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Abstract

Two field experiments were conducted on the Farm of Agricultural Research and Experiment Center, Faculty
of Agriculture Moshtohor, Benha University, Toukh Directorate, Kalubia Governorate, Egypt, during the two
successive seasons of 2015 and 2016 to study the effect of foliar spray by eight micronutrient treatments, i.e.
without application (control), Zn, Mn, Fe, Zn + Mn, Zn + Fe, Mn + Fe and Zn + Mn + Fe on growth, yield
components and yield as well as fiber quality properties for the two Egyptian cotton (Gossypium barbadense, L.)
verities, i.e. Giza 86 and Giza 88. The experimental design was split plot design in four replications.

The obvious results of this investigation can be summarized as follows:

Significant differences were detected for all growth, yield components and yield as well as fiber properties of
cotton among the two Egyptian cotton cultivars during 2015 and 2016 seasons. Giza 86 cultivar significantly
surpassed Giza 88 cultivar and gave the greatest mean values of plant height, No. of sympodial branches/plant,
No. of open bolls/plant, seed cotton yield/plant, boll weight, lint %, lint cotton yield/plant, seed index, seed
cotton vyield/fed, lint cotton yield/fed, fiber elongation %, micronaire value, fiber maturity ratio and fiber
reflectance in the both seasons. While, Giza 88 recorded the highest mean values of upper half mean length,
length uniformity index, fiber strength and fiber yellowness degree in the two seasons. Data revealed that the
differences between the studied eight microelements treatments on growth, yield components and yield as well
as fiber properties of cotton during 2015 and 2016 seasons were significant except, fiber reflectance and fiber
yellowness degree were not significant. The application of combined of Zn + Mn + Fe treatment gave
significantly the greatest mean values of plant height, No. of sympodial branches/plant, No. of open bolls/plant,
seed cotton yield/plant, boll weight, lint %, lint cotton yield/plant, seed index, seed cotton yield/fed, lint cotton
yield/fed, upper half mean length, length uniformity index, fiber strength, fiber elongation %, micronaire value
and fiber maturity ratio in the both seasons. Planting Giza 86 which foliar spray by mixed Zn + Mn + Fe
treatment significantly recorded the highest mean values of No. of open bolls/plant, seed cotton yield/plant, boll
weight, lint cotton yield/plant, seed cotton yield/fed, lint cotton yield/fed and fiber maturity ratio in the first and
second seasons. Meanwhile, planting Giza 88 under the same micronutrients application surpassed the other
combinations in upper half mean length, length uniformity index and fiber strength during the both seasons.
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yield or any other economic character, is influenced
by the various agronomic practices especially the
amount of fertilizers or plant density. Therefore, the

Introduction

Cotton is considered the main fiber crop in Egypt

as well as the world. Egyptian statistics indicates
decreasing of cotton cultivated area from 851283 fed
on 1991 year to about 216554 fed on 2017 year, with
decreasing percent of about 74.56 % that lead to a
decrease in cotton production from 5826000 kentars
on 1991 year to about 1357000 kentars on 2017 year,
with decreasing percent by about 76.71% in 2017
year comparing with the year 1991 (Egyptian
Cotton Gazette, 2017). One of the lowest cotton
cultivated area, due to unfair prices to producers and
better net profits from alternatives crops especially
grains, in the same time costs of cotton inputs. In
addition, the very high cost of hand picking and
insufficient trained picking workers. The decrease of
cotton production in recent years has a negative
reflection on local and international market supply.
Therefore, a great effort should be continued to
improve its quality and quantity either through
cultural practices and breeding programs. The cotton

important question is, what is the most suitable
amount of nitrogen fertilizer, how many plants per
fed are needed with suitable distribution for these
plants in the field to obtain the maximum yield with
high quality. The cultivated area of cotton is going
lower year after year, in spite of its importance for
national economy, textile industry, food oil and
animal feed production and also its role in increasing
and maintenance of soil fertility.

Several investigators showed that cotton cultivars
differed in growth, yield and its components, i.e.
plant height, No. of sympodial branches/plant, No. of
open bolls/plant, seed cotton yield/plant, boll weight,
lint %, lint cotton yield/plant, seed index, seed cotton
yield/fed and lint cotton yield/fed (El-Kashlan et al.,
1995; Nichols et al., 2004; Sawan et al., 2006;
Elayan, 2008; Ali et al., 2009; Saleem et al., 2010;
Ali and Hameed 2011; Ayissa and Kebede 2011;
Baraich et al., 2012; Abdallah and Hanaa, 2013;
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Aslam et al., 2013; Jahedi et al., 2013; Eleyan et
al., 2014; Eleyan et al., 2015 and Mahdy et al.,
2017). There are also differences between cotton
cultivars on measurements of fiber properties, i.e.
upper half mean length, length uniformity index,
fiber strength (g/tex), fiber elongation %, micronaire
value, fiber maturity ratio, fiber reflectance (Rd %)
and fiber yellowness degree (*b) as described by El-
Kashlan et al., 1995; Nichols et al., 2004; Sawan et
al., 2006; El-Sayed and Sanad 2007; Gururajan
2007; Elayan, 2008; Saleem et al., 2010; Alitabar
et al, 2012; Abdallah and Hanaa, 2013; EI
Messiry and Abd-Ellatif 2013; lIbrahim, 2013;
Jahedi et al., 2013; Eleyan et al., 2014 and Eleyan
et al., 2015.

