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Abstract: Cotton, a high-value crop of primary financial importance for Greece, is directly affected by
a wide range of environmental parameters, and water scarcity threatens the sustainability of irrigated
cotton production in many regions around the world. Reducing inputs with an appropriate cultivar
may not decrease cotton production and fiber quality while improving sustainability. To investigate
cotton varietal responses to water stress and lack of nutrients, in the climate of north Greece, a three-
year experiment was conducted in Thessaloniki, Greece. Four cotton cultivars (three of Greek origin
and one from Africa) were cultivated under four irrigation (normal and reduced by 75%, 50%, and
25%) and two fertilization levels (normal and 50%). The effect of these treatments on productivity and
quality were estimated, with the final objective being the reduction of inputs and more sustainable
cotton production. Cotton producers are dealing with a cost price squeeze and the present study
demonstrates that reducing the fertilization inputs even by half and the reduction of irrigation by
25% has no significant effect neither on yield nor on the main technological characteristics. This
highlights the fact that a more sustainable use of inputs, contrary to common management, will have
almost the same yield and even increase the farmer’s income.
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1. Introduction

Cotton (Gossypium hirsutum L.) is an industrial crop cultivated in a wide range of
climates and environments around the world, mainly for fiber production [1]. These
environments have a large impact on the growth, development, and quality of the crop [2,3].

Water is often the most limiting factor in cotton production as it is essential for pro-
moting all growth functions from emergence to harvest [4], and changing environmental
conditions call for efficient irrigation-water management in cotton-production systems [5].
Cotton is very sensitive to water deficit during the various stages of its growth and devel-
opment, with daily water use being greatest during the stages of flowering and first boll
opening [6]. Furthermore, the growth period from crop establishment to flowering is sensi-
tive to excess water and may induce excessive vegetative growth [7]. Water deficit stress
has negative impact on yield because it reduces the plants’ ability to establish and retain
blooms and fruiting structures [2]. Water stress will also result in plants that are stunted
in growth with reduced leaf area and limited transpiration rate, commonly resulting in
the shedding of leaves and fruiting structures [8]. Irrigation management is an optimum
strategy to address water shortage [9,10], resulting in considerable water savings with little
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impact on the quantity and quality of the harvested yield, and several studies showed that
20 or 25% reduction from full irrigation level did not significantly affect cotton yield [11,12].

On the other hand, nitrogen is a critical element for cotton growth and develop-
ment [13] and nitrogen fertilization has significant impacts on cotton growth, boll develop-
ment, lint yield, and fiber quality [14]. Nitrogen fertilizer has been shown to significantly
impact cotton growth, affect the physiological characteristics of cotton, and eventually de-
termine the final yield and quality. The number of bolls, individual boll weight, yield, and
fiber quality are also consistently affected by nitrogen, and it is required more consistently
and in larger amounts than other elements [15].

It is important to determine the response of different genotypes to deficit irrigation
and fertilization [16] in an effort to promote cultivation cultivars adapted to water-limited
and/or low fertilization needs in the growing environment of Greece, because it has been
predicted that in Greece, by the mid-twenty-first century, droughts will become more
frequent, the minimum average temperature will increase, and the average precipitation
will decrease [17]. Although agricultural systems depend on fertilizer and inputs to obtain
and/or maintain high productivity, the excessive application of these inputs increases
agriculture’s environmental impact without increasing yields or farmer profits [18], and
for this reason, an important element of sustainable agriculture is not only the appro-
priate use of fertilizers but also the reduction of environmental impact from agricultural
fertilization practices.

Cotton cultivation is the main source of income for more than 100,000 Greek house-
holds and the production of cotton-based textiles is included amongst the most important
industrial sectors in terms of employment [19]. Greece is the main cotton grower in Europe,
with 85% of European cotton area and accounting for more than 8% of total Greek agri-
cultural output [20]. According to [21], the world average blue water used to produce a
kilogram of fiber was 1931 L and the world average cost of fertilizers was 218 USD ha−1 in
2021. In the same year in Greece, 2563 L of blue water was needed to produce a kilogram of
lint and the cost of fertilizers was 241 USD ha−1. As a result, irrigation water is becoming
increasingly scarce and expensive, and it is of great importance for Greece to reduce the
above costs with proper crop management in the fields without affecting fiber quality.
Furthermore, all countries around the Mediterranean region are currently dealing with the
challenge of new approaches to water resource management [22,23], and focused research
on local field studies [24] for cotton productivity with reduced irrigation and fertilization
inputs is undoubtedly a need.

