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Abstract 

 

 

A field experiment was conducted in the Jibela region, Al-Mussaib project area, Babylon province, for the season (2019), The factorial 

experiment was conducted according to the randomized complete block design (RCBD) and three replicates, with the aim of studying the 

effect of foliar spray of proline acid in concentrations (0, 50 and 100) mg.L-1 with irrigation period (7, 14 and 21) days on the growth and 

yield of cotton for the cultivars (Assyria and Lashata). The results of the experiment are summarized as follows: The effect of proline acid 
significantly on most studied traits. The concentration 100 mg.L-1 achieved the highest average growth traits yield, leaf content of 

chlorophyll (43.55) SPAD, seed cotton yield (81.66) g.plant-1, fiber yield (29.73) g.plant-1. and the number of days from cultivated until the 

first flower opens (68.10) days. The effect of foliar spray cultivars significantly in most studied traits. The cultivar Assyria excelled in most 
of the average growth traits, the total number of bolls (20.63) boll.plant-1 and the bolls weight (4.18) boll.plant-1and the seed cotton yield 

(76.78) g.plant-1, Fiber yield (27.81) g.plant-1. The irrigation period affected significantly in the most studied traits, where the irrigation 

period every 7 days excelled significantly in the number of vegetative branches (3.39) branch.plant-1 and the leaf content of chlorophyll 

(40.87) SPAD and plant height (90.04) cm and Number of days from cultivated until the first flower opens( 14.13) Plant-1 and the total 

number of bolls (22.27) and bolls weight (4.46) g.boll-1and the seed cotton yield (79.68) g-1, and fiber yield (29.21) g.plant-1. Effect of the 

interaction between proline acid and cultivars significantly. The concentration of proline acid 100 mg.L-1 with Assyria cultivars was given 

the highest average in plant height (91.26) cm, leaf content of chlorophyll (43.65) SPAD, bolls weight (4.55) g.boll-1, and the total number of 

bolls (22.02)boll.plant-1, the seed cotton yield (81.12) g.plant-1and fiber yield (30.63) g.plant-1.  

Keywords: cultivars, proline, water stress, cotton yield  

Introduction 

The cotton crop (Gossypium hirsutum), which belongs 

to Malvaceae family is one of the most important global 

economic crops, Which is cultivated for the purpose of 

producing fibers and extracting oil from its seeds and still 

occupies the privileged position among the industrial crops, 

as it is a raw material in many industries such as the textile 

industry, as its fibers constitute 35% of the weight of the cast 

cotton, and edible oil is extracted from it, Where the cotton 

seeds contain approximately (18-26%) oil from the seeds 

weight (Al-Qaisi and Shatti, 2010), the gain is used after 

extracting the oil in the animal feed because it contains a 

high protein ratio ranging between (32-36%),As for the lint 

produced after shaving the seed mechanically, it is used in 

some military industries (Hammood, 2003), that the 

cultivated area in Iraq of the cotton crop reached (33) 

hectares in 2018 and the production average amounted to 

(70,075 kg.ha-1) (Central Statistical Organization, 2018), 

Productivity per unit area remains low in Iraq compared to 

global production (Arab Organization for Agricultural 

Development, 2013), and Iraq ranks 47 in the global ranking 

for 2011) as an average productivity (Unctad, 2012). The arid 

and semi-arid regions depend on the irrigation method in 

agriculture, where they constitute (13%) of all lands in the 

world, and that the irrigation methods are linked to the 

existing conditions that cause drought (Ateawy et al., 1990). 

The water needs of the cotton plant are affected by many 

factors, including temperature, humidity, wind movement, 

amount of water available in the soil, and relative humidity in 

the atmosphere (Soomro et al., 2001), And the lack of 

irrigation water is one of the determining factors in the 

growth and production of the cotton crop, and one of the 

methods used to control the scarcity of irrigation water is to 

follow modern advanced scientific techniques through the 

use of some growth regulators and nutrients that are easy for 

plants to absorb by the vegetative parts, Therefore, many 

research has emerged to reduce water stress and its impact on 

plants, such as spraying vegetative parts of the plant with 

proline, salicylic acid and others (Sarkis et al., 2012). 

The research aims to know: 

1- Determine the best cultivars that give the best traits for 

vegetative and Fruit growth. 

2- Determine the best concentration of proline acid, which 

gives the best traits for growth and good yield. 

3- Determine the best irrigation period that gives the best 

traits for the vegetative and Fruit growth of the crop. 

4- Determine the best interaction between the factors that 

give the best yield. 

Materials and Methods 

A field experiment was conducted in the Jibela region, 

Al- Mussaib project area, Babylon province, Which is about 

40 km from the center of Babylon province, for the season 

(2019), to study the effect of foliar spray for proline acid and 

determine the best cultivars and the best concentration for it 

and the best irrigation period that gives the best traits for the 

growth of the cotton crop, and a factorial experiment was 

conducted according to the randomized complete block 

design (RCBD) and three replicates, The first factor is two 

types of cotton: (Assyria and Lashata), which symbolized by 

(V2, V1), and the second factor is spraying proline with three 

concentrations (0, 50, 100) mg.L-1 and which symbolized by 
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(P) and three spraying between one spray and another was 20 

days and the third factor three irrigation periods (7, 14, 21) 