Foliar application of micronutrients plays an
important role in changing growth and physiological
characteristics of cotton. In optimizing fertilization
strategies, inclusion of foliar application improves
fertilizer use efficiency and reduces environmental
pollution. Foliar application of micronutrient
mixtures during flower and boll development stages
have been shown to be effective in efficient
utilization of nutrients by cotton and thereby reduce
boll shedding and increase the yield. Apart from
major nutrients, micronutrients also play an important
role in seed production. The dire need for intensive
land use drew attention for applying micronutrients to
cotton. Essential micronutrients like zinc, iron and
manganese play an important role in physiology of
cotton crop and these are being a part of enzyme
system or catalyst in enzymatic reactions. They are
required for plant activities such as aspiration,
meristamatic development, chlorophyll formation,
photosynthesis, energy system, protein and oil
synthesis, gossypol, tannin and phenolic compounds
development. Certain micronutrients may help to
secure uniform emergence, rapid seedling growth and
healthy plant stand. Some beneficial effects on seed
yield and quality as reflected in viability may be
achieved by applying micronutrients. Effects of foliar
application of micronutrients on cotton yield and
fiber quality have been widely studied. Generally, the
plant requires a wide cultivar of elements to improve
the growth, yield and fiber quality. El-Kashlan et al.,
1995; Soomro et al., 2000; Rezaei and Malakouti,
2001; Mamatha 2007; Sawan et al., 2007; Elayan,
2008; Sawan et al., 2008; Ali et al., 2011; Abdallah
and Hanaa, 2013; Radhika et al., 2013; Yaseen et
al., 2013; Eleyan et al., 2014; Khalid et al., 2015;
Singh et al., 2015 and Emara, 2016 showed that
foliar application by micronutrients increased cotton
growth, yield and its components, i.e. plant height,
No. of sympodial branches/plant, No. of open
bolls/plant, seed cotton yield/plant, boll weight, lint
%, lint cotton yield/plant, seed index, seed cotton
yield/fed and lint cotton yield/fed. El-Kashlan et al.,
1995; Sawan et al., 2007; Elayan, 2008; Sawan et
al., 2008; Abdallah and Hanaa, 2013; Radhika et
al., 2013; Yaseen et al., 2013; Eleyan et al., 2014

and Emara, 2016 indicated that fiber properties, i.e.
upper half mean length, length uniformity index,
fiber strength (g/tex), fiber elongation %, micronaire
value, fiber maturity ratio, fiber reflectance (Rd %)
and fiber yellowness degree (*h) were significantly
improved with foliar application of micronutrients.

The significant interaction between Egyptian
cotton cultivars and micronutrients application
treatments was shown on some cotton growth, yield
components and vyield as well as fiber quality
properties as described by El-Kashlan et al., 1995;
Elayan, 2008; Abdallah and Hanaa, 2013 and
Eleyan et al., 2014.

The aim of this study was to determine the effect
of foliar application zinc, manganese and iron on
growth characters, yield, yield components and fiber
properties of some Egyptian cotton cultivars, i.e.
Giza 86 and Giza 88.

Materials and Methods

Two field experiments were carried out at the
Farm of Faculty of Agriculture at Moshtohor, Benha
University (Toukh Directorate, Kalubia Governorate,
Egypt), during the two growing seasons 2015 and
2016. The aim of this study was to investigate the
effect of some microelements, i.e. zinc, manganese
and iron on growth, yield components, yield and fiber
properties for the two Egyptian cotton cultivars. Soil
texture of the experimental site was clay of pH nearly
of 8.00. The physical and chemical properties of the
experimental soil were determined according to
standard methods outlined by Jackson (1973).
Available manganese and iron were determined using
Atomic Absorption Spectrophotometer (AAS) after
extracting the soil with DTPA as proposed by
Lindsay and Norvell (1978) and represented in
Table 1 in each of the two growing seasons.

Every experiment included 16 treatments which
were combination of the two Egyptian cotton
cultivars and eight microelements foliar spray, the
levels of these factors were as follows:

A- Two Egyptian cotton cultivars:

1- Giza 86 cultivar as long staple -cultivar,
characterized by high yield and extra fineness
of fiber (cultivated).

2- Giza 88 cultivar as extra-long staple cultivar,
(cultivated).

B — Eight microelements treatments:

1- Control (without microelements application).

2- 7Zn S04 0.4 % (Zn).

3- Mn S04 0.4 % (Mn).

4- Fe S04 0.4 % (Fe).

5- Zn S04 0.4 % + Mn S04 0.4 % (Zn + Mn).

