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Two field experiments were carried out in El-Gemmeiza Agricultural Research Station Agricultural Research Center, El-
Gharbiya Governorate in 2016 and 2017 seasons to study the effect of foliar application with bentonite (times of application and
rates) on leaf chemical composition, plant growth, earliness traits, fiber quality and yield of Egyptian cotton (Gossypium
barbadense L.), Giza 86 cultivar. A split-plot design with three replicates was used. The main plots included three intervals at
(squaring stage and flowering initiation), at (flowering initiation and the top of flowering) and at (squaring stage, flowering
initiation and the top of flowering). The sub plots involved four rates of bentonite; (control "without application", spraying with
2, 3 and 4 kg bentonite/fed). The important results could be summarized as follow: Times of foliar application with bentonite
gave significant effect on nitrogen, potassium, phosphorus, chlorophyll (a), (b), total chlorophyll and carotenoids concentrations
in cotton leaves, in favor of foliar application with bentonite three times (at squaring stage, at flowering initiation and at the top
of flowering). Leaves concentrations of nitrogen, potassium, phosphorus, chlorophyll (a), (b), total chlorophyll and carotenoids
significantly increased with foliar application of 3kg bentonite /fed as compared with the other rates.The interaction between times
of bentonite as foliar spraying and its rates had significant effect on chlorophyll (a), (b), total chlorophyll and carotenoids
concentrations in cotton leaves, where foliar spraying with 3kg bentonite per fed three times (at squaring stage, at flowering
initiation and at the top of flowering) produced the highest values of these traits. While, leaves N, P and K concentrations did not
affect by this interaction. Times of application did not affect plant height and number of fruiting branches/ plant at harvest in
both seasons. Bentonite at the rate of 2kg/fed significantly increased cotton growth parameters, i.e., plant height and number of
fruiting branches/ plant at harvest as compared with the high rate of betonies(4kg/fed) in both seasons. The interaction
significantly affected these two traits in the first season only, where the highest values of cotton growth parameters, i.e., plant
height and number of fruiting branches/ plant were, generally, recorded with foliar application of bentonite at the rate of 2kg/fed
three times(at squaring stage, at flowering initiation and at the top of flowering). However, the lowest values were recorded with
foliar application of bentonite at the rate of 4kg/fed three times (at squaring stage, at flowering initiation and at the top of
flowering).Times of foliar application with bentonite gave insignificant effect on earliness traits (numbers of total flowers and
total bolls / plant, boll setting % and boll shedding %) in both seasons.Bentonite at the rate of 2kg/fed and at the rate of 3kg/fed
significantly increased earliness traits (numbers of total flowers and total bolls / plant and boll setting %) and significantly
decreased boll shedding % without significant differences between them as compared with the high rate of bentonite (4kg/fed)
and control in both seasons. The interaction between times of foliar application and rates of bentonite significantly affected
earliness traits (number of total flowers/ plant, number of total bolls/plant and boll setting %) in both seasons, where the highest
values of number of total flowers/ plant, number of total bolls/plant and boll setting % and the lowest value of the boll shedding
% were, generally, recorded with foliar application of bentonite at the rate of 2kg/fed or at the rate of 3kg/fed two or three times
as compared with foliar application of bentonite at the rate of 4kg/fed two or three times and control treatment. Foliar application
with bentonite twice (at squaring stage and at flowering initiation) or three times (at squaring stage, at flowering initiation and at
the top of flowering) significantly increased yield parameters (boll weight, seed cotton yield/plant and seed cotton yield/fed) in
both seasons as compared with foliar application with bentonite twice (at flowering initiation and at the top of flowering).On the
other hand, seed index and lint % did not affect by time of application in both seasons. Foliar application of 2 or 3 kg bentonite
per fed significantly increased boll weight, number of open bolls/plant, seed index, seed cotton yield/plant and yield of seed
cotton/fed as compared with the control and using 4kg bentonite /fed in the two seasons of study. The interaction between
times of application and rates of bentonite as foliar application had a significant effect on boll weight, number of open
bolls/plant, seed cotton yield/plant and seed cotton yield/fed in both seasons, in favor of foliar application of bentonite at the rate
of 2kg/fed or at the rate of 3kg/fed two times (at squaring stage and at flowering initiation) or three times (at squaring stage, at
flowering initiation and at the top of flowering). While, seed index and lint % did not affect by the interaction between times
of application and rates of bentonite as foliar application in both seasons. The times of foliar application and rates of
bentonite as well as their interactions had insignificant effect on Pressley index and micronaire reading in both seasons.
Conclusion: it could be concluded that the best foliar application rate of bentonite was 3kg per fed two times ( at squaring
stage and at flowering initiation) for a significant positive effect on chemical composition, growth, boll setting and yield of
cotton Giza 86 cultivar, under the conditions of El-Gemmeiza location.

