus healing (Nanda and Melnyk, 2018). The low level of 

auxin differentiates the phloem in the callus, while its high level encourages 

the formation of both phloem and xylem (Aloni, 1980).  The cotyledons are 

the source of oxygen, and the auxins that are produced from the cotyledons 

promote graft fusion in young plants (Bhalerao et al. 2002; Nanda and 

Melnyk, 2018). In other words, cytokinins are phytohormones with effects on 

cell division and plant growth (Nanda and Melnyk, 2018). Furthermore, 

cytokinins increase the formation of vascular tissues, but auxin is required for 

tissue reattachment. The coexistence of auxin and cytokinin allows 

reattachment of vascular tissues during grafting (Parkinson and Yeoman, 

1982). Ethylene is effective in repairing a wound on the trunk (main stem), 

but has no significant effect on the grafted hypocotyl. However, it is 

synthesized around the graft junction (Yin et al. 2012; Nanda and Melnyk, 

2018). Gibberellic acids contribute to the division and differentiation of 

cambium cells when they are supplied from the cotyledon. They support the 

closure of the callus and graft connection point repaired through the expanding 

cells (Asahina et al. 2002; Melnyk et al. 2015). 

3. INCOMPATIBILITY IN GRAFTING 

The difference between incompatibility and compatibility is not known; 

nevertheless, it can be explained as the union and development of two plant 

parts to become a new plant (Belmonte-Urena et al. 2020). Incompatibility in 

grafting is manifested by being incapable of coexisting at the connection point 

between the rootstock and the scion, the un-growing grafted plant, and the 

premature death of the rootstock and the scion. This situation in grafting 

technique has been reported many times by several researchers, and this may 

https://link.springer.com/article/10.1007/s10265-017-0994-5#ref-CR10
https://link.springer.com/article/10.1007/s10265-017-0994-5#ref-CR81
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cause many unharvestable fruits (Malik et al. 2021). Yetisir and Sari, (2003) 

used 10 different rootstocks for watermelon and reported that Lagenaria type 

rootstocks were compatible with watermelon, and they stated that it appeared 

at a lower rate of incompatibility detected towards the end of vegetative 

development in Cucurbita rootstocks. Generally, it should be determined 

whether the plants to be used have the ability to be combined with each other 

before processing the grafting method. Although there are different opinions,  

the rate of graft fusion increases botanically in closely related plants (Kaşka 

and Yılmaz, 1974). Commonly, rootstocks with a strong root system and a 

positive affect on yield and quality should be selected (Suansia and Samal, 

2021).  

The grafting method, maintenance conditions, and nutritional status of 

the rootstock and scion are important in grafting (Philippines, 1990; Ertok and 

Padem, 2007). In the case of low compatibility, besides the decrease in quality 

and yield of the obtained product, deaths in plants occur (Lee, 1994). It was 

observed that the level of incompatibility decreased when hybrid rootstocks 

of the same genus and species were used, while the level of incompatibility 

increased in rootstocks between different genera. Therefore, the greater the 

taxonomic distance, the better the discrepancy (Pina et al. 2017). 

Compatibility in grafting depends not only on the appropriate combination of 

rootstock and scion but also on the anatomical, physiological, and genetic 

characteristics shared between rootstock and scion, as well as the environment 

and plant growing environment (Andrews and Marquez, 1993; Yarsi et al. 

2010). With the incompatibility, the quality parameters, especially the internal 

values of the fruit decrease, while the fruit size is not affected (Lee and Oda, 

2003). In a recent study, by examining various parameters, it was stated that 

physical parameters such as fruit length, diameter, and fruit rind thickness 

were not significantly affected, and also that compatibility in grafting is about 
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taxonomy (Nemeth et al. 2020; Malik et al. 2021). For instance, grafting onto 

Luffa cylindrica and melon, using melon scion is more compatible than 

pumpkin and wax guard (Benincasa hispida) (Wei et al. 2006); therefore, it 

has been identified that the closer the diameter of the hypocotyl to the diameter 

of the squash rootstocks, the less incompatibility occurs (Oda et al.1993). 

Although the compatibility in grafting depends on the rootstock combination, 

especially for cucurbits, this situation occurs in two different stages. The first 

stage is the formation of vascular connections within two weeks after grafting, 

and the second one is the occurrence of compatibility or incompatibility four 

weeks after grafting (Edelstein et al. 2004; Aloni et al. 2008). Accordingly, if 

there is an incompatibility in the grafting, the water uptake from the roots 

decreases, and the root-sugar concentration is reduced within 24 days after 

grafting (Aloni et al. 2008). 

In a study conducted by Aloni et al. (2006) on melons, it was specified 

that the temperature factor was effective on inoculation in grafted plants. 

Reactive oxygen species (ROS) formation increases with grafting, while auxin 

formation decreases. This means that when the hormonal balance is disrupted, 

an incompatibility occurs directly. Reducing the incompatibility rate during 

grafting may be achieved by using the recognition of ROS activities apparing 

in various species. While cucumber and pumpkin are compatible, Luffa 

cylindrica, wax gourd (Benincasa hispida), bottle gourd (Lageneria 

siceraria), bitter gourd (Momordica charantia), and watermelon are 

incompatible with melon (Xiong et al. 2021). Various studies on grafting 

incompatibility are limited to the use of pumpkin and gourd rootstocks. 

Anatomical studies are incomplete and need to be improved and developed 

for the evaluation of incompatibility among all Cucurbitaceae species (Xiong 

et al. 2021).  
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4. GRAFTING'S BENEFITS AND DRAWBACKS 

Grafting is a technique with potential and is widely preferred in 

Cucurbitaceae crops to eradicate the origins of soil-borne diseases (Louws et 

al. 2010). Rootstock and scion are effective on fruit quality. Some researchers 

found that grafting did not affect fruit quality (Matsumota, 1980; Moreno et 

al. 2016), while others reported that the quality was impaired by reducing 

flavor and fruit flesh staining and necrosis (Koutsika et al. 2002; Soteriou et 

al. 2016) and have also reported a positive effect in terms of taste and fruit 

texture (Buitelaar, 1987; Chung et al. 1997; Garcia et al. 2004; Colla et al. 

2006; Melnyk, 2017; Ozbahce et al. 2021). In particular, during fruit 

development in the watermelon plant, the shape and size of the fruit were 

examined, and the study’s results demonstrated that fruit growth and 

development are completed in three stages, such as the ovary development , 

the fruit development from the center and placental regions to the outside 

reaches 35 mm, and the cellular development of the fruit. Considering these 

stages, it is thought that grafting is likely to affect the internal or external 

quality of the fruit at any part of all these steps (Fallik and Ziv, 2020). Since 

rootstock and scion interact in the grafted plant, it has been determined that 

there are differences in the formation dates and levels of female flowers 

(Friedlander et al. 1977). More female flowers were formed in the watermelon 

grafted onto the Lageneria siceraria rootstock than in the ungrafted 

watermelon plant, but the flowers were formed later. The same result was 

reported in cucumber plants (Yamasaki et al. 1994; Satoh 1996). 

4.1. Advantages 

Biotic stress conditions affect yield by 70% and abiotic stress factors 

by 30%. At this stage, various researchers have thought that constantly 

changing climatic conditions will increase these effect rates on crop 

production. According to the findings of these issues, grafting can provide 
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tolerant and resistant new cultivars to these stress factors (Kyriacou et al. 

2020). It has been stated that plants that are cold-tolerant contain more 

linolenic acid and phospholipids than those that are not. For instance, cold 

stress affects various cucurbit plants. To arrange this case, it is better to use 

plants that contain linolenic acid and phospholipids during grafting because 

these bichemical compounds are cold-tolarent in plants and they prevent the 

decrease of chlorophyll and soluble protein content of plants at low 

temperatures. It is therefore recommended that C. ficifolia should be used in 

grafting for its potential as a cold-resistant rootstock, and because it can 

provide a 3-trans-hexadecenoic acid phosphatidyl glycerol content increase in 

the leaves, which normally occurs when soil temperatures increase (Horvath 

et al., 1983; Rivero et al., 2003; Malik et al. 2021). Therefore, photosynthetic 

activity, stomatal conductivity, and carbon-oxygen balance decrease, and 

plant transpiration is also reduced, which occurs when soil contains too much 

water. It is suggested that interspesific hybrid rootstocks can be used (Malik 

et al. 2021). When there is too much water in the soil, disease resistance can 

also be achieved with interspecific hybrid rootstocks. For instance, in a study, 

hybrid rootstocks of Cucurbita maxima x Cucurbita moschata were used, and 

it was reported that grafted melon plants were protected from soil-borne 

pathogens and higher yields were obtained in comparison to the control or 

ungrafted melon plants (Ozbahce et al. 2021). 

Table 1: Advantages of grafting technique in cucurbits 

Advantage Reference 

Increase in seed yield, seed germination 

and emergence rates.  

Kombo and Sari, 2019 

The yield increase between 60% and 90% Colla et al. 2010; Chen et al. 2021; 

Dash et al. 2021 

It provides protection against excess water 

in the soil. 

Liao and Lin, 1996 
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Since the root systems of grafted plants are 

more developed, they can absorb water and 

nutrients better. 

Tachibana, 1982; Schwarz et al. 

2010; Rouphael et al. 2008;  Colla et 

al. 2011; Ozmen et al. 2015; Huang 

et al. 2016; Bertucci et al. 2018 

The increase of the fruit rind thickness, the 

possibility of damage during transportation 

after harvest decreased. 

Rouphael et al. 2010; Moreno et al. 

2016; Alan et al. 2018 

The environmental pollution decreased as 

the use of suitable and durable rootstocks 

that provide plants tolerant or resistant to 

the diseases and pests increased, and the 

use of several chemicals that infected the 

soil decreased in amount. 

Otani and Seike, 2007; Ulaş and 

Yetişir, 2016 

 

Due to the strong root systems of grafted 

seedlings, plant growth and performance 

are positively affected, resulting in an 

increase in yield. 

Lee, 1994; Yetisir and Sarı, 2003, 

Miguel, 2004; Davis et al. 2008; 

Yetisir and Uygur, 2010 

Increase in resistance to soil-borne 

diseases.  

Nisini et al. 2002; Davis et al. 2008; 

King et al. 2010; Lee et al. 2010; 

Louws et al, 2010; Villocino and 

Quevedo, 2015; Fallik et al. 2016; 

Kyriacou et al. 2016; Melnyk, 2017; 

Cardarelli et al. 2020 

Tolerance can also be provided to biotic 

factors such as soil-borne pathogens and 

pests, and abiotic stress conditions such as 

drought, cold, temperature, salinity and 

heavy metal toxicity. 

Rouphael et al. 2008; Colla et al. 

2010; Fallik and Ilic, 2014; Kyriacou 

et al. 2017; Melnyk, 2017; Gaion et 

al. 2018; Allevato et al. 2019; Singh 

et al. 2020 

Early yield  Takahashi et al. 1982; Belmonte-

Urena et al. 2020 

The increase of carotenoid content. Chen et al. 2021 

 

4.2. Disadvantages 

Although grafting is used in disease control, there is a possibility of 

disease transmission (Goldschmidt, 2014). Transmission of viral diseases by 

root and grafting incompatibility are the major disadvantages in grafting 

programs (Epstein, 1978; Melnyk and Meyerowitz, 2015). The tools and 

equipment used in grafting also have an effect on the spread of viral and 

bacterial diseases (Bausher, 2013). Table 2 shows some disadvantages of 

grafting . 
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Table 2. Disadvantages of grafting method in cucurbits 

Disadvantage Reference 

Decrease in nutritional values such as acidity and TSS 

(total soluble solids) . 

Colla et al. 2010  

The cost of grafted plants is higher than non-grafted 

plants, thus limiting the spread of the grafting program. 

Singh et al. 2017; Devi 

et al. 2020; Fallik and 

Ziv, 2020 

Depending on the rootstock and scion, but some 

rootstocks such as pumpkin, gourd and wax gourd cause 

a delay in plant flowering. 

Yamasaki et al. 1994; 

Maurya et al. 2019 

Transmission to plants occurs especially in viral 

diseases. 

Epstein, 1978; Melnyk 

and Meyerowitz, 2015 

Since the effect of rootstock and scion differs according 

to the combination and environmental conditions, 

difficulties may be experienced in the formation of the 

targeted product. 

Goto et al. 2013; Singh 

et al. 2017 

Since the diameters of the stems of the rootstock and 

scion do not match and the person who will perform the 

grafting cannot adjust this alignment, the success of the 

graft is adversely affected. 

Lee et al. 2010 

5. GRAFTING TECHNIQUES 

There are certain methods developed according to the species in 

grafting. Grafting methods vary depending on the type of plant to be used, 

workers' knowledge, and conditions of grafting sites (Kyriacou et al. 2020). 

Hole insertion/terminal/top grafting, pin grafting, tube/one 

cotyledon/splice/slant grafting, tongue approach grafting, cleft/side 

insertion/approach grafting, and double grafting are the most grafting methods 

used in cucurbits (Lee et al. 2010; Malik et al. 2021). 



223 | AGRICULTURAL PRACTICES AND SUSTAINABLE MANAGEMENT IN TÜRKİYE 

 

 

a) Hole insertion/terminal/top (HIG): It is the method used mostly in 

Cucurbitaceae. In this method, the rate of retention in the grafted plants is 

high, and the application of the grafting is easy. After the growth point of the 

rootstock is taken, it is drilled at an angle of 45 degrees and the scion is cut to 

a length of 7-8 mm. Then the scion is placed in the hole of the rootstock. It is 

less costly in terms of labor because there is no need for clipping and root 

cutting (Hang et al. 2005; Kubota et al. 2008; Mohanta et al. 2015). 

b) Pin grafting: In this method, which is similar to the one used in the 

cotyledon grafting method, a pin is used instead of a graft clip. The cotyledons 

are cut at an angle of 45 degrees on both the rootstock and scion. And the 

ceramic pins are used for joining (Mohanta et al. 2015). 

c) Tube/one cotyledon/splice/slant grafting: This method is the most 

widely used method in cucurbits on a commercial scale and was developed 

for grafting robots (Dash et al. 2021; Sakata et al. 2007). When the rootstock 

and scion are at the same size, one of the two cotyledon leaves is cut at an 

angle of 45 degrees and the other cotyledon is cut from the base. Then, they 

are fixed by being joined on top of each other and stored at 25 degrees with 

100% humidity for 3 days (Lee and Oda, 2003). 

d) Tongue approach grafting (TAG): It is highly preferred due to its 

ease of use and low moisture requirement after grafting, and it is often used in 

cucurbits and eggplants. Rootstock seeds are sown after 10–13 days of scion 

seeds in cucumber, 7–10 days in zucchini and 1 week in other species. After 

the first true leaves are formed, the rootstock and the scion are cut at a 45-

degree angle and attached to each other with a graft clip (Lee and Oda, 2003; 

Hassell et al. 2008; Mohanta et al. 2015; Dash et al. 2021). 

e) Cleft/side insertion: This grafting method, which is more common 

in cucurbits and tomatoes, is important for its ease of application and has a 

pivotal role in high resistance to soil-borne diseases. After the growth point of 
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the rootstock is removed, it is cut and kept open with the help of toothpicks. 