Therefore, the aim of this study is to evaluate the contribution of cultivars to seed
cotton yield and the fiber quality of cotton under more efficient fertilizer utilization and
irrigation, which ensure better economic returns for farmers along with reduced environ-
mental impact.

2. Materials and Methods
2.1. Genetic Material and Experimental Design

The cultivars evaluated were the Greek cotton cultivars Zeta 2, Assos, and Select,
and an African cultivar (Stam 129A from Togo) which has a continuous flowering period
and mid/early maturity. The cultivar Zeta 2 is an Acala type created by the Institute
of Plant Breeding and Genetic Resources (IPBGR) of the Hellenic Agricultural Organiza-
tion—DIMITRA. Select is an early cultivar with high potential of productivity and Assos is
a mid/early cultivar with drought tolerance. All Greek cultivars are commercial, registered
in the Greek National Catalogue and cultivated by many farmers.

The four different cotton cultivars were grown in the experimental fields of IPBGR in
Thermi, Greece (40◦32′08.75′′ and longitude 23◦00′21.47′′), under four irrigation levels and
two fertilization levels in 2018, 2019, and 2020. The two fertilization levels (normal and low)
were the main plots, and the irrigation levels comprised the subplots. The cultivars, the
sub-sub-plots, were established in randomized blocks with three replicates. The previous
crop was wheat, and the soil was silty loam (Table 1).
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Table 1. Soil parameters of experimental fields in Thermi, Greece from 2018 to 2020.

Soil Parameter 2018 2019 2020

Sand (%) 47.2 48.0 44.0

Silt (%) 33.6 36.0 38.0

Clay (%) 19.2 16.0 18.00

pH 7.7 7.8 7.6

Organic matter (%) 0.40 1.60 0.58

EC (ms cm−1) 0.28 0.56 0.56

NO3-N (mg Kg−1) 4.2 13.5 12.2

P (mg Kg−1) 2.8 13.4 3.1

K (mg Kg−1) 71 607 134

Plots consisting of six rows 10 m long with 0.80 m spacing between rows were planted
on 24 April 2018, 9 May 2019, and 7 May 2020. The average plants were 12.5 plants m−2.
The herbicide pendimethalin was applied to the soil surface at the time of planting
(5 dm3 ha−1 with 33% active ingredients), and 30 days later the herbicide Fluazifop-P-
butyl 12.5 (1.5 dm3 ha−1 with 12.5% active ingredient) was applied in combination with
the adhesive Ethoxylated Isodecyl Alcohol (0.15 dm3 ha−1 with 15% active ingredient).
Pest pressure was monitored, and no pesticide was applied during the whole study.

2.2. Cultivation Practices

The total monthly rainfall data were recorded near the experimental area (over ap-
proximately 1000 m).

The global Growing Degree Days (GDDs) for the crop were calculated as the sum of
the GDDs of each day (GDDd):

GDDd = (Tmax,d + Tmin,d)/2 − Tbase (1)

where Tmax,d and Tmin,d are the daily maximum and minimum temperature of the day,
respectively.

The base temperature (Tbase) was 10 ◦C [25].
The fertilizers monoammonium phosphate (12-52-0), ammonium sulphate (21-0-0),

and potassium sulphate (0-0-30) were applied prior to soil preparation, as a broadcast
fertilizer application and incorporated into topsoil with a disk harrow machine, to the
quantities described in Table 1. At the squaring stage (floral bud initiation) of plants,
granular ammonium nitrate fertilizer with total nitrogen 33.5% was applied. In the low
fertilization plots of the field, half dose of the recommended fertilizers was applied in the
same way as for normal dose (Table 2).

Sprinkle irrigation (120 m3 ha−1), for crop vegetation, was applied to all plots and then
five drip irrigations during the flowering stage. As previously proposed for cotton [26],
a total of 4000 m3 ha−1 for the subplot of 100% irrigation was applied and, for the other
subplots, the irrigation schedules were programmed to be 75%, 50%, and 25%, respectively.

