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INTRODUCTION

Cotton is an industrial crop grown both in the north and in 
the Southern hemisphere and is one of the most profitable 
crops [1]. Hence is an important crop for Greece as it represents 
9% of the country’s total agricultural production. In the EU, 
Greece is by far the largest cotton supplier, producing 75-80 
percent of the Community’s total production [2]. In Greece, 
cotton is grown almost entirely in irrigated areas using drip 
irrigation techniques [2]. According to Chapagain et al. [3], 
water availability is associated with reduced cotton production, 
especially in areas with water availability problems.

The yields of cotton cultivation are inextricably linked to the 
amount of irrigation. It can also be affected not only by the 
amount of water but also by the way it is applied. Neelakanth 
et al. [4] compared surface and sub-surface drip irrigation 
systems and noted that sub- surface drip irrigation gave higher 
yield. Singh et al. [5] noted that regimes of deficit irrigation 
is an important factor that significantly affects performance. 
Moreover, Feike et al. [6] reported that the drip irrigation system 

showed a positive correlation with the yield and productivity 
of irrigation water.

Water is the resource that will be the most limited, especially for 
agriculture in the coming years [7]. According to Feike et al. [8], 
cotton cultivation has grown rapidly in the last 20 years, and 
this has led to a rapid increase in the irrigation water needs [6]. 
Irrigation regime (saturation, regular and deficit) affects yields 
and differentiates the best utilization of water. Zhang et al. [9] 
compared three irrigation regimes and concluded that deficit 
irrigation is the balanced system so that water is not wasted and 
efficiency is not significantly reduced.

Irrigation availability is a critical factor in growing cotton in hot 
and dry climates [10]. Growth and yield attributes of cotton 
were higher with 50% depletion of available soil moisture [11]. 
Kumar et al. [12], in India, used irrigation regime of 400 mm 
and 600mm, and the results showed that higher number of 
bolls per plant (37.08), boll weight (3.83 g), seed cotton yield 
(2568 kg ha−1), lint yield (734) kg ha−1) and seed yield (1834 
kg ha−1) compared to 200mm and did not differ significantly. 
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Regarding seed yield of cotton, in a recent research it was found 
that it was reduced under limited irrigation compared to typical 
irrigation [13], as well as limited irrigation negatively affect the 
quality characteristics of cotton fibers [14].

Other studies have shown that an irrigation reduced by 20-25%, 
compared to the amount of water of complete irrigation, did not 
significantly affect the yield of cotton cultivation [15-19]. On 
the other hand, it was reported that supplementary irrigation 
led to higher amounts of bolls, noodles, as well as yield [20]. 
Cotton is significantly affected by water stress during growth 
stages, with higher water use from flowering to seed formation 
stage [11]. In addition,Bilalis et al. [1] reported that germination 
and the first period of plant growth are the most important 
stages in the life cycle of cotton.

Besides agricultural interventions, the factor variety is also very 
important. In Pakistan, Khan et al. [21] compared eight cotton 
cultivars and four of them scored larger genetic potential for 
seed cotton yield. In Australia, six varieties were studied which 
over the years increased their production by 1.8% because of 
increased bolls m-2 [22]. In a sustainable context, improving 
irrigation services is key to agricultural production, whether 
irrigated or not. Cotton farming is facing a major problem, 
water consumption.

It is considered one of the expensive water intensive crops in 
Greece. Also, with climate change, cultivation zones are changing 
with new data being needed. The objectives of this study were: 
(i) to evaluate the effect of different water levels under drip 
irrigation on growth and yields, (ii) to measure the effect of 
different water regime under drip irrigation on fiber micronaire, 
bolls components (seed, lint % exocarp) and seeds weight and oil 
content and (iii) to determine a base for the needs for water for 
4 varieties that are cultivated in a large area throughout Greece.