A scion cut at an angle of 45 degrees is placed in the open area (Buzi et al. 

2002; Amadio, 2004; Mohanta et al. 2015). 

f) Double grafting: When there is no good rootstock for the shoot, a 

rootstock suitable for the desired characteristics is selected and grafted onto 

another good rootstock. It is not a very common method because of its low 

retention rate and high cost (Mohanta et al. 2015). 

Generally, in grafting programs the rootstock grows again and 

competes with the scion, and the success of the graft is adversely affected, 

causing low yields (Devi et al. 2020). Although manual grafting is generally 

preferred to prevent rootstock regrowth, automated systems have also been 

developed (Memmott and Hassell 2010; Kubota et al. 2016). Even though a 

lot of research has been done in grafting and the use of robots in grafting in 

recent years, one of the factors that most affect the success of grafting is 

grafting techniques. With soil constraints, labor costs, and a lack of technical 

people who do grafting and develop technology, a tendency towards grafting 

robots has been achieved, especially in Asian countries (Yarsi, 2003; Kurata, 

1994; Ulaş and Yetişir, 2016). 

Moreover, grafting robots have been improved and developed recently. 

The first grafting robot was developed in China, and a plant was grafted in 4.5 

seconds with a success rate of 95% (Kubota et al. 2008). Later, grafting robots 

were developed and marketed in Korea (Jung-Myung Lee et al. 2010) and 

Taiwan (Chen et al. 2010). Grafting robots are divided into two categories: 

manual, which require manual assistance; and fully automatic grafting robots, 

which do not require any intervention.  Helper Robotech Korea and Conical 

System from semi-automatic grafting robots were used for Solanaceae plants, 

while Iseki was applied for Cucurbitaceae. In recent years, camera grafting 

robots have been introduced to take pictures of both rootstock and scion 
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junctions. These robots, which have a very low margin of error, are used in 

the Middle East, Asia, and Europe for precision inoculation. In this way, 1000 

to 1050 plants can be grafted per hour (Kubota et al. 2016). 

CONCLUSION 

Due to the challenges such as soil-borne diseases and pests, stress 

conditions, incompatibility, and lack of suitable rootstock materials, the yield 

and quality of cucurbits have significantly decreased. The chemicals used to 

prevent these stress conditions also cause environmental pollution. In 

addition, methods that may compete with diseases and pests against abiotic 

factors such as drought and salinity have been limited. Therefore, grafting is 

the most effective method to help and eradicate these challenges that hamper 

the plant's production. Owing to grafting, full resistance to diseases, especially 

fusarium, which is an important disease for cucurbits, is ensured, and adverse 

conditions can be minimized by choosing the appropriate rootstock against 

stress conditions. The mechanism of incompatibility and the physiology 

between rootstock and scion have not been fully resolved. In order to benefit 

from grafting at the maximum level, these issues should be investigated more 

in various studies. Furthermore, while breeding the new rootstocks, the focus 

should be on the problem of incompatibility as well as disease pest tolerance, 

and studies should be carried out to reveal its mechanism so that the cost of 

grafting can be reduced. In addition, it is recommended to carry out grafting 

studies on the shelf life of the fruit and the transfer of antioxidant substances 

for fruit quality with breeding studies to human health. 
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1. INTRODUCTION 

Edible mushrooms have been used for centuries as food and medicine. 

The yield of edible mushrooms has been increasing in recent years. 

According to the Turkish Statistical Institute, cultivated mushroom 

production in Türkiye in 2021 was 61 thousand tons (TÜİK, 2021). Thus, the 

unique taste, flavor, and huge nutritional value of mushrooms make them 

one the most desired food items worldwide (Pérez-Chávez et al., 2019; Sun 

et al., 2020). These edible mushrooms are an important source of 

biologically active substances exhibiting beneficial (e.g., antioxidant, 

antitumor, antimicrobial, anti-inflammatory) effects on the human body 

(Baktemur et al., 2022b). Mushrooms have low energy and fat content but 

high protein, carbohydrate, and fiber content. They are especially popular 

among vegans and vegetarians due to their balanced amino acid content 

(Öztürk and Eyiler Kaya, 2022). 

Among the most popular edible mushrooms, they include white 

bottom (Agaricus bisporus), portobello, shiitake (Lentinula edodes), maitake 

(Grifola frondosa), oyster mushroom (Pleurotus sp.) and enoki (Flammulina 

velutipes). All these mushrooms are produced using a substrate made of a 

wide variety of lignocellulosic waste, such as agricultural left-over residues 

(Pérez-Chávez et al., 2019). The valorization of lignocellulosic wastes is 

greatly enhanced through mushroom production. Some lignocellulosic 

materials, such as straw and sawdust used as mushroom substrate, are rich in 

lignin, hemicellulose and cellulose. However, depending on the mushroom 

species, specific types of substrate are required for high yielding of 

mushroom fruiting bodies (Atila, 2019a). The leftover of biomass or waste 

generated after mushroom production is known as "spent mushroom 

substrate (SMS)" or "spent mushroom compost" (SMC). Most of the time, it 

finds a second utility after usage (Phan and Sabaratnam, 2012; Pekşen and 
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Yamaç, 2016). Mushroom production generates a huge volume of SMS 

every year, causing a significant disposal challenge. Nowadays, SMS is 

becoming a useful resource for the generation of biogas, thus becoming fully 

integrated into the virtuous circle of resource reutilization for energy 

generation (Pérez-Chávez et al., 2019). Furthermore, the reuse of agricultural 

residues is part of the circular model for achieving a sustainable agricultural 

system as opposed to the linear model, which produces massive waste. All 

materials in the circular system attain their optimum level of utilization by 

recycling, and no waste is generated (Najari et al., 2022). 

The primary concern arising from the search for better ways to 

manage agricultural waste for environmental sustainability prompted 

scientific communities to consider solutions for the present and future. As a 

result, the use of clean technology through integrated waste utilization is 

being promoted more than ever (Dey et al., 2021). In Türkiye, the huge 

volume of agricultural waste previously unutilized has become green gold 

and raw materials for mushroom production. Furthermore, recent studies 

conducted by Turkish researchers have revealed a huge potential of a wide 

range of agricultural wastes for the cultivation of high-value mushrooms 

such as Ganoderma carnosum Pat., reishi (Ganoderma lucidum), maitake 

(Grifola frondosa), and shiitake (L. edodes). This chapter portrays and 

comprehensively discusses the current status and potential use of agricultural 

residues for substrate preparation as well as the recycling of generated SMS 

for a sustainable agricultural system. 

2. MUSHROOM PRODUCTION IN TÜRKİYE AND 

POPULAR SPECIES  

Türkiye has seen a dramatic increase in interest in mushroom 

production and consumption, as well as changes in eating habits, over the 



239 | AGRICULTURAL PRACTICES AND SUSTAINABLE MANAGEMENT IN TÜRKİYE 

 

last few decades. Mushrooms are considered part of a healthy and balanced 

diet due to their high levels of protein, fiber, carbohydrates, minerals, 

vitamins, and bioactive components. It was reported that between the years 

2004-2018, while the commercial scale production of mushrooms increased 

in Türkiye, there was at the same time a significant increase in mushroom 

consumption, with 177% on average. Unfortunately, consumption per capita 

was still low compared to developed countries during the same period. It was 

around 579.2 g compared to 2.5 kg. Similar to other parts of the world, the 

most cultivated mushroom species are the white button mushroom (A. 

bisporus), oyster mushroom (Pleurotus spp.) and shiitake (Lentinula edodes) 

(Yıldız Turp and Boylu, 2018). The projection for future mushroom 

production in Türkiye was estimated using a statistical model (ARIMA, 

Box-Jenkins) by Kurt and Karayılmazlar (2019) based on data from previous 

years (1985–2016). It is expected that production will continue to rise and 

will exceed 100,000 tons by 2025. 

3. LITERATURE ON MUSHROOM SUBSTRATE 

OPTIMIZATION IN TÜRKİYE 

In recent years, several Turkish researchers have embarked on the 

great cause of finding and optimizing mushroom substrates, mainly for high 

yield and agricultural sustainability. For instance, the following diversified 

raw materials have been examined in some key studies: corncob, grape 

pomace, green walnut husk, oak sawdust, peanut shell, poplar sawdust, 

sunflower meal, vine pruning waste, wheat bran, wheat stalk, wheat straw, 

and other materials (Atila, 2019a; Baktemur et al., 2020; Aydın et al., 2021; 

Hal et al., 2021; Kara et al., 2021; Baktemur et al., 2022a; Baktemur et al., 

2022b). Table 1 summarizes the some studies on mushroom substrate 

optimization in Turkey. 
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Table 1: Some studies on mushroom substrate optimization in Türkiye 

N° Mushroom 

specie 

Mushroom 

substrate 

composition 

Findings  References 

1. Pleurotus 

species 

Hazelnut husk, 

wheat straw, wheat 

bran were used at 

different ratios. 

Biological efficiency 

was found lower in 

the growing mixtures 

including hazelnut 

husk than the control 

(wheat straw+5% 

wheat bran). 

(Peksen and 

Kucukomuzlu, 

2004) 

2. L. edodes Hazelnut husk was 

used alone and 

mixed with wheat 

straw, beech wood-

chip and wheat bran 

at different ratios. 

Hazelnut husk was 

proposed as basal 

substrate material in 

shiitake mushroom 

cultivation. 

(Özçelik and 

Pekşen, 2007) 

3. G. lucidum Tea waste was used. The highest yield and 

biological efficiency 

were observed in 80 

sawdust:20 tea waste. 

(Peksen and 

Yakupoglu, 

2008) 

4. P. eryngii Wheat straw, 

soybean straw, corn 

stalk, bean stalk, 

millet straw, cotton 

stalk and rice barn 

were tested at 

different ratios.  

The fastest spawn 

running was found in 

the growing mixture 

including wheat 

straw-bean stalk (1:1) 

and rice bran. The 

highest yield and 

biological efficiency 

were obtained from 

including wheat 

straw- millet straw 

and rice bran. 

(Kirbag and 

Akyuz, 2008a) 

5. P. eryngii 

var . ferulae 

Wheat straw, cotton 

straw, lentil straw 

and rice bran were 

used at different 

ratios. 

The fastest spawn 

running, the highest 

yield and biological 

efficiency were 

determined in the 

growing mixture 

including wheat 

straw-cotton straw 

(1:1) and 20% rice 

bran. 

(Kirbag and 

Akyuz, 2008b) 

6. Lentinus 

tigrinus 

Poplar sawdust, oak 

sawdust, hornbeam 

Mycelia development 

and yield were 

(Peksen et al., 

2009) 
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sawdust, ash, wheat 

bran were used at the 

various levels. 

favorable in oak 

sawdust, hornbeam 

sawdust and ash 

including 5-10% 

wheat bran.  

7. Pleurotus 

djamor 

Pleurotus 

citrinopilea

tus 

Pleurotus 

eryngii 

Wheat bran was 

mixed with oak 

sawdust, bean straw, 

safflower hay, 

sunflower head 

residue 

The best results for 

mycelia development 

were obtained from 

safflower hay in all 

Pleurotus species. 

While biological 

efficiency was higher 

in safflower hay and 

bean straw than oak 

sawdust for P. djamor 

and P. eryngii, it was 

higher in oak sawdust 

for P. citrinopileatus  

(Atila, 2017a) 

8. P. ostreatus Chickpea straw was 

mix with cotton seed 

hulls, olive press 

cake, sunflower seed 

press cake, sugar 

beet pulp  

The highest yield and 

biological efficiency 

were observed in the 

mix of chickpea 

straw:cotton seed 

hulls. The fastest 

spawn running was 

determined in 

chickpea straw. 

(Atila, 2017b) 

9. P. eryngii  Poplar sawdust was 

mixed with 

additional raw 

materials such as 

sunflower meal, 

grape pomace and 

green walnut husk in 

different proportions.  

High yield of 

Pleurotus eryngii 

were observed with 

the mix of poplar 

sawdust and 

sunflower meal. 

Additionally, they 

observed a superior 

spawn running time 

and cultivation period 

length when they used 

a mix of poplar 

sawdust and green 

walnut husk. 

(Atila, 2019a) 

10.  Hericium 

erinaceus  

L. edodes 

Oak sawdust was 

mixed with grape 

pomace, green 

walnut hull, olive 

press cake, tea waste 

The shortest spawn 

running time and the 

highest yield were 

obtained from the mix 

including grape 

(Atila, 2019b) 
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pomace for both H. 

erinaceus and L. 

edodes.  

11. L. edodes Oak sawdust, 

chickpea straw corn 

stalk, alfalfa hay and 

sunflower head 

residue were tested. 

Maximum 

productivity was 

recorded in sunflower 

head residue. 

Substrate requirement 

of shiitake mushroom 

was determined as 

“moderate N amount, 

hemicellulose-lignin 

and low 

cellulose:lignin ratio”. 

(Atila, 2019c) 

12. Shiitake (L. 

edodes)  

Wheat bran was 

mixed with 

additional raw 

materials such as oak 

sawdust, poplar 

sawdust, corncob, 

wheat stalk, peanut 

shell and vine 

pruning waste in 

different proportions. 

The volatile aroma 

composition is 

significantly affected 

by substrate type. For 

instance, the use 

corncob and wood 

straw affect 

considerably 

aldehydes and eight-

carbon components 

content respectively in 

shiitake mushroom.  

(Baktemur et 

al., 2020) 

13. Hypsizygus 

ulmarius 

Bean straw, corn 

silage and wheat 

straw, poplar 

sawdust (, pine 

sawdust and spent 

mushroom substrate 

were tested. 

Bean straw was found 

to be the most suitable 

material in terms of 

spawn running time, 

yield and biological 

efficiency. Substrate 

requirement of 

shiitake mushroom 

was determined as 

“moderate N amount, 

hemicellulose-lignin 

and low lignin and 

high cellulose”. 

