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ABSTRACT

Two field experiments were conducted at Sakha Agricultural Research Station, ARC, Kafr El-Sheikh, Egypt, in the 2017 and
2018 seasons to study the effect of growth regulators (PGRs) foliar application on cotton fiber growth and development
(elongation and maturation), using Giza 93 (ELS) and Giza 94 (LS) Egyptian cotton varieties. Treatments of PGRs were made
using tap water to final concentrations of 50, 100, and 150 ppm of Indol Butyric Acid (IBA) and Mepiquat Chloride (MC),
while Gibberellic Acid (GA3) concentrations were 100, 200, and 300 ppm. These treatments were performed at the
beginning of flowering (60 days after planting). The experimental design was a split plot design in three replicates. The
obtained results indicated that PGRs treatments showed significant effects on fiber growth in length, elongation rate, and
secondary wall thickening along boll ages. In both seasons, 100 ppm GA3 treatment followed by 100 ppm IBA showed the
highest increase in fiber elongation, elongation rate, and increased halo length in the two varieties. While MC (pix)
treatment showed insignificant increases and decreases in fiber length and halo length of the two varieties. MC and IBA
treatments surpassed GA3 treatments in increasing the secondary wall thickening, especially at 50 ppm of MC. GA3 and IBA
treatments exerted an overlap between elongation and cellulose deposition phases. The growing season significantly
affected the degree of thickening significantly, whereas its effect on fiber elongation and its rate was of low magnitude.
Season and PGR treatments had no effect on fibre perimeter.
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INTRODUCTION

Cotton fibre is a single cell that is initiated from the outermost cell layer of the cotton ovule and undergoes five
overlapping developmental stages, including differentiation, elongation, transition, secondary cell wall thickening, and
maturity, and then is converted to valuable lint (Lee et al., 2007; Qin and Zhu, 2011). Cotton seed development has been
divided into four distinct phases using a polynomial model: (i) cell division, (ii) cell elongation, (iii) dry matter accumulation,
and (iv) maturation (Rabadia et al, 1999). These stages are influenced by environmental, genetic, physiological, and
biochemical factors (Clement, 2010). During elongation, the fibre consists only of the thin primary wall and a waxy cuticle.
Primary elongation begins immediately after anthesis, reaching its maximum rate around 10 days post anthesis (dpa) and
can continue up to 45 dpa in long staple cotton or cease at around 25 dpa in shorter staples (Naithani et al., 1982; John and
Keller, 1996; Smart et al., 1998). Shi and others (2006) said that the most active elongation period is from 5 to 10 days post
anthesis. Secondary cell wall synthesis begins slightly before the cessation of fiber elongation (~16 to 18 dpa) and continues
for several weeks until maturation completes in 45 to 50 dpa and resulting a mature cotton fiber (John and Keller, 1996;
Goynes et al., 1996).

Exogenous applications of some synthetic plant growth regulators (PGRs) compounds have been widely used in
cotton production in an attempt to adjust plant growth and to improve lint yield and fiber quality. Since varied
environments and crop production practices can have negative effects on the synthesis of some plant hormones, however
external application of PGRs can have such similar functions and effects as some phytohormones, thereby allow
physiological processes to continue at their normal pace. These effects may be manipulated by either (1) altering the plant
hormone level, or (2) changing the capacity of the plant to respond to its natural hormones (Oosterhuis and Robertson,
2000). Therefore, it is relevant to study the effect of some plant growth regulators on the growth and development of
cotton fibers. Since cotton, producers and researchers have found that chemical PGRs that promote, inhibit, or otherwise
modify plant physiological or morphological processes have the ability to influence different stages of cotton fiber
development and improve productivity (Aleman et al., 2008; Singh et al., 2009; Xiao et al., 2010).

Auxins and Gibberellins are a class of important promoters plant hormones involved in many physiological and
developmental processes at low concentrations, whereas at higher concentrations it inhibits enlargement or is even toxic to
cell (Olszewski et al., 2002; Jost et al., 2006). GA3 and auxin act synergistically or additively in stimulating cell elongation by
loosening the cell wall either directly by altering wall pH or indirectly by turning on enzymes as well (Ross et al.,, 2003).
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Elongation is the result of turgor pressure-driven cell expansion causing the wall to stretch (Hake et al., 1991; Gould and
Seagull, 2002). Previous studies of (Kosmidou-Dimitropoulou and Board, 1986; Gialvalis and Seagull, 2001) cleared that
post-anthesis exogenous treatment with gibberellic acid produced the largest increase in fiber initiation, whereas auxins
showed a week effect, they might be not essential for fiber initiation.

Using cotton fiber as a model system in plant in vitro, the exogenous application of GA3 remarkably improved the
fiber length of the short and middle staple cultivars as compared with the long staple one (Gokani and Thaker, 2001 and
2002). Short staple cultivars are deficient in their capacity to synthesize the sufficient amount of promontory PGRs (Gokani
and Thaker, 2002b; Bhatt, 2007).

