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ABSTRACT

Water deficit stress and poor soil fertility in arid and semi-arid regions are the most important factors
limiting the growth and yield of cotton plants. A factorial experiment was conducted in a randomized
complete block design in a research farm in the Ardabil (Moghan), Iran, in the 2019-2020 crop year with
three replications. Experimental treatments included moisture levels at three levels (40, 60, and 80% of
field capacity) and fertilizer application at four levels (vermicompost, cattle manure, chemical fertilizers
(urea and triple superphosphate), and control). The results showed that the content of photosynthetic
pigments decreased significantly with delay in irrigation. At the same time, the highest amounts of proline,
malondialdehyde, and hydrogen peroxide were observed in irrigation conditions of 40% muoisture of field
capacity. Application of organic and chemical fertilizers compared to the control showed a significant
effect on increasing the chlorophyll a, chlorophyll b, total chlorophyll, and carotenoids. The relative
water content, nitrogen, phosphorus, potassium, and oil percentage increased by 32, 24, 23, and 26% in
optimal irrigation conditions and 28, 21, 15, and 20% in moderate stress conditions and 23, 16, 14, and 19,
respectively, in severe stress conditions due to vermicompost application compared to treatment without
fertilizer. Due to vermicompost application in irrigation conditions, maximum grain yield (2558.33 kg ha
1), fiber yield (1117.04 kg ha™), oil yield (651.81 kg ha™), and oil percentage (25.48%) were obtained, with
80% of field capacity obtained. Based on the results of this study, it can be concluded that in conditions
of low irrigation, the application of organic fertilizers is more effective in improving the quantitative
and qualitative characteristics of cotton. It is better to increase the yield of agricultural products from
vermicompost and cattle manure instead of chemical fertilizers, to be used to reduce environmental
pollution and their production costs to achieve a sustainable agricultural.

HIGHLIGHTS

® Cotton production in arid and semi-arid regions is adversely affected by water deficit stress and
poor soil fertility.

® Photosynthetic pigments decreased significantly with delay in irrigation.

@ Application of organic and chemical fertilizers significantly increasing chlorophyll a, chlorophyll b,
total chlorophyll, and carotenoids yield and oil yield of cotton.
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Cotton (Gossypium) is a perennial plant grown

commercially as an annual in many parts of the
world. Cotton buds are the most widely used
component of the plant. They are the starting raw
material for many products, including textiles,
edible oil, paper, livestock feed, and medicinal
compounds (Loka et al. 2020). Cotton fiber has
many beneficial properties (comfort, color retention,
absorbency, strength). The residual seed meal or
hulls from its lubrication are also used for animal
feed (Gao et al. 2020; Panda et al. 2020).

Cotton is highly vulnerable to water deficit stress,
particularly during the flowering and boll formation
stages (Singh et al. 2021). The enhancement of drought
tolerance for scientists is challenging since, under
drought, the plant itself adopts different techniques
in combating stress depending on the level of water
stress and the duration of water stress on the plant
(Ul-Allah et al. 2021). Examining biochemical traits/
characters under stressful conditions can help us
understand adaptation mechanisms to a harsher
context (Li et al. 2020). Water deficit stress (drought)
is also a key constraint to agricultural productivity
(Amirnia et al. 2019; Nyawade et al. 2021; Seleiman
et al. 2021). Reduction in photosynthetic capacity
and rises in leaf senescence are indicators of water
deficit stress, and they adversely impact crop
development (Shavkiev et al. 2020; Raza et al. 2021).
Other impacts of water stress include decreased cell
growth, expansion of the leaves, assimilation of
translocation and transpiration, protein synthesis,
and chlorophyll (Amirnia et al. 2019; Nasar et al.
2021; Singh et al. 2021). Also, the net absorption
of CO, and most of the physiological processes
of cotton plants are reduced under water stress
conditions (Shavkiev et al. 2020). Another adverse
effect of drought stress is the nutritional imbalance
in plants, resulting in retarded growth, a situation
that can be corrected to some extent by providing
the necessary elements through the soil (Nyawade
et al. 2020; Shavkiev et al. 2020).

The application of chemical fertilizer has been
significantly expanded as the quickest technique to
compensate soil nutrients for their deficiency and
increase crop production (Nyawade et al. 2020).
Nonetheless, the use of such fertilizers causes
environmental pollution and ecological harm
and, in many circumstances, raises production
costs (Gitari et al. 2019; Rahimi et al. 2019). The
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leaching of nitrogen-containing fertilizers with
high loading rates into the subsoil can pollute
groundwater (Nyawade et al. 2019; Bairwa et al.
2020). Organic fertilizers improve the soil’s organic
matter and fertility by enhancing soil chemical
characteristics such as pH, cation capacity, micro-
organism activity, and nutrient availability (Maitra
et al. 2020; Cevheri et al. 2021; Faridvand et al. 2021;
Maitra and Gitari 2020). Vermicompost is rich in
growth hormones and vitamins, which improve
the microbial activity in the soil and helps in
the long-term storage of nutrients with minimal
environmental effects (Rahimi et al. 2019). Cattle
manures are a nutrient-rich organic source for
plants’ sustainable production (Iren and Aminu,
2017). They provide plant macro-and micro-nutrient
requirements and increase organic matter in the
soil, plant nutrient absorbability, and relative C: N
balance, resulting in increased plant growth and
development (Yarami and Sepaskhah, 2015; Rahimi
et al. 2019; Heydarzadeh et al. 2021). Thus, this
study was designed and conducted to investigate
the effect of different irrigation levels and organic
and chemical fertilizers on the quantitative and
qualitative characteristics of cotton plants.

