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Abstract 

Water shortages and harmful effects of excessive fertilizer use are present in cotton production areas. This 

study was carried out in three replications in greenhouse conditions according to split plots in randomized parcels to 

examine some growth parameters (plant height, number of leaf, amount of chlorophyll, fresh weight and dry weight) of 

different phosphorus doses in cotton under full and restricted irrigation conditions. Flash cultivar of Gossypium 

hirsutum L. species was used as plant material. Phosphorus dose of 16, 24, 32 and 40 mg kg -1 was applied to the plants 

under 100%, 66% and 33% irrigation conditions. As a result, irrigation levels had a statistically significant effect on all 

parameters, whereas phosphorus doses had a statistically significant effect on all parameters except amount of 

chlorophyll. In terms of irrigation, it was determined that 33% water shortage did not cause significant decreases in 

plant height, number of leaves, chlorophyll amount, dry weight. In addition, it has been determined that irrigation levels 

are effective in phosphorus uptake and, water shortage conditions decrease the fresh and dry weights of cotton after P24 

phosphorus level, and full irrigation conditions tend to increase these properties, albeit slightly.  
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Tam ve kısıntılı sulama koşullarında fosfor dozlarının pamuk gelişimine etkisi 

 

Özet 

Pamuk üretim alanlarında, su sıkıntısı ve aşırı gübre kullanımının zararlı etkileri söz konusudur. Bu çalışma, 

2012 yılında, tam ve kısıntılı sulama koşullarında farklı fosfor dozlarının pamukta bazı gelişim parametrelerini (bitki 

boyu, yaprak sayısı, klorofil miktarı, yaş ağırlık ve kuru ağırlık) incelemek üzere tesadüf parsellerinde bölünmüş 

parseller deneme desenine göre sera koşullarında üç tekerrürlü yürütülmüştür. Bitki materyali olarak Gossypium 

hirsutum L. türüne ait Flash çeşidi kullanılmıştır. Bitkilere tam sulama ile %66 ve %33 su kısıtı koşullarında; 16, 24, 32 

ve 40 mg kg-1 dozlarda fosfor uygulanmıştır. Araştırma sonucunda, sulama düzeylerinin tüm parametreler, fosfor 

dozlarının ise klorofil miktarı hariç incelenen diğer parametreler üzerinde istatistiki önemli olduğu gözlemlenmiştir. 

Sulama yönünden hafif su kısıtının (% 33) bitki boyu, yaprak sayısı, klorofil miktarı ve kuru ağırlıkta önemli oranda 

azalışlara neden olmadığı tespit edilmiştir. Ayrıca sulama düzeylerinin fosfor alımında etkili olduğu, su kısıtı 

koşullarının P24 fosfor düzeyinden sonra pamuğun yaş ve kuru ağırlıklarını azalttığı, tam sulama koşullarının ise bu 

özellikleri az da olsa artırma eğiliminde olduğu tespit edilmiştir. 

 

Anahtar kelimeler: pamuk, kısıntılı sulama, fosfor, kuraklık stresi, bitki gelişimi  

 

1. Introduction 

 

Cotton is the most important fiber plant produced as a textile raw material source in the world. Cotton widely 

grown in the world between latitudes 37 ° North and 35 ° South; has been used in textiles and also the manufacture of a 
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number of products such as fishing net, sewing thread, rope, twine, automobile interior upholstery, explosives, plastic 

and photographic film with its fiber [1]. In addition, it is an important raw material of the oil industry with its seeds and 

the feed industry with its pulp [2]. Nowadays, cotton, which is widely produced in the world and is among the most 

important agricultural products, with its wide usage area and the added value it provides, is expected to maintain its 

importance in future predictions. Therefore, it is necessary to understand the factors that will hinder sustainability in 

cotton production and perhaps put it in a bottleneck. 