2.3. Cotton Harvesting and Evaluation of Technological Characteristics

Seed cotton yield was estimated by hand harvesting 5 m from the central rows away
from the border of the plots. Harvesting was performed on 3 October 2018 (163 days after
planting (DAP)), on 30 September 2019 (145 DAP), and on 27 September 2020 (144 DAP).
The seed cotton was ginned to experimental roller gin (Platt Ginning Equipment, Ltd.,
Surrey, UK) and lint percentage (%) calculated as the ratio of lint weight to the total seed
plus lint weight [27].
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Table 2. Type and quantity of fertilizers applied at normal and low fertilization levels during the
experimental years 2018 to 2020.

Before Planting (kg ha−1) At Squaring Stage (kg ha−1)

Year/Fertilizer 12-52-0 21-0-0 0-0-30 33.5-0-0

Normal fertilization

2018 200 300 350 120

2019 200 200 0 250

2020 200 300 350 120

Low fertilization

2018 100 150 175 60

2019 100 100 0 125

2020 100 150 175 60

After ginning, fiber quality traits were evaluated using the High-Volume Instrument
(HVI) 1000 (Uster Technologies, Knoxville, TN, USA) according to international stan-
dards [28]. Quality traits were micronaire, the indirect measurement of fiber fineness and
maturity, the strength reported in grams of force per tex (g tex−1), and the percentage of
elongation (%). Referring to length parameters, the upper half mean length (UHML) in
mm and uniformity (UI) percentage were measured. The color parameters of reflectance
(Rd) and yellowness (+b) were also recorded, because they are critical for textile processing
and the value of the end product [29].

2.4. Statistical Analysis

For each variable, a linear mix model was used to represent the experimental design
and the structure of the error. All interactions between cultivar, irrigation level, fertilization
level, and the year were considered as fixed effects, while block in year and irrigation
in block in year were considered as random effects (whole-plot error). The denominator
degrees of freedom were estimated according to the method of Kenward and Roger. For
each dependent variable, the residuals were graphically checked to ensure the validity of
the model.

For all variables, post hoc tests were performed on the highest levels of interaction
and on all main effects. Then, graphical representation of the estimates was plotted on
raw data points with a confidence interval of 95% and post hoc grouping with Bonferroni
correction for multicomparison.

All the statistical analysis and the graphical representations were performed using R
version 4.2.2 [30]. The main packages used for mixed-model analysis and post hoc tests
were library lmerTest [31], emmeans [32], and multcomp [33]. Main packages used for data
manipulation were data.table [34] and dplyr [35]. Finally, ggplot2 was used for graphical
representation [36].

The dataset is available in a publicly accessible repository [37].

3. Results
3.1. Growth Conditions

Cotton is a crop grown in tropical and subtropical regions and thus its yield and fiber
characteristics respond to variations in daily mean temperature and temperature range.
Extreme temperatures are associated with low and variable cotton yields [38].

The climate in the experimental area is characterized as the typical Mediterranean
with warm dry summer and cool humid winter. In 2018, the GDDs of the cotton growing
period were greater (2270.5) than those in 2019 (2128.5) and 2020 (1956.2). The rainfall from
May to September in 2018 was also higher (189.9 mm) than that recorded during the same
period in 2019 (97.5 mm) or 2020 (134.2 mm) (Figure 1). Also, according to Figure 2, May
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2018 had the highest minimum temperature in comparison to the other growing years,
while in September 2018 the lowest minimum temperature was observed.
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3.2. Evaluation of Effects

Cultivars affected seed cotton yield and all the technological parameters (Table 3).
The levels of fertilization used did not affect taken measurements and seed cotton yield.
Length parameters were affected by irrigation level but not from year. Irrigation affected
all parameters except the micronaire and elongation.