MATERIALS AND METHODS

Location and Experimental Design

Two same cotton (Gossypium hirsutum L.) experiments were 
performed in central Greece, in Palamas (N 39 ° 33'-39 ° 03 ', 

E 21 ° 22'-22 ° 15') of the Karditsa region, in 2015-2016. The 
experiments were followed split-plot design, with 4 main plots 
of different irrigations (IRR. 2, IRR. 4, IRR. 6, IRR. 8) and 
16 subplots (120 m2) with four different varieties of cotton 
(Dp 419, Campo, Andromeda, Lider). Irrigation was carried 
out using a drip irrigation system and the details of irrigation 
are shown in Table 1.

The properties of the soil for the experimental field are 
presented in Table 2. The total experimental area was 1,920 m2, 
each main plot was 480 m2 and it was consisted of 4 sub-plots of 
an area of 120 m2. The mean temperature and the precipitation 
for 2015 were 22.27°C and 57.07 mm respectively, and for 2016 
21.95°C and 75.07 mm. More details for the meteorological 
data during the experimental periods are presented in Figure 1.

In terms of the main characteristics of the varieties, the Dp 419 
is characterized as medium-early, with excellent production 
potential of first growth, great adaptability to all environmental 
conditions. In addition, it delivers yield stability, high lint yield, 
and exceptional technological lint characteristics. Campo 
variety has ideal production potential, high yields, and high lint 
quality. The root system is deep, so soil moisture is maximized. 
Medium late variety, with excellent drought resistance. High 
adaptability to different soil and climatic conditions. High 
germination capacity, ideal variety for early sowing. A variety of 
new technology, developed for high lint yield. Andromeda is a 
medium-early variety, with excellent production potential, deep-
root with high resistance to arid conditions and adaptability to 
all the soil types. Lider is also, a medium-early variety, highly 
adaptable to different soil types.

Cultivation Practices

Sowing took place on May 11, 2015 and May 13, 2016. The 
plants’ emergence was done at 9 DAS on 2015 and at 11 DAS 
on 2016.Cotton was cultivated on conventional row spacing (96 
cm). Harvesting was done manually, for the first experiment 
at 133 DAP and 151 DAP, and for the second at 134 DAP and 
153 DAP. Fertilization and weed control were performed. As 
for the fertilization, 400 kg ha-1 (20-10-10) were applied before 
sowing and 100 kg ha-1 potassium nitrate (KNO3) (13-0-46) 

Table 1: The irrigation program for the two years (2015-2016)
Irrigation Dose   ( mm3 ha-1)

2015 41 DAS
Bud

65 DAS
Flowering

71 DAS
Fruiting

108 DAS Ball 
Development

119 DAS
Physiological  Maturity

129 DAS
Inception of Ball Opening 

Total

IRR. 2 - - - 400 600 - 1000
IRR. 4 400 - - 400 600 - 1400
IRR. 6 400 400 - 600 600 - 2100
IRR. 8 400 400 500 600 500 500 2900

2016 73 DAS
Bud

95 DAS 
Flowering

111 DAS 
Fruiting

129 DAS Ball 
Development

144 DAS
Physiological  Maturity

163 DAS
Inception of Ball Opening

Total

IRR. 2 - - - 400 600 - 1000
IRR. 4 400 - - 400 600 - 1400
IRR. 6 400 400 - 600 600 - 2100
IRR. 8 400 400 500 600 500 500 2900

DAS: days after sown
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after sowing weeds were controlled by hand- hoeing and by 
mechanical- hoeing. 

Measurements and Methods 

The 100 bolls randomly selected from each treatment to 
estimate the weight of bolls and bolls components. There were 
determined the weight of lint and seed per boll (g), the total 
boll weight (g), the lint and the seed percentage (%), the 1000 
seed weight (g), exocarp weight per boll (g), the lint weight per 
boll (g). In addition, the ratio between the lint of the boll, the 
seed and the boll, as well as between the exocarp and the boll 

were calculated. Finally, there were determined the micronaire 
the oil content (%) and the oil yield from bolls (g).

