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Abstract

Cotton, which is one of the leading fiber and oilseed crops, consumes 16% of the 
total pesticides and about 24% of insecticides in the world. In arid climatic regions 
such as Turkey, most of the plant water consumption is met by surface irrigation 
methods, while a significant part of it infiltrates deep. During cultivation, a sig-
nificant portion of pesticides and chemical fertilizers are consumed incorrectly, 
or unconsciously due to socioeconomic and cultural reasons such as the lack of 
education of farmers and low economic income. For this reason, it is necessary to 
understand the correct cultivation techniques from planting to harvest and to manage 
critical periods in practice. Owing to this, it is necessary to re-evaluate and sustain 
high-productivity and quality cotton cultivation together with human and environ-
mental requirements. Especially for this purpose, the charts and figures prepared to 
give direction to experts are a tool for a correct and complete understanding of the 
topics covered. Considering the objectives and needs of agricultural production, the 
analysis of the most critical issues required for cotton cultivation from a different 
perspective will be an important stage for the next steps.

Keywords: sustainable management, cotton cultivation, irrigation, nutrient management, 
cotton yield

1. Introduction

Cotton (Gossypium spp.) is used to obtain fiber, oilseeds animal feed, cellulose, and 
biofuel [1]. It is among the plants that provide employment and income to millions 
of people for its production, processing, and marketing besides having an important 
share in the economy. The annual contribution of cotton to the textile industry is 
600 billion dollars. More than 80% of the total cotton production of 25 million tons 
per year is produced in the top 10 countries, mainly India, China, the United States, 
Pakistan, Brazil, Pakistan, Uzbekistan, Turkey, Australia, Benin, and Greece [2]. 
Cotton is grown on almost 2.5% of the world’s arable land by nearly 26 million farm-
ers in 75 countries [3]. It meets 27% of the world’s textile requirements and provides 
employment and income to almost 100 million families. Two-thirds of the total cotton 
produced in the world is obtained from 53% of the irrigated lands [4]. Cotton cultiva-
tion meets 27% of worldwide textile needs and supports jobs and income for roughly 
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100 million people. By 2030, it is estimated that world cotton production will reach 
28 million tons with an annual increase of 1.5%. This growth is expected to come from 
global yield growth (1%) in addition to expanding the cotton field (0.5%) [5]. Where 
it is grown, cotton is an attractive environment for numerous insects, pests such as 
aphids, thrips, and spider mites [6]. The only solution that farmers use to fight pests 
is to use insecticides. About 16% of the pesticides consumed globally are used for 
cotton growing lands [7]. Chemical pesticides used on cotton are linked to everything 
from cancer to infertility to birth defects. With excessive irrigation, it is carried to 
groundwater, rivers, and oceans, but also threatens the ecosystem by polluting the 
soil, air, food, and drinking water [8]. It is 300 times stronger than the greenhouse 
gas CO2, which is formed because of the conversion of nitrate-containing chemical 
fertilizers as nitrogen source, used per hectare, in cotton-grown lands [9]. Excessive 
use of chemicals threatens environmental resources as well as agricultural production. 
When the future production style is arranged according to the wishes and needs of 
ecology, progress will be made in the direction of sustainability.

2. Cotton cultivation

2.1 Climatic requirements

Cotton is a plant that needs temperature above freezing, a humid climate, and 
sunbathing during its growing period. In general, the seed sowing depth (4–5 cm) 
should be above 15°C for germination to occur [10]. It is desirable that the soil 
temperature in sowing is at least 18°C. According to the developmental periods, 
the optimum temperatures are around 21–27, 27–32, and 21–32°C in vegetative, 
 reproductive, and maturity periods, respectively [11].

2.2 Phenological development

The development of cotton during the growing period can be examined in five 
stages [12]. These are (1) germination and emergence, (2) seedling/root establish-
ment, (3) leaf area expansion and canopy closure, (4) flowering and boll formation, 
and (5) boll and fiber maturation (Figure 1).

The number of days of development periods of cotton from sowing to harvest is 
given in Table 1.

2.3 Planting

The ideal planting depth is 4–5 cm. Planting depth should be 2–3 cm when the soil 
temperature is low in early sowing and when tempering is high. As the sowing date 
progresses, the planting depth should be increased up to 5–6 cm to ensure germina-
tion by taking advantage of the soil moisture [14]. The harvestable number of plants 
for cotton should be between 70.000 and 140.000 per hectare. When determining the 
number of plants in sowing, 80–85% seed germination rates should be considered in 
order to obtain the number predicted to be harvested. Accordingly, for the conditions 
where the distance between rows is 70–76 cm, the ideal plant density for machine 
harvesting is 10 cm. The number of plants in the harvest should be around 140,000, 
and for this, the distance between the row spaces should be adjusted to 8–8.5 cm in 
the planter settings. If the harvest is done by hand, the ideal in-row distance after 
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thinning is 17–20 cm. Cotton harvest starts when 60–65% of the bolls open (around 
September 15) and lasts until mid-December in Turkey.

3. Crop rotation

The purpose of the rotation is to provide sustainable management of the soils. 
Crop rotation also has purposes such as weed and pest control, disease management, 
utilizing the remaining nutrients from the previous plant, and improving the 

Figure 1. 
Growth stages of cotton [12].

Event Time required 

(days)

Average time 

required (days)

Cumulative duration 

(days)

Average date

Planting 0 1 1 May 1

Planting to emergence 4–14 7 7 May 7

Planting to first square 35–45 39 40 June 17

Planting to first bloom 55–70 62 62 July 6

Cut-out 8–10 9 71 July 28

Pinhead square to 
white flower

20–35 23 94 August 6

White flower to pink 
flower

1 1 95 July 29

Pink flower to open 
boll

50–60 55 112 July 30

Planting to 10% 
opening bolls

10–12 10 122 August 20

10% opening bolls to 
Harvest

160–180 51 170 August 30

*Assuming 20 main-stem nodes and 10–12 active fruiting branches.

Table 1. 
Growth and development periods of cotton* [13].
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accumulation of organic matter in the soil. The biggest problem with rotation in 
cotton cultivation is finding the rotation product that can generate the income of the 
main product. Other determining factors in this regard are the climatic conditions as 
well as how much the rotation product is affected by price changes. In addition to the 
market value of the product, farmer habits also affect the rotation.