3.3. Seed Cotton Yield

At 25% irrigation, the seed cotton yield varied from 2824 kg ha−1 for the cultivar
Select to 3183 kg ha−1 for the cultivar Zeta 2 (Figure 3). Zeta 2 was the variety with the
most fluctuation in the yields at low irrigation input and this is probably due to its genetic
background, as previously reported by [8]. At 50% irrigation, the cultivar Zeta 2 had the
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maximum yield (3944 kg ha−1) while the cultivar Stam 129A was the least productive
(3099 kg ha−1). The increase of irrigation at 75% resulted in 4203 kg ha−1 production for
the cultivar Assos, Zeta 2 reached 4154 kg ha−1, Select 3658 kg ha−1, and Stam 129A
3005 kg ha−1. The normal irrigation greatly increased the yield of Zeta 2 (4631 kg/ha)
and Select (4047 kg/ha) while Assos (4170 kg ha−1) and Stam 129A (3005 kg ha−1) were
less productive.

Table 3. F values of the analysis of variance of fiber quality parameters and seed cotton yield.

Parameter Fertilization Irrigation Cultivar Year Fertilization:
Irrigation

Fertilization:
Cultivar

Irrigation:
Cultivar

Fertilization:
Irrigation:
Cultivar

Fiber (%) 0.31 ns 15.76 *** 54.36 *** 38.89 *** 1.33 ns 0.88 ns 0.47 ns 0.29 ns

Seed cotton
yield

(kg ha−1)
1.41 ns 12.19 *** 14.58 *** 5.27 * 0.78 ns 0.18 ns 1.98 * 0.64 ns

Micronaire 0.67 ns 2.5 ns 9.6 *** 27.9 *** 2.52 ns 1 ns 1.86 ns 0.58 ns

Length (mm) 0.09 ns 36.39 *** 5.35 ** 3.93 ns 0.07 ns 0.12 ns 0.53 ns 0.41 ns

Length
uniformity 2.92 ns 12.61 *** 3.34 * 1.84 ns 0.44 ns 0.9 ns 0.47 ns 0.74 ns

Elongation 4.94 ns 2.48 ns 89.59 *** 226.71 *** 2.42 ns 3.63 * 0.41 ns 1.56 ns

Strength
(g tex−1) 0.39 ns 2.96 * 53.37 *** 27.72 *** 2.22 ns 0.37 ns 0.71 ns 1.53 ns

Rd 0.11 ns 3.34 * 58.6 *** 39.05 *** 1.46 ns 0.96 ns 0.8 ns 0.09 ns

b 1.7 ns 13.77 *** 24.06 *** 20.04 ** 1.92 ns 0.1 ns 0.79 ns 0.55 ns

ns, not significant; *, significant at p < 0.05; **, significant at p < 0.01; ***, significant at p < 0.001.
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same letter do not differ statistically according to post hoc Bonferroni test at 5% probability.

Fertilization had no effect (F = 1.41) on productivity (Table 3), while in 2019 the yield
(2744 kg ha−1) was lower compared to that of 2018, which was 4059 kg ha−1, but not
significantly different from the 2020 yield, which reached 3888 kg ha−1 (Figure 4). All
cultivars had the lowest yield with 25% irrigation and the highest with 100% irrigation, but
there was no statistical difference between 100% and 75% irrigation. Cultivar Zeta 2 had
the highest seed cotton yield (3960 kg ha−1) that was not statistically different from Assos’s
(3686 kg ha−1). The cultivar Stam 129A with 3036 kg ha−1 remained lower than other
cultivars’ yield, even with increased water availability, and did not respond to increased
levels of irrigation.
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group. Means followed by the same letter do not differ statistically according to post hoc Bonferroni
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3.4. Fiber Content

The fertilization level (F = 0.31) had no effect on fiber content, but the irrigation level
did (Table 3). A reduction in irrigation resulted in an increase in fiber content (Figure 5). At
25% irrigation, the fiber content was 39.7% and it was reduced as irrigation increased up
to 100% irrigation with 38.2%. Cultivar Stam 129A had the highest fiber content (40.3%),
while Zeta 2 had the lowest (37.3%). Between years, 2019 had the highest fiber content
(39.8%), while 2018 the lowest (38%).