6- Zn S04 0.4 % + Fe S04 0.4 % (Zn + Fe).

7- Mn S04 0.4 % + Fe S04 0.4 % (Mn + Fe).

8- Zn S04 0.4 % + Mn S04 0.4 % + Fe S04 0.4 %
(Zn + Mn + Fe).
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Table 1: Physical and chemical properties of the
experimental soil units of the two growing
seasons (2015 and 2016).

Properties Season
2015 2016
Chemical analysis
E.C. 2.13 2.25
pH (1:2.5) 7.83 7.91
CaCos % 291 2.96
O.M % 2.52 2.44
N % ( total) 0.223 0.209
N (ppm) (available) 70.31 73.15
P % ( total) 0.130 0.159
P (ppm) (available) 23.49 27.16
K % ( total) 0.62 0.63
K (ppm) (available) 916.46 943.68
Soluble cations and anions (ppm)
Mn** 8.2 9.5
Fe* 9.8 9.2
Zn*t 2.5 2.3
Ca** 182.4 187.4
Mg** 48.60 50.58
K* 46.80 52.26
Na* 201.94 204.24
CI 231.82 261.64
Cos~ 0.00 0.00
H Cos’ 357.46 378.20
S04~ 516.48 490.08
Particle size distribution (Mechanical analysis)
Course sand % 8.25 7.14
Find sand % 27.32 26.46
Silt % 14.22 13.24
Clay % 50.21 53.16
Texture grade Clay Clay

Microelements were applied twice as foliar spray;
it began at the beginning of flowering and 15 days
later in form of Zinc Sulphate (Zn Sos4. 7H0),
Manganese Sulphate (Mn Sos. 4H,0) and Ferrous
Sulphate (Fe Sos. 7H20) for micro elements under
study using Gelatine Powder as a wetting agent to be
sure that the solution mostly covered the green parts,
the spray solution volume was 200 L/fed using a
hand operated compressed air. The application was
carried out between 09:00 and 11:00 a.m. The control
treatment received water spray only.

The preceding winter crop in the two seasons was
Egyptian clover (Trifolium alexandrinum, L.) as a
catch crop. Experiments were planted on 26™ and 24
of March in the first and the second seasons,
respectively. Cotton planting was done by the local
method of dibbling 5 to 7 seeds in each hill by hand
with distance between hills was 20 cm apart and after
35 days of sowing thinning was carried out in order
to maintain better two seedlings per hill (70000
cotton plants/fed). The experimental design was split
plot design in four replications. The two Egyptian
cotton cultivars were randomly assigned for main
plots and the eight micronutrient treatments of zinc,
manganese and iron foliar application were randomly

assigned for sub-plots. The sub plot area was 12.6 m?
and contained six ridges of 3.5 m long and 60 cm
apart. Phosphorous fertilizer was applied at a rate of
22.5 kg P,0s/fed in form of calcium super phosphate
(12.5 % P,0s) after ridging and before planting in
each season. Nitrogen fertilizer was applied at a rate
of 66 kg N/fed as ammonium nitrate (33 % N) and
divided into two equal parts and applied side dressed
before the first and second irrigations in each season.
Potassium fertilizer was applied in form of potassium
sulphate (48% K>O) at a rate of 24 kg K,O/fed in one
dose before the second irrigation in each season. Pest
and weed management were conducted as needed
during the growing season, according to local
practice performed at the experimental station. The
first irrigation was applied after 21 day from planting
irrigation, while the other irrigations were given at
15-day interval. Hand hoeing was carried out three
times during the season before the first, second and
third irrigations, respectively. All recommended
cultural practices for growing cotton according to
Agricultural Research Center recommendation were
done properly.

Traits studied:

A- Growth, yield components and yield:

In both season ten plants were randomly chosen
from the two center ridges of each sup-plot to
determine:

1) Plant height (cm). The plant height was
measured in cm, from the cotyledonary node to
the top of the plant at harvest and average was
computed.

2)  Number of sympodial branches/plant at harvest.

3)  Number of open bolls/plant. It was calculated
by counting the open bolls/plant on the above
the representative plants before the first and
second picking.

4)  Seed cotton yield/plant (g). It was estimate from
the above ten representative plants.

5) Boll weight (g). It was calculated from the

following formula:
Seed cotton yield/plant (g)

No. of open bolls/plant at harvest

6) Lint percentage: The all seed cotton obtained
from ten representative plants were ginned
separately treatment wise with a hand ginning.
Lint % was calculated by using the following
formula:

Lint percentage (%) =

Boll weight (g) =

Weight of lint (g)
Weight of seed cotton (g) X100
7) Lint cotton yield/plant (g). It was estimate from

the following formula:
Seed cotton yield/plant (g) x lint %

Lint cotton yield/plant (g) =

100
8) Seed index (g). It was estimated from the
average of 100-seed weight (g) was taken at
random after ginning.
9) Seed cotton yield/feddan (kentar): It was
estimated and transformed to kentar/feddan
(feddan = 4200 m? and kentar = 157.5 kg), the
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seed cotton yield was picked twice; first hand
picking took place on 19 and 22 September and
final picking on 8 and 15 October in 2015 and
2016, respectively, in picking from whole plants
of two center ridges (including 10 plant
subsamples) were selected to be picked in order
to avoid border effect.