(Öztürk and 

Atila, 2021) 

14. Maitake (G. 

frondosa)  

Wheat bran was 

mixed with 

additional raw 

materials such as oak 

sawdust, wheat stalk, 

and poplar sawdust 

were used in 

Yield was obtained 

from only two 

substrate mixtures; 

oak sawdust + wheat 

stalk + wheat bran 

(1:1:1) and wheat 

stalk + wheat bran 

(Aydın et al., 

2021) 
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different proportions. (1:1). Additionally, 

among volatile aroma 

compounds, ketones 

were the most 

abundant. 

15. Reishi (G. 

lucidum)  

Wheat bran was 

mixed with 

additional raw 

materials such as oak 

sawdust, corncob, 

peanut shell, and 

vine pruning waste 

in different 

proportions. 

The highest yield and 

biological efficiency 

was obtained with the 

substrate mix of 

corncob + wheat bran 

(2:1). The fastest 

mycelia development 

was observed with the 

substrate mix of oak 

sawdust + peanut shell 

+ wheat bran (1:1:1) 

and vine pruning 

waste + wheat bran 

(2:1). 

(Hal et al., 

2021) 

 

16. Maitake (G. 

frondosa)  

Wheat bran was 

mixed with 

additional raw 

materials such as oak 

sawdust, poplar 

sawdust and wheat 

stalk in different 

proportions. 

The substrate mix of 

wheat stalk + wheat 

bran (1:1) gave a 

highest protein 

content. The yield 

could obtain with the 

substrate mix of oak 

sawdust + wheat stalk 

+ wheat bran (1:1:1) 

and wheat stalk + 

wheat bran (1:1). 

(Kara et al., 

2021) 

17. P. eryngii Bean pods, chickpea 

pods, lentil straw and 

barley straw were 

tested. 

The shortest spawn 

running time was 

found in bean pods + 

chickpea pods (1:1).  

(Akyüz and 

Kırbağ, 2022) 

18. G. 

carnosum  

Several raw 

materials, including 

oak sawdust, peanut 

shell, and corncob, 

are mixed with 

wheat bran in 

various proportions.  

High yield was 

obtained with the 

substrate mix of 

peanut shell + wheat 

bran (2:1). The fastest 

spawn running was 

detected with the 

substrates mix of 

corncob + wheat bran 

(2:1). 

(Baktemur et 

al., 2022a) 

19. L. edodes Wheat bran was 

mixed with 

High yield was 

obtained with the 

(Baktemur et 

al., 2022b) 
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additional raw 

materials such as oak 

sawdust, poplar 

sawdust, wheat stalk, 

peanut shell, corncob 

and vine pruning 

waste in different 

proportions. 

substrate mixture of 

oak sawdust + wheat 

stalk + wheat bran 

(1:1:1). High 

biological efficiency 

was detected in the 

mix of wheat stalk + 

wheat bran (3:1) and 

oak sawdust + wheat 

stalk + wheat bran 

(1:1:1). The fastest 

spawn running was 

determined in the mix 

of corncob + wheat 

bran (3:1).  

20.  Pholiota 

nameko 

Wheat bran was 

mixed with 

additional raw 

materials such as oak 

sawdust, peanut 

shell, almond shell 

and wheat stalk in 

different proportions. 

High yield and 

biological efficiency 

was obtained with the 

substrate mixture of 

peanut shell + wheat 

bran (2:1). The fastest 

spawn running was 

determined in the mix 

of oak sawdust and 

wheat bran (2:1). 

(Daşdelen, 

2022) 

21. P. eryngii Oak sawdust, poplar 

sawdust, wheat stalk, 

peanut shell, 

corncob, vine 

pruning waste and 

heat bran were 

mixed at different 

ratios. 

The fastest spawn 

running time, the 

highest yield and 

biological efficiency 

were observed in the 

mix of peanut shell 

and wheat barn (2:1) 

and peanut shell, oak 

sawdust and wheat 

barn (1:1:1).  

(Baştuğ et al. 

2022) 

 

As illustrated in Table 1, substrates and mushroom species have a 

significant impact on yield and quality parameters, particularly mushroom 

fruiting body size. Atila (2019) has made similar observations. For substrate 

preparation, different agricultural waste materials (peanut shell, poplar 

sawdust, corncob, wheat stalk, and vine pruning waste) are cautiously 
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selected by proper volume percentages (Figure 1). In most cases, the main 

ingredient, wheat bran, is supplemented into the ready mixture at 

approximately 5%. Afterward, the mixture is moistened at 70% humidity 

and kept in appropriate containers, during which the pH is adjusted up to 6-7 

using lime. After these steps, substrate mixtures are filled into 1 kg high 

temperature resistant polypropylene bags and ready for sterilization in an 

autoclave (at 121 °C under 1.2 atm pressure for 90 minutes). At this stage 

and after sterilization, the substrate mixture is ready for spawn (Baktemur et 

al., 2020; Aydın et al., 2021). The substrate preparation in research 

institutions often differs from industrial production seen in big production 

companies all over Turkey, where the substrate mixture from various 

agricultural waste can begin at a minimum volume of 1 ton and beyond. This 

means that big machineries are needed for selecting, mixing, pre-soaking for 

appropriate humidity and for other processes till obtaining mushroom fruit 

bodies ready for packing (Baktemur, 2021). 

 

Figure 1: Substrate composition and preparation.  

(A) Wheat bran mixed with additional raw materials such as corncob 

(B) Wheat bran mixed with additional raw materials such as soy flour and poplar 

sawdust. 

(C) Wheat bran mixed with additional raw materials such as soy flour and wheat 

stalk. 
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4. EFFECT OF DIFFERENT SUBSTATES ON THE 

AROMA COMPOSITIONS OF MUSHROOMS 

Aroma is one of the most important factors influencing consumer 

decisions. Many factors have been reported to influence the aroma of edible 

mushrooms, including species, cultivation conditions, maturity, grading, 

mushroom parts, and processing and storage methods. Volatile compounds 

are primarily responsible for the distinctive aromas of mushrooms. 

Mushrooms are believed to synthesize natural aromatic volatile compounds 

for defense or as products of secondary metabolism (Sun et al., 2020). Key 

volatile compounds in mushrooms include aldehydes, hydrocarbons, ketones 

and esters (Aydın et al., 2021). For instance, when Baktemur et al. (2020) 

evaluated the changes in the aroma profile of shiitake mushrooms in various 

substrates composed of different proportions of poplar sawdust, oak sawdust, 

peanut shell, wheat stalk, corncob, and vine pruning waste mixed with wheat 

bran, the overall volatile aroma composition was significantly affected. 

Dimethyl tri-sulfide, benzaldehyde, dimethyl disulfide, 1-octen-3-ol, and 3-

octanone were the major volatile components observed during the 

experiment. Thus, "1-octen-3-ol," also known as mushroom alcohol, and the 

eight-carbon compound "3-octanone" are both aliphatic alcohols and key 

aromas that give that particular mushroom-like scent (Taşkın et al., 2019). It 

is reported that in maitake (Grifola frondosa) and shiitake (Lentinula 

edodes), 3-octanone compound is often found in high levels when the used 

substrate incorporates some level of oak sawdust in substrate mixtures 

(Baktemur et al., 2020; Aydın et al., 2021). 

 

 



247 | AGRICULTURAL PRACTICES AND SUSTAINABLE MANAGEMENT IN TÜRKİYE 

 

5. RECYCLING OF THE SPENT MUSHROOM 

SUBSTRATE SMS 

In a mushroom farm, the biggest challenge is the disposal 

management of the huge volume of generated SMS. However, a significant 

portion of SMS is used as animal feedstock and fertilizer (Mohd Hanafi et 

al., 2018). In this era of the circular economy, SMSs have demonstrated 

immense potential in a wide range of applications. SMSs are degraded after 

the collection of mushroom fruit bodies. Depending on mushroom species, 

the degradation efficiency is estimated to be 40–80%. Furthermore, it is 

reported that the composition of SMS varies greatly depending on location, 

type of mushroom grown, and other factors (Leong et al., 2022). According 

to Pekşen and Yamaç (2016), approximately 170-250 thousand tons of 

mushrooms are produced in Turkey each year, with approximately 3-5 kg of 

SMS produced for every kg of mushroom produced. SMS material is known 

to contain microorganisms, fungal mycelium, and a wide variety of 

lignocellulosic enzymes depending on the initial grown mushroom species. 

Those enzymes are useful in biotechnological processes and include lignin 

peroxidase, laccase, manganese peroxidase, versatile peroxidase, xylanase 

and cellulose and others (Pekşen and Yamaç, 2016; Yamaç and Pekşen, 

2016). In the production of edible mushrooms, raw materials such as wheat 

straw, paddy straw, maize cob, bran, sawdust, livestock litter, rice straw, 

hazelnut husk, cottonseed meal are recycled from SMS and re-used again in 

agricultural production. Many industries benefit from SMS as a valuable 

byproduct due to its high organic matter content and nutrients like P and K. 

Before their re-use, they are often pre-washed and mixed with other 

materials such as soil and peat, mainly for crop seedling production (See 

Figure 2.) (Pekşen and Yamaç, 2016). 
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Figure 2: Process flow of agricultural waste and SMS valorization in Turkey. 

Turkish researchers have demonstrated that SMS from A. bisporus and 

Pleurotus ostreatus can be mixed with peat for tomato seedling growth and 

development (Yılmaz et al., 2018). Additionally, SMS can be employed as a 

cover material for lawn grass production. For instance, it was found that a 

mixture of soil and SMS (1:1, w/w) was more effective (Doyran et al., 

2018). SMS constitutes an alternative to the peat and perlite (3:1, w/w) 

mixture consistently employed for pepper seedling growth and development. 

For instance, Demir (2017) demonstrated that the mixture of SMS and 

perlite (3:1, w/w) can be as effective as the mixture of peat and perlite for 

the growth of Charleston pepper seedlings.  

6. CONCLUSION AND PERSPECTIVES 

There is an advancement in the valorization of agricultural waste in 

Türkiye, particularly in mushroom production. Various studies have 

demonstrated different substrate mixtures can be advantageous in growing 

new cultivated mushroom species in the country, like Pholiota nameko and 

maitake (G. frondosa). In this chapter, we also explore the reuse or recycling 

of mushroom substrate after mushroom harvesting. The leftover material, 
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known as SMS, is beneficial to numerous industries and can be employed 

again for mushroom production after thorough processing. Additionally, the 

same material is employed in vegetable nurseries for pepper and tomato 

growth and development. Nevertheless, more research and more 

involvement of mushroom producers are needed to completely achieve the 

circular model of a sustainable agricultural system where all agricultural 

waste will be recycled. We are hoping that substrate optimization studies 

will lead to large scale industrial applications. 
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INTRODUCTION 

1. Cyclamen 

1.1. Origin and Taxonomy  
The name is Cyclamen, BC. It was given by Theophrastus, who lived 

between 370-285 BC. The word cyclamen, "kylos", means circle and is 

derived from the Latin words "cyclamnos". It is so named because the 

underground tubers of these plants are round, the leaves are in the shape of a 

circle, or the fruit's stalks extend into the soil by making spirals in the form of 

curves (Tanker ve Turkoz, 1984; Kocak, 2019). Europeans in the early 17th 

century collected natural cyclamens from Anatolia, the Middle East, and the 

Mediterranean basin, and brought them to Western Europe. Some species of 

cyclamen have been cultivated in Western European countries since the 18 th 

century. Later, its economic importance increased and breeding work was 

started in Cyclamen. It became a popular commercial plant in the 19th century. 

The only commercially produced species is Cyclamen persicum Miller. 

(Prange et al. 2010; Amini, 2014; Erturk, 2022). 

Cyclamen is one of the plant species that has been used as a potted 

ornamental plant and has commercial importance. (Motoyasu ve Takiko 1991; 

Winkelman et al. 2003; Seyring et al. 2009). Popular among perennial 

ornamental plants and economically important (Winkelman, 2010). 

Magnoliophyta (angiosperms) subdivision of the plant kingdom, the 

Magnoliopsida (dicots) class, is included in Ericales order (Curuk et al. 2021). 

Cyclamen originated from the Primulaceae family and is known to be included 

in the Myrsinaceae family by reclassification (Debussche et al. 2004; Curuk 

et al. 2015, 2016; Shafiei-Masouleh, 2022). About 23 species, six of which 

are endemic to, Turkey (Izgu et al. 2016; Cornea-Cipcigan et al. 2020). 

However, according to Compton et al, (2004) and Yesson and Culham (2006), 

there are 21 species. The highest cyclamen diversity is in Turkey with 11 

species, followed by Greece (Culham et al. 2006; Yesson and Culham, 2011). 
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The origin of the cyclamen species is the Mediterranean basin and they 

spreads from Europe to the east of Iran and one species is found in Somalia 

(Curuk et al. 2015; Izgu et al. 2016; Mohammed et al. 2018). The Cyclamen 

genus in the world is given in Figure 1. 

 

 
Figure 1. Cyclamen diversity (Yesson and Culham, 2006) 

Cyclamen genus naturally spreads mostly in the Mediterranean and 

Black Sea regions in Adana, Mersin, Osmaniye, Çanakkale, Giresun, Antalya, 

Konya, Amasya, Artvin, Aydın, Balıkesir, Bolu, İzmir, Rize and Trabzon 

provinces. Flowering time varies by species, even among different species 

grown in the same location. The flowering seasons of cyclamen can be divided 

into two different groups as autumn and spring blooming (Debussche et al. 

2004; Takamura, 2007; Curuk et al. 2015; Alp, 2020). Turkish flora 

Cyclamens are given in figure 2. 
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Accordingly, those that bloom in autumn are: 

 

● Cyclamen cilicium Boiss. et Heldr.,  

● Cyclamen hederifolium Aiton.,  

● Cyclamen mirabile Hildebr. 

● Cyclamen graecum Link.,  

 

And those that bloom in the spring:  
 

● Cyclamen alpinum Dammann ex Spreng,  

● Cyclamen persicum Miller.,  

● Cyclamen pseudibericum Hildebr.,  

● Cyclamen coum Miller.,  

● Cyclamen parviflorum Pobed.,  

● Cyclamen trochopteranthum O. Schwarz are species (Gundogan, 

2003).  

 

The species endemic to our country are;  
 

● Cyclamen pseudibericum Hildebr.,  

● Cyclamen trochoptreanthum O. Schwarz.  

● Cyclamen cilicium Boiss. et Heldr.,  

● Cyclamen cilicium var. intaminatum Meikle   

● Cyclamen parviflorum Pobed.,  

● Cyclamen mirabile Hildebr. known as types (Ekim et al., 1991; 

Takamura, 2007). 