INTRODUCTION forces. Because of the relatively weak nature of these
interlayer forces water can easily penetrate between layers,
while cations balance charge deficiencies present in the
structure (Iskander et al., 2011). The primary effect of
bentonite application is to improve the water holding
capacity and moisture content of soil, contributing to the
stimulation of biological activity.

Abiotic stress factors such as heat, drought and
soil salinity cause significant agricultural yield losses
and limit the growth and productivity factors of
different plant species (Basal et al., 2006), Introducing
bentonite and rich clay would lead to increase cations
exchange capacity, increase reserves and capacity of

In recent years, there has been increasing interest in
the application of natural aluminosilicates in agricultural
technology. Several studies have demonstrated that
bentonite has desirable properties and a large water holding
capacity. The unique physical and chemical properties of
natural aluminosilicates make it particularly suitable for
agricultural use. Bentonite is naturally occurring structured
with high cation exchange and ion adsorption capacities
(Koji¢ et al., 2012). Bentonite is a 2:1 mineral, with a high
surface area and cation exchange capacity. Each layer of
bentonite is composed of 2 silica sheets and 1 octahedral
sheet, with individual layers held together by van der waals
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water and minerals and improve the agricultural
potential (Costa et al., 2004).

Yield of cotton plant is determined by combination
factors: boll number, boll size, seed number/boll, and
fiber/seed. These parameters are influenced by the
physiological activity of the plant and its interaction with
the environment. Due to the perennial nature of cotton,
fruiting continues during its maturation, thus impacting any
or all of these parameters.

One would assume that higher stomatal
conductance increases CO2 diffusion into the leaf that
would favor higher photosynthetic rates. If these higher
photosynthetic rates are sustained they could in turn favor
higher crop yield. El Midaoui et al., (2007) confirmed that
osmotic adjustment is a major physiological trait of
tolerance to environmental stresses. It was achieved
through an accumulation of osmoregulatory compounds
leading to a reduction of osmotic potential (Shukdeb,
2010).

The objective of this study was to assess the effect
of times of foliar application with bentonite and determine
the proper rate with concern to chemical composition,
growth traits, boll setting, yield components, yield and
fiber traits of Egyptian cotton (Gossypium barbadense, L.),
cultivar Giza 86.

MATERIALS AND METHODS

Two field experiments were carried out on clay
soil in El-Gemmeiza Agricultural Research Station,
Agricultural Research Center, El-Gharbiya Governorate,
Egypt during two successive seasons of 2016 and 2017,
to study the effect of foliar application with bentonite
(times of application and rates) on leaf chemical
composition, plant growth, earliness and yield of
Egyptian cotton (Gossypium barbadense, L.), cultivar
Giza 86.

A split-plot design with three replicates was
used. The main plots included three intervals at
(squaring stage and flowering initiation), at (flowering
initiation and the top of flowering) and at (squaring
stage, flowering initiation and the top of flowering). The
sub plots involved four rates of bentonite; (control
"without application", spraying with 2, 3 and 4 kg
bentonite/fed).