10) Lint cotton yield/fed (kentar): It was estimated
and transformed to kentar/fed (kentar = 50 kg),
it was calculated from the following equation:

Seed cotton yield/fed (ken) X 157.5 X Lint %
50X100 :

Lint cotton yield/fed (ken) =
B- Fiber properties:

1) Upper half mean length (mm).
2) Length uniformity index (%).

3) Fiber strength (g/tex).

4) Fiber elongation percentage (%).
5) Micronaire value.

6) Fiber maturity ratio (%)

7) Fiber reflectance (Rd %).

8) Fiber yellowness degree (*h).

The measurement of some fiber technological
properties were determined at Cotton Technology
Research Division, Cotton Research Institute, Giza,
Egypt, at a constant relative humidity 65 % (+ 2) and
temperature 21 C° (x 2). HVI instrument system was
used to determine fiber length at Upper half means
length (UHML), fiber uniformity index, fiber
strength (g/tex), fiber elongation %, fiber reflectance
(Rd %) and fiber yellowness degree (*b) according to
(A.S.T.M., D:4605-1986.). While micronaire value
and fiber maturity ratio were determined using
micromate instrument according to (A.S.T.M., D:
3818 — 1986).

Statistical analysis:

The analysis of variance was carried out
according to the procedure described by Gomez and
Gomez (1984). Data were statistically analyzed
according to using the MSTAT-C Statistical Software
Package (Michigan State University, 1983). Where
the F-test showed significant differences among
mean of treatments, the least significant difference
(L.S.D.) test at 0.05 level was used to compare
between means.

Results and Discussion
A- Growth, yield and yield components:

Effect of Egyptian cotton cultivars:

Results presented in Table 2 revealed that the
differences between the studied two Egyptian cotton
cultivars, i.e. Giza 86 and Giza 88 in all growth traits,
plant characteristics, yield components and yield in
the both seasons were significant. These results
revealed that Giza 86 cultivar recorded the greatest
values of plant height (136.0 and 147.8 cm), No. of
sympodial branches/plant (14.2 and 15.6 branches),

No. of open bolls/plant (14.6 and 14.1 bolls), seed
cotton yield/plant (46.32 and 41.11 g), boll weight
(3.13 and 2.90 g), lint percentage (38.50 and 38.03
%), lint cotton yield/plant (18.00 and 15.71 g), seed
index (9.93 and 9.65 g), seed cotton yield/fed (10.907
and 10.628 ken) and lint cotton yield/fed (13.301 and
12,776 ken) in the first and second seasons,
respectively. These differences may be due to the
genetic differences between the two Egyptian cotton
cultivars. The superiority of Giza 86 cultivar in seed
and lint cotton yield/fed over the Giza 88 cultivar
might be due to the increase in growth and vyield
components, namely, plant height (cm), No. of
sympodial branches/plant, No. of open bolls/plant,
seed cotton yield/plant (g), boll weight (g), lint
percentage (%), lint cotton yield/plant (g) and seed
index (g). These results are in harmony with those
reported by El-Kashlan et al., 1995; Nichols et al.,
2004; Sawan et al., 2006; Elayan, 2008; Ali et al.,
2009; Saleem et al., 2010; Ali and Hameed 2011;
Ayissa and Kebede 2011; Baraich et al., 2012;
Abdallah and Hanaa, 2013; Aslam et al., 2013;
Jahedi et al., 2013; Eleyan et al., 2014; Eleyan et
al., 2015 and Mahdy et al., 2017.

Effect of foliar spray by microelements:

Data recorded in Table 2 indicated that the all
growth traits, plant characteristics, yield components
and vyield of cotton were significantly increased by
application Zn, Mn and Fe and their combination
compared to without microelements application
during the 2015 and 2016 seasons. Results revealed
that microelements foliar spray using mixture of Zn +
Mn + Fe treatment was the most effective treatment
and recorded the maximum values for plant height
(1269 and 139.1 cm), No. of sympodial
branches/plant (14.4 and 14.8 branches), No. of open
bolls/plant (15.9 and 15.3 bolls), seed cotton
yield/plant (52.43 and 46.38 g), boll weight (3.27 and
3.01 g), lint percentage (39.31 and 37.58 %), lint
cotton yield/plant (20.79 and 17.56 g), seed index
(9.94 and 9.59 @), seed cotton yield/fed (11.652 and
10.952 ken) and lint cotton yield/fed (14.508 and
13.057 ken) during the first and second seasons
respectively. In 2015 season, the seed cotton
yield/fed increased by 28.10, 9.78, 15.80, 34.27,
41.20, 22.16 and 48.24 % when microelements
application of Zn, Mn, Fe, Zn + Mn, Zn + Fe, Mn +
Fe and Zn + Mn + Fe respectively over the control
treatment (no microelements applied). Similar results
were noticed in 2016 season, the seed cotton
yield/fed increased with by about 24.92, 14.91, 10.55,
31.41, 37.03, 18.24 and 39.77 %, respectively. The
increase in cotton yield and its components traits with
the applying of microelements foliar spray especially
Zn + Mn + Fe treatment may be due to the synergetic
role of microelements in improving directly or
indirectly photosynthesis, vital processes in plant
such as respiration, protein synthesis, reproduction
phase, biochemical and physiological activities. The
superiority of microelements foliar spray using
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mixture of Zn + Mn + Fe treatment in seed and lint
cotton vyield/fed might be due to the increase in
growth and yield components, namely, plant height
(cm), No. of sympodial branches/plant, No. of open
bolls/plant, seed cotton yield/plant (g), boll weight
(9), lint percentage (%), lint cotton yield/plant (g) and
seed index (g). Many investigators came out with
similar results as El-Kashlan et al., 1995; Soomro et
al., 2000; Rezaei and Malakouti, 2001; Mamatha
2007; Sawan et al., 2007; Elayan, 2008; Sawan et
al., 2008; Ali et al., 2011; Abdallah and Hanaa,
2013; Radhika et al., 2013; Yaseen et al., 2013;
Eleyan et al., 2014; Khalid et al., 2015; Singh et al.,
2015 and Emara, 2016.

Effect of the interaction:

The significant effect of the interaction between
Egyptian cotton cultivars and foliar spray by
microelements treatments obtained for some vyield
and yield components of cotton namely, No. of open
bolls/plant, seed cotton yield/plant (g), boll weight
(9), lint cotton yield/plant (g) and seed cotton
yield/fed (ken) and lint cotton yield/fed (ken) during
the 2015 and 2016 seasons. On the other hand, plant
height (cm), No. of sympodial branches/plant, lint %
and seed index (g) were not affected by the
interaction (Table 2). Planting Egyptian cotton
cultivar of Giza 86 which foliar spray by mixed
micronutrients of Zn + Mn + Fe treatment
significantly recorded the highest values of No. of
open bolls/plant (17.6 and 16.9 bolls), seed cotton
yield/plant (62.83 and 54.25 g), boll weight (3.57 and
3.21 g), lint cotton yield/plant (25.77 and 21.31 @),
seed cotton yield/fed (13.158 and 12.672 ken) and
lint cotton yield/fed (17.002 and 05.679 ken) in the
first and second seasons, respectively. On the other
hand, sowing the Egyptian cotton cultivar of Giza 88
under without micronutrients application gave the
lowest values of No. of open bolls/plant (10.8 and
11.2 bolls), seed cotton yield/plant (23.76 and 25.98
g), boll weight (2.20 and 2.32 g), lint cotton
yield/plant (7.65 and 8.06 g), seed cotton yield/fed
(6.866 and 7.515 ken) and lint cotton yield/fed (6.962
and 7.343 ken) during the both seasons, respectively.
Similar results were also reported by El-Kashlan et
al., 1995; Elayan, 2008; Abdallah and Hanaa, 2013
and Eleyan et al., 2014.

B- Fiber properties:

Effect of Egyptian cotton cultivars:

Regarding data in Table 3 it could be noticed that
there were significant differences among the two
Egyptian cotton cultivars on all fiber properties on all
fiber properties traits during the both seasons. The
highest mean values of upper half mean length (34.45
and 34.05 mm), length uniformity index (85.12 and
86.89 %), fiber strength (43.91 and 43.50 g/tex) and
fiber yellowness degree (12.23 and 12.64) in 2015
and 2016 seasons, respectively were recorded for the
Egyptian cotton cultivar Giza 88. Likewise, the

highest mean values of fiber elongation percentage
(7.25 and 7.24 %), micronaire value (4.21 and 4.20),
fiber maturity ratio (85.52 and 85.46 %) and fiber
reflectance (72.28 and 70.19) in the first and second
seasons, respectively were gained from the Egyptian
cotton cultivar Giza 86. These results could be
attributed to the best genetically structure of the
extra-long staple cotton viz. Giza 88 which
characterized the best fiber properties especially
upper half mean length, length uniformity index,
fiber strength and fiber yellowness degree. Many
investigators came out with similar results as El-
Kashlan et al., 1995; Nichols et al., 2004; Sawan et
al.,, 2006; El-Sayed and Sanad 2007; Gururajan
2007; Elayan, 2008; Saleem et al., 2010; Alitabar
et al, 2012; Abdallah and Hanaa, 2013; EI
Messiry and Abd-Ellatif 2013; lIbrahim, 2013;
Jahedi et al., 2013; Eleyan et al., 2014 and Eleyan
et al., 2015.

