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Abstract. A field experiment involving cotton (Gossypium hirsutum L.) was conducted for two years to
investigate the effects of deficit irrigation on seed cotton yield, fiber quality, and water productivity in
Turkey. The main plots featured various drip line spacing, and the sub-plots included four irrigation
levels based on class A pan evaporation in Turkey. Crop evapotranspirations were found to range from
585 to 1028 mm and from 601 to 1074 mm in consecutive years. Seed cotton yields ranged from 239.0 to
616.3 kg ha't, and the analysis of variance showed the presence of the statistically significant (p < 0.01)
effects of irrigation levels on crop yield. The drip line spacing was effective for the yield only in the
second year (p <0.05). Employed limited irrigation affected ginning outturn significantly (p <0.01) in
both years. The results indicated that reduction in irrigation water did not have a significant effect on
most fiber quality criteria. On the contrary, significant differences were observed for the leaf area index
(LAI) traits of the treatments, and these reached the highest value approximately 100-110 days after
planting. However, water productivity (WP) and irrigation water productivity (IWP) did not show
significant differences among the limitations of irrigation water levels.
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Introduction

The increasing urban and industrial demands for water, as well as the pollution of
water resources have resulted in a decrease in the amount of water allocated to
agriculture. In addition, global climate change, water constraint and drought cause
serious problems for crop production all over the world (Katerji et al., 2008). Today,
about 40% of the world’s population suffers from water shortages (Steduto et al., 2012),
but only 25% of agricultural land can be irrigated due to a lack of water resources.
Turkey is one country that will face severe water shortages in the future.

Agricultural lands in Turkey are located in the arid and semi-arid climatic zones, so
it is not possible to cultivate most summer crops without irrigation. Southeastern
Anatolia (SEA) of Turkey is very hot and dry during the summer. Therefore, irrigation
cannot be used for crop production. However, this region, where this study was
carried out, is one of the most important agricultural zones in Turkey. Specifically,
Harran Plain is the most important cotton-growing area, with cotton making up 85%
of all plant patterns.
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Cotton is the main crop grown in arid regions of SEA under irrigation. The region is
suitable for cotton cultivation due to its favorable climatic condition. In addition,
cotton’s economic return is higher than those of any other crops the region. Cotton seed
can also be used for livestock feed and for edible cotton oil extraction in this area. All in
all, cotton cultivation carries significantly higher return and an important crop in semi-
arid regions, where it represents a significant source of income for both large- and
small-scale farms (Papastylianou and Argyrokastritis, 2014). Mechanization is common
in cotton agriculture, but a significant amount of manual labor is still employed. Along
with the yield of cotton, its quality is of great importance. Genotype, weather
conditions, farmer practices, fertilization, irrigation management, environment, and the
interaction of genotypes by environments all influence cotton fiber quality parameters
(Campbell and Jones, 2005; Bilalis et al., 2010).

The high irrigation water requirement of cotton (Cetin and Bilgel, 2002; Chapagain
et al., 2006) depending on the climate conditions have resulted in considerably
important irrigation and environmental problems in this region. Furrow irrigation is
generally practiced in the plain; however, irrigation efficiency is very low due to a lack
of land leveling coupled with farmers’ habits. In addition, the charging of irrigation
water is based on the irrigated area rather than on the amount of water used. This is
another important reason for the lower water productivity in SEA. The lower level of
water productivity in SEA has resulted in significant problems with the sharing and
distribution of irrigation water on the plain. In addition, the overirrigation of cotton
leads to excessive vegetative growth and causes the leaching of plant nutrients from the
root zone. Furthermore, increased costs of chemical fertilizer and contamination of
groundwater supplies (DeTar, 2008) are other major problems. In addition, there is
irrigation water shortage in the downstream part of the plain and cotton yield decreases
significantly due to insufficient irrigation.

