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ABSTRACT

The present workwas aimed to investigate using of potassium fertilizer as well as nano chitosan-NPK to alleviate the
negative effect of water stress and its effect on cotton plant and some water relations. Two field experiments were
conducted to study the possibility of using potassium fertilizer and nano chitosan-NPK to eliminate the negative
impacts of water stress. The design of the experiment was split design plot, where number of irrigation treatments (6
and 9) were arranged in main plots, while potassiumfertilization, i.e., K;= 96 kg K/ha as potassiumsulphate, K,= 96 kg
K/ha + twice foliar application of 2% potassiumsulphate, K;= 96 kg K/ha + twice foliar application with 2% nano
chitosan-NPK, K,= four times of foliar application with 2% potassium sulphate, and Ks= four times of foliar
application with 2% nanochitosan-NPK. The results obtained indicated that K; followed by K, which achieved the
favourable values of plantheight, first fruiting node, number of fruiting branches/plant, number of openbolis/plant, boll
weight, seed index, lint percentage, seed cotton yield. Neither potassium fertilization norirrigation number altered fiber
properties. The data of the interaction showed the combined 96 kg K/ha as potassiumsulphate + twice foliar application
with 2% nano chitosan-NPK can diminish the negative effect of drought stress under deficit conditions, with higher
seed cotton yield nearly equal to those obtained under fullirrigation. It could be concluded that potassium fertilization

and nano chitosan-NPK can improve cotton plant tolerance to water stress and enhance cotton productivity.
KEYWORDS: Cotton, Potassium, Irrigation number, Nano chitosan-NPK, Foliar Application.

1. INTRODUCTION

With limited natural resources for future
generation, the biggest challenge facing sustainable
agriculture is to produce enough food to satisfy a
growing  population, while  protecting the
agroecosystem (Lopez-Valdez and Fernandez-
Luqueno, 2018; Abd EI-Azeim et al, 2020a).
Melorose et al (2015) mentioned that world
population being to reach about 9.6 billion by 2050.
Therefore, the efforts should be applied to search for
different solutions in agriculture to face this
problem. In Egypt, water resources for irrigation are
scarce reflecting an urgent need to improve water
use efficiency, where limited irrigation water and
improper irrigation regimes for plants has led to
water stress and deficit in yield production.
Flowering and boll setting are more sensitive to
deficit irrigation (Shahzad et al 2019). In this
situation, potassium application can help the plants
to grow well under stress condition by controlling
the stomata regulation, water relation, consequently
increased the tolerance of plants to drought (Tsonev
et al, 2011; Abdel-Mageed et al., 2018).

Chemical, organic and biofertilizers have
been developed during last decades to maximize the

agricultural production and healthy food. Therefore,
the use of new alternative nanotechnology that are
less harmful and more efficient was recently induced
in agricultural production (Abd EIl-Azeim et al.,
2020b). The effect of nano-particles fertilizers
depends on minimizing its particles size which
caused an increase in particle number/unit weight as
well as increasing the specific surface area of
fertilizer led to increase the contact of fertilizer with
plants, consequently improved nutrient absorption
(Liscano et al, 2000; Abd EI-Azeim et al., 2020b). In
general, the dimension of nano-particles fertilizer
particles is below 100 nm, which resulting in
fertilizer more efficient, less environmentally
pollutant (Joseph and Morrisson, 2006, Manjunatha
etal, 2016 and Suppan, 2017). In addition, De Rosa
et al (2010) indicated that, plants uptake nutrients
more rapidly and completely from nano fertilizers,
resulting to save fertilizers consumption as well as
increasing crop production and minimizing the
environmental pollution. In this concern, Singh et al
(2013) and Avramescu et al (2017) stated that the
smaller size, the higher specific surface area and the
reactivity of nano fertilizers may affect nutrient
solubility, diffusion, consequently its availability to
plants. Chitosan (derived from deacetylation of
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chitin) is a natural polymer, which may be obtained
from insects, crustaceans and fungi (Boonsongrit et
al., 2006). Chitosan was found to have a positive
effect on the development of different crop plants
(Chibu and Shibayama, 2001; Wanichpongpan et al.,
2001). However, some experiments on chitosan
were performed on conventional and organic crops
with variable results (Walker et al., 2004). While
application of chitosan resulted in yield increases of
nearly 20% in tomato experiments, there was no
significant difference in yield or average weight of
carrot. They also found no significant differences
among capsicum, cucumber, pea or beet-root plants.
Walker et al. (2004) showed that chitosan foliar
treatment had improved yield more than the yield
from other treatments. Many workers stated the
beneficial effects of nano-particles fertilizers on
plant growth and development (Hamoda et al., 2016;
Achari and Kowshik 2018; Raliya et al., 2018; Yoon
et al., 2019 and Zulfigar et al., 2019).

Potassium is one of the most important
macronutrients which play many important functions
in plant. It plays as an enzyme activator for
metabolism, regulating the water use by plants,
maintaining the balance of electrical charges,
enhance the translocation of photosynthesis for
biomass of plants or fruits and roots, induce in
protein synthesis and protect the plants from
diseases as well as improved crop quality (Uchida,
2009). Supplied fertilizers as foliar application is
mostly preferred due to the small amounts are used.

Foliar application has improved crop production in
sustainable agriculture, meanwhile, decrease the
ground water pollution and it is more effective in
producing crops economically (Ali et al., 2008 and
Hamayu et al., 2011; Abd El-Azeim et al., 2020). In
this connection, Tarafdar (2010) reported that foliar
application of nano-particles fertilizer led to enhance
the nutrient use efficiency and the rapidity of
nutrient absorption, consequently maximizing cotton
production.

Therefore, the present work was aimed to
investigate using of potassium fertilizer as well as
nano chitosan-NPK to alleviate the negative effect of
water stress and its effect on growth, yield and yield
components, fiber properties and nutrient status of
cotton plant (Giza 95) as well as on some water
relations.

2. MATERIALS AND METHODS

Field experiment for two successive seasons
of 2019 and 2020 was conducted at the Agricultural
Farm of Sids Agricultural Research Station, ARC,
Beni Suef Governorate (Lat. 29° 4\ N, log. 31° 6\ E
and about 30-40 m above the mean sea level), Egypt.
This research aimed to study the effect of potassium
foliar fertilization and nano chitosan-NPK on
improving the tolerance of cotton plant to water
stress and its effect on cotton productivity. Some
physical and chemical properties of the experimental
site were determined according to A.O.A.C (1985)
and Klute (1986) are listed in Tables 1 and 2.

Table 1. Some physical and chemical properties of soil (0-30 cm) at the experimental site.

Particle size distribution

Chemical properties

Soil pH EC Soil Soil available
Seasons Clay Silt Sand Texture 1:2.5 (dém—l) organic (pgg?)
(%) (%) (%) grade soil-water soil paste matter N P K
suspension (g kg™
2019 52.3 29.7 18.0 Clay 7.92 1.02 18.6 25.1 16.01 195.2
2020 51.9 28.8 19.3 Clay 8.01 1.08 19.5 24.7 158 189.6
Table 2. Some soil-water constants and bulk density of the studied soil.
Season Soil  depth Field capacity Wilting point VAV;’f‘e"rab'e Bulk density
(cm) (%, wiw) (%, wiw) (%, Wiw) (g cm?)
0.0-15 45.61 22.96 22.65 1.181
2019 15-30 36.92 18.05 18.87 1.301
30-45 34.19 17.36 16.83 1.371
45-60 31.97 16.19 15.78 1.385
Mean 37.17 18.64 18.54 1.310
0.0-15 49.01 24.11 24.90 1.131
2020 15-30 40.85 19.36 21.49 1.317
30-45 35.96 17.01 18.95 1.425
45-60 33.12 16.63 16.49 1.539
Mean 39.76 19.28 20.46 1.353
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2.1.Preparation and characterization of nano
chitosan NPK fertilizers

Chitosan poly-methacrylic acid (CS-PMAA)
nanoparticles were obtained by polymerization of
methacrylic acid (MAA) in chitosan (CS) solution in
a two-step process according to Hasaneen et al.
(2014). Nitrogen, phosphorus and potassium (NPK)
were loaded on the CS-PMAA nanoparticles using
the following concentrations 500, 60, 400 ppm
respectively (100% concentration stands for 500
ppm of N, 60 ppm of P and 400 ppm of K in both
nano and normal NPK solutions and other
concentrations were made from these stock
solutions). All chemicals used were purchased from
Sigma Aldrich, Germany.

