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ABSTRACT: Two field experiments were carried out at the Farm of Nubaria Agricultural
Research Station, Agricultural Research Center (ARC), Giza, Egypt, representing the newly reclaimed
desert land of North West, Egypt in Nubaria, which located at 46 Km South West of Alexandria city to
study the effect of irrigation regimes and NPK fertilization, earliness parameters, seed cotton yield, its
components of Egyptian cotton (Gossypium barbadense L.) cultivar Giza 94 was used which represent
long staple Egyptian cotton category in the two summer growing seasons of 2017 and 2018. The
experimental design was a split-split plot with four replications, where the irrigation regime treatments
were allocated to the main plots and the sub-main plots included NPK fertilization, while foliar
application treatments were taken place in sub-sub plots, where irrigation regimes were irrigation at
50% depletion of available soil moisture. (I1), irrigation at 70% depletion of available soil moisture
(I2) and irrigation at 90% depletion of available soil moisture (I3). While NPK-fertilizer rates were
100% of NPK recommended doses (75 kg N, 31 P,Os and 48 K,0O/fad.), 75% of NPK recommended
doses (56.3 kg N, 23.3 P,Os and 36 K,0O/fad.) and 50% of NPK recommended doses (37.5 kg N, 15.5
P,0Os and 24 K,0O/fad.). Foliar application treatments were control (water), potassium silicate (two
times at the rate of 1 kg/fad., before flowering and two weeks later), extractable mixed of algae, amino
acids and micronutrients (two times at the rate of 1 L/fad., before flowering and two weeks later).The
results revealed that growth and yield attributes of cotton were affected by water stress under NPK
fertilization and foliar application, in this respect the highest value of growth, yield characters were
achieved under irrigation regime (50% depletion of available soil moisture) and recommended dose of
NPK and foliar application of Algal extracts + amino acids + micronutrient) under Nubaria conditions.
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INTRODUCTION irrigation level affected significantly cotton
plants, with plant height in a range from 56.8 to

Cotton area and production are decreasing 105.5 cm. Hussein et al. (2011) found deficit
from one year to another. In Egypt, it is irrigation at around 80% of full irrigation had
cultivated in an area of 170.000 fad., with a the potential to save water and could be a proper
yield of 6.75 kentars/fad. Cotton area was about irrigation level for producing cotton in arid
6.832 and 4.738 faddans in West Nubaria areas. The close irrigation interval (every 15
Region and Alexandria GOVemorate, I'CSpCCtiVely. days) increased number of days from planting to
However, it is cultivated in 81.13 million acres first flower, days to first opened boll and boll
with average yield of 644 Lbs/acre in the world age and consequently decreased earliness
(FAO, 2016). percentage as compared to wide irrigation

Water is a vital factor for plant growth, interval (every 21 days). They added that
development, productivity and quality. So, irrigation every 21 days gave the highest mean
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value for each of boll weight and seed cotton
yield/faddan (Beheary et al., 2012).

Irrigation and N fertilization affected growth
and yield characters of cotton. The highest seed
cotton yield (5707 kg/ha) was reached with
130% ETc and 210 kg N/ha. The highest N
agronomic efficiency was recorded at 140 kg
N/ha. The 70% ETc treatment revealed significant
benefits in terms of irrigation water savings,
with seed cotton of 0.587 kg/m’, indicating the
possibility of irrigation use to deficit under
water scarcity conditions (Zonta et al., 2016).

Cotton growth, yield and maturity are greatly
influenced by NPK fertilizers application which
increases yield and yield components and fiber
quality (Xia et al., 2013; Adnan et al., 2017;
Wajid ef al., 2017). Also, Policepatil et al
(2009) revealed that increased NPK fertilization
to cotton may result in more accumulation of
photosynthetic assimilates that resulted in higher
fruit weight. Also, several studies were done to
evaluate the response of cotton to different NPK
levels, Seadh et al. (2012) and Hamoda et al.
(2014) found that the growth traits and yield
increased with increasing rates of NPK. However,
Srinivasan (2007) and Emara et al. (2015)
revealed that the high NPK fertilizer level did
not exhibit any significant effect on fiber
properties. Elhamamsey et al. (2016) reported
that among fertilization rates, maximum number
of opened bolls/plants, boll weight and yield/
fad., were recorded with using of high fertilizer
rates.

Seed cotton yield significantly enhanced by
increasing N application rate. The highest seed
cotton yield (4363 kg/ha) was recorded in a case
of 200 kg N/ha treatment and there was no
significant difference between 200 and 300 kg
N/ha treatments (Singh et al, 2010). Awad
(2012) studied the effect of full recommended
doses of NPK (75 kg N, 31 kg P, Os and 48 kg
K,O/faddan) vs. seven bio-fertilizer + half the
amount of the recommended doses of NPK
(37.5 kg N, 15.5 kg P,05 and 24 kg K,0O/faddan)
on cotton yield, they found that there were
significant effects (P< 0.05) due to mineral bio-
fertilization treatments on all plant growth
attributes, all earliness parameters, all yield
components expect number of plants at harvest/
faddan, lint (%), fiber length in both seasons and

fiber strength and fiber fineness, only in one
season. They added that the interaction effects
was significant for the most of characteristics, it
is obvious that application of Microbein and
Potassiomage bio-fertilizers with half the
amount of the recommended doses of N, P and
K under the high level of farmyard manure (F Y
M) significantly increased yields of seed cotton/
faddan (9.32 and 7.89 kentars) in both seasons,
respectively Dry matter yield, number of opened
bolls/plant, boll weight, seed index, lint index,
seed cotton yield/plant, seed cotton and lint
yield/ha and earliness of harvest were increased
with the application of K, Zn and P (Sawan,
2014).