For the separation of lint and seed, a laboratory gin machine, 
saw ginning, was used [13]. The weights were measured using 
an analytical balance and expressed in grams. Micronaire 
determination followed international standards, ASTM D5867 
and was carried out using a High-Volume Instrument (HVI-
1000), USTER Technologies AG. Also, the samples were air-
conditioned according to standard ASTM D1776 (Standard 
Practice for Conditioning and Testing Textiles). Regarding the 
oil determination, there was performed using a laboratory cold 
pressure machine.

Statistical Analysis 

Analysis of variance was held on data using the STATISTICA 
(Stat Soft, 2011) logistic package as a split-plot design. For the 
significance of differences between treatments estimation, were 
used Tukey’s test was used in significant level (p=0.05). The 
tests of correlation coefficients and linear regression by Statistica 
software were set at two levels with significance (p=0.05) and 
remarkable significance (p=0.05).

RESULTS

The agronomic characteristics of cotton balls as well as weight 
lint & seed per ball are presented in Table 3. In the first year, in 
all varieties, the IRR. 4 had not statistically significant difference 
with the IRR. 6 and IRR2 except of Campo variety. In Campo 
variety IRR4 and IRR6 did not had significantly difference 
between them and IRR2 with IRR8. The highest value was 
6.80 g in the IRR. 4 in Lider variety. Also, in the second year 
the IRR. 8 had statistically significant difference with the other 
treatments in all varieties. The minimum value was 5.02 g in 
the IRR. 8 in Campo and Andromeda (Table 3). 

Table 2: Soil properties for the experimental field
Depth soil 
(layer)

CaCO3 % pH P ppm K2O
100g-1 soil

Mechanical analysis

Sand% Silt % Clay %

0-30 1.26 8.2 17.5 5.1 39 45 16
30-60 3.36 8.4 5.5 0.7 35 51 14
60-90 4.62 8.3 4.0 0.4 19 51 30

Figure  1: Meteorological data, mean temperature (°C) and 
precipitation (mm), during the experimental period, for both the years 
(2015-2016)

Table 3: Characteristics of cotton bolls as affected by different irrigation systems and varieties for four varieties, for two years
Average of boll weight (lint & seed)   (g) Average of boll weight with exocarp (g)

2015 Dp 419 Campo Andromeda Lider Dp 419 Campo Andromeda Lider

IRR. 2 5.01a 5.54a 6.06a 6.30a 6.67a 7.28a 7.87a 8.24a 
 IRR. 4 5.55ab 6.24b 6.37a 6.80ab 7.26b 8.17b 8.33b 9.06b 
 IRR. 6 5.17a 5.60ab 6.00a 6.12a 6.92a 7.41a 7.96a 8.15a 
 IRR. 8 4.73c 5.03a 5.06b 5.23c 6.20a 6.46d 6.65d 6.91d 

2016 Dp 419 Campo Andromeda Lider Dp 419 Campo Andromeda Lider

IRR. 2 5.47a 5.77a 6.04a 6.50a 7.15a 7.66a 7.95a 8.49a 
 IRR. 4 5.63a 5.78a 5.85a 6.46a 7.27b 7.55b 7.70b 8.55b

 IRR. 6 5.62a 5.79a 5.84a 6.45a 7.28b 7.56b 7.70b 8.54b 
 IRR. 8 5.15b 5.02b 5.02b 5.53b 6.78c 6.55c 6.61c 7.32c 
Firrig 44.02*** 53.27***