In terms of sustainable management, organic matter accumulation is generally a major 
problem, especially in arid climatic regions where rainfall is insufficient, and irrigation 
is made. In such places, it is vital to adopt practices that will ensure the accumulation of 
organic matter in the soil in double, triple, and quadruple rotation applications. Prior 
cultivation of legume crops (such as soybean, peanut, beans, kidney beans, chickpeas, len-
tils) or legume fodder crop (such as Hungarian vetch, fodder pea, or vetch, broad bean) 
is an excellent choice for cotton planted land. In this way, since the physical, chemical, 
and biological characteristics of the soil will be enhanced, the organic matter content will 
also increase. More favorable soil conditions will be provided, especially in terms of plant 
nutrient intake, weed control, disease, and pest management.

In Şanlıurfa province in Turkey, the common practice in the rotation is wheat-corn in 
the first year and cotton in the second year. Farmers experience cotton yield decreases as 
high as 30–50% in wheat-cotton rotation in the same year. Another reason why wheat-
cotton (Planting in May 15–30) rotation is not preferred is the increase in pest damage. 
In the same climatic region, an increase in cotton yield was observed in the lands of the 
farmers who preferred the first-year winter lentil (planting in October or November)—
cotton (planting in June) rotation.

Another climatic region (İzmir and Muğla provinces) in the west of Turkey is wheat-
silage corn or oat-silage corn in the first year and cotton in the second year of plant rota-
tion. In the same area, it is silage maize for the first year consecutively and cotton for the 
second year. Some farmers in the region maintain a continuous cotton-cotton rotation. 
In Nazilli-Aydin province, first-year winter barley-cotton and second-year corn rations 
are maintained. In the alfalfa-cotton-wheat (W) rotation carried out by Nazilli Cotton 
Research Institute, a decrease in wilt loss disease was detected in cotton [15].

In rotation applications, corn-cotton and soybean-cotton are preferred in 
Mississippi, peanut-cotton in Arkansas, sorghum-cotton in Texas, and wheat-
soybean-cotton rotations in Oklahoma. While practice yield increases range from 5 to 
11%, research shows that rotation helps create a good balance and sustainability for 
farmers in matters related to disease and pest management, soil protection, soil, and 
plant health [13, 16].

It has been stated that the rotation of legumes with organic fertilizers is suitable 
for sustainable production in cotton and corn-growing areas in Burkina Faso [17]. In 
Pakistan, cotton-wheat rotation provided the highest yield, while sunflower-cotton 
rotation significantly reduced soil fertility and an allopathic effect [18]. Rotation 
schedules in India where cotton is grown in 10 states differ between states. In the 
north-western states of the country, Punjab, Haryana, and Rajasthan, there is a rotation 
of CW, C-Mustard, and C-Berseem (Trifolium alexandrinum), while most of them only 
cotton-wheat and Tamil Nadu Rice-C, Rice-Rice-C, C-GS. The states of Telangana and 
Andhra Pradesh practice C-Rice (Rank), C-Chilli, and C-Tobacco (two-year rotation).

4. Nutrient management

Dry matter formation in plants is the process of converting water and nutrients 
taken from the soil by photosynthesis [19]. Dry matter formation is adversely affected 
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in cases where plant nutrients are insufficient in the soil for various reasons, their 
uptake is reduced, or it is not possible. Chlorosis, malformation, stunting, and poor 
plant growth are common symptoms due to nutrient deficiencies, improper soil 
management practices, or climatic factors [20]. Nitrogen, phosphorus, potassium, 
and boron deficiencies are common in cotton production [21]. In addition to their 
inadequacies, plant growth may be adversely affected by the imbalances between each 
other (such as Ca-Mg and K) [22], antagonistic effects (such as phosphorus and zinc) 
[23], soil pH, nutrient application time, method and amounts, climate and environ-
mental factors.

4.1 Nutrient requirement

Coordination of factors such as climatic conditions, drought, pH, macro and micro 
plant nutrient deficiencies, pest, soil, and water management directly or indirectly 
affects yield and quality characteristics [24]. Especially in arid climatic regions, the 
inadequacy of precipitation that can provide organic matter development is an impor-
tant problem in the uptake of plant nutrients [25]. Soil pH is a problem not only in the 
uptake of macronutrients, but also in micronutrients, which are generally available in 
the pH range of 5.5–6.5 [26]. Deficiencies in the early stages of plant development are 
not a big deal in terms of their effect on plant growth. These elements, constituting 
only 1% of a bale, are removed after ginning, along with the seed and litter, along 
with macro and micronutrients [27]. Table 2 gives the macro and micronutrient 
needs removed from the soil when 2500 kg of lint is taken per hectare.

The average daily intake rate of plant nutrients is given in Figure 2.

4.2 Nitrogen

Nitrogen (N) is an important nutrient needed for the healthy progression and 
physiological improvement of cotton, increasing fiber and photosynthesis effi-
ciency [30]. It also affects the plant’s ability to produce carbohydrates due to its role 
in chlorophyll production. N promotes vegetative growth and can be effective in 
increasing the number of bolls by increasing nodes and fruiting positions. The pres-
ence of nitrogen affects root morphology (root length, thickness, volume, and mass) 
and is associated with dry matter formation [31]. To maximize the effectiveness of N 
applied in cotton production, both pre-plant and side applications are recommended 
[32]. Inadequate N in early vegetative growth can be unfavorable to yield and qual-
ity [33]. Proper management of nitrogen is required in productive and high-quality 
cotton cultivation. To increase the efficiency of use (NUE), nitrogen should be given 

Macronutrients (kg ha−1)

N P2O5 K2O MgO CaO S

220–230 50–60 270–280 70–75 280–300 70–75

Micronutrients (g ha−1)

Fe Cu Zn Mn B

400–420 75–80 270–280 800–850 600–650

Table 2. 
Nutrient requirement of cotton [28].
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in the required amount, time, and form (such as NO3
−, NH4

+ or NH2), to reduce 
leaching and evaporation losses with excessive irrigation, and to be given with partial 
and fertigation applications for effective management [34]. To reduce nitrogen losses, 
soil and tissue tests can be performed, and NDVI (Normalized Difference Vegetation 
Index) measurements can be applied using satellite or drone techniques [35].

4.2.1 Managing N fertility

Nitrogen is given in two periods, before planting (or with sowing) and before 
flowering. Pre-planting fertilization can be done according to the amount of nitrate-
nitrogen to be determined in the soil test, considering the amounts given in Table 3.