2.2.Experimental design

The design of the experiment was split plot
in completely randomized block in four replications,
where irrigation number, i.e., 6 irrigations (I11) and 9
irrigations (12) arranged in main plots and potassium
fertilization 48 kg K/ha as potassium sulphate
(K2S0O4) (K1), 96 kg K/ha + twice foliar
application with 2% potassium sulphate solution
(K2), 96 kg K/ha + twice foliar application with 2%
nano chitosan-NPK solution (K3), four times of
foliar application with 2% potassium sulphate
solution (K4), and four times of foliar application
with 2% nano chitosan-NPK solution (K5) were
allocated in sub plots.

The irrigation treatments were started after
the fixing irrigation using surface irrigation system.
On the other hand, the soil application of potassium
treatments was applied after thinning as potassium
sulphate 48% K,O, while foliar application
treatments were done at squaring and at flowering
stages (twice) as well as at after thinning, at
squaring, at start of flowering and at top of
flowering (four irrigations). The foliar application
treatments were done at rates of 960 L/ha.

Cotton seeds (Gossypium barbadense,
variety Giza 95) were sown on 2 and 4 April in both
seasons, respectively. The plot area was 12 m? (4 x
3.0 m) contain 5 ridges, each ridge was 4.0 m long,
60 cm width with hills of 20 cm a part in one side of
the ridge. Hills were thinning to two plants after 21
days. All plants supplied with 23.23 kg P/ha as
superphosphate (15.5% P,0s) before planting and
144 kg N/ha as ammonium nitrate (33.5% N) in two
equal doses, one after thinning and the second after
30 days later. All other agricultural practices were
performed as recommended for cotton production in
this district. The quantity of applied water was
measured by using submerged flow orifice with

known dimension according to the equation of
Michael (1978) as follow:

Q = CA\/2gh

Where: Q = the discharge of water (L/sec)

C = Discharge coefficient (0.61)

A = the orifice cross section area (cm?)

g = Gravity acceleration (981 cm/sec?)

h = Pressure head (cm)

The time needed for each plot was recorded.
From each plot, ten representative plants

from the three inner ridges were randomly taken at
harvest to determine the following parameters:
growth parameters (plant height, first fruiting node
and number of fruiting branches/plant), yield
components, i.e., number of open bolls/plant, boll
weight and 100-seed weight), yield parameters, i.e.,
earliness % , lint % and seed cotton yield, and fiber
properties (according to A.S.T.M., 1986), namely,
pressely index, micronaire reading, fiber length
(mm) and uniformity index (%). Also, represent
leaves sample from the top fourth node leaves were
randomly taken at 15 days after full flowering stage
to determine N, P and K concentrations according to
Chapman and Pratt (1978) as well as chlorophyll a
and b according to Arnon (1949) and carotenoids
according to Rolbelen (1957).

2.3.Crop-water relations:
2.3.1. Water consumptive use (CU) (m3/ha)

Soil samples were taken at 48 hours after
irrigation and just before next irrigation every 15 cm
depth until 60 cm along in the soil profile to measure
the moisture content and then water consumptive use
were determined according to Israelsen and Hansen
(1962) as the following equation:

D Bd (Q2 — Q1)
= 100

Where:
CU = Actual consumptive use (cm).
D = Effective root zone depth (cm), about 60
cm for cotton.

Bd = Bulk density of depth (g cm™).

Q2 = Soil moisture content (%wt/wt) at 48 hours
after irrigation (field capacity).

Q1 = Soil moisture content (%owt/wt) just before
the next irrigation.

2.3.2. Water use efficiency (WUE, kg/m3)

Water productivity is expressed as kilogram
seed cotton yield obtained from one unit of applied
water (Fao, 2003) as the following equation:

WUE (kg/m3) = Seed cotton yield (kg/ha)

(kg/m3) = Consumptive use (m3/ha)
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2.3.3. Water productivity (WP)

Water productivity was determined (according to
Jensen, 1983) as the following equation: y
Seed cotton yield (kg/ha)
WP (kg/m3) = Water applied (m3/ha)

2.4. Statistical analysis

The obtained data were subjected to the
statistically analysis according to Snedecor and
Cochran (1980). The difference between the
treatment’s means were compared using least

significant differences (L.S.D.) at 5% probability
level.

3. RESULTS AND DISCUSSIONS
3.1.Growth characteristics and yield components

Data of the effects of potassium, nano
chitosan-NPK and irrigation treatments on some
growth characteristics and yield components of
cotton plants, namely, plant height, first fruiting
node, number of fruiting branches/plant, number of
open bolls/plant, boll weight and seed index are
given in Tables 3 and 4.

Table 3. Growth parameters as affected by chemical and nano-particles potassium fertilization and

irrigation number.

Plant height First fruiting No. of fruiting
Treatments

(cm) node branches/plant

Number of K-fertilization
irrigation 2019 2020 2019 2020 2019 2020

(A) (B)

Ky 125.9 123.6 8.9 9.0 14.5 14.7
9 K, 127.3 125.1 8.5 8.6 16.6 16.8
irrigations Ks 127.9 125.7 8.5 8.6 16.8 17.0
(11) K, 126.0 124.2 8.7 8.8 16.2 16.4
K5 126.6 124.8 8.7 8.8 16.4 16.6
Mean 126.7 124.7 8.7 8.8 16.1 16.3
Ky 116.7 113.1 9.2 9.4 11.6 12.9
6 K, 127.2 125.6 8.8 8.9 13.7 13.9
irrigations Ks 127.8 125.5 8.8 8.9 13.9 14.2
(1) K, 124.1 122.8 9.0 9.1 13.3 13.5
Ks 124.7 123.4 9.0 9.1 13.6 13.8
Mean 124.1 122.0 9.0 9.1 13.2 13.7
Ki 121.3 118.4 9.1 9.2 13.1 13.8
K, 127.3 125.1 8.7 8.8 15.2 15.4
Mean of K Ks 127.9 125.6 8.7 8.8 15.4 15.6
K, 125.1 123.5 8.9 9.0 14.8 15.0
Ks 125.7 124.1 8.9 9.0 15.0 15.2
L.S.D at 0.05 A 1.03 1.01 0.11 0.12 0.85 0.87
B 1.01 1.00 0.12 0.12 0.83 0.85
AB 1.45 1.37 0.15 0.17 1.12 1.29

*K;= 96 kg K/ha. K,= 96 kg K/ha + foliar application of 2% potassium sulphate twice. K= 96 kg K/ha + foliar
application of 2% nano chitosan-NPK twice. K,= foliar application of 2% potassiumsulphate four times. Ks= foliar

application of 2% nano chitosan-NPK four times.

Data clearly revealed that, these traits were
significantly affected by potassium fertilization. The
effect of potassium treatments on improving these
traits could be arranged on the descending order as
follow: 96 kg K/ha + foliar application of 2% nano
chitosan-NPK solution twice (K3) > 96 kg K/ha +
foliar application of 2% potassium sulphate solution
twice (K,) > foliar application of nano chitosan-NPK
solution four times (Ks) > foliar application of
potassium sulphate solution four times (K;) > 96 kg
K/ha (Ky). It is obvious to notice that the effect of
using nano chitosan-NPK was slightly surpassed the
effect of potassium sulphate as foliar application, but

the differences between them did not reach to the
significance  values.  Furthermore, combined
potassium sulphate as soil application with foliar
application, whether nano chitosan-NPK or
potassium sulphate gave best values of growth and
yield components parameters than foliar application
four times only. The positive effect of potassium
application on these traits comparing with control
may be due to potassium is consider as enzymes
activators which enhances plant metabolism,
accordingly, improved the vegetative growth of
cotton plant (Hamoda et al, 2016). The enhancement
of nano chitosan-NPK on cotton
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Table 4. Yield components as affected by chemical and nano-particles potassium fertilization and

irrigation number.