Fvariety 58.86*** 65.97***

Fyear ns ns
Firrig x variety ns ns
Firrig x year 4.13** 2.94*

Fvariety x year 5.27** 6.03***

Firrig x variety x year ns ns

F-test ratios are from ANOVA. Different letters within a column indicate significant differences according to Tukey’s test . Significance levels: 
* p < 0.05; ** p < 0.01; *** p < 0.001; ns, not significant (p > 0.05). IRR: irrigation
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Furthermore, in the average of boll weight with exocarp, in the 
2015, Dp 419 differs IRR4 with the rest of the treatments and 
for Campo, Andromeda and Lider IRR2 did not significantly 
differs with IRR6. But in the 2016 the IRR. 4 had not statistically 
significant difference with the IRR. 6 in all varieties. The highest 
value 2015 was 9.06 g in the IRR. 4 in Lider and the lowest was 
6.46 g in the IRR. 8 in Campo. The fact that is observed is that 
in IRR. 8 in all varieties the lowest values appeared (Table 3).

Additional, in the Lint proportion for the first year, the IRR. 8 had 
statistically significant difference with the other treatments in 
the Dp 419, in the Campo, in the Andromeda and in the Lider 
(Table 4). On the other hand, in the second year the IRR. 2 
had not statistically significant difference with the IRR. 6 in all 
varieties. The highest value was 45.63% in the fourth irrigation 
system in the 2016 and the lowest value was 37.88% in the third 
irrigation system in the 2015, in the Dp 419 variety respectively. 

Furthermore, in the micronaire in both years was significantly 
affected by irrigation and variety. In 2015, Dp 419 campo and 
Lider were not statistically differences for IRR4 and IRR 6. The 
highest value was 4.97 in the IRR. 4 in the Lider variety and the 
lowest value was 4.43 in Andromeda variety during 2016 (Table 4). 
Furthermore, in the lint weight per boll in the 2015, in Dp 419, 
Campo and Lider Andromeda variety the IRR. 6 had not statistically 
significant difference with the IRR2 and IRR. 8, On the other hand, 
in the second year various presented between Dp 419 and Lider is 
presented variation, as shown in Table 4. In Adromeda variety IRR2 
was significantly differs with IRR4, IRR6 and IRR8. The highest 
value was 2.83 in the second irrigation system in the Lider and the 
lowest was 1.95 in the IRR. 8 in the first year. In the second year the 
values recorded were clearly higher in all four varieties (Table 4).

In the 1000 seed weight in the both years of experiment all 
the varieties were different from each other in terms of the 

Table 4: Characteristics of cotton bolls as affected by different irrigation systems and varieties
2015 Lint proportion (%) Micronaire Lint weight per boll

Dp 419 Campo Andromeda Lider Dp 419 Campo Andromeda Lider Dp 419 Campo Andromeda Lider

IRR. 2 39.53a 39.48a 40.14a 40.76a 4.45a 4.50a 4.50a 4.45a 1.98a 2.19a 2.43a 2.57a 
IRR. 4 39.35a 40.68a 40.47a 41.60a 4.70b 4.83ab 4.50a 4.70b 2.18b 2.54b 2.58b 2.83b 
IRR. 6 37.88a 38.38a 39.27a 38.70a 4.50b 4.83b 4.80b 4.50b 1.96a 2.15a 2.36a 2.37a 
IRR. 8 41.31b 43.21b 43.94b 42.08b 4.97a 4.73c 4.73b 4.97a 1.95a 2.17a 2.22a 2.20a 
2016 Dp 419 Campo Andromeda Lider Dp 419 Campo Andromeda Lider Dp 419 Campo Andromeda Lider

IRR. 2 42.43a 43.06ac 43.53b 41.79a 4.83a 4.60a 4.60a 4.83a 2.32a 2.49a 2.63a 2.72a 
IRR. 4 40.20b 40.90b 41.00a 40.80a 4.97b 4.87ab 4.43ab 4.97b 2.37a 2.42b 2.45b 2.69a 
IRR. 6 42.16a 41.78a 41.87a 41.70a 4.67b 4.83b 4.77c 4.67a 2.37a 2.42b 2.45b 2.69a 
IRR. 8 44.63c 45.63c 45.56c 44.12b 4.77a 4.63a 4.43ab 4.77a 2.30b 2.29c 2.29b 2.44b 
Firrig 9.44*** 21.88*** 50.33***