The nitrogen fertilization system consists of two parts: (1) about 10–20% of 
the total nitrogen requirement before flowering (before or with planting), (2) the 
remaining nitrogen during the irrigation period of 60–75 days from the beginning of 
the flowering period. Additional nitrogen application may be required when needed 
against a sudden nitrogen deficiency to mature the crop later. However, it may be 

NO3
− N (ppm) N/ha

0–5 30–50

5–10. 20–30

10–15. 0–20

> 15 0

*Source: [29]

Table 3. 
Nitrogen fertilization according to nitrate nitrogen level in the soil*.

Figure 2. 
Daily maximum nutrient uptake rates in cotton [29].



7

Sustainable and Effective Management Strategies in Cotton Cultivation
DOI: http://dx.doi.org/10.5772/intechopen.104104

advisable to give the last nitrogen fertilizer application in the flowering period with 
one of the nitrogen fertilizers produced as urea or slow-release nitrogen fertilizer. 
Because urea needs time to turn into ammonium and nitrate [36], it may be possible 
for the plant to benefit from nitrogen for a longer period with slow release. Measures 
such as reducing the losses of nitrogen under the root zone with surface irrigation 
methods (border or furrow) or preventing leaching with more controlled irrigation 
with pressure irrigation methods can be applied. It may be beneficial to increase the 
efficiency of nitrogen use by dividing the needs of the plant throughout the season 
into the growth period in climatic regions such as the Mediterranean where irrigation 
is used. In addition to these, utilizing the residual nitrogen from the plants entering 
the crop rotation may prevent the use of excess nitrogen. Considering that unneces-
sary or excessive nitrogen may delay maturation by encouraging leaf development by 
keeping the plant constantly green [9], it is necessary to be prepared for harvest with 
an optimum termination.

The base fertilization to be made before sowing is spread on the soil with fertilizer 
dispersing equipment, and then it is mixed into the soil at a depth of 10–12 cm with 
one of the appropriate tillage tools (such as a cultivator, rotavator), and the seedbed 
is prepared for planting. It is recommended to apply the fertilizers 5–6 cm below [37] 
and on the band so that they do not contact with the seeds, in the fertilization to be 
made on the seedbed with sowing.

Petiole sampling (Figure 3) is necessary for the health monitoring of nitrogen 
management in the plant [39]. The petiole test is done by plucking the first fully 
expanded leaf from the top of the plant 1 week before flowering. Repeat weekly for 
the following 8–9 weeks by breaking off the petiole of the first fully expanded leaf 
from the top of the plant [38].

For the first petiole analysis of the season, the petiole from the third node at the 
top of the plant should be taken and sampled from about 40 different locations in the 
field. As the results will show the nitrogen levels in the plant, it will be understood 
whether the fertilizer has been used adequately or insufficiently. The timely applica-
tion of nitrogen prevents the reduction of leaf nitrate. If the level of nitrate-nitrogen 
drops to 4000 ppm or less before the first bolls open (Figure 4), it is recommended to 
apply nitrogen in the form of nitrate or urea.

Nitrogen in the form of nitrate in the soil solution is easily transported into the 
plant body. For this reason, the time required to eliminate the deficiency is shortened. 
In such a case, the source of nitrogen is not so important. Because the nitrification of 

Figure 3. 
Petiole sampling for analysis and location [38].
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ammonium sources can occur quickly enough to allow the resulting nitrate nitrogen 
to be transported to the root zone to meet the plant’s needs [40].

4.3 Phosphorus

Phosphorus is effective in the energy transfer (ATP), transport, and storage of 
substances such as sugar and starch in plants [41]. It is necessary for flower and fruit 
formation, root development, and vital for the formation of new cells. In its deficiency, 
it causes lifeless, weak, and soft flower formation, weakening of the roots, lack of life 
and absorbent hairs, shortening of shoots, thinning and filamentous development, 
narrowing between the nodes, formation of small and amorphous fruits, decrease in 
the number of seeds, seed development disorders, and shortening in shelf life [42].

Phosphorus deficiency is commonly caused by conditions such as the presence of 
fully bound phosphorus in soils with a pH lower than 5.5 or higher than 7.5, with high 
clay content and low organic matter content, and soils with high aluminum or iron 
hydroxide content. In addition, plants need a large amount of phosphorus in their 
young stages, before the flowering period and during the seed formation periods. 
Phosphorus is also effective in metabolic activities such as energy production and 
gene transfer. In the excess of phosphorus in the soil, especially the intake of iron 
(Fe), zinc (Zn), and copper (Cu) is limited [43].

Cotton yield responds positively to the presence of phosphorus and affects dry 
matter accumulation in the soil [44]. Phosphorus (P) plays a crucial role in cotton by 
increasing reproductive growth and yield. Phosphorus contributes to root develop-
ment by increasing root length, width, and diameter in plants [45]. Therefore, P 
deficiency inhibits cotton growth by reducing biomass accumulation and especially 
reduces seed cotton yield, stunted growth, and low yields have been detected [46].

4.4 Potassium

Potassium (K) affects vital metabolic, physiological, and biochemical functions in 
plants and increases product quantity and product quality. Studies show that potas-
sium increases starch synthesis, helps to transport and store water and plant nutrients 
and photosynthesis products, prevents water loss in plants by regulating turgor, 
accelerating root development, promotes branching and lateral root formation. If 
there is enough potassium, the plants will form more branched roots. Root diameter 
expands, and root length and root growth rate increase [47]. Plants that do not get 

Figure 4. 
Desired levels of petiole nitrate-nitrogen in cotton varieties [29].
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enough potassium are mostly high in nitrogen and low in carbohydrates. Potassium 
affects the development of the cell wall in plants and accelerates maturation, increases 
the effectiveness of nitrogen, and positively affects the resistance against diseases and 
pests. In a study conducted, the effectiveness of potassium against diseases and pests 
in plants was determined to be 65% effective [48].

Heavy-textured soils in the clay-type illite group, which have insufficient K reserve 
and are rich in magnesium, have acid (low pH) character, light-textured sandy, are 
leached by excessive irrigation or precipitation, may show potassium deficiency [49]. 
Potassium concentrations in both the blade and petiole of fully expanded upper leaves 
on the main stem are good indicators of K deficiency. Potassium deficiency causes 
many disorders including a decrease in leaf area index, photosynthesis, and plant 
biomass in cotton, while the decrease in leaf photosynthesis and stomatal conductiv-
ity, low chlorophyll content, weak chloroplast structure, restricted saccharide trans-
location are attributed to K deficiency [50]. Potassium deficiency affects the seedling 
development of cotton and shows this with shortening of plant height, decrease in 
leaves and roots, and biomass. It also inhibits enzyme activities in cotton seedlings by 
affecting photosynthesis and respiration [51].