As mentioned earlier, as agricultural producers face insufficient water supplies,
they need to conserve and sustainably use inadequate water resources (Cai et al.,
2002). The decrease in water supply for cotton growth has caused researchers to focus
increase in water productivity (Dagdelen et al., 2009a). The use of modern irrigation
systems is one key solution to increase water use efficiency and/or water productivity.
Irrigation modernization requires the identification of the most appropriate solutions
to increase yield and income, as well as increasing water productivity and water
saving (Darouich et al., 2014; Cetin and Kara, 2019). For example, it is important to
use modern irrigation technologies, such as drip irrigation (Cai et al., 2002). Many
studies in different regions of the world have showed that drip irrigation has provided
many advantages compared to surface irrigation for cotton (Cetin and Bilgel, 2002;
Ibragimov et al., 2007; Kang et al., 2012; Fan et al., 2018). With this method, a low
amount of irrigation water is delivered through drip irrigation, and it results in both a
higher yield and water efficiency (Kang et al., 2012). Drip irrigation has been
recommended as a means of supplying most types of crops with uniform and frequent
applications of water. These applications are adaptable for different topographic and
soil conditions (Cetin and Bilgel, 2002). With drip irrigation systems, it is possible to
achieve high water application efficiency and to reduce evaporation losses in arid
regions, such as the SEA region, where the relative humidity is low. However, when
transitioning from surface irrigation methods to drip irrigation, the farmers were
initially reluctant. One of the main reason obstacles to the common adoption of drip
irrigation is its relatively higher costs of investment and operation. The cost of the
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drip irrigation system increase as long as increasing the system’s uniformity (Wilde et
al., 2009). However, at present, the decreased water allocation and the increased
energy and labor costs have resulted in the rapid employment of drip irrigation
systems.

In many parts of the world, drip irrigation has been used for long time and it is
practiced increasing the crop yield and reducing soil-surface evaporation as well as
increasing irrigation water use efficiency (WUE) (Sampathkumar et al., 2013). Studies
have reported that drip irrigation provides a high yield, quality, and water productivity
level in cotton while saving irrigation water. However, the values obtained differed
according to the climatic conditions and agricultural techniques applied (lbragimov et
al., 2007; Rao et al., 2016; Zhang et al., 2016).

Due to insufficient water resources, limited water is sometimes applied in irrigation.
However, the reduction of irrigation water reduces dry matter accumulation, the boll
weight, boll production, the leaf area, the number of nodes and of cotton (Gerik et al.,
1996; Pettigrew, 2004; Mert, 2005; Kang et al., 2012; Chen et al., 2020). Leaves are
associated with evapotranspiration (ET) and photosynthesis, and the measurement of
leaf growth is an application used in most agronomic and physiological studies, as well
as plant growth studies (Guo and Sun, 2001). The leaf area index varies depending on
the number of leaves and the leaf size of the plant, with stress and nutrient deficiency
negatively affecting it (Longnecker, 1994). Deficite irrigation can be applied in various
ways. These are: (a) not irrigating during periods when the plant is not sensitive to
water, (b) extending the irrigation interval, (c) excluding areas with low yield potential,
or (d) reducing the amount of water by certain amounts each time.

In this study, the drip irrigation method was applied to cotton plants grown in arid
climatic conditions for the growing season applying different irrigation levels. The aims
of the study were (1) to assess the effects of various irrigation water levels and drip line
spacing on the seed cotton yield, and (2) to establish leaf area index, the lint quality and
water productivity.

Materials and methods
Experimental site and climate

This study was carried out in the growing seasons of 2014 and 2015 in the
experimental fields of Harran University (37°07° 38°48” and 467 m above sea level) of
Sanliurfa, Turkey.

According to the Aydeniz climate classification, the region is included in the arid
climate classification (Boliik, 2016). Summers are dry (very low relative humidity, 10-
15%) and very hot and, and winters are relatively cold and wet. The long-term annual
average rainfall in the area is about 360 mm, and the open-water surface evaporation is
1850 mm. Winter precipitation continues until early spring, however, the distributions
differ significantly from year to year. June, July, August, and September are the hottest
and driest months, whereas January and February are the coldest months. In July and
August, the daily maximum temperatures often exceed 40 ° whereas the minimum
temperatures seldom fall below 0 °C in the winter months.