There are two different viewpoints about the effect of plant growth regulators on cellulose synthesis and
secondary wall thickening. Kosmidou-Dimitropoulou and Board (1986) considered that auxin is necessary for secondary wall
thickening. (Salisbury and Ross, 1992) reported that auxins stimulate cell elongation and cause wall loosening, a term
describing the more rapidly extensible or plastic nature of walls from cells treated with auxins. The hypothesis proposes
that auxins cause receptor cells in stem sections to secrete H* into their surrounding primary walls. These H* ions result in a
lowering of the pH so that wall loosening and fast growth occur. The low pH presumably allows certain cell wall- degrading
enzymes that are inactive at a higher pH to function. These cell wall-degrading enzymes purportedly break bonds in wall
polysaccharides, allowing the walls to stretch more easily, moreover (Marre, 1977; Guilfoyle, 1986; Key, 1989) found that at
the cellular level, auxin effects include increases in the nucleotides DNA and RNA, and subsequent involvement in protein
and enzyme synthesis; increases in proton exchange, membrane charge, and potassium uptake and rapid changes in gene
activity. Olszewski et al. (2002) found that GA might enhance carbon compounds transformation to cellulose and secondary
cell wall synthesis via up-regulating sucrose synthase expression in cotton fibers. Higher GA levels in transgenic cotton
fibers significantly increased cell wall thickness and cellulose contents of mature fibers, in addition; exogenous application
of gibberellic acid induces significant increases in fiber length during secondary wall synthesis (Seagull et al.,2000). On the
other hand, GA3 and auxin had no effect on cellulose synthesis, furthermore (Francey et al., 1989; Jaquet et al., 1982;
Pillonel and Meier, 1985), Singh et al. (2009) reported that auxins are responsible for cell elongation and required for
primary elongation and timing of secondary wall synthesis in cotton fiber development. The use of a synthetic auxin
delayed the onset of high-rate cellulose synthesis by at least 6 days in ovule culture was investigated (Xiao et al., 2010).
Seagull et al. (2000) stated that cotton fibers appear to be an exception, with cell elongation continuing during secondary
wall synthesis, with external application by gibberellic acid, and indole-3-acetic acid. However, a growth retardant such as
mepiquat chloride (pix) by the nature of its effect on plant growth, may often elicit growth features such as earlier maturity
of the developing boll and a yield enhancement (Zhao and Oosterhuis, 2000). In general, mepiquat chloride causes a
significantly earlier maturity about 50% of the time (Oosterhuis et al.,, 1991), in addition reduces or inhibits enzymes acting
in the production of gibberellic acid concentrations in plants and consequently, inhibits growth and cell elongation
(Halmann, 1990; Rademacher, 2000; Stewart et al., 2001).

Therefore, the main objective of this research work is to study the effects of growth regulators (exogenous
hormones) foliar application on cotton fiber growth and development, i.e. the rate of fiber elongation, the increase in fiber
length along the different boll ages, fiber secondary wall thickening, and the impact of these treatments on fiber perimeter
(fineness), using two Egyptian cotton varieties having different staple lengths.

MATERIAL AND METHODS

Two field experiments were carried out in the 2017 and 2018 seasons at Sakha Agricultural Research Station, Kafr
El-Sheikh, Egypt, in dependence on the Agricultural Research Center, Giza, Egypt. Using two Egyptian cotton cultivars, Giza
93 (ELS) and Giza 94 (LS) (Gossypium barbadense L.), The planting date was April 30 in both seasons. The preceding winter
crop was Egyptian clover. Cotton planting was done by the local method of digging 5 to 7 seeds in each hill by hand with a
25 cm distance between hills. Thinning was conducted after 35 days of sowing to better maintain two plants per hill. Three
plant growth regulators (PGRs) were used as foliar spray applications in different concentrations: (a) Auxins; Indole Butyric
Acid (IBA) (1H-Indole-3-butanoic acid); (b) Mepiquat Chloride (Pix)-MC-1,I-dimethylpiperidinium chloride) to induce cell
division, using tap water to a final various concentrations of 50, 100, and 150 ppm); and (c) Gibberellic Acid (GA3) to induce
cell elongation. GA3 concentrations were 100, 200, and 300 ppm. The control treatment was sprayed with tap water. All the
PGR treatments were applied at the beginning of flowering, 60 days after planting. The experimental design was a split-plot
design with three replicates. The three plant growth regulators (PGRs) were randomly assigned to main plots and their
concentrations were assigned to sub-plots. The sub-plot area was 14.4 m2 and contained six ridges of 4.0 m long and 70 cm
apart (56000 cotton plants/feddan). Cotton experts. The cultural practices, including irrigation, application of fertilisers and
insecticides, etc., were conducted as recommended by Cotton.
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Table 1. Temperature degrees during cotton growing season in 2017 and 2018 seasons.