Potassium demand increases in cotton during boll formation, flowering, and 
fiber elongation periods [52]. Potassium deficiency manifests itself with interveinal 
chlorosis on old leaves 3–4 weeks after the first flowering; in addition to symptoms, 
leaves may begin to curl downward and thicken. If the deficiency is severe enough, 
the cotton plant may begin to shed leaves on its own. The high demand for potassium 
generated during boll formation in cotton can be greater than 3.4 kg per hectare per 
day [53]. Severe potassium deficiency caused by extremely hot and dry conditions 
can cause other undesirable effects, including fruit drop [54]. Drought, due to soil 
moisture deficiency, is a limiting factor for potassium uptake.

Potassium is an important nutrient that affects fiber length and quality in cotton. 
In a study conducted in an area with potassium deficiency in the soil, fiber strength 
and weight decreased up to 7.8% and 2.1%, respectively [50]. The most effective way 
to meet the potassium requirement is to regularly test the soil.

4.5 Secondary nutrients

4.5.1 Sulfur

The source of sulfur that can be taken up by plants is elemental sulfur and 
sulfur in organic matter. Plants take up sulfur in the form of the SO4

−2 ion. In 
addition, they can also take SO3 and a little elemental sulfur with their sulfur 
leaves. In addition, plants can absorb this element in the form of SO2 gas. Sulfur 
is an element that enters the structure of organic matter. Sulfur takes place in the 
structure of sulfurous amino acids such as cystine, cysteine, and methionine in 
plants and combines with them to form proteins. During this cycle, the sulfur 
takes part in many enzymatic activities [55]. Sulfur is easily transported (mobile) 
within the plant. However, it is less mobile than N, P, K, as it forms various 
compounds immediately after entering the plant body [56]. Sulfur deficiency 
shows symptoms very similar to nitrogen deficiency. Nitrogen deficiency is seen 
in old leaves, while sulfur deficiency is seen in young leaves [57]. It is found in the 
structure of some amino acids necessary for protein synthesis. It takes part in the 
synthesis of energy, hormones, and some enzymes, and accelerates nitrate and 
carbohydrate metabolism [58].
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4.5.2 Calcium

Calcium is taken up by plants as Ca+2 ions through root tips. Calcium ions are 
transported to all plant tissues by xylem pipes due to transpiration [59]. Calcium is 
effective in the development of the endpoints of newly developing cell tissues, and 
the normal formation of roots and flowers. Calcium is located between the cell walls 
and is the building block of the cell wall [60]. Strengthening the cell wall, it helps 
cell growth and elongation. It is effective in the permeability of the cell membrane. 
It is necessary for normal flowering and root development. It helps in the uptake of 
nitrates. It increases the plant’s resistance to diseases, drought, and stress [61].

Calcium is immovable within the plant. In other words, calcium, previously taken 
to the plant or in the leaf, does not pass to the fruit and newly formed leaves and shows 
the first signs of deficiency with the drying or upward curling of the leaf tips [62]. 
Dying at the shoot tips and stopping the growth of dead tissue, discoloration at the 
fruit tip, and brown-black rot (blossom end rot) in the following period are seen. To 
eliminate the calcium deficiency, Calcium Nitrate fertilizer should be applied regularly, 
if necessary, in each irrigation, or spraying calcium on the fruit 3–4 times is effective. 
The first calcium deficiency is seen on young leaves and shoots tips [57]. Young leaf 
margins dry up and die. Shoot tip growth stops, shoot tips dry out. Plant tissue and 
fruits are soft, shelf and storage life are short. Root development weakens, the durabil-
ity of the root’s decreases. The plant’s resistance to diseases and pests is reduced [63].

Conditions reducing calcium uptake: Feeding with high ammonium (NH4) nitrogen, 
insufficient water, or high salt concentration in the soil, conditions that prevent new 
root formation, such as low temperature and insufficient aeration, low pH soils, organic 
soils, or high organic matter added soils and giving too much potassium or magnesium 
with fertilizer [64].

4.5.3 Magnesium

Plants take magnesium in the form of Mg+2 ions. Magnesium is the central atom of 
chlorophyll and is vital in photosynthesis [65]. Therefore, in magnesium deficiency, 
the number of chlorophylls decreases and photosynthesis regresses. Due to mobility 
in plants, it accumulates most in the growing tips of plants and especially in young 
leaves. It is transported from these regions to the seed during seed formation [66]. 
Magnesium deficiency first manifests itself in older leaves. In magnesium deficien-
cies, older leaves become discolored, the main and secondary veins on the leaf are 
green, the thinner veins turn yellow, and local wavy round yellowing is seen between 
the veins [67]. Magnesium plays a very important role in the transport and placement 
of phosphorus and the conversion of amino acids into polypeptides. It is an enzyme 
activator and helps the function of many enzymes [68].

Conditions that cause decreased magnesium intake: Excessive potassium and 
calcium fertilization or high lime content, sandy soils with heavy rainfall, soil com-
paction, insufficient drainage, drought, and cold soils, and pH drop below 5. Toward 
the end of the development period, the deficiency increases due to the increase in the 
need for magnesium [69].

4.6 Micronutrients

Micronutrients are not needed in large quantities as macronutrients but are vital 
because of their role in plant development. Zinc (Zn) for plant hormone balance, 
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auxin activity, growth, cell division; iron (Fe) for photosynthesis with chlorophyll 
synthesis; boron (B) for flowering, maturation, sugar transport, cell division, and 
amino acid production; manganese (Mn) for chloroplast production and enzyme acti-
vation; copper (Cu) for stimulating enzymes necessary for photosynthesis; legumes 
need Molybdenum (Mo) elements for nitrogen fixation [70].

The deficiencies of these nutrients manifest themselves in the form of different 
symptoms. For example, in zinc deficiency, growth in plants stops, the internodes 
become shorter, and young leaves become smaller than normal, while chlorosis or 
yellowing occurs between the new leaf veins in iron deficiency. In boron deficiency, 
mild general chlorosis, death of the growing point, the color of the leaves fades 
and becomes deformed. Similarly, in Manganese (Mn) deficiency, chlorotic mosaic 
patterns occur on the leaves; in copper deficiency, mild general chlorosis, leaf tips are 
bent, and turgor loss is seen in young leaves; In molybdenum deficiency, like ordinary 
nitrogen deficiency, general chlorosis is seen in young plants [71].