days between one irrigation to another, and which 

symbolized by (D1, D2 and D3) in succession, and the total 

number of experimental units was 54 experimental units. The 

experiment land was tillage by a moldboard plow. Then the 

smoothing, leveling and splitting into furrows were 

conducted, and the dimensions of the experimental unit were 

(4 x 4) m2 with a distance of 1 m between each experimental 

unit and another, as well as leaving 2.5 m between the sectors 

for the purpose of controlling the movement of lateral water 

between the experimental units during irrigation. Each 

experimental unit included 4 pits, the distance from one to 

the other is 0.75 m, and the distance between furrows to 

another on the same pits is 0.40 m. Samples were taken from 

the soil randomly from the field, then transferred to the 

laboratory and estimated some physical and chemical traits 

(Table 1). Cotton seed (Assyria and Lashata) was used in the 

experiment, the first is a local cultivar and the second is a 

Spanish cultivars entered by the National Program for Cotton 

Cultivation in Iraq (Ministry of Agriculture, (2004 registered 

and approved in Iraq in 2001), which are distinct cultivars in 

terms of growth traits, yield components, early maturity and 

specifications Lint (Saleh and Khalil, 2012) The seeds were 

cultivated in the experiment field dated 10/4/2019 at a 

average of 3-4 seed in each pit (Al-Tayyar, 1992). The failed 

pod were cultivated with seeds from the same cultivars, on 

4/4/2019 then the plants Thinning to one plant three weeks 

after the date of cultivated, were the plant density became 

53333.33. ha (Al-Qaisi, 2010). Nitrogen fertilizer was added 

in the amount of 220 kg.ha-1 using urea (46%) N as a source 

of fertilizer in two equal batches, the first immediately after 

the thinning, and the second after the lapse of a month after 

adding the first batch, During the period of crop growth, all 

necessary field procedures and works were conducted to 

protect plants from weeds, diseases and insects, as broad and 

thin leaved weed were by spraying with imacate (dichloride 

brace). The Earias insulana spinal worm was controlled with 

the CONFIDOR pesticide. The yield of each experimental 

unit was collected separately for the cotton/Kadhimiya 

fabrics as well as the lint traits. 

The following traits were studied 

First / growth traits : 

 The traits of vegetative and yield growth and its 

components were measured for ten plants randomly taken 

from each experimental unit. 

1- Number of days from cultivated until the first flower 

opens. (day) 

2- The plant height (cm): measured from the soil surface to 

the highest point in the main stem. 

3- Number of vegetative branches: These are the branches 

that grow at the base of the stem from the axillary buds of 

the main stem. 

 4- The leaf content of chlorophyll: The measurements were 

taken before the first harvesting with a Minolta SPAD502 

device which measures the degree of leaf greening, as I 

took three readings from each leaf, by placing the plant 

leaf between the jaws of the device without cutting the 

leaf from the plant where the average of five leaves was 

taken Randomized from all ten plants (Hussain, 2007). 

 

Table 1 : Physical and chemical traits for the soil experiment 

Values Traits 

34.8 % Sand 

42.6 % Silt 

22.6 % Clay 

silty loam Soil texture 

4.86 (ds.m) EC 

7.40 pH 

(78.7 ppm) NO3 

(ppm) 20 P 

1.5 % Organic matter (O.M.) 

 

Results and Discussion 

Number of days from cultivated until the first flower 

opens (day) 

The results in Table (2) indicate that treatment B3 

concentration (100 mg.L-1) recorded the highest average of 

this trait amounted of (68.10) days compared to the control 

treatment without spraying Proline B1 recorded the lowest 

average amounted of (62.28) days. Perhaps the reason for 

this is that proline acid has a phenolic nature as it contributes 

to regulating physiological processes including flowering 

induction (Popova et al., 1997). It is also believed that the 

proline acid influencing the flowering process results from 

the role it plays in stimulating genes involved in flowering 

regulation (Cleland and Ajami, 1974) and has discovered its 

first physiological role in the tobacco plant by stimulating the 

flowering process (Eberhard et al., 1989 and Despair, 2004). 

In this regard, Al-Qaisi and Al-Montafaji (2011) found that 

the duration of flowering days decreased significantly when 

spraying Mung bean with proline acid. From table (2), it was 

found that there were significant differences between the 

cultivars, where the first cultivar (Assyria) gave the highest 

average of the trait amounted to (66.58) days compared to the 

second cultivar (Lashata), which recorded the lowest average 

of the trait amounted to (65.70) days. Increasing the 

concentration of sugars in the vegetative group of plants and 

their transfer to flower bud encourages flowering (Howard, et 

al., 2001). In this area, Hussein (2010) found on saffron, 

Halfi and zabidi (2015) plants on the pea plant the effect of 

proline on the number of flowering days. Table (2) also 

shows the existence of significant differences in the average 

number of days the first flower opens due to the effect of 

different irrigation periods, where the irrigation period was 

recorded every 7 days with the highest average amounted to 

(68.02) days compared to the irrigation treatment every (21 

days) that gave the lowest average for the trait It reached 

63.68 days. Dry weather is suitable for flowering while high 

humidity in the air delays flowering and soil containing an 

appropriate amount of moisture excelled dry soil in terms of 

flowering for the plants growing in it and the lack of water 

affects the roots of plants, which affects flowering where the 

root is an important source of some growth hormones that 

affect flowering such as cytokines, and abundant irrigation 

leads to a delay in the date of the first flower (Shaker 1999). 