3.5. Length Parameters

Cultivar Stam 129A had the highest length (29.4 mm), and although the Greek cultivars
had no significant differences in length, cultivar Zeta 2 reached 28.8 mm compared to Assos
(28.7 mm) and Select (28.5 mm) (Figure 6). Full and 75% irrigation produced longer fibers
than 50% and 25% irrigation. More specifically, at 25% irrigation the length was 27.7 mm
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and at 100% irrigation it was 29.8 mm. There was no effect of fertilization and year on
fiber length.
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5% probability.

Uniformity, measured as the ratio of the average length of the entire sample to the
average length of the sample’s upper 50th percent [39]. The cultivar Zeta 2 had the highest
fiber length uniformity (84.1%) and the cultivar Assos had the lowest (83.1%, Figure 7).
The irrigation levels of 25% and 50% gave the lowest uniformity of 83.0% and increasing
irrigation both to 75% and 100% resulted in 84.3% uniformity. Among the years and
fertilization levels, there were no statistical differences.
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Figure 7. Fiber length uniformity (%) as affected by (a) cultivar, (b) irrigation, (c) year, and (d) fertil-
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group. Means followed by the same letter do not differ statistically according to post hoc Bonferroni
test at 5% probability.

3.6. Micronaire

Fiber micronaire is used as an indicator of fiber maturity and surface area [40]. The
year 2020 resulted in the highest micronaire (4.5) of all tested cultivars, while in the year
2018 the micronaire value was 3.7 and in the year 2019 it was 4.0, respectively (Figure 8).
The cultivar Assos had the lowest micronaire (3.8), while the others gave micronaire values
of around 4.1–4.2. Fertilization (F = 0.67) and irrigation (F = 2.5) had no effect on micronaire.

3.7. Elongation and Strength

Elongation is the amount that a fiber will stretch before rupture, expressed as a
percentage. Strength is the force needed to break a sample measured in grams per tex [41].
The cultivar Select had the highest elongation (7.7%) and Zeta 2 the lowest (6.5%, Figure 9),
even though there was an interaction between cultivars and fertilization. Differences were
observed between years and level of fertilization but not between levels of irrigation.
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Figure 8. Micronaire as affected by (a) cultivar, (b) irrigation, (c) year, and (d) fertilization. The
points are the raw data, the green is the boxplot of the dataset, the pink dot is the average yield,
and the pink error bars represent (estimated marginal) means ± 95% confidence interval per group.
Means followed by the same letter do not differ statistically according to post hoc Bonferroni test at
5% probability.

The cultivar Stam 129A had the highest fiber strength (34.4 g tex−1) and Select the
lowest (30.6 g tex−1, Figure 10). The year 2019 gave the lowest fiber strength (30.6 g tex−1).
The irrigation and fertilization levels did not affect fiber strength.

3.8. Color Parameters

Color grade is based on measured reflectance (Rd) and yellowness (+b). The Rd
indicates how bright or dull a sample is and the +b indicates the degree of color pigmen-
tation [42]. The year 2018 resulted in the lowest Rd (76.0, Figure 11). The cultivar Zeta 2
had the highest Rd (79.5) and Select the lowest Rd (76.9). When compared, irrigation and
fertilization had no effect on Rd.
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Figure 9. Elongation (%) as affected by (a) cultivar, (b) irrigation, (c) year, and (d) fertilization. The
points are the raw data, the green is the boxplot of the dataset, the pink dot is the average yield,
and the pink error bars represent (estimated marginal) means ± 95% confidence interval per group.
Means followed by the same letter do not differ statistically according to post hoc Bonferroni test at
5% probability.
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Figure 10. Strength (g/tex) as affected by (a) cultivar, (b) irrigation, (c) year, and (d) fertilization. The
points are the raw data, the green is the boxplot of the dataset, the pink dot is the average yield, and
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the pink error bars represent (estimated marginal) means ± 95% confidence interval per group.
Means followed by the same letter do not differ statistically according to post hoc Bonferroni test at
5% probability.
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Figure 11. Reflectance (Rd) as affected by (a) cultivar, (b) irrigation, (c) year, and (d) fertilization. 
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with 2018 resulting  in high b (10.1, Figure 12). The  irrigation of 25% also  increased the 

value b to 10.0, and of the tested cultivars, Select had the highest value (10.1) followed by 

Assos (9.9). 