 

Since the tubers of cyclamen are dug out of the soil by pigs, they are 

called 'buckthorn, ground loaf, buckthorn, rabbit ear, mountain violet, 

cyclamen, frankincense, frankincense, Virgin Mary, etc.' Names such as violet 

root, calf's belly, prairie violet, mole, köstüköpen, kötüköpeği, couscous, 

rabbit's trotter' are given. In other countries, it is referred to as something like 

an English bread loaf because they are said to be eaten by pigs: in French, pain 

de pourceau, in Italian pan porcino, in Dutch varkensbrood, in French “pork 

manjū” in Japanese (Kayıkcı et al. 2012; Mohammed et al. 2018; Aydın et al. 

2014; Curuk, 2013).  
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Figure 2. Turkish flora Cyclamens (Yalcın Mendi and Curuk, 2016) 
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1.2.Usage in Traditional Medicine 

The use of the cyclamen plant was known to the Egyptians, Greeks and 

Romans (Mazouz and Djeddi, 2013). The use of cyclamen was widespread in 

the Middle Ages, and it is increasingly being used for its use in the treatment 

of rheumatic and arthritic (Mohammed et al. 2018). Cyclamen tubers collected 

in the spring are used for various ailments such as headaches and earaches, 

colds, toothaches, gas, digestive disorders, rheumatism and skin diseases 

(Mazouz and Djeddi, 2013). In addition, cyclamen is also used as soap (Yaldız 

et al. 2010). 

Saponins are commercially important compounds and are used in food, 

cosmetics, pharmaceutical industry anticancer, antioxidant, and 

antihypertensive (Mammadov, 2014). It is generally believed that plants with 

higher saponin content show good cytotoxic activity, i.e, there is a direct 

correlation between total saponin content and cytotoxic activity. There are 

some studies on the chemical composition of several Cyclamen species, 

containing some triterpene saponins and glycosides. (Altunkeyik et al. 2012). 

Cyclamen tubers contain abundant toxic saponins. (Zeybek and Zeybek, 

1994). In addition, saponosity, a substance obtained from tubers, is called 

cyclamine, and it has been found that saponizide reduces blood cholesterol 

levels and has antitumoral and antimicrobial effects. Again, it is reported that 

saponizides in these tubers are diuretic, anti-exudative and effective in tinnitus 

(Yaldız et al. 2010). Roots contain triterpene glycosides known as saponins 

(Mohammed et al. 2018). In addition, analgesic, anti-inflammatory and 

antimicrobial activities of some Cyclamen species, such as C. repandum and 

C. mirabile have been reported (Dall'acqua et al. 2010). Cyclamen repandum 

is widely used in traditional medicine for reasons such as laxatives and 

abortions. (Speroni et al. 2007). Also, the tuber Cyclamen hederifolium Aiton 

is used against warts (Pieroni et al. 2004). Cyclamen coum is used in the 
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treatment of boils, spots and sunburns, gout, visual impairment, jaundice and 

poisonous animal bites (Yaldız et al. 2010). Cyclamen coum var. the tubers of 

the coum plant are used in the treatment of infertility (Calis et al. 1997). 

1.3. Plant Morphology 

Cyclamen, with its elegant flowers and showy leaves, is a 

geophyte that grows in the shade of trees and bushes in temperate 

regions and its natural species in forest areas. It is the most famous and 

has an important share in trade in many countries and is used as an 

indoor (potted) and/or outdoor plant (Takamura, 2007). In addition, 

Winkelmann et al. (2010), in their report; reported that cyclamen was 

used as a cut flower. Grey-Wilson (2015), in the Netherlands and 

Germany, a large amount of cultivation is carried out for this purpose. 

Cyclamens with showy flowers have a vase life of more than 12 days 

and even last up to 3 weeks (Neumaier et al. 2009). Because the flowers 

of Cyclamen purpurascens have a sweet scent like lily of the valley, 

they are a valuable gene source for improving the scent of flowers in 

cyclamen breeding (Ishizaka and Uematsu, 1995). Cyclamen 

hederifolium is used as a garden plant, but its importance is very limited 

(Takamura, 2007). Cyclamen coum species has an important potential 

as an outdoor ornamental plant because it is resistant to cold (Sevindik, 

2018). Cyclamen persicum, on the other hand, is a commercially grown 

species and has larger and taller flowers than other species, so it is 

highly preferred in commercial production. It grows in the height of 5-

20 cm and blooms from autumn to late spring. A plant develops 

approximately 20-30 flower stalks (60-80 in newly developed 

cultivars), and produces between 20 and 70 seeds, depending on the 
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variety, in a fruit capsule that occurs at the tip of the stalk. The plant 

can be propagated by seed as well as by dividing the tuber (Curuk et al. 

2021). The general view of Wild Cyclamen is given in Figure 3. 

 
Figure 3. General view of wild Cyclamen (Original: Tansu Hastürk) 

 

1.4. Flower Morphology and Biology 

The flowers of the cyclamen plant differ from the flowers of many other 

plant species in that their petals are curved upwards. The development of the 

flower stalk (pedicel) on the tuber is the same as that of the leaves. The tip of 

the flower bud always points down, and the five petals curl upwards when the 

bud opens. Petals can be in shades of pink, purplish red, red, or white with a 

distinctive mark or spot at the base. Petals differ according to the species. For 
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example, it can be narrow, elliptical, or rounded, or broadly bent. The open 

space containing the style and stamen is pentagonal when viewed from below. 

In Cyclamen, the stigma is pollinated between species as it matures before the 

pollen is ready. Pollination usually takes place with some types of insects or 

bees. There is also some evidence that self-pollination is possible. Touching 

the flower when the pollen is fully ripe will likely drop a lot of pollen stuck 

on the stigma (Curuk et al. 2021). The flower structure of the Cyclamen genus 

is given in figure 4.  

 
Figure 4. Flower structure of Cyclamen plant (Metin, 2012) 

1.5. Production Methods 

The cyclamen plant reproduces by seed in its natural habitat. Although 

the number of flowers in a plant in the genus Cyclamen varies between 20-30 

on average, an average of 20 to 70 seeds are obtained from each flower (Curuk 

et al. 2021). The commercial cultivation of the cyclamen plant is done by seed. 

It is propagated by the traditional method of crossbreeding, that is, by the 

seeds produced by the manual crossing process one by one and therefore 

expensive. In addition, this process is quite laborious and takes a long time 

(Wellensiek, 1959). Cyclamen is propagated by seed, although it has 

disadvantages, such as the high cost of producing F1-hybrid seeds (Tagipur et 

al. 2016). Winkelmann (2010), reported that cyclamen cannot be propagated 
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by cuttings or tuber division, and therefore would be propagated by in vitro 

techniques. Vegetative propagation by tissue culture is an effective 

propagation method in cyclamen. Recently, propagation of a wide variety of 

ornamental plants by tissue culture has become an accepted commercial 

practice and rapid steps have been taken in the field of micropropagation of 

ornamental plants (Read ve Preece, 2007; Jalali et al. 2012). There are 

protocols for micropropagation of cyclamen by organogenesis and somatic 

embryogenesis (Dillen et al. 1996; Winkelman, 2010). 

Many researchers began to study cyclamen after Mayer (1956) reported 

on the in vitro propagation of cyclamen through organogenesis (Takamura, 

2007). Okumoto and Takabayashi (1969), reported that success was achieved 

by culturing cyclamen tuber explants in vitro and could be used as a vegetative 

propagation method in tissue culture. It has been reported to regenerate from 

cyclamen, petiole, petal, peduncle, cotyledon, leaf, tuber and root explants 

(Mayer, 1956; Lowenberg, 1969; Wicart et al. 1984). In addition to other 

explants, ovules and ovaries are used in the regeneration of cyclamens (Izgu, 

et al.; Kocak et al. 2014). There are two main methods of cyclamen 

regeneration by tissue culture, organogenesis and somatic embryogenesis 

(Takamura, 2007). The development of Cyclamen genus in vitro is given in 

figure 5. In addition to studies of organogenesis in Cyclamen (Dillen et al. 

1996; Takamura & Miyajima, 1997; Murasaki and Tsurushima 1988; 

Schwenkel and Grunewaldt 1988), there are effective protocols for somatic 

embryogenesis (Winkelman and Serek 2005; Winkelman 2010; Kocak et al. 

2014; Izgu et al. 2016).  
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Figure 5. Developmental stages of somatic embryogenesis in cyclamen. (A) Leaf 

explant; (B, C, D) Callus from leaf explant after 4, 8 and 12 weeks of culture, 

respectively; (E–G) Somatic embryos in plant growth regulator (PGR)-free medium 

after 10 weeks (H) Typical developmental stages of somatic embryos 10 weeks after 

transfer into PGR-free medium; (I) Plants regenerated from somatic embryos (Kocak 

et al. 2014) 

2. Breeding Purposes and Methods 

2.1. Breeding Purposes 

The history of most ornamental plants began in the 17th and 18th 

centuries, when botanists, plant collectors, missionaries, and ship doctors 

brought new plants to Europe from the East and the New World (Horn, 2004). 

At the beginning of breeding in ornamental plants, gardeners and curious 

growers observed an increase in height and development of plants by crossing 

ornamental plants. In the early 18th century, more conscious cross-breeding 

studies began. (Horn, 2002; Balkaya et al. 2021). The main goals in many 
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commercial ornamental breeding programs remain unchanged: selecting new 

varieties with improved flower characteristics (color, shape, fragrance, 

improved vase life), leaf characteristics and plant habitus, as well as increasing 

global consumer concern for the environment, awareness of the effects of 

climate change, and natural Growers pushed by the trend towards sustainable 

products and production methods are forced into innovative breeding goals 

(Van Huylenbroeck, 2020). 

Cyclamen persicum was brought to Western Europe in the 17th century 

and gradually became popular in the mid-19th century (Doorenbos, 1950). 

Almost all cyclamen cultivars have been bred in C. persicum by hybridization 

or using a spontaneous mutation in the species because vegetative 

reproduction and interspecific hybridization were difficult. Breeding 

programs using only crosses and spontaneous mutations have limited 

possibilities to alter phenotypes in the cyclamen, but these programs have 

successfully produced many cultivars, including F1 hybrids. Therefore, 

research on new breeding techniques is desirable and brings great possibilities 

to cyclamen breeding programs (Takamura, 2007). 

 

Breeding purposes of cyclamen; 

 

● Number of Flowers and Uniform Flowering, 

● Number of Leaves and Plant Form, 

● Shelf Life, 

● Hot and Cold Tolerance, 

● Resistance to Diseases and Pests, 

● Earliness, 

● Fertilizer Consumption, 

● Seed Germination and Dormancy are among the breeding purposes 

(Curuk et al. 2021).  
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2.2. Breeding Methods 

2.2.1. Classic Breeding 

Cyclamen persicum in the genus Cyclamen is the only commercial 

species, it has evolved through intraspecific variation through cultivar crosses 

and natural mutation, resulting in the production of many cultivars (Legro, 

1959). Cyclamen species other than C. persicum have not been used as 

commercial plants due to hybrid viability and hybrid sterility. Wild Cyclamen 

species have many desirable properties such as cold resistance, disease 

resistance and floral fragrance and are therefore potential gene sources for 

breeding C. persicum (Ishizaka, 2008). If we look at the studies on flower 

scent in cyclamen breeding; They performed an interspecies cross on 

Cyclamen persicum and Cyclamen purpurascens and used the technique of 

ovule culture in vitro to rescue abortive embryos (Ishizaka and Uematsu, 

1995). Disease resistance breeding studies; They performed hybridization 

studies using C. persicum and C. greacum species, and the resulting abortive 

hybrid embryos were placed in ovule culture (Ishizaka, 1996). Interspecific 

hybrids of C. persicum cultivars and C. hederifolium have been produced 

(Ishizaka & Uematsu, 1992;1994). In cold resistance breeding studies; 

Tutuncu et al. (2020), performed reciprocal hybridization of Cyclamen coum 

and Commercial Cyclamen persicum genotypes. The immature embryos in the 

resulting immature seed pods were cultured in vitro. Due to mature or 

immature embryos formed after hybridization in cyclamen, there is no 

material loss in breeding using biotechnological methods and positive results 

can be obtained. Ishizaka & Uematsu (1992), As a result of their studies, they 

reported that embryo abortive after fertilization would be overcome with ovule 

culture and hybrid plants would be obtained.  
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2.2.2. Mutation Breeding 

Nuclear radiation and chemical mutation are used to obtain new 

varieties and are an important method of breeding vegetatively propagated 

species, especially ornamental plants (Hvoslef-Eide and Munster, 2007). It is 

an important breeding method used to create new colors and shapes in 

ornamental plants, change plant shape, increase shelf life, provide resistance 

against insects and diseases, or create variations that will aid further breeding 

programs (Sheela and Sheena, 2014). As of 2021, there are 3387 mutant plant 

varieties registered in the FAQ/IAEA (International Atomic Energy Agency) 

database (Anonim, 2022). Most of the varieties have been created by ionizing 

radiation, primarily using gamma rays (Tanaka et al. 2010). Mutation breeding 

studies in Cyclamen are given in Table 1. 

Table 1. Mutation Breeding Studies in Cyclamen 

Type or 

Variety 
Material Procedure Reference(s) 

C. persicum cv.  Callus, somatic 

embryo, plantlet; 

Tubers (8-15mm) 

12

C
6+ 

ion radiation 

(10, 20, 40, 60 

and 80 Gy) 
For the tubers; 4, 

8, 12 and 16 Gy 

Sugiyama et al. 

(2008) 

C. Persicum cv.  Seeds germinated 

in vitro 

320-MeV carbon 

ion beam (0, 0.5, 
1, 2, 4, 8, 16 Gy) 

Kondo et al. 

(2009) 

 

2.2.3. Biotechnological Methods 

In addition to frequently used propagation techniques such as tissue 

culture, micropropagation, somatic embryogenesis, organogenesis, 

techniques such as haploid plant production (ovule-ovarium, microspore-

anther culture), embryo recovery and gene transformation are used to shorten 
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the duration of breeding studies and increase success. Through organogenesis 

and/or embryogenesis, almost any type of plant cell can be used, but optimal 

growing conditions must be found (Seguí-Simarro et al. 2021). The use of 

biotechnological methods in breeding brings short-term and permanent 

solutions to many problems that cannot be solved by classical methods (Kurtar 

and Balkaya, 2017). In addition to classical methods, biotechnological 

methods have recently been widely used to shorten the breeding period and 

develop new varieties in Cyclamen (Curuk et al. 2021).  