The experimental soil is clay (USS 1954), and its infiltration rate is 9 mm h. It is
characterized as being salt free and slightly alkaline. Some analysis results of of the soil
profile are given in Table 1. The lime is about 8.80%. In addition, the available water
holding capacity of the 0- to 90-cm soil profile is 182 mm.
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Table 1. Some physical and chemical properties of the soil in field trials

Soil layers Field capacity |Wilting point|Bulk densit EC Lime
em |1 G | ggh | @emd | @smy | PH (%)
0-30 C 0.357 0.220 1.36 0.671 7.3 8.51
30-60 C 0.363 0.211 1.47 0.744 7.4 8.77
60-90 C 0.357 0.220 1.47 0.753 7.4 9.19

Agricultural applications

Cotton seeds were sown on 03 May 2014 and 01 May 2015 using a plot drill with
70-cm row spacing and 10-cm intrarow. The plant density was 142857 plant ha™* in both
years of the research. In the experiment, the cotton variety of Stoneville 468 was
employed as experimental material. The plot size was 25.20 m? (6.00 x 4.20 m).
However, during the harvest, the plot size was reduced to 14 m?, thus eliminating the
border effect. Hand harvesting was practiced twice during both years. The first harvest
was practiced at the ball opening stage of 80-90%, and the second harvest was practiced
after the remaining 10% of balls had been opened. Thus, the firsthand harvest was
realized on 15 September 2014, and the secondhand harvest was realized on 16
September 2015. The second harvest was performed about three weeks after the first
harvest was performed.

After the plant emergence, hoeing was done by machine and twice by hand. The
plants in the plots were decreased, taking into consideration an intrarow spacing of 15-
20 cm. For fertilizing, 80 kg N ha ! and 80 kg P-Os ha™' were applied at planting. The
fertilizer source was a compound fertilizer (20-20-0). Then, the remaining N was
applied. It was split three times, with equal amounts of each being used via drip
irrigation (Cetin and Akalp, 2019). In addition, total of 80 kg P.Os ha! and 160 kg N
ha ! were applied as fertilizers. Some chemicals were applied against Empoasca sp.
(active ingredients: %20 Acetamiprid 10 g da) and thrips (active ingredients: 100 g I*
Cyantraniliprole).

Experimental design and treatments

The experiment was conducted using split plots in randomized complete blocks with
three replications. The main plots included various drip line spacings (L1: 0.70 m and
L>: 1.40 m), and the subplots featured irrigation ratios based on different coefficients of
Class A Pan evaporation (l1, Iz, I3, and l4). Thus, eight different irrigation levels were
applied during the field study. The treatments are given in Table 2.

The water used for irrigation was received from deep wells. The water from the deep
wells had low sodium content and medium salt. p E and class of irrigation water is 7.87,
0.72 dS m, and C2S;: respectively. In addition, the control unit for drip irrigation was
formed using hydrocyclone, a sieve filter, pressure gauges, a fertilizer tank, and valves.
The filtrated irrigation water was delivered by a 75-mm polyethylene pipe (PE) to the
experimental site and was applied to the plots via 50-mm PE pipe lines. The diameter of
drip lines was 16 mm. Also, the drip line spacing was 0.70 m in Ly and 140 cm in Lo.
Drippers in the drip line were placed 33 cm apart and had a flow rate of 4 L h%, and the
selection of the drippers was based on the soil characteristics as described in Keller and
Bliesner (1990). Furthermore, the operation pressure of the drip irrigation system was 1
atm. For the purpose of providing for the germination of the seeds, all of the
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experimental plots were irrigated two times with equal irrigation levels and with a small
amount of irrigation using a sprinkler irrigation system. The drip irrigation system was
installed following the second hoeing of the plots.

Table 2. Experimental treatments

Main plots Subplots
(drip line spacings) (irrigation factors)
I1 (K, = 1.50) (full irrigation)
L1 (70 cm) 2 (Kp = 1.25)
L, (140 cm) Is (Kp, = 1.00)
I4 (Kp = 0.75)

Irrigation water applied

The amount of irrigation water applied was calculated via multiplying the
evaporation amount from the Class A Evaporation Pan based on various K, coefficients.
Thus, the total amount of evaporation for each of the seven days was multiplied by
considering various coefficients and crop cover percentages. The crop cover percentage
was scored by measuring the width of the plant crown prior to each irrigation. The first
irrigation was practiced when 50% of the available water in the 0- to 60-cm soil profile
was consumed. All experimental plots were irrigated until the field capacity was
reached during the first irrigation, whereas the subsequent irrigations were based on the
requirements of the experimental treatments. The amount of water given to the plots
was measured using a water gauge, and the amount of rainfall was obtained from the
meteorological station in the experimental area (Unlii et al., 2011). The equation in
calculation of the amount of irrigation water is given below:

IW = A X Epgn X K, X Pc (Eq.1)

where IW: the amount of irrigation water applied (mm); Epa: the cumulative
evaporation from the Class A Pan at each irrigation interval (mm); Kp: the coefficient
used to obtain a different irrigation level; and Pc: the plant canopy cover (it was
estimated by measuring whole canopies of five plants selected randomly from each plot
throughout the irrigation season). The evaporation was measured using a screened Class
A Pan located at the meteorological station near the experimental field.

