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Introduction

ARMERS are often unable to determine the effect of different environmental stress on

growth and development of cotton plants. So, the experiment conducted through a wide
range of thermal changes by planting cotton at different dates. This work aimed to performance
evaluation of some Egyptian cotton genotypes i.e., Giza 90, Giza 90 x Aust. and Giza 95 under
different thermal units related to different planting dates i.e., 13 April, 16" April and 1% May.
The results demonstrated that late planting led to decreasing plant height, number of leaves/
plant and leaf area/plant. Number of fruiting/plant increased in early planting due to lowered of
node of the first sympodium and inducing early balance between vegetative and fruiting. Low
temperatures at the beginning of the season and the decrease the number of thermal units in early
planting led to increase concentration of chlorophyll a, b and carotenoids in leaves and increase
earliness index. Late planting produced the first flower and first open boll in shorter period as
compared to early planting, but it consumed more number of heat units. Yield and its quality
have increased in early planting where utilized the heat units in producing the highest number
of open bolls and enhance cotton fiber properties conversely late planting which used most of
the heat units in increasing the vegetative growth. Giza 95 surpassed in all studied characters
compared to other genotypes. The efficiency of Egyptian cotton genotypes particularly Giza
95 for use of air thermal units increased in early planting. From the results above, it could be
concluded that early planting maximized of the use of heat units by increasing the efficiency
use of air thermal units through the growing season which lowered the amount of heat units for
necessary production one boll.
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wind, rainfall and dew), cultivar, availability of

nutrients and soil moisture, pests and cultural

Cotton is a perennial tropical crop of undetermined
growth, grownas an annual crop for lint, oil and
animal feed (Constable & Bange, 2015). Egyptian
cotton (Gossypium barbadense L.) is known as
extra- long staple and is famous in the world for
their high fiber quality. It is plays a prominent role
in supporting the economy of country. Cotton is
important for food Egyptians (oils), feed (animal’s
cake) and fiber for both export and local textile
industry (Mahdy et al., 2017).

Climate changes have affect crop growth
interactively, sometimes resulting in unexpected
responses to prevailing conditions. Many factors,
such as length of the growing season, climate
(including solar radiation, temperature, light,

practices affect cotton growth (Sawan, 2017).

Air temperature is one of the important factors
which affect the rate of growth and development of
cotton plants. The lower and upper developmental
threshold ranging between 15-37°C (Gipson &
Ray, 1970). Below 15°C the development ceases
sharply and above 37°C the development tended
to decrease. However, this poses an interesting
situation for cotton growers in Egypt, as it is
common to exceed these optimal temperatures in
the summer.

Moreover, the high temperatures reduce the
interval between flowering and boll opening,
shortening the time to maturity. As well as,
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high temperatures can decrease photosynthesis
and increase respiration, leading to reduced
seed production, reduced lint development and
unexpectedly lower yield. In the same order, high
temperatures can reduce boll growth and retention
due to lower net photosynthesis following reduced
growth and respirationat night, which suppresses
sink demand and inhibits the forming of starch in
leaves (Yeates et al., 2013).

Due its indeterminate growth habit, the crop
shows morphological adaptations to its growing
environment such as modification in canopy
structure (Mao et al., 2014). Cotton planting is
a laborious practice due to transplantation into
open field (Lu et al., 2017). Planting time is a
major agronomic factor that effect growth and
yield (Ullah et al., 2015). As, considered one of
the predictable factors i.e., occur in systematic
manner and under human control. So, through
the different planting dates can expose the
cotton plants to different temperature. Therefore,
optimum sowing time determination is of utmost
importance for high yield and quality cotton.

Cotton genotypes having a wide range of
adoptability, needs different total number of
cumulative heat units (CHU) or growing degree
days (GDD) for their growth, development, yield
and maturity. The CHU or GDD is the most
common index used to estimate the development
of a plant. This heat unit’s accumulation
determines the crop maturity along with the end
product quality (Ullah et al., 2015). As, the rate
of plant growth is mainly temperature driven thus
the gap between the actual and potential yield
needs to be closed via modeling of the impact
of temperature variation on yield and quality of
genotypes.