Figure 11. Reflectance (Rd) as affected by (a) cultivar, (b) irrigation, (c) year, and (d) fertilization.
The points are the raw data, the green is the boxplot of the dataset, the pink dot is the average yield,
and the pink error bars represent (estimated marginal) means ± 95% confidence interval per group.
Means followed by the same letter do not differ statistically according to post hoc Bonferroni test at
5% probability.

The b parameter of color was not affected by fertilization but differed between years,
with 2018 resulting in high b (10.1, Figure 12). The irrigation of 25% also increased the
value b to 10.0, and of the tested cultivars, Select had the highest value (10.1) followed by
Assos (9.9).
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Figure 12. Value “b” as affected by (a) cultivar, (b) irrigation, (c) year, and (d) fertilization. The
points are the raw data, the green is the boxplot of the dataset, the pink dot is the average yield,
and the pink error bars represent (estimated marginal) means ± 95% confidence interval per group.
Means followed by the same letter do not differ statistically according to post hoc Bonferroni test at
5% probability.

4. Discussion

Cotton fibers carry a wide variability of properties, and it was stated that corre-
sponding fiber characteristics depend on many factors such as cultivation area and soil
parameters, weather conditions, inputs, and methods of harvesting and ginning [43–45].
Average yields of cotton vary widely [46], although as global climate changes continue,
water shortage and drought have become an increasingly serious constraint limiting crop
production worldwide [47].

During this study, year-to-year variability among the climatic factors of 2018–2020
growing seasons provided three distinct growing environments for testing the objectives
(Figure 1). The range of GDDs in all the years studied was between the range of 1600 and
2900, which have been reported as optimum for Greece [25], but the accumulated growing
degree days in 2018 were 7% higher than those in 2019 and 14% than those in 2020. In
2018, the GDDs reached 2270, resulting in higher yields in the first year of experimentation
(Figure 4c) because GDDs and yields are positively correlated [39].
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Furthermore, soil moisture has a significant effect on cotton growth; refs. [5,48] sum-
marized mixed results concerning the response of cotton yield and yield components to
different irrigation regimes. In the presented experiments, it was observed that from 25% to
50% irrigation levels, Assos yield increased by 18%, Select by 25%, and Zeta2 by 24%, while
the yield of Stam 129A was almost the same even when irrigation increased. For the Greek
cultivars, from 50% to 75% irrigation, only Assos yield increased by 17% while Select and
Zeta 2 yield increased by only 3% and 5% accordingly. From 75% to 100% irrigation, there
was no further increase in Assos, and only 12.5% and 14.8% increase in yield for the Select
and Zeta2 cultivars, accordingly. Generally, the irrigation treatments had a statistically
significant effect (F = 12.19) on seed cotton yield, as also previously reported from [49]
in Turkey, but no effect of fertilization was observed (F = 1.41). The cultivar Zeta 2 was
the most productive, followed by the other two Greek commercial cultivars. This was
in accordance with the findings of [8] that Zeta 2 provides a significant advantage to the
grower when planted under conditions of high water availability. However, in Oklahoma,
USA, [45] found that lint and seed cotton yields under full and reduced irrigation did
not differ significantly. The authors moreover reported no significant differences in fiber
quality among the irrigation treatments, such as full irrigation, reduced irrigation (75%),
and no irrigation. The cultivar Stam 129A performed better compared to other cultivars
under a high level of fertilization and the lowest level of irrigation (25%), which somehow
mimicked the toughest conditions where this kind of cultivar is evaluated during the
breeding process in west Africa.

Typically, cotton yield increases with an increase in N fertilizer until it reaches an opti-
mum level, beyond which additional N fertilizer does not affect yield and most probably
results in wasted expenses and negatively impacts soil health [50,51]. The obtained data of
the study showed that the reduction of the fertilizers to the half dose recommended did not
affect either yield or technological parameters and are in accordance with [13,52], who pro-
posed that cotton productivity is highly dependent on a cultivar’s genetics and highlighted
that N fertilizer application rates could be reduced based on updated crop requirements,
without yield penalty due to the different requirements of newer cotton cultivars.