No. of open

Treatments bolls/plant Boll weight (g) Seed index (g)

l?lrurrln 2?{0?: K-fertilization
?A) (B) 2019 2020 2019 2020 2019 2020
K 143 14.7 269 271 9.04 9.03
9 K, 16.1 16.5 2.88 2.90 9.66 0.64
rigations Ks 16.5 16.9 2.92 2.93 9.66 9.65
gl K, 16.6 15.9 2.83 2.85 9.61 9.60
(1) K5 15.8 16.1 2.85 2.87 9.62 9.61
Mean 15.7 16.1 2.85 2.83 9.52 9.51
K, 11.1 11.3 2.40 2.41 7.96 7.98
5 K, 16.0 16.4 2.87 2.90 9.65 0.64
rigations Ks 16.3 16.7 2.90 2.92 9.65 9.65
%I ) K, 14.1 11.4 2.66 2.68 9.38 9.37
2 Ks 14.4 14.7 2.70 2.71 9.40 0.38
Mean 14.4 14.7 2.72 2.71 9.21 9.20
K, 12.7 13.0 255 256 8.50 8.51
K, 16.1 16.5 2.88 2.90 9.66 0.64
Mean of K Ks 16.4 16.8 2.91 2.93 9.66 9.65
K, 14.9 15.2 2.75 2.77 9.50 9.49
Ks 15.1 15.4 2.78 2.79 9.51 9.50
L.S.Dat0.05 A 0.79 0.82 0.07 0.08 0.09 0.11
B 0.71 0.76 0.07 0.06 0.08 0.10
AB 0.94 0.98 0.10 0.11 0.15 0.18

*K,= 96 kg K/ha. K,= 96 kg K/ha + foliar application of 2% potassium sulphate twice. K;= 96 kg K/ha + foliar
application of 2% nano chitosan-NPK twice. K,= foliar application of 2% potassiumsulphate four times. Ks= foliar

application of 2% nano chitosan-NPK four times.

growth is mainly due to its small size as well as
physiochemical characteristics like shape, surface
chemistry, electrical charge and agglomeration
resulted by nanotechnology (Leon-Silva et al, 2018).
These results agree with those obtained by Abdel-
Aziz et al. (2018) for chitosan NPK fertilizer
improve the growth and yield of wheat, Elayan et al.
(2018) and Abd El-Hafeez and Abd El-Gayed
(2019) for the effect of chemical potassium fertilizer
on cotton growth, and Praveen and Tomar (2019) for
nano-particles potassium fertilizer.

With regard to irrigation treatments, data
clearly revealed that, under water stress condition, in
term of irrigated 6 irrigations, the studied growth
parameters were negatively affected in comparison
with full irrigation treatment (irrigated 9 irrigations).
The adverse effect on these parameters due to deficit
water could be attributed to the decreasing in ability
of plant to absorb the needed nutrients for optimal
growth and development (Xiong and Zhu, 2002). On
the other hand, it is recognized that water is very
important for all biochemical activities of all cells as
well as for meristemic activation and supply the
plant with all growth requirements, accordingly
higher vegetative growth parameter values (Hassan

et al, 2016). These results are in a good agreement
with those obtained by Hamoda et al (2014) and Abd
El-Gayed and Bashandy (2018) who stated that the
growth parameters and yield component of cotton
plant were significantly reduced under drought
condition.

As for the interaction effect, the data
showed that growth and yield components characters
were significantly affected by the interaction
between potassium fertilization and irrigation
treatment. Under drought stress treatment, added 96
kg K/ha + foliar application of potassium sulphate or
nano chitosan-NPK solutions twice gave values of
growth and yield component parameters, statistically
equal to those received full irrigation water. This
means that combined soil application of K with
foliar application of potassium sulphate or nano
chitosan-NPK could diminution the negative effects
resulted by drought stress. The mechanism
associated with this synergistic effect of K on
alleviate the negative effect of drought can be
explained by the fact that K application led to a
reduction in transpiration rate that depends to
osmotic potential of the mesophyll of cells and
controlled the opening and closing of stomata

240



Bashandy S.Oetal., 2021

(Farrag et al, 2015). In addition, Roza et al (2013)
mentioned that potassium has controlled water
transport in plant, maintain cell pressure and
regulate the closing and opening of the stomata.
These results are in line with those obtained by Abd
El-Gayed and Bashandy (2018), Shahzad et al
(2019) and Zhao et al (2019) who stated that K-
application eliminates the negative effect of drought
conditions for cotton plant.

3.2 Cotton yield parameters

Data in Table 5 represent the response of
earliness percentage, lint percentage and seed cotton
yield to potassium, nano chitosan-NPK and
irrigation treatments as well as their interaction. As
for the main effect of potassium fertilization, the
data indicate that comparing with control (K;)
potassium application increased all studied yield
parameters, except earliness (%) which adversely
affected. The maximum seed cotton yield was
achieved from the treatment of 96 kg K/ha + foliar

application of 2% nano chitosan-NPK solution twice
(Ks) followed by 96 kg K/fed + foliar application of
2% potassium sulphate solution twice (K;), which
increased by about 50.45 and 39.73% over control
(Ky) in the first season, respectively. Similar trends
were obtained in second season. It is worthy to
notice that potassium treatments (K;, Ks, K; and Ks)
unaffected earliness and lint percentages, where the
difference among its effect not reached to the
significance values. The beneficial effect of
potassium on seed cotton yield could explained by
the increases in number of bolls/plant and boll
weight through increased carbohydrate flow to the
developing boll load, meanwhile reduced shedding
of young bolls (Coker et al, 2009). Whereas, the
promotive effect of potassium comparing with
control on lint (%) may be due to the direct role of
potassium on RNA synthesis and consequently on
protein formation, hence effects fiber growth
(Darwish, 1991).

Table 5. Yield parameters as affected by chemical and nano-particles potassium fertilization and

irrigation number.

Seed cotton yield

Treatments Earliness (%) Lint (%) (kentar/ha)

Number of K-

irrigation fertilization 2019 2020 2019 2020 2019 2020
(A) (B)

K: 815 79.3 38.9 39.2 18.16 18.92

9 K 78.3 76.6 40.5 41.4 21.44 22.40

irrigations Ks 78.6 76.4 40.6 41.3 23.16 24.09

(1) K4 78.5 76.5 40.6 41.3 19.66 20.59

K5 78.7 76.4 40.7 41.4 20.49 21.30

Mean 79.1 77.0 40.3 41.92 20.59 21.47

Ky 84.3 82.6 35.2 36.6 12.23 13.07

6 K 81.2 79.8 40.4 41.3 21.42 22.28

irrigations Ks 81.3 79.6 40.5 41.1 22.87 24.04

(1) Ky 81.3 79.6 40.5 41.2 15.78 15.83

Ks 81.5 79.6 40.6 41.2 16.47 16.61

Mean 81.9 80.2 39.4 40.3 17.76 18.37

Ky 82.9 81.0 37.1 37.9 15.21 15.99

Ko 79.8 78.3 40.5 41.4 21.44 22.35

Mean of K Ks 80.0 78.0 40.6 41.2 23.01 24.06

Ky 79.9 78.1 40.6 41.3 17.73 18.21

Ks 80.1 78.0 40.7 41.3 18.49 18.97

L.S.D at 0.05 A 0.86 0.82 0.55 0.57 1.00 1.14

B 0.72 0.70 0.52 0.54 0.98 1.07

AB Ns Ns 0.81 0.86 1.50 1.64

*K;= 96 kg K/ha. K,= 96 kg K/ha + foliar application of 2% potassium sulphate twice. K= 96 kg K/ha + foliar
application of 2% nano chitosan-NPK twice. K,= foliar application of 2% potassiumsulphate four times. Ks= foliar

application of 2% nano chitosan-NPK four times.

The negative effect of potassium application
on earliness% may be due to K application led to
increase vegetative growth as discussed before,
consequently delayed the start of flowering, hence

delayed the maturing of lint (Elayan et al, 2018). In
addition, potassium fertilization enhanced absorption
of nitrogen, consequently led to vigorous growth,
which in turn delayed lint maturity (Ali et al, 2007).
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The superiority of combined soil and foliar
application of K (K, and K3) is mainly due to soil
application is the best method to supply nutrients
including potassium, meanwhile the maximum need
for K is during boll filling at late season, where
cotton roots are less active. In this case, foliar
application has been successfully used to partially
supply with potassium for high yield (Coker et al,
2009). Similar results were obtained by Wang et al
(2014) and Li et al (2020) for seed cotton yield, and
Abd El-Gayed and Bashandy (2018) and Elayan et
al (2018) for earliness and lint percentages.
Moreover, Hussien et al (2015) and Eed et al (2018)
reported that nano-particles potassium fertilizer
increased cotton productivity.