Phosphorus (P) is an essential nutrient
required for structural and metabolic functions.
It is mobile element in the plant as that young
leaves or developing bolls can be nourished
from the labile P of older tissues; i.e., P is
redistributed from older to younger parts (Cox
and Barnes, 2002; Crozier et al., 2004). P-is
the second nutrient in cotton production after
nitrogen. It is a constituent of cell nuclei,
essential for cell division and development of
meristematic tissue (Russell, 2001) and has
known effect on photosynthesis as well as
synthesis of nucleic acids, proteins, lipids and
other essential compounds (Guinn, 1984; Taiz
and Zeiger, 1991).

Potassium (K) is essential for the growth and
development of cotton crop. It is vital for many
of the enzyme systems in plants. Potassium
enhanced water efficiency, affects the speed of
value almost all plant biological systems, and
affects fiber properties such as micronair,
length, and strength. In addition, K also plays a
significant role in photophosphorylation, turgor
maintenance, photoassimilate transport from
source tissues via phloem to sink tissues, stress
tolerance and enzyme activation in plants. Crops
translocate potassium to all parts of plant and in
turn yield per plant is increased. The uptake of
potassium increases during early boll set with
some 70% of total uptake occurring after first
bloom (Ashfaq et al., 2015). K-treatments had a
significant effect on plant height at harvest, No.
of sympodia/plant, and first sympodia/position.
There was a significant effect on days to first
flower appearance as well as to first opened boll,
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number of opened bolls/plant, boll weight, seed
cotton yield per plant and per fad. Foliar spray
of 2.4 kg K,O/fad., three times at squaring, start
and peak of flowering stages, respectively,
significantly increased No. of opened bolls/
plant, boll weight, seed cotton yield/plant and
seed cotton yield/fad (Abou-Zaid et al., 2009).

Algae extracts has beneficial effects on
growth and stress adaptation. Algal extracts and
other compounded mixtures have properties
beyond basic nutrition, often increasing growth
and stress tolerance. Non-pathogenic bacteria
capable of colonizing roots and the rhizosphere
also have a number of positive impacts. These
impacts included higher yield, increased nutrient
uptake and use, increased photosynthetic activity,
and resistance to biotic and abiotic stresses (Van
QOosten et al., 2017). The seaweed extract
(SWE) has recently gained much confirmation
as foliar application for inducing faster growth
and yield of plants (Dwivedi ef al., 2014). Use
of seaweed extracts has gained popularity due to
their potential use inorganic and sustainable
agriculture (Layek et al., 2015). SWE have been
largely used for similar purposes. SWE increased
fresh weight, and dry weight in spinach plants
under drought stress with some adverse effects
on the nutritional value through reduced ferrous
ion chelating ability (Xu and Leskovar, 2015).
Foliar application of potassium silicate can
provide reduction in water stress effects. Its
application resulted in reduction from 32,7% to
21.6% in the number of eggs laid on papaya
from 29.5% to 14.1% (Silveira, 2013). Potassium
silicate (K,04S10,) caused very good results to
improve the growth and yield of plants under
water and saline stress conditions (Salim, 2014).

The best concentrations of macronutrients
were obtained by the algal extract or the higher
dose of the micronutrient fertilizer. However,
the best uptake, nutrient balance and dry matter
accumulation was recorded by combined algal
extract and micronutrient fertilizer treatment
(Shaaban et al, 2010). Application of
micronutrients like iron and zinc each at 50
kg/ha recorded the highest mean values of seed
cotton yield (Mamatha and Ramesh, 2015).

The objective of this study was to investigate
the effect of irrigation regimes and NPK
fertilization and their interaction on growth,
yield and its components of Egyptian cotton.

MATERIALS AND METHODS

Two field experiments were carried out at the
Farm of Nubaria Agricultural Research Station,
Agricultural Research Center (ARC), Giza,
Egypt, representing the newly reclaimed desert
land of North West, Egypt in Nubaria, which
located at 46 Km South West of Alexandria city,
the station coordinates are at 30° 45° N latitude
and 29° 30" E longitude, it has an elevation of
about 21 meters above the sea level. The present
investigation was carried out to study the effect
of irrigation regimes and NPK fertilization on,
earliness parameters, seed cotton yield and its
components of Egyptian cotton (Gossypium
barbadense L.) Giza 94 cotton cultivar during
2017 and 2018 seasons.

Egyptian clover Barseem  (Trifolium
alexandrinum L.) was the preceding crop in the
two seasons, which was removed after two
cuttings before bloughing. Barseem is a favorite
crop before summer sowings especially, in
newly reclaimed or calcareous soils.

Some physical and chemical analyses of the
soil at the experimental Farm in Nubaria
Agricultural Research Station is given in Tables
1 and 2 according to Chapman and partt
(1978) and Page et al. (1982). In both seasons,
the soil texture was sandy loam, low content of
organic matter, very high calcium carbonate and
non-saline. The available amounts of macro
elements were moderate for nitrogen, low for
phosphorus and potassium. Regarding, available
amounts of micro-nutrients Fe, Cu and Mn were
of medium levels in the soil, while Zn and B
existed in moderate amount. Initial soil
physicochemical characteristics of the surface
layer (0 - 40 cm) for the two experimental
seasons were determined and recorded in
Tables 1 and 2. Soil layer to 40 cm had a light
texture of sandy loam with high content of total
CaCo; (%) was 21.94 and 22.13% in 2017 and
2018 seasons, respectively, Soil pH around
alkalinity ranged between 8.23 and 8.22. Soil of
both seasons were non- saline (EC 1.84 and 1.79
dS/m) with low available NPK and organic
matter content (0.25 and 0.27%) indicating their
deficient fertility status. Soil moisture while
available water was about 21.40% content to 40
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Table 1. Some physical properties of the experimental site for the two seasons of 2017 and 2018

Experimental Soil Mechanical analysis  Soil texture Soil moisture (%)
year ‘tﬁg’ Sand _ Silt  Clay Field  Wilting Available
(%) (%) (%) capacity point water
2017 0-40 57.67 24.11 1822 Sandy loam 36.12 14.71 21.41
2018 0-40 57.13 2393 1894 Sandy loam 35.91 14.51 21.40

Table 2. Some chemical properties of the experimental site for the two seasons of 2017 and 2018

Experimental Soil depth Soil EC Soil pH Total Organic Available Total N
year (cm) (ds/m) (1:2.5) CaCO; matter (%) macronutrients (%)
N P K
2017 0-40 1.84 8.23 21.94 0.25 379 47 87 0.13
2018 0-40 1.79 8.22 22.13 0.27 393 51 93  0.14

cm was moderately to low, field capacity ranged
between 36.12 and 21.4 for the two experimental
seasons, respectively (Page ef al., 1982).