Bentonite (A1,03+4Si10,°5H,0) contains
elements that improve plant physiology.The chemical
analysis of Bentonite is shown in Table 1 according to
El-Ahram Company for Mining and Natural Fertilizers.

Table 1. Chemical analysis (%) of Bentonite Ore
Si 0, Ti0, ALO, Fe,0, MgO SO, MnO P,0, Ca0 Na,0 K,0

56.10 0.56 1250 299 1.17 033 006 082 10.18 1.07 1.21

Soil analysis for the two sites was carried out
according to Page ef al. (1982). The results are shown in
Table 2.

The experimental plot area was 14 m* (5 rows, 4
m long and 70 cm apart). Sowing took place on 8™ April
in hills 25 cm apart leaving two plants/hill at thinning
time in both seasons. Phosphorus fertilizer was added at
the rate of 22.5 kg P,Os /fed as calcium super phosphate

(15.5 % P,0s) during land preparation. Nitrogen
fertilizer at a rate of 45 kg N / fed as ammonium nitrate
(33.5 % N) was applied in two equal doses, immediately
before the first and the second irrigations. Potassium
fertilizer in the form of potasin-f was applied as foliar
application three times at the rate of 500cm’/fed. The
previous crop was Egyptian clover (berseem). Normal
agricultural practices were followed during the two
growing seasons.

Table 2. Chemical analysis of the experimental soil

Season
Properties 2016 2017
pH 8.0 7.9
EC mmhos/ cm 0.54 0.33
Organic matter % 1.42 1.60
Total N (mg/100g) 49.7 56.0
Available N (ppm) 28.7 29.9
Available P (ppm) 11.1 12.5
Exchangeable K (ppm) 306 333
Available Fe (ppm) 11.0 11.3
Available Mn (ppm) 2.9 3.1
Available Zn (ppm) 0.90 1.00
Available Cu (ppm) 3.0 34

Studied characters:

A-Chemical composition of the leaf:

In 2017 season, after seven days from the third foliar
application, a representative leaf sample (10 leaves) was
taken from the upper 4" leaf on the main stem from each plot
to determine the following chemical analysis:
1-Nitrogen, phosphorus and potassium concentrations in

leaves were determined according to Chapman and Pratt
(1978).

2- Chlorophyll a, chlorophyll b, total chlorophyll (a+b) and
carotenoids contents in leaves were determined according
to A.O.A.C. (1995).

In both seasons, plants of five guarded hills were
taken at random from each sub-plot at harvest to study the
following traits:

B- Growth traits; plant height (cm) and number of fruiting

branches/plant.

C- Earliness traits: numbers of total flowers and total

bolls/plant and percentages of boll setting and shedding.

D-Seed cotton yield and its components; number of open
bolls/plant, boll weight (g), seed cotton yield/plant, lint
percentage and seed index (g). The yield of seed cotton per
feddan was estimated as the weight of seed cotton in
kilogram picked twice from each sub- plot, then converted to
yield per feddan in kentar (One kentar = 157.5 kg).

F-Fiber properties; micronaire reading and Pressley index

were determined for the representative samples at the

laboratories of cotton Research Institute according to

AS.TM. (1975).

The obtained data were subjected to statistical
analysis according to Snedecor and Cochran (1980) and
L.S.D. values at 5% level were used for comparison between
means.

RESULTS AND DISCUSSION

A- Chemical composition:

The effect of times of foliar application,
rates of bentonite and their interactions on nitrogen,
potassium, phosphorus, chlorophyll (a), (b), total
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chlorophyll and carotenoids concentrations in cotton
leaves is presented in Table 3.

Times of foliar application with bentonite
gave significant effect on nitrogen, potassium,
phosphorus, chlorophyll (a), (b), total chlorophyll and
carotenoids concentrations in cotton leaves, in favor of
foliar application with bentonite three times (at
squaring stage, at flowering initiation and at the top of
flowering).

