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Abstract

Six separate field trials were conducted at Shandaweel Agric. Res. Station
(Sohag governorate), Egypt during 2012 season and repeated in 2013 season to
study the effect of a new irrigation method with NPK rates and frequencies under
two planting dates on yield and yield component of Egyptian cotton variety Giza-
90. The obtained results revealed that sowing dates affected significantly all stu-
died characters due to the variation in total amount of heat units in each date.
Early planting date in March increased yield and its component (number of sym-
podia branches/plant, number of open boll/plant, boll weight, seed cotton
yields/plant and fed.) in both seasons. In the first season, a new irrigation me-
thod, i.e. alternative irrigation system resulted the high mean values for number
of sympodia/plant, number of open boll, boll weight, yields per plant and per fed.
in the first planting date, but in the second date recorded high mean values for
number of open boll and yield per plant. Moreover, in the second season appear-
ance high mean values for number of open boll in the first planting date and
number of sympodia/ plant, number of open boll and seed cotton yield per plant
in the second planting date. Application of NPK fertilizer up to high rate 125%
from the recommended NPK/fed. significantly increased number of sympodia/
plant, boll weight and seed cotton yield per fed. under the two planting dates in
both season. On the other hand, 100% from the recommended NPK/fed. recorded
high mean values for number of open boll and seed cotton yield per plant in the
both seasons for each planting date. Splitting fertilizers five times led to increase
thenumber of sympodia/plant, boll weight and seed cotton yield per fed. in the
first planting date for 2012 and 2013 seasons as well as, number of sympo-
dia/plant, seed cotton yield per fed. and number of sympodia/plant, number of
open boll in 2012 and 2013 seasons respectively, for the second planting date
compared with the other treatments.
Keywords: Cotton, Planting date, Irrigation, Fertilization, Splitting fertilizers, Yield and
yield component.

Introduction

Cotton (Gossypium barbadense
L.) is considered the main fiber crop
through industry in Egypt as well as
the world. Therefore, all efforts
should be continued to improve its
quality and quantity of it either
through cultural methods or breeding
programs. For some economic factors
occurred in Egypt such as cooperative

marketing, high wages of laborers
and high prices of cereals when com-
pared with cotton led to a decrease in
cotton area. Cotton yield or any other
economic characters, are influenced
by the various agronomic treatments
especially the planting in the late
dates, irrigation method and fertilizer
doses. Recently, the majority of far-
mers are delaying the recommended
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planting date for cotton to take the
advantage of cultivating some winter
crops before cotton such as clover.
Moreover, the global warming oc-
curred nowadays, which led to an in-
crease in the temperature degrees.
Agriculture production strategy
should be based on optimizing plant
function in relation to environment to
give high productivity with long-term
stability. Temperature plays a domi-
nate role in controlling metabolism,
consequently growth and develop-
mental rates of cotton plant. Reddy et
al. (1991) recorded a 50% decline in
total shoot biomass for upland cotton
plants grown under a 40/30°C
day/night temperature regime as
compared to plants grown under the
optimal day/night temperature condi-
tion (30/20°C). Reddy et al. (1995)
studied the effects of carbon dioxide
and temperature on pima cotton
growth and they found that at 35.5°C,
little growth response to high CO,
environments occurred at 700 pl 1™
CO, compared with 350 pl ! CO,,
but approximately about 45% in-
crease occurred in the plants grown at
18.9-26.9°C. Arevalo (2008) sug-
gested that high night temperatures
increased the respiration rates, result-
ing in further depletion of carbohy-
drates as well as the yield. Loka and
Oosterhuis (2010) showed that high
night temperatures significantly in-
creased respiration rates while photo-
synthesis rates remained unaffected
which led to a perturbation in carbo-
hydrate metabolism and might re-
sulted in inefficient use of carbohy-
drates. In general, high night tem-
peratures increased respiration, which
resulted in a reduction of leaf ATP
levels and leaf carbohydrate content.
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Planting cotton in a suitable
time leads to low first node, forming
fruiting branches with an optimum
height, increasing number of bolls
and yield of cotton. In addition, it
helps in escaping from leaf worms,
boll worms and aphids at the end of
the season and picking early. Ali and
El-Sayed (2001) found that early
sowing increased number of fruiting
branches per plant. El-Hindi et al
(2006) found that early sowing in
March increased yield and its compo-
nents, i.e. number of open bolls per
plant, boll weight, seed cotton yields
per plant and fed.'in varieties related
to (Gossypiumbarbadensel.). Zaheer
et al. (2012) found that sowing on
May 1% produced the highest boll
weight (2.83g), seed cotton yield
(3032 kg ha'). as compared with
sowing in April and June. Batool et
al. (2013) revealed that seed cotton
yield was highly affected directly and
indirectly both by boll number and
boll weight in cotton.