The experimental design was a split-split plot
with four replications, where the irrigation
regimes treatments were allocated to the main
plots and the sub-main plots included NPK
fertilization, while foliar application treatments
were taken place in sub-sub plots. The
treatments were as follows:

1- Irrigation regimes (Main plots):

I1 Irrigation at 50% depletion of available soil
moisture.

Irrigation at 70% depletion of available soil

12 :
moisture.

I3 Irrigation at 90% depletion of available soil
moisture.
2- NPK- fertilization (Sub-main plots):

F1 100% of NPK recommended doses (75 kg
N, 31 P,Os and 48 K,O/fad.).

75% of NPK recommended doses (56.3 kg
N, 23.3 P,Os and 36 K,O/fad.).

50% of NPK recommended doses (37.5 kg
N, 15.5 P,Os and 24 K,0/fad).

3- Foliar application treatments (Sub-sub plots):

F2

F3

T1 Control (water).

T2 Potassium silicate (two times at the rate of 1
kg/fad., before flowering and two weeks
later).

T3 Extractable mixed of algae, amino acids and
micronutrients (two times at the rate of 1
L/fad., before flowering and two weeks
later).

The area of sub- sub- plot was 16.25 m’, in
both seasons. Each sub sub plot was consisted of
five ridges, 0.65 m apart and 5 m long each and
a distance of 25 cm between hills.

The cotton plant seeds of Egyptian long
staple cotton cultivar Giza 94 (Gossypium
barbadense L.) at the rate of 30 kg/fad., were
planted on 1 and 10" May in 2017 and 2018
seasons, respectively. Before the second irrigation,
plants were thinned to two vigorous seedlings per
hill. Hand hoeing was carried out three times,
during the two seasons before the first, second
and third irrigations, respectively. Other cultural
practices either pest or weed control were
followed during the two growing seasons as
usual application in commercial production,
recommended for South West Alexandria
Region.

Cotton plants were irrigated, during the growing
season, eight times in addition to planting
irrigation according the irrigation regime at 15
days interval. The first irrigation (Mohayat) was
applied after 21 days from planting.
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Prior to land preparation, phosphorus fertilizer
was added in the form of calcium superphosphate
(15.5% P,0s). Nitrogen fertilizer rate in the form
of ammonium nitrate (33.5% N) was applied in
two equal doses, the first dose was applied after
thinning and before the second irrigation, and
the second dose was added before the third
irrigation. Potassium fertilizer was added before
the 2™ irrigation in the form of potasium sulfate
(48%).

Applied of irrigation water treatments were
started from the third irrigation (about 36 days
from seed cultivation). The seasonal amount of
applied irrigation water was calculation and
illustrated in Table 3.

The first pick of seed cotton yield was
performed by hand, on September 22, while the
second pick was on October 9 for the first
season. The respective dates of picking for the
second season were September 28 and October
15. The other standard agricultural practices for
West Nubaria region were followed throughout
the two growing seasons.

Plant height at harvesting (cm), Number of
sympodia/plant, the first sympodial position in
nodes, number of days from sowing to the first
flower appearance (DFF), number of opened
bolls/plant, Boll weight in grams, Seed-cotton
yield (g/plant) and Seed-cotton yield/faddan in
Kentar were studied (Kentar = 157.5 kg).

All collected data were subjected to analysis
of variance according to Gomez and Gomez
(1984). All statistical analysis was performed
using analysis of variance technique by means
of CoStat computer software package (CoStat,
Ver. 6.311., 2005). The least significant
differences (LSD at 0.05) were used to compare
the treatment means.

RESULTS AND DISCUSSION

Table 4 show the effect of the three factors
i.e. irrigation regimes (A), NPK fertilization
rates (B), foliar application treatments (C) and
their interactions on plant height at harvesting
(cm), number of sympodia/plant, the first
sympodial position in nodes, number of days
from sowing to the first flower appearance
(DFF) and number of opened bolls/plant (DFB)
in both seasons.

The results showed that there was significant
effect due to irrigation regimes on each of plant
height at harvesting (cm), number of sympodia/
plant, the first sympodial position in nodes,
number of days from sowing to the first flower
appearance (DFF) and number of opened bolls/
plant (DFB), where the highest value for each of
plant height at harvesting (cm), number of
sympodia/plant, the first sympodial position in
nodes were recorded with irrigation at 50%
depletion of available soil moisture. Meanwhile,
the lowest ones were obtained with irrigation at
90% depletion of available soil moisture. On the
other hand, irrigation at 90% depletion of
available soil moisture increased number of days
from sowing to the first flower appearance
(DFF) and number of opened bolls/plants (DFB)
in both seasons. These results are in agreement
with those reported by Abou-Zaid et al. (2009),
Singh et al. (2010), Hussein et al. (2011) and
Deshish et al. (2015). The effect of water stress
explained by Zhao et al. (2006) who revealed
that drought affected plant due to hormonal
imbalance (cytokinin, abscisic acid) that affected
growth due to changes in cell wall extensibility.