The purpose of haploidization is to obtain homozygous pure lines in 

plants. Haploid plants with the chromosome number (n) in the gamete cells 

are obtained. For this purpose, haploid plants can be developed from male 

gametes (androgenesis), and haploid plants can be formed from female 

gametes (Ellialtıoglu et al. 2012). The haploidization technique includes 

ovule-ovarium, microspore-anther culture and irradiated pollen applications 

(Seguí-Simarro et al. 2021). In addition, its use in cyclamen breeding is quite 

limited. Studies done on cyclamen are given in Table.2. In addition, Sevindik 

(2018) and Al-Khafaj (2021) performed anther culture to obtain haploid plants 

in cyclamen. 

Table 2. Biotechnological Studies in Cyclamen Breeding 

Female Male Technique Reference(s) 

C. persicum 

C. persicum Anther Culture Pirrie (1985) 

C. hederifolium Ovule Culture 
Ishizaka and Uematsu 

(1992;1994) 

C. persicum Anther Culture 
Ishizaka and Uematsu 

(1993) 

C. purpurascens Ovule Culture 
Ishizaka and Uematsu 

(1995a;1995b) 
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C. greacum Ovule Culture Ishizaka (1996) 

C. purpurascens Ovule Culture Ewald  (1996) 

C. purpurascens Ovule Culture Ewald et al. (1998) 

C. purpurascens Anther Culture Ishizaka (1998) 

C. coum Ovule Culture Tutuncu et al. (2021) 

 

CONCLUSION 

Cyclamen, which is in the Myrsinaceae family, is one of the most 

important geophyte plant groups and is a popular potted ornamental plant with 

economic importance in many countries. It is also used as a cut flower. The 

purpose of cyclamen breeding is to attract the attention of the market, which 

is to grow new, original and disease-resistant plants. Breeding criteria; 

Features such as flower color and size, plant size, shape, number of leaves, 

leaf type, stem length, stem thickness are used for the development of new 

varieties. There are different breeding methods for cyclamens. The first of 

these is the hybridization method, which is called classical breeding, and it is 

used more often than other breeding techniques in cyclamens. Classical 

breeding also complicates this method, as hybrid incompatibilities occur. The 

second is the mutation breeding method. It makes use of different rays and 

chemicals and has become popular lately as it is an effective way of producing 

new plant varieties. When we look at the mutation breeding studies in 

cyclamen, there is no registered mutant variety in the cyclamen genus. 

Recently, the importance of biotechnology has increased in breeding studies. 

Therefore, fields such as genetic engineering and gene transformation, that is, 

biotechnological methods, will make positive contributions to future breeding 

studies. In addition to these techniques, using the new generation sequencing 
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technology, which has been used in other plants, in cyclamen breeding will 

shorten the breeding period and ensure rapid success. Also, a large number of 

Cyclamen plants can be obtained by using a bioreactor in vitro, so mass 

propagation can be achieved with the developed protocols. In addition, there 

should be cooperation and exchange of information with researchers working 

on cyclamen around the world so that the studies are not repeated. 
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INTRODUCTION 

Sustainable agriculture has three basic components that have global 

effects: social, economic, and environmental factors. Ensuring sustainability 

is possible by maintaining the balance among these components (Eryılmaz, 

Kılıç; 2018). Among its aims are to reduce environmental damage while 

maintaining productivity in agriculture, to contribute to the economy, and to 

develop practices for this purpose (Turhan, Şule; 2005). Sustainable 

agriculture for developing countries; while it is an important element in terms 

of food safety, it can be determined as eliminating the negative effects of 

environmental quality and the resources used on the health of living beings in 

developed countries. Conservation of natural resources is very important in 

meeting people’s food needs. 

With the increase in the population of the world, the demand for food 

and raw materials increases day by day. Different stress factors also contribute 

to the reduction in plant production. High yields are obtained in agricultural 

systems where chemicals such as pesticides, herbicides, fossil fuels, and 

fertilizers are used with high inputs. However, the use of these inputs impairs 

the ecology, the environment, and the soil health, while polluting 

groundwater. For this reason, it is very important to use or breed varieties that 

are productive with less input, resistant to biotic and abiotic environmental 

conditions, or tolerant for the permanence of sustainability (Bharadwaj, 2016). 

Plants are significantly influenced by various abiotic stress factors 

including salinity, drought, high temperature and chemical pollution. 

However, duration and intensity of such stressors designate the stress-induced 

metabolic, physiological, morphological and molecular changes in the plant. 

Plant response to abiotic stressors is widely assessed through in vitro selection. 

It is a common biotechnological method employed in plant breeding 

programs. The in vitro selection could be applied at different plant growth 
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stages including protoplast, cell suspension, callus formation, root and shoot 

regeneration. The stage in which in vitro selection is to be applied is largely 

designated by selective agent to be used. Unlike research in field or 

greenhouse conditions, in vitro techniques focus on the investigation of the 

factor and elimination of the effects of other factors in the environment 

(Hadrami et al., 2011). 

In the evolutionary process, different mechanisms are developed by the 

plants to adapt and survive under various biotic and abiotic stressors. Plants 

regulate certain gene sets against these stresses. They induce signaling 

pathways activating kinase ladders, ion channels, production and 

accumulation of reactive oxygen types and hormones after sensing a stressor 

(Pérez-Clemente and Gómez-Cadenas, 2012). 

To improve plant stress tolerance, resistance genes have been 

incorporated into the plants through conventional breeding methods. 

However, such methods are not sufficient in some cases to provide desired 

improvements in plant resistance or tolerance to various stressors (Maleki et 

al., 2019). 

On the other hand, in vitro tissue culture techniques allowed researchers 

to develop new tools to address important issues about plant growth and 

development, stress resistance or tolerance. Such issues are the key parameters 

of sustainable agriculture. In vitro stress studies yielded significant outcomes 

for detecting plant response to various stressors and elucidating different 

resistance or tolerance mechanisms (Zekai et al., 2022). The in vitro selection 

process with different selective agents offered significant tools for plant 

breeders to better understand plant stress response and to develop stress-

resistant or tolerant plants able to perform well under different stress 

conditions.   
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Abiotic stressors have complex and quite variable natures; thus, it is 

highly challenging to elucidate plant response to abiotic stressors directly in 

the field or under greenhouse conditions. Therefore, in vitro tissue culture 

techniques are often employed to analyze plant physiology and biochemistry 

under abiotic and biotic stress conditions in a short time (Pérez-Clemente and 

Gómez-Cadenas, 2012). For abiotic stress screening and management in 

crops, nanomaterials are also applied. Such nanomaterials offer low-cost tools 

with little energy requirement.  

Abiotic stressors significantly restrict plant growth and development, 

thus yield and quality accordingly. They also result in serious losses in crop 

yield and quality. Various nanoparticles are employed to protect plants against 

abiotic stressors and in this way, to improve plant performance under stress 

conditions. For sustainable agriculture, nanotechnology is an important tool 

to recover problems about abiotic stress (Khan and Upadhyaya, 2019). 

Nanotechnology and in vitro abiotic stress studies have also started to take an 

important place in this regard. 

This chapter provides information about the potential use of in vitro 

culture techniques for plant response to abiotic stressors and highlights the 

advantages of such techniques over conventional methods. 

1. In vitro Applications of Abiotic Stress 

Thanks to plant tissue culture techniques, agricultural and ornamental 

plants are produced and take an active role in the manipulation of plants for 

improved agronomic performance. In vitro tissue culture has attracted great 

interest in recent years, as they increase genetic diversity and help the 

cultivation of advanced varieties, as well as allows physiological and genetic 

processes to be studied (Wani et al., 2010). 

In vitro abiotic stress is the application of abiotic stressors (drought, low 

and high temperature, cold, salinity, iron chlorosis) in vitro (Figure 1). 
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Figure 1. In Vitro Abiotic Stress Factors 

 

In field and greenhouse conditions, many abiotic stress trials conducted 

from the past to the present have been researched on different plants and have 

contributed greatly to breeding studies and continue to do so. Investigation of 

abiotic stress-induced changes in plants with in vitro techniques offers many 

advantages. The most important of these advantages is that the controlled 

environment is easier and in a smaller area. Another advantage is that 

observations can be made more easily. On the other hand, the need for more 

costly and trained personnel compared to field and greenhouse trials, and the 

possibility of contamination is among its disadvantages. 

1.1.  In vitro Drought Stress 

Drought stress significantly influence crop production, yield and 

quality. The situation becomes more serious with the increasing population 

and global climate change (Figure 2). Due to decreasing water levels, water 

deficit is becoming more frequent in irrigated areas (Wani et al., 2010). 
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Figure 2. Temperature Change in the World by Years (Each number in the left 

column represents Celsius changes) (https://www.climate.gov.) 

 

In the plants under drought stress, growth and development, yield, 

membrane integrity, pigment contents, osmotic compatibility, water relations, 

and photosynthetic activities are affected. Plants under drought stress 

accumulate soluble substances such as proline, sucrose, soluble 

carbohydrates, and glycine betaine to maintain cell turgor. Osmotic balance is 

provided by these solutes (Hajihashemi and Ehsanpour, 2013). 

Adverse impacts of drought stress and the increasing severity of 

drought around the world have contributed to the acceleration of in vitro 

studies in this direction. Polyethylene glycol (PEG) with different 

concentrations and different molecular weights is commonly used to simulate 

drought stress in vitro. It was reported that PEG induced drought stress and 

didn’t have any toxic impacts (Meher et al., 2018). In addition to PEG, 

mannitol solution is also used for in vitro drought stress generation. Mannitol 

is polyhydric alcohol that causes drought stress (Soetaert et al., 1999). 
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1.2.  In vitro Salinity Stress 

Salinity stress is generally generated through excessive concentrations 

of Na+ and/or Cl− ions. It strictly restricts crop production, plant growth and 

development (Parihar et al., 2015) (Figure 3). 

 
Figure 3. Salinity Stress and Plant Response to Stress 

Dissolved salts in soil solution can inhibit plant growth and 

development through two different mechanisms. High salt concentrations 

hinder plant water uptake, thus reduces plant growth, so called as water-

deficient effect. Excessive salt concentration through transpiration results in 

cell damage and growth recession, so called as ion-excess effect (Parihar et 

al., 2015; Greenway and Munns, 1980). To investigate the impacts of salt 

stress in vitro, different concentrations of NaCl are added to growing medium. 
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1.3.  In vitro Heat Stress 

Temperatures above optimum values create stress on plants as in all 

living organisms and are so called as heat stress (Kotak et al., 2007). Heat 

stress has various negative effects on plant growth and development, 

physiological processes, crop yield and quality (Hasaruzzaman et al., 2013). 

Heat stress disrupts cellular homeostasis, thus causes serious regression in 

growth and development in plants and even leads to their death of them. It 

causes widespread agricultural losses worldwide (Kotak et al., 2007). 

Besides in vivo research, abiotic stress (heat stress) trials can also be 

conducted in vitro and plant response at different temperatures and times can 

be examined. Thus, plants can be classified as hardy, tolerant and sensitive. In 

vitro temperature experiments, in the climatization chambers of the plants 

transferred to the nutrient medium, are carried out by incubating them at high 

temperatures instead of suitable growing temperatures. 

1.3.1 In vitro Cold Stress 

Cold stress, an abiotic stressor, results in serious reductions in crop 

yield and has adverse effects on plant physiology and biochemistry. Plant 

survival and distribution are affected by low temperatures, which include 

cooling (0–10 °C) and freezing (<4 °C) (Megha et al., 2018). Plants are 

poikilothermic organisms. In other words, the temperature of plant tissues 

varies depending on the ambient temperature. Plants, which cannot move 

sense the changes in the temperature of the environment they live in and adjust 

their metabolic reactions according to the new temperature regime. 

Considering the evaluation of FAO in terms of environmental factors limiting 

agricultural activities, it is reported that most of the soils in our country are at 

risk of low-temperature stress (Doğru, 2019). In this case, thus, it is extremely 

important to research plants that are resistant to low temperatures. Low-
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temperature studies can be carried out with plants induced at low temperatures 

instead of normal growing conditions with in vitro studies. 

2. Changes in Plants After In Vitro Abiotic Stress 

When plants are in an environment that will cause them stress, it is first 

sensed through receptors on cell walls and membranes. After the perception 

of stress, various signals occur in their bodies. Signals are transferred by 

various pathways, causing alterations in gene expressions; because of these 

changes, various answers occur (Çetinkaya and Seçkin Dinler, 2021). When 

evaluated in terms of anatomy, plants show many changes in terms of organs 

and adverse environmental conditions. It changes its anatomical features to 

adapt to adverse environmental conditions with the main organ, especially 

roots, xylem, and leaves. Regardless of plant type and stress factor, plants 

show similar anatomical differences (Patakas, 2012). Depending on different 

growth and morphological stages, and the stresses in plants; it causes shorter 

shoot length, decreases and shrinkage of the number of leaves, changes in root 

number and length, decrease in plant fresh and dry weight, and decrease in 

flowering. As a result, it hurts yield. In addition, it affects the germination of 

seeds with the cessation of meristematic cell activity in young seedlings 

(Zulfiqar et al, 2019). Many of these parameters can be evaluated in a short 

time under different stress tests with in vitro studies.  

Germination rates of seeds obtained from the fruits of plants grown 

under stress under in vivo conditions can be evaluated in vitro. In addition, 

when plants under stress are evaluated physiologically, it causes deterioration 

of the photosynthesis mechanism and a decrease in photosynthesis, and the 

stomata are closed (Farooq et al., 2009). 
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Figure 5. Examined Morphological Parameters of Plants Under Abiotic Stress In vitro 
 

In vitro abiotic stress studies in many economically important 

agricultural species and ornamental plants have been conducting on for many 

years. Some of these studies are presented in Table 1. 

Table 1. In vitro abiotic stress studies in some economically important agricultural 

species and ornamental plants 

Species Abiotic Stress 

Mechanism 

Reference 

Carrot (Daucus carota L.) Cadmium Di Toppi et al., 1998 

Cultivated and wild tomato 

species 
Salt Cano et al, 1998 

Pear rootstocks Drought and salt Rahman et al., 2007 

Peach rootstock Fe deficiency Lombardi et al., 2007 

Tomato (Lycopersicon 

esculentum Mill.) 
Salt Amini et al., 2007 

Olive cultivars  

(Olea europaea L.) 
Salt Bracci et al., 2008 

Citrus species Salt Montoliu et al., 2009 

Olive cultivars  

(Olea europaea L.) 
Drought Faraloni et al., 2011 

Apple rootstock Salt Bahmani et al., 2012 

Potato  

(Solanum tuberosum L.) 
Fe deficiency Legay et al., 2012 
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Grapevine (Vitis vinifera) Drought Mehri et al., 2015 

Tomato and related wild 

species 
Salt Zaki and Yokoi, 2016 

Grapevine (Vitis vinifera) Drought Cui et al., 2017 

Citrus rootstocks Drought Şimşek, 2018 

European Bluestar 

(Amsonia orientalis 

Decne.) 