Irrigation is essential to enhance
crop production in arid climates. Irri-
gation is also practiced in humid and
sub-humid climates to protect crops
during periods of drought. Shaozhong
et al. (2000) found that the most sur-
prising result was that AFI main-
tained high grain yield with up to
50% reduction in irrigation amount,
while FFI and CFI all showed a sub-
stantial decrease in yield with re-
duced irrigation. Pei-Ling et al
(2010) found that had no significant
changes under alternative furrow irri-
gation on cotton yield. While, Ling
and Cang (2011) showed that cotton
yield was not significant different un-
der the same water between alterna-
tive furrow irrigation and conven-
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tional furrow irrigation. James et al.
(2014) found that irrigation induced
variation in CT-heat units (1198-
1416) similar to the decadal variation
in AT-heat units (1270-1508). Two
heat unit-based management tools: 1)
the assignment of irrigation crop
coefficients and 2) the identification
of a fiber thickening period were both
found to be sensitive to irrigation-
induced changes in CT-heat unit ac-
cumulation. The inclusion of CT-heat
units resulted in variability in both
indicators that reflected effects of ir-
rigation and climate on plant perfor-
mance. Inclusion of canopy tempera-
ture measurements in heat unit accu-
mulation might improve the utility of
heat units. Wiggins et al. (2014) indi-
cated that differences in physiological
growth patterns occurred when com-
pared across irrigation amounts. For
example, they found that irrigation
increased cotton plant vegetative
biomass. Yang et al. (2015) showed
that the growth varied with irrigation
regime.

Reducing cost of production are
essential aims for growers, but it
usually depends on many factors es-
pecially that influence the plant
growth. Nutrition manner is consi-
dered as one of the most important
factors that affecting plant growth.
Furthermore, NPK forms are the most
important plant nutrients limiting
plant growth and consequently yield,
but higher levels may result in exces-
sive of vegetative growth with a low-
er yield and quality. Dong et al
(2010) found that boll number and
boll weight were affected by N, K
fertilization lower fertility field. Ni-
trogen fertilization increased boll
number and K fertilization improved
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boll weight; a combination of N and
K increased boll number, boll weight
and yield. El-Shahawy and Hamoda
(2011) obtained that number of fruit-
ing branches/plant, number of open
bolls per plant, boll weight and seed
cotton yield per fed. increased by in-
creasing nitrogen levels. Baraich ef
al. (2012) found that yield compo-
nents (the number of bolls plant™,
seed cotton yield/plant and seed cot-
ton yield ha™) of cotton varieties were
affected by different nitrogen levels
at the highest rate 200 kg ha™ which
produced 42.22 bolls plant”, 44.00 g
seed cotton weight plant’ and 1975
kg seed cotton yield ha". Seadh et al.
(2012) found that number of fruiting
branches/plant were significantly in-
creased by increasing NPK rate from
25 up to 100% of the recommended
rate at all sampling dates in both sea-
sons. The rate of 100% NPK recorded
the highest values of the mentioned
traits, while the rate of 25% NPK
recorded the lowest ones in both sea-
sons.