The results in the same Table revealed the
effect of NPK fertilization rates on plant height
at harvesting (cm), number of sympodia/plant,
the first sympodial position in nodes, number of
days from sowing to the first flower appearance
(DFF) and number of opened bolls/plant (DFB),
whereas soil application of 100% NPK as
recommended dose (RD) recorded the highest
mean value for each of plant height at harvesting
(cm) and number of sympodia/plant, while the
lowest ones were recorded with 50 % from
recommended dose of NPK which increased
number of days from sowing to the first flower
appearance (DFF) and number of opened bolls/
plants (DFB) in both seasons. These results are
in harmony with those showed by Waraich et
al. (2011), Emara (2012), Dewdar (2013),
Sawan (2014), Geng et al. (2015) and Emara
(2016) who revealed that different combination
of NPK gave an increase in growth and yield of
cotton.

The same Table showed the effect of foliar
application, where foliar application with Algal
extract + amino acids and micronutrients gave
the highest value for each of plant height at
harvesting (cm) and number of sympodia/plant,
while the lightest



Table 3. Values of seasonal applied water for cotton crop during 2017 and 2018 seasons

Water irrigation regime No of irrigation = Mean amount of applied total amount of Mean amount Mean amount of applied water Seasonal applied Mean seasonal
water m3/fad/irrigation applied water m’/fad. of applied water forl “tand2 ™ irrigation water of applied
1% 22 1%geason 2™ season 1% 2nd for two seasons 1 %season 2%season  1%season 2™2season Water for two
season  season  m'/fad. m’/fad. season  season m’/fad. m’/fad m’/fad. m’/fad. m/fad. season m’/fad
50% depletion of AW 13 13 258.6 2494 3361.8 29422 3302 940 951 4301.8 4193 42474
70% depletion of AW 10 10 296.5 2971 2965 2971 2968 940 951 3905 3922 3913.5
90% depletion of AW 7 7 340.1 339.0 2381 2373 2377 940 951 3321 3324 3322.5

Table 4. Yield attributes of cotton cv. Giza 94 as affected by NPK fertilization and foliar application treatments under irrigation regimes
and their interactions in both seasons

Treatment Plant height Number of The first of sympodia/ Number of days from sowing  Number of opened
(cm) sympodia/plant position in nodes to the first flower appearance bolls/plant
Season

2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
A) Irrigation regimes
I1 =50 % depletion 1426 a 1340a 13.18a 12.92a 7.1a 6.3a 755¢ 72.5b 12.64 ¢ 1243 ¢
12 =70 % depletion 144.1a 13.54a 12.74b 12.45b 7.1a 6.2b 784b 749 a 1293 b 12.73b
13 =90 % depletion 1393b 1335b 12.51c 12.21c 7.0b 6.2b 79.7a 753a 13.08 a 1287 a
LSD at 0.05 2.7 1.0 1.09 0.83 0.05 0.08 0.280 0.855 0.447 0.578
B) NPK fertilization rate
F1=100% (RD) 1438 a 13.09a 13.09a 12.82a 7.1 6.2 759¢ 7290 12.64¢ 1243 ¢
F2 =75% from (RD) 14.13b 13.92b 12.92b 12.63b 7.1 6.2 779b 74.5 ab 1293 b 12.73b
F3 =50% from (RD) 14.09b 1323b 12.42¢ 12.13¢ 7.1 6.2 79.8a 753 a 13.08 a 1287 a
LSD at 0.05 1.7 3.0 0.96 1.03 NS NS 0.726 1.69 0.447 0.578
C) Foliar application
T1=Water 13.99b 1257 ¢ 12.57¢ 12.29¢ 7.1 6.2 80.2a 757 a 13.10a 12.89a
T2=Potassium silicates 1424 a 12.86 b 12.86b 12.59b 7.1 6.2 77.7b 744 a 12.85b 12.65b
T3 Algae extracts + amino acids and 14362 13.00 13.00a 12.71a 1 6.2 757 ¢ 72.6b 1268c  1249¢
micronutrients
LSD at 0.05 1.6 2.6 1.08 1.02 ns ns 0.567 1.39 0.470 0.453
Interaction
AXB * NS * * NS NS NS NS NS *
AxC NS NS * * NS NS * NS * *
BxC * * * * NS NS * NS * *
AxBxC * * * * NS NS * NS * *

I1, 12, I3= Irrigation at 50, 70 and 90% depletion of available soil moisture, respectively, Mean values in the same column marked with the same letters are not significantly different,
* = Significant difference, NS= not significant difference at 0.05 level of probability, Means of each factor designated by the same letter are not significantly different at 5% using
least significant difference (LSD).

9s¢
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yield was obtained by foliar application of water
which increased number of days from sowing to
the first flower appearance (DFF) and number of
opened bolls/plant (DFB) in both seasons. These
results are confirmed with Dwivedi et al.
(2014), El-Sayed et al. (2015), Elansary et al.
(2016), Emara (2016), Yadav et al. (2016),
Van Oosten et al. (2017) and More et al
(2018) who reported that using Algal extracts or
potassium silicate or micronutrients improved
the growth and yield of plants under water stress.

The results in Table 4 reveal that there were
significant interaction effects on some growth
characters of cotton which will not discussed here.

The obtained results in Table 5 show the
effect of the three factors i.e., irrigation regimes
(A), NPK fertilization rates (B), foliar application
treatments (C) and their interactions on boll
weight, seed cotton yield/plant (SCYP) and seed
cotton yield/fad., during 2017 and 2918 seasons.

The results showed that there was significant
effect due to irrigation regimes on seed cotton
yield/fad, where irrigation at 50% depletion of
available soil moisture (I1) achieved the highest
value for each of boll weight, seed cotton
yield/plant and seed cotton yield/fad, meanwhile
the lightest ones were observed with irrigation at
90% depletion of available soil moisture (I3) in
both seasons. These results are in agreement
with those reported by Abou-Zaid et al. (2009),
Singh et al. (2010), Hussein et al. (2011),
Deshish ez al. (2015) and Yi et al. (2018). The
effect of water stress explained by Zhao et al.
(2006) who revealed that drought affected plant
due to hormonal imbalance (cytokinin, abscisic
acid) that affected growth due to changes in cell
wall extensibility.