Rates of bentonite had significant effect on leaves
concentrations of nitrogen, potassium, phosphorus,
chlorophyll (a), (b), total chlorophyll and carotenoids
(Table 3), where foliar application of 3kg/fed bentonite

significantly increased these traits as compared with the
other rates.

The interaction between times of bentonite foliar
application and its rates had significant effect on
chlorophyll (a), (b), total chlorophyll and carotenoids
concentrations in cotton leaves, where the highest
values of these traits were recorded with foliar
application with any amount of bentonite as compared
with control treatment, with superity of using 3kg
bentonite per fed three times (at squaring stage, at
flowering initiation and at the top of flowering). While,
leaves N, P and K concentrations did not affect by this
interaction.

Table 3. Effect of times of foliar application, rates of bentonite and their interactions on cotton leaf
chlorophyll a, chlorophyll b, total chlorophyll, carotenoids, nitrogen, phosphorus and potassium

contents in 2017 season.

Chlorophyll Chlorophyll

Total

Treatments a b chlorophyll (flar/otflto"::) ij ,,]/) Jj
(mg/g dry w.) (mg/g dry w.) (mg/g dry w.) g/g ary w. ° ¢ °
A-Times of application:
a, squaring stage +flowering initiation 2.69 1.74 443 1.32 329 0.246 3.54
a, flowering initiation+top of flowering stages 2.97 2.12 5.09 1.46 3.19  0.285 3.45
a; squaring *flowering initiation top of 3.29 235 5.64 1.71 336 0295  3.55
flowering stages
LSD at 5% 0.03 0.01 0.01 0.03 0.04 0.018 0.03
B-Rates of bentonite:
b, Control 2.88 1.94 4.82 1.41 2.83  0.196 3.04
b, 2kg/fed 2.99 2.12 5.11 1.52 345 0313 3.70
b; 3kg/fed 3.12 2.17 5.29 1.59 3.61 0.329 3.90
b, 4kg/fed 2.93 2.04 4.97 1.47 323  0.263 3.42
LSD at 5% 0.02 0.03 0.03 0.03 0.10 0.028 0.04
Interaction:
b, 2.53 1.61 4.14 1.23 290 0.197 3.04
a b, 2.78 1.72 4.50 1.37 341  0.290 3.73
! bs 2.86 1.87 473 1.41 3.63 0.277 3.93
by 2.59 1.74 433 1.27 322 0.220 3.47
b, 2.87 1.93 4.80 1.35 2.82  0.190 2.99
a b, 2.89 2.19 5.08 1.56 3.38 0.320 3.65
2 bs 3.16 2.28 5.44 1.50 342  0.363 3.81
by 2.95 2.07 5.02 1.43 3.13  0.267 3.36
b, 324 2.27 5.51 1.64 276  0.200 3.09
a b, 3.30 245 5.75 1.63 3.56 0.330 3.72
3 bs 3.35 2.37 5.72 1.86 3.79  0.347 3.97
b, 3.26 2.32 5.58 1.72 333  0.303 3.42
LSD at 5% 0.06 0.05 0.05 0.05 NS NS N

B- Growth parameters:

Data concerning the effect of times of foliar
application, rates of bentonite and their interactions
on cotton plant height and number of fruiting branches/
plant at harvest were presented in Table 4.

Obtained results indicated that times of
application did not affect final plant height and number
of fruiting branches/ plant in the two seasons of study.

Bentonite at the rate of 2kg/fed significantly
increased final plant height and number of fruiting
branches/ plant as compared with the other rates of
bentonite in the two seasons of study.

Results also, revealed that the interaction
significantly affected these two traits in the first season
only, where the highest values of cotton growth traits,
i.e., plant height and number of fruiting branches/ plant
were, generally, recorded with foliar spraying of
bentonite at the rate of 2kg/fed three times. However,

the lowest values were recorded with foliar application

of bentonite at the rate of 4kg/fed three times.