Splitting of NPK participates in
a continuous availability of nitrogen,
phosphor and potassium as an essen-
tial element for cotton plants, which
ensures better nutrition, reflected in
better growth appearance. On the
contrary, decreasing NPK doses leads
to losing these elements beyond root
zone without utilization by plants, es-
pecially at younger ages of growth.
Srinivasan et al.(2001) and Mahmood
et al. (2003) found that number of
sympodia /plant affected significantly
by split application of NPK fertilizer.
Muhammad et al. (2014) revealed
that all yield and yield parameters
were significantly affected by split
doses of different fertilizers as Nitro-
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gen, Phosphorous and Potassium (at
sowing, after the removal cotton
sticks and at booting stages). While,
Bhati and Singh (2015) revealed that
split application of N and NK did not
have any significant effect on seed
cotton yield, yield per plant, bolls per
plant and boll weight.
Materials and Methods

The present investigation was
carried out at Shandaweel Agric. Res.
Station (Sohag governorate), A.R.C.,
Egypt during the two successive
growing seasons of 2012 and 2013 to
study the response of Egyptian cotton
variety Giza-90 to alternative irriga-
tion patterns with NPK fertilizer rates
and frequencies under two plantings
on cotton yield and its components.
In each season, six separate field tri-
als were done as a combination be-
tween three irrigation systems and
two planting dates. Each experiment
consists of three NPK levels distri-
buted by two, three, four and five
equal doses using complete rando-
mized block design with split plot ar-
rangement according to Gomez and
Gomez (1984). The NPK levels were
allocated to main plot and splitting
was assigned to sub plots. Finally,
combined analysis over all experi-
ments in each season was done with
the collected data after testing them
with Bartlett's test for variance ho-
mogeneity following Snedecor and
Cochran (1989). For comparison be-
tween means, Revised L.S.D. at 5%
level of probability was used follow-
ing (Steel and Torrie 1981).

The experimental plot area

was 25 m® (5 m length and 5 m
width). Each plot consisted of 8 rows,
spacing between rows were about 60
cm.

55

There were three irrigation systems

as follows;

A. Conventional furrow irrigation
CFIL. It means that every furrow
was irrigated during each water-
ing.

B. Fixed two furrows irrigation FFL
It means that every two rows
linked together from the two
edges then water cannot inter
between them during irrigation.

C. Alternate furrow irrigation AFI
(new irrigation method). It
means that every two rows
linked together from the two
edges in one irrigation and re-
move this link in the next irriga-
tion and so on till the end of the
experiment.

Each irrigation treatment was re-

peated in two planting dates i.e.,

A. Early planting date (on 20"
March)

B. Late planting date (on 20" April).

Under each planting date three rates

of NPK fertilization were done as fol-

lows;

A. low rate (75%) from the recom-
mended, as 45, 16.9 and 18
NPK kg/fed, respectively.

B. Recommended rates (100%), as
60, 22.5 and 24 NPK kg /fed,

respectively.
C. High rates (125%) from the rec-
ommended, as 75, 28 and

30NPK kg /fed, respectively.

Each fertilization level was added

as follows;

A. Two equal doses (Sp,) were added
before the second irrigation and
the third irrigation.

B. Three equal doses (Sp;) were be-
ing added before the second, the
third and the fourth irrigation,
respectively.
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C. Four equal doses (Sp4) were being
added before the second, the
third, the fourth and the fifth ir-
rigation, respectively.

D. Five equal doses (Sps) were being
added before the second, the
third, the fourth, the fifth and
the sixth irrigation, respectively.

Table 1. Physical and chemical properties of the upper 60 cm of the experimental
soil sites in2012 and 2013 seasons.