In this context, this investigation was carried
out to study the impact of air thermal units
through different planting dates on yield and
its components and determine the efficiency
utilization of cotton plants for air thermal units
in some Egyptian cotton genotypes planted at
different times. These data will provide crop
management guidelines to cotton growers.

Materials and Methods
Plant material, growing conditions, experimental

design and treatments
Two uniform field trials were conducted
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at Sids Agricultural Research Station, Bani-
Swef Governorate, Middle Egypt during
2017 and 2018 seasons. The main aim was
to study the effect of three planting dates
(i.e., It April 1, 16" April and 1** May) on
yield and its components of as an indicator to
create difference in temperature for growth,
development and maturity, thus giving a wide
range of temperature from planting till maturity
in three Egyptian cotton genotypes (i.e., Giza
90, Giza 90 x Aust. and Giza 95). A split plot
design arranged in randomized complete
blocks with three replicates was used where,
Genotypes were considered as the main plot
while the sub plot was designated to planting
dates. Each experimental plot contained 5 ridges
at width was 60cm and its length was 4m. Seeds
obtained Cotton Research Institute, Agricultural
Research Centre, Giza, Egypt, were sown at the
rate of 30kg/fed in hills 20cm apart on one side
of the ridge. Cultural management practices
such as irrigation, weeding, hoeing, thinning
and pesticide application were implemented to
reduce competition for nutrient, light and water
for a better crop stand.

During soil preparation and plant growth, the
soil was supplemented with the full dose of N
(70kg/fed ammonium nitrate 33.5% N) with lime
at 2 equal doses, the first applied after thinning
just before the second irrigation and the second
applied before the third irrigation, P (150kg/fed
calcium superphosphate 15.5% P,O,) during land
preparationand K (50kg/fed potassium sulphate
48% K SO,) before the first irrigation according
to the recommendations of the Ministry of
Agriculture and Land Reclamation.

Meteorological data

Monthly maximum and minimum air
temperature and relative humidity in the two
growing seasons are presented in Table 1.
Meteorological data was obtained from Directorate
of Agriculture in Bani-Swef Governorate. The
heat units (HU) were calculated according to
Young et al.(1980) equation as follows:

HU= Mean daily temperature — K
(K= zero growth= 12.8°C)

The efficiency use of thermal heat units by
cotton plants estimated by the following equation
referred by Emara (2012).
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Total heat units through the whole season

Efficiency use of (HU) = (HUoll

Number of open bolls per plant

Growth attributes

Plant height was measured using a meter scale.
Number of leaves per plant and number of fruiting
per plant were counted. Using a graph sheet, leaf
areas were measured manually where the squares
covered by the leaf were counted.

Leaf Photosynthetic pigmentconcentrations

The photosynthetic pigments (i.e., chlorophyll
a, chlorophyll b and carotenoids in mg g' FW)
were estimated by the spectrophotometric
method recommended by Lichtenthaler (1987).
Leaf samples (0.3g from each replicate of each
treatment (n= 9) were homogenized in 50ml 80%
(v/v) acetone and centrifuged at 10,000 x g for
10min. The absorbance of each acetone extract
was measured at 665, 649, and 440nm using a UV-
160A UV-visible spectrophotometer (Shimadzu,
Kyoto, Japan).

Earliness parameters

Node of the first sympodium, days to first open
flower and crackle first boll were recorded. In
addition earliness index was calculated according
to the following equation:

Seed cotton yield of the first pick (kg)

Earliness index = x 100

Total seed cotton yield (kg)

Yield and its components

At harvest, ten guarded plants from each plot
were randomly chosen from the central ridge to
determine number of open bolls per plant and
boll weight. Total seed cotton yield of each plot
in kilograms (including 10 plant subsamples) was
then transformed to kentars per feddan and ginned
to determine the seed cotton yield per feddan.
Lint percentage was calculated according to the
following equation:

Weight of lint cotton

Lint percentage = x 100

Weight of seed cotton

Fiber properties

A sample of 30g of lint was taken where
the following fiber properties were recorded:
Upperhalf mean length (U.H.M.L.) (mm).
Fiber uniformity index. Fiber strength (g/tex).
Micronair value. HVI instrument system was used
to determine fiberaccording to ASTM: D- 4604—
05 (ASTM, 2005).