With regard to the effect of irrigation
treatment on seed yield parameters, the obtained
data show that reducing number of irrigations
resulted in markedly decrement in both lint
percentage and seed cotton yield, while earliness
percentage increased under drought stress
conditions. Relative to well-water condition, the
decreasing percentages in lint (%) and seed cotton
yield caused by deficit irrigation reached to 2.2 and
13.8% in the first season and 3.9 and 14.4% in the
second one, respectively. The negative effect of
deficit irrigation on cotton productivity may be
attributes to lack soil moisture led to reduce soil
nutrient availability, in turn its absorption and
translocation as well as restrict the photosynthesis
processes. On the other hand, well-watered plants
induce better root activity, which enhanced the
ability of roots to absorbed nutrients (Wang et al,
2014). As for earliness (%), Soeda et al (2005)
mentioned that deficit water condition resulted in
changes in metabolism process direction by
accelerating sucrose translocation from leaves to
seeds. Also, Riboni et al (2013) stated that drought
stress caused early flowering stage owing to
elaborate network of floral signalling pathways.
These results are in accordance with those obtained
by Zhao et al (2019) and Li et al (2020) for lint
percentage and seed cotton yield, and Hamoda et al
(2014) and Abd El-Hafeez and Abd EI-Gayed
(2019) for earliness percentage. Also, Mohamed and
Abd El-Gayed (2020) mentioned that nano-particles
natural rock increased cotton yield components.

The data of the interaction between
potassium and irrigation treatments reveal that lint
percentage and seed cotton yield were significantly
affected by the interaction between both treatments.
Under the treatment of mixed soil and foliar
application treatment, increased irrigation number
from 6 to 9 did not negatively affect lint% and seed
cotton yield. This means that potassium fertilization
as soil and foliar application enhanced the tolerance
of cotton to drought stress. Soil and foliar potassium

application improved root growth, consequently,
induce more survive for plant under deficit
conditions as well as encourage the plant to absorb
more nutrients (Pettigrew, 2008). In general, the
highest values of seed cotton yield were obtained for
the treatment of 96 kg K/ha + foliar application of
2% nano chitosan-NPK solution twice under full
irrigation or drought stress conditions. While, the
treatment 96 kg K/ha under deficit water exhibited
the lowest seed cotton yield. These results are in
parallel to those obtained by Zhang et al (2016) and
Zhao et al (2019).

3.3 Cotton fiber properties

The data in Table 6 show the effect of potassium and
irrigation treatments and their interaction on some
fiber properties, namely, presley index, micronaire
reading, fiber length and uniformity index. The
obtained data reveal that all studied fiber properties
unaffected by potassium and irrigation treatments as
well as their interaction. Many workers reported that
fiber properties did not respond to potassium or
irrigation treatments such as Elayan et al (2018) and
Shahzad et al (2019) for potassium and Zhang et al
(2016) and Abd El-Hafeez and Abd El-Gayed
(2019) for irrigation. In contrast, other authors found
linear relationship between fiber properties and
potassium or irrigation treatments, i.e., Read et al
(2006), Pettigrew (2008) and Wang et al (2014) for
potassium and Hamoda (2014), and Li et al (2020)
for irrigation. These inconsistencies in the effect of
potassium fertilization and water application on fiber
properties of cotton plant may be due to the effect of
these factors may be only exerts an indirect effect on
fiber properties as well as these properties have a
genetically effect (Pettigrew, 2008).

3.4. Leaf chemical contents:

The data of leaf chemical contents, i.e., N, P
and K as well as chlorophyll a and b and carotenoids
(Table 7) reveal that potassium fertilization was
significantly affect these chemical contents, except
phosphorus concentration. Comparing with control,
potassium application increased N, K, chlorophyll a
and b and carotenoids, where the treatment of 96 kg
K/fed + 2% foliar application of nano chitosan-NPK
solution twice seem to be the best treatment. The
positive effect of potassium on the leaf chemical
contents is mainly due to K application resulted in
increased root growth rate, length, and surface, in
turn improved nutrient uptake (Rosolen et al, 2003).
In this respect, Pettigrew (2008) mentioned that K
induced in many physiological processes, e.g.,
photosynthesis, assimilate nutrient translocate, water
relation and protein formation, consequently
improved pigments in leaves. In addition, Zhang
(2009) reported that deficient potassium inhibited
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Table 6. Some fiber properties as affected by chemical and nano-particles potassium fertilization and

irrigation number.

Treatments Pressley Micronaire Fiber length Uniformity
index reading 2.5% index

Number of K-
'”'82;'0” fert"('é;"“on 2019 2020 2019 2020 2019 2020 2019 2020
K, 9.3 9.4 4.3 4.4 31.2 31.4 82.4 82.6
9 K, 9.4 9.3 4.4 4.3 31.3 31.3 82.3 824
irrigations Ks 9.5 9.4 4.3 4.4 31.4 31.5 82.3 824
(1) K4 9.4 9.4 4.3 4.4 31.3 31.4 82.3 823
! K5 9.4 9.5 4.4 4.3 31.3 31.4 82.2 824
Mean 9.4 9.4 4.3 4.4 31.3 31.4 82.3 824
K 9.4 9.5 4.4 4.3 31.3 31.5 82.3 825
6 K, 9.3 9.4 4.3 4.4 31.4 31.4 82.4 82.6
irrigations Ks 9.4 9.5 4.4 4.4 31.3 31.4 82.3 824
(1) K4 9.5 9.3 4.4 4.3 31.4 31.3 82.3 824
Ks 9.4 9.4 4.3 4.4 31.3 31.4 82.3 823
Mean 9.4 9.4 4.4 4.4 31.3 31.4 82.3 824
K 9.4 9.5 4.4 4.4 31.3 31.5 82.4 82.6
K, 9.4 9.4 4.4 4.4 31.4 31.4 82.4 825
Mean of Ks 9.5 9.4 4.4 4.4 31.4 31.5 82.3 824
K Ky 9.5 9.4 4.4 4.4 31.4 31.4 82.3 824
Ks 9.4 9.5 4.4 4.4 31.3 31.4 82.3 824
L.S.D at 0.05 A Ns Ns Ns Ns Ns Ns Ns Ns
B Ns Ns Ns Ns Ns Ns Ns Ns
AB Ns Ns Ns Ns Ns Ns Ns Ns

*K,= 96 kg K/ha. K,= 96 kg K/ha + foliar application of 2% potassium sulphate twice. K;= 96 kg K/ha + foliar
application of 2% nano chitosan-NPK twice. K,= foliar application of 2% potassiumsulphate four times. Ks= foliar

application of 2% nano chitosan-NPK four times.

root length and formation of lateral roots. These
results agree with those obtained by Kadam et al
(2017) and Abd EI-Gayed and Bashandy (2018) for
the effect on N and K concentration, and Yang et al
(2017) for leaf pigments. The superiority of foliar
application of nano chitosan-NPK is mainly due to
its molecule is very small (less than 30 nm) and
having higher specific surface area/unit size as
mentioned before (Hussain et al, 2020).

As for the main effect of irrigation
treatment, the data indicate that well-watered cotton
plants contain higher N, P and K as well as
chlorophyll aand b and carotenoids in its leaves than
the plants under drought stress. The decrement in
these constituents caused by reducing irrigation
water may be due to deficit water led to decrease
both nutrient uptake by roots and transport from

roots to the vegetative organs (Helal et al, 2013).
Also, the reduction in leaf pigments may be due to
drought stress led to membrane disintegration and
damage chloroplasts by overproduction of reactive
oxygen species (Karimi, 2016). These results are in
line with those obtained by Wang et al (2014) and
Abd El-Hafeez and Abd El-Gayed (2019).

The leaf chemical contents did not respond
to the interaction between potassium fertilization
and irrigation number. The highest values of leaf
chemical contents were obtained for plants fertilized
with 96 kg K/ha plus foliar application of 2% nano
chitosan-NPK solution twice and irrigated 9
irrigations. Whereas, the plants fertilized with 96 kg
K/ha and watered 6 irrigations possessed the lowest
values.
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Table 7. leaf chemical constituents as affected by chemical and nano-particles potassium fertilization and irrigation number.