The lowest quantities of water gave the maximum fiber percentage (Figure 5), also
mentioned by [24,53], while the fertilization had no effect. According to [54], this is probably
because of genotype differences and the degree of moisture deficit stress that developed.
Ref. [24] stated that this could be a result of the irrigated plants having more vegetative
growth and immature bolls.

Fiber quality is a key element in the profitability of cotton, and many researchers
have studied the effect of water stress on the quality of cotton fiber [55]. Fiber length
and uniformity were shortened under water-stressed conditions, as also reported by [49].
Ref. [56] observed that fiber length was shortened 2–3% from irrigated to dryland cotton
plants, but no irrigation effect was assessed on length uniformity, as confirmed by [40]
who reported that fiber length was shortened under water-stressed conditions, and more
short and immature fibers were produced. On the other hand, fertilization and year had no
effect on length parameters, emphasizing the previously published review [14] addressing
that fiber responses to N rate vary substantially from one experiment to another and even
from site-year to site-year within the same study, while in many instances, no N rate effects
are observed.

Micronaire value increased in the year 2020 but was not affected by irrigation and
fertilization, contrary to [57], who reported that out of the four HVI fiber quality parameters
assessed, only fiber micronaire was significantly affected by N application rate. This means
that the moisture deficit conditions were not so severe as to produce immature fibers and
move it out of the optimum range of 3.8~4.5, as mentioned by [58] but mainly environmental
conditions, as also reported in [59]. Also, according to [60], growing cotton under non-
irrigated conditions resulted in the production of shorter and weaker fiber with reduced
micronaire, a condition that did not apply in the present experiment.
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Fiber strength and elongation did not respond to irrigation deficit in accordance
with [48], while [61] reported that there was a negative correlation between fiber strength
and elongation, and soil water deficit. Furthermore, [62] found no differences in fiber
quality properties between the control well-irrigated treatment and 75% irrigation levels,
but fiber length and strength were significantly reduced in the 50 and 25% irrigation levels.

Grayness (HVI Color Rd) indicates how light or dark the sample is, and yellowness
(HVI Color +b) indicates how much yellow color is in the sample [63]. The results showed
that the color parameters were not affected by fertilization level but by cultivar and mostly
by year. In 2018, the cotton was darker (Rd 76.01) and more yellow (b 10.09) than the other
years and of the testing cultivars, Zeta 2 had the highest Rd (79.5) and lower b (9.5). This
is probably due to weather conditions and the delayed harvesting in 2018. Although not
a lot of research work has correlated cotton color with inputs, [55] reviewed that humid
conditions or rainfall increase microbial damage, thereby potentially reducing color grades.

Generally, data showed that the reduction in irrigation from 100% to 75% had no effect
on yield or the technological parameters of length, fineness, and strength when compared
to the normal crop management, while a reduction in water to 25% had a negative impact
not only on yield but also on length parameters and color. The results emphasize the
need for continual assessment of cotton inputs for cultivated varieties for more sustainable
cotton production.

Therefore, although there are numerous earlier works [5,26,49,64] showing the close
response of cotton to water deficit on yield attributes, the high production of cotton crops
in relation to reduced inputs remains a major issue for sustainability today and the ideal
irrigation should significantly reduce water consumption [65] without sacrificing crop yield.
This also demonstrates the need for more experimental work providing better manage-
ment options for cotton ecosystems, ensuring sustainability in the special environmental
conditions of each cotton-producing country.

5. Conclusions

The results of this three-year study showed that even with reduced fertilization, all
tested cultivars had high seed cotton yield and almost no effect on the main technological
characteristics. On the other hand, irrigation reduction to 50% or 75% of the normal
level had a significant impact on the yield, while a reduction of 25% of the irrigation
appeared to be an effective approach to more sustainable cotton production, with no effect
on yield and on length parameters and micronaire. This research is crucial for reassessing
the best nutrient inputs for farmers and producers, particularly considering the frequent
introduction of new cultivars and the constant changes in environmental conditions. In
addition, Greek farmers nowadays face a continual rise of production costs, and these
results demonstrated that a reduction in the fertilization inputs by 50% and irrigation by
25% not only benefit the environment with the sustainable use of inputs but also stabilize
or even increase their net income, without having impact on seed cotton yield and quality
of fiber.
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