The positive effect of foliar application of bentonite

on plant growth may be due to:

1-Its positive effect on water holding capacity (Iskander et
al.  2011), decreasing leaching of different nutrients
through its higher colloid content (Sitthaphanit et al.
2010), stimulating the merestimatic activity for producing
more tissues and organs, since it plays major roles in the
synthesis of structural (Marisa et al. 2009) and its vital
contribution in several biochemical processes that related
to plant growth (Marschner, 1995).

2-Increase nitrogen, potassium, phosphorus, chlorophyll (a),
(b), total chlorophyll and carotenoids concentrations in
cotton leaves as a result of bentonite application enhancing
photosynthetic and other metabolic activity which led to an
increase in various plant metabolites responsible for cell
division and elongation.
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Table 4. Effect of times of foliar application, rates of bentonite and their interactions on final plant height
(cm), number of fruiting branches/plant, Pressley index and micronaire reading in 2016 and 2017

seasons.
Final plant  No. of fruiting Pressley Micronaire
Treatments height(cm)  branches/plant index reading
2016 2017 2016 2017 2016 2017 2016 2017
A-Times of application:
a; squaring stage +flowering initiation 162.22 157.75 16.21 15.71 10.1 10.1 5.0 4.8
a, flowering initiation+top of flowering stages 161.46 157.04 16.14 15.68 10.0 10.0 4.9 4.9
a; squaring-+flowering initiation+ top of flowering stages  162.36 157.47 16.25 16.04 10.0 10.1 49 4.8
LSD at 5% NS NS NS NS NS NS NS NS
B-Rates of bentonite:
b; Control 163.18 158.25 16.25 1574 9.6 9.9 5.0 4.9
b, 2kg/fed 163.65 158.75 16.40 1595 104 10.1 4.9 4.8
bs 3kg/fed 162.84 157.94 16.29 16.13 10.0 10.1 4.7 4.7
4 4kg/fed 158.40 154.73 15.87 15.41 10.1 10.1 5.0 4.8
LSD at 5% 3.08 2.89 029 027 NS NS NS NS
Interaction:
by 162.78 157.89 16.22 15.71 9.8 10.0 5.0 4.9
a b, 161.67 157.25 16.20 15.71 104 10.3 5.0 4.8
! bs 164.75 159.53 16.44 1597 9.8 10.0 4.9 4.6
by 159.71 156.33 1598 1543 104 10.1 5.0 4.8
b, 163.08 158.17 16.21 15.67 9.4 9.8 5.0 5.0
a b, 162.58 157.67 16.25 15.75 10.5 10.0 4.9 4.9
2 bs 162.36 157.72 16.25 15.75 10.3 10.2 4.6 4.8
by 157.83 154.62 15.87 1553 9.8 10.1 5.0 4.7
b, 163.67 158.72 16.33 15.83 9.5 9.9 5.0 4.8
a b, 166.71 161.33 16.75 16.40 10.3 10.1 4.8 4.7
3 by 161.40 156.58 16.17 16.67 10.0 10.2 4.7 4.6
by 157.67 153.23 15.75 1525 10.0 10.1 5.0 4.9
LSD at 5% 5.32 NS 0.29 NS NS NS NS NS

C —Earliness traits:

Data concerning the effect of times of foliar
application and rates of bentonite as well as their interactions
on cotton earliness traits were presented in Table 5.

Times of foliar application with bentonite gave
insignificant effect on earliness traits (numbers of total
flowers and total bolls/plant, percentage of boll setting and
boll shedding %) in the two seasons of study.

Bentonite at the rate of 2kg/fed and at the rate of
3kg/fed significantly increased earliness traits (numbers of
total flowers and total bolls/plant and percentage of boll
setting) and significantly decreased percentage of boll
shedding in both seasons without significant differences
between them as compared with the high rate of bentonite
(4kg/fed) and control in both seasons.