Temperature (°C) 2018 season

Month Period 2017 season 2018 season
Max. Min. Mean Max. Min. Mean
May 1-10 30.69 19.55 25.12 29.71 19.55 24.63
11-20 30.29 26.30 28.30 29.69 26.30 28.00
21-30 30.90 25.95 28.43 30.90 24.22 27.56
Average 30.63 23.93 27.28 30.10 23.36 26.73
June 1-10 32.43 27.75 30.09 32.50 24.68 28.59
11-20 30.66 27.81 29.24 32.69 25.63 29.16
21-30 34.00 28.88 31.44 32.51 25.40 28.96
Average 32.36 28.15 30.25 32.57 25.24 28.90
July 1-10 34.73 29.42 32.08 33.95 25.69 29.82
11-20 34.46 29.14 31.80 34.18 25.09 29.64
21-30 33.49 28.48 30.99 34.50 25.31 29.91
Average 34.23 29.01 31.62 34.21 25.36 29.79
August 1-10 34.22 28.79 31.51 34.31 25.52 29.92
11-20 33.88 29.22 31.55 33.90 25.23 29.57
21-30 33.52 27.40 30.46 33.47 27.40 30.44
Average 33.87 28.47 31.17 33.89 26.05 29.97
September 1-10 33.13 25.85 29.49 34.28 24.23 29.26
11-20 33.64 26.02 29.83 32.62 24.02 28.32
21-30 30.18 25.83 28.01 32.64 24.41 28.53
Average 32.32 25.90 29.11 33.18 24.22 28.70

During flowering, some flowers from different plants were labelled on the day of anthesis to enable the collection of bolls
of a known age. Bolls of 7 ages were used in this study: 5, 10, 15, 20, 30, 40, and 45-48 days from flowering. The selected
bolls of each age were taken from the plant and transported directly to the Lab of Fiber Structural Properties, Cotton Fiber
Res. Department, Cotton Res. Institute to measure fibre perimeter (3.14 x diameter) and follow up the development of fibre
elongation and cellulose deposition (maturity) under different ages. To follow up fibre elongation and its rate, three
different bolls from different plants were taken and opened, then placed in boiling water (with a few drops of 0.1N HCI) to
allow seeds to separate from each other. Ten fibres were taken from each side of the clazal part of the seed and measured
their length using a special scale. The obtained length data was averaged to represent the fibre length of each boll age.
Cellulose deposition was expressed as a degree of thickening and was calculated according to the formula of Lord (1981).

Area of cellulose
Degree of thickening= x100
(Circular cross section area)

Fiber Swollen perimeter, area of the circular cross section and area of cellulose was calculated from green boll data of fiber
diameter and lumen diameter. Halo length was measured from the seed cotton of each treatment using a special scale. The
obtained data were subjected to Analysis of variance and LSD 5% test was employed to compare the different means of
each studied character. The analysis of variance and LSD were carried out according to (Snedecor and Cochoran, 1986). It is
worthy to report that applying Parttelet test to the obtained results and found not significant indicating the homogeneity of
the obtained data; therefore, the data of each character was subjected to combine analysis of variance. Data of each variety
was analyzed separately.

RESULTS

Aiming to study the effects of growth regulators' foliar application on cotton fibre growth and development (elongation,
cellulose deposition, and perimeter), it was necessary to follow up on fibre elongation and cellulose deposition and
perimeter of the different boll ages from (5 days) boll age to the boll final age just before boll opening (45-48 days).

Effect of the growth regulators foliar application on cotton fiber length and fiber elongation rate:
The results in Table (2) and Figure (1) indicated that foliar application of the growth regulator treatments and their

concentrations significantly increased fibre length along the different boll ages, fibre elongation rate, and halo length in the
two cotton varieties in both seasons compared to the control. However, Pix treatments showed insignificant increases and
decreases in fibre length of the different boll ages and halo length in both varieties in most cases. The combined analysis of
fibre elongation data of G.93 and G.94 revealed that the GA3 growth regulator showed the highest increase in fibre length
of the different boll ages and accelerated fibre elongation more than the other two growth regulators, while IBA ranked
second. MC (pix) did not show any significant increase and/or decrease in these studied traits.
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Table 2. The effects of the growth regulators and their concentrations on fibre length and elongation and its rate of G.93
and G.94 varieties in the 2017 and 2018 seasons.

Concent - Fiber length and el ion rate(mm)
G.93 [ G.94
E « | Rations Boll ages Boll Ages