The results in the same Table revealed the
effect of NPK fertilization rates on cotton yield
and its attributes, whereas soil application of
100% NPK as recommended dose (RD) recorded
the highest means of boll weight, seed cotton
yield/plant (SCYP) and seed cotton yield/fad,
while the lowest one was obtained with at 50%
from recommended dose of NPK in both
seasons. These results are in confirm with those
showed by Emara (2012), Dewdar (2013),
Sawan (2014), Geng et al. (2015) and Emara
(2016).

The same Table showed the effect of foliar
application, where foliar application with Algal

extract + amino acids and micronutrients gave
the heaviest value for each of boll weight, seed
cotton yield/ plant (SCYP) and seed cotton
yield/fad., while the lightest boll weight, seed
cotton yield/plant (SCYP) and seed cotton
yield/fad., were obtained due to water foliar
application (control treatment) in both seasons.
These results are confirmed with Dwivedi et al.
(2014), El-Sayed et al. (2015), Bradacova et al.
(2016), Elansary et al. (2016), Emara (2016),
Yadav et al. (2016), Van Oosten et al. (2017)
and More et al. (2018) who reported that using
Algal extracts or potassium silicate or
micronutrients improved the growth and yield of
plants under water stress.

Fig. 1 a and b show the first order interaction
between irrigation regimes (A) and NPK
fertilization rates (B). Irrigation at 50% depletion
of available soil moisture (I1) with 100% (RD-
NPK) gave the highest value of seed cotton
yield/fad., meanwhile the lowest ones were
obtained by at 90% depletion of available soil
moisture and 50% RD of NPK in 2017 and 2018
seasons, respectively.

The results revealed that irrigation at 50%
depletion of available soil moisture with foliar
application of Algae extracts + amino acids +
micronutrients achieved the highest value of
seed cotton yield/ fad., while the lowest value
was obtained by irrigating at 90% depletion of
available soil moisture and water foliar
treatment in the first and second seasons in Fig.
2 aandb.

Table 5 reported that there was significant
interaction between the second factor and the
third factor on seed cotton yield/fad during the
first and second seasons, according to this
respect results shown in Fig. 3 a and b show that
soil application of 100% NPK (RD) and foliar
application of Algae extracts + amino acids and
micronutrients recoded the highest seed cotton
yield/fad, while the lowest one was observed
with soil application of 50 % NPK from RD and
water spraying (control) in both seasons.

Results in Table 6 reveal the second order
interaction between irrigation regimes, and NPK
rates and foliar application. Whereas, irrigation
at 50% depletion of available soil moisture, soil
application of at 100% NPK (RD) and foliar
application of Algae extracts + amino acids and
micronutrients recoded the highest mean value
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Table S. Yield attributes of cotton cv. Giza 94 as affected by NPK fertilization and foliar
application treatments under irrigation regimes and their interactions in both seasons.

Treatment Boll weight Seed cotton Seed-cotton
(g) yield/plant (g) yield/fad (Kentar)

2017 2018 2017 2018 2017 2018

A) Irrigation regimes

I1 =50% depletion 3.12a 3.05a 489 a 433 a 102 a 8.8a
12 =70% depletion 3.05b 296D 43.7b 3790 9.0b 740
I3 =90% depletion 2.99c¢c 2.88 ¢ 40.0 ¢ 343 ¢ 82c 6.6c
LSD at 0.05 0.018 0.058 0.344 0.742 0.273 0.205

B) NPK fertilization rate

F1=100% (RD) 3.14a 3.05a 48.0 a 419a 99a 8.4a
F2 =75% from (RD) 3.06b  298b 443 b 38.6b 9.1b 7.6b
F3 =50% from (RD) 295¢c 2.87c 40.3 ¢ 350c 82c 6.7¢c
LSD at 0.05 0.017 0.034 0.317 0.394 0.225 0.107

C) Foliar application
T1 = Water 2.61c 2.83 ¢ 39.6 ¢ 34.1c 8.1c 6.5c¢
T2= Potassium silicates 3.11b 3.00b 448 b 393b 9.1b 7.8b

T3 Algae extracts + amino acids

it . 3.54 a 3.51a 482 a 42.1a 10.1 a 8.5a
and micronutrients

LSD at 0.05 0.016 0.009 0.342 0.649 0.159 0.154
Interaction

AXB * NS * * * *
AxC * * * * * *
BxC NS NS * * * *
AXBxC * * * * * *

I1, 12, I3= Irrigation at 50, 70 and 90 % depletion of available soil moisture, respectively, Mean values in the same column
marked with the same letters are not significantly different, * = Significant difference, ns= not significant difference at 0.05
level of probability, Means of each factor designated by the same letter are not significantly different at 5% using least
significant difference (LSD).

Kentar = 157.5 kg , fad = 4200 n’.
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Fig. 1. a and b. Interaction effect of irrigation regimes and NPK fertilization on seed cotton
yield/fad., (SCYF) in both seasons.
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Fig. 2. a and b. Interaction effect of irrigation regimes and foliar application on seed cotton
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Table 6. Interaction effect of irrigation regimes x NPK fertilization x foliar application on seed
cotton yield/fad., (kentar/fad.) in both seasons