EDTA (Ethylene Diamine Tetra-Acetic Acid) is a chelating agent that allows the 
molecular structure to bind to heavy metals, and chelation is a form of attachment 
of ions and molecules to metal ions. Chelates, on the other hand, are complex com-
pounds called ligands in their structure and play a role in the uptake of micronutrients 
such as EDTA. Micronutrients are transported to the plant body mainly by applica-
tions such as soil, leaves, and irrigation water [72].

4.7 Foliar fertilization

In arid and some subtropical climatic regions where precipitation is insufficient, 
soils rich in lime are a problem in the uptake of microelements such as zinc, iron, and 
boron due to high soil pH [73]. Studies show a reduction in seed cotton yield in calcar-
eous soils due to an imbalance of nutrients, especially micronutrients [74]. In general, 
high pH is a limiting factor for nutrient uptake in such lands with low organic matter 
and nitrogen content, and this type of soil is insufficient in terms of zinc, boron, and 
iron [75]. In addition, the imbalance between some elements and calcium can lead to 
nutritional problems, especially in terms of potassium and magnesium [76]. In such 
cases, foliar applications of micronutrients, whose uptake is limited by soil applica-
tions, are an inevitable need [77].

Foliar fertilization provides advantages such as low cost and rapid plant response 
in situations where soil problems arise, and root development is insufficient. 
Further, foliar feeding has disadvantages due to problems such as possible leaf 
toxicity and solubility [78], and therefore, it is not possible to fully meet the needs 
of the plant. Success in foliar fertilization can be achieved when the effects of many 
factors such as the development period of the plant to be applied, its need, the 
toxicity level, the number of applications, the number of repetitions, the method 
of application, the time of application, the compatibility with other pesticides and 
fertilizers are known. The quality of the nutrient to be applied to the plant is impor-
tant. Because the dose and application stage to be used in the application of macro 
and micronutrients to be applied in foliar feeding can be different. The efficiency of 
foliar fertilization can be affected by the type of fertilizer, its solubility, the con-
centration and pH of the solution, and its incompatibility with some pesticides and 
chemicals used in foliar feeding [79].

Foliar fertilization of cotton is a convenient way of applying certain fertilizers that 
can complement conventional soil methods. Foliar fertilization can increase yield and 
fiber quality. The transport rate of plant nutrients used in foliar fertilization is given 
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in Table 4, and the times required for 50% of the applied plant nutrients to be taken 
are given in Table 5.

5. Water management

5.1 Critical stages for irrigation management

Although cotton varies according to the climatic regions where it is grown and the 
day length of the varieties, daily plant water consumption of cotton is different at plant 
growth stages. It increases from 2.5 mm at the seedling stage to the maximum value 
(6–10 mm) in the most intense flowering from the soil and gradually decreases in the 
boll development (5–8 mm), reaching the minimum value (2–4 mm) in the opening 
stage of the bolls. Even though susceptibility to water stress varies according to pheno-
logical periods, squaring, flowering, and boll development are critical stages in cotton 
[81]. Water stresses that will occur during these periods reduce the number of squares 
and cause yield and quality losses by shedding squares, flowers, and bolls [82].

The first square in cotton is seen approximately 50–60 days after sowing and the 
flowering period continues for 7 weeks. Table 6 shows the effect of flowers formed 
during flowering on yield. As seen in the table, the bolls formed by the flowers formed 
in the first 3 weeks constitute 88% of the product. Considering the yield of flowers 
formed in the first 3 weeks, the importance of preserving the first bolls emerges 
spontaneously.

Nutrient The time required for 50% of the nutrient intake

NH2—Nitrogen 0.5–2 hours

Phosphorus, P 5–10 days

Potassium, K 10–25 hours

Calcium, Ca 1–2 days

Magnesium, Mg 2–5 hours

Zinc, Zn 1–2 days

Manganese, Mn 1–2 days

Table 5. 
The time required for the uptake of some nutrients into the plant [80].

Fast Moderate speed Slow Very Slow

NH2—Nitrogen Phosphorus, P Zinc, Zn Boron, B

NH4—Nitrogen Sulfur, S Copper, Cu Magnesium, Mg

NO3—itrogen Ferrous, Fe Calcium, Ca

Potassium Manganese, Mn

Sodium Molybdenum, Mo

Table 4. 
Transition rates of nutrients to leaves [80].
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The time between squaring and the opening of the bolls (between 40 and 120 days 
after planting) is considered the critical process for managing water in the root zone 
of cotton. The common practice in determining the irrigation period (Figure 5) is the 
70–80 days period between the appearance of the first squares and the period when 
the rate of the first bolls to open reaches 10% [85].

Productive and high-quality cotton growth is important for the initiation and ter-
mination of irrigation [86]. Considering the sensitivity to water stress, it is necessary 
to start irrigation during the squaring period of the plant (35–45 days after planting) 
to prevent yield losses [87]. Because the water stress that may occur during this period 
can lead to boll shedding, resulting in significant losses in yield. Early termination of 
the irrigation period may result in yield losses, while delay may result in continued 
vegetative growth, delayed maturation of the bolls, increased pest management and 
harvesting costs, and reduced irrigation efficiency [88]. For climatic regions where 
the average daily plant water consumption is around 8–10 mm, the irrigation interval 
of 10–12 days is recommended in lands with medium and heavy-textured soil where 
surface irrigation methods such as furrows are applied [89]. Irrigation intervals can be 
selected as 6–8 days for lands where drip and sprinkler methods are used in lands with 
similar climates and as 4–5 days for sandy soils. While it is recommended to terminate 
the irrigation when the first opened bolls are seen in areas where surface irrigation 
methods are used, it can be delayed for 1–2 weeks in medium and heavy-textured 
fields where sprinkler and drip methods are used.

Weeks of flowering

1 2 3 4 5 6 7

Total flowers (%) 8.1 23.5 29.4 25.6 9.8 2.3 1.3

Boll retention rate (%) 94.1 77.7 43.1 20.7 13.3 10.8 5.0

Total product (%) 21.0 43.0 24.0 8.5 2.5 0.9 0.5

Average boll weight (g) 5.3 4.6 3.7 2.8 3.1 3.2 —

Table 6. 
The effect of flowering weeks on yield in cotton [83].