MATERIALS AND METHODS

The study was carried out as a factorial experiment
based on a randomized complete block design
with 12 treatments and three replications in the
(Moghan), Iran, in the 2019-2020 growing season.
The first factor was assigned to the irrigation regime
at three levels (40, 60, and 80% of field capacity). The
second factor was assigned to applying fertilizers
at sowing time at four levels: vermicompost,
cattle manure, chemical fertilizers (urea and triple
superphosphate), and control in which no fertilizer
was applied. Time-domain reflectometry was
used during the growing season to measure soil
moisture content (Ov) at depths of 0-30 cm (Kamali
and Mahdian 2009). Irrigation treatments were
applied after planting between the 4™ and 5™ leaf
stage. Application of vermicompost (10 t ha™) and
cattle manure (30 t ha') was done to the respective
plots simultaneously as the land preparation
operation and was thoroughly mixed with the
soil. Also, in the treatment of chemical fertilizer,
100 kg ha' of nitrogen fertilizer and 60 kg ha™ of
triple superphosphate fertilizer were used. Some
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characteristics of vermicompost and cattle manure
used in this study are presented in Table 1. The soil
had a clayey texture (with 23% silt, 42% clay, and
35% sand), 0.56 dS m™ electrical conductivity (EC),
7.95 pH, 0.54% nitrogen, 10.12 mg kg™ available
phosphorus, and 407 mg kg™ available potassium.

The distance between the rows was 50 cm, whereas
the one between the plants on the row was 15 cm.
In this experiment, cotton of Khordad cultivar
with 97% vigor and 99% purity was used. The
cotton seeds were disinfected with carboxin thiram
fungicide in a ratio of two per thousand before
sowing. The land was prepared in May using a plow
and two discs perpendicular. Seed sowing was done
manually in the second half of June. Immediately,
irrigation took place, and subsequent irrigations
were carried out every seven days until the plant
was fully established. Harvesting of cotton grains
and fibers was done in two stages based on the
opening of the bolls. To measure the fiber and grain
yield in each plot, an experiment was performed
from two middle rows after removing the marginal
effects from an area of 1 m*

To evaluate the studied characteristics in the
entire flowering stage of the leaves of the upper
part of each experimental plot, five plants were
randomly selected and analyzed for chlorophyll
and carotenoid content using Arnon (1967) method.
Shaw and Leskovar’s (2015) method determined the
relative water content (Eq. 1).

Fresh weight — Dry weight

RWC (%)=( )*100...(1)

Turgid weight — Dry weight

Malondialdehyde was evaluated with slight
variation according to the thiobarbituric acid (TBA)
reaction, whereby 0.5 g of fresh leaf tissue was
ground in 1 mL of 5% trichloroacetic acid (TCA).
The extract was centrifuged at 4000 rpm at room
temperature for 10 minutes. 2 mL of the extract
was added to 2 mL of 0.6 % TBA and was placed
in a bain-marie for 10 minutes. The absorbance of
the samples was read at 532, 600, and 450 nm, and
the amount of malondialdehyde was calculated
according to Eq. 2 (Zhou et al. 2004):

MDA = 645 x (A532 — A600) — 0.56 x A450 ...(2)
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Hydrogen peroxide was measured by the method

of Bo et al. (2016) using a spectrophotometer at a
wavelength of 390 nm. Here, 0.5 g of leaf sample
was homogenized in 5 mL of 0.1% TCA, and the
samples were centrifuged at 15,000 rpm at 4°C for
15 minutes. Then, 0.5 mL of supernatant, 0.5 mL of
10 mM potassium phosphate (buffered at a pH of
7), and 1 mL of 1 M potassium iodide were added.
The protocol of ninhydrin reagent determined
proline content. The absorption of the samples
was measured at 515 nm with a spectrophotometer
(Paquin and Lechasseur, 1979).

The nutrients of the cotton plant were measured
as per AOAC standard by dry digestion method
using nitric, hydrochloric, and perchloric acids
(AOAC, 2005). To measure the nutrient content of
cotton leaves, dried samples were milled, digested,
and analyzed with combustion (4 h at 500 °C)
of the grain samples. The plant ashes (5 mg)
were digested in 1 ml of concentrated HCIl. The
samples were then filtered, and the phosphorus
(P) content was determined calorimetrically by the
vanadomolybdate method. A spectrophotometer
was used to measure leaf phosphorus, and a flame
photometer was used to measure potassium content
(Waling et al. 1989). Measurement of the percentage
leaf nitrogen was determined by Kjeldahl method
(Rossi et al. 2004). The seed oil percentage was
measured by Soxhlet method using benzene (Joshi
et al. 1998). The following Eq calculated oil yield. 3:
Oil yield = QOil percentage x Seed yield ...(3)
After ensuring that the data were average, statistical
analyses were done using the SAS 9.1 software.
Means were compared by Duncan’s test at the p <
0.05 level, and graphs were drawn in Excel.

RESULTS AND DISCUSSION

The results of variance analysis showed that the
content of photosynthetic pigments, proline content,
malondialdehyde, and hydrogen peroxide was
affected by the simple effect of irrigation conditions
and fertilizer application (Table 2). The interaction
effect of experimental treatments (irrigation
conditions x fertilizer application) on relative water
content, percentage of nitrogen, percentage of
phosphorus, percentage of potassium, grain yield,
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Table 1: Some chemical properties of organic fertilizer used in this study
Organic EC pH K P N Organic Matter
fertilizer (dSm™) (%)
Cattle manure 7.64 7.48 11 1.14 1.69 38
Vermicompost ~ 3.81 72 1.85 2.3 1.45 30

Table 2: Analysis of variance of some quantitative and qualitative traits of cotton plant affected by the moisture
levels and fertilizer
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Repetition 2 0.01 0.001  0.02  0.001 1.44 091 130 0.08 0.0007 0.0001 0.001 104.43 72.83 0.003 13.37
Irrigation 2 0.45" 0.05" 0.81" 0.03" 611.48™ 92.717 150.90" 6.62" 0.78" 0.003” 0.10" 1148297.23" 253853.32" 1.86" 83441.96"
(Irr)
Fertilizer 3 0.80" 0317 194" 0.02" 806.01" 33.58” 66.69" 2.01" 0.80" 0.005" 0.14" 619789.68" 47937.11" 1.95" 48260.62"
(Fer)
Irr xFer 6 0.003™ 0.0001™ 0.004™ 0.00004" 81.46" 2.26™ 6.95™ 0.04™ 0.03° 0.0005" 0.01" 36302.91" 3579.27" 0.07" 3105.46"
Error 22 0.01 0.0009 0.008 0.0007 2.13 094 333 0.09 0.01 0.00008 0.002 6791.25 612.72 0.02 514.55
C.V (%) 8.26 4.55 468  6.96 227 8.07 854 9.04 353 336 398 441 2.81 1.59 4.95
*, ™ and ns, Significant at 5% and 1% levels of probability, non-significant, respectively.