% 14 5 10 15 20 30 40 45-48 5days 10 15 20 30 40 45-48
] () days day day day day day days o f"‘, £ day day day day day day o én £
T§E £5E
Control 8.2 22.3 28.2 34.5 36.5 36.9 37.0 36.8 6.9 17.8 22.7 30.2 333 343 34.4 34.3
100 ppm 14.8 28.2 31.6 38.3 39.0 39.1 39.3 38.7 9.0 22.2 27.9 33.6 35.1 35.7 35.7 35.3
< 200 ppm 14.1 27.0 30.6 37.5 39.0 38.4 38.6 37.6 8.3 22.0 27.2 32.6 35.1 34.9 35.2 34.8
© 300 ppm 13.9 26.5 30.1 36.8 39.0 37.4 37.4 37.0 7.6 20.2 26.0 32.0 34.7 34.5 34.7 343
Mean 14.3 27.2 30.8 37.5 39.0 38.2 38.5 37.8 8.3 21.5 27.0 32.7 35.0 35.1 35.1 34.8
50 ppm 12.0 26.0 30.1 34.3 35.3 36.8 36.8 36.7 8.0 19.8 24.3 31.7 34.5 34.4 34.6 34.7
g g 100 ppm 13.3 27.4 30.4 36.7 37.2 37.5 37.5 37.3 8.0 21.8 25.0 32.2 34.8 35.0 34.9 34.5
N - 150 ppm 12.6 26.2 29.7 35.0 36.5 37.0 37.8 36.4 8.0 20.1 23.8 31.8 34.4 34.9 34.8 34.6
Mean 12.6 26.5 30.1 35.7 36.8 37.2 37.2 36.9 8.0 20.4 24.7 31.9 34.6 34.8 34.8 34.6
50 ppm 8.11 22.3 28.2 34.7 36.6 36.9 36.8 36.0 6.8 17.3 22.8 30.0 33.0 34.0 34.2 34.2
100 ppm 8.0 22.5 28.4 34.5 36.5 36.7 36.8 36.7 6.7 17.9 22.6 30.1 335 34.1 343 34.1
§ 150 ppm 8.2 22.3 28.1 34.9 36.8 36.9 37.0 36.7 6.8 17.7 22.6 30.0 33.2 34.0 343 34.1
Mean 8.1 22.2 28.2 34.7 36.6 36.8 37.0 36.7 6.7 7.7 22.7 30.0 333 34.0 34.2 34.1
Mean 11.7 24.5 29.3 35.5 37.2 37.2 37.4 37.1 7.7 19.5 24.6 31.2 34.6 34.6 34.6 34.4
Control 8.0 21.9 28.4 33.5 36.7 36.7 36.6 36.5 6.5 17.6 225 29.9 33.1 34.0 34.2 34.0
100 ppm 14.6 28.7 31.9 38.0 38.6 39.1 39.1 38.9 8.8 22.1 27.8 33.5 35.0 35.5 35.5 35.0
< 200 ppm 14.0 27.2 30.4 37.3 39.0 38.6 38.4 37.4 8.0 21.0 27.0 323 35.1 34.8 35.1 34.4
© 300 ppm 13.7 26.1 29.1 37.0 37.8 37.5 37.4 37.0 7.8 20.0 26.0 32.2 34.5 34.5 34.4 34.3
Mean 14.0 27.1 30.6 37.4 38.5 38.4 38.3 37.8 8.2 21.0 27.0 32.6 34.9 349 35.0 34.6
50 ppm 11.8 25.6 30.0 34.4 35.0 36.5 36.7 36.9 8.1 19.4 24.1 31.5 34.2 34.4 34.8 34.4
* < 100 ppm 13.1 27.1 30.0 36.5 37.2 37.4 36.9 37.0 8.0 20.8 26.3 32.5 34.8 34.8 34.8 34.4
] £ 150 ppm 12.4 25.9 30.0 35.3 36.3 36.8 37.0 36.7 8.0 20.5 23.8 31.4 34.6 34.5 34.8 34.4
Mean 12.5 26.2 30.0 35.4 36.5 36.9 36.9 36.7 8.0 20.2 24.7 31.8 34.5 34.6 34.8 34.4
50 ppm 8.3 22.1 28.0 34.5 36.8 36.9 37.0 36.8 6.5 17.6 22.7 30.3 33.2 34.0 34.0 34.0
%) 100 ppm 8.0 22.2 28.2 34.5 36.7 36.9 36.8 36.4 6.6 17.7 22.7 30.1 33.2 34.2 34.0 33.8
= 150 ppm 8.1 22.1 28.3 34.7 36.6 36.7 37.0 37.6 6.8 17.7 22.7 30.0 33.2 34.0 343 33.2
Mean 8.2 22.1 28.2 34.6 36.7 36.8 37.0 36.7 6.7 17.7 22.7 30.1 33.2 34.1 34.1 34.0
11.6 24.3 29.3 34.7 37.2 37.1 37.2 36.9 7.4 19.1 22.9 31.1 33.9 34.4 34.5 34.2
Control 8.1 22.1 28.3 34.5 36.6 36.8 36.8 36.6 7.7 17.7 22.6 30.0 33.2 34.2 343 34.1
100 ppm 14.7 28.1 31.7 38.2 38.9 39.1 39.3 38.8 8.9 22.2 27.8 33.5 35.0 35.5 35.6 35.2
< 200 ppm 14.0 27.1 30.5 37.4 39.0 38.5 38.5 37.5 8.1 215 27.1 324 35.1 34.8 35.0 34.6
° 300 ppm 13.8 26.3 29.9 | 36.9 38.9 37.3 374 37.0 7.0 202 | 26.0 32.1 34.7 34.5 34.6 34.3
Mean 14.2 27.2 30.7 37.5 38.9 38.3 38.4 37.8 8.3 21.3 27.0 32.7 34.9 35.0 35.1 34.7
- 50 ppm 11.9 25.2 30.1 34.4 36.1 36.7 36.9 36.9 8.0 19.6 24.3 31.6 34.3 34.4 34.7 34.5
% g 100 ppm 13.2 27.3 30.2 36.6 37.2 37.4 47.5 37.1 8.0 21.0 26.2 32.4 34.8 34.9 34.8 34.5
§ - 150 ppm 13.8 26.3 29.9 | 36.9 38.9 37.3 374 37.0 7.0 202 | 26.0 32.1 34.7 34.5 34.6 34.3
Mean 12.5 26.4 30.0 35.5 36.6 37.0 37.1 36.8 8.0 20.2 24.6 31.9 34.6 34.7 34.8 34.5
50 ppm 8.22 22.2 25.1 34.6 36.7 36.9 37.0 36.7 6.6 17.6 22.3 30.2 33.1 34.0 34.2 34.1
%) 100 ppm 8.0 22.3 283 | 345 36.6 36.8 37.0 36.6 6.7 17.8 | 22.7 30.1 333 34.1 34.2 34.0
= 150 ppm 8.1 22.2 28.2 34.7 36.7 36.8 36.8 36.7 6.8 17.7 22.6 30.1 33.2 34.0 34.3 34.2
Mean 8.1 22.2 28.2 34.6 36.7 36.8 37.0 36.6 6.7 17.7 22.7 31.1 33.2 34.0 34.2 34.1
G.Mean 11.6 22.2 28.2 345 36.6 36.8 37.0 36.7 7.7 19.3 22.6 31.2 34.3 34.5 34.5 34.1