Fvariety 156.38*** 10.86*** 25.90***

Fyear 397.79*** ns 53.06***

Firrig x variety 3.22** 11.70*** 2.18*

Firrig x year 9.30*** 4.07** 6.03***

Fvariety x year 11.40*** 9.82*** 10.54***

Firrig x variety x year ns 2.58* ns

F-test ratios are from ANOVA. Different letters within a column indicate significant differences according to Tukey’s test. Significance levels: 
* p < 0.05; ** p < 0.01; *** p < 0.001; ns, not significant (p > 0.05). IRR: irrigation

Table 5: Characteristics of cotton bolls as affected by different irrigation systems and varieties
2015 1000 seed weight (g) Seed weight per boll (g) Exocarp weight per boll (g)

Dp 419 Campo Andromeda Lider Dp 419 Campo Andromeda Lider Dp 419 Campo Andromeda Lider

IRR. 2 9.95a 10.21ab 10.20a 11.52a 3.03a 3.35a 3.63a 3.73a 1.65a 1.74a 1.81a 1.94a

 IRR. 4 9.45b 11.44b 11.19b 11.67a 3.37b 3.70a 3.79b 3.98b 1.71a 1.93b 1.97b 2.26ab

 IRR. 6 10.45c 10.32ab 10.61a 11.57a 3.21b 3.45a 3.64a 3.75a 1.76a 1.81b 1.96b 2.03b

 IRR. 8 9.71d 9.40c 9.53c 10.50b 2.78c 2.86b 2.83c 3.03c 1.48b 1.43c 1.60c 1.68c

2016 Dp 419 Campo Andromeda Lider Dp 419 Campo Andromeda Lider Dp 419 Campo Andromeda Lider

IRR. 2 9.91a 10.83a 10.72a 11.36a 3.15a 3.29a 3.41a 3.78a 1.69a 1.89a 1.91a 1.99a

 IRR. 4 11.04b 10.57a 11.79a 11.94a 3.25b 3.37b 3.40a 3.76b 1.65a 1.76b 1.85ab 2.04ab

 IRR. 6 9.87a 10.50a 10.37a 11.57a 3.24b 3.36b 3.39a 3.75b 1.64a 1.77b 1.86b 2.09b

 IRR. 8 9.31c 9.32c 9.40b 10.42b 2.85c 2.73c 2.72b 3.09c 1.63a 1.54c 1.59c 1.78c

Firrig 63.12*** 36.57*** 58.38***

Fvariety 68.71*** 58.68*** 86.20***

Fyear ns ns 7.58**

Firrig x variety 2.97** 2.87** ns
Firrig x year ns ns 3.16*

Fvariety x year 3.89* 7.95*** ns
Firrig x variety x year 5.11*** ns ns

F-test ratios are from ANOVA. Different letters within a column indicate significant differences according to Tukey’s test. Significance levels: 
* p < 0.05; ** p < 0.01; *** p < 0.001; ns, not significant (p > 0.05). IRR: irrigation
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results of the statistical analysis concerning the effect of the 
different irrigation systems (Table 5). The highest value was 
11.94 g in the IRR. 6 in Lider variety and the lowest was 9.31 g 
in the fourth irrigation system in the Dp 419 variety in the 2016 
(Table 5). Moreover, in the seed weight per boll in the first year 
of experiment in the Dp 419 the IRR. 4 had not statistically 
significant difference with the IRR. 6, in the Andromeda the 
IRR. 2 had not statistically significant difference with the IRR. 
2 the same was true in the Lider. In contrast in the 2016 only 
the DP 419 had the same results as in 2015 in terms of statistical 
analysis in the other varieties, various differences were observed 
as shown in Table 3. The highest value was 3.98 g in the IRR. 
4 and in the Lider variety in the first year and the lowest was 
2.72 g in the IRR. 8 in the Andromeda variety in the second 
year. Also, in the exocarp weight per boll Andromeda was no 
different from Lider in both years of the experiment. For Dp 
419 vareit, during second year were not significant differences 

among irrigation doses.The highest value was 2.26 g in the IRR. 
4 in Lider variety and the lowest was 1.43 in the IRR. 8 in the 
Campo variety (Table 5).