The soil moisture in all experimental plots was monitored at a soil depth of 0-120 cm
through the gravimetric method. The actual evapotranspiration was computed using the
equation of water balance (James, 1988):

ETce=1+P+ DPiRoffiﬂS (Eq2)

where ETc: crop evapotranspiration (mm); I: the amount of irrigation water applied
(mm); P: the rainfall (mm); Dp: the deep percolation (mm); Rost: the runoff (mm); and
AS is the change in the moisture content at a root depth of 0-90 cm (mm).

Irrigation water productivity (IWP) and water productivity (WP) were calculated
through the gauge effects of irrigation programs (Pereira et al., 2012). The equations are
as follows:
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WP =Y /ET (Eq.3)
IWP = Y/IW (Eq.4)

where Y: the economical yield (kg da); ET: the seasonal evapotranspiration (mm); and
I: the amount of seasonal irrigation water (mm).

Analysis and statistical evaluation

Plant samples were taken to score the leaf area index (LAI) throughout the growing
season at intervals of 10 days starting from the 31st day of sowing in the first year (DAS),
and at intervals of 12 days starting from DAS 38 in the second year. A portable leaf area
meter was used for leaf area measurements (LI1-COR 3100). In this study, 50 bolls were
randomly selected from each plot. The seed cotton weight per boll, seed cotton yield,
ginning turnout (based on Worley et al., 1976), fiber length, fiber fineness (micronaire),
and fiber strength were scored using the methods specified in Anonymous (1997).

The results of the study were evaluated using Minitab 16 statistics software. First,
analysis of variance (ANOVA) was performed to evaluate the effects of various
irrigation treatments on the yield and quality of the cotton. The Tukey test was used for
the mean grouping of the treatments.

Result and discussions
Irrigation and crop evapotranspiration

The amount of irrigation water applied according to the treatments, coupled with the
seasonal crop evapotranspiration (ETc) of the treatments are given in Table 3.

Table 3. Amount of irrigation water and evapotranspiration for the treatments

2014 2015
Treatments |Rainfall| AS w ETc Rainfall| AS w ETc
(mm) | (mm) (mm) (mm) (mm) | (mm) (mm) (mm)
I1 56 11 983 1,028 11 -31 1,032 1,074
L I2 56 0 824 880 11 -44 867 922
I3 56 -13 666 735 11 -51 702 764
4 56 -22 507 585 11 -67 536 614
l1 56 36 983 1,003 11 -6 1,032 1,049
L I2 56 29 824 851 11 -23 867 901
I3 56 -16 666 738 11 -41 702 754
4 56 -39 507 602 11 -54 536 601

AS: the change in the moisture content at a root depth of 0-90 cm, IW: Irrigation water, ETc: Seasonal
crop evapotranspiration

Generally, almost the entire water requirement of the crop was met through
irrigation, as no rainfall occurred during this period. However, excess spring
precipitation in the late growing period delayed the initial irrigation, and thus, the
irrigation water need decreased. The region’s long-term annual precipitation average for
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the cotton growing period (May-September) was 30 mm. During the first year of the
experiment, it was 56 mm, and during the second year, it was 11 mm. Therefore, the
plant’s water need was fully met through irrigation.

Laterals were placed 0.70 m apart during L: treatments. Meanwhile, irrigation was
performed with the laterals spaced 1.40 m apart during L. treatments. Therefore, the
irrigation times for L, treatments were twice as long as those of L treatments. During
the first year of the field trial, the amount of irrigation water applied to the treatments
varied between 507 mm and 983 mm, and the amount was between 536 and 1032 mm
during the second year. The water consumption associated with the trial treatments
varied depending on the amount of irrigation water used. Treatments with less irrigation
water benefited more from the moisture available in the soil at the time of sowing.
Especially in the second year, all treatments utilized the moisture stored in the soil at
different levels, whereas in the first year only, 14 and I3 treatments benefited from the
moisture present at the time of planting. In addition, except for in the case of the Li-I>
treatments during the first year, it was observed that some of the irrigation water
delivered during the treatments of I1 and I> were stored in the soil.