Table 3: Comparison of qualitatively traits of cotton plants affected by moisture levels

. Chlorophyll a Chlorophyll b Total chlorophyll Cartonoid  Proline MDA (umol H,0,

Moisture levels 4 1 1 1 1 4

(mgg'FW)  (mgg'FW)  (mgg’'FW) (mg g FW) (umol g' FW) g'FW) (umol g FW)
80% of field 1.44+0.16a 0.74+0.05a 2.18+0.15a 0.44+0.09a  8.86+0.19b 17.88£1.10 ¢ 2.62 +0.05¢
capacity
60% of field 1.21+0.13b 0.67+0.06b 1.89+0.07b 0.39+0.06b ~ 13.43+0.09a  21.25+x0.09b 3.67+0.07 b
capacity
40% of field 1.05+0.15¢ 0.61+0.08¢c 1.66+0.08¢ 0.34+0.25c  13.90+1.12a  24.97+0.04a 4.05+0.09a
capacity

Different letters down the column indicate a significant difference in the probability level of 5% with LSD test.

fiber yield, oil percentage, and oil yield of cotton
was significant (Table 2).

Photosynthetic pigments content

According to mean comparison results, the content
of photosynthetic pigments (chlorophyll a, b, total,
and carotenoid) with delay in irrigation decreased
significantly (Table 3). While the application of
organic and chemical fertilizers compared to the
control had a significant effect on increasing the
content of photosynthetic pigments, so that the
highest content of chlorophyll a, chlorophyll b, total
chlorophyll, and carotenoids 1.44, 0.74, 2.18, and
0.44 mg g FW, respectively, were observed in plants
treated with vermicompost. Also, the application of
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cattle manure and vermicompost had a similar effect
on chlorophyll content. In addition, chlorophyll
b and carotenoids did not show a statistically
significant difference due to the application of
cattle and chemical fertilizers. In comparison, the
lowest content of chlorophyll a (0.91 mg g* FW),
chlorophyll b (0.53 mg g* FW), total chlorophyll
(1.44 mg g' FW), and carotenoids (0.33 mg g FW)
were observed in the treatment without fertilizer
application (Table 4). Previous studies indicated
that the amount of chlorophyll in plants under
stress was reduced, which led to a decrease in
the ratio of absorbed light by the plants (Amirnia
et al. 2019; Singh et al. 2021). Under conditions of
water scarcity, the proline concentration increases.

Online ISSN : 2454-9541



Improving Quantitative and Qualitative Properties of Cotton Through the Use of Organic and Chemical... wd
1
Table 4: Comparison of qualitatively traits of cotton plant affected by fertilizer

Chlorophyll Chlorophyll Total Cartonoid Proline MDA (umol H,O,
Fertilizer a(mgg” b (mng g* chlorophyll  (mg g" FW)  (umol g" FW) g FW) (umol g*

FW) FW) (mg g' FW) FW)
Vermicompost 1.56+0.19a 0.95+0.12a 2.51+0.15a 0.47+0.09a 10.13+1.51d 17.94+1.10 c  2.90+0.09 d
Cattle manure 1.41+0.08a 0.62+0.09b 2.04+0.08b 0.38+0.11b 11.20+0.65¢ 20.62+1.01b  3.24+0.09 c
Chemical 1.06+0.11b 0.60+0.06b 1.67+0.09¢ 0.38+0.08b 12.28+0.11b 21.45+0.56b 3.66+0.06 b
fertilizers
Control 0.91+0.08¢ 0.53+0.04c¢ 1.44+0.11d 0.33+0.08¢ 14.64+1.05a 24.30+0.89 a 3.98+1.15a

Different letters down the column indicate a significant difference in the probability level of 5% with LSD test.

Since both chlorophyll and proline are synthesized
by a common preceding agent called glutamate,
boosting proline synthesis under water deficiency
stress reduces chlorophyll synthesis (Amirnia et
al. 2019; Singh et al. 2021). There is a positive link
between leaf N and chlorophyll content because
N contributes to the structure of chlorophyll
(Amirnia et al. 2019). The amount of nutrients the
plant receives from the soil is related to chlorophyll
biosynthesis. Cevheri et al. (2021) found that
the impacts of water deficit stress and nitrogen
insufficiency were indirectly decreased by organic
fertilizers by absorbing moisture and retaining the
ammonium-N, and by limiting nitrogen leaching.
Thus, the chlorophyll content has increased. In
general, proper usage of components like nitrogen
can prevent dramatic decreases in chlorophyll
in plants under water scarcity stress (Amirnia et
al. 2019). As a result, nitrogen deficiency hinders
photosynthesis, which reduces plant growth and,
in turn, leads to long-term plant performance and
production (Rahimi et al. 2019, 2021).

Malondialdehyde

According to the results, delay in irrigation
significantly increased the concentration of
malondialdehyde in cotton (Table 3). While the use
of organic and chemical fertilizers had an influential
role in reducing the amount of malondialdehyde,
the maximum and minimum concentrations of 24.30
and 17.94 umol g' FW, respectively, in the treatment
without fertilizer (control) and vermicompost were
obtained (Table 4). Underwater deficit stress, a
high concentration of malondialdehyde in 40% of
field capacity plants may be accompanied by an
increase in H,O, accumulation in plants, which can
reflect the rate of membrane lipids peroxidative
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damage. The protection of the host plants versus
oxidative damage stress via the increased activity
of the antioxidant enzyme is responsible for
ROS removal, implying a low concentration of
hydrogen peroxide accumulation (Semwal et al.
2021; Galviz et al. 2021). The use of organic fertilizers
contributes to the production of peroxyl radical
scavengers, cell stability against free radicals, and
the provision of a robust suppression system for
ROS (Cevheri et al. 2021; Faridvand et al. 2021).
The application of vermicompost in cotton plants
reduced the effects of moisture stress by increasing
the availability of moisture and nutrients, reducing
lipid peroxidation of the membrane and the amount
of malondialdehyde (Cevheri et al. 2021).