Statistical analysis

All data were subjected to analysis of
variance (ANOVA) for a split plot arranged in
randomized complete blocks design, after testing
for homogeneity of error variances according to
the procedure outlined by Snedecor & Cochran
(1990). Combined analysis of data of the two
seasons was conducted and significant differences
between treatments were compared at P< 0.05 by
Duncan’s multiple range test.

TABLE 1. Monthly weather data at Bani-Swef, Egypt during 2017 and 2018.

2017 2018

Month

Max °C Min °C Mean °C RH % Max °C Min °C Mean °C RH %
April 23.07 15.03 19.05 74.01 24.11 16.78 20.45 76.43
May 28.09 17.11 22.6 81.63 29.41 19.01 24.21 83.35
June 32.27 21.05 26.66 67.95 33.13 22.97 28.05 69.17
July 35.43 25.89 30.66 63.33 36.73 27.17 31.95 64.35
August 31.55 23.09 27.32 69.85 33.05 25.03 29.04 71.32
September 29.57 21.15 25.36 73.53 30.65 23.01 26.83 75.45
October 27.53 16.13 21.83 70.97 29.31 17.91 23.61 71.75
Mean 29.64 19.92 24.78 71.61 30.91 21.70 26.31 73.12
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Results

Meteorological data

Mean air temperature was higher during
seedling establishment, vegetative growth and
remained relatively lower during reproductive
periods of both years (Table 1). On average,
2017 was relatively cooler than 2018. Relative
humidity was associated with air temperatures
during different plant growth stages. It was low
during early growth phases and increased as
canopy gets closer.

Growth characteristics of Egyptian cotton
genotypes

As shown in Table 2 all growth characteristics
(i.e., plant height, number of leaves per plant,
number of fruiting per plant and leaf area per
plant) were significantly influenced by planting
dates and genotypes. Cotton plants sown on 1%
April significantly increased in the above growth
characteristics by 4.8 & 10.0%, 18.5 & 44.3%,
23.4 & 36.6% and 9.9 & 27.5%, respectively for
Giza 90; by 6.5 & 9.9%, 13.1 & 35.2%, 19.5 &
41.2% and 11.3 & 25.5%, respectively for Giza

90 x Aust. and by 5.4 & 7.7%, 29.5 & 53.2%, 13.4
& 32.3% and 11.7 & 22.7%, respectively for Giza
95 compared to plants sown on 16" April and 1%
May. For genotypes, there was significant growth
characteristics increases in Giza 95 compared to
those in Giza 90 x Aust. and Giza 90.

Leaf" photosynthetic pigment concentrations of
Egyptian cotton genotypes

The data recoded in Table 3 show that planting
dates and genotypes caused significant effect on
concentration of chlorophyll a, chlorophyll 5 and
carotenoids in the leaves of cotton plants. Crop
planted on 1% April showed significant increases in
the above photosynthetic pigments concentrations
by 30.1 & 48.7%, 30.9 & 49.1%, 14.8 & 34.8%,
respectively for Giza 90; by 22.1 & 56.6%, 20.0 &
53.0% and 38.7 & 72%, respectively for Giza 90 x
Aust.and by 18.2 & 43.8%,21.4 & 46.7% and 30.8
& 64.4%, respectively for Giza 95 compared to
crop planted on 16" April and 1* May. Regarding
genotypes, there were significant increases in
photosynthetic pigment concentrations of Giza 95
compared to Giza 90 x Aust. or Giza 90.