Figure 5. 
Irrigation period of cotton throughout the growth stage (adapted from [84]).
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5.2 Crop water requirement

Plant water consumption is the sum of the water lost by evaporation and 
transpiration. Numerous methods have been developed for estimating plant water 
consumption. These are such direct measurements, estimating from climate data, 
plant and soil-based methods. The FAO Penman-Monteith method [90] is one of 
the most reliable methods in estimating using climate data. The results obtained by 
multiplying the evaporation volumes determined from Class A pan with a coeffi-
cient of 0.7 were analyzed together with the plant water depletion values estimated 
at 10-day intervals by the FAO Penman-Monteith method. In the results obtained, 
it was determined that the agreement was very high (Figure 6).

5.3 Effective root depth of cotton

Soil water potential is related to the soil texture and is important to determine the 
available water holding capacity (AWHC) at the effective root depth considered. The 
results of some studies on plant root morphology in recent years have revealed that a sig-
nificant part of the cotton roots is concentrated at 0–30 cm and an average of 90% is at a 
depth of 60 cm [91]. For this reason, when determining the irrigation interval in cotton 
cultivation on lands with medium and heavy-textured soil, an effective root depth of 60 
cm and allowing a maximum of 60% of the available water to be consumed is a suitable 
approach to ensure yield and quality without creating water stress on the plant.

The irrigation schedule is determined by considering the plant water consump-
tion, the AWHC of the soil, and the part of the soil moisture that is allowed to be 
consumed. In terms of AWHC, soil texture is generally decisive and sandy soils have 
less capacity than clay soils. Sandy soils have an AWHC of 20–35 mm, medium-
textured loamy soils 45–65 mm, and heavy-textured clayey soils 40–50 mm for each 
30 cm soil profile.

5.4 Irrigation methods in cotton cultivation

The irrigation method is the way of applying water to the plant root zone. Today, 
two main methods are used, namely surface and pressurized.

Figure 6. 
Measuring of evaporation from Class A pan (left) and the relationship between FAO Penman-Monteith and pan 
evaporation (right) [90].
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5.4.1 Surface irrigation

Surface irrigation methods generally take place in the form of vertical and 
forward movement of water by gravity on land with no slope or very low slope 
(generally below 3%). These methods generally take place in the form of vertical 
and forward movement of water by gravity on land with no slope or very low slope 
(generally below 3%). In practice, furrow and border methods and their deriva-
tives are widely used in cotton cultivation. Reducing in-field losses in the irrigation 
network is related to the irrigation method applied. The success of these methods 
depends on the reduction of water transmission in the channels and infiltration into 
the field and surface flow losses. Surface flow and infiltration losses are the most 
important problems in surface irrigation methods. These methods cause drainage 
problems by rising the groundwater in the field, the root zone remains wet for a 
long time, negatively affecting plant growth, and increasing fungal diseases, till-
age, salinity, and sodium problems. Along with the deep infiltration, a significant 
part of the plant nutrients as fertilizer to the root zone is washed and pollutes the 
groundwater. The mixing of nitrogen losses, especially in the form of nitrates, into 
drinking and utility water is the biggest threat to human and environmental health.

5.4.2 Pressured irrigation methods

Pressurized irrigation systems use energy (such as electricity, diesel oil) to take 
water from a canal, stream, or well and transmit it to the land to be irrigated through 
lateral lines under a certain pressure. Irrigation water is directed to the lateral lines 
from the main canal at the head of the field and given to the root zone by various 
methods (such as drip or sprinkler methods).

5.4.2.1 Drip irrigation

Drip irrigation is the process of taking the water from a well, canal, or stream 
and giving the filtered water to the plant root zone in the field with a certain pres-
sure (1–1.5 atm.) using plastic pipes called lateral and having drippers placed on it at 
certain intervals. With this method, it is possible to transmit irrigation water to the 
root zone in a controlled manner by the drip method and high WUE (85–95%). With 
successful planning, it is ensured that water, plant nutrients, and agricultural pes-
ticides are supplied, and significant savings are achieved in labor, energy, and time. 
Thanks to the vertical and horizontal control of water, high efficiency and quality 
products can be obtained with an appropriate irrigation schedule.

Today, in the drip method, two types can be used by placing the lateral lines above 
ground and underground (30–35 cm from the surface). In the drip method, two types 
can be used by placing the lateral lines above ground and underground (30–35 cm 
from the surface).

The arrangement of the lateral lines in drip irrigation affects the irrigation water 
requirement and therefore the energy cost. In the application of one lateral line in 
two rows (Figure 7a), the required lateral line requirement per hectare is 7140 m. 
It may be necessary to irrigate for 24–36 hours, especially in the first irrigation, to 
bring soil moisture to the field capacity throughout the 60 cm effective root depth in 
medium and heavy-textured lands in hot and arid regions where cotton is grown in 
the Mediterranean climate. During the following 75–80 days irrigation period, half of 
the initially calculated water can meet the need if it is every 6–8 days. The condition 
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of high yield and quality cotton cultivation in the calculated irrigation intervals 
depends on the application of the program that will not cause water stress in the 
root zone. This application, which will be repeated 12–14 times during the irrigation 
period, requires an average of 600–750 mm of plant water consumption. Generally, 
in dry climatic regions, the calculated amount of irrigation water may be needed to 
meet plant water consumption. With a motor pump with an average water application 
rate of 50 m3/h, it is necessary to irrigate for an average of 120–150 hours per hectare 
throughout the year. During the irrigation period in the specified land, the diesel 
requirement per hectare is 204–255 liters and the average is around 265 US dollars for 
2022 in Turkey.

Applying a lateral line to each row (Figure 7b), the lateral line requirement is 
14280 m per hectare. In this application, lateral lines are placed in each row and adja-
cent to the plant. At the beginning of the irrigation period, it is sufficient to irrigate 
for a maximum of 10–12 hours in order to bring the soil moisture at 60 cm depth to 

Figure 7. 
Representation drawing of drip irrigation lateral positions in field systems. Systems are defined as follows:  
(a) surface one lateral line in two rows, (b) surface every row, and (c) surface twin rows (adapted from [92]).
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the field capacity in medium and heavy-textured lands. During the following 75–80-
day irrigation period, it will be sufficient to irrigate for a maximum of 5–6 hours at 
intervals of 6–8 days on average. During this process, which will be repeated 12–14 
times during the irrigation period, the annual irrigation water volume is an average 
of 3000–3500 m3/year per hectare. With a motor pump with a water application flow 
rate of 50 m3/hour, the annual irrigation period is 60–70 hours, and the energy con-
sumption is approximately 102–119 liters of diesel fuel. The cost of irrigation energy 
per hectare of the land in question is an average of 122 US dollars in Turkey.