In the Table 6 are presented the quality characteristics as well 
as oil content. In the first year the Dp 419 had not statistically 
significant difference with the Andromeda and the Campo had 
not statistically significant difference with the Lider, the same 
was true and in the second year of experiment. The Lider variety 
had the highest values compared to the other varieties in all the 
different irrigation systems in both years and the Dp 419 had 
the lowest values. The highest value was 16.84% in the fourth 
system of irrigation in the Lider in the 2016 and the lowest was 
13.50% in the IRR. 2 in the Campo in 2015.

Moreover, in the oil yield per ball Dp 419 had statistically 
significant difference with the other varieties the same was 

Table 6: Quality characteristics of cotton bolls as affected by different irrigation systems and varieties
2015 Oil content (%) Oil yield per boll (g) Seed percentage (%)

Dp 419 Campo Andromeda Lider Dp 419 Campo Andromeda Lider Dp 419 Campo Andromeda Lider

IRR. 2 13.83ab 13.50a 14.03a 14.17a 0.42a 0.45a 0.51a 0.53a 60.47a 60.52a 59.86a 59.24a 
IRR. 4 14.13a 14.40b 14.70b 15.13b 0.48a 0.53b 0.56b 0.60b 60.65b 59.32b 59.53b 58.40b 
 IRR. 6 14.23bc 15.10c 15.33bc 15.49c 0.46b 0.52b 0.56b 0.58b 62.12b 61.62b 60.73b 61.30b 
IRR. 8 14.89c 15.32c 15.90c 16.16d 0.41c 0.44c 0.45c 0.49c 58.69c 56.79c 56.06c 57.92c 

2016 Dp 419 Campo Andromeda Lider Dp 419 Campo Andromeda Lider Dp 419 Campo Andromeda Lider

IRR. 2 14.22ab 14.12a 14.38a 14.84a 0.45a 0.46a 0.49a 0.56a 57.57a 56.94a 56.47a 58.21a 
 IRR. 4 14.68a 15.31b 15.78b 15.90b 0.48b 0.52b 0.54b 0.60b 57.94b 58.29b 58.21b 58.38b 
 IRR. 6 14.76bc 15.67c 15.56bc 16.10c 0.48b 0.53b 0.53b 0.61b 57.84a 58.22a 58.13a 58.30a 
 IRR. 8 15.41c 16.03c 16.36c 16.84d 0.44c 0.44c 0.45c 0.52c 55.37c 54.37c 54.96c 55.06c 
Firrig 87.39*** 70.45*** 9.44***

Fvariety 220.25*** 52.62*** 156.38***

Fyear 155.56*** ns 397.79***

Firrig x variety 5.16*** ns 3.22**

Firrig x year ns 2.94* 9.30***

Fvariety x year ns ns 11.40***

Firrig x variety x year ns ns ns

F-test ratios are from ANOVA. Different letters within a column indicate significant differences according to Tukey’s test. Significance levels: 
* p < 0.05; ** p < 0.01; *** p < 0.001; ns, not significant (p > 0.05). IRR: irrigation

Table 7: The ratio of cotton boll as affected by different irrigation systems and varieties
2015 Ratio lint boll-1 Ratio seed boll-1 Ratio exocarp boll-1

Dp 419 Campo Andromeda Lider Dp 419 Campo Andromeda Lider Dp 419 Campo Andromeda Lider