TABLE 2. Effect of planting dates in combination with genotype on growth attributes of three Egyptian cotton

genotypes.
Treatments . . .
genotypes Planting dates Plant height No. of leaves/ No. of fruiting/ Leaf area/plant
©) (D) (cm) plant plant (dm?)
D, 133.35a 39.13a 13.73 a 320l a
D, 127.21b 33.03b 11.13b 29.13b
© D, 121.23 ¢ 27.11¢ 10.05 b 25.11 ¢
Mean 127.26 C 33.09C 11.64 B 28.75C
D, 139.75 a 4197 a 15.55a 35.11a
D, 131.23b 37.11b 13.01b 31.55b
e D, 127.17 ¢ 31.05¢ 11.01¢ 2797 c
Mean 13549 A 36.71 B 13.19B 31.54B
D, 143.11 a 49.23 a 17.13 a 39.13 a
G D, 135.73 b 38.03b 15.11b 35.03b
' D, 13293 b 32.13 ¢ 1295¢ 31.89¢
Mean 137.26 A 39.80 A 15.06 A 35.35A

Mean values in the same column for each trait with the same lower small or upper bold-case letters are not significantly different by
Duncan’s Multiple Range Test at P< 0.05. G = Giza 90, G,= Giza 90 x Aust., G,;= Giza 95, D = 1* April, D,= 16" April, D,= I* May.
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TABLE 3. Effect of planting dates in combination with genotype on leaf photosynthetic pigments concentrations

of three Egyptian cotton genotypes.

Treatments Planting dates (D) Chlorophyll a Chlorophyll b Carotenoids
genotypes (G) (mg/g FW) (mg/g FW) (mg/g FW)
D, 4.15a 4.07 a 031a
G D, 3.19b 3.11b 0.27b
! D, 2.79¢ 2.73¢ 023 ¢
Mean 3.38C 330C 0.26 C
D, 5.09a 491 a 0.43 a
D, 4.17b 4.09b 0.31b
< D, 3.25¢ 321¢ 0.25¢
Mean 4.63 B 4.07 B 033B
D, 6.11a 591a 0.51a
G D, 517b 4.87b 0.39b
} D, 425¢ 4.03¢ 031c¢
Mean 5.18A 4.94 A 0.40 A

Mean values in the same column for each trait with the same lower small or upper bold-case letters are not significantly different by
Duncan’s Multiple Range Test at P< 0.05. G = Giza 90, G,= Giza 90 x Aust., G,= Giza 95, D,= 1*' April, D,= 16" April, D,= 1* May.

Earliness parameters of Egyptian cotton genotypes

Earliness parameters (i.e., node of the first
sympodium, days to first flower, days to first open
boll and earliness index) differed significantly by
planting dates and genotypes (Table 4). The first
date (D,) had significant increases of days to first
flower, days to first open boll and earliness index
by 3.3 & 7.7%, 2.5 & 5.5% and 4.7 & 13.3%,
respectively for Giza 90; by 4.0 & 7.8%, 3.4 &
5.7% and 4.8 & 11.8%, respectively for Giza 90 x
Aust. and by 4.1 & 8.2%, 3.7 & 5.5% and 4.3 &
10.4%, respectively for Giza 95, while significant
decreaseof node of the first sympodium by 14.2
& 24.6% for Giza 90; by 13.0 & 25.0% for Giza
90 x Aust. and by 18.8 & 22.5% for Giza 95 when
compared to the second (D,) and third (D,) dates.
For genotypes, Giza 95 was early maturity, these
results achieved by significant decreases in node
of the first sympodial, days to first flower and
days to first open boll. In the other way there was
significant increase earliness index compared to the
other two genotypes.

Yield and its components of Egyptian cotton
genotypes

Yield and its components (i.e., number of
open bolls per plant, boll weight, seed cotton yield
per feddan and lint percentage) were significant
affected by planting dates and genotypes (Table 5).
At the first planting date led to significant increases
in the above yield and its components traits by
9.7 & 30.7%, 19.0 & 39.2%, 19.2 & 86.7% and
14.9 & 19.7%, respectively for Giza 90; by 17.0

& 38.6%, 29.3 & 55.0%, 22.0 & 49.6% and 13.8
& 20.8%, respectively for Giza 90 x Aust. and by
15.1 & 38.1%, 19.6 & 47.3%, 20.4 & 49.1% and
12.6 & 23.0%, respectively for Giza 95 compared
to second and third planting dates.Concerning
genotypes, there was significant yield and its
components increases in Giza 95 compared to
those in the other genotypes.