Seed cotton yield and some yield parameters

ANOVA was performed for all scored characteristics and irrigation ratios, and the
lateral spacing were found to be partially significant. The ANOVA table was not given
here. However, the seed cotton yield and some of the yield factors during the
experimental years are given in Table 4.

Table 4. Means and statistical groups for the seed cotton yield, boll seed cotton weight, and
100 seed weight values of cotton for the treatments

Seed cotton yield Seed cotton weight 100 seed weights
Treatments (kg da™) (g boll™) (9)
2014 2015 2014 2015 2014 2015
L: 437.3 388.0b 4.18b 3.96 8.49 8.29
L. 468.5 432.8a 4.36a 4.02 8.45 8.36
P (Factor A) ns * Fhx ns ns ns
I1 596.7a 536.1a 4.59a 4.21a 8.64 8.58a
I2 509.5ab 463.2a 4.40b 4.05ab 8.41 8.48ab
I3 408.7b 371.8b 4.22¢ 3.87b 8.42 8.15h
4 296.7¢c 270.5¢c 3.87d 3.82b 8.41 8.11b
P (Factor B) ** ** * ** ns **
Li-I1 577.0 522.3 4.50ab 4.13 8.64 8.44
Li-12 491.0 444.3 4.33bcd 4.06 8.30 8.46
Li-13 396.3 346.4 4.19de 3.84 8.68 8.13
Li-la 284.7 239.0 3.70f* 3.81 8.34 8.15
Lo-13 616.3 549.8 4.68a 4.29 8.64 8.72
Lo-12 528.0 482.1 4.46bc 4.05 8.52 8.50
Lo-13 421.0 397.2 4.25cde 3.90 8.15 8.17
Lo-14 308.7 302.0 4.04e 3.83 8.49 8.06
P (A*B) ns ns ** ns ns ns

**Significant at 1%, *significant at 5%, ns: not significant
aThe treatments which have the same letter are not significantly different at the 5% level by Tukey’s test
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In this study, decreasing the amount of irrigation water resulted in a decrease in the
cotton seed yield, and a statistically significant decrease in the yield was found. In the
first year of the experiment, the seed cotton yields depended on the first two groups
(Table 4). Both the drip line spacing (p <0.05) and the water levels (p <0.01)
significantly affected the cotton yields in the second year. However, the effect of the
main treatment and sub-treatment interaction was found to be nonsignificant. The yields
in L2, where two plant rows were irrigated using a single drip line, was higher than that
of L:. Although the yield of L, was 31.2 kg more in the first year, it was statistically
nonsignificant. However, in the second year, the yield of L> was 44.8 kg more than that
of Ly, and this was found to be statistically significant.

In this study, seed cotton weights of 50 bolls that were randomly selected from each
plot were averaged to score the seed cotton weights of the bolls used in the experimental
treatments. The average boll cotton weights of the samples taken in the first year of the
experiment varied between 3.70 g and 4.68 g depending on the treatment. It was found
that the drip line spacing (p <0.01), irrigation levels (p <0.01), and interaction of both
(p <0.01) affected the boll cotton weight significantly. However, the irrigation of two
plant rows from one lateral side had a positive effect on the boll seed cotton weight.
Moreover, as the amount of irrigation water increased, the boll seed cotton weight
increased. The highest seed cotton weight per boll was obtained from the treatment of
Lo-11 with 4.68 g, and this treatment ranked in the first group in the Tukey grouping.

The drip line spacing had no significant effect on the boll seed cotton weight in the
second year. However, the irrigation levels significantly affected the boll seed cotton
weight (p <0.01). In this year, as the amount of irrigation water increased, the boll seed
cotton weight increased, and the highest seed cotton yield per boll was obtained from
the highest irrigation level (11). The I treatment ranked in the first group, and the I4 and
I3 treatments were in the last group.