There are various biotic and abiotic stress factors in plants especially cotton that slow or stop growth and 

development [1, 3, 4, 5, 6]. One of the most important of these factors is water restriction. Cotton is very sensitive to 

soil moisture. In order to make an economical production, a suitable prepared irrigation program and adequate irrigation 

should be performed at appropriate intervals in cotton cultivation. Components such as the climate of the region, soil 

conditions of the production area, and root depth, appearance and growing stage of plants are factors that should be 

considered in irrigation programs [7]. Optimum irrigation is completely normal conditions; plants are irrigated in a way 

that there is no decrease in yield and irrigation water is applied to increase the amount of moisture in the soil up to the 

field capacity. In case of limited water supply; considering the water-yield relationships of the plants, restricted 

irrigation is required according to the growing periods in which the plants need water the most [8]. Water stress in 

plants occurs especially during these periods. Cotton is very sensitive to water shortage during germination, pre-

flowering and post-boll stages [1]. In restricted irrigation, instead of reaching maximum yield in crop production, it is 

possible to reduce irrigation water by considering a slight decrease in yield. In this way, it is possible to irrigate more 

areas with the same amount of water and to get more income from unit water. 

Considering the probable water scarcity for East Mediterranean and the whole world at the present time and 

especially in the future, more economical irrigation conditions have been forced. For this reason, researches on limited 

irrigation levels and different irrigation methods are carried out in order to keep yield loss in agricultural products to a 

minimum. Water restriction of around 30% does not cause a significant decrease in cotton yield [9]. In a study 

conducted at Nazilli Cotton Research Institute, two times irrigation at 30-day intervals between the beginning of 

flowering and the formation of the boll in Nazilli 84 cultivar resulted in 11% yield reduction compared to normal 

irrigation [10]. [11] reported that [12] obtained the highest yield by irrigating 3 times (6 weeks after planting + 

flowering + boll formation) for NIAB-78 cotton cultivar and 2 times (6 weeks after planting + flowering period) for 

NIAB-86 cultivar. If irrigation can be made only once, it should be at the beginning of flowering [10]. 

Fertilization plays an important role in the development and productivity of the cotton plant as well as 

economically benefiting from irrigation water. However, especially the harmful effects of excessive fertilization should 

be avoided. It has been observed in studies that nitrogen, phosphorus and potassium, which are fundamental fertilizers 

[13], increase cotton productivity by 20-50% [2]. However, chemical inputs used in agricultural fields causes a 

significant environmental and health troubles [14]. Soil and water pollution are at the forefront of these problems, and 

industrial wastes, pesticide use and rapid urbanization also cause it [15]. Phosphorus, one of the main nutrients, is the 

building block of the cell nucleus and plays a considerable role in cell division and the development of meristematic 

tissues, thus increasing the number of flowers and bolls [16]. In addition, phosphorus plays a vital role in photosynthesis 

and respiration and is important for plant nutrition in the pre-ripening period in cotton. As the plant matures, 

phosphorus is transported from the leaves to the bolls [2]. Seed cotton contains 0.60% phosphorus on average and 52-

62% of total phosphorus is accumulated in seeds. [17], observed that the amount of phosphorus in cotton with restricted 

irrigation varied between 0.15% and 0.22%. Cotton takes advantage of the phosphorus in the soil solution depending on 

the moisture. 

All over the world, there are harmful effects of water shortage and excessive fertilizer use. The aim of this 

study was to determine the phosphorus utilization of cotton plants to be grown under restricted irrigation conditions and 

the effect of this situation on plant growth. 

 

2. Material and method 

 

The experiment was laid out according to the split plots in randomized parcels under greenhouse conditions 

with three replications in 2012. Greenhouse was located in Hatay Mustafa Kemal University. During the growing 

period, cotton was grown in 36 pots of 40 liters with a diameter of 44 cm and a height of 36 cm. Irrigation levels were 

placed in main plots and phosphorus levels were placed in sub plots. Flash cotton cultivar (Gossypium hirsutum L.) was 

used as the plant material. This early maturing, smooth leaf cultivar has broad adaptability to a wide range of soil types 

[18]. Cotton seeds were sown in pots in seedbed method in April 15. The test plots were irrigated when 60% of the 

available moisture capacity was consumed in the soil. The irrigation levels used in the experiment were given below: 

IL100: irrigation water requirement fulfilled 

IL66: Slight water restriction, 66% of irrigation water fulfilled 

IL33: Severe water restriction, 33% of irrigation water fulfilled 

Irrigation times for all treatments was determined according to [19]. 