Treatment Season
Seed cotton yield (kentar/fad.)
Irrigation = NPK fertilization Foliar application 2017 2018
regime (A) rate (B) ©
I 100% (RD) Water 10.0 8.3
Potassium silicates 11.9 10.5
Algae extracts and micronutrients 12.3 10.9
75% from (RD) Water 9.4 7.3
Potassium silicates 10.5 9.6
Algae extracts and micronutrients 11.2 9.5
50% from (RD) Water 7.6 5.8
Potassium silicates 8.9 8.8
Algae extracts and micronutrients 9.9 8.6
12 100% (RD) Water 8.6 7.0
Potassium silicates 9.4 7.7
Algae extracts and micronutrients 11.0 9.5
75% from (RD) Water 8.3 6.8
Potassium silicates 8.7 7.3
Algae extracts and micronutrients 10.2 8.4
50% from (RD) Water 7.7 6.3
Potassium silicates 8.3 6.8
Algae extracts and micronutrients 8.5 7.2
13 100% (RD) Water 7.6 6.1
Potassium silicates 8.9 7.4
Algae extracts and micronutrients 10.1 8.4
75% from (RD) Water 7.2 5.7
Potassium silicates 7.7 6.5
Algae extracts and micronutrients 9.2 7.7
50% from (RD) Water 7.0 5.4
Potassium silicates 7.6 5.7
Algae extracts and micronutrients 8.1 6.1
LSD at 0.05 0.553 0.463

I1, 12, I3= Irrigation after exhaustion of 50%, 70 and 90 from the available water, respectively.
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of seed cotton yield/fad., meanwhile irrigation at
90% depletion of available soil moisture and soil
application of 50% NPK (RD) and foliar
application of water (control) gave the lowest
value of seed cotton yield/fad., in both seasons.

Conclusion

Growth and yield of cotton were affected by
water stress by using NPK fertilization and
foliar application. The highest value of growth,
yield characters were achieved under irrigation
regime (50% depletion of available soil
moisture) and recommended dose of NPK and
foliar application of Algal extracts + amino
acids + micronutrient) under Nubaria conditions.

REFERENCES

Abou-Zaid, M.K., M.A. Emara and S.A. Hamoda
(2009). Future of Egyptian cotton production
in the newly reclaimed desert land of Egypt:
1-Cotton response to soil, foliar potassium
application and potassium dissolving bacteria
(KDB). J. Adv. Agric. Res., (Fac. Agric.
Saba Basha), 42 (1): 73 — 80.

Adnan, N.S., L. Javaid, T. Mohsin, Y. Guozheng
and H. Waseem (2017) Nitrogen fertilization
and conservation tillage: a review on growth,
yield and greenhouse gas emissions in
cotton. Environ. Sci. Pollut. Res., 24: 2261-
2272.

Ashfaq, A., N. Hussain and M. Thar (2015).
Role of potassium fertilizers in plant growth,
crop yield and quality fiber production of
cotton — An overview. Fuuast. J. Biol., 5 (1):
27-35.

Awad, D.A.F. (2012). Effect of mineral, organic
and biological fertilization on growth and
yield of Egyptian cotton. Ph.D. Thesis, Fac,
Agric. Saba Basha, Alex. Univ. Egypt.

Beheary, M.G.I., M.K.M. Abou-Zaid, [.A.E.
Ibarahim and H.M.A.A. Abou-Zaid (2012).
Effect of humic acid and nitrogenous
fertilization under different irrigation
intervals on yield and fiber properties of
Egyptian cotton.The 1* Alex. Int. Cotton
Conf. (17-18 April), (1):87-102.Special Issue
of J. Adv. Agric. Res., Alex. Univ., Egypt.

Bradacova, K., N.F. Weber, N. Morad-Talab;
M. Asim, M. Imran and M. Weinmann
(2016). Micronutrients (Zn/Mn), seaweed
extracts and plant growth-promoting bacteria
as cold-stress protectants in maize. Chem.
Biol. Technol. Agric., 3 (1): 19.

Chapman, H.D. and P.F. Pratt (1978). Methods
of Analysis for Soils, Plants and Water.
Univ. Calif., Prical Public., 4030: 12-19.

CoStat Ver. 6.311 (2005). Cohort software 798
light house Ave. PMB320, Monterey,
CA93940, and USA. email: info@cohort.
com and Website: http://www.cohort. com/
DownloadCoStatPart2.html

Cox, F.R. and J.S. Barnes (2002). Peanut, corn,
and cotton critical levels for phosphorus and
potassium on Goldsboro soil. Comm. Soil
Sci. Plant Anal., 33:1173-1186.

Crozier, C.R., B. Walls, D.H. Hardy and J.S.
Barnes (2004). Response of cotton to P and
K soil fertility gradients in North Carolina. J.
Cotton Sci., 8:130-141.

Deshish, El-D., M.A. Emara, S.A. Hamoda and
E.S.M. Khalifa (2015). Agricultural treatments
to retard for over vegetative growth under
different irrigation requirements in heavy soil
at North Delta. Alex. Cotton Conf., (25-26
March 2015). Special Issue J. Adv. Agric.
Res. (Fac. Agric.-Saba Basha), 98-112.

Dewdar, M.D.H. (2013). Return of soil and
foliar applications of potassium fertilization
on potential and fiber quality traits for two

Gossypium barbadense L. varieties in Egypt.
Scholarly J. Agric. Sci., 3: 94-98.

Dwivedi, S.K., M.R. Meshram, A. Pal, N.
Pandey and A. Ghosh (2014). Impact of
natural organic fertilizer (seaweed sap) on
productivity and nutrient status of black gram
(Phaseolus mungo L.). The Bioscan, 9 :
1535-15309.

Elansary, H.O., K. Skalicka-Wozniak and [.W.
King (2016). Enhancing stress growth traits
as well as phytochemical and antioxidant
contents of Spiraea and Pittosporum under
seaweed extract treatments. Plant Physiol.
Biochem., 105: 310-320.



262 Gomaa, et al.

Elhamamsey, M.H., E.A. Ali and M.A. Emara
(2016). Effect of some cultural practices on
shedding and yield of Egyptian cotton.
Assiut J. Agric. Sci., 43 (4): 15-29.

El-Sayed, S.A.A., F.A. Hellal, O.A. Nofal, M.F.
El-Karamany and B.A. Bakry (2015).
Influence of algal extracts on yield and
chemical composition of moringa and alfalfa
grown under drought condition. Int. J.
Environ., 4 (2): 151-157.