*Combined LSD 5% G.93 Combined LSD 5% Giza 94 respectively (S): N.SN.S, (R): 0.22 0.19, (C): 0.25 0.23, (SxR): N.S N.S, (SxC): N.S N.S,
(RxC): 0.32 0.30, (SxRxC): 0.39 0.53

Foliar application treatment of 100 ppm of GA3 surpassed all the other treatments of the growth regulators in increasing
fiber length of the different boll ages and in accelerating the elongation rate of G.93 and G.94. It recorded 14.70, 28.10,
31.73, 38.16, 38.86, 39.10, 39.25, and 38.80 mm for fiber length of 5, 10, 15, 20, 30, 40, 45-48 days and halo length of G.93,
respectively, compared to 8.12, 22.12, 28.30, 34.48, 36.58, 36.78, 36.81, and 36.61 mm for fiber length of the same boll
ages and halo length of the control treatment. While, 100 ppm of IBA foliar treatment exceeded the other two treatments
of IBA in its effect on fiber length and elongation rate, it recorded 13.20, 27.25, 30.22, 36.58, 37.20, 37.44, 37.50 and 37.14
mm for fiber length of those boll ages and halo length. Giza 94 cotton variety, showed the same trend as Giza 93 regarding
the effect of growth regulators on the fiber length of the different boll ages, fiber elongation rate and halo length. In G.94,
100 ppm of GA3 recorded 8.88, 22.18, 27.82, 33.50, 35.00, 35.54, 35.60, and 35.18 mm for fiber length in 5, 10, 15, 20, 30,
40, 45-48 days (final boll age just before opening) and hallo length, respectively, as compared to 6.72, 17.72, 22.60, 30.03,
33.22, 34.16, 34.28, and 34.14 mm for fiber length of the same boll ages and hallow length of the control treatment. Whilst,
100 ppm of IBA foliar treatment exceeded the other two treatments of IBA in its effect on fiber length and elongation rate
of Giza 94, it recorded 8.00, 21.00, 26.22, 32.44, 34.80, 34.89, 34.78, and 34.45 mm for fiber length of those boll ages and
halo length.
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Effect of the growth regulators foliar application on cellulose deposition (fiber maturity):

The results in Table (3) and figure (2) indicated that foliar application of the growth regulators treatments promoted and
increased significantly cotton fiber secondary wall cellulose deposition (fiber maturity) expressed in degree of thickening
starting the 20t day up to the 45t — 48t boll age (final boll age just before opening) of the two varieties in both seasons
compared to the control specially in the young boll ages 20,25 and 30 days. However, the increase in cellulose deposition
in the old boll ages 40, 45 — 48 days was relatively little compared to that increase in the young boll ages. Moreover growing
season exerted a significant effect on cellulose deposition (secondary wall thickening) in both of the two studied varieties.
Degree of thickening of Giza 93 averaged in 2017 season 36.1, 64.4, 79.6, 84.2, 89.0 and 94.7 %, and averaged in 2018
season; 33.1, 55.1 70.3, 78.3 86.5 and 91.3 %, in the boll ages 20, 25, 30, 40, and 45-48 days respectively, while Giza 94
averaged in 2017 season; 32.0, 75.6, 81.2, 87.5, and 92.5 % and averaged in 2018 season; 30.1, 58.4, 72.8, 78.4, 84.7 and
90.2 % for the same boll ages respectively. In both of the studied cotton varieties, G.93 and Giza 94, the combined analysis
of the two seasons revealed that Pix and IBA growth regulator treatments showed a higher increase in cellulose deposition
and its rate compared to GA3 treatments, which showed a lower increase in the degree of thickening of the secondary wall
of the cotton fibres of the two varieties. Both Pix and IBA showed nearly the same mean values of degree of thickening in
the two varieties along the different boll ages studied, except for the 50 ppm treatment of Pix, which recorded higher
values of this trait along the different boll ages compared to the other treatments of the three growth regulators. It was
recorded in Giza 93 that 39.2, 68.1, 83.3, 86.7, 90.1, and 95.0 % for the degree of thickening in 20, 25, 30, 35, 40, and 45-48
day boll ages, respectively, compared to 14.9, 30.5, 45.7, 62.3, 79.0, and 84.8 % in the control treatment, respectively. The
same treatment (50 ppm treatment of Pix) was recorded in Giza 94; 36.8, 66.2, 81.2, 84.8, 86.3, and 95.4 % in the
aforementioned boll ages, respectively, compared to 17.0, 30.3, 55,4, 64.2, 75.0, and 85.8 % for the same boll ages in the
control treatment.