The interaction between times of foliar application
and rates of bentonite significantly affected earliness traits in
the two seasons of study. The highest values of numbers of
total flowers and total bolls / plant and boll setting % and the
lowest value of the boll shedding % were, generally,
recorded with foliar application of bentonite at the rate of
2kg/fed or at the rate of 3kg/fed two or three times as
compared with foliar application of bentonite at the rate of
4kg/fed two or three times and control treatment.

D-Yield and its components:

Data concerning the effect of times of foliar
application and rates of bentonite as well as their
interactions on cotton yield and its components were
presented in Table 6.

Data presented in Table 6 showed that foliar
application with bentonite twice (at squaring stage and
at flowering initiation) or three times (at squaring stage,

at flowering initiation and at the top of flowering)
significantly increased boll weight, seed cotton
yield/plant and seed cotton yield/fed in the two seasons
of study as compared with foliar application with
bentonite twice (at flowering initiation and at the top of
flowering).On the other hand, time of application did
not exhibit any significant effect on seed index and lint
% in the two seasons of study.

Bentonite at the rate of 2kg/fed and at the rate of
3kg/fed significantly increased boll weight, number of
open bolls/plant, seed index, seed cotton yield/plant and
yield of seed cotton/fed as compared with the control
and using 4kg bentonite /fed in the two seasons of study
(Table 6). These two rates of bentonite achieved the
highest seed cotton yield/fed which recorded 11.70 and
10.51 kentars; 11.84 and 10.64 kentars in the first and
second seasons, respectively. The increases over the
control and using 4kg bentonite /fed were 17.00, 6.36,
18.40 and 7.64%; 16.13, 5.73, 17.57 and 7.04 % in 2016
and 2017 seasons, respectively.

The interaction between times of application
and rates of bentonite as foliar application exhibited a
significant effect on boll weight, number of open
bolls/plant, yields of seed cotton per plant and per
feddan, in favor of foliar application of bentonite at the
rate of 2kg/fed or at the rate of 3kg/fed two times (at
squaring stage and at flowering initiation) or three times
(at squaring stage, at flowering initiation and at the top
of flowering). On the other hand, seed index and lint %
did not affect by the interaction between times of
application and rates of bentonite as foliar application
in both seasons.
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Table 5. Effect of times of foliar application, rates of bentonite and their interactions on number of total
flowers/plant, number of total bolls/ plant, boll setting % and boll shedding % in 2016 and 2017

seasons
Number of total  Number of Boll setting  Boll shedding
Treatments flowers/plant  total bolls/plant % %
2016 2017 2016 2017 2016 2017 2016 2017
A-Times of application:

a; squaring stage +flowering initiation 29.23 2833 22,65 21.95 77.70 77.18 2230 22.82
a, flowering initiation+top of flowering stages 28.86 28.86 2293 21.84 7597 75.65 24.03 2435
2; squaringtflowering initiation+ top of 2921 2852 2251 21.92 77.03 7683 2297 23.17
flowering stages ) ) ) ) ) ) ) )
LSD at 5% NS NS NS NS NS NS NS NS
B-Rates of bentonite:

b, Control 28.88 28.22 20.61 19.98 71.33 70.80 28.67 29.20

b, 2kg/fed 2991 2892 2360 2286 7890 79.03 21.10 20.97

bs 3kg/fed 29.40 28.84 2325 2278 79.03 7897 2097 21.03

b,  4kg/fed 28.20 2829 22.00 21.99 7833 7740 21.67 22.60
LSD at 5% 0.88 0.56  0.67 0.83 2.10 231 2.10 231
Interaction:

by 28.32 2791 2039 19.79 72.00 70.90 28.00 29.10

a b, 30.71 2932 2426 2343 79.00 79.90 21.00 20.10
! bs 29.40 28.64 23.55 22.83 80.10 79.70 19.90 20.30
by 28.48 27.44 2241 21.73 79.70 7820 20.30 21.80

b 29.30 28.48 20.89 20.25 71.30 71.10 28.70 28.90

a b, 29.49 28.76 2297 2226 7790 7740 22.10 22.60
2 bs 29.05 28.78 2251 2222 77.50 77.20 22.50 22.80
[ 27.59 2943 2130 22.63 77.20 7690 2280 23.10

b, 29.02 2827 20.53 19.90 70.70 70.40 29.30 29.60

a b, 29.52 28.68 23.56 22.89 79.80 79.80 20.20 20.20
3 bs 29.75 29.10 23.65 23.28 79.50 80.00 20.50 20.00
by 28.54 28.01 2229 21.60 78.10 77.10 21.90 2290

LSD at 5% 1.0l 0.78 1.15 120 3.62 4.1 362 4.11

The positive effect of bentonite on yield and its
components may be attributed to:
1-Its beneficial effects on improving nitrogen,
potassium, phosphorus, chlorophyll (a), (b), total
chlorophyll and carotenoids concentrations in cotton
leaves which encouraged plant growth and yield due
to improving photosynthesis, nitrogen, protein,
enzyme and carbohydrate metabolism.
2-The positive effect on yield of seed cotton/fed is a
result of increasing boll number and boll weight due
to realizing more elements (phosphorus, potassium,
calcium, sulphur, magnesium, iron, manganese,
aluminum, silicon, titinum and sodium) from
bentonite, that influence plant physiology where:
Magnesium is an essential element for
chlorophyll molecule structure, which is the driving
force of photosynthesis. It acts as an activator of many
enzyme systems involved in nucleic acids synthesis and
carbohydrates metabolism. Calcium aids in improving
and enhancing the translocation of carbohydrates from
leaves to fruits and nitrogen absorption and acts as a
base for neutralizing organic acids generated during the
growing process. (Jones et al., 1991 and Tucker, 1999).
Phosphorus (P) is a constituent of phospholipids,
nucleus acids, the coenzymes DNA and NADP, and
most importantly ATP. It enhances early growth, where
without P normal plant growth cannot be achieved. It
activates coenzymes for amino acid production used in
protein synthesis. It stimulates blooming, enhances bud
set, hastens maturity and aids in seed formation (Tucker,
1999), Phosphorus is involved in phosphoglecric

compounds and phosphoglycric acid which plays an
important role in CO, conversion to sugar (Uchida,
2000).

Sulfur (S) is an essential component in the
synthesis of amino acids required to manufacture
proteins (Tucker, 1999).

Potassium (K) plays vital role in photosynthesis,
translocation of photosynthates from sources to sinks,
protein synthesis, control of ionic balance, activation of
plant enzymes, inhibitory of ROS (Reactive Oxygen
Spices) production during photosynthesis and NADPH
oxidase, regulation of plant stomata and water use and
many other processes. (Marschner, 1995; Reddya et al.,
2004 and Cakmak, 2005).

Curie and Briat (2003) mentioned that iron (Fe)
plays a role in the formation of a precursor of chlorophyll
synthesis.

Manganese (Mn) helps in chlorophyll formation
where, it assists iron in chlorophyll formation (Lohry, 2007).

Titanium (Ti) is one of a plant biostimulators and
presence of Ti in plant tissues improves plant enzyme
activities, particularly those involved in the
photosynthesis redox processes( as nitrate reductase,
lipoxygenase, peroxidase, fructose-1,6-bisphosphatase).
Plant supplementation with Ti stimulates their
chlorophyll content, growth, pollination, fruit and seed
formation (Radkowski et al., 2015).