Treatments N P K Chlorophyll a Chlorophyll b Carotenoids
(%) (%) (%) (mg/g f.wt) (mg/g f.wt) (mg/g f.u)
Number of K-fertilization 2] < <2 S <2 < <2 < 2] < 2] <
irrigation (A) (B) Q Q Q Q & & & < < & < N
K" 2.21 2.18 0.41 0.46 2.55 2.49 3.07 3.00 2.21 2.19 0.56 0.57
9 irrigations K, 2.56 2.52 0.42 0.46 3.01 2.97 3.28 3.26 2.68 2.66 0.68 0.69
(? ) Ks 2.73 2.69 0.42 0.45 3.28 3.20 3.31 3.28 2.75 2.74 0.71 0.71
! Ky 2.38 2.35 0.41 0.45 2.77 2.68 3.35 3.32 2.91 2.90 0.77 0.78
K5 2.49 2.46 0.41 0.46 2.85 2.77 3.47 3.44 2.96 2.97 0.81 0.83
Mean 2.47 2.44 0.41 0.46 2.98 2.82 3.30 3.25 2.70 2.69 0.71 0.70
Ky 2.01 2.00 0.32 0.35 2.33 2.28 2.86 2.84 2.02 2.00 0.50 0.52
6 irrigations K, 2.34 2.31 0.33 0.36 2.89 2.80 3.26 3.23 2.67 2.65 0.67 0.68
(? ) Ks 2.55 2.52 0.33 0.35 2.97 2.91 3.30 3.27 2.73 2.72 0.70 0.72
2 K, 2.20 2.16 0.32 0.35 2.54 2.47 3.33 3.31 2.89 2.87 0.75 0.76
Ks 2.28 2.22 0.33 0.35 2.67 2.60 3.48 3.45 2.95 2.93 0.80 0.81
Mean 2.28 2.24 0.33 0.35 2.68 2.61 3.25 3.22 2.65 2.63 0.68 0.70
Ky 2.11 2.09 0.37 0.41 2.44 2.39 2.97 2.92 2.12 2.10 0.53 0.55
Ko 2.45 2.42 0.38 0.41 2.95 2.89 3.27 3.25 2.68 2.66 0.68 0.69
Mean of K Ks 2.64 2.61 0.38 0.40 3.13 3.06 3.31 3.28 2.74 2.73 0.71 0.72
K, 2.29 2.26 0.37 0.40 2.66 2.58 3.34 3.32 2.90 2.89 0.76 0.77
Ks 2.39 2.36 0.37 0.41 2.76 2.69 3.48 3.45 2.96 2.95 0.81 0.82
L.S.Dat0.05 A 0.07 0.06 0.05 0.05 0.09 0.08 0.11 0.10 0.07 0.06 0.03 0.04
B 0.08 0.07 Ns Ns 0.09 0.07 0.09 0.09 0.07 0.05 0.02 0.03
AB Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns

*K;=96 kg K/ha. K,= 96 kg K/ha + foliar application of 2% potassium sulphate twice. K= 96 kg K/ha + foliar application of 2% nano chitosan-NPK twice. K;=
foliar application of 2% potassium sulphate four times. Ks= foliar application of 2% nano chitosan-NPK four times.
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3.4.Water relations:
3.4.1 Irrigation water applied (IWA, m*/ha):

The water applied for cotton plants as
affected by two irrigation treatments are given in
Table 8. The data reveal that the total amount of
applied water for both irrigation treatments were

12387.90 and 8634.64 m*/ha for the first season and
12644.94 and 8794.10 m®/ha for the second one. It is
obvious to notice that the applied water was
decreased by about 30.3 and 30.5% when decreased
the irrigation number from 9 to 6 in both growing
seasons, respectively.

Table 8. Application water (m*/ha) and number of irrigations under irrigation treatments.

Irrigation number

Irrigation events 9 irrigations 6 irrigations
2019 2020 2019 2020
Planting irrigation 1676 1697 1685 1690
fixing irrigation 1300 1309 1302 1314
Third irrigation 1373 1409 1380 1419
Fourth irrigation 1404 1440 1409 1445
Fifth irrigation 1469 1476 1464 1480
Sixth irrigation 1409 1435 1419 1447
Seventh irrigation 1388 1414 - -
Fight irrigation 1309 1357 - -
Ninth irrigation 1062 1109 - -
Total 12388 12645 8635 8794
Number of irrigations 9 9 6 6

3.4.2 Water consumptive use (CU, m®ha):

The data of the seasonal water consumptive
use as affected by potassium and irrigation
treatments are given in Table 9. As for the main
effect of potassium treatments, the obtained results
indicated that mixed 96 kg K/ha with foliar
application of nano chitosan-NPK or K,SO, solution
twice gave the highest values of CU (8437 and 8363
in first season and 8449 and 8373 m®/ha in the
second one, respectively). Whereas, cotton plants
fertilized with 48 kg K/ha exhibited the lowest ones
(8066 and 8083 m®/ha in both seasons, respectively.

The superiority caused by combined soil and
foliar application of potassium may be due to these
treatments encourage root and shoot growth than
other treatments as mentioned before, hence
absorbed greater amounts of water. These results are
in line with those obtained by Farrag et al (2015)
and Abd EI-Gayed and Bashandy (2018).

Considering irrigation treatment, the data
show that in comparison with full irrigation,
irrigated cotton plants 6 irrigations resulted in
decrement of seasonal consumptive use by about
19.6% for both growing seasons. In this concern,
Ewis et al (2015) reported that the increment in CU
under full irrigation may be attributed to the
abundance of soil moisture in soil, beside the plant
tends to grow without water stress in the last stage of
growth. Furthermore, Abd El-Latif et al (2016)
stated that the seasonal consumptive use by plants
depended on occurrence of soil moisture in the root

zone and the stage of plant growth. These results are
in harmony with those obtained by Zhang et al
(2016) and Zonta et al (2016).

As for the interaction, the data reveal that
seasonal consumptive use unaffected by the
interaction between potassium and irrigation
treatments. In general, the plants fertilized with 48
kg K/ha and watered 6 irrigations recorded the
lowest amount of CU in both seasons. On the other
hand, the plants supplied with 96 kg K/ha + foliar
application of 2% nano chitosan-NPK or K,;SO4
solution twice and irrigated 9 irrigations gave the
greatest seasonal consumptive use.

3.4.3. Water use efficiency (WUE) and Water
productivity (WP):

Data of WUE and WP as affected by
potassium fertilization and irrigation number are
given in Table 9. As for the main effect of
potassium, the data show that, at the same irrigation
number both WUE and WP had similar trends as for
seed cotton yield, where the highest values for these
two relations were obtained under the treatment of
combined 96 kg K/ha with foliar application of 2%
nano chitosan-NPK solution twice (0,44 and 0.36 in
the first season and 0.46 and 0.37 kg/m?® in the
second one, respectively), the positive effect of this
potassium treatment on WUE and WP is mainly due
to its effect on seed cotton yield as discussed before.
Similar results were obtained by Abd EI-Gayed and
Bashandy (2018) and Li et al (2020).
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Table 9. Water consumptive use, water use efficiency andwater utilization efficiency as affected by

chemical and nano-particles potassium fertilization and irrigation number.
Aoplied water Water Water use Water utilization
Treatments PP 3h consumptive use efficiency efficiency (WP,
(m*/ha) (CU, m¥%ha)  (WUE kg/m®) kg/m®)
Number K-
. of . fertilization 2019 2020 2019 2020 2019 2020 2019 2020
irrigation (B)
(A)
Ky 9011 9030 0.32 0.33 0.23 0.24
9 K, 9263 9275 0.36 0.38 0.27 0.28
irrigations Ks 9296 9311 0.39 0.41 0.29 0.31
(1) Ky 9065 9077 0.34 0.36  0.25 0.26
K5 9065 9189 0.35 0.37 0.26 0.27
Mean 12388 12645 9139 9177 0.35 0.37 0.26 0.27
K: 7119 7135 0.27 0.29 0.22 0.23
6 K, 7461 7468 0.45 0.47 0.39 0.40
irrigations Ks 7576 7585 0.48 0.50 0.42 0.43
(12) Ky 7290 7307 0.34 0.34  0.29 0.28
Ks 7290 7383 0.35 0.35 0.30 0.30
Mean 8635 8794 7347 7376 0.38 0.39 0.32 0.33
K: 8066 8082 0.30 0.31 0.23 0.24
K, 8363 8373 0.41 0.43 0.33 0.34
Mean of K Ks 8437 9449 0.44 0.46 0.36 0.37
K, 8178 8192 0.34 0.34 0.27 0.27
Ks 8178 8287 0.35 0.36 0.28 0.29
L.S.D at 0.05 A 184 194 0.02 0.03 0.02 0.03
B 171 182 0.03 0.03 0.02 0.04
AB Ns Ns Ns Ns Ns Ns

*K;= 96 kg K/ha. K,= 96 kg K/ha + foliar application of 2% potassium sulphate twice. K;= 96 kg K/ha + foliar
application of 2% nano chitosan-NPK twice. K,= foliar application of 2% potassiumsulphate four times. Ks= foliar

application of 2% nano chitosan-NPK four times.