The cost of lateral line planting in twin rows (Figure 7c) in cotton cultivation 
is the same as when planting a line in two rows (Figure 7a). In contrast, the cost 
of irrigation water and energy will be close to or slightly higher than the line-up 
(Figure 7b) per row. Although this method is not a common practice yet, it will 
provide significant savings, especially in irrigation water. It is a method that can 
provide significant water savings without causing a decrease in yield and quality in 
sowing in narrow and wide intervals by adjusting the planter’s feet with a telescopic 
planter in sowing. Especially with wide row spacing, it will be possible to use pes-
ticides, foliar fertilization, and defoliants effectively with agricultural machinery 
until the end of the harvest period.

5.4.2.2 Sprinkler irrigation

This system is the process of applying the water supplied by pumping from a water 
source to the land by spraying it with sprinkler heads at a certain operating pressure. 
The water source can be a well, canal, or stream. In general, after the irrigation water 
is taken from the source, it is conveyed to the main lines under pressure varying 
between 1.5 and 5 atmospheres and then to the sprinkler heads on the lateral lines. 
The sprinkler method has a very high-water application efficiency (Ea, 60–95%) and 
uniform water distribution with proper planning. It is a method that can be used for 

Figure 8. 
Sprinkler irrigation system elements [93].
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irrigation of all plants whose leaves are not sensitive to wetting in all kinds of field 
conditions. The factor limiting the application of this method is the wind. When 
placing the lateral lines on the land, it is essential to pay awareness to the fact that the 
effective winds in the region are perpendicular to the direction of movement.

The sprinkler system (Figure 8) can be immobile, mobile (linear or circular), and 
portable in the field.

In the design and operation of the sprinkler system, a higher precipitation rate 
than the infiltration rate of the soil is not desired. For this, the system’s placement 
arrangement (S1xS2), nozzle (sprinkler) discharge, and operating pressure must be 
evaluated together. In practice, the fact that the precipitation rate is higher than the 
water intake rate of the soil causes the accumulation of water by ponding and drain-
age problems in flat topography, while surface runoff may occur in areas with slightly 
sloped topography. Therefore, it is crucial to pay attention to the selection of sprinkler 
heads with a high-water application efficiency in sprinkler irrigation.

6. Pesticide management

6.1 Weed control

Weed control in cotton is generally done in three periods: pre-sowing, pre-emergence, 
and post-emergence [94]. After the herbicides used before planting are applied to the 
field with a sprayer, they are mixed into the soil at a depth of 8–12 cm using a rotavator 
or cultivator. In this period, herbicides containing Pendimethalin, Metalochlor, and 
Benoxacor active ingredients can be used [95].

Pendimethalin, Alachlor, Fluometuron, Prometryne, and Linuron active ingre-
dient herbicides can be used for weed control in the post-sowing and pre-emergence 
period. If there is no rain within 24 hours after the application, the effectiveness of 
the herbicides decreases due to evaporation. For this reason, it is useful to ensure 
that the herbicides infiltrate to a depth of 15–20 cm by making sprinkler irrigation 
after the pre-emergence applications [96].

Clethodim (116.2 g/L), Fluazifop-P-Butyl (125 g/L), Haloxyfop ethoxyethelester 
(125 g/L), Quizalofop + P/Ethyl (50 g/L), and Quizalofop/P/Tefuryl (40 g/L) active 
ingredients can be widely used in post-emergence herbicide applications. However, 
it is the best way to choose according to the weeds we want to control during this 
period [97].

6.2 Insect control and management

There are seven main issues that must be followed in order to be successful in the 
fight against pests. These are respectively, 1-diagnosis, 2- fighting method, 3-applica-
tion time, 4-pesticide selection, 5-tool selection, 6-application, and 7-control [97]. In 
a plant protection process to be applied, it is easily possible to achieve success when 
these are applied in the order of the management. If someone makes a mistake, such 
as a wrong or incomplete application, not following the order, it brings failure or 
causes success to be caught by chance.

The periods in which the insects, which are commonly encountered in cotton and 
have the highest damage potential, are effective according to the development periods 
of the plant are given in Table 7.
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6.3 Disease control and management

Disease management in agriculture is the practice of minimizing disease in crops 
to improve the quantity or quality of harvest yields [99]. Organisms such as fungi, 
bacteria, and viruses that cause infectious diseases can be found in plants. Effective 
disease management should be integrated into farm management, focusing on the 
host, potential pathogen, and environment. The way to reduce the risks of epidem-
ics is through the adoption and implementation of disease management strategies. 
It is useful to have knowledge of the types and origins of diseases to implement 
solution-oriented management strategies [100]. Disease management in plants is 
based on several important principles. While disease control is often impractical 
or even possible, it may be possible to reduce disease progression and keep it at 
an acceptable level. Disease management has basic principles such as exclusion, 
eradication, protection, resistance, therapy, and avoidance [101]. Each of these 
principles helps in deciding the method and method of the application according to 
the course of the disease, its prevalence, severity, degree of effect, the area affected, 
the recurrence status, and risks. For example, exclusion includes applications to 
remove disease-causing pathogens from the disease-free area, so that the disease 
can be prevented from entering the area where the plants grow. Eradication is such 
as the destruction of infected plants, disinfection of storage areas, fumigation, 
and solarization. Cultural practices such as removing diseased plants from the 

Growth stages Emergence Seedling The First 

Squares

The First 

Flowers

Green 

Boll

Opening  

Boll

Insects/Weeks 3 6 9 12 15 18

Agrotis spp X

Aphis gossypii X X X

Bemisia tabaci X X X

Empoasca decipiens X X

Earias insulana X

Frankliniella 

intonsa

X

Helicoverpa 

armigera

X X X

Pectinophora 

gossypiella

X X

Spodoptera exigua X

Spodoptera 

littoralis

X X

Tetranychus 

cinnabarinus

X X

Thrips tabaci X

*Adapted from [98].