The efficiency use of heat units by Egyptian cotton
genotypes

The data in Table 5 cleared that cotton plants
sown in the early planting date caused a decrease
in the values of heat unit efficiency for producing
one open boll that means increase in efficiency
use of thermal air units. This decrease was 7.74 &
15.12%, 6.90 & 13.86 % and 5.39 & 13.56% in the
1 April (D, ) for Giza 90, Giza 90 x Aust. and Giza
95, respectively compared to the16" April (D,) and
1* May (D,). Giza 95 was more effective for use of
thermal air units through reducing number of heat
unit compared to Giza 90 x Aust. or Giza 90.

Fiber properties of Egyptian cotton genotypes

The genotypes planted in different dates
demonstrated significant differences in all fiber
properties, i.e., upper half mean length, fiber
uniformity index, micronaire reading and fiber
strength (Table 6). Cotton plants sown on 1% April
had significant increases of upper half mean length,
fiber uniformity index and fiber strength by 7.8 &
16.2%, 3.0 & 5.5% and 4.4 & 8.2%, respectively
for Giza 90; by 6.2 & 14.1%, 1.5 & 5.1% and 5.1 &
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8.8%, respectively for Giza 90 x Aust. and by 5.6 & Giza 95 compared to plants sown on 16"April and
13.3 %, 3.4 & 6.1% and 6.0 & 13.1%, respectively 1% May. Results also showed asuperiority of Giza
for Giza 95, but significant decrease of micronaire 95 in the above fiber properties compared to Giza
reading by 9.8 & 15.1% for Giza 90; by 8.5 & 90 x Aust. and Giza 90.

19.1% for Giza 90 x Aust. and by 6.8 & 19.7% for

TABLE 4. Effect of planting dates in combination with genotype on earliness parameters of three Egyptian cotton

genotypes.

::zii;:;t: G) Planting dates (D) l\i;(rlrf[(:(i;;liljrrll“ Da;j):’)eijrst Dayi(t)(l)lﬁrst Earliness index

D, 6.03 c 8523 a 13521 a 64.91 a

D, 7.03b 82.51b 13197 b 62.01b

N D, 8.00 a 79.13 ¢ 128.11 ¢ 5729 ¢

Mean 7.02A 82.29A 131.76 A 61.40 C

D, 523 ¢ 83.29a 133.17 a 67.09 a

D, 6.01b 80.11b 128.79 b 64.01b

© D, 6.97 a 77.27 ¢ 125.95¢ 60.01 ¢

Mean 6.49B 80.22 B 129.30 B 63.70 B

D, 483 ¢ 81.09 a 130.89 a 69.11 a

D, 5.95b 7791b 126.25b 66.23 b

< D, 6.23 a 7493 ¢ 124.05 ¢ 62.59 ¢

Mean 5.67C 77.98 C 127.06 C 65.98 A

Mean values in the same column for each trait with the same lower small or upper bold-case letters are not significantly different by
Duncan’s Multiple Range Test at P< 0.05. G = Giza 90, G,= Giza 90 x Aust., G,= Giza 95, D = 1** April, D,= 16" April, D,= 1* May.

TABLE 5 . Effect of planting dates in combination with genotype on yield and its components and efficiency use of
heat units of three Egyptian cotton genotypes.