With respect to irrigation number, the results
show that, regardless potassium treatments, WUE
and WP increased as irrigation number increased
from 6 to 9, which may be due to the increase in
water loss through leaching processes. Similar
results were obtained by Dagdelen et al (2006) and
Li et al (2020) who found that water utilization
efficiency increased as the amount of irrigation
decreased. As for the interaction between treatments,
the results clearly indicate that both WUE and WP
did not respond to the interaction between potassium
and irrigation treatments. This means the highest
values of WUE and WP were recorded under the
treatment of 96 kg K/ha as soil application + foliar
application of 2% nano chitosan-NPK solution twice
and watered 9 irrigations. Whereas, the plants
supplied with 48 kg K/ha and irrigated 6 irrigations
exhibited the lowest ones.

4. CONCLUSION

From the present study, it could be
concluded that irrigation of cotton plants 6
irrigations and fertilization with 96 kg K/ha as soil
application + foliar application of 2% nano chitosan-

NPK twice can produce seed cotton vyield,
statistically equal to those irrigated 9 irrigations.
Under conditions of arid region in Egypt, to
conserve limited water resources, it could be
recommended to irrigate cotton plants 6 irrigations
which saving about three irrigations (about 3808
m®ha) provided that fertilization the soil with
potassium and application cotton plants with nano
chitosan-NPK.

5. REFERENCES

Abd El-Azeim MM, Sherif MA, Hussien MS,
Haddad SA (2020a). Temporal Impacts of Different
Fertilization Systems on Soil Health under Arid
Conditions of Potato Monocropping. Journal of Soil
Science and Plant Nutrition. 20:322-334.
https://doi.org/10.1007/s42729-019-00110-2

Abd El-Azeim MM, Sherif MA, Hussien MS,
Tantawy IAA, Bashandy SO (2020b). Impacts of
nano-and non-nanofertilizers on potato quality and
productivity. Acta Ecologica Sinica, 40: 388-397.
https://doi.org/10.1016/j.chnaes.2019.12.007

Abd El-Gayed SSh, Bashandy SO (2018). Effect
of reduced irrigation and potassium fertilization on

246


https://doi.org/10.1016/j.chnaes.2019.12.007

Bashandy S.Oetal., 2021

quantity and quality of Giza 95 cotton plants. Egypt.
J. Agron. The 15" Conf.Crop Science, pp: 71-84.
DOI: 10.21608/agro.2018.5683.1122

Abd El-Hafeez AM, Abd El-Gayed SSh (2019).
Effect of different levels and time of application of
putrescine on quality and quantity of cotton grown
under drought stress. Bioscience Research, 1b (3):
3110-3121.

Abd El-latif KM, Mahmoud MA, Ewis MM,
Aknam MFI (2016). Effect of skipping the last
irrigation on the productivity and some water
relation of four maize hybrids under Middle Egypt
conditions. I*" Int. Conf. on Applied Micro., March
1-3, Giza, Egypt, pp: 163-178.

Abdel-Aziz HMM, Hasaneen MNA, Omer AM
(2018). Foliar application of nano chitosan NPK
fertilizer improves the yield of wheat plants grown
on two different soils. Egypt. J. Exp. Biol. (Bot.),
14(1): 63-72.

Abdel-Mageed YT, Hassan HA, Abdel-Rahim AF,
Abd El- Azeim MM, Matouk MA (2018).
Evaluation of ground water quality for irrigation and
its effects on some soil chemical properties in the
western desert of El-Minia Governorate, Egypt. J.
Soil Sci. and Agric. Eng.; Mansoura Univ., 9 (8):
283-294. DOI: 10.21608/jssae.2018.35872

Achari G, Kowshik M (2018). Recent development
on nanotechnology in agriculture: Plant mineral
nutrition, health, and interactions with soil
microflora. J. Agric Food Chem., 66(33): 8647-
8661.

Ali MA, Talta YH, Aslam M (2007). Response of
cotton (Gossypium hirsutun L.) to potassium
fertilization in arid environment. J. Agric. Res., 45:
191-196.

Ali S, Khan AR, Mairay G, Arif M, Bibi S (2008).
Assessment of different crop nutrient management
practices for yield improvement. Aust. J. crop Sci.,
2: 150-157.

AQOAC (1985). Official Methods of Analysis of the
Official Analytical Chemists. 14 ed. Washington, D.
C. USA.

Arnon DI (1949). Copper enzymes in isolated
chloroplasts polyphenol oxidase in Beta Vulgaris. P1L
Physiol., 24: 1-15.

ASTM (1986). American Society for Testing and
Materials. D. 4605; 1 (7), Easton, MD, USA
Avramescu ML, Pasmussen PER, Chenier M,
Gardner HD (2017). Influence of pH, particle size
and crystal form on dissolution behavior of
engineered nano materials. Environmental Science
and Pollution Research, 24: 1553-1564. DOI
10.1007/s11356-016-7932-2

Boonsongrit Y, Mitrevej A, Mueller BW(2006).
Chitosan drug binding by ionic interaction. Eur. J.
Pharm. Biopharm., 62(3): 267-274.

Chapman HD, Pratt PP (1978). Methods of
Analysis for Soils, Plants and Water. Univ. of
California, Div. of Agric. Sci., Priced Publ. 4034.
Chibu H, Shibayama H (2001). Effects of chitosan
applications on the growth of several crops. In:
“Chitin and chitosan in life science, (Uragami T,
Kurita K, Fukamizo T. Eds)”. Yamaguchi, pp. 235-
239.

Coker DL, Oosterhuis DM, Bromn RS (2009).
Cotton yield response to soil and foliar applied
potassium as influenced by irrigation. The J. of
Cotton Sci., 13: 1-10.

Dagdelen N, Yilmaz E, Sezgin F, Gurbuz T
(2006). Water yield relation and water use efficiency
of cotton (Gossypiun hirsutum L.) and second crop
corn (Zea mays L.) in western Turkey. Agric water
Mang., 82(1-2): 63-85.

Darwish AAA (1991). Effect of plant density,
potassium fertilizer and some micronutrients on
cotton yield and quality. Ph. D. Thesis, Fac. Agric.,
Al-Azhar Univ.

De Rosa MC, Monreal C, Schnitzer M, Walsh R,
Sultan Y (2010). Nanotechnology in fertilizers. Nat.
Nanotechnology, 5: 91. DOI:10.1038/nnano.2010.2
Eed S, Abdalla AA, Amany AM, Hossain MF,
Houda RA (2018). Evaluation of nitrogen,
phosphorus and potassium nano-fertilizer on yield,
yield components and fiber properties of Egyptian
cotton (Gossypium barbadense L.). J. Plant Sci. and
Crop Prod., 1(3): 1-10.

Flayan SED, Abdallal AM, Makram EAO,
Darwish AAA, Abd El-Hady AS (2018). Effect of
potassium foliar fertilization, level and time of
nitrogen application on growth yield of Egyptian
cotton. Bioscience Research, 15(2): 1103-1112.
Ewis MM, Abd El-Latif KM, Badaw MI (2015).
Effect of irrigation interval and phosphorus
fertilization rate on faba been (Vicia faba L) yield,
yield components and some crop-water relations. J.
Soil Sci. and Agric Eng. Mansoura Univ., 6(5): 205-
218.