Hydrogen peroxide

Based on mean comparison results, the amount
of hydrogen peroxide increased with a delay in
irrigation (Table 3). In the treatment of organic
and chemical fertilizers, the highest (3.98 umol
g' FW) and the lowest (2.89 umol g' FW) of
hydrogen peroxide were observed in the control
treatment and application of vermicompost (Table
4). Generally, water deficiency stress can cause
excessive accumulation of ROS within plants,
resulting in an imbalance of O* and H,0O,, and
consequently, oxidative disruption of many bio-
molecules (Chen et al. 2020). Antioxidant activity
was improved in plants with vermicompost and
cattle manure application treatment, which might
lead to reduced production of H,O, (Cevheri et
al. 2021). In our research, water deficit conditions
triggered a significant rise in H,O, content, while
ROS accumulation was decreased to a different
extent in vermicompost plants.
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Proline

The results showed that the highest concentration
of proline (13.90 mg g* FW) was observed under
irrigation conditions of 40% of field capacity. In
contrast, with irrigation conditions of 60% of
field capacity, there was a statistically significant
difference (Table 3). In addition, in the treatments of
organic and chemical fertilizers, the control treatment
with 14.64 mg g FW had the highest concentration
of proline, while the lowest one (10.13 mg g* FW)
was obtained from vermicompost fertilizer (Table
4). During stress, proline, as a protective compatible
solute, is increased to maintain the activity of other
proteins that facilitates water uptake and protects
the cells from the accumulation of ROS (Amirnia
et al. 2019; Chen et al. 2020). Application of organic
fertilizer provides suitable and ideal conditions
(using water relations and better nutrition) for plant
growth, so they can temporarily escape the drought
stress conditions and suffer more minor damage,
and as a result, the amount of proline compared to
control plants shows more minor increase (Cevheri
et al. 2021).

Relative water content

The results showed that the highest relative water
content (82%) was obtained in vermicompost
application treatment under 80% of field capacity
irrigation conditions, which did not show a
statistically significant difference with cattle manure
application treatment. At all irrigation levels, the
relative water content in the treatment of organic
and chemical fertilizers compared to the control
treatment was significantly increased, but the least
(50%) was obtained in the treatment of no fertilizer
under 40% field capacity (Table 5). The reduction of
relative water content due to water deficit stress has
a positive and high correlation with soil moisture
content. Decreasing the relative water content and
closing the stomata is the first effect of water deficit
stress, which reduces the yield by disrupting the
synthesis of photosynthetic materials ( Ghahfarokhi
et al. 2015; Nasar et al. 2021; Raza et al. 2021). Also,
reducing the growth and root activity and increasing
the rate of evaporation and transpiration from the
plant community are influential factors in reducing
the relative water content (Liang ef al. 2021; Hassan
et al. 2020). The application of vermicompost and
cattle manure to the soil by improving the physical
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properties of the soil, creating more space for water
infiltration by modifying and granulating the soil,
and by establishing bonds with water molecules to
prevent water evaporation has improved moisture
availability by the plant, which is probably the case,
increasing the relative water content of cotton leaves
under water deficit stress (Cevheri et al. 2021).

Nitrogen

The results showed that the highest content of
cotton leaf nitrogen (3.61%) was observed in
vermicompost fertilizer treatment and irrigation
conditions of 80% of field capacity. With the delay
in irrigation, the nitrogen content of cotton leaves
decreased significantly, while the application of
organic and chemical fertilizers compared to the
control had a significant effect on increasing the
amount of nitrogen in each irrigation level. So that
the lowest content of cotton leaf nitrogen (2.43%)
was obtained in the control treatment (without
fertilizer application) and irrigation conditions
of 40% of field capacity (Table 5). It has been
reported that the uptake of nutrients by plants
under water deficit stress is reduced due to reduced
transpiration, disruption of the active transmission
system, and membrane permeability, which reduce
the root absorption force (Amirnia et al. 2019; Hafez
et al. 2021; Nyawade et al. 2020). It seems that the
use of vermicompost, compost and cattle manure
has a vital role in the formation and stability of
soil aggregates and through improving the amount
of nutrient uptake through root development and
nutrient availability in the soil and the subsequent
increase in growth, development, and biomass of
the cotton plant, caused a significant improvement
in nitrogen concentration (Cevheri et al. 2021).

Phosphorus

According to mean comparison results, applying
organic and chemical fertilizers in comparison with
the control treatment increased the phosphorus
content of cotton leaves in all three irrigation
levels. As a result, the highest and lowest cotton
phosphorus content of 0.36 and 0.256%, respectively,
were obtained in the vermicompost fertilization
treatment under irrigation conditions, 80% of
field capacity, and the treatment without fertilizer
application under irrigation conditions, 40% of field
capacity (Table 5). Phosphorus deficiency is one
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Table 5: Comparison of quantitative and qualitative traits of cotton plant affected by the interaction of moisture