Emara M.A., A.S. Amal and S.A. Hamoda
(2015). Effect of irrigation regimes and foliar
feeding with boron and zinc under NPK
fertilizer levels on growth and yield of the
new promising cotton genotype (Giza 86 x
10229). Fayoum J. Agric. Res. and Dev., 30
(1): 27-48.

Emara, M.A. (2012). Response of cotton growth
and productivity to application of potassium
and zinc under normal and late sowing dates.
J. Plant Prod., Mansoura Univ., 3 (3): 509 -
514.

Emara, M.A.A. (2016). Influence of potassium
fertilization and spraying of zinc and
manganese on cotton growth and
productivity. J. Plant Prod., Mansoura Univ.,
7 (10): 1115 -1125.

FAO (2016). Food Agriculture Organization.
Fao.Stat.Org.

Geng, J., Q. Ma, M. Zhang, C. Li, Z. Liu, X.
Lyu and W. Zheng (2015). Synchronized
relationships between nitrogen release of
controlled release nitrogen fertilizers and
nitrogen requirements of cotton. Field Crops
Res., 184 : 9-16

Gomez, K.A. and A.A. Gomez (1984).
Statistical ~ Proceures for  Agricultural
Research. 2" Ed. John Lviely and Sons. New
York, 690.

Guinn, G. (1984). Potential for improving
production efficiency with growth regulants.
In Proc. of the Beltwide Cotton Production
Res. Conference Atlanta, GA, USA, January
8-12 J.M. Brown. 67- 71. Memphis, USA:
Nat. Cotton Council.

Hamoda, S.A., M.A. Ibrahim and M.A. Emara
(2014). Effect of irrigation intervals and

NPK fertilizers on growth, yield and quality
for new hybrid cotton [Giza 83 (Giza 75 x
5844)] x Giza 80. The 1% Int. Cotton Conf.
Challenges to Sustainable Cotton Production
and Quality. Special Issue of Egypt. J. Agric.
Res., 92 (1): 111-123.

Hussein, F., M. Janat and A. Yakoub (2011).
Assessment of yield and water use efficiency
of drip-irrigated cotton (Gossypium hirsutum
L.) as affected by deficit irrigation. Turk. J.
Agric. For., 35:611-621.

Layek, J., A. Das, G.I. Ramkrushna, K. Trivedi,
D. Yesuraj, M. Chandramohan, D. Kubavat,
P.K. Agarwal and A. Ghosh (2015). Seaweed
sap potential towards sustainable improvement
of maize productivity: adominant staple food
crop of the northeast India. Int. J. Environ.
Stud., 72: 305-315.

Mamatha, N. and H.S. Ramesh (2015). Effect of
sulphur and micronutrients on nutrient
uptake, availability, yield and quality of
cotton. Asian J. Soil Sci., 10 (1): 63-67.

More, V.R., V.K. Khargkharate, N.V. Yelvikar
and Y.B. Matre (2018). Effect of boron and
zinc on growth and yield of Bt. cotton under
rainfad condition. Int. J. Pure App. Biosci., 6
(4): 566-570.

Page, A.L,, R.H. Miller and D.R. Keeney (1982).
Methods of Soil Analysis. Part2.Chemical
and Microbiological properties. Ame. Sci.
Agron. Madison. Wisconsin.

Policepatil, A., B. Chittapur and V. Paramesh
(2009). Response of Bt cotton hybrids for
targeted yield under Northern transitional
zone of Karnataka. J. Crop and Weed, 5 (1):
313-315.

Russell, E.W. (2001). Soil Condition and Plant
Growth. London: The English Language
Book Society and Longman.

Salim, B.B.M. (2014). Effect of boron and
silicon on alleviating salt stress in maize.
Middle East J. Agric. Res., 3 (4):1196 -1204.

Sawan, Z.M. (2014). Cotton seed yield and its
quality as affected by mineral fertilizers and
plant growth retardants. Agric. Sci., 5(3): 186
—209. http://dx.doi.org/ 10.4236/ as. 2014.
53023.



Zagazig J. Agric. Res., Vol. 46 No. (2) 2019 263

Seadh, S.E., M.H. El-Hendi and O.E.S. Shaimaa
(2012). Effect of NPK rates and humic acid
applications on growth of Egyptian cotton. J.
Plant Prod. Mansoura, 3 (8): 2287-2299.

Shaaban, M.M., A.M. El-Saady and A.B.
El-Sayed (2010). Green microalgae water
extract and micronutrients foliar application
as promoters to nutrient balance and growth
of wheat plants. J. Ame. Sci., 6 (9): 631-636.

Silveira, L.F.V. (2013). Crescimento, nutri¢ao ¢
resisténcia de mudas de mamao (Carica
papaya L.) tratadas com fontes de silicato de
potassio  (K2SiO3). 2013. 73f. Tese
(Doutorado)- UniversidadeEstadual do Norte
Fluminense Darcy Ribeiro, Campos dos
Goytacazes.

Singh, Y., S.S. Rao and P.L. Regar (2010).
Deficit irrigation and nitrogen effects on seed
cotton yield, water productivity and yield
response factor in shallow soils of semi-arid
environment. Agric. Water Manag., 97 : 965-
970.

Srinivasan, G. (2007). Response of summer
irrigated cotton (Gossypium hirsutum L.) to
reduced level of nutrients and time of
application. Madras Agric. J., 90 (7-9): 528-
529.

Taiz, L. and E. Zeiger (1991). Plant Physiology:
Mineral Nutrition. Redwood City, CA: The
Benjamin Cumm. Pub. Co.

Van Oosten, M.J., O. Pepe, S. De Pascale, S.
Silletti and A. Maggio (2017).The role of
bio-stimulants and bio-effectors as alleviators
of abiotic stress in crop plants. Chem. Biol.
Technol. Agric., 4 (5): 2-12.