Also, the water discharge affects the date of the first flower 

and the flowering period in the cotton plant (Shafshaq and 

Al-Debabi, 2008). In this field, Sarheed (2016) indicated on 

the cotton plant that there were significant differences for 

water stress due to the number of flowering days. Table (2) 

shows a significant interaction between the concentration of 

proline acid and the irrigation period, where the irrigation 

Response of two cotton cultivars (Gossypium hirsutum L.) to spraying with proline acid  

under water stress condition  
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period was recorded every seven days with treatment B2 (50 

mg.L-1), the highest average amounted to (70.53 days) 

compared to the irrigation period every 21 days with 

treatment (B1 mg.L-1), which recorded the lowest average of 

the amounted to (60.25 days). It is noted from Table (1) that 

there was a significant interaction between the concentration 

of proline acid and the cultivars, where the concentration of 

B3 (100 mg.L-1) with the first cultivar (Assyria) was 

recorded, with the highest average amounted to (68.63) days, 

while the control treatment was recorded (B1 mg.L-1) with 

the second cultivar (Lashata), the lowest average of 

amounted to(61.96) days. Table No. (2) shows the significant 

differences between the cultivars and the irrigation period, 

where the irrigation period was given every 7 days with the 

first cultivar (Assyria)the highest average of the trait reached 

(68.29) days compared to the irrigation period every 21 days 

and the second cultivar (Lashata ), which recorded the lowest 

average for the traits , it reached (61.81) days. Also, Table 

(1) indicated that there was a highly significant triple 

interaction between the studied factors, as the irrigation 

period achieved every 7 days with treatment B2 (50 mg.L-1) 

for the second cultivar (Lashata), the highest rate of the trait 

reached (70.65) days, while the duration Irrigation every 21 

days with treatment B1 (mg.L-1) for the second cultivar 

(Lashata). The lowest average amounted to 57.57 days. 

 

Table 2 : Effect of Proline Acid Levels, Irrigation period, cultivars and interaction between them on the average Number of 

days from cultivated until the first flower opens (day) 

Cultivars Irrigation period(day) Interaction 

V 

Proline  

)mg.L-1
(  

B 
D1 D2 D3 B*V 

B1 63.95 60.91 62.93 62.60 

B2 70.42 68.02 67.08 68.51 

  

V1  

 B3 70.49 68.74 66.66 68.63 

B1 63.40 64.91 57.57 61.96 

B2 70.65 68.41 63.61 67.55 V2 

B3 69.22 69.24 64.26 67.57 

L.S.D 0.05 1.38 0.80 

D*V D1 D2 D3 Average of Proline 

V1 68.29 65.89 65.56 66.58 

V2 67.76 67.52 61.81 65.70 

L.S.D 0.05 0.80 0.46 

D*B D1 D2 D3 
Average of 

Irrigation period 

B1 63.68 62.91 60.25 62.28 

B2 70.53 68.22 65.34 68.03 

B3 69.85 68.99 65.46 68.10 

L.S.D 0.05 0.98 0.57 

D1 D2 D3 
Average of Irrigation period 

68.02 66.71 63.68 

L.S.D 0.05 0.57 

 

 

Plant height (cm) 

Table (3) indicates that treatment B3 has a 

concentration of 100 mg.L-1recorded the highest average 

amounted to 90.20 cm compared to the control treatment 

without spraying proline acid B1 that recorded the lowest 

average amounted to 78.56 cm. Proline acid has an active 

role in cell division and cellular elongation of plant tissue 

cells, meaning that the cell is painful, in which the division 

may occur, giving many new cells that grow in size and thus 

cause an increase in stem elongation (Al-Shahat, 2000) It 

also has a role in promoting and protecting the plant's root 

system, increasing, elongating, dividing and expanding cells, 

which contributes to forming a root system with the activity 

that can deliver plant nutrients, resulting in an increase in 

plant height (Troshima, 2004). Spraying the vegetative parts 

with proline acid resulted in the expansion and elongation of 

the plant cells, which caused an increase in the plant height 

(Wainland and Taylor, 1965). These results agree with Abdel 

Wahab and Al-Habiti (2017), (Al-Rawi et al., 2014), Ali and 

Mahmoud (2013), Al-Montafaji (2011), Amin et al. (2008), 

Khan et al (2003), Shakirova et al. (2003) and Zhou et al. 

(1999). They indicated that proline acid affected plant height. 

Significant differences appeared among the cultivars in Table 

(2), as the first cultivar (Assyria) gave the highest average 

amounted to 87.16 cm compared to the second cultivar 

(Lashata), which recorded the lowest average amounted to 

85.39 cm. Table (3) also shows the presence of significant 

differences in the average plant height due to the effect of 

different irrigation periods, where the irrigation period was 

recorded every 7 days, the highest average amounted to 

90.04 cm compared to the irrigation period every 21 days, 

which gave the lowest average amounted to 81.37 cm. The 

vegetative growth stage is an effective stage for the growth, 

expansion and division of cells that are affected by water 

stress, that water stress works to inhibit the action of Auxin, 

which causes a reduction in plant height (Issa, 1990). As this 

result agreed with Sarheed (2016), Hamoda et al (2013), 

Onder et al (2009) and Attia et al. (2008), who indicated that 

there were significant differences for the plant height . From 

Table (3) indicated that there is a significant interaction 

between the concentration of proline acid and the cultivars, 

where the concentration of B3 100 mg.L-1 with the first 

cultivar (Assyria), recorded the highest average amounted to 

91.26 cm, while the control treatment B1 mg.L-1 with the 

second cultivar (Lashata) recorded the lowest average 

amounted to 77.92 cm. Table (3) shows that there were 
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highly significant differences between the cultivar and the 

irrigation period, where the irrigation period was given every 

7 days with the first cultivar (Assyria) the highest average of 

the trait was 90.57 cm compared to the irrigation period 

every 21 days and the second cultivar(Lashata), which was 

recorded the lowest average amounted to 77.62 cm. It is 

noted from Table (3) that there is a significant interaction 

between the proline concentration and the irrigation periods, 

where the irrigation period every 7 days with treatment B2 50 

mg.L-1 was recorded the highest average of the traits 

amounted to 95.06 cm compared to the irrigation period 

every 21 days and treatment B1 mg.L-1 which recorded the 

lowest average amounted to 74.49 cm. Table(3) showed the 

presence of a triple significant interaction between the 

studied factors, as the irrigation period every 7 days with 

treatment 50 B2 mg. Liters-1 with the second cultivar 

(Lashata) the highest average of the trait reached 95.29 cm, 

while the irrigation period every 21 A day with treatment B1 

mg.L-1 for the second cultivar (Lashata)achieved the lowest 

average amounted to 69.14 cm, 
 

Table 3 : Effect of Proline Acid Levels, Irrigation period, cultivars and interaction between them on the average plant height (cm) 