Drought Acemi et al., 2018 

Citrus rootstocks Drought Şimşek et al., 2018 

American grapevine 

rootstocks 
Drought 

Meşe and Tangolar, 

2019 

Banana (Musa acuminata) 
Simulated water deficit or 

salinity stress 
Mahmoud et al., 2020 

Apricot 

 (Prunus armeniaca) 
Drought Girici, 2021 

Aubergine  

(Solanum melongena) 
Salt Hannachi et al., 2021 

Banana 

 (Musa L.) 
Drought Zekai et al., 2022 

Pear rootstocks Fe deficiency Şahin et al., 2022 

Thymus lotocephalus Drought Mansinhos et al., 2022 
 

3. Changes in Molecular Characteristics Observed as a 

Result of Abiotic Stress Effects 

Plant reactions to abiotic stress are complicated since stress sensed in 

one component may be responded by an alternative component (Tester and 

Davenport 2003). As a response to stress exposure, plants often evolve an 

abstinence treatment together with tolerance. Deep-rooted plants develop 

evasion mechanisms against drought, alters gene expressions and adjust 

metabolic pathways to improve plant tolerance and boost metabolic functions 

under stress conditions (Patakas 2012).   

Transgenic approaches largely rely on biotechnological methodologies 

and offer important instruments in breeding programs. Recently, several stress 

adaptation mechanisms and gene families have been discovered. Such gene 

families could be manipulated in different combinations, ectopically 

expressed and transferred to different species. Therefore, the possibility of 
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transforming resistance or tolerance genes into major crops offers significant 

tools to plant breeders (Maleki 2019). 

Plant response to osmotic action of salt largely resulted from cellular 

and metabolic processes developed against salinity stress. Osmo-protectant or 

osmo-regulation genes have successfully been used in development of 

drought-resistant plants. In some cases, glycine betaine intermediates are also 

transferred into plants to enhance drought and salinity resistance or tolerance 

of transgenic plants (Aslantaş 2010). 

Manipulation of transcription factors (TFs), late embryogenesis 

abundant (LEA) proteins and antioxidant proteins are also used as different 

approaches that have been successfully developed in different crops to obtain 

plants resistant to abiotic stress through transgenesis. Besides these 

approaches, molecular markers are largely employed in genomic analysis for 

stress tolerance of plants. Resistance-related markers facilitate breeding 

programs conducted to improve plant tolerance to various stressors. Such an 

approach is especially powerful when polymorphic characters were targeted, 

as in most abiotic stress situations (Thudi 2021). 

WRKY transcription factors are one of the largest transcription factor 

families in plants. It plays a very important role in plant growth and 

development, defense regulation and stress response. MYB proteins are major 

transcription factors that play significant roles in plant defenses against 

various stresses (Wu et al., 2019). 

Also, some studies have obviously indicated that many transcription 

factors, concerning MYB, AP2/ERF, HD-Zip, WRKY, and NAC families, 

have been defined, described, and shown to attend in the regulation of plants’ 

responses to abiotic stresses (Mizoi et al., 2012; Shao et al., 2015; Perotti et 

al., 2017; Erpen et al., 2018). Genetically modified plants overexpressing 
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these groups of genes have proposed cultivated resistance to different stresses 

(Erpen et al., 2018). 

Plants are exposed to abiotic stresses such as drought and salinity and 

biotic stresses such as pathogens and fungi. TEs play critical roles in initiating 

genetic plasticity during plant-abiotic/biotic stress interactions. Many 

displaceable elements are activated in response to stress conditions, altering 

gene expression. Even though TEs do not prevent stress, they can change gene 

expression in response to different environmental stresses and regulate gene 

regulation under stress conditions (Sezer, 2018). 

Although marker-assisted selection offers a reliable means of plant 

development and improvement, the potential use of marker-assisted selection 

to improve the stress tolerance of plants is highly restricted because few stress 

tolerance QTLs have been identified (Zaki 2016). 

Genetic modification of higher plants through DNA promotion or 

transformation is a complicated issue. Transformation trials largely rely on 

cell and tissue culture at some point. Improvement of transformation 

techniques, and preventing tissue culture, have already been achieved in 

Arabidopsis and extended to several plants, plant regeneration from isolated 

cells or tissues in vitro is still in progress for different crops. Not only every 

transformation method is not suitable for all plants, but also plant species 

cannot be regenerated through all methods. Therefore, both an appropriate 

plant tissue culture and an adaptive plant transformation method must be 

found. Many agriculturally important species are currently being studied. 

Table 2 provides a list of species susceptible to Agrobacterium-mediated 

transformation (Thudi 2021). 
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Table 2. Genetic Transformation for Increased Resistance to Abiotic Stresses 

Transgenic Plant Species Stress 
Transferred 

Genes 
Reference 

C. microcarpa Bunge, 

Poncirus trifoliata (L.) 

Raf., 

Carrizo citrange 

C. sinensis Osb. cv Hong 

Jiang 

Cold CS-ACS1 
Wong et al, 

2001 

Carrizo citrange Drought p5cs 
Molinari et al, 

2004 

Poncirus trifoliata L. Raf. Salt AhBADH Fu et al, 2011 

Solanum lycopersicum cv. 

PED 
Salt TaNHX2 

Yarra et al, 

2012 

Arabidopsis Salt GsMYB15 
Shen et al, 

2018 

Arabidopsis 
Drought and 

Heat 
ZmWRKY106 

Wang et al, 

2018 

Oryza sativa Drought ScMYBAS1 
Peixoto-Junior 

et al, 2018 

Arabidopsis Salt NAC57 Yao et al, 2018 

Triticum aestivum Salt HvBADH1 Li et al, 2019 

Oryza sativa Salt/Drought OsMYB6 
Tang et al, 

2019 

Arabidopsis 
Drought and 

Salt 
ZmMYB3R Wu et al, 2019 

Gossypium hirsutum L. 
Drought and 

Salt 
GhGA2ox1 Shi et al, 2019 

Arabidopsis Salt JcHDZ07 
Tang et al, 

2019 

Arabidopsis thaliana Salt CrCOMT 
Zhang et al, 

2019 

Medicago sativa L. Metal 
ATP 

sulfurylase 

Kumar et al, 

2019 

Solanum lycopersicum L. 
Cold and 

Drought 
SiDHN 

Guo et al, 

2019 

Arabidopsis Metal PpMT2 Liu et al, 2020 

Arabidopsis 
Drought, Salt 

and Heat 

AVP1, RCA 

and AVP1/RCA 

Wijewardene 

et al, 2020 

Arabidopsis and Oryza 

sativa 
Drought PeTCP10 Liu et al, 2020 

Arabidopsis and Glycine 

max 

Drought and 

Salt 
GmbZIP2 

Yang et al, 

2020 

Lycopersicon esculentum 

Mill 
Cold LeCOR413PM2 

Zhang et al, 

2021 
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3. Risk to Sustainable Agriculture by Abiotic Stress 

Abiotic stresses affected agricultural production. Worldwide, about 

91% of agricultural lands are under stress and such stress factors result in 

about 50% loss in agricultural production. On-going climate change and 

global warming may facilitate the severity and adverse effects of abiotic 

stresses. The progress achieved in agronomical management and promotion 

of stress-resistant genotypes could alleviate such adverse effects of stressors 

on plants. Abiotic stress easily influences plant biochemical and physiological 

processes. Plant light utilization efficiency and photosynthetic activity should 

be increased to improve plan resistance against abiotic stress factors. Also, 

many antioxidant activations occur and enzymes may develop stress-based 

metabolites, preventing cellular damage. However, there is still a need for the 

development of basic adaptation strategies to increase plant stress tolerance 

levels. 

Abiotic stress factors vary in constituents and each one result in serious 

damage on soil and environment, yield and quality losses. Today, about 90 

percent of agricultural lands qualify as land with one or more stressors, while 

only 10 percent constitutes a non-stress zone. Plants may inherently develop 

biochemical, molecular, physiological and phenotypic adaptation mechanisms 

against abiotic stress. However, additional efforts are still needed to improve 

stress tolerance by promoting resource conservation technologies, genetically 

enhancing plant defenses, and adopting other approaches. 

4. Conclusion 

New genetic sources are needed to improve salinity tolerance of the 

plants or more effective methods should be used to identify salt-tolerant 

genotypes. Despite the availability of efficient molecular tools for 
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manipulation of genetic sources, further effort is needed to transfer tolerance 

genes into existing varieties. 

Drought stress impairs cell division and elongation seriously, thus 

hinders plant growth and development. Drought stress also reduces growth 

parameters, including plant height, leaf size and area, number of leaves and 

leaf area index (LAI) and has negative effects on physiological and 

morphological parameters. Breeding programs have achieved significant 

progress in identification and selection of drought-resistant genotypes.   

Breeders are in search of fast, reliable, cost-effective and safe methods 

to grow plants that are particularly tolerant to abiotic stresses, due to the 

increasing demand for food worldwide. Also, the development of transgenic 

crops that are resistant to abiotic stresses are indispensable to ensure food 

security worldwide. For the promotion of sustainable agriculture in this 

section, in vitro selection may offer a suitable alternative to the breeders due 

to the afore-mentioned advantages. 

As a result, micropropagation and in vitro selection are considered to 

be reliable solutions for several technical issues encountered throughout the 

growing periods of plants.  

In vitro abiotic stress studies can be used not only to determine the 

resistance or tolerance of existing cultivars, but also to examine recently 

developed transgenic plants. However, by providing gene transfer to 

agricultural products with high commercial value and applying stress to these 

plants under in vitro conditions, their responses to stress at the morphological, 

biochemical and molecular level can be observed in a short time. The resulting 

data can be integrated into sustainable agriculture. 
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1.1.  INTRODUCTION 

In a world that is changing rapidly, can anything be stable? What do we 

want to maintain? How can we implement such a vague objective? Is it too 

late? According to the contradictions and questions a net look at our present 

food production system and correct investigation of the future should be 

necessary. The term "sustainable agriculture" has provided "discussion cases," 

a request of direction, and an urgency, that has created excitement and 

innovative thinking in the agricultural world. 

The word "sustain," as a Latin sustinere word (sus-, from below and 

tenere, to hold), means to the existence or maintain, long-term support or 

permanence. "Sustainable agriculture" was passed by Congress in the 1990 

"Farm Bill" (Food, Agriculture, Conservation, and Trade Act of 1990 

(FACTA)). According to this law, the term "sustainable agriculture" means an 

integrated system of plant and animal production methods that have a specific 

usage in the long term. Among these applications are providing human food 

and fiber needs and increasing the quality of soil and environment and natural 

resources that the agricultural economy depends on. Maintaining the 

economic survival of farm operations and improving the quality of life of 

farmers and human society is another application of sustainable agriculture. 

The biggest achievement in agriculture will be to achieve the desired 

increase in production by reducing negative environmental conditions. This is 

possible only by implementing sustainable methods and sustainable solutions 

in agriculture. The compatibility and permanence of agricultural activities 

with the environment is very important in order to contribute to the 

sustainability of ecology. There is many definitions and explanations about 

sustainable agriculture.  

Sustainable agricultural systems and methods improve the protection of 

the environment and natural resources of agriculture to ensure the production 
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of sufficient and quality food. In general, sustainable agricultural methods are 

affordable and suitable for the world's rapidly growing population. To be 

completely self-sufficient for sustainable agriculture is not a requirement. 

Long-term stability and efficiency is necessary. 

To create awareness about sustainable practices, we must first review 

the concept of agriculture in detail. Questions such as: How to produce to meet 

the growing needs for agriculture? What methods should be implemented to 

access sufficient products without harming nature? At first should be 

answered the questions.  

Sustainable agriculture increases soil fertility and reduces the harmful 

effects of agricultural operations on climate, soil, water, environment and 

human health. It also reduces the use of non-renewable resources and inputs 

of petroleum products and uses more renewable resources for production. 

Sustainable agriculture is based on the needs, knowledge, skills and socio-

cultural values of local people. 

Sustainable agriculture is based on human goals and on identifying the 

long-term effects of human activities or other animal and plant species on the 

environment. Sustainable and protective agricultural systems reduce 

environmental degradation, increase agricultural efficiency, They improve 

economic development in the short and long term and stabilize rural 

communities and quality of life. Sustainable agriculture does not mean a 

decrease in production or the poverty of poor farmers. Rather, it causes high 

yield and agricultural profits and prevents the weakening of agricultural 

resources.   Discussion about sustainable agriculture should be continue by the 

different groups as farmers, economics, sociologists and researchers. 

This chapter aim is about the different concepts of sustainable 

agriculture. How the farmers can perform the methods of sustainbale 

agriculture correctly. Sustainable agriculture development should be 
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according to the universal principles and all of aspects such as soil, water, 

natural resources, environment and human request should be planned to 

perform its ways. This chapter is a small step to receive this goal.  

1.2.  PRINCIPLES OF SUSTAINABLE AGRICULTURE 

Soil development and protection: Soil is an essential factor for 

producing good and healthy products. The soil should be enriched with natural 

fertilizers such as organic and green manures and compost. Natural fertilizers 

are less toxic than chemical fertilizers and provide healthier soil resources for 

plants and people and do not cause to the air and water pollution (Pretty, 

2008). Necessity of protecting water and water resources: Agricultural work 

requires water. In dry areas, growing plants suitable for the region's ecology 

is a good way to conserve water. Green manure and mulch help to retain water 

in the soil. Preventing water flow by contour barriers is another way to protect 

water. Using drip irrigation instead of traditional methods of irrigation is a 

basic measure to protect the wastage of water resources (Aydemir, 2018). 

Control of pests and plant diseases: Instead of chemical control, control with 

organic farming methods and natural conservation management should be 

done to control pests, diseases and weeds. Techniques such as selection of 

resistant cultivars, microbiological methods and use of organic materials can 

be useful. Planting different agricultural products: This type of planting is 

called crop rotation. According to the characteristics of different crops, 

rotation or cultivation of several crops for 3 to 6 years prevents the emergence 

of plant diseases and pests. Therefore, soil nutrients are preserved and healthy 

and higher quality crops are produced. Start with small changes: Agricultural 

techniques take a long time to develop. But new methods are not always 

successful. New ideas should be tested on a small scale and implemented later 

when these methods are proven to be successful (Smitha etal., 2007). 
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1.3. WHY SUSTAINABLE AGRICULTURE IS 

IMPORTANT? 