Properties 2012 season 2013 season
Sand% 19% 21%
Physical analysis Silt 48% 51%
Clay 33% 28%
Soil texture Silt clay loam
PH (1:1) 7.66 7.60
CaCo3 % 3.88 3.90
E.C (mm/cm) 1.6 1.65
. . Co;&HCo;meq /L 10.0 9.5
Chemical analysis Na meq/L 236 3209
Total N % 1.6 1.8
Total P (ppm) 5.192 5.537
Total K (ppm) 223 231

The above analysis was carried
out in the Agricultural Research Cen-
ter Soil, Water & Environment Res.
Institute Unit of Analysis & Studies.

Here, it should be noted that
daily of maximum and minimum
temperature were recorded and the
amounts of heat units scored were
calculated in 30 days intervals

through the cotton growing season
(March to September) in 2012 and
2013 seasons for Shandweel Agricul-
tural Station as shown in Table 2.
Heat units were calculated according
to Young et al. (1980) equation.

HU = Mean daily minimum and max-
imum Temperatures — K (zero point
of growth=12.8 "C).

Table 2. Meteorological data recorded at Sohag Governorate during the 2012 and
2013 seasons.

Temperature in"C during 2012season Temperature in"C during 2013 season

Month Max. Min. mean 1;;%] Max. Min mean 1;;%]
March 26.5 7.8 17.1 133.3 9.1 24.6 16.9 127.1

April 33.1 14.2 23.6 324 15.1 32.9 24.0 336
May 34.8 16.7 25.8 403 19.6 35.8 27.7 461.9

June 37.3 20.5 28.9 483 20.9 37.8 29.3 495
July 38.1 20.4 29.2 508.4 21.9 38.1 30.0 533.2
August 36.8 20.7 28.8 496 20.3 36.6 28.5 436.7

September 33.5 17.5 25.5 381 17.5 34.8 25.7 387
Mean 343 16.83 | 25.56 | 2728.7 | 17.77 | 34.38 | 26.01 | 2776.9
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Data recorded:

A. Yield and its components:

1- Number of sympodia branches
/plant at harvest.

2- Number of open bolls/plant.
3-Average seed cotton yield
grams/plant.

4- Boll weight in grams: The average

boll weight was estimated as follow:
BOH weight= Xeed eotton yield fplant in grams

n

Number of horvested boll/plant

5- Seed cotton yield/fed. in kentar.
Results and Discussion
1- Effect of planting dates on yield
and its components:

Results presented in the Tables
3 to 12 revealed that the combined
analysis for the two planting date in
the two growing seasons 2012 and
2013significantly affected on yield
and its component (number of sym-
podia / plant, number of open boll /
plant, boll weight, seed cotton yields
/ plant and per fed.) which were in-
creased in favor of earlier sowing.
Early planting in March led to an
increase in number of sympodia /
plant (15.96 and 16.35), number of
open boll / plant (17.07 and 17.16),
boll weight (2.08 and 2.14), seed
cotton yield per plant (35.63 and
36.81) and per fed. (8.16 & 8.17) in
2012 and 2013 seasons, respective-
ly. Temperature plays a critical and
complicated role in the growth and
development of cotton as it helps
early plants to have a longer period
to flowering and this contributed so
much in increasing the amount of
metabolites synthesized by the
plant, increasing the number of
fruiting branches and number of
open bolls per plant as well as the
seed cotton yield. These results are
in a good line with those obtained
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by El-Hindi et al. (2006) and Batool
et al. (2013).

2- Effect of irrigation systems on
yield and its components:

The results in the same Tables
indicated that irrigated treatments had
a significant effect on all the studied
characters in both seasons. Irrigation
of cotton plants with a new irrigation
method, i.e. alternative irrigation sys-
tem led to increase in number of open
boll / plant and seed cotton yield /
plant in the first and second planting
date in the two growing seasons. Fur-
thermore, boll weight and seed cotton
yield / fed. in the first planting date
for each seasons. On the other hand,
irrigated treatment (conventional fur-
row irrigation) recorded the highest
mean values for the boll weight and
seed cotton yield / fed. in the second
planting date in both seasons. Similar
findings were obtained by Sheng et
al. (2007) as it may be due to conti-
nuous stomatal inhibition and re-
duced leaf transpiration. Whereas,
Ling and Cang (2011) showed that
cotton yield was not significant dif-
ferent under the same water between
alternative furrow irrigation and con-
ventional furrow irrigation, cotton
yield of conventional furrow irriga-
tion was higher on average than the
fixed every other furrow irrigation by
9.15%. AFI takes advantage of this
physiological response and exposes
part of the root system alternatively
to the drying soil.