IRR. 2 0.30a 0.30a 0.31a 0.31a 0.50a 0.46a 0.46a 0.45a 0.25a 0.24a 0.23a 0.24a 
IRR. 4 0.30a 0.31a 0.31a 0.31a 0.46b 0.45a 0.45a 0.44b 0.24b 0.24a 0.24b 0.25b 
IRR. 6 0.28b 0.29a 0.30b 0.29b 0.46b 0.47b 0.46a 0.46a 0.25a 0.24a 0.25b 0.25b 
IRR. 8 0.31b 0.34b 0.33b 0.32b 0.45a 0.44a 0.43b 0.44b 0.24b 0.22b 0.24b 0.24a 

2016 Dp 419 Campo Andromeda Lider Dp 419 Campo Andromeda Lider Dp 419 Campo Andromeda Lider

IRR. 2 0.32a 0.32a 0.33a 0.33a 0.44a 0.43a 0.43a 0.45a 0.24a 0.25a 0.24a 0.23a 
 IRR. 4 0.33b 0.32a 0.32b 0.32a 0.45b 0.45b 0.44a 0.44a 0.23b 0.23b 0.24a 0.24b 
 IRR. 6 0.31b 0.30a 0.31b 0.32a 0.45b 0.45b 0.44a 0.44a 0.23b 0.23b 0.24a 0.24b 
 IRR. 8 0.34a 0.35b 0.34a 0.34b 0.42a 0.42a 0.41b 0.42b 0.24a 0.23b 0.24a 0.24b 
Firrig 9.75*** 5.44** 3.843*
Fvariety 155.48*** 59.27*** ns
Fyear 387.10*** 153.10*** ns
Firrig x variety 5.02*** 2.25* 3.48***
Firrig x year 14.24*** 3.04* 4.98**
Fvariety x year 15.76*** 4.18** 5.52**
Firrig x variety x year ns ns

F-test ratios are from ANOVA. Different letters within a column indicate significant differences according to Tukey’s test . Significance levels: 
* p < 0.05; ** p < 0.01; *** p < 0.001; ns, not significant (p > 0.05). IRR: irrigation
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true in the second year. The highest value was 0.61 g in IRR. 6 
in the Lider in the 2016 and the lowest was 0.41 g in the IRR. 
8 in the Dp 419 in 2015 (Table 6). The Dp 419 had the lowest 
values and the Lider had the highest values in the both years. It 
is worth emphasizing that in the IRR. 8 in both years but also in 
the four varieties the smallest oil yields per boll were recorded 
in the RR 4 (Table 6). Also, in the seed percentage in the first 
year of experiment the IRR. 4 had not statistically significant 
difference with the IRR. 6 in all varieties. But, in the 2016 the 
IRR. 2 had not statistically significant difference with the IRR. 
6. The values ranged from 56.06 to 62.69% in the 2015 and 
from 54.37 to 58.38% in the 2016. The lowest values recorded 
in the RR 4 in the both years of experiment and in all varieties.

Concerning the ratio lint boll-1 the Campo had statistically 
significant difference with the other varieties in the 2015 
(Table 7). But in the 2016, the Dp 419 had not statistically 
significant difference with the Andromeda and the Campo had 
not statistically significant difference with the Lider (Table 7).

In 2016 the IRR. 4 had not statistically significant difference 
with the IRR. 6 in the four varieties. The highest value was 0.35 
in the IRR. 8 in the Campo in the 2016 and the lowest was 0.28 
in the IRR. 6 in the Dp419 variety in 2015. Also, in the ratio 
seed boll-1 Dp 419 variety had the highest values in the both 
years. The highest value was 0.50 in the IRR. 2 in the Dp 419 
in 2015 and the lowest was 0.41 in the IRR. 8 in Andromeda 
variety in 2016. Furthermore, in the ratio seed boll-1 the highest 
value was 0.47 in the IRR. 6 in Campo in 2015 and the lowest 
was 0.41 in the IRR. 8, in the Andromeda in 2016 (Table 7). 
The first year all varieties had statistically significant difference 
between them. On the other hand, in 2016 the Dp 419 had 
not statistically significant difference with the Campo and the 
Andromeda had not statistically significant difference with the 
Lider. The values shown in the ratio exocarp boll-1 were similar 
in all irrigation systems as in all four varieties. The values ranged 
from 0.22 to 0.25 in the both years of experiment. The lowest 
value was 0.22 in the IRR. 8, in the Campo in 2015 (Table 7).