Irrigation period(day) Interaction 
Cultivars  

V 

Proline 

)mg.L
-1

(  

B 
D1 D2 D3 B*V 

B1 81.90 75.82 79.85 79.19 

B2 94.83 90.05 88.17 91.02 

  
V1  

 B3 94.98 91.48 87.31 91.26 

B1 80.81 83.83 69.14 77.92 

B2 95.29 90.82 81.21 89.11 V2 

B3 92.43 92.48 82.52 89.14 

L.S.D 0.05 1.38 2.77 

D*V D1 D2 D3 Average of Proline 

V1 90.57 85.78 85.11 87.16 

V2 89.51 89.04 77.62 85.39 

L.S.D 0.05 1.60 0.92 

D*B D1 D2 D3 Average of Irrigation period 

B1 81.35 79.82 74.49 78.56 

B2 95.06 90.43 84.69 90.06 

B3 93.71 91.98 84.91 90.20 

L.S.D 0.05 1.96 1.13 

D1 D2 D3 
Average of Irrigation period 

90.04 87.41 81.37 

L.S.D 0.05 1.13 

 

 

Number of vegetative branches (plant.branch
-1

) 

Table (4) indicates that the treatment B3 concentration 

(100 mg.L-1) recorded the highest average amounted to (2.99) 

plant branch-1, while the control treatment without spraying 

proline acid B1 gave the lowest average of the trait amounted 

to (2.45) plant.branch-1. The addition of proline acid resulted 

in an increase in the level of cell division in the apical 

meristem, which in turn contributed to an increase in the 

vegetative and root system and an increase in the weight of 

the dry matter (Sakhabutdinova et al., 2003), The increase in 

the dry matter is a result of the increase in the formation of 

new branches for the root and vegetative groups (Popova et 

al., 1997). Significant differences emerged between the 

cultivars in Table (4), as the first cultivar (Assyria) gave the 

highest average quality of the trait amounted to (3.16) 

plant.branch-1 Compared with the second cultivar (Lashata), 

which recorded the lowest average quality of the trait 

amounted to (2.87) plant.branch-1, In this field, the results 

agreed with Shaker (1999), who concluded that the increase 

in the irrigation of the crop leads to and contributes to the 

increase in the number of vegetative branches and Sarheed 

(2016), and Khairallah, (2012), Siddiqui et al. (2007), 

Mahmoud (2004) and Honey (2003), who indicated that there 

were significant differences in the average number of 

vegetative branches when exposing plants to different 

irrigation period and that reducing the irrigation of cotton 

plants contributed to the decrease in the number of vegetative 

branches (Alishah and Ahmadikhah, 2009). As Table (4) 

shows the presence of significant interaction between the 

concentration of proline acid and the cultivars, as the 

concentration of B3 100 mg.L-1 with the first cultivar 

(Assyria) was recorded the highest average of the trait 

reached (2.99) plant.branch-1 while the treatment of B1 mg. 

L-1 With the second cultivar (Lashata)was recorded the 

lowest average of the trait was 2.51 plant.branch-1,where 

table (4) indicated that there were significant differences 

between the cultivars and the irrigation period, as the 

irrigation period was given every 7 days with the first 

cultivar(Assyria) the highest average amounted to (3.61) 

plant.branch-1, compared to the irrigation period every 21 

days and the second cultivar (Lashata) which recorded the 

lowest average amounted to (2.11) plant.branch-1, It is noted 

from Table (4) that there is significant interaction between 

the concentration of proline acid and the irrigation period, 

where the irrigation period every 7 days and the B2 treatment 

50 mg.L-1 was recorded the highest average of the trait 

reached (3.46) plant.branch-1, compared to the irrigation 

period every 21 days and The treatment B2 mg.L-1 that 

recorded the lowest average amounted to (1.42) plant. 

branch-1, Table (4) showed that there was a highly significant 

triple interaction between the studied factors, as the irrigation 

period every 7 days with treatment B2 50 mg.L-1 achieved for 

the second cultivar (lashahat) the highest average of the trait 

reached (3.27) plant.branch-1 while the irrigation period every 

21 days with the treatment is B1 mg.L-1 for the second 

cultivar (Lashata)the lowest average amounted to (1.62) 

plant.branch -1 

Response of two cotton cultivars (Gossypium hirsutum L.) to spraying with proline acid  

under water stress condition  
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Table 4 : Effect of Proline Acid Levels, Irrigation period, cultivars and interaction between them on the average Number of 

vegetative branches (plant.branch-1) 

Irrigation period(day) Interaction 
Cultivars  

V 

Proline 

)mg.L-1
(  

B 
D1 D2 D3 B*V 

B1 2.82 2.66 2.69 2.72 

B2 3.15 2.80 2.41 2.79 

  
V1  

 B3 3.20 2.78 3.00 2.99 

B1 2.90 3.00 1.62 2.51 

B2 3.27 3.11 2.02 2.80 V2 

B3 3.21 3.00 2.72 2.98 

L.S.D 0.05 1.38 0.48 

D*V D1 D2 D3 Average of Proline 

V1 3.61 3.07 2.81 3.16 

V2 3.16 3.34 2.11 2.87 

L.S.D 0.05 0.28 0.16 

D*B D1 D2 D3 Average of Irrigation period 

B1 3.28 2.65 1.42 2.45 

B2 3.46 2.71 2.21 2.79 

B3 3.42 2.77 2.77 2.99 

L.S.D 0.05 0.34 0.20 

D1 D2 D3 
Average of Irrigation period 

3.39 2.71 2.47 

L.S.D 0.05 0.20 

 