Triple super phosphate was used as a phosphorus source. Phosphorus doses were arranged to be 16, 24, 32 

and 40 mg kg-1 (P16, P24, P32 and P40). Phosphorus treatments was applied at pre-sowing time. 
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The soil material used in the experiment was taken from the first 30 cm layer of the land, one of the most 

common samples of the Amik Plain [20], by filling in sacks and brought to the laboratory. After the said soils were 

dried in room conditions, they were blended and filled with 10 kg for each pot. In addition, physical properties of soil 

such as field capacity, wilting point and bulk density were determined. Fertilizers needed by the plant were given to pot 

soil at once at the beginning of the trial. To determine the field capacity; 100 grams of air dry soil was taken into a 50 

ml glass cylinder, and then 10 ml of pure water was poured on it and closed so that it could not get air, and after 24 

hours the amount of wetted soil was proportioned to the amount of dry soil. After calculating the field capacity, the 

wilting point was determined by proportionality over the field capacity value depending on the soil structure. Bulk 

density was calculated by the method of proportioning the air dry weights of the soils with a certain volume to the oven 

dry weights. The amount of chlorophyll was measured in the boll formation period, a few days before the harvest, with 

the chlorophyll meter separately from the lower and upper leaves. After boll formation, the plants were harvested 1 cm 

above the soil level. The cotton bolls were not waited to grow and mature, as main goal of this research was to examine 

overall biomass growth rather than fiber yield. Plant samples were harvested, washed with distilled water and dried in a 

drying cabinet at 65 ° C for 48 hours. 

The results obtained from the study were evaluated in a computer program called IBM SPSS Statistics 24 

[21] for statistical analysis and subjected to variance analysis. The means of the parameters were grouped by Tukey's 

multiple comparison test [22]. 

 

3. Results 

 

The effect of different irrigation and phosphorus levels on plant height, leaf number and chlorophyll amount 

were given in Table 1. As a result of the research, the differences among the irrigation levels in terms of all three 

characteristics did not change according to the phosphorus doses. In other words, no interaction of irrigation levels x 

phosphorus doses was found (Table 1). 

 

Table 1. Mean values for plant height, leaf number and chlorophyll content at different irrigation and phosphorus levels  

Irrigation Levels 
Plant Height 

(cm) 

Leaf Number 

(per plant) 

Chlorophyll Content 

(cci) 

IL 33 78.00±1.50b 10.92±0.23b 45.75±0.59b 

IL 66 82.83±2.03a 12.00±0.37a 47.00±0.64ab 

IL 100 85.75±2.13a 12.42±0.31a 49.17±0.46a 

P Levels    

P16 72.78±1.12b 11.56±0.34ab 46.22±0.81 

P24 87.44±2.21a 12.22±0.46a 46.89±0.77 

P32 83.67±1.08a 12.56±0.29a 47.56±0.67 

P40 84.89±1.44a 10.78±0.28b 48.56±0.84 

% CV 8.74 10.37 5.05 

FIL 26.32** 25.90** 15.19* 

FP 41.04*** 9.524*** 2.02ns 

FIL x P  2.01ns 2.238ns 0.40ns 

 

Positive effects of both different irrigation levels and phosphorus levels were observed in terms of plant 

height (Table 1). When the effect of irrigation levels on plant height was examined, the highest value was achieved in 

irrigation conditions with full irrigation (IL100) with 85.75 cm and slight water restriction (IL66) with 82.83 cm, while 

the lowest (78.00 cm) was obtained from plants with severe water restriction. As the water restriction increased, the 

plant height decreased (Table 1). It was reported that different irrigation levels were effective on average plant height in 

Adana [23] and Aydın conditions [24]. Moreover, the highest plant height was obtained from plants without water 

restriction [24]. When the effect of phosphorus applications on plant height was investigated, the highest value was 

recorded in P24 (87.44 cm), in addition P40 (84.89 cm) and P32 (83.67 cm) were included in the same statistical group. 