levels and fertilizer

Moisture Fertilizer RWC N P K Seed yield Fiberyield Oil Oil yield
levels (%) (%) (%) (%) (kg ha™) (kg ha™) (%) (kg ha™)
80% of  Vermicompost 82.11+ 361+ 0.358 + 1.60 + 2558.33 + 1117.04 + 25.48 + 651.81 +
field 0.87a 2.32a 0.004a 0.09a 41.69a 15.06a 0.04a 1159 a
capacity Cattle manure 8025+ 344+ 0.322 + 1.29 + 2361.60 + 1047.41 + 25.18 + 594.66 +
3.31a 2.07ab  0.005b 0.19¢ 46.69b 31.34b 0.17b 15.76 b
Chemical fertilizers 74.14+  3.02+ 0.294 + 1.27 1962.32 + 938.42 + 24.57 + 482.27 +
1.09b 1.11de 0.002cd 0.22cd 28.04de 8.13de 0.03 de 7.39 de
Control 55.53+ 2.74+ 0.277 + 1.19+ 1727.51 + 843.10 + 2412 + 416.76 +
1.35e 0.52 fgh 0.005e 0.15de 58.96 fg 1528 g 0.11 fg 16.07 fg
60% of  Vermicompost 7532+ 327+ 0.308 + 141+ 2170.04 + 1001.85 + 24.92 + 540.99 +
field 0.76b 1.62bc  0.003bc 0.22b 85.56¢ 27.15¢ 0.16 ¢ 24.70 ¢
capacity  Cattle manure 61.80+ 311z 0.305 + 1.28 + 2036.80 + 960.92 + 24.68 + 502.90 +
4.23d 1.39cd 0.005¢ 0.11cd 102.75cd 30.80 cd 0.19d 29.16 cd
Chemical fertilizers 59.52+ 286+ 0.283 + 1.26 + 1828.11 + 900.82 + 24.30 + 444.35 +
1.28d 0.77 ef  0.007de 0.14cd 56.30ef 15.33 ef 0.10 f 15.55 ef
Control 5387+ 258+ 0.259 + 1.14 + 1602.20 + 756.74 + 23.78 + 381.18 +
0.89ef 0.34hi  0.005f 0.13ef 107.11gh 26.00 h 0.11 hi 27.03 gh
40% of ~ Vermicompost 6452+ 289+ 0.296 + 1.29 + 1700.28 + 874.10 £ 6.34 24.34 + 41393 +
field 1.56¢ 0.83ef 0.003cd 0.11c 23.04fg fg 0.05ef 6.32 fg
capacity  Cattle manure 60.02+ 280+ 0.285 + 1.27 + 1625.33 + 737.43 + 2421 + 393.74 +
1.35d 0.64 fg  0.005de 0.12cd 133.62 gh 35.47 hi 0.24fg 36.29 gh
Chemical fertilizers 5290+ 2.65+ 0.281 + 1.10 + 1506.08 + 705.77 + 23.99 + 361.35 +
0.85f 0.67 gh  0.003de 0.12fg 25.51h 10391 0.05 gh 6.82h
Control 49.68+ 243 + 0253+ 1.03 + 1321.05 + 661.77 + 23.66 + 31251 +
0.93g 1.09i 0.003f 0.13g 10.34i 8.33j 0.041 2.691

Different letters indicate a significant difference in the probability level of 5% with LSD test.

of the first effects of water deficit stress in plants,
probably due to reduced phosphorus distribution,
reduced solubility of nutrients, and poor absorption
by plant roots (Wang et al. 2020). So, the application
of organic fertilizer by accelerating soil acidity, soil
aeration, balanced provision of most nutrients,
gradual release of nutrients during plant growth,
preventing leaching, and increasing the solubility
of nutrients accelerates and improves phosphorus
uptake by roots (Hafez et al. 2021; Rahimi et al. 2019;
Parecido et al. 2021).

Potassium

Based on the results, the application of organic
and chemical fertilizers compared to the control
at each irrigation level had an influential role in
potassium uptake. In that case, the highest and
lowest potassium of cotton leaves were obtained
with the content of 1.60 and 1.03%, respectively,
due to vermicompost fertilization and without
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the application of fertilizer treatment in irrigation
conditions of 80 and 40% of field capacity (Table
5). Reduction of potassium uptake under water
deficit stress can be attributed to reducing nutrient
flow from soil to the plant by decreasing soil
water (Rahimi et al. 2019). As a result, the use of
vermicompost, compost, and cattle manure plays
a vital role in the formation and stability of soil
aggregates and, as a result, improves the uptake and
availability of potassium (Mahboub et al. 2020) by
increasing the vegetative growth of the plant and
subsequent root development.

Grain yield

The highest grain yield of cotton (2558.33 kg ha™)
was obtained in vermicompost fertilizer treatment
under 80% of field capacity irrigation conditions. So
that with delay in irrigation, the amount of grain
yield decreased significantly, while the application
of organic and chemical fertilizers compared to the
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A
control had a significant effect on increasing grain

yield at each irrigation level. However, the lowest
grain yield (1321.05 kg ha') was obtained from
the treatment without the application of fertilizer
(control) under irrigation conditions of 40% of
field capacity (Table 5). Lack of water shortens the
period of seed filling and earlier maturation of
plants, reduces the photosynthesis of leaves, reduces
the production of nutrients, and thus reduces the
vegetative and reproductive organs, which can
ultimately reduce plant yield (Ul-Allah et al. 2021).
Due to the positive effect of organic fertilizers on
water relations of the host plant, nutrient cycle,
and availability, an increase in nutrient uptake
under vermicompost and cattle manure treatment
can increase the yield of cotton (Meena et al. 2019).
Researchers in the study of the effect of organic
fertilizer application on cotton grain yield under
water stress showed that with the application of
low water stress in cotton plants, vermicompost and
cattle manure had a positive effect on grain yield
(Cevheri et al. 2021).

Fiber yield

According to the results, with increasing water
deficit stress, the amount of fiber yield decreased.
So the highest-fiber yield (1117.04 kg ha') was
observed from vermicompost fertilizer treatment
under 80% of field capacity irrigation conditions.
However, treatment without fertilizer with 661.77 kg
ha™under irrigation conditions 40% of field capacity
had the lowest fiber yield (Table 5). By increasing
irrigation, the uptake of water and nutrients in
the plant increases, which will lead to an overall
increase in total weight of the plant biomass, but
water deficit stress, uptake of water and nutrients,
leaf area, plant growth rate, plant growth period
and area reduce plant photosynthesis. All of these
factors ultimately lead to reduced production of
cotton plant fiber yield (Ul-Allah et al. 2021). Meena
et al. (2019) and Cevheri et al. (2021) reported that the
yield of cotton fibers increased by increasing water
use efficiency and improving the absorption and
access to nutrients when there was the application
of organic fertilizers.

Oil percentages

According to the results, the highest amount
of cottonseed oil (25.48%) was observed in
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vermicompost fertilizer treatment and irrigation
conditions of 80% of field capacity. So that the
percentage of cottonseed oil decreased with
increasing water deficit stress, while the use of
organic and chemical fertilizers compared to the
control had a significant effect on increasing the
percentage of seed oil at each irrigation level. At
the same time, the lowest amount of cottonseed
oil (23.66%) was obtained in the treatment without
fertilizer application and irrigation conditions of
40% of field capacity (Table 5). The stage of grain
filling or granulation was introduced as the most
sensitive stage of the plant in terms of the effect
of water deficit stress on the percentage of seed oil
(Akbari et al. 2020). This may be due to the oxidation
of some polyunsaturated fatty acids and the
reduction of the ability of carbohydrates to convert
to oil under stress (Yang et al. 2017). The application
of organic fertilizers through the availability of
nutrients, especially nitrogen and phosphorus,
have improved growth and photosynthesis and,
consequently, increased the percentage of cottonseed
oil (Meena et al. 2019).