DISCUSSION

Darawsheh et al. [13], reported that the different irrigation 
(typical and limited) had not effect in the average of boll 
weight with exocarp in the cotton. In contrast, in our results 
the different irrigation regimes had effect in the average of 
boll weight with exocaro in all varieties. Similar results were 
recorded in the average of boll weight (lint & seed) and in the 
lint weight per boll where the weight decreases as the irrigation 
regimes increase. Yagmur et al. [23]also highlighted the negative 
impact of irrigation on the weight of cotton boll. In addition it 
is reported that the mid-season irrigation is positively correlated 
with boll retention [24]. As shown in the Table 8 the average 
of boll weight with exocarp had negative correlation with the 
lint percentage (r=-0.28, p=0.01). That could be explained 
because, as the weight increases, the lint percentage decreases 
and vice versa. Concerning the lint percentage, Onder et al. [25]
said that the lowest quantities of water had positive effect in 
the lint proportion. Contrariwise, in our study the highest lint Ta
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percentage recorded in the highest regime of irrigation. Similar 
results was shown in other studies in which they observed 
the highest lint yield in the highest irrigation regime [26]. In 
addition, according to Witt et al. [27] fiber quality in upland 
species was decreased when the irrigation level was low. The 
above differences are due to the climatic conditions as well 
as the varieties used in each study. The lint proportion had 
negative correlation with the oil yield per boll (r=-0.29, p=0.01), 
(Table 8). According to Onder et al. [25] the highest value of 
seed cotton recorded in the maximum irrigation in contrast with 
our study where the lowest value recorded in highest quantities 
of irrigation. Darawsheh et al. [13] noticed that the different 
irrigation system had negative effect on the 1000 seed weight. 
The same was true in our results concerning the weight of a 1000 
seeds because there was a downward trend in certain irrigation 
and more specifically in the highest of all the varieties studied 
in the two years of the experiment.

The 1000 weight per boll had positive correlation with the lint 
weight per boll (r=0.60, p=0.001) but negative correlation with 
the lint proportion (r=-0.31, p=0.01) as shown in the Table 8. 
Onder et al. [25] reported that the seed weight per boll affected 
by different irrigation regimes. In particular, it highlighted the 
fact that the highest seed weight was recorded at the highest 
regime of irrigation. In contrast to our study and the four 
varieties grown at the regime of over-irrigation, the lowest values 
appeared. The seed weight per boll had negative correlation 
with oil content (r=-0.20, p=0.05) but positive correlation with 
the oil yield per boll (r=0.89, p=0.01), (Table 8). Moreover, in 
accordance to the present study, Pinnamaneni et al. [7] said 
that seed oil content was affected by irrigation. According 
to Pettigrew et al. [28], the seed percentage decreases with 
irrigation of cotton cultivation compared to cases where it was 
not irrigated. In general, over-irrigation did not have any positive 
effect in any variety in the percentage of seed in both years that 
the experiment took place. Andromeda and Lider were the 
varieties that reacted best to all irrigation regimes in both years.

CONCLUSION

In conclusion the different irrigation regimes effected the 
agronomic as well as the qualitive characteristics of the cotton 
boll. In particular, regimes IRR. 2 and IRR. 8 were the treatments 
that negatively affected in most characteristics in all varieties in 
both years. It is worth emphasizing that at the IRR. 8 regime the 
quality characteristics were higher in all varieties. In most of the 
cases, regimes of IRR 4 and IRR 6 gave the highest values for the 
agronomic and quality characteristics of the cotton bolls. The 
varieties that stood out in both years were Andromeda and Lider.
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