 

Leaf content of Chlorophyll (SPAD) 

Table (5) that the treatment B3 at a concentration (100 

mg.L-1) recorded the highest average amounted to (43.55) 

SPAD compared to the control treatment without spraying 

the proline acid B1 recorded the lowest average amounted to 

(35.23) SPAD. The reason is due to that proline acid 

preserves the plastids from demolition (which are caused by 

increased production of free radicals ROS) and raises the 

rates of antioxidants, which keep the plastids and pigments 

from decomposition due to environmental stress (joseph et 

al., 2010), and that proline acid is considered an antioxidant 

and protection Photovoltaic regulates photosynthesis and 

growth (Beltagi, 2008), Also, proline acid has an important 

role in stimulating hormones to form chlorophyll in the leaf 

and increase its content compared to the rest of the parts, and 

these hormones are cytokinin necessary for the emergence of 

chloroplast during the growth and development of the paper, 

as the increase in concentrations of proline acid resulted in an 

increase in concentrations of chlorophyll A , B and total 

chlorophyll (Kaydan et al., 2006 and Despair, 2014). These 

results are consistent with EL-Sabagh et al. (2018), Jassim 

and Mohsen (2015), Al-Qaisi and Al-Janabi (2014), Shalaby 

et al (2013), Amgad et al. (2013), Jassim and Matar (2013), 

Rao et al. (2012), El-Tayab, 2005), Khodary (2004), 

Sakhabutdinova et al. (2003), who reached the effect of L-

acid Rollin on the leaf content of chlorophyll. Also, there 

were significant differences between the cultivars in 

Table(5). The first cultivar (Assyria) gave the highest 

average of trait amounted to (39.59) SPAD compared to the 

second cultivar (Lashata), which recorded the lowest average 

amounted to (37.73) SPAD. Table (5) also shows the 

existence of significant differences in the effect of different 

irrigation periods, where the irrigation period every 7 days 

was recorded the highest average amounted to (40.87) SPAD 

compared to the irrigation period every 21 days that gave the 

lowest average amounted to (38.20) SPAD, Table (5) 

indicated that there was a significant interaction between the 

concentration of proline acid and the cultivars, where the 

concentration of B3 at concentration 100 mg.L-1 with the first 

class (Assyria) was recorded the highest average amounted to 

(43.65) SPAD, whereas the treatment of B1 mg.L-1 with the 

second cultivar (Lashata), the lowest average amounted to 

(34.59) SPAD. It is noted in Table (5) that there are highly 

significant differences between the cultivar and the irrigation 

period, where the irrigation period every 7 days with the first 

cultivar (Assyria) was given the highest average of the trait 

amounted to (42.01) SPAD compared to the irrigation period 

every 21 days and the second cultivar (Lashata) that was 

recorded The lowest average amounted to (35.65) SPAD. 

Also, it is noticed from Table (5) that there is a significant 

interaction between the concentration of proline acid and 

irrigation period, where the irrigation period every 7 days and 

the treatment B2 50 mg. Liters-1 was recorded the highest 

average amounted to (44.29) SPAD compared With irrigation 

period every 21 days and treatment B1 mg. Liter-1 that 

recorded the lowest amounted to (34.45) SPAD. Table (5) 

shows that there was a highly significant triple interaction 

between the studied factors, where the irrigation period every 

7 days with treatment B2 50 mg.L-1 for the second cultivar 

(Lashata) achieved the highest average amounted to (45.40) 

SPAD, while the irrigation period every 21 Days with 

treatment B1 mg.L-1 for the second class (Lashata) achieved 

the lowest average amounted to (30.96)SPAD .

  

Mohammad Hassan Hashem and Haider Talib Hussein 



 
528 

 

 
Table 5 : Effect of Proline Acid Levels, Irrigation period, cultivars and interaction between them on the average leaf content 

of Chlorophyll (SPAD) 

Irrigation period(day) Interaction 
cultivars  

V 

Proline 

)mg.L-1
(  

B 
D1 D2 D3 B*V 

B1 36.76 31.91 35.94 34.87 

B2 45.18 40.50 38.34 41.34 V1 

B3 44.09 42.90 43.97 43.65 

B1 34.62 38.18 30.96 34.59 

B2 45.40 39.06 36.00 40.15 V2 

B3 14.20 44.15 37.99 41.11 

L.S.D 0.05 1.38 2.73 

D*V D1 D2 D3 Average of Proline 

V1 42.01 73.11 40.75 39.95 

V2 39.74 37.80 35.65 37.73 

L.S.D 0.05 1.58 0.91 

D*B D1 D2 D3 Average of Irrigation period 

B1 35.69 35.55 34.45 35.23 

B2 44.29 40.78 37.17 40.75 

B3 43.65 44.02 42.98 43.55 

L.S.D 0.05 1.93 1.12 

D1 D2 D3 
Average of Irrigation period 

40.87 40.45 38.20 

L.S.D 0.05 1.12 

 

 

 

Total number of bolls (boll.plant-1) 