The shortest plants were measured in P16 (72.78 cm) application (Table 1). This result was consistent with the studies 

that report stunting [25], slowing growth and development [26] in plants in phosphorus deficiency. 

Significant effects of different irrigation levels and phosphorus doses on leaf number were observed. When 

examined in terms of the effect of irrigation levels, the highest number of leaves was recorded in IL100 (12.42 per 

plant) and the lowest in IL33 (10.92 per plant) applications (Table 1). However, the number of leaves in full irrigation 

(IL100) and slight water restriction conditions (IL66) were in the same statistical group. When the effect of phosphorus 

levels was examined, the highest value was obtained from P32 (12.56 per plant) application, while the increase in 

phosphorus doses up to this point had an increasing effect in terms of leaf number. P32 and P24 did not show a 

statistically significant difference. The lowest number of leaves was found with 10.78 per plant in P40. Subsequently, 

the lowest value was obtained from P16 (11.56 per plant), that is the lowest phosphorus application. Consistent with 

previous studies, the number of leaves decreased in plants as a result of phosphorus deficiency [27, 28]. The effect of 
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phosphorus levels applied to cotton on the number of leaves may vary depending on the genotype [28]. 

In terms of chlorophyll amount, only the effect of irrigation levels was found to be statistically significant. As 

the water shortage increased, the amount of chlorophyll decreased. There is an inverse proportion between the water 

shortage and the amount of chlorophyll. The highest amount of chlorophyll was found in full irrigation (49.17 cci), 

similarly in plant height and leaf number, while the lowest result (45.75 cci) was found under severe water restriction 

(IL33). The amount of chlorophyll increased linearly with irrigation. This result indicated that photosynthesis slows 

down in plants under drought stress and there is a decline in the transport of photosynthesis products. [29] found 

amount of chlorophyll 38.9-50.1 in cotton. [30] reported the same results. The increase in phosphorus levels had an 

increasing effect on the amount of chlorophyll, but this increase was found to be statistically insignificant. However, in 

plants with phosphorus deficiency, the amount of chlorophyll may increase in some conditions, and in phosphorus 

deficiency, the regression of chlorophyll production occurs earlier unlike most other nutrient deficiencies [31]. 

The effects of different irrigation levels and phosphorus application on fresh weight and dry weight in cotton 

were given in Table 2. The fresh weight values of cotton at different irrigation levels were divided into three groups, 

while dry weight values were the lowest at the severe water restriction level, and the highest at the slight water 

restriction and the full irrigation level. This situation showed that the slight water restriction does not cause a significant 

decrease in dry weight. In terms of phosphorus levels, it was observed that fresh and dry weight values increased up to 

P24 level and then decreased. 

 

Table 2. Mean values for fresh weight and dry weight at different irrigation and phosphorus levels  

Irrigation Levels Fresh Weight 

(g) 

Dry Weight 

(g) 

IL 33 35.55±3.16 c 23.51±0.91 b 

IL 66 41.13±1.63 b 25.49±0.48 a 

IL 100 48.49±1.69 a 25.78±0.52 a 

P Levels   

P16 34.11±2.19 c 23.71±0.66 b 

P24 48.62±2.06 a 26.73±0.68 a 

P32 42.97±2.53 ab 25.79±0.77 a 

P40 41.19±3.69 b 23.47±0.71 b 

% CV 22.40 9.86 

FIL 50.85** 11.86* 

FP 12.90*** 9.44*** 

FIL x P 3.80* 3.73* 

 

The effects of phosphorus applications at different irrigation levels on fresh weight and dry weight were 

found to be statistically significant (Table 3).  