Effect of foliar spray by microelements:

Results presented in Table 3 revealed that the
differences between the studied eight microelements,
i.e. without microelements application, Zn, Mn, Fe,
Zn + Mn, Zn + Fe, Mn + Fe and Zn + Mn + Fe
treatments in fiber properties of cotton in 2015 and
2016 seasons were significant except, color attributes
values (fiber reflectance and fiber yellowness degree)
were not significant. These results revealed that
application of combined of Zn + Mn + Fe treatment
gave significantly the highest values of upper half
mean length (33.77 and 33.88 mm), length
uniformity index (87.05 and 87.66 %), fiber strength
(44.69 and 43.47 gltex), fiber elongation percentage
(7.61 and 7.15 %), micronaire value (4.20 and 4.20)
and fiber maturity ratio (86.56 and 86.19 %) in the
first and second seasons, respectively. The increase in
fiber properties of cotton with the application of
microelements especially Zn + Mn + Fe treatment
may be due to the synergetic role of microelements in
improving directly or indirectly photosynthesis, vital
processes in plant such as respiration, protein
synthesis, reproduction phase, biochemical and
physiological activities. Many investigators came out
with similar results as El-Kashlan et al., 1995;
Sawan et al., 2007; Elayan, 2008; Sawan et al.,
2008; Abdallah and Hanaa, 2013; Radhika et al.,
2013; Yaseen et al., 2013; Eleyan et al., 2014 and
Emara, 2016.

Effect of the interaction:

Results in Table 3 revealed that some fiber
properties of Egyptian cotton, i.e. upper half mean
length, length uniformity index, fiber strength and
fiber maturity ratio were significantly affected by the
interaction between Egyptian cotton cultivars and
foliar spray by microelements treatments during 2015
and 2016 seasons. But, fiber elongation 9%,
micronaire value, fiber reflectance and fiber
yellowness degree were not significantly affected in
the two seasons.
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Table 2. Effect of Egyptian cotton cultivars, microelements foliar spray and their interaction on plant height (cm), No. of sympodial branches/plant, No. of open bolls/plant,
seed cotton yield/plant (g), boll weight (g), lint percentage (%), lint cotton yield/plant (g), seed index (g), seed cotton yield (Ken/fed) and lint cotton yield (Ken/fed) of
cotton during 2015 and 2016 seasons.

Trait Plant height symgo?jfial No. of open _Seed cotton Boll weight (g) perlc_el:::age _Lint cotton Seed index (g) _Seed cotton _Lint cotton
Treatment (cm) branches/plant bolls/plant  yield/plant (g) %) yield/plant (g) yield (Ken/fed) yield (Ken/fed)
Season 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
Cotton verities
Giza 86 136.0 1478 142 156 146 141 4632 4111 313 290 3850 3803 1800 1571 9.93 9.65 10.907 10.628 13.301 12.776
Giza 88 1065 1172 128 122 132 127 36.28 3341 274 263 3498 3411 1277 1145 870 842 8.734 8507 9.674 9.163
L.S.D at 5% 5.6 4.6 0.7 0.9 0.5 0.6 362 413 0412 015 098 115 223 238 022 031 0491 0.653 0.625 0.752
Microelements foliar spray
Control 1158 1265 117 129 113 113 2721 2709 241 240 3378 3360 925 913 861 851 7.860 7.836 8.412 8.319