Table 3. Effect of the growth regulators and its concentrations on degree of thickening (fiber maturity) and its rate of G.93
and G.94 varieties in 2017 and 2018 seasons

Cocentrations (c) Degree of thickening % Degree of thickening %
G.93 G.94
Seasons PGR Boll Ages Boll Ages
(R) 20 25 30 35 40 | 45-48 20 25 30 35 40 | 45-48
Day days days Days Days days Day Days days Days days Days
2017 Control 16.40 31.6 46.8 63.5 80.1 90.1 18.60 32.2 57.3 66.1 76.9 89.7
GA 100 ppm 25.62 47.4 62.6 73.8 85.1 91.2 33.71 62.7 75.7 81.6 89.5 93.4
200 ppm 31.32 49.3 64.5 76.5 88.5 92.2 | 31.19 60.9 74.0 79.1 86.1 91.6
300 ppm 36.42 53.6 68.8 79.9 91.0 92.9 32.40 56.7 71.7 78.1 84.4 91.1
Mean 31.43 50.1 65.3 76.7 88.2 92.1 31.10 60.1 73.8 79.6 86.7 92.0
IBA 50 ppm 35.40 61.8 77.0 82.0 87.1 93.8 | 29.30 58.1 73.2 79.0 85.8 92.1
100 ppm 40.42 67.3 82.5 86.2 89.8 94.5 31.38 64.2 75.2 82.7 87.9 93.0
150 ppm 38.20 62.9 78.1 84.0 89.9 94.3 30.22 59.1 74.1 78.7 84.7 91.9
Mean 38.01 64.0 79.2 84.1 88.9 94.2 | 30.40 60.5 74.2 80.1 86.1 92.3
MmcC 50 ppm 40.30 69.1 84.3 87.7 91.1 96.0 | 37.30 68.0 83.1 86.6 90.1 95.4
100 ppm 38.41 65.3 80.5 85.0 89.5 94.5 | 33.02 61.1 76.1 81.6 87.1 92.3
150 ppm 35.52 58.8 74.0 79.8 86.5 93.6 | 28.18 57.9 72.9 80.5 88.0 91.3
Mean 38.07 64.4 79.6 84.2 89.0 94.7 | 32.82 62.3 77.4 82.9 88.4 93.0
G Mean 35.82 57.3 72.5 80.5 88.6 93.4 31.44 61.2 75.6 81.2 87.5 92.5
2018 Control 14.60 29.3 44.5 61.2 77.8 88.8 | 15.42 28.4 53.5 62.3 73.1 85.9
GA 100 ppm 28.40 45.2 60.4 71.6 82.9 89.0 | 33.00 60.6 73.7 79.6 87.5 91.3
200 ppm 30.31 47.1 62.3 74.3 86.3 90.0 | 30.08 58.9 71.9 77.0 84.1 89.6
300 ppm 32.00 51.4 66.6 77.7 88.8 90.7 28.22 54.6 69.7 76.0 82.3 89.0
Mean 30.34 47.9 63.1 74.5 86.0 89.9 | 31,43 58.0 71.7 77.5 84.6 90.0
IBA 50 ppm 34.10 59.6 74.8 79.9 84.9 91.6 | 24.60 55.9 71.0 76.8 83.6 89.9
100 ppm 38.40 65.1 80.3 84.0 87.6 92.3 | 34.12 62.0 73.0 80.5 85.7 90.8
150 ppm 38.00 60.7 75.9 81.8 87.8 92.1 | 30.38 56.9 71.9 76.5 82.5 89.7
Mean 36.84 61.8 77.0 81.9 86.8 92.0 29.70 58.3 72.0 77.9 83.9 90.1
mcC 50 ppm 38.00 67.1 82.3 85.7 89.1 94.0 | 35.00 64.4 79.5 83.0 86.5 94.6
100 ppm 36.31 63.3 78.5 83.0 87.4 92.5 | 27.12 57.5 72.5 78.0 83.5 88.7
150 ppm 28.30 56.8 72.0 77.7 84.5 91.6 | 25.28 54.3 69.3 76.9 84.4 87.7
Mean 33.21 62.4 77.6 82.1 87.0 92.7 29.13 58.7 73.8 79.3 84.8 90.3
G Mean 33.43 55.1 70.3 78.3 86.5 91.3 | 30.10 58.4 72.8 78.4 84.7 90.2
Control 14.91 30.5 45.7 62.3 79.0 89.4 | 17.00 30.3 55.4 64.2 75.0 87.8
GA 100 ppm 27.00 46.3 61.5 72.7 84.0 90.1 33.38 61.7 74.7 80.6 88.5 92.3
200 ppm 30.82 48.2 63.4 75.4 87.4 91.1 | 30.62 59.9 72.9 78.0 85.1 90.6
300 ppm 30.18 52.5 67.7 78.8 89.9 91.8 | 28.30 55.7 70.7 77.0 83.4 90.0
Mean 29.33 49.0 64.2 75.6 87.1 91.0 | 30.81 59.1 72.8 78.6 85.7 91.0
IBA 50 ppm 34.70 60.7 75.9 80.9 86.0 92.7 | 27.03 57.0 72.1 77.9 84.7 91.0
combined 100 ppm 39.38 66.2 81.4 85.1 88.7 93.4 | 32.67 63.1 74.1 81.6 86.8 91.9
150 ppm 35.72 61.8 77.0 82.9 88.8 93.2 | 34.50 58.0 73.0 77.6 83.6 90.8
Mean 36.60 62.9 78.1 83.0 87.9 93.1 | 31.39 59.4 73.1 79.0 85.0 91.2
MmcC 50 ppm 39.20 68.1 83.3 86.7 90.1 95.0 | 36.78 66.2 81.3 84.8 88.3 95.5
100 ppm 37.28 64.3 79.5 84.0 88.5 93.5 | 30.12 59.3 74.3 79.8 85.3 90.5
150 ppm 31.92 57.8 73.0 78.7 85.5 92.6 | 26.70 56.1 71.1 78.7 86.2 89.5
Mean 36.13 63.4 78.6 83.1 88.0 93.7 | 31.20 60.5 75.6 81.1 86.6 91.8
G Mean 34.12 56.2 71.4 79.4 87.6 92.4 | 31.13 59.8 74.2 79.8 86.1 91.4