Elemental silicon (Si) alleviates the toxic effects
caused by abiotic stresses, e.g., salt stress, drought and heavy
metals. Si ameliorates the vigor of plants and improves their
resistance to exogenous stresses (Hausman et al., 2017).
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Table 6. Effect of times of foliar application, rates of bentonite and their interactions on boll weight(g),
number of open bolls/plant, seed cotton yield / plant (g), lint %, seed index (g) and seed cotton
yield/feddan (kentar) in 2016 and 2017 seasons

Boll Number of Seed cotton Lint Seed Seed cotton
Weight open yield / plant index yield/feddan
Treatments (2) bolls/plant ) percentage (2 (kentar)
2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
A-Times of application:
a squaringstage 353 315 2265 21.95 66.87 64.64 3936 39.48 10.77 11.26 11.31 10.17
+flowering initiation
a, flowering initiation
+ top of flowering 326 3.15 2293 21.84 63.51 60.97 40.19 39.83 11.03 10.58 10.62 9.64
stages
a3 squaring+ flowering
initiation + top of 333 321 2251 2192 67.82 6534 3995 39.68 10.80 11.02 11.48 10.29
flowering  stages
LSD at 5% 0.06 0.06 NS NS 1.26 1.03 NS NS NS NS 043 041
B-Rates of bentonite:
b, Control 3.13 3.03 20.61 1998 58.86 56.71 39.03 39.20 10.38 10.67 10.00 9.05
b, 2kg/fed 336 323 23.60 2286 69.86 67.24 4045 39.60 11.17 11.14 11.70 10.51
bs 3kg/fed 339 327 2325 2278 70.17 67.58 3931 39.83 11.29 11.20 11.84 10.64
by,  4kg/fed 320 3.11 22.00 21.99 6537 63.06 40.53 40.00 10.64 10.82 11.00 9.94
LSD at 5% 0.07 0.06 0.67 0.83 1.53 1.58 NS NS 040 041 029 0.23
Interaction:
by 3.14 3.04 2039 19.79 57.59 56.28 3874 39.10 1044 10.85 9.85 8.86
a b, 322 3,12 2426 2343 71.65 69.20 39.39 3920 11.25 11.68 12.06 10.86
! bs 330 3.19 23.55 22.83 70.57 6797 3879 39.40 1148 11.27 1197 10.77
by 323 3.12 2241 21.73 67.66 6512 40.52 4020 993 11.25 11.34 10.21
by 3.14 3.03 20.89 20.25 5826 56.86 38.73 39.20 10.60 10.30 9.89 9.10
a b, 332 3.18 2297 2226 67.82 6501 41.39 40.00 10.38 10.43 11.30 10.17
2 bs 340 328 2251 2222 6744 64.84 39.85 40.10 11.87 11.16 11.17 10.06
by 3.19 3.10 21.30 22.63 60.50 57.17 40.77 40.00 11.30 10.44 10.11 9.24
b, 3,11 3.02 20.53 19.90 60.73 57.00 39.62 39.30 10.11 10.86 1024 9.20
a b, 3.53 3.39 2356 22.89 70.11 67.52 40.57 39.60 1190 11.31 11.75 10.50
3 bs 348 3.33 23.65 2328 7250 69.94 3930 40.00 10.51 11.16 12.37 11.08
by 3.18 3.10 2229 21.60 67.96 66.90 4030 39.80 10.69 10.76 11.57 10.37
LSD at 5% 0.12 0.11 1.15 120 2.15 2.33 NS NS NS NS 0.51  0.40

E-Fiber quality:

The results in Table 3 showed that the times of foliar
application and rates of bentonite as well as their interactions
had insignificant effect on fiber strength (Pressley units) and
micronaire reading in both seasons.

CONCLUSION

Generally, it can be concluded that foliar application
with 3kg bentonite/fed twice (at squaring stage and at
flowering initiation) had a positive effect on chemical
composition, growth, boll setting and productivity of
Egyptian cotton (Giza 86 cultivar), under the conditions of
El-Gemmeiza location.
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