Oil yield

The results showed that the oil yield decreased
significantly with delays in irrigation. So that the
highest oil yield with the amount of 651.81 kg ha™
was observed in the treatment of vermicompost
under irrigation conditions and 80% of field
capacity. On the other hand, the lowest value of
the mentioned trait with the amount of 312.51 kg
ha' was obtained in irrigation conditions of 40%
of field capacity and without fertilizer treatment
(control) (Table 5). Oil yield is affected by grain yield
and oil percentage, and any factor that increases or
decreases these traits also affects oil yield. According
to the increasing oil yield in the treatment of
vermicompost under irrigation conditions, 80%
field capacity had the most significant effect on
increasing oil yield. The increase in oil yield under
optimal irrigation treatment conditions is due to
the simultaneous increase in grain yield and oil
percentage due to vermicompost and cattle manure.
Therefore, the use of cattle manure due to increased
access to nutrients and water, which is an influential
factor in stimulating the growth and photosynthesis
of plants, has improved the conditions for growth
production of photosynthetic materials and thus
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increased grain yield and seed oil of cotton under
water deficit stress (Moosavi, 2019). Increasing oil
yield due to the use of organic fertilizers is related to
increasing the activity of beneficial microorganisms,
improving soil porosity, increasing water storage
capacity in the soil, increasing the availability of
plant nutrients in the soil, increasing nutrient uptake
by plants, and improving plant nutrition (Meena et
al. 2019).

CONCLUSION

According to the results of this study, the content
of photosynthetic pigments of cotton plants was
significantly reduced with delay in irrigation. While
the use of organic and chemical fertilizers compared
to the control showed a significant effect on
increasing the content of photosynthetic pigments.
The concentration of proline, malondialdehyde and
hydrogen peroxide increased with the increasing
severity of water deficit stress. Still, the use of
vermicompost fertilizer significantly reduced the
damage caused by water deficit stress. The use of
vermicompost and cattle manure in comparison
with chemical fertilizer at all irrigation levels had
the most significant effect on increasing the relative
water content, nitrogen, phosphorus, potassium, oil
percentage, grain yield, fiber yield, and oil yield of
the cotton plant. Vermicompost treatment under
optimal irrigation conditions increased grain yield,
fiber yield, and oil yield of a cotton plant by 48, 40,
and 52%, respectively, compared to the treatment
without fertilizer application (control) under severe
stress conditions. From the obtained results, it can
be concluded that the use of vermicompost and
cattle manure by reducing the oxidative damage
caused by drought and increasing the content of
photosynthetic pigments, as an effective strategy to
improve soil fertility and increase nutrient uptake
in water stress conditions, improves the grain and
fiber yield of cotton plants.

REFERENCES

1. Akbari, G.A., Heshmati, S., Soltani, E. and Amini
Dehaghi, M. 2020. Influence of seed priming on seed
yield, oil content and fatty acid composition of safflower
(Carthamus tinctorius L.) grown under water deficit. Int.
J. Plant Prod., 14: 245-258.

2. Amirnia, R., Ghiyasi, M., Moghaddam, S.S., Rahimi, A,
Damalas, C.A. and Heydarzadeh, S. 2019. Nitrogen-fixing
soil bacteria plus mycorrhizal fungi improve seed yield

Print ISSN : 2347-9655

77

10.

11.

12.

13.

14.

Y
and quality traits of lentil (Lens culinaris Medik). ]. Soil
Sci. Plant Nutr., 19(3). 592-602.

AOAC-Association of Official Analytical Chemists. 2005.
Official methods of analysis of AOAC (18" edn.), Vol. II.
Association of Official Analytical Chemist, Washington,
USA.

Arnon, A.N. 1967. Method of extraction of chlorophyll in
the plants. Agron. J.,, 23: 112-121.

Bairwa, B., Katkar, R.N., Bhende, V., Gawande, S. and
Bhattacharjee, S. 2020. Influence of sulphur, zinc and
organic inorganic assorted customized fertilizer on yield
and quality of cotton under rainfed vertisols. Int. J. Curr.
Microbiol. Appl. Sci., 9: 3053-3062.

Bates, L.S., Waldren, R.P. and Teare, I.D. 1973. Rapid
determination of free proline for water-stress studies. Plant
Soil, 39: 205-207.

Bu, R, Xie, J,, Yu, J., Liao, W,, Xiao, X., Lv, J., Wang,
C. Ye, J. and Calderon-Urrea, A. 2016. Autotoxicity in
cucumber (Cucumis sativus L.) seedlings is alleviated by
silicon through an increase in the activity of antioxidant
enzymes and by mitigating lipid peroxidation. J. Plant
Biol., 59: 247-259.

Cevheri, C.I,, Sakin, E. and Ramazanoglu, E. 2021. Effects
of different fertilizers on some soil enzymes activity
and chlorophyll contents of two cotton (G. hirsutum L.)
varieties grown in a saline and non-saline soil. J. Plant
Nutr., 36: 1-12.

Chen, L, Liu, L., Lu, B, Ma, T, Jiang, D., Li, J., Zhang,
K., Sun, H., Zhang, Y., Bai, Z. and Li, C. 2020. Exogenous
melatonin promotes seed germination and osmotic
regulation under salt stress in cotton (Gossypium hirsutum
L.). PloS One, 15: 228241.

Faridvand, S., Rezaei-Chiyaneh, E., Battaglia, M., Gitari,
H., Raza, MA. and Siddique, K.H.M. 2021. Application
of bio and chemical fertilizers improves yield and
essential oil quantity and quality of Moldavian balm
(Dracocephalum moldavica L.) intercropped with mung
bean (Vigna radiata L.). Food Energ. Secur.

Feizabadi, A., Noormohammadi, G. and Fatehi, F. 2021.
Changes in growth, physiology and fatty acid profile
of rapeseed cultivars treated with vermicompost under
drought stress. J. Soil Sci. Plant Nutr., 21: 200-208.