In 2014, the 100 seed weights of the treatments varied between 8.15 g and 8.64 g, but
no significant difference arose from the factors. In the second year, although drip line
spacing had no effect on the 100 seed weights, the effect of the amount of irrigation
water used was significant (p <0.01). As with other factors, irrigation had a positive
effect on seed weight, and the highest of the 100 seed weights was obtained from the
treatment with the highest water doses (8.58 g). This treatment alone ranked in the first
Tukey grouping.

Fiber quality parameters

The effect of different lateral spacing and water amounts on the quality criteria of the
cotton is given in Table 5.

One of the most important quality criteria in cotton is fiber fineness. It is desirable
for the fiber to be thin. In this study, the amounts of various irrigation doses in the first
year had no effect on fiber fineness. In other words, reducing the amount of irrigation
water did not have a positive or negative effect on fiber fineness. However, different
drip line spacing amounts affected fiber fineness (p < 0.01). The single lateral irrigation
of two plant rows increased fiber thickness, but the interaction of drip line spacing and
irrigation level had no significant effect on fiber fineness. When the results of the
second year were evaluated, no statistically significant differences were found among
irrigation treatments for fiber fineness. Even though it was statistically nonsignificant, it
was found that the fiber fineness decreased with the increase of the drip line spacing.
This situation showed that the results of the first year might be coincidental.
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Table 5. Means and statistical groups for some fiber quality characteristics of treatments

Fiber fineness Fiber length Fiber strength Ginning outturn
Treatments micronaire (mm) (g tex™) (%)
2014 2015 2014 2015 2014 2015 2014 2015
L: 4.42b 4.72 27.6 26.8 28.4 27.4 424 41.2
L. 4.69a 4.60 27.7 27.1 28.7 27.4 43.2 41.8
P (Factor A) ** ns ns ns ns ns ns ns
Ih 4.65 4.70 27.8 26.9 28.1 27.7 48.2a 45.1a
I2 4.50 4.57 275 27.0 28.5 26.8 42.7b 42.3ab
I5 4.70 4.68 275 26.5 28.8 26.8 41.2b 40.2bc
I4 4.38 4.69 27.6 27.3 28.8 28.1 39.0c 38.4c
P (Factor B) ns ns ns ns ns ns ** **
Li-l1 4.42 4.72 27.7 27.0 28.4 27.4 47.8 447
Li-12 4.45 4.68 27.3 27.2 28.7 27.2 42.1 41.9
Li-13 4.64 4.80 27.7 26.1 28.4 26.7 41.0 40.3
Li-14 4.18 4.68 27.6 26.9 28.2 28.3 38.6 37.9
Lo-11 4.88 4.67 27.9 26.9 27.8 28.0 48.6 455
Lo-12 4.54 4.47 27.7 26.9 28.4 26.5 43.3 42.8
Lo-13 4.76 4.56 27.4 26.8 29.2 27.0 41.4 40.1
La-l1a 4.58 471 27.6 27.7 29.4 28.0 394 38.9
P (A*B) ns ns ns ns ns ns ns ns

**Significant at 1%, *significant at 5%, ns: not significant
aThe treatments which have the same letter are not significantly different at the 5% level by Tukey’s test

Similar results were also found for fiber strength. Although the strength values varied
between 27.8 and 29.4 g tex! in the first year and between 26.5 and 28.3 g tex? in the
second year, these fluctuations between the treatments were not statistically significant.

The results obtained from this study revealed that the drip line spacing during both
years of the field trial had no effect on the yield. Again, the interaction between the
main plots and subplots did not have any significant effect on ginning efficiency.
However, the irrigation levels significantly affected the yield in both years (p <0.01).
As the irrigation doses increased, the ginning efficiency also increased up to 48.2% in
the first year and 45.1% in the second year for the highest amount of irrigation (l1).
However, in the I4 treatments, these values remained at 39% and 38.4%, respectively. In
previous studies, some conflicting results between irrigation water doses versus ginning
efficiency have been revealed.

Leaf area index and water use efficiencies

The LAI was determined by taking plant samples at regular intervals during the plant
growing season. In Figure 1, LAI variations for the consecutive years are given.