Wajid, A., A. Ahmad, M. Awais, M. Habib-ur-
Rahman and A. Sammar (2017). Nitrogen
requirements of promising cotton cultivars in
arid climate of Multan. Sarhad J Agric., 33:
397-405.

Waraich, E.A., R. Ahmad, R. Hur, R. Ehsanullah,
A. Ahmad and N. Mahmood (2011).
Response of foliar application of KNO; on
yield, yield components and lint quality of
cotton (Gossypium hirsutum L.). Afr. J.
Agric. Res., 6: 5457-5463.

Xia, Y., C.C. Jiang, F. Chen, J.W. Lu and Y.H.
Wang (2013) Differences in growth and
potassium-use efficiency of two cotton
genotypes. Commu. Soil Anal., 42: 132-43.
3.

Xu, C. and D.I. Leskovar (2015). Effects of A.
nodosum seaweed extracts on spinach
growth, physiology and nutrition value under
drought stress. Sci. Hort., 12 (183): 39-47.

Yadav, S.L., A. Verma and V. Nepalia (2016).
Effect of phosphorus, Sulphur and seaweed
sap on growth, yield and nutrient uptake of
chickpea (Cicer arietinum L.) Res. Crop, 17:
496-502.

Yi, X.P., Y.L. Zhang, H.S. Yao, J.M. Han, W.S.
Chowb, D.Y. Fanb and W.F. Zhang (2018).
Changes in activities of both photosystems
and the regulatory effect of cyclic electron
flow in field-grown cotton (Gossypium
hirsutum L.) under water deficit. J. Plant
Physi., 220:74-82.

Zhao, TJ., S. Sun, Y. Liu, JM. Liu, Q. Liu,
Y.B. Yan and H.M. Zhou (2006). Regulating
the drought responsive element (DRE)-
mediated signaling pathway by synergic
functions of trans-active and transinactive
DRE binding factors in Brassica napus. J.
Biol. Chem., 281: 10752- 10759.

Zonta, J.H., Z.N. Brandao, V. Sofiatti, J.R.C.
Bezerra and J.C. Medeiros (2016).Irrigation
and nitrogen effects on seed cotton yield,
water productivity and yield response factor
in semi-arid environment. Aust. J. Crop Sci.,
10 (1): 118-126.



264 Gomaa, et al.
Ay ) el ) G gl caa o) Aali) e tacilly ilall gay) il

"a ) ol Sl (ules ad ol — MAman ual) 1 3 sana
"Gkl adiall ae o adial) ae 5 jlas dke ihuas

e — iy el - (LEL L) el 30 IS - Sl Y1 a2
ran— B ) — dae 550 Sl 38 je — Glaill gy dgaa -

DA L HuCYl yeas g shoaall Bipb €1 LI L) Gy ddasse de ) he (B s Gl ad Cy sl
cind sl il NPK @ sanill (5 peadd) Ghill (e 3¢ 5 Caioa dlaiad Zud,al YOIA 5 Y)Y anige
) Y O lalae O abaal) il g <y K dny i b (i e ARi) pdal) apanai p2iil ¢ el SlgaY) Cig ks
G Ll (e %Y e Mamiad day g - alain S JHEN lall (pe 9 00 Matiu) day sl 1 g Aw ) aasll
tst s V) AR adadll 8 dpendll Cleles €y BaliiuD) JAE oLl (e 9690 Slatia) aey (ol - LS
Sanilll o(O1a/ly 53 aaS A Oy g8 anC ¥Y 1 gl anS VO) NPK L (oo sall ¥ andll (0 9 ¢ ¢ o el
el _(O\qs/iwasv-x,. ;oius(,;sw,v;g,jasow,w“)_NpK e Ll oa gl E¥ el e 9V O
CulS LS (/1 53 anS Y 2 Ofy 8 anS 10,0 1 gl aaS YV,0) (NPK (30 L s sall ¥ asall (30 %0 o
Dl 31 A1 J8) o gl sal) Sl (B (R lRe) slally il 1o 5 Al 48350 adadl) (A )5l i) i lalae
DoY) Ay Jd g ra pealic s Al Gaalaly callh Galiiee () <(O1/paS ) e (e sy e
fag il g ) aae - all die ULl ¢ L)) da s o) ldeall aal ColS g (/53 ) Jaray) (e sauls Warg
‘ﬁj\um\ofs)}uw?ﬂm;h‘a\_gs\/c_-;s:fnj}mm‘sj,xd}i@m@_sﬁjd}iJ}@Lh_,m_agu\
Al Al Jal gl Ly gime 15 allin IS szl aal S g o(olad/ a3 Gl J seana cclall/ ja 3l laill J geans
e A jall i g ) Clelaal (5 sine il a5y LS el 31 e 50 JDA 436 S 5 J el i e 23D
e g bl pla ) A ad led Bia sl QA elal (e 90+ Aliiu) any 5 O s Jpandl 5 saill Ciliia
el a3l (bl J e ¢ a0 Ol e 355l ()5 Jaws sie ectilail/peiiall sl sae -cnball/Ay el ¢ Y
Sl s (%) 1) NPK (0 b oasall de jall om ¥ sesdll o any WS lad/ a3l ol J sans
aliall ae Ay ) sl aldtad A i1 o Laadl aa g WS das o) claall alasa 8 cillas sie
1€ 3 bl Cia de) ) 3 dpa i) (Say (g maall haill 8 43l S 5 J seanall Gliial o el Sl g jrall
nall el (e lgy (oam sall Ao jall dpia [ Y1 ALY ae ) L) e %00 St ey gl Al aadiuly
@ld A gl o2 ol s g reall paliall + Clladall aldiical sl G55l s oaslisall 5 5y st sil) i 5 il
Aol all dlaial ) (o g Hhall a5 el () il 436 S 5 J sanall e (5 gira il

) gm—maSaal)
Soalall daala —de) 3l A A S O A R I

(B Al e ) 04S¢ i) Juualaall S da) Al G JaENAe Ll ae o] .Y