Table (6) indicates that the treatment B3 concentration 

(100 mg.L-1) gave the highest average amounted to (22.35) 

boll.plant-1, while the control treatment without spraying the 

Proline acid B1 gave the lowest average amounted to (19.00) 

boll.plant-1. The reason for this may explain that the increase 

in the number of fruit branches as a result of the external 

addition of proline acid has a positive effect on the increase 

in the Total number of bolls in the plant. In this field, 

Heitholt et al. (2001) found numerical differences in the 

Total number of bolls with increased concentrations of 

proline acid. There were also significant differences between 

the cultivars in Table (6), as the first cultivar(Assyria) gave 

the highest average amounted to (20.63) boll.plant-1, 

compared to the second cultivar (Lashata), which recorded 

the lowest average amounted to (19.67) boll.plant-1, Table (6) 

also showed the presence of significant differences in the 

average total number of bolls due to the effect of different 

irrigation periods, where the irrigation period every 7 days 

was recorded with the highest average amounted to (22.27) 

boll.plant-1 compared to the irrigation period every 21 days 

that gave the lowest average amounted to (19.53) boll.plant-1 

.The reason for this is that the increased irrigation of the crop 

leads the plant to its vegetative growth, which causes an 

increase in flowering falls, which affects the proportion of 

the total bolls. The timing of the different irrigation periods 

has a significant impact on the intensity of the fall of the 

bolls before ripening. Also, increasing the water in the soil 

with a high percentage leads to the same result (Matar, 1985), 

and this result agreed with both Khairallah (2012) and Honey 

(2003), who indicated that the different irrigation times 

significantly affect the total number of the bolls for the 

plant.Table (6) indicates a significant interaction between the 

concentration of proline acid and the cultivars , as the 

concentration of B3 100 mg.L-1 with the first cultivar 

(Assyria) was recorded the highest average of the trait 

amounted to (22.02) boll.plant-1,while the treatment of B1 

was recorded With the second cultivar (Lashata), the lowest 

average amounted to (17.71) boll.plant-1, It is noted from 

Table (6) that there are significant differences between the 

cultivars and the irrigation periods, as the irrigation period 

every 7 days with the first cultivar (Assyria)is given 

amounted to (22.75) boll.plant-1compared to the irrigation 

period every 21 days, and the second cultivar (Lashata), 

which recorded the lowest average amounted to (17.71) 

boll.plant-1. Table (6) that there is a significant interaction 

between the proline acid concentration and the irrigation 

period, where the irrigation period every 7 days and the 

treatment was B250 mg.L-1 was recorded the highest average 

amounted to (23.70) boll.plant-1 compared to the irrigation 

period every 21 days and treatment B1 mg.L-1, which 

recorded the lowest average amounted to (17.05) boll.plant-1. 

Table (6) showed that there was a highly significant triple 

interaction between the studied factors, where the irrigation 

period every 7 days with treatment B2 50 mg.L-1 for the 

second category (Lashata) achieved the highest average 

amounted to (24.34) boll.plant-1 while it achieved an 

Irrigation period every 21 days with treatment B1 mg.L-1 for 

the second cultivar (Lashata)the lowest average amounted to 

15.25 boll. plant-1.  
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Table 6 : Effect of Proline Acid Levels, Irrigation period, cultivars and interaction between them on the average Total number 

of bolls (boll.plant-1) 

Irrigation period(day) Interaction 
cultivars  

V 

Proline 

)mg.L-1
(  

B 
D1 D2 D3 B*V 

B1 20.43 15.44 19.31 18.40 

B2 24.06 21.09 19.25 21.47 

  
V1  

 B3 23.77 19.79 22.50 22.02 

B1 19.09 18.80 15.25 17.71 

B2 24.34 18.40 16.42 19.72 V2 

B3 22.95 20.20 20.19 21.11 

L.S.D 0.05 1.38 1.71 

D*V D1 D2 D3 Average of Proline 

V1 22.75 18.78 20.35 20.63 

V2 20.79 20.51 17.71 19.67 

L.S.D 0.05 0.99 0.57 

D*B D1 D2 D3 Average of Irrigation period 

B1 20.76 19.19 17.05 19.00 

B2 23.70 20.25 17.83 20.59 

B3 23.36 22.00 21.71 22.35 

L.S.D 0.05 1.21 0.70 

D1 D2 D3 
Average of Irrigation period 

22.27 20.14 19.53 

L.S.D 0.05 0.70 

 

 

Boll weight (g. boll -1) 

Table (7) indicates that the treatment B3 concentration 

(100 mg.L-1) recorded the highest average of the trait was 

(4.40) g. boll-1 compared to the control treatment without 

spraying Proline acid B1 mg.L-1 recorded the lowest average 

of the trait was (3.93) g. boll-1. The addition of proline acid 

results in an increase in the level of cell division in the apical 

meristem, which in turn contributed to an increase in the 

vegetative and root system, and an increase in the dry matter 

(Sakhabutdinova and others 2003), which results in an 

increase in boll weight. There were also significant 

differences between the cultivar in Table(7) The first cultivar 

(Assyria) gave the highest average of the trait amounted to 

(4.18) g. boll-1 compared to the second cultivar (Lashata), 

which recorded the lowest average amounted to (3.19) g. 