Zn 1225 1330 138 140 142 134 4177 3773 295 281 36.79 3642 1545 1381 944 9.09 10.069 9.789 11.738 11.294
Mn 1174 1286 131 135 131 123 3649 3199 280 261 3570 3517 1306 1130 8.94 8.80 8.629 9.004 9.732 10.030
Fe 1182 1293 132 137 133 124 3840 3343 289 270 3594 3561 1384 1194 9.05 8.81 9.102 8.663 10.340 9.746
Zn+ Mn 1237 1357 140 142 145 145 4517 4186 310 289 3739 3699 17.03 1558 9.64 9.20 10.554 10.297 12.526 12.076
Zn+Fe 1244 1368 140 144 154 149 4879 4407 316 295 3890 3723 1909 1652 9.76 9.31 11.098 10.738 13.658 12.695
Mn + Fe 121.0 1314 135 138 137 129 40.15 3553 293 275 36.12 3595 1457 1283 915 899 9.602 9.265 10.986 10.543
Zn+ Mn + Fe 1269 1391 144 148 159 153 5243 4638 327 3.01 3931 3758 20.79 1756 9.94 959 11.652 10.952 14.508 13.057
L.S.D at 5% 115 101 1.3 1.7 1.1 1.3 695 881 026 032 18 212 402 386 046 065 0945 1.353 1.192 1.483
Cotton verities X Microelements fertilization interaction
Control 129.2 1426 122 141 117 114 3065 2820 262 247 3536 36.18 1084 1020 8.78 9.02 8.853 8.156 9.861 9.295
Zn 137.8 1483 146 157 148 141 4573 4117 309 292 3872 3827 1771 1576 1011 9.75 11.214 10.895 13.677 13.134
Mn 130.5 1446 137 152 132 123 38.02 3432 288 279 3742 3708 1423 1273 943 9.38 9.152 90914 10.788 11.580
Giza 86 Fe 132.1 1450 138 153 135 125 40.77 3513 302 281 3764 3754 1535 1319 955 942 9.785 9.152 11.602 10.822
Zn + Mn 1389 1512 148 158 153 157 51.71 4741 338 3.02 3957 3875 2046 1837 1046 9.86 11.946 11.708 14.890 14.291
Zn + Fe 140.2 1520 148 162 167 162 57.11 5006 342 3.09 4025 39.11 2299 1958 10.62 9.99 12502 12.467 15.851 15.359
Mn + Fe 135.6 146.2 142 156 142 133 4374 3830 3.08 288 3798 3801 16.61 1456 9.67 9.56 10.643 10.063 12.733 12.049
Zn+Mn+Fe 1433 1524 153 168 176 169 6283 5425 357 321 4102 39.28 2577 2131 10.82 10.23 13.158 12.672 17.002 15.679
Control 1024 1104 112 117 108 112 2376 2598 220 232 3219 3102 7.65 806 843 8.00 6.866 7.515 6.962 7.343
Zn 1072 1176 130 122 135 127 3780 3429 280 270 3486 3457 1318 11.85 877 843 8924 8682 9.799 9.454
Mn 104.2 1125 125 118 129 122 3496 2965 271 243 3398 3326 1183 986 844 821 8105 8.093 8.675 8.479
Giza 88 Fe 1043 1135 126 120 131 123 36.03 3173 275 258 3423 33.67 1233 1068 8.55 82 8418 8.174 9.077 8.669
Zn +Mn 1085 1201 132 125 137 132 3863 3630 282 275 3521 3523 1360 1279 882 854 9.162 8.886 10.162 9.861
Zn +Fe 1086 1215 132 126 140 136 4046 38.08 289 280 3755 3535 1519 1346 8.89 8.63 9.693 9.008 11.465 10.031
Mn + Fe 106.3 1165 128 120 132 125 36.56 3275 277 262 3426 3388 1253 1110 8.63 841 8561 8.467 9.239 9.036
Zn+Mn+Fe 1105 1257 135 128 142 137 4203 3850 296 281 3759 3588 1580 13.81 9.05 895 10.146 9.232 12.014 10.434
L.S.D at 5% N.S. N.S. N.S. NS 1.6 1.8 983 1246 037 045 NS. NS. 569 546 NS. N.S. 1336 1913 1.686 2.097
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Table 3. Effect of Egyptian cotton cultivars, microelements foliar spray and their interaction on upper half mean length (mm), length uniformity index (%), fiber strength
(g/tex), fiber elongation percentage (%), micronaire value, fiber maturity ratio (%), fiber reflectance (Rd %) and fiber yellowness degree (*b) of cotton fibers during 2015
and 2016 seasons.