;:;Z‘t:;:)eensts Planting  No.ofopen  Boll weight Seed cotton yield/fed Lint Efﬁlfizltlc:,nl;ts: of
(G) dates (D) bolls/plant (€3] (Kentar) percentage (HU/boll)
D, 14.11a 2.13a 943 a 31.11a 179.71 ¢
D, 11.95b 1.79b 791D 27.07b 194.80 b
G D, 10.03 ¢ 1.53¢ 5.05¢ 26.00 ¢ 211.72 a
Mean 12.03 C 1.82C 7.46 C 28.06 C 199.06 A
D, 16.65a 2.65a 10.31a 3421 a 15230 ¢
D, 14.23 b 2.05b 845D 30.07b 163.59b
G D, 12.01 ¢ 1.71¢ 6.89 ¢ 2831 ¢ 176.81 a
Mean 13.12B 2.14B 8.55B 30.86 B 177.52 B
D, 19.63 a 3.05a 1123 a 3825a 129.18 ¢
G D, 17.05b 2.55b 9.33b 33.97b 136.53 b
’ D, 1421 ¢ 2.07c 7.53¢ 31.09¢c 149.44 a
Mean 16.96 A 2.56 A 9.36 A 3444 A 137.32C

Mean values in the same column for each trait with the same lower small or upper bold-case letters are not significantly different by
Duncan’s Multiple Range Test at P< 0.05. G = Giza 90, G,= Giza 90 x Aust., G,= Giza 95, D = 1** April, D,= 16" April, D,= 1" May.
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TABLE 6. Effect of planting dates in combination with genotype on fiber properties of three Egyptian cotton

genotypes.

Treatments Planting dates  Upper half mean  Fiber uniformity index Micronaire Fiber strength

genotypes (G) D) length (mm) (%) reading (g/tex)

D, 3137 a 8193 a 3.6lc 47.11a

G D, 29.09b 79.51b 4.00b 45.13b

' D, 27.00 ¢ 77.69 ¢ 425a 4353 ¢

Mean 29.15B 79.71 C 4.00 A 45.26 C

D, 3321a 8529a 321c 51.13 a

D, 31.27b 84.03 b 351b 48.65b

< D, 29.11¢ 81.15¢ 3.97a 47.00 ¢

Mean 30.19B 83.49B 3.56 B 48.93 B

D, 3523 a 89.17 a 3.01c 5531a

D, 3335b 86.23 b 323b 52.17b

G D, 31.09¢ 84.01 ¢ 375a 4891 ¢

Mean 33.22A 86.47 A 3.33C 52.13A

Mean values in the same column for each trait with the same lower small or upper bold-case letters are not significantly different by
Duncan’s Multiple Range Test at P< 0.05. G = Giza 90, G,= Giza 90 x Aust., G,= Giza 95, D,= 1** April, D,= 16" April, D,= 1* May.

Discussion

The temperature is considered among of
environmental factors determine the good
growing season and enhancing adoptive potential
for a specific crop. All over, global warming with
ensuing elevates heat stress is a serious threat
to plant growth and crop productivity (Ullah
et al., 2015). Timely planting of crops is essential
for root penetration and spreading, thus good
vegetative growth through optimum gained of
available soil nutrients and solar radiation. As
environment conditions have control growth of
cotton crop, so an appropriate sowing time is
very essential for growers to ensure optimum
yield. These results are agreed with the findings
of Yucel & Gormus (2002) because possible
reasons of lowered yield are due to late planting
susceptibility of cotton crop to insects and bad
weather. Moreover, Gwathmey & Clement (2010)
they indicated that, late planting, usually lowers
cotton yield due to delayed physiological maturity
and carbohydrate deficiency.

Early planting had significant increase in
the growth characteristics above mentioned
compered to late planting (Table 2). This increase
may be due to the decrease of air temperature
and consequently the decrease of heat unit at the
beginning of the season (Table 1). Early sowing
exposed relatively lower air temperature and low
number of heat units which allowed producing
plants more tall and higher number of leaves per

plant as compared to late sowing (Khan et al., 2017).
The lower amounts of heat units in early season
encourages the formation of more number of
fruiting per plant which are the barriers of fruiting
oranges that increased the fruiting capacity of
cotton (Emara, 2012).

Leaf photosynthesis is an important biological
process that directly influences plant growth and
productivity (Wilson et al., 2012). In our results,
leaf photosynthetic pigment concentrations
in the leaves of cotton plants significantly
increased when cotton plants were exposed to low
temperature with planting on 1% April compared
to other planting dates (Table 3). These results
could be explained on the base that by decreasing
temperature, respiration may increase up to the
optimum degree. Therefore, studying the factors
affecting photosynthesis—respiration relation is a
matter of great importance for crop production.
Similar results were obtained by Yoon et al.
(2009) and Loka & Oosterhuis (2010).