boll-1, Table (7) also shows the presence of significant 

differences in the boll weight due to the effect of different 

irrigation periods, where the irrigation period every 7 days 

was recorded the highest average of this trait amounted to 

(4.46) g. boll-1 compared to the irrigation treatment every 21 

days that gave the lowest average amounted to (3.82) g. boll-

1. As this result affects that the boll weight decreases 

negatively when increasing water stress, as the water stress 

causes closing the stomata and the wilting of the plant leaves 

reduces the average of photosynthesis, which leads to the 

small size of the boll. Also, the increase in irrigation water 

causes the plant to move to vegetative growth instead of 

fruiting growth (Khairallah, 2012). This result was agreed 

with Sarheed (2016), Mahmoud (2004), Matar (1985), Lee 

(2003) and Honey (2003), as they indicated that the average 

weight of the walnut in the cotton plant was affected by 

different irrigation times. Table (7) indicates a significant 

interaction between the concentration of proline acid and the 

cultivars, where it recorded the concentration of B3 100 

mg.L-1 with the first cultivar (S118). The highest average of 

amounted to (4.55) g. boll-1, while the treatment of B1 mg.L-1 

With the second cultivar (SP886), the lowest average of this 

trait amounted to (3.93) g. boll-1. It is noted in Table (7) that 

there are high significantly differences between the cultivar 

and the irrigation periods, where the irrigation period every 7 

days with the first cultivar (Assyria) is given the highest 

average amounted to (4.82) g. boll-1 compared to the 

irrigation period every 21 days and the second cultivar 

(Lashata) which recorded the lowest average amounted to 

2.62 g. boll-1, It is also noted from Table (7) that there is a 

significant interaction between the proline acid concentration 

and the irrigation period, as the irrigation period every 7 days 

and the treatment B2 at concentration 50 mg.L-1 was recorded 

the highest average amounted to (5.20) g. boll-1 compared to 

the irrigation period every 21 days and the treatment B1 

mg.L-1, which recorded the lowest average f amounted to 

(3.03) g. boll-1. Table (7) shows that where the triple 

interaction between the studied factors significantly excelled, 

Where the irrigation period every 7 days and the treatment 

B2 50 mg.L-1 the second cultivar (Lashata), achieved the 

highest average amounted to (5.62) g. boll-1. The treatment 

21 days and B1 mg.L-1 for the second cultivar (Lashata), 

which recorded the lowest average amounted to (2.94) g. 

boll-1. 
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Table 7 : Effect of Proline Acid Levels, Irrigation period, cultivars and interaction between them on the average boll weight 

(g. boll-1) 

Irrigation period(day) Interaction 
cultivars  

V 

Proline 

)mg.L-1
(  

B 
D1 D2 D3 B*V 

B1 4.18 3.08 4.12 3.79 

B2 5.57 4.49 3.49 4.52 

  
V1  

 B3 4.52 4.70 4.44 4.55 

B1 3.52 3.72 3.94 3.39 

B2 5.62 3.20 2.89 3.93 V2 

B3 4.16 3.49 3.11 3.59 

L.S.D 0.05 1.38 0.76 

D*V D1 D2 D3 Average of Proline 

V1 4.82 3.69 4.02 4.18 

V2 3.85 3.10 2.62 3.19 

L.S.D 0.05 0.44 0.25 

D*B D1 D2 D3 Average of Irrigation period 

B1 4.85 3.90 3.03 3.93 

B2 5.20 40.33 3.16 4.23 

B3 4.34 4.60 4.28 4.40 

L.S.D 0.05 0.54 0.31 

D1 D2 D3 
Average of Irrigation period 

4.46 4.27 3.82 

L.S.D 0.05 0.31 

 

 

Seed cotton yield (g.plant-1) 

The seed cotton yield represents the final result of all 

physiological processes during the life cycle of the plant, 

which includes the manufacture of photosynthesis products 

and then the dry matter yield, which represents the seed 

cotton yield the economic and important part of it, as the 

needs of the plant for water are affected by many factors, 

including temperature, humidity and the quantities of water 

available in the soil (Shaker, 1999). The quality of The seed 

cotton yield product is one of the indicators of other traits 

such as the number of bolls in the plant, the boll weight and 

the increase in the fruit branches of the plant, with the 

availability of appropriate climatic factors such as increasing 

the amount of radiation falling on the lower leaves and 

increasing the root system, This is confirmed by the 

researchers Kerby and Adams, 1985 and Jenkins et al., 

1990). Table (8) indicates that the treatment B3 concentration 

(100 mg.L-1) recorded the highest average amounted to 

(81.66) g.plant-1 compared to the control treatment compared 

to spraying Proline acid B1 mg.L-1 recorded the lowest 

average level (71.29) g.plant-1. Significant differences 

emerged among the cultivar in Table (8). The first cultivar 

(Assyria) gave the highest average amounted to (76.78) 

g.plant-1 compared to the second cultivar (Lashata), which 

recorded the lowest average amounted to(74.00) g.plant-1, 

Table (8) also showed the presence of significant differences 

in the average seed cotton yield due to the effect of different 

irrigation periods, as every 7 days the highest average 

reached (79.68) g.plant-1 compared to the irrigation treatment 

every 21 days that gave the lowest average of reached 

(73.91) g. Plant-1. The reason for this is that increased soil 

moisture leads to increased vegetative growth and 

consequently leads to an increase in seed cotton yield (Al-

Rawi, et al., 2014, Yasser and Muhammad, 2013, and Matar, 

1985). They concluded that different irrigation periods affect 

the seed cotton yield. Table No. (8) indicates the presence of 

significant interaction between the concentration of proline 

acid and the cultivars, as the concentration of B3 100 mg.L-1 

with the first cultivars (Assyria) recorded the highest average 

amounted to (81.12) g.plant-1, while the treatment of B1 

mg.L-1 With the second cultivar (Lashata), the lowest average 

amounted to(70.45) g.plant-1, Table(8) that there are highly 

significant differences between the cultivars and the 

irrigation periods, where the irrigation period every 7 days 

with the first cultivar(Assyria)is given the highest average of 

the trait amounted to(80.05) g.plant-1 compared to the 

irrigation period every 21 days and the second cultivar 

(Lashata) was gave the lowest average amounted to (72.27) 

g.plant-1. It is also noted from Table (8) that there is a 

significant interaction between the concentration of proline 

acid and the irrigation period, where the irrigation period was 

recorded every 7 days and the treatment was B2 50 mg.L-1 

the highest average amounted to (84.39) g.plant-1 compared 

to the irrigation period every 21 days and treatment B1 mg.L-

1, which recorded the lowest average amounted to (70.10) 

g.plant-1. Table (8) showed that there was a highly significant 

triple interaction between the studied factors, as the irrigation 

period achieved every 7 days with the treatment B2 50 mg.L-

1 for the second cultivar (Lashata). Irrigation every 21 days 

with B1 mg.L-1 for the second cultivar (Lashata)the lowest 

average amounted to (67.50) g.plant-1. 
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Table 8 : Effect of Proline Acid Levels, Irrigation period, cultivars and interaction between them on the average seed cotton 

yield (g.plant-1) 