Galviz, Y.C., Bortolin, G.S., Guidorizi, K.A., Deuner,
S., Reolon, F. and de Moraes, D.M. 2021. Effectiveness
of seed priming and soil drench with salicylic acid on
tomato growth, physiological and biochemical responses
to severe water deficit. J. Soil Sci. Plant Nutr., 23: 1-14.

Gao, X, Guo, H., Zhang, Q., Guo, H., Zhang, L., Zhang,
C., Gou, Z, Liu, Y., Wei, J., Chen, A. and Chu, Z. 2020.
Arbuscular mycorrhizal fungi (AMF) enhanced the growth,
yield, fiber quality and phosphorus regulation in upland
cotton (Gossypium hirsutum L.). Sci. Rep., 10: 1.1-12.
Gitari, HI., Nyawade, S.0., Kamau, S., Gachene, C.K.K,,
Karanja, N.N. and Schulte-Geldermann, E. 2019.
Increasing potato equivalent yield increases returns to
investment under potato-legume intercropping systems.
Open Agric., 4: 623-629.

Online ISSN : 2454-9541



wd Heydarzadeh et al.

1

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Goodarzian Ghahfarokhi, M., Mansurifar, S., Taghizadeh-
Mehrjardi, R., Saeidi, M., Jamshidi, A.M. and Ghasemi,
E. 2015. Effects of drought stress and rewatering on
antioxidant systems and relative water content in different
growth stages of maize (Zea mays L.) hybrids. Arch. Agron.
Soil Sci., 61: 493-506.

Hafez, E.M., Omara, A.E.D., Alhumaydhi, F.A. and
El-Esawi, M.A. 2021. Minimizing hazard impacts of
soil salinity and water stress on wheat plants by soil
application of vermicompost and biochar. Physiol.
Plant, 172: 587-602.

Hassan, M.]., Raza, M.A., Rehman, S.U., Ansar, M.,
Gitari, H., Khan, I, Wajid, M., Ahmed, M., Shah, G.A,,
Peng, Y. and Li, Z. 2020. Effect of cadmium toxicity on
growth, oxidative damage, antioxidant defense system
and cadmium accumulation in two sorghum cultivars.
Plant, 9: 1575.

Heydarzadeh, S., Gitari, H., Rahimi, A., Khiavi, HK,,
Hosseinpour, A. 2021. The physiological properties of
lentil (Lens culinaris Medik.) in response to mycorrhizal
fungi and phosphate-solubilizing bacterium under
irrigation condition. Int. |. Biores. Sci., 8: 1-14.

Iren, O.B. and Aminu, Y.G. 2017. Soil nutrient dynamics
and yield of cotton (Gossypium hirsutum L.) following an
amendment with cattle manure. Int. J. Plant Soil Sci., 16:
1-10.

Joshi, N.L., Mali, P.C. and Saxena, A. 1998. Efect of
nitrogen and sulphur application on yield and fatty acid
composition of mustard (Brassica juncea L.) oil. ]. Agron.
Crop Sci., 180: 59-63.

Kamali, K. and Mahdian, M.H. 2009. Investigating the
manufacture of TDR burials waveguides and evaluation of
their application in soil moisture estimation. J. Watershed
Eng. Manag., 1: 111-118.

Li, X., Shi, W., Broughton, K., Smith, R., Sharwood, R.,
Payton, P., Bange, M. and Tissue, D.T. 2020. Impacts
of growth temperature, water deficit and heatwaves
on carbon assimilation and growth of cotton plants
(Gossypium hirsutum L.). Environ. Exp. Bot., 179: 104204.

Liang, F.,, Chen, M., Shj, Y., Tian, J., Zhang, Y., Gou, L.,
Zhang, W. and Jiang, C. 2021. Single boll weight depends
on photosynthetic function of boll-leaf system in field-
grown cotton plants under water stress. Photosynth. Res.,
147: 1-11.

Loka, D.A., Oosterhuis, D.M., Baxevanos, D., Noulas, C.
and Hu, W. 2020. Single and combined effects of heat and
water stress and recovery on cotton (Gossypium hirsutum
L.) leaf physiology and sucrose metabolism. Plant Physiol.
Biochem., 148: 166-179.

Mahboub, K.A., Haddad, A., Alipoor, R. and Hojati, S.I.
2020. Cow manure and sawdust vermicompost effect on
nutrition and growth of ornamental foliage plants. Cent.
Asian J. Environ. Sci. Technol. Innov., 2: 68-78.

Maitra, S. and Gitari, H. 2020. Scope for adoption of
intercropping system in Organic Agriculture. Indian .
Nat. Sci., 11: 28624-28631.

Print ISSN : 2347-9655

78

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Maitra, S., Hossain, A., Brestic, M., Skalicky, M., Ondrisik,
P., Gitari, H., Brahmachari, K., Shankar, T., Bhadra,
P, Palai, J.B., Jena, J., Bhattacharya, U., Duvvada, S.
K., Lalichetti, S. and Sairam, M. 2020. Intercropping
system — A low input agricultural strategy for food and
environmental security. Agron., 11: 343.

Meena, M.K., Meena, R.N., Meena, B.R., Meena, A K. and
Singh, Y.V. 2019. Effect of land management options and
manurial application on growth, yield and quality and
nutrient uptake of American cotton (Gossypium hirsutum
L.) cultivation. J. Pharmacogn. Phytochem., 8: 549-554.

Moosavi, S.G. 2019. Effect of mycorrhiza and humic acid
application on physiological traits, yield and water use
efficiency of cotton under water deficit stress conditions.
J. Crop Improv., 22: 43-55. (In Persian).

Nasar, J., Khan, W.,, Khan, M.Z., Gitari, H.I., Gbolayori,
J.E., Moussa, A.A., Mandozai, A., Rizwan, N., Anwari,
G., Maroof, SM. 2021. Photosynthetic activities and
photosynthetic nitrogen use efficiency of maize crop under
different planting patterns and nitrogen fertilization. J. Soil
Sci. Plant Nutr.

Nyawade, S., Gitari, H.I,, Karanja, N.N., Gachene, CK.K,,
Schulte-Geldermann, E. and Parker, M. 2021. Yield and
evapotranspiration characteristics of potato-legume
intercropping simulated using a dual coefficient approach
in a tropical highland. Field Crop Res., 274: 108327.