FAO (2003). Unlocking the Water Potential of
Agriculture. FAO Corporate Document Repository,
pp:260.

Farrag DKh, Darwesh RKh, Moursi EA (2015).
The combined effect between irrigation and K-
fertilizer forms on squash productivity in the north
Nile Delta region. Bull. Fac. Agric., Cairo Univ., 66:
180-195.

Hamayu M, Khan SA, Khan AL, Shinwari ZK,
AhmadN, Kim YH, Lee 1J (2011). Effect of foliar
and soil application of nitrogen, phosphorus and
potassium on yield components of lentil. Pak. J.
Bot., 43:391-396.

Hamoda SAF, Attia ANE, El-Hendi MH, El-
Sayed ShOS (2016). Effect of nano-fertilizer
(lithovit) and potassium on growth, fruiting, and

247


https://dx.doi.org/10.21608/agro.2018.5683.1122
https://dx.doi.org/10.21608/jssae.2018.35872
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1038%2Fnnano.2010.2?_sg%5B0%5D=8G5S0t8tIVOba7udn58IeS9WqeD0gyGoJTv8zj9eOx2E5_1cvVLJKsZ8YnlArh-iUC482fHl7e1sqmOHv12ro2U5dw.yu2UE6NOKBX8lvbrB-DEybeZEsNZTkddhbLnNgjJYqZJg9U47g-AGgW7qtLJBZvm1HttxoobRl8JQusMahW-vg

Scientific Journal of Agricultural Sciences 3 (2): 236-250, 2021

yield of Egyptian cotton under different planting
dates. Int. J. of adv. Res. In Biol. Sci., 3 (12): 29-49.
Hamoda SAF, Ibrahim MAA, Emara MAA
(2014). Effect of irrigation intervals and NPK
fertilizers on growth, yield and quality for the new
cotton hybrid [Giza 83 x (Giza 75 X 5844)] xGiza
80. Egypt. J. Agric. Res., 92(1): 111-123.
Hasaneen MNA, Abdel-Aziz HMM, El-Bialy
DMA, Omer AM, (2014). Preparation of chitosan
nanoparticles for loading with NPK. Afr J Biotech
13: 3158-3164. http://dx.doi.
0rg/10.5897/AJB2014.13699

Hassan SF, Ahmed ShA, Mohammed LI (2016).
Response of cotton to potassium levels under water
regime. Int. J. Appl. Agric. Sci., 2(4): 56-63.

Helal NA, Eisa SS, Attia A (2013). Morphological
and chemical studied on influence of water deficit
on cassava. World J. Agric. Sci., 9: 369-376.
Hussain S, Ahmad A, Aftab A, Khaliq T et al
(2020). Cotton production and uses, Agronomy,
Crop protection and Postharvest Technology: Chaper
5: TIrrigation scheduling for cotton -cultivation.
Springer Nature Singapore, Pte. Ltd., pp: 62.
Hussien MM, El-Ashry SM, Haggag WM,
Mubark DM (2015). Response of mineral status to
nano-fertilizer and moisture stress during different
groeth stages of cotton plants. Intr. J. of Chem.Tech.
Res., 8(12): 643-650.

Israelsen OW, Hansen VE (1962). Irrigation,
Principles and Practices. 3™ edits. John Wiley and
Sous. Inc. New York, USA.

Jensen ME (1983). Design and Operation of Farm
Irrigation Systems. Am. Soc. Agric. Eng. Mitchigan,
USA, pp:827.

Joseph T, Morrisson M (2006). Nano forum: nano
technology in agriculture and food. European Nano
Technology, Gateway.

Kadam YB, Kharche VK, Katkar VS et al.
(2017). Effect of potassium application on yield and
nutrient uptake by cotton. Int. J. Curr. Res., 9(!):
45374-45381.

Karimi Z (2016). Application effect of putrescine
on ant oxidative defense of wheat (7riticam aestivum
L) under water deficit stress. Biological Forum. An
Intr. J., 8(1): 359-362.

Klute A (1986). Methods of Soil Analysis. Part 1. 2
nd ed. ASA and SSSA, Madison, Wisconsin, USA.
Leon-Silva S, Arrieta-Cortes R, Fernandez-
Luqueno F, Lopez-Valdez F (2018). Agricultural
Nanobiotechnology. Design and Production of
nanofertilizers. Springer Nature Switzerland, AG.
Li M, Xiao J, Bai Y et al. (2020). Response
mechanism of cotton growth to water and nutrients
under drip irrigation with plastic mulch in Southern
Xinjiang. Sensors and Application in Agricultural
and Environmental Monitoring, 2020 (Special
Issue): 1-16.

Liscano JF, Wilson CE, Norman RJ, Slotan NA
(2000). Zinc availability to rice from seven granular
fertilizers. AAES Res. Bulletin, 963: 1-31.
Lopez-Valdez F, Fernandez-Lequeno F (2018).
Agricultural Nanobiotechnology. Moder Agriculture
for a Sustainable Future. Springer Nature, Switzer,
A. G.

Manjunatha SB, Biradar DP, Aladakatti YR
(2016). Nanotechnology adits application in
agriculture. J. Farm Sci, 29: 1-13. Syst. 44:257-299.
Melorose J, Perroy R, Careas S (2015). World
population prospects. United Nations, 1(6042): 587-
592.

Michael AM (1978). Irrigation Theory and Practice.
Vikas Publishing House PVTLTD, New Delhi, India.
Mohamed GA, Abd El-Gayed SSh (2020). Impact
of mineral and nano phosphorus fertilizers forms
with humic acid application on quality and quantity
of Giza 95 cotton cultivars as well as soil properties
and fertility. Fayaum J. Agric. Res. And Dev., 34 (2):
80-95.

Pettigrew WT (2008). Potassium influences on
yield and quality production for maize, wheat,
soybean and cotton. Physiol. Plants, 133: 670-681.
Praveen Sh, Tomar DS (2019). Solubility of
glauconite nanoparticle in root exudates. Int. J. Curr.
Microbial. App. Sci., 8 (6): 3315-3320.

Raliya R, Ssaharan V, Dimkpa C, Biswas P
(2018). Nanofertilizer for precision and sustainable
agriculture: Current State and Future Perspectives. J.
Agric. Food Chem; 66 (26): 6487-6503.

Read JJ, Reddy KR, Jenkins JN (2006). Yield and
fiber quality of upland cotton as influenced by
nitrogen and potassium nutrition. Europ. J. Agron.,
24:282-290.

Riboni M, Galbiati M, Tonelli C, Conti L (2013).
Gigantea enables drought escape response via
abscisic acid-dependent activation of the florigens
and suppressor of over expression of constants. Plant
Physiol., 102: 1706-1719.

Rolbelen G (1957). Untersuchungen and Stroh
Lenin Duzieten Blatt Arbumutonten Von Ardidopois
Thaliana (L.) Verbungsie, Germany.

Rosolen CA, Silva RH, Esteves JAF (2003).
Potassium supply to cotton roots as affected by
potassium fertilization and liming. Pasq. Agropec
Bras., 38: 635-641.

Roza MAS, Saleem MF, Shah GM et al. (2013).
Potassium applied under drought improves
physiological and nutrient uptake performances of
wheat (Triticum aestivun L.) J. Soil Sci. Plant Nutr.,
13: 175-185.

Shahzad AN, Rizwan M, Asghar MGh et al.
(2019). Early maturing Bt cotton requires more
potassium fertilizer under water deficiency to
augment seed-cotton yield but not lint quality.

248



Bashandy S.Oetal., 2021

Scientific Reports, 9:7378.
https://doi.org/10.1038/s41598-019-43563-2

Singh NB, Amist A, Yadav K (2013). Zinc oxide
nanoparticles as fertilizer for the germination,
growth, and metabolism of vegetable crops. J.
Nanoeng. Nanomanuf., 3: 353-364.

Snedecor GW, Cochran WG (1980). Statistical
Methods 7" Ed. Iowa State Univ. press, lowa,
U.S.A.

Soeda YMC, Konings JM, Vorst O et al. (2005).
Gene expression programs during Brassica oleracea
seed maturation, osmopriming and germination are
indicators of progression of the germination process
and the stress tolerance level. Plant Physiol., 137:
354-368.