*Combined LSD 5% Giza 93 Combined LSD 5% Giza 94 respectively (S): 0.32 0.38, (R): 0.38 0.41, (C) 0.41 0.46, (SxR) 0.51 0.53 . (SXC) 0.54 0.60 , (RXC) 0.58 0.63, (SXRxC) 0.72 0.79
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Effect of the growth regulators foliar application on fiber perimeter (fiber fineness):

The results in Table (4) and figure (3) indicated that growing seasons, foliar application of the growth regulators treatments
and their concentrations did not affect significantly fiber perimeter of the two studied varieties Giza 93 and Giza 94 along
the different boll ages during the two growing seasons 2017 and 2018.

Table 4. Effect of the growth regulators and its concentrations on cotton fiber perimeter (Fiber fineness) of Giza 93

and Giza 94 variety in 2017 and 2018 seasons.

Fiber perimeter (fineness)
Cocentrations (c) G.93 G.94
Seasons Boll ages Boll ages
PGR 5 15 25 35 45-48 5 15 25 35 45-48
(R) days day Day Day days days day day day days
2017 Control 36.8 39.3 40.6 43.4 46.7 39.5 42.3 45.7 49.5 51.2
GA 100 ppm 36.9 39.7 41.2 43.8 46.8 39.2 41.9 45.5 49.3 51.2
200 ppm 36.5 39.5 41.2 43.6 46.7 39.5 42.1 45.4 49.3 51.2
300 ppm 36.8 39.4 40.9 43.4 46.8 39.7 42.4 45.7 49.4 51.2
Mean 36.7 39.5 41.1 43.6 46.8 39.4 42.1 45.5 49.4 51.2
IBA 50 ppm 37.3 39.7 41.1 43.6 46.8 39.3 42.2 45.6 49.5 51.3
100 ppm 36.6 39.5 41.3 43.6 46.7 39.5 42.3 45.7 49.6 51.2
150 ppm 36.9 39.5 41.2 43.6 46.9 39.1 42.0 45.5 49.6 51.1
Mean 36.9 39.6 41.2 43.6 46.8 39.3 42.2 45.6 49.6 51.2
MC 50 ppm 35.7 39.2 41.6 43.8 46.8 39.8 42.5 45.8 49.5 51.4
100 ppm 36.0 39.4 41.7 43.8 46.7 39.3 42.0 45.3 49.4 51.4
150 ppm 37.0 39.9 41.8 43.8 46.8 39.2 42.0 45.5 49.5 51.2
Mean 36.2 39.5 41.7 43.8 46.8 39.4 42.2 45.5 49.4 51.4
G Mean 36.5 39.5 41.4 43.7 46.8 39.4 42.2 45.5 49.4 51.3
2018 Control 36.9 39.4 40.7 43.5 46.8 39.4 42.3 45.7 49.4 51.1
GA 100 ppm 37.0 39.8 41.3 43.8 46.9 39.1 41.8 45.4 49.2 51.1
200 ppm 36.6 39.5 41.3 43.7 46.8 39.4 42.1 45.4 49.2 51.1
300 ppm 36.9 39.5 41.0 43.5 46.9 39.6 42.3 45.7 49.4 51.1
Mean 36.8 39.6 41.2 43.7 46.9 39.4 42.1 45.5 49.3 51.1
IBA 50 ppm 37.4 39.8 41.2 43.7 46.9 39.3 42.1 45.5 49.4 51.2
100 ppm 36.6 39.5 41.4 43.7 46.8 39.4 42.2 45.7 49.5 51.1
150 ppm 37.0 39.6 41.3 43.7 47.0 39.0 41.9 45.4 49.5 51.1
Mean 37.0 39.6 41.3 43.7 46.9 39.2 42.1 45.5 49.5 51.1
McC 50 ppm 35.7 39.3 41.7 43.9 46.9 39.7 42.4 45.7 49.4 51.3
100 ppm 36.1 39.5 41.7 43.9 46.7 39.2 41.9 45.2 49.3 51.4
150 ppm 37.1 40.0 41.9 43.9 46.9 39.1 41.9 45.4 49.4 51.1
Mean 36.3 39.6 41.8 43.9 46.8 39.3 42.1 45.4 49.4 51.3
G Mean 36.6 39.6 415 43.8 46.9 39.4 42.1 45.5 49.3 51.2
Combined control 36.9 393 40.7 43.4 46.8 39.5 423 45.7 49.5 51.2
GA 100 ppm 36.9 39.7 41.3 43.8 46.9 39.1 41.9 45.4 49.3 51.2
200 ppm 36.5 39.5 41.3 43.7 46.8 39.4 42.1 45.4 49.3 51.2
300 ppm 36.9 39.5 40.9 43.4 46.8 39.7 423 45.7 49.4 51.2
Mean 36.8 39.6 41.2 43.6 46.8 39.4 42.1 45.5 49.3 51.2
IBA 50 ppm 37.3 39.8 41.2 43.7 46.8 39.3 42.1 45.6 49.4 51.2
100 ppm 36.6 39.5 41.3 43.7 46.8 39.5 42.3 45.7 49.6 51.2
150 ppm 37.0 39.5 41.2 43.7 46.9 39.1 41.9 45.5 49.5 51.1
Mean 37.0 39.6 41.2 43.7 46.9 39.3 42.1 45.6 49.5 51.2
MC 50 ppm 35.7 39.2 41.6 43.9 46.9 39.8 42.4 45.8 49.5 51.3
100 ppm 36.0 39.4 41.7 43.9 46.7 39.2 42.0 45.2 49.3 51.4
150 ppm 37.1 40.0 41.8 43.9 46.8 39.1 41.9 45.4 49.4 51.2
Mean 36.3 39.5 41.7 43.9 46.8 39.4 42.1 45.5 49.4 51.3
Mean G Mean 36.5 39.6 41.4 43.8 46.8 39.4 42.1 45.5 49.4 51.2