3- Effect of NPK fertilizer rates on
yield and its components:

Data presented in the same mentioned
Tables indicated that increasing NPK
level until 100 % from the recom-
mended significantly in-
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creased number of open bolls / plant
and seed cotton yield / plant. This
may be due to strong the vegetative
growth and produced more from
bolls/plant with increasing the period
of vegetative growth and boll weight.
This result is in harmony with that
reported by Molin and Hugie (2010).
While, adding 125 % rates NPK from
the recommended caused an increase
in the number of sympodia / plant,
boll weight and seed cotton yield /
fed., as compared to 75 % and 100 %
rates from the recommended. These
results are in agreement with those
obtained by El-Hindi et al. (2006).

4- Effect of splitting of NPK ferti-
lizer on yield and its components:

It is clear that splitting fertiliz-
ers had a considerable effect on the
productivity of cotton plant. The data
proved that number of sympodia /
plant tended to be increased as num-
ber of splitting was increased (Sps).
Boll weight, seed cotton yields / plant
and per fed. in the first planting date
respond to a considerable fertilizer
until Sps. Whereas, number of open
bolls / plant respond to Sp, for each
season. On the other hand, the second
planting date respond to splitting fer-
tilizers until Sp, for number of open
boll / plant, boll weight, seed cotton
yields / plant and per fed. in 2012and
2013 seasons. Present results could
be attributed to the best management
of fertilizers through splitting N, P, K
which may decrease the loss of leach-
ing. These findings agreed with those
obtained by Rasool ef al. (2010) and
Muhammad et al. (2014).

5- Effect of the interactions on yield
and its components:

Results in Tables 3-12, re-
vealed that the effect of interaction
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shown in tables 3-12 are described as

follows: -

All the first order interactions
had a significant effect on all charac-
ters in both seasons except,

a. Irrigation systems x NPK splitting
interaction for No. open
bolls/plant in both seasons, No.
of sympodia / plant, boll weight
and seed cotton yield/plant in
the first season.

b. NPK rates x NPK splitting inte-
raction for No. open bolls/plant,
No. of sympodia/ plant and seed
cotton yield/plant in both sea-
sons, boll weight in the first
season and seed cotton yield
/fed. In the second season.

c. Irrigation systems x planting dates
interaction for No. open
bolls/plant in the first season.

d. NPK rates x planting dates inte-
raction for No. open bolls/plant
in both seasons.

For the second order interaction it
was as follows

a. Irrigation systems x NPK rates
xNPK splitting interaction had
not significant effect on all cha-
racters except No. of sympodia /
plant in the second season and
seed cotton yield /fed. In the
first season.

b. Irrigation systems x NPK rates
xplanting dates interaction had
significant effect on all studded
characters.

c. Irrigation systems x NPK splitting
x planting dates interaction had
a significant effect on No. of
sympodi a/ plant and boll
weight in the second season,
No. open bolls/plant and seed
cotton yield /fed. in first season.
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d. NPK rates x NPK splitting x
planting dates interaction had no
significant effect on all charac-
ters except No. of sympodia /
plant in the second season and
seed cotton yield/fed. In both
seasons.

For the third order interaction, it
had no significant effect on all cha-
racters except boll weight in the
second season only.

Conclusion
Under the conditions of the

present work, the alternative furrow
irrigation, fertilizing 125% NPK from
the recommended and splitting ferti-
lizers to five equal splits gave the
highest yield and its components.
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