The world population is growing rapidly. There are countries like Asian 

countries that have a population of billions and in Europe and the Americas 

the population will soon reach billions. This shows a serious need for food in 

the future. Industrial agriculture implements sustainable methods with the aim 

of ensuring the access of the entire world population to basic needs and food 

in the coming years (Foley et al., 2011). 

The benefits of sustainable agriculture in such a world with an 

increasing population can be as follows: 

a) By using sustainable agricultural methods, more than one crop can 

be planted in small areas and produced with high efficiency. 

b) It has positive effects on the ecosystem. The habitat of animals will 

have quality soils suitable for animal life and it will increase 

agricultural production. 

c) Long-term usage and increase in soil productivity is possible with 

appropriate and correct fertilization. 

 

1.4.  SUSTAINABLE AGRICULTURE PRACTICES 

Over many years and evaluations, some common methods of 

sustainable agriculture are shown in Figure 1. 
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Figure 1: Common sustainable agricultural practices (Ussec, 2019). 

1.4.1. Precision Chemical Application 

It includes mechanical and biological controls to reduce the use of 

pesticides and control pests, plant diseases and weeds. In this method, 

prevention is done according to the needs of the farm, and timing is very 

important in this method. By using appropriate inputs, we try to obtain 

maximum inputs and productivity in the farm (Garnett et al., 2013). 

1.4.2. Conservation Reserve Program 

The Farm Service Agency administers Program CRP, a land 

conservation program. Signing a contract with farmers in this program 

increases the incentive to produce environmentally sensitive agricultural 

products and improve the health and quality of the environment for the 

farmers.  Recovery of plant species in the region in order to improve water 

quality, prevent soil erosion and reduce the loss of wildlife areas is one of the 

long-term goals of the program (Krall, 2019). 
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1.4.3. Terraces 

In sloping lands, if the land is designed in the form of steps to carry out 

agricultural work, and these steps rely on the walls, this design is called a 

terrace. This system makes agriculture possible in sloping lands (Garnett et 

al., 2013). 

1.4.4. Scouting 

Scouting is doing close observation in the field. This means that the 

farmer is obliged to carry out the necessary investigations in different parts of 

the farm and identify how to develop different areas of the farm and make the 

necessary changes (USDA, 2019). 

1.4.5. Cover Crops 

In the periods after planting and when the soil is bare or when the field 

is under cultivation, cover plants can be planted between the main rows of 

plants. These products prevent soil erosion, improve soil nutrients, inhibit 

weed growth and thus increase soil health by reducing the use of herbicides in 

the field (Opio et al., 2013). 

1.4.6. Crop Rotation/Diversity 

If the crops planted in the field change every year, this process is called 

crop rotation. With this method, different products are used in different parts 

of the farm every year, which prevents the spread of pests and plant diseases 

in the fields (Giller et al., 2015). 

1.4.7. No-till/Conservation Tillage 

The negative effects of intensive or traditional agriculture include 

physical and chemical degradation of the soil, loss of organic matter, reduction 

of biological activity in the soil and, as a result, reduction of crop production. 

The sustainable farming method expresses a sustainable farming system to 
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avoid these negative effects. In this way, sustainable agriculture includes three 

basic laws of agriculture without soil, continuous surface of soil covered with 

plant residues and crop rotation (Liu and Yang, 2007). 

1.4.8. Precision Nutrient Management 

Product yield can be increased by 50% due to soil fertilization. 

Agricultural fertilizers account for approximately 10 to 15 percent of 

agricultural input costs. The time and method of application of agricultural 

fertilizers to provide essential nutrients (nitrogen, phosphorus, potassium) or 

to provide micro and macro nutrients in the soil or in the form of leaf spray is 

very important. To determine the fertilization time, data such as weather and 

climate conditions, soil characteristics and plant species are also important 

(Zhao et al., 2019). 

1.4.9. Reducing Fuel Use 

Mechanical machines that reduce the need for labor in agriculture 

generally use fossil fuels. Today, the use of fossil fuel energy is not 

economical for farmers. The production of agricultural fertilizers and 

agricultural processes is not possible without the use of fuel, but if green 

energy can be replaced by fossil fuels, it will have positive effects both 

economically and environmentally (Pittelkow et al., 2015). 

1.4.10. Irrigation 

The use of different parameters such as soil moisture, effective rate of 

rainfall and evaporation and transpiration to determine the appropriate amount 

of irrigation water and also determine the correct time of irrigation using 

climatic data, weather forecast and real-time weather data will cause effective 

irrigation. Protection of limited water resources causes effective and economic 

irrigation and prevents negative environmental and agricultural effects caused 
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by leaching, salinity and fungal diseases caused by high humidity (Bos et al., 

2014). 

1.4.11. Water Storage Ponds 

Agricultural ponds are important structures of water resources that 

collect water from small sources. By storing water in these structures, they 

provide the use of large water flows when needed and help to regulate water 

distribution. 

1.4.12. Sustainable Development Goals 

 

 

Figure 2: The relationship between soil and Sustainable 

 Development Goals (Deyi et al., 2020). 

1.5. SUSTAINABLE SOIL MANAGEMENT 

Today, 33% of the world's soils are degraded at moderate and high 

levels. Erosion, salinization, acidification, chemical pollution caused by land 

degradation, population growth, urban expansion and intensive cultivation 
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reduce poverty. 
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cause soil degradation to continue increasingly. Soil management is 

sustainable soil management if the support, supply, regulation and cultural 

services provided by the soil can be sustained or enhanced without harming 

the soil functions and biodiversity that make these services possible. 

Investments in sustainable soil management should be increased and local 

soil-friendly practices should be encouraged. An ecosystem-based holistic 

management style that takes into account the unique structure of the soil 

should be supported (Batalla et al., 2015).  

An international framework for assessing sustainable land management 

definitions by FAO Sustainable land management combines socio-economic 

principles with environmentally sensitive technologies, policies and activities. 

For the implementation of sustainable land management, five main pillars 

have been identified as efficiency, security, protection, vitality and 

acceptability and implementation and findings of the SLM regulation. The 

specific features of each goal are explained as follows: 

Efficiency: The return obtained from sustainable land management 

does not only include financial profit. It also includes other benefits including 

conservation, purposes and provides soil and water health (Buratti et al., 

2017). 

Security: Management models create a balance between land use and 

environmental conditions and reduce production risks. This model also 

reduces the possibility of business risk. 

Conservation: Future generations are in dire need of soil and water 

resources, so these resources must be protected for future generations. In local 

scales, in addition to water and soil resources, genetic, plant and animal 

species should also be protected. 
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Vitality: The applied uses must be in accordance with the local 

conditions, otherwise the applied uses at the local scale will not be continuous 

and will not last. 

Acceptability: Land use methods must be acceptable from the point of 

view of the people, otherwise it will fail over time. Of course, some of the land 

uses that are affected by social or economic demands are not completely clear 

and more investigations should be done. 

1.6.MAINTAINING AND IMPROVING SOIL 

PRODUCTIVITY 

1.6.1.Managing Soil Nutrients 

In agriculture, the timely use of nutrients with appropriate and correct 

methods leads to healthy plant nutrition. Various factors contribute to the 

proper management of plant nutrition. For example, if we can reduce the loss 

of nutrients due to washing, denitrification, evaporation and surface runoff, 

the efficiency of fertilizer use will increase. Some fertilizers are not suitable 

for use in this technique, such as nitrogen, which can be released into a 

gaseous state, or phosphorus and potassium, which are converted into non-

volatile forms. In general, 50% of the nitrogen introduced into the soil is 

wasted in different ways, and almost 90% of the consumed phosphorus cannot 

be absorbed by plants and remains in the soil in a fixed state. In different 

methods of working on the soil, such as minimum tillage, conventional tillage, 

conservation tillage and no-till farming systems, there is a significant 

difference between the quality of soil organic matter and the availability of 

nutrients (Gaj, 2011). With some soil characteristics such as total organic 

carbon, volumetric weight, aggregate strength, usable moisture, pH and EC, 

soil quality can be recognized. Agricultural systems also affect soil water 

holding capacity, soil water movement in soil, soil compaction and soil 
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temperature. For this reason, soil management has a significant impact on the 

efficiency of fertilizer use. The types of applied fertilizers in farms, which 

include chemical fertilizers and organic fertilizers, the applied dose of 

fertilizers and the time and method of using fertilizers, as well as the irrigation 

method, are among the subsets of soil management. Also, the method of using 

fertilizers is important from an economic point of view (Rae, 2019). By 

managing soil elements, it is possible to increase the efficiency of fertilizer 

use and use less fertilizer on smaller scales. With this method, the wastage of 

some nutritional elements such as nitrogen is prevented, and plants can use 

fertilizers in the long term, and the efficiency of fertilizers increases. Another 

factor that affects the rate of fertilizer consumption is soil analysis and soil 

sampling technique. Because the physical and chemical properties of soil are 

very variable in different agricultural areas, it should be done in different parts 

regionally and even at the farm level, soil characteristics to be analyzed. In 

this way, according to the test results, the fertilizer should be used 

appropriately (Herliana et al., 2019). 

1.6.2. Managing Soil Physical Conditions 

Soil micro-organisms continue their biological activity in the soil under 

vegetation and live and feed in the roots of plants or plant residues in the soil. 

They made air pore into the soil and improve the soil physical properties. 

Rainfall, human and animal activities, and the work of machines have a great 

impact on soil compaction, followed by vegetation compaction. If we can 

provide a certain density in the sabbath soil for the growth of plant roots, we 

will increase the ability of plants to retain the water needed to survive. The 

compacted soil dries out and as a result creates a crust on the soil surfaces. For 

this reason, the rate of water penetration in the soil decreases and may cause 

water to flow from the soil surface and soil erosion. Population growth 

increases the need for food in communities (Jankowiak et al., 2013). To meet 
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the nutritional needs, if more pressure is applied to the soil, and on the other 

hand, soil and nutrients are not managed, the fertility of the soil will be lost 

and the structure of the soil will deteriorate. Management of soil physical 

properties includes the protection of soil structure necessary for the production 

of agricultural products, as well as the use of agricultural techniques and 

processing techniques to increase the long-term performance of the soil. Under 

the conditions of soil management, more environmentally friendly production 

conditions will be created and healthier, more economical and higher quality 

production will be provided. Vegetation is also important as weed control and 

leads to a reduction in the use of herbicides. The movement of agricultural 

machinery causes compression on the soil surface, especially in the deeper 

layers, and destroys the soil structure. In soil compaction, the soil grains are 

destroyed and the pores between the soil particles are reduced. Reducing the 

density of soil pores reduces soil ventilation, water drainage and water 

penetration into deep layers and causes surface flow in rainy conditions. Soil 

compaction also makes seed germination more difficult, limits plant root 

growth, affects soil biodiversity, and causes surface flaking (Kata and Kusz, 

2015). 

Some of the cases that be attented for the protection of soil physical 

structure can be listed as follows: 

a) The number of agricultural machines and the frequency of these 

machines in the farm should be reduced and unnecessary operations 

in the farm should be avoided. 

b) The machines should be selected based on the field work and also 

consider the soil properties. The tire pressure should be adjusted to 

reduce the pressure on the soil and reduce it if necessary. 
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c) Some agricultural practices that increase soil organic matter and 

improve soil structure, such as soil aeration, heat transfer, and root 

growth, should be increased. 

d) In grazing systems, the intensity and timing of grazing should be 

well planned. 

1.6.3.Water Management 

If enough moisture is maintained in the root zone of the soil, the growth 

of the plant is guaranteed to some extent. Rainfall is a natural source of water 

supply, if rainfall is not enough, the water needed for plant growth must be 

provided through irrigation. If the soil moisture in the root zone is not provided 

for the plant, the yield of the plant will decrease. Social, physical, economic 

and ecological concepts are included in the concept of sustainability of water 

resources. In sustainable water management, water needs of future 

generations, drinking and usage water, irrigation water, protection of 

industrial and recreational water and ecosystem protection services should be 

considered (Tilman et al., 2002). 

Continuous control of the irrigation system is essential. Irrigation 

pumps must work with good performance and even if they are controlled once, 

measuring the amount of water and uniform distribution of water is also 

essential. 

The water content of the plant should determine the time and amount of 

irrigation to ensure the optimal use of irrigation water. Irrigation should not 

be done in the middle of the day and in windy weather, irrigation at night has 

a good efficiency, and if possible, it is better to use the drip irrigation method. 

Water pollution, pollution of water sources and drainage channels should be 

avoided. If irrigation is done according to the principles of irrigation and the 

irrigation method is perpendicular to the slope of the land, it can be ensured 

that the irrigation efficiency is appropriate and the irrigation water will have a 
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good penetration into the soil. According to the quantity of water and the 

distance of water sources, it should be planned for agricultural production 

(Jena et al., 2017). 

Today, agricultural technology also offers new methods. By using UAV 

and sensor technologies, the required data can be collected and effective 

developments can be made in agricultural methods, including irrigation 

methods. Based on this: 

• Special sensors for determining soil moisture can determine soil 

water potential. 

• Determining soil moisture and plant products using thermal images 

obtained from drones. 

• Multispectral cameras can measure soil and plant nitrogen 

deficiency. 

• According to weather data and weather forecasts, a precise irrigation 

program can be created with variable amount of irrigation water and 

irrigation time. 

• According to the optimal timing in different fields, the use of 

agricultural inputs can be determined or changed based on irrigation 

water. 

1.6.4.Pests And Diseases Management 

Under integrated pest management (IPM), which is one of the effective 

methods used in modern agriculture, all plant protection methods in the 

program can be considered. Schlumb's IPM is the measures that take the 

environmental protection of human health and production and are applied in 

the lowest economic conditions. IPM takes necessary measures to prevent 

harmful microorganisms and reduce chemical control. Also, in the 

determination of crop rotation, the use of appropriate breeding methods, the 
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use of tolerant cultivars and certified seeds, the use of balanced fertilization, 

liming, and the appropriate applications of irrigation or drainage, he suggests 

several methods in agricultural science. 