When the temporal variation of the LAI results of trial treatments was examined, a
sigmoidal relationship was found between the LAIs and times in both years. The LAI
started to increase when the plants began to emerge, and it continued until
approximately 100-110 days after sowing (DAS), at which point it reached its
maximum level. Although the LAIs of all treatments increased continuously during this
period, the LAI values of the treatments started to differ with the initiation of irrigation
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at different doses. The negative effects of water stress on the LAI began to be observed
with the start of the irrigation practices used in the treatments. Since DAS 60, the
differentiation in the LAI values regarding the applications has occurred distinctly
(Fig. 1). As the amount of irrigation water increased, the LAI increased more quickly,
and the 1 treatments reached the highest values in both years. The LAI indices
decreased after DAS 110 until the harvest. The LAI values of the fully irrigated Li-11
and Lo-1; treatments reached 4.83 and 5.16 in the first year, and 5.00 and 5.07 in the
second year, respectively.

The highest LAI value was obtained from the full irrigation treatment. However,
these studies showed variations in the amount of time required to reach the highest LAI.
As mentioned above, the employed agricultural techniques, environment, and cotton
varieties played an important role in this situation.
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Figure 1. Temporal changes in leaf area index
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Water productivity is an important indicator in determining the most suitable
irrigation program in restricted irrigation studies. The WP and IWP values were
calculated for this study and are given in Figure 2.
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Figure 2. Water productivity and irrigation water production for the treatments

The IWP values varied between 0.60 kg m= and 0.67 kg m= in the first year and
between 0.48 kg m and 0.61 kg m™ in the second year.

In the first year, the IWP values did not differ significantly depending on the amount
of irrigation water doses used, but the IWP values of the L» treatments were higher than
those of the L; treatments in the same irrigation treatments. Although the same amount
of irrigation water was applied, the more effective use of irrigation water in the 140-cm
lateral range was due to the lower evaporation losses in this lateral range. Similar results
were obtained in the second year, whereas higher WP;, values were obtained from the
L, treatments. However, no obvious differences were found due to the irrigation levels.

The WP values were lower than the IWP values were. These values varied between
0.48 kg m= and 0.61 kg m= in the first year and decreased to 0.39 for Li-14, which was
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scored even lower in the second year. At the same time, the differences among the IWP
values of the second year were more pronounced. In both years, the lowest WP values
were obtained from the Li-l4 treatments. This was due to the proportionally higher
amount of evaporation in the ET. When drip line spaces were evaluated, the WPs of the
L. treatments were higher than those of the L treatments. In this case, the wetted zone
in the L treatments consisted of a narrow yet deep profile. The low wetted soil surface
caused the amount of water that entered the atmosphere through evaporation to be
lower, considering the very hot and low relative humidity conditions of the region.

Discussion

In the study, the highest yield was found to be full irrigation treatment. During the
cotton growing period, the region was very hot, and the relative humidity was also low,
thus requiring intensive irrigation in cotton as pointed out by Chapagain et al. (2006)
and Darouich et al. (2014). Some researchers also obtained similar results for semi-arid
regions (Karam et al., 2006; DeTar, 2008; Onder et al., 2009; Singh et al., 2010; Unlii et
al., 2011). In addition, the factors of relative humidity, temperature, radiation and wind
speed played an important role in plant water consumption (Rao et al., 2016). Therefore,
in arid climates, the plant water consumption was higher than that of semi-arid climate.
The amount of water consumption obtained from the study confirmed the research
findings of Tiizel and Ul (2003) and Hunsaker et al. (2015).

The lateral spacing of 70 and 140 cm did not affect the ETc values significantly. The
highest water consumption level occurred in L1-11 factor in both years. Although no
significant difference was found among the water consumption levels of the main
treatments, the water consumption levels of the L1-11 and L1-12 treatments were
relatively higher than those of the L2-11 and L2-12 treatments. This resulted in that the
evaporation losses were high due to the double wetted surface area resulting from the
lateral laying of each row in L1.

Although the same amount of irrigation water was given to plots, the main reason for
the higher yield in L2 (140 cm) comparing L1 (70 cm) could be explained by the
different amounts of evaporation loss among the main treatments. Although more
evaporation was observed in L1 comparing in L2, the percentage of wetted area in L1
was higher than that of L2. This can be attributed totally the climatic condition in the
experimental region (hot and featuring very low relative humidity). Similar results were
also obtained in another study conducted earlier (Sar1, 2010).