Irrigation period(day) Interaction 
cultivars  

V 

Proline 

)mg.L-1
(  

B 
D1 D2 D3 B*V 

B1 73.43 68.22 72.71 71.45 

B2 83.40 78.22 71.68 77.77 

  
V1  

 B3 83.32 77.76 82.27 81.12 

B1 69.76 74.10 67.50 70.45 

B2 85.37 76.15 68.56 76.69 V2 

B3 82.82 80.01 78.76 80.53 

L.S.D 0.05 1.38 4.53 

D*V D1 D2 D3 Average of Proline 

V1 80.05 74.74 75.55 76.78 

V2 76.32 75.42 70.27 74.00 

L.S.D 0.05 2.61 1.51 

D*B D1 D2 D3 Average of Irrigation period 

B1 72.60 71.16 70.10 71.29 

B2 84.39 77.19 70.12 77.23 

B3 83.07 81.39 80.51 81.66 

L.S.D 0.05 3.20 1.85 

D1 D2 D3 
Average of Irrigation period 

79.68 76.58 73.91 

L.S.D 0.05 1.85 

 

 

 

Fiber yield (g.plant-1) 

Table (9) indicates that the treatment B3 concentration 

(100 mg.L-1) recorded the highest average of the trait 

amounted to (29.73) g.Plant-1, while the control treatment 

without spraying the Proline acid B1 mg.L-1 gave the lowest 

average of the trait amounted to (25.44) g.plant-1. This result 

agreed with EL Sabagh et al., 2018 and Al-Rawi et al. 

(2014), as they indicated that there were significant 

differences when spraying with proline acid, while they did 

not agree with Heitholt et al. (2001). Also, significant 

differences appeared between the cultivar in (Table 9). The 

first cultivar (Assyria), the highest average amounted to 

(27.81) g.plant-1 compared to the second cultivar (Lashata), 

which recorded the lowest average amounted to (26.48) 

g.plant-1. Table (9) also shows the presence of significant 

differences in the average of lint yield by the effect of 

different irrigation periods, where the irrigation period every 

7 days was recorded the highest average reached (29.21) 

g.plant-1 compared to the irrigation treatment every 21 days 

that gave the lowest average of the trait amounted to (26.20) 

g. Plant-1. The reason for this is due to the increase in soil 

moisture, which led to an increase in some fibre components 

of this treatment compared to other irrigation treatments. 

These results were consistent with what Sarheed (2016), Al-

Rawi et al. (2014), Khairallah (2012), Yasser and Mohamed 

(2013), Karademir et al. (2011), Mahmoud (2004), and Matar 

(1985) found, indicating that there were significant 

differences. lint yield with the effect of different irrigation 

period between (Table 9) to the presence of bi-interaction 

significant difference between the concentration of proline 

acid and the cultivar, where the concentration of B3 100 

mg.L-1 was recorded with the first cultivar (Assyria), the 

highest average amounted to (30.63) g.plant-1 Whereas, the 

treatment of B1 mg.L-1 with the second cultivar (Lashata) 

recorded the lowest average amounted to (23.88) g.plant-1. It 

is noted in Table (9) that there are highly significant 

differences between the cultivar and the irrigation periods, 

where the irrigation period is given every 7 days with the 

first cultivar (Assyria), the highest average the trait amounted 

to (30.39) g.plant-1, compared to the irrigation period every 

21 days and the second cultivar (Lashata), which recorded 

the lowest average of the trait was (20.82) g. Plant-1, as noted 

from Table (9), there was a significant interaction between 

the concentration of proline acid and the irrigation periods, as 

the irrigation period every 7 days, and the B2 50 mg.L-1 

treatment was reached (32.02) g.plant-1 compared to the 

irrigation period every 21 days, and the B1 mg.L-1 treatment, 

which recorded the lowest average amounted to (21.33) 

g.plant-1. Table (9) showed that there was a highly significant 

triple interaction between the studied factors, as the irrigation 

period achieved every 7 days with treatment B2 50 g. L-1 for 

the second cultivar (Lashata). The highest average amounted 

to (35.51) g.plant-1 while it achieved an Irrigation period 

every 21 days with treatment B1 mg.L-1 for the second 

cultivar (Lashata). The lowest average amounted to (18.18) 

g.plant-1 
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Table 9 : Effect of Proline Acid Levels, Irrigation period, cultivars and interaction between them on the average Fiber yield 

(g.plant-1). 

 

 

Irrigation period(day) Interaction 
cultivars  

V 

Proline 

)mg.L-1
(  

B 
D1 D2 D3 B*V 

B1 27.74 18.75 27.48 24.65 

B2 32.53 29.60 26.37 29.50 

  
V1  

 B3 30.00 29.99 31.90 30.63 

B1 24.80 28.67 18.18 23.88 

B2 35.51 23.45 19.16 26.04 V2 

B3 28.71 34.76 27.12 30.20 

L.S.D 0.05 1.38 3.00 

D*V D1 D2 D3 Average of Proline 

V1 30.39 24.45 28.58 27.81 

V2 28.34 30.29 20.82 26.48 

L.S.D 0.05 1.73 1.00 

D*B D1 D2 D3 Average of Irrigation period 

B1 30.27 24.71 21.33 25.44 

B2 32.02 28.52 22.76 27.77 

B3 29.36 30.33 29.51 29.73 

L.S.D 0.05 2.12 1.23 

D1 D2 D3 
Average of Irrigation period 

29.21 27.52 26.20 

L.S.D 0.05 1.23 
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