Table 7. 
Common pests and emergence periods in cotton during the growing season*.
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environment, destroying crops, and crop rotation can also be evaluated within this 
scope. Conservation practices include the protection of the elements that cause the 
spread of the disease with physical and chemical barriers. Cultural practices such as 
tillage, irrigation, and drainage are within this scope. In addition, applications such 
as determining the planting date or depth, distances between plants, pruning, and 
thinning due to disease risks, for example, are applications that help plants get away 
from infection and reduce the severity of diseases. Practices such as soil drainage and 
ridge planting, especially the cultural management of root diseases, are also conser-
vation practices. Selecting and developing resistance, disease-resistant plants is a 
viable way to reduce losses. It has been determined that this application is especially 
successful in rust diseases, powdery mildew, and root rot. With some hybridization 
techniques in plant breeding, the effect of pressures on yield can be controlled by 
increasing the rust resistance of plants [102].

The main diseases in cotton cultivation are seedling root rot, verticillium, and 
fusarium wilt, leaf angular spot disease. Those diseases, which can lead to significant 
yield and quality losses if no precautions are taken, can be resolved with an integrated 
management approach. Integrated disease management is a concept that enables the 
application of one or more of the abovementioned applications in combination and 
should be applied in a coordinated, integrated, and harmonious manner to maximize 
the benefits of each component.

7. Plant growth regulators

Plant growth regulators (PGRs) affect many physiological events such as 
flowering, maturation, root development, bending and death of leaves, stems, 
and other organs, inhibition or advancement of stem elongation, the coloration of 
fruits, and prevention of foliation or defoliation, prevention of overgrowth, earli-
ness, and plants themselves. Chemicals produced by the effects of PGR boll seed 
cotton weight, 100 seed weight, ginning yield, plant height, the number of fruit 
branches, 100 seed weight, the number of bolls, fiber fineness, and fiber rupture 
strength were determined by research [103].

It has been observed that the prevention of excessive grading in cotton, the 
lengthening of the distance between the nodes due to the sowing frequency, the 
increase in boll, boll holding, and yield [104]. Positive effects of Mepiquat Chloride 
(Pix) have been observed in terms of its effects on the abovementioned properties. 
Between the beginning of flowering and the peak of the flower or from the begin-
ning of the boll, it is recommended to apply 3–4 applications at 25–50 ml/da with 
10–15 days intervals. Mepiquat Chloride is 45–60 days from October when the first 
white flowers appear on a small number of plants. The first application should be 
made before the first watering in days. The second application is 20 days after the 
first application in 65–80 days. It is done on days to encourage the plant to produce 
mostly fruit, together with the green parts. The third application is 85–100 days 
after emergence for the plant to complete its development at an average of 14–16 
nodes. Although it varies according to the regions and the variety, the estimated 
post-emergence is 100–120. The fourth and last application, which is recommended 
to be done on days, is aimed to complete the growth of green parts, maturing the 
bolls, and harvesting earliness. With this application, it is encouraged to increase the 
cotton core and fiber quality [105].
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8. Boll openers and defoliants in cotton

Manufacturers who will use chemical pesticides before cotton harvest must 
determine issues such as “chemical selection,” “management time,” and “management 
dose.” There are three different methods to determine the most appropriate applica-
tion time for defoliating and boll-opening chemicals. These are: (a) the boll opening 
rate should be at least 65–70%, (b) 85% of the bolls to be harvested should be mature, 
and (c) the number of knuckles on the cracked boll should be 4 or less [106].

The boll opening rate is determined by counting the bloomed and unopened bolls 
from 20 randomly selected plants representing the field [107]. Early and clean harvest 
with the use of defoliant or boll-opening chemicals, prevention of rotting of the lower 
bolls, especially in places where the humidity is high and high humidity, prevention 
of fiber contamination. It has benefits such as reduction. To get rid of the harmful 
effects of chemicals, the bolls must be at least 35–40 days old [108]. Depending on 
the nature of the plant, environmental conditions such as temperature and humidity, 
and the chemicals used, the leaves begin to fall 3–7 days after the application of the 
defoliant, and the defoliation process takes place after 10–14 days [109]. Early variet-
ies can be harvested approximately 10 days after application. During the application 
of chemicals, the sprayer must be calibrated, 200–250 liters of water should be used 
per hectare; If there is an expectation of rain within 24 hours after the application, if 
the daily average temperature is below 17 0C, the application should not be made, and 
suitable conditions should be expected; care should be taken not to spread the chemi-
cal to the surrounding plants, it should not be used on other plants other than cotton. 
A suitable chemical should be selected according to the purpose. If only defoliation is 
aimed, a defoliant chemical should be used, if both defoliation and boll opening are 
aimed, defoliant + boll-opening chemicals should be used (Table 8).

9. Conclusion

In high-yield and quality cotton cultivation, the plant should not be exposed 
to any stress during the growing period. Problems such as extremely hot and cold 
climatic conditions, lack of water and nutrients in the soil, excessive nitrogen fertil-
izer applications, pesticide residues applied to the plant grown before, overdose in 
foliar fertilization, extreme and redundant use of pesticides, excessive and improper 

Active ingredient Dosage (L/ha) Effect

DE-4-Thidiazuron, 119 g/L+ Diuron, 60 g/L 0.6 Defoliant

Pyraflufen, 26.5 g/L 0.16 Defoliant

Carfentrazone-ethyl, 240 g/L 0.15 Defoliant

Ethephon, 480 g/L 3 Boll Opener and Defoliant

Ethephon 480 g/L+ Cyclanilide, 60 g/L 2 Boll Opener and Defoliant

Ethephon 720 g/L +Cyclanilide, 45 g/L 1.75 Boll Opener and Defoliant

*Compiled from [106, 110].

Table 8. 
Some chemicals used as boll opener and defoliant in cotton*.
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irrigation due to the need for drainage owing to the root zone remaining wet for a 
long time can affect cotton yield, quality, and sustainable management. Considering 
these problems, applications to be made in a timely manner, with appropriate mecha-
nization, in sufficient quantities and as needed are the key to controlling the stress 
conditions relatively. Success in sustainable cotton production depends on increasing 
controllable conditions. Effective management in cotton production is possible with 
the control of water, nutrient, and pesticide management. In this respect, maximum 
water and nutrient management in the root zone is ensured thanks to the high 
application efficiency, especially with drip and sprinkler methods. In this way, it is 
conceivable not only to control productivity and quality but also to protect environ-
mental resources caused by deep infiltration due to excessive applications. Therefore, 
success in controlling the events in the rhizosphere will be the determining factor of 
sustainable production in the future.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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