The highest seed cotton yields were obtained by the factor without any water
restrictions (11). The yield obtained from this treatment was similar to that of Yang et al.
(2015) and Zhang et al. (2016). However, the yields obtained by our study were higher
than those of some other studies (Yavuz, 1993; Ertek and Kanber, 2001; Cetin and
Bilgel, 2002; Onder et al., 2009; Cetin and Kara, 2019; Chen et al., 2020). These
differences could be derived from the climate, soil characteristics, cotton variety, and
cultivation techniques of the research sites. In terms of boll seed cotton yield, the
findings on the boll seed cotton weight were similar to those of previous studies
(Pettigrew, 2004; Rao et al., 2016). Moreover, in previous studies it was stated that the
increasing amount of irrigation water also increased the weight of the 100 grains
(Dagdelen et al., 2009a; Sari and Dagdelen, 2010)

Fiber quality also was affected by the factors implemented in our study. The fiber
fineness values obtained from the experiment were higher than those of the conditions
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obtained in similar climatic conditions (Thorp et al., 2020). This difference may be
due to the characteristics of the cultivar. Lateral spacing or water limitation did not
affect fiber fineness. Other studies on water restriction in cotton have also reported
that water restriction had no effect on fiber fineness (Karam et al., 2006; Dagdelen et
al., 2009b; Unlii et al., 2011; Papastylianou and Argyrokastritis, 2014). Fiber length
was another important quality criterion in cotton. Practicing various factors in both
years of this study had no effect on fiber length. At the same time, irrigation factors
with different lateral spacings did not affect fiber length either positively or
negatively. Contrary to the results in this study, Thorp et al. (2020) reported that water
restriction reduced the short fiber content. The research findings in this study were
mostly confirmed by other researchers (Unlii et al., 2011; Papastylianou and
Argyrokastritis, 2014). The water shortages or limitations in the lateral range had also
no effect on the fiber strength, which showed nonsignificant differences between the
drip line spacing and irrigation doses. Our results were in agreement with those of
Karam et al. (2006), Booker et al. (2006), Unlii et al. (2011) and Papastylianou and
Argyrokastritis (2014). Sari (2010) also confirmed our findings, whereas Dagdelen et
al. (2009b) stated that irrigation water did not affect the ginning turnout. Onder et al.
(2009) furthermore stated that the increase in irrigation water decreased the ginning
efficiency. The most important reason for these variations was the characteristics of
the varieties used in the experiments, as well as many other factors, such as climate
and agricultural practices.

Although LAI varied due to applied agricultural techniques, the environment, and the
cotton variety That of full irrigation were in accordance with the results of previous
studies (Stone et al., 2001; Yazar et al., 2002; Karam et al., 2006; Kang et al., 2012;
Sampathkumar et al., 2013).

WP and IWP values of irrigation increase in arid regions. In these regions, almost no
rainfall occurs during the cotton growing period. Furthermore, the plant water
consumption increases to a level higher than in other climatical conditions. In previous
studies, some researchers stated that WP and IWP increased with water restriction (Unlii
et al., 2011; Yang et al., 2015; Fan et al., 2018; Garibay et al., 2019). However, some
researchers reported confirming our finding that no significant effect occurred in WP
and IWP due to water shortages (Chen et al., 2020).

Conclusion

The widespread adoption of limitations in irrigation water in arid regions throughout
the entire growing season resulted in significant decreases in the cotton yield.
Therefore, if limited irrigation operations are to be practiced, the water sensitivity of
plant growth periods should be taken into account, and irrigation should be limited
when cotton is insensitive to water. The reduction of irrigation water on quality did not
have such a severe effect on the yield, and even some quality criteria were never
affected by the amount of irrigation water.

In addition, in drip irrigation, irrigation of two rows instead single row from only one
lateral resulted in higher yielding contrary to low yield expect. Decreasing the number
of lateral spaces by half caused the wetted area to decrease at the same rate. This was
derived from a decrease in evaporation losses from the soil. This situation also caused
the IWP and WP values to be higher in the wide drip line spacing than in the narrow
ones.
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The adoption of drip line spacing in areas where soil conditions are suitable for
instance, soils with high water usage productivity will also reduce the lateral space
related expense of the irrigation system by half. This is another important advantage of
this system.
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