Trait Upper half mean unifoIF;r}?tr:ndex Fiber strength  Fiber elongation Micronaire value Fiber maturity  Fiber reflectance Fiber yellowness
Treatment length (mm) (% ;’ (g/tex) percentage (%0) ratio (%0) (Rd %) degree (*b)

Season 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016

Cotton verities

Giza 86 31.77 32.11 85.12 84.73 42.16 42.03 7.25 7.24 4.21 4.20 85.52 85.46 72.28 70.19 9.13 8.97
Giza 88 34.45 34.05 86.12 86.89 43.91 43.50 6.07 6.16 3.80 3.85 82.82 82.19 59.83 58.17 12.23 12.64
L.S.D at 5% 0.53 0.49 0.23 0.19 0.26 0.35 0.32 0.42 0.11 0.13 0.66 0.59 1.88 2.13 1.25 1.52
Microelements fertilization
Control 32.12 31.64 84.01 83.15 40.64 41.00 5.48 5.99 3.59 3.71 81.42 81.11 59.02 59.88 12.08 11.90
Zn 33.46 33.27 85.59 85.97 43.12 43.08 6.26 6.52 4.05 4.07 84.79 84.07 67.20 64.67 10.52 10.59
Mn 32.55 32.76 85.10 85.12 42.63 42.54 6.44 6.67 3.87 3.96 82.51 82.61 62.12 60.76 11.08 11.32
Fe 32.70 32.94 85.16 85.26 42.72 42.66 6.62 6.75 3.98 3.98 83.33 82.91 63.69 61.69 10.89 11.26
Zn+ Mn 33.50 33.48 86.03 86.60 43.48 43.22 6.46 6.72 413 412 85.17 85.06 68.98 66.77 10.22 10.34
Zn + Fe 33.72 33.60 86.61 87.11 44.18 43.33 7.10 6.77 417 4.15 86.03 85.24 70.34 67.76 10.04 10.18
Mn + Fe 33.06 33.10 85.44 85.60 42.85 42.84 7.30 7.06 4.06 4.04 83.58 83.44 64.93 63.07 10.69 10.96
Zn+ Mn + Fe 33.77 33.88 87.05 87.66 44.69 43.47 7.61 7.15 4.20 4.20 86.56 86.19 72.17 68.87 9.93 9.94
L.S.D at 5% 0.88 0.92 0.48 0.41 0.48 0.73 0.63 0.80 0.23 0.25 1.28 1.34 N.S. N.S. N.S. N.S.
Cotton verities X Microelements fertilization interaction
Control 31.21 30.27 83.15 82.19 40.15 39.77 5.83 6.25 3.92 3.79 83.89 83.06 66.77 64.89 9.89 10.05
Zn 32.08 32.39 85.15 84.35 42.25 42.37 6.67 7.01 4.22 4.25 85.34 85.99 73.86 70.84 9.05 8.66
Mn 31.27 32.00 84.76 84.11 41.76 41.99 6.86 7.16 4.08 4,12 84.56 84.15 68.12 66.27 9.42 9.59
Giza 86 Fe 31.29 32.11 84.79 84.26 41.88 42.05 6.99 7.29 411 4.13 84.78 84.36 69.56 67.53 9.25 9.53
Zn+ Mn 31.88 32.42 85.54 85.32 42.69 42.55 6.89 7.29 4.33 4.32 85.78 86.55 75.23 73.38 8.98 8.44
Zn + Fe 32.25 32.56 85.99 86.12 43.08 42.62 7.88 7.25 4.35 4.35 86.95 86.59 76.15 74.26 8.72 8.32
Mn + Fe 31.88 32.25 85.11 84.32 42.03 42.23 8.15 7.81 4.25 4.22 85.01 84.87 70.98 69.15 9.15 9.04
Zn+ Mn + Fe 32.29 32.88 86.49 87.15 43.45 42.68 8.69 7.89 4.39 4.41 87.86 88.12 77.58 75.18 8.61 8.15
Control 33.03 33.00 84.87 84.11 41.12 42.23 5.12 5.72 3.26 3.62 78.95 79.15 51.26 54.86 14.27 13.75
Zn 34.83 34.15 86.02 87.59 43.99 43.79 5.85 6.02 3.88 3.88 84.23 82.15 60.54 58.49 11.98 1251
Mn 33.83 33.52 85.43 86.12 43.50 43.08 6.02 6.18 3.65 3.80 80.45 81.07 56.12 55.25 12.73 13.05
Giza 88 Fe 34.10 33.76 85.53 86.25 43.56 43.27 6.25 6.21 3.85 3.82 81.88 81.45 57.81 55.84 12.52 12.99
Zn+ Mn 35.12 34.53 86.51 87.88 44.26 43.89 6.02 6.15 3.92 3.92 84.56 83.57 62.73 60.15 11.46 12.23
Zn + Fe 35.19 34.63 87.22 88.10 45.28 44.03 6.31 6.28 3.99 3.95 85.10 83.88 64.52 61.25 11.36 12.03
Mn + Fe 34.23 33.95 85.77 86.88 43.67 43.44 6.44 6.30 3.86 3.86 82.14 82.01 58.88 56.99 12.23 12.87
Zn+ Mn + Fe 35.25 34.88 87.61 88.17 45.92 44.25 6.52 6.41 4.01 3.98 85.26 84.26 66.75 62.56 11.25 11.72
L.S.D at 5% 1.30 0.68 0.58 0.68 1.03 0.89 N.S. N.S. N.S. N.S. 1.81 1.90 N.S. N.S. N.S. N.S.
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The highest mean values of upper half mean
length (35.25 and 34.88 mm), length uniformity
index (87.61 and 88.17 %), fiber strength and (45.92
and 44.25 gf/tex) in 2015 and 2016 seasons,
respectively were recorded from planting Egyptian
cotton cultivar of Giza 88 with foliar spray by mixed
micronutrients of Zn + Mn + Fe treatment. Likewise,
the highest mean values of fiber maturity ratio (87.86
and 88.12 %) in the both seasons, respectively was
recorded from the Egyptian cotton cultivar of Giza 86
under foliar spray of mixed micronutrients of Zn +
Mn + Fe treatment. Similar results were also reported
by El-Kashlan et al., 1995; Elayan, 2008; Abdallah
and Hanaa, 2013 and Eleyan et al., 2014.

Conclusion

Based on the previous results it could be
concluded that, Egyptian cotton Giza 86 cultivar
significantly surpassed Giza 88 cultivar in growth,
yield and yield components. On the other hand, Giza
88 cultivar significantly surpassed Giza 86 cultivar in
fiber properties. Micronutrients foliar application
twice of zinc, manganese and iron and their
combinations were found to be beneficial for cotton
plant growth, yield and fiber properties. Plant height,
No. of sympodial branches/plant, No. of open
bolls/plant, seed cotton yield/plant, boll weight, lint
%, lint cotton yield/plant, seed index, seed cotton
yield/fed, lint cotton yield/fed and fiber properties
(upper half mean length, length uniformity index,
fiber strength, fiber elongation %, micronaire value
and fiber maturity ratio) were found as the most
appropriate and beneficial for foliar applications of
zinc at 0.4 % and manganese at 0.4 % and iron at 0.4
%.
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