Effects of planting dates and genotypes on
earliness parameters were significant (Table 4).
The early planting (1% April) lowered significantly
node of the first sympodial and delayed the
appearance of first flower and first open boll
compared to other planting dates, while it utilized
lower number of heat units from planting to first
flower. Therefore, most of the remained heat units
were consumed through fruiting stage. This is
situation was not achieved in case of late sowing,

Egypt. J. Agron. 41, No.2 (2019)
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because most of the heat units were consumed in
vegetative growth. Regarding, earliness percentage
it tended to significant increase in favour of early
planting compared to other planting dates. This
might due to relatively low temperature of air and
at the beginning of the season for early planting
(Table 1), which directed the cotton plants to keep
the balance between vegetative growth and fruiting
capacity while, in late planting, the increase of air
and soil temperature. Such findings are in harmony
with those obtained by Hamed (2011), Ismail et al.
(2012), Wengqing et al. (2012), Elayan et al. (2013)
and Elayan et al. (2015).

Early planted crop produced significantly
higher yield and its components than late sown
crop (Table 5). Early planting crop took advantage
of soil moisture and nutrients for longer growing
season and produced more bolls. In contrast, late
planting experienced a shorter reproductive period
due to increased air temperatures and reduced
canopy photosynthesis due to less radiation
interception (Gormus & Yucel, 2002 and Liu et
al., 2015). Cotton plants in early planting utilized
the heat units in producing the highest number of
open bolls while, late planting used most of the
heat units in increasing the vegetative growth.
Planting cotton as early is one of the important
factors which control the rank growth through the
growing season and consequently increase seed
cotton yield. The efficiency use of heat units by
cotton plants increased in favour of early sowing
rather than in late planting (Hamed, 2011). Late
planting obtained the highest number of heat units
and resulted in increasing of vegetative growth
(Makram et al., 2001). On the other hand, late
planted crop has the potential to increase cotton
yield under intensive field management (Dong et
al., 2000).

Cotton plants sown on 1% April improved from
fiber properties by increase of upper half mean
length, fiber uniformity index and fiber strength
and by decrease micronaire reading compared
to plants sown on 16" April and 1% May (Table
6). This may be due to that early cotton sowing
afforded cotton plants more vegetative growth,
resulting in greater accumulation of dry matter,
which enhances cotton fiber properties (Zhiguo
et al., 2011). Giza 95 recorded the highest values
of fiber properties compared to other genotypes.
These results may be attributed to the differences
among the three genotypes under study in
genetical constitutions and their interaction with
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environmental conditions (Ismail et al., 2012).

Giza 95 variety planted early on 1** April caused
a decrease in the values of heat unit efficiency for
producing one open boll that means the increase in
efficiency use of thermal air units (Table 5). This
could be achieved by sowing cotton in the suitable
time (Emara, 2012). For early planting, most of the
heat units were consumed in formation of fruiting
capacity while in late planting date it was used
for excessive vegetative growth. Therefore, early
planting maximized the use of air heat units by
increasing the efficiency use of heat units through
the growing season which lowered the amount
of heat units for production on boll (Elayan et
al., 2006). Our data are in good agreement with
Ehdaie & Waines (2001). Finally, it is important to
measure the efficiency use of heat units in cotton
production, in order to maximize the use of the
inputs in cotton fields.

Conclusion

This study cleared the importance of taken in
consideration heat units effects on the growth and
developing timing of Egyptian cotton genotypes
for improving the yield quantity and quality.
Therefore, in order to increase the efficiency use of
the heat units through the growing season. From the
results obtained, it could be generally concluded
that early planting (1% April) fits the Egyptian
cotton genotypes particularly Giza 95 by suitable
climatic window meet different developmental
stages to produce higher yield by inducing a good
balance between vegetative growths and fruiting
capacity and maximizes the efficiency use of heat
thermal units.
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