 

Table 3. Interaction of irrigation and phosphorus levels on fresh weight and dry weight 

 
Irrigation Levels (%)  

IL33 IL66 IL100 P Levels Avg±SE 

F
re

sh
 

W
ei

g
h
t 

P Levels (mg kg-1) 

P16 28.27±1.39 Cc 32.57±0.42 Bb 41.50±3.13 Ab 34.11±2.19 

P24 51.00±5.47 Aa 44.77±1.88 Ba 50.10±2.48 Aa 48.62±2.06 

P32 34.70±3.40 Cb 43.73±1.12 Ba 50.47±1.13 Aa 42.97±2.53 

P40 28.22±1.78 Cc 43.47±2.02 Ba 51.90±3.49 Aa 41.19±3.69 

IL Avg±SE  35.55±3.16 41.13±1.63 48.49±1.69  

D
ry

 W
ei

g
h
t 

P Levels (mg kg-1) 

P16 21.97±0.68 Bc 23.17±0.38 Bb 26.00±0.53 Ab 23.71±0.66 

P24 27.40±1.74 Aa 27.20±0.65 Aa 25.60±1.04 Bb 26.73±0.68 

P32 23.60±1.54 Cb 25.90±0.36 Ba 27.87±0.18 Aa 25.79±0.77 

P40 21.07±0.69 Cc 25.67±0.45 Aa 23.67±0.26 Bc 23.47±0.71 

IL Avg±SE  23.51±0.91 25.49±0.48 25.78±0.52  

 

Capital letters represent irrigation levels for each dose of phosphorus, lowercase letters represent phosphorus doses for 

each irrigation level. While the highest fresh weight value was determined at P24 phosphorus level in severe water 

restriction, it was observed that fresh weights decreased in other high dose phosphorus applications (P32 and P40). Also 

under slight water restriction conditions, the highest fresh weight was detected at the P24 dose, but the downward trend 

after this dose was observed to be less than in severe water restriction conditions. Under full irrigation conditions, at 

higher doses compared to P16 dose, there was a linear increase in fresh weight, albeit slightly, with the increase in 

phosphorus dose (Figure 1). The same situation appeared in terms of dry weight, although it was not obvious. This 

results indicated that irrigation levels were effective in phosphorus intake. This effect may also vary depending on the 

genotype [28]. 
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Figure 1. Effects of phosphorus applications at different irrigation levels on fresh weight and dry weight 

 

4. Conclusion and discussion 

 

In this research which the effects of different phosphorus doses on cotton growth under full and restricted 

irrigation conditions, it has been observed that irrigation levels had statistically significant effects on plant height, leaf 

number, chlorophyll amount, fresh weight and dry weight. On the other hand, phosphorus doses had an effect on 

parameters other than chlorophyll content, while the interaction of the two factors in terms of dry weight and fresh 

weight was found to be statistically significant. 

In terms of plant height, number of leaves and chlorophyll amount, the values obtained when 66% of the 

plant water need was met, showed statistically similarity with the results obtained under full irrigation conditions. When 

the irrigation level was reduced to 33%, the values obtained from these parameters, contained a significant difference 

considering other irrigation levels. Decrease in the water amount of the soil reduces the efficiency of phosphorus use 

[26].  

While P16 application gave the lowest plant height result, a difference among the phosphorus doses higher 

than P16 was not detected. The lowest result in terms of the number of leaves was achieved in the P40 application. 

It has been clearly demonstrated that cotton is highly sensitive to water stress and phosphorus doses up to 

boll formation. It has been reported that cotton is susceptible to water stress before flowering [32] and during the boll 

formation period [33]. However, according to [33], the effects of this stress vary according to the genotype of the plant. 

When all these results were evaluated, determination and development of cultivars that are tolerant to water 

restriction in cotton, especially in early phenological periods; it is deemed necessary to carry out researches in order to 

reduce drought stress in plants in a sustainable way in limited irrigation conditions. 

It should be taken into consideration that the results may represent similar soil and climatic conditions, 

because the research was conducted in greenhouse conditions with the soil taken from Amik Plain and Flash cotton 

cultivar. 
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