Suppan S (2017). Applying nanotechnology in
fertilizer research, risks and regulatory challenges.
The Institute for Agriculture and Trade Policy
Works, Locally and Globally Brazil.
https://www.researchgate.net/publication/320433585
Taradfar JC, Agrawal A, Raliya R, Kumar P et
al. (2010). ZnO nanoparticles induced synthesis of
polysaccharides and phosphatases by Asperillus
Fungi. Advanced Sci. Eng. Medicine, 4: 324-328.
https://doi.org/10.1166/asem.2012.1160

Tsonev T, Velikova V, Yildiz-Aktas L, Gurel A,
Edreva A (2011). Effect of water deficit and
potassium fertilization on photosynthetic activity in
cotton plants. Plant Biosystems-An International
Journal Dealing with All Aspects of Plant Biology,
145: 841-847.
https://doi.org/10.1080/11263504.2011.560199
Uchida R (2009). Essential Nutrients for Plant
Growth: Nutrient Functions and Deficiency
symptoms. Plant Nutrient Management in Hawaii's
soil, pp: 32.

Walker R, Morris S, Brown P, Gracie A (2004).
Evaluation of potential for chitosan to enhance plant
defense. Rural Ind. Res. Dev. Corp., 4: 55.

Wang X, Mohamed I, Xia Y, Chen F (2014).
Effect of water and potassium stresses on potassium
utilization efficiency of two cotton genotypes. J. Soil
Sci  and plant nutr, 14(4): 833-844.
http://dx.doi.org/10.4067/S0718-
95162014005000066

Wanichpongpan P, Suriyachan K,
Chandrkrachang S (2001). Effects of chitosan on
the growth of Gerbera flower plant (Gerbera
jamesonii). In: T. Uragami, K. Kurita, T. Fukamizo
(Eds.), Chitin and Chitosan in Life Science,
Yamaguchi, 2001, pp. 198-201.

Xiong L, Zhu JK (2002). Molecular and genetic
aspects of plant responses to osmotic stress. Plant,
Cell and Environment, 25: 131-139.

Yang X, Li Ch Zhang Q et al. (2017). Effect of
polymer-coated potassium chloride on cotton yield,
leaf senescence and soil potassium. Field Crop
Research, 212: 145-152.
https://doi.org/10.1016/1.fcr.2017.07.019

Yoon H, Kang YG, Chang YS, Kim JH (2019).
Effect of zerovalent iron nanoparticles on
photosynthesis and biochemical adaptation of soil-
grown Arabidopsis Thaliana Nanomaterials (Basel),
9 (11): 1543. https://doi.org/10.3390/nan09111543
Zhang D, Luo Z Liu S et al. (2016). Effects of
deficit irrigation and plant density on the growth,
yield and fiber quality of irrigation cotton. Field
Crops Research, 197: 1-9.
https://doi.org/10.1016/j.fcr.2016.06.003

Zhang 7Y, Wang QL, Li ZH et al. (2009). Effects
of potassium deficiency on root growth of cotton
seedlings and its physiological mechanisms. Acta
Agronomica Sinica, 35(4): 718-723.
https://doi.org/10.1016/S1875-2780(08)60079-6
Zhao W, Dong H, Zahoor R et al. (2019).
Ameliorative effects of potassium on drought-
induced decreases in fiber length of cotton
(Gossypium  hirsutum L.) are associated with
osmolyte dynamics during fiber development. The
Crop Journal, 7(5): 619-634.
https://doi.org/10.1016/1.¢1.2019.03.008

Zonta JH, Brandao ZN, Sofiatti V et al. (2016).
Irrigation and nitrogen effect on seed cotton yield,
water productivity and yield response factor in semi-
arid environment. Austr. J. of Crop Sci., 10(1): 118-
126.

Zulfigar F, Navarro M, Ashraf M, Akram NA,

Munne-Bosch S (2019). Nanofertilizer use
for sustainable Agriculture: Advantages and
Limitation. Plant Sci, 289: 110270. DOI:

10.1016/].plantsci.2019.110270

249


https://doi.org/10.1038/s41598-019-43563-2
https://doi.org/10.1166/asem.2012.1160
https://doi.org/10.1080/11263504.2011.560199
https://doi.org/10.1016/j.fcr.2017.07.019
https://doi.org/10.3390/nano9111543
https://doi.org/10.1016/j.fcr.2016.06.003
https://doi.org/10.1016/S1875-2780(08)60079-6
https://doi.org/10.1016/j.cj.2019.03.008
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.plantsci.2019.110270?_sg%5B0%5D=KUf5PwbRB9WpOwTewYzg0z0USowRETSLB-kPMKUrkR-CM5iTX7AmqWHeP40m6k8VjCJjNJTohknpZvXhmVaJ5RDzug.WHePt0LYD0b9eROzmFai6-o0CVBtQ8WrEiJ5JyVV3uysSJbD4gK54WfK05fC3OQCZavlt90rxiOYc-4PgRwDXQ

Scientific Journal of Agricultural Sciences 3 (2): 236-250, 2021

)l padlal

gl Janal) 0 5S gIN lanally sl Spaccily Sacuall (R LS o ilal) slgay) i
popligally ) sl sdllg

"ol glaas Jley teaa g Tual) 1o lad jla g aidy e g law

Lial dasls o)) 31 A0 colsally ol )Y) and’
Aol Gisaid) e kil Cisay dgaa’
o))l Cipadl 585 @dly obally (¥ Cigny dgaa’

STV sl asa (B ean —Rel N Gl 38 5e — et Rel) 3l Cisad) Aane Adad) A 3alls litia linad Gyl
O il Jaaadl )5Sl slandly sl danily (o)l olae (i Jaad o gl s 528 3aly) 4plSa) Auyal YY.
ekl (B (Dl 3 51 S (o)ll) @l CBlalas Curiag dum clatll 245 8 A8 adadl) apensl padid 85 Lo salisls ) sdssdlly
i€ Jolaay iy il + S8/ 5 aaS AN=Y 5 QUK g aaS AT =) 5) asalipll Cllee i lady )l
poamllisdls ) stusgdlly Cumg yially Jasal) ()5S ) alandly olandl Jlaay (e il + 0S8/ 50 paS 4T =Y 5 Y o saulisdl
gl Janall (3538 i) slaadls Jslaas lpe o)l Gl =0 50 %Y agaulipdl) SliyS Jslaas Slye )l Uil =250 ¢ %Y
—roh ek gl aal (adli (Sayy ditiall aladll (3 %Y asanlisdly ) siugily

ciiall 5l sae el g 831 sae gy Jl @ise il Johl ad Juadl Lo Jgeanl) )Y 5 Ly ¥ Alales ol -
hae Lo asaulislly Gumg il 38 5) olaill 48)6l  ShaSI Sl a3l laill Jpeanay mlall 8lal daa &Ll (55 33500 0
olially g W) AEUS 5 olall aladind AS 5 canssall el @Dlean | QIS y (i Wy el G5l ¢y shungdll 585

55 e Lo il 3850 el Sl 4lisSay Jpanally sl clical o Jumdl ) @il 4 gl @ls gy g -
£ Y ) A5 5 olual) Jlaind A0S e bl < Lty chaaiiinall Gpansgal) oliall 43aS 5 cdaliaall olyall 41 4 ¢ ) i il
bl

A o asmalindl CDleleay alill liia 3 alg gyl alae B2l oaslisd) dpently LS Ap ity —

oball Al el sl iy 1 JS (ol pe ¥os Alebeally lail) s dpans o e claleall g Jaladl) il g -
sandy ladl) Ll ()l Blae (s (ya @l ) puall Cadds AalSal () s Mg (@l 9) g (pasell o)) Alalaal Liliaal Lslus
Sye %Y Janas o sandisdly s sills Cms 52lls daaall () 538 i) alasdly Jslae (i) + S8/ 53028 37 Jaxay

e by 1 JS phill Gl gy dnasl) (Say sl eas dihie Cagl s dgilials Adlaials o) Ble dnsaaal Dl
S samalinlly ) saugdlls Cpmg iy Jasall 03538 8l alasdly Jlaey (fiye 0 + 0S8/ 50 aaS 3T Jaray o saullislls opend
(DS s YAE Y ) gy EDE i ) ot s ey 3 Alalaad dyglse Lalil el e Jsaall %Y

250