1.6.5. Cover Crop And Rotation 

To protect the soil, temperature, humidity or light at the desired level, 

controlling pests and weeds of cover plants is effective and this will have 

positive effects on the agricultural production. Planting cover plants also 

reduces the growth of weeds (Lubell et al., 2011). The purpose of producing 

and using cover plants is different. Some plants such as clover, vetiver, 

sorghum, oats, rye, sorghum can be planted as cover plants in addition to their 

main production purpose. Planting cereals can be used to control weeds, and 

planting legumes can be used to provide soil nitrogen for crops. The balance 

between the production cost of cover plants and the benefits obtained from the 

cultivation of these plants must be observed and considered the most basic 

point in the production of these plants. The system of cover plants should be 

such that it reduces the input cost of agricultural inputs and increases the 

efficiency of the crop. Cover plants protect the plant mass of the area and 

increase the organic matter of the soil. Cover plants increase soil aeration and 

encourage plant root growth. In this way, the surface flow of water on the soil 

is reduced and soil erosion is reduced. In addition, cover plants increase soil 

microorganisms and earthworms and improve nutrient cycling and soil 

structure. On the other hand, it is possible to reduce soil tillage, increase soil 

organic matter, benefit from different depths of nutrients, protect soil 

moisture, increase soil water holding capacity and control weeds.  For this 

reason, cover cropping and crop rotation in sustainable agriculture is one of 

the important applications to reduce production inputs and create economic 

agriculture (Karami and Mansoorabadi, 2007). 
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1.7.FARMER AWARENESS 

One of the basic aspects of sustainable agriculture is for the farmer to 

be aware of the risks associated with agricultural production and to have 

enough information about how to produce in a sustainable way. In addition, 

the farmer must believe in the sustainable production method and have the 

motivation to implement sustainable agriculture so that he can implement and 

continue this method in his lands with interest. If it is possible to increase the 

awareness of the farmers of a region about the environmental effects and yield 

as well as the economic aspect of agricultural systems, this issue will lead to 

the movement towards alternative agricultural systems (such as sustainable or 

organic agriculture). Farmers are usually aware of the importance of 

sustainable agriculture and limiting the use of chemical fertilizers. The only 

factor that causes traffic in farmers to implement these methods is the fear of 

low yields of agricultural and garden crops. Also, farmers have little 

information about inputs. In recent years, the increase in the price of chemical 

inputs has encouraged farmers to find alternative inputs. For farmers, the most 

important factor is the balance between input and output along with the profit 

earned. While they know the importance of the aspects of genetic preservation 

and plant and animal species and environmental protection. For this reason, in 

addition to little knowledge and awareness, cultural activities should be done 

for farmers. In the research conducted, it has been shown that 65% of farmers 

had an average attitude towards sustainable farming methods, while 21.1% of 

farmers had a weak attitude and only 13.3% of farmers had a positive attitude 

towards sustainable farming methods (Ghosh and Hasan, 2013). The level of 

education of the farmer, the age of the farmer, the size or smallness of the 

farm, the annual income and the financial situation of the farmer, the 

knowledge and motivation of the farmer to find alternative methods have a 

significant positive relationship with the willingness of farmers towards 
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sustainable agriculture practices. Information to farmers will be successful 

when it is local and regional and is done according to the moral, environmental 

and social values specific to the region. The methods that farmers use in their 

lands are generally due to the expertise, ethics and experience of farmers. In 

order to implement sustainable agricultural methods, the capacity to accept 

farmers should be increased and enough information should be given to 

farmers about all aspects of this method so that the farmer can implement these 

methods with a general view of the system. Farmers should know that 

implementing sustainable farming methods will increase or decrease their 

yield (Story and Forsyth, 2008). The desire to implement sustainable practices 

should be based on motivation and knowledge rather than following rules. In 

addition to the social benefits that sustainable farming methods bring, food 

safety ranks highest among the benefits of implementing this method. 

Justifying and introducing the principles of sustainable agriculture in the farm 

will produce products with better performance and thus improve the 

profitability of the farm, which has a positive effect on the sustainable 

economic pillar of the farmer. One of the common reasons for incorrect and 

inappropriate production decisions that negatively affect the natural 

environment is the farmer's insufficient understanding of the concept of 

sustainability. Over the past few decades, various concepts have been applied 

in research and policy to encourage farmers to implement sustainable 

agricultural practices. These researches are usually carried out by agricultural 

research departments or the Ministry of Agriculture, but private sectors play a 

significant role in transferring these researches and policies to farmers. 

Because the engineers of the private sector are more in direct contact with the 

farmers and are more familiar with the regional culture of the villages. But it 

should be noted that government aid (such as the provision of agricultural 
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inputs or the percentage of payment for input inputs) is also effective in 

farmers' decisions and encouraging them (Hyland et al., 2016). 

1.8. CONCLUSION 

It is not possible to manage agricultural areas with only traditional 

methods and assessment of soil characteristics, and this is not enough for 

optimal soil utilization. In determining a more sustainable agricultural system, 

the physical and chemical structure and quality of the soil must be accurately 

evaluated, and the factors affecting the soil must also be examined. In this 

way, a successful sustainable agricultural system can be created in the region. 

Today, technology can be used to implement sustainable agricultural methods. 

Agriculture 4.0 with more economic costs and better performances can take 

valuable measures in line with the implementation of sustainable agriculture. 

In addition to this, intelligent systems are environmentally friendly and cause 

less damage to the environment. These intelligent systems can be used in all 

aspects of sustainable agriculture, such as soil and plant analysis. With the use 

of smart systems, accurate and real-time information such as the type and 

amount of fertilizer can be obtained 

 The lands of different regions were obtained by using intelligent 

systems of weather conditions, mineral needs of plants, irrigation time, soil 

condition, estimation of harvest time. Workload and cost are reduced with 

machines working simultaneously. The farmer can view the entire farm using 

a tablet or mobile phone and get information, and by reducing the labor force, 

new efficient, more economical, high-quality and natural production facilities 

are created. All these intelligent systems can provide serious assistance for the 

implementation of sustainable agricultural methods and make the 

implementation of sustainable methods easier and more economical. In this 

way, the farmer will be more encouraged to implement sustainable methods. 

In order to implement these works, it is necessary to increase the farmer's 
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understanding of the subject and help the farmer in the initial stages of 

implementing sustainable agricultural methods step by step so that the farmer 

can follow these methods with more confidence. 
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INTRODUCTION 

Protection of the agricultural lands from floods is an important issue in 

order to sustainable agriculture. Since land use is one of the factors that 

directly affect floods, construction materials with high permeability (leakage 

potential) must be used. These materials shows that they can be used as a 

useful element in reducing the effect of floods. Moreover, harvested water 

from permeable concrete can also be used in agricultural areas for irrigation 

purpose. 

Global warming is a concept that defines the increase in the use of fossil 

fuels with the industrial revolution, the accumulation of gases (carbon dioxide, 

methane, hydrofluorocarbons, etc.) released into the atmosphere, affecting the 

properties of the atmosphere, creating a greenhouse effect and warming the 

earth (Tatar, 2018). Climate change negatively affects all creatures by 

disrupting the world ecosystem, with the reduction of agricultural and forest 

areas due to the improper land use (Canlı, 2010; Tatar, 2018). 

Climate change causes natural disasters such as drought, irregular 

precipitation and forest fires. This situation makes it difficult to access water 

and food on Earth, facilitates the emergence of epidemics, the decrease in 

species due to damage to plant and animal ecosystems, and the extinction of 

some species (Canli, 2010; Uysal, 2022).  

Global warming and climate changes affect major sectors such as 

agriculture, food production, fishery industry, livestock, forestry, foreign 

trade, tourism, health, construction, logistics and finance-insurance. The 

agricultural sector is also one of the sectors that are affected by this situation 

and it is important in terms of sustaining people's lives. For this reason, it has 

an important place in economies with its share in national income, 

employment, foreign trade, agriculture-based industry, consumption 

expenditures (Bayraç and Doğan, 2016). 
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Although the agricultural sector is an area where technology is used, it 

is also a sector intertwined with nature (Bayraç and Doğan, 2016). 

Overheating in the atmosphere due to global warming triggers periodic 

drought by causing irregular precipitation and evaporation to increase, and 

beneficial precipitation to decrease. (Küçükklavuz, 2009; Çabuk, 2011; Traşçı 

and Erdoğan, 2022). This situation causes global climate change, decreases 

the moisture content in the soil with the resulting warming, and thus causes a 

decrease in the cultivated agricultural land (Aksay et al., 2005; Traşçı and 

Erdoğan, 2022). 

Precipitation changes are an important parameter in agricultural 

drought and the drought can be determined by monitoring the changes in 

precipitation for many years. Areas with a precipitation variation coefficient 

of more than 25% are defined as arid and semi-arid areas. Since the amount 

of water may decrease with the increase of this coefficient, this ratio has vital 

importance for agricultural areas. For this reason, in areas where the 

coefficient of variability is high, water consumption should be done less and 

consciously. The variability coefficient of the annual precipitation in our 

country is more than 20%. This situation shows that our country is poor in 

terms of water (Türkeş, 1990; Ölgen, 2010). Therefore, the researchers have 

tended to use useful building materials in agricultural building in order to 

prevent drought by using water with maximum efficiency. This study aims to 

develop a perspective on permeable concrete. Because permeable concrete is 

very useful in collecting the precipitation without causing flooding, collecting 

it in water tanks and evaluating it in agricultural irrigation systems. 

PERVIOUS CONCRETE 

When water comes into contact with porous materials, the materials let 

water to pass from one point to another. The porosity and water absorption 

rate of these materials are higher than other materials. Such materials are also 
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called hygroscopic materials. Hygroscopic materials are wettable materials, 

and after contact with water, they fill the spaces in the material with the effect 

of capillarity. It works with the principle that water is absorbed by the material 

due to the pressure difference (Gönül and Çelebi, 2003). Permeable concrete 

is also a building material that can be wetted and can transfer water from one 

point to another. In that, permeable concrete, which has a spongy structure, is 

a special type of concrete with a small amount of thin aggregate (Figure 1). 

These gaps in the permeable concrete facilitate the flow of water (Boğa, 2015). 

 

Figure 1. Pervious concrete (Anonim, 2022a) 

When permeable concrete is considered technically, it generally 

consists of 15-30% gap, 0.25-0.35 water/cement ratio, 3-30 MPa compressive 

strength and permeability between 0.025-0.61 cm/sec. It consists of Portland 

cement as binder and they are produced by using super plasticizer and 

cohesive chemical additives in order to improve some performances (Gesoğlu 

et al., 2014; Boğa, 2015; Guan et al., 2021). While the aggregate volume is 

between 60-70% in conventional concrete, this ratio is in the range of 50-65% 

in permeable concrete. In addition, the aggregate/binder ratio is an important 
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parameter in permeable concrete, and the aggregate/cement ratio varies 

between 4:1 and 6:1 (Akkaya and Çağatay, 2016). 

In the production of permeable concrete, limestone-quartzite-dolomite 

are widely used as the main element with the coarse aggregate. Dolomite is 

accepted as the most suitable aggregate for the production of permeable 

cement concrete due to its high compressive strength and corrosion resistance 

(Lian and Zhuge, 2010; Guan et al., 2021). 

As it is used in conventional concrete, drinkable water can be used as 

mixing water in permeable concrete. Moreover, the retarders and hydration 

regulators are also widely used as additives. It is seen that the air-entraining 

admixture improves the freeze-thaw resistance of permeable concrete and 

water-reducing additives are frequently used (Akkaya and Çağatay, 2016).  

Alkan et al. (2021) measured the permeability performance of the 

permeable concrete application with a simple and reliable infiltration test on 

the bicycle and pedestrian path. They measured the infiltration rate of 

permeable concrete surfaces by using the standard test method for permeable 

concrete infiltration rate. The test was applied at six different points. 

According to the tests carried out in the field, the infiltration rates of the 

permeable concrete surfaces in the research area vary between 524-3194 

mm/h.  

Akkaya and Çağatay (2016) investigated the gradation, which is one of 

the important parameters affecting the physical properties of permeable 

concretes feeding underground water resources. As a result of the study, they 

found that the addition of sand can significantly increase the compressive 

strength. 

The test results showed that the presence of blast furnace slag and 

basaltic pumice in concrete has positive effects on abrasion resistance and 

water impermeability. The most important feature considered in the 
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production of durable concrete is the gap structure and ratio of the concrete. 

The permeability of the hardened concrete affects the resistance of the 

concrete to the events that it may encounter during its service life. The 

progress of the fluids in the concrete is due to the cavities of the concrete and 

the harmful substances are transported into the concrete in this way. So, the 

concrete used in the construction of the structures such as dams must be 

impermeable (Binici et al., 2010). 

There is a direct relationship between the abrasion and permeability of 

concretes and the amount of blast furnace slag and granulated basaltic pumice 

additives. While the samples with blast furnace slag and granulated basaltic 

pumice have the lowest permeability values, only the samples with granulated 

basaltic pumice have the lowest abrasion resistance and the highest 

permeability. It is known that granulated basaltic pumice and blast furnace 

slag can be used as fine aggregate in the concrete production of structures 

where abrasion and permeability are important. When additives in particular 

ratios are used as fine aggregate, the effect level of harmful chemical and 

physical destructions can be reduced, since more impermeable concrete will 

be produced. With basaltic pumice, which is abundant in Turkey, concrete 

with higher durability can be produced. More abrasion of pumice-added 

samples is related to its highly permeable structure. In addition, the less 

permeability of both blast furnace slag and pumice added samples is due to 

the gap-free structure of the slag (Binici et al., 2010). 

 

CONCLUSION 

Permeable concrete applications make significant contributions to 

environmental and economic sustainability (Anonymous, 2022b). These are 

listed below; 
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- Renewal of groundwater by infiltration of rain-flood water and runoff 

water, 

- By acting as a filter against surface contaminants, it allows water to 

mix with groundwater in a clean way. Thus, it helps to control the 

surface contaminants. 

- It helps in providing erosion control with the permeability of surface 

waters. 

- Permeable concrete reflects the incoming sunlight because it is light-

coloured and it contributes to reducing the heat island effect in cities by 

transmitting heat-water with its granular structure. 

- Permeable concrete reduces the risk of glaciation by accelerating snow 

melt. 

- The water can be stored with permeable concrete. Thus, it can create 

an important alternative for irrigation systems and it can reduce the use 

of drinking water.  

- Permeable concrete, thanks to its superior durability, can reach a life 

of 30-40 years with the right workmanship and design. 

- Permeable concrete can be used in landscape design by feeding tree 

roots thanks to its air and water permeability. 

- Permeable concrete coatings can be made on flat areas. Because there 

is no need for slope calculations for remove the rainwater like 

traditional pavements. Especially, this ensures a significant 

contribution in sports fields. 

- Permeable concrete, thanks to its light-colour, has a reflective feature 

and reduces the lighting cost of the area.  

- Permeable concrete coatings are recognized by green building 

certification systems, which has started to be given importance in 

Turkey. 
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- Since permeable concrete coatings can also be used with local 

materials in the region, economic and environmental impacts are low. 

-Permeable concrete applications are generally used in pavements and 

roads, car parking areas, slope stabilization, greenhouses, water 

entertainment centers and zoos, hydraulic structures, landscaping and 

sports facilities (Anonymous, 2022b). 
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