Nyawade, S., Gitari, H.I., Karanja, N.N., Gachene, CK,,
Schulte-Geldermann, E., Sharma, K. and Parker M. 2020.
Enhancing climate resilience of rain-fed potato through
legume intercropping and silicon application. Front
Sustain. Food Sys., 4: 566345.

Nyawade, S.O., Gachene, C.K.K., Karanja, N.N., Gitari,
H.I., Schulte-Geldermann, E. and Parker, M. 2019.
Controlling soil erosion in smallholder potato farming
systems using legume intercrops. Geoderma. Reg., 17:
€00225.

Panda, SK,, Panda, P, Pramanick, B., Shankar, T., Praharaj,
S., Saren, B.K., Gitari, H.I.,, Brahmachari, K., Hossain,
A. and Maitra, S., 2020. Advantages of Cotton Based
Intercropping System: AReview. Int. ]. Biores. Sci., 7: 51-57.

Paquin, R. and Lechasseur, P. 1979. Observations sur une
méthode de dosage de la proline libre dans les extraits
de plantes. Canadian J. Bot., 57: 1851-1854.

Parecido, R.J., Soratto, R.P., Guidorizzi, F.V.C., Perdon4,
M.]., Gitari, H.I., 2021. Soil application of silicon enhances
initial growth and nitrogen use efficiency of Arabica coffee
plants. J. Plant Nutr.

Rahimi, A., Siavash Moghaddam, S., Ghiyasi, M.,
Heydarzadeh, S., Ghazizadeh, K. and Popovi¢-Djordjevic,
J. 2019. The influence of chemical, organic and biological
fertilizers on agrobiological and antioxidant properties of
Syrian Cephalaria (Cephalaria syriaca L.). Agric., 9: 122-137.
Rahimi, A., Mohammadi, M. M., Moghadam, S. S.,
Heydarzadeh, S., Gitari, H. 2021. Effects of stress modifier
biostimulants on vegetative growth, nutrients and
antioxidants contents of garden thyme (Thymus vulgaris
L.) under water stress. |. Plant Growth Regul., In press.

Online ISSN : 2454-9541



Improving Quantitative and Qualitative Properties of Cotton Through the Use of Organic and Chemical...

wid

39.

40.

41.

42.

43.

44.

45.

Raza, M.A., Gul, H., Wang, J., Yasin, H.S., Qin, R,,
Khalid, M.H.B., Naeem, M., Feng, L.Y., Igbal, N., Gitari,
H., Ahmad, S., Battaglia, M., Ansar, M., Yang, F,, Yang,
W., 2021. Land productivity and water use efficiency of
maize-soybean strip intercropping systems in semi-arid
areas: A case study in Punjab Province, Pakistan. J. Clean
Prod., 308: 127282.

Rossi, A.M., Juarez, M.D., Samman, N.C. and Villarreal,
M. 2004. Nitrogen contents in food: a comparison between
the kjeldahl and hach methods. J. Argent. Chem. Soc., 92:
99-108.

Seleiman, ML.F., Aslam, M.T., Alhammad, B.A., Hassan,
M.U., Magbool, R., Chattha, M.U., Khan, I., Gitari, H.I,
Uslu, O.S,, Roy, R, Battaglia, M.L., 2021. Salinity Stress in
Wheat: Effects, Mechanisms and Management Strategies.
Phyton-Int. ]. Exp. Bot.

Semwal, V.K. and Khanna-Chopra, R. 2020. Enhanced
oxidative stress, damage and inadequate antioxidant
defense contributes towards insufficient recovery
in water deficit stress and heat stress combination
compared to either stresses alone in Chenopodium album
(Bathua). Physiol. Mol. Biol. Plants, 26: 1331-1339.

Shavkiev, J., Nabiev, S., Azimov, A., KHamdullaev, S.,
Amanov, B., Matniyazova, H. and Nurmetov, K. 2020.
Correlation coefficients between physiology, biochemistry,
common economic traits and yield of cotton cultivars
under full and deficit irrigated conditions. J. Crit. Rev., 7:
4.131-136.

Singh, C., BK, R. and Kumar, V. 2021. Water-deficit stress-
Induced physio-biochemical changes in cotton (Gossypium
hirsutum L.) cultivars. Indian . Biochem. Biophys., 58: 83-90.

Ul-Allah, S., Rehman, A., Hussain, M. and Farooq, M.
2021. Fiber yield and quality in cotton under drought:
Effects and management. Agric. Water Manag., 255: 106994.

Print ISSN : 2347-9655

79

46.

47.

48.

49.

50.

51.

1
Waling, 1., Van Vark, W., Houba, V.J.G. and Van der Lee,
J.J. 1989. Soil and plant analysis, a series of syllabi: Part
7. Plant Analysis Procedures, Wageningen Agriculture
University. Netherland.

Wang, X., Zhang, ], Xia, S., Qin, H., Feng, C., Zhang,
Y. and Bie, S. 2020. Effects of combined nitrogenous
based inorganic fertilizers and two forms of organic
fertilizers on plant phenotypic characteristics and soil
bacterial community structure within a cotton field
environment. Polish |. Environ. Stud., 29: 4397-4408.

Xu, C. and Leskovar, D.I. 2015. Effects of A. nodosum
seaweed extracts on spinach growth, physiology and
nutrition value under drought stress. Sci. Hortic., 183:
39-47.

Yang, H., Zhang, X., Chen, B., Meng, Y., Wang, Y., Zhao,
W. and Zhou, Z. 2017. Integrated management strategies
increase cottonseed, oil and protein production: the key
role of carbohydrate metabolism. Front Plant Sci., 8: 48.
1-19.

Yarami, N. and Sepaskhah, A.R. 2015. Physiological
growth and gas exchange response of saffron (Crocus
sativus L.) to irrigation water salinity, manure application
and planting method. Agric. Water Manag., 154: 43-51.

Zhou, Y.H,, Yu, ].Q., Huang, L.F. and Nogués, S. 2004. The
relationship between CO, assimilation, photosynthetic
electron transport and water-water cycle in chill-exposed
cucumber leaves under low light and subsequent
recovery. Plant Cell Environ., 27: 12. 1503-1514.

Online ISSN : 2454-9541