*Combined LSD 5% Giza 93 Combined LSD 5% Giza 94. respectively (S): N.S N.S, (R): N.S N.S, (C): N.S N.S, (SxR): N.S N.S, (SxC): N.S
N.S, (RXC): N.S N.S, (SXRxC): N.S N.S

DISCUSSION

Cotton fiber develops in orderly, precise pattern. Starting the day of flowering, cells of the surface of the ovule (unfertilized
seed) start to elongate. Each lint fiber elongates for a period of 25-30 days to reach its final length depending on the variety
and upon growth conditions. Elongation is slow at first; more rapid for a few days, then near the end of the elongation
period, and it slows down again. The second stage of fiber growth is the thickening of fiber wall that begins after elongation
has ceased. During this process, sugar produced from water and carbon dioxide through the photosynthesis processes is
transported into the fiber, chemically converted into cellulose and deposited in successive layers on the inner wall surface.
This thickening constitutes the fiber’s secondary wall. This stage continues 20 to 30 days after elongation stage (Basra and
Malik, 1984) ; however, an overlapping could be noticed between the two stages.
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From the obtained results, it could be concluded that foliar application of GA3 and IBA significantly increased fiber length
along the different boll ages and accelerated fiber elongation rate, especially in the early boll ages of 5, 10, 15, and 20 days.
Furthermore, fiber elongation increased to the 40th day of boll age but at a slower rate than in the early ages and
continued during the cellulose deposition phase, indicating an overlapping between the elongation phase and the cellulose
deposition phase. (Hake et al., 1991; Gould and Seagull, 2002; Ross et al.,, 2003; and Bhatt, 2007) came to similar
conclusions . Salisbury and Ross (1992) reported that auxins stimulate cell elongation and cause wall loosening. GA3 and
auxin act synergistically or additively in stimulating cell elongation. MC reduces or inhibits enzymes acting in the production
of gibberellic acid concentrations in plants and consequently, inhibits growth and cell elongation (Halmann, 1990;
Rademacher, 2000; and Stewart et al.,2001).

Cellulose deposition is a trait affected so much by environmental conditions and agronomic practices (the minimum
temperature degrees in July, August, and September were higher in 2017 than in 2018 (table 1) which may enhance
cellulose deposition in 2017 season). (EI-Marakby et al.,2011) reported that growing season affected significantly cotton
fiber cellulose deposition. Foliar application of growth regulators exerted an overlap between the elongation phase and
cellulose deposition phase. This overlap started in the two varieties from the 20th day of boll age (during the elongation
phase) to the 40th boll age. Chemical PGRs that promote, inhibit, or otherwise modify plant physiological or morphological
processes have the ability to influence different stages of cotton fibre development.(Aleman et al.,2008; Singh et al.,2009;
and Xiao et al.,2010). The auxin is necessary for secondary wall thickening (Kosmidou-Dimitropoulou, 1986), while, GA3
and auxin had no effect on cellulose synthesis (Francey et al.,1989; Jaquet et al., 1982; and Pillonel and Meier, 1985).

The only factor that affect fiber perimeter (fineness) in this study is the boll age where the thickening of the
secondary is taking place, and force the primary wall to stretch increasing fiber perimeter. Cotton varieties by genetics
differ in their intrinsic fineness (perimeter). Giza 93 which is an extra long extra fine cotton variety averaged 36.52, 39.55,
41.44, 43.75 and 46.81 microns for fiber Perimeter measured from the green bolls in 5, 15, 25, 35 boll ages up to 45 — 48
boll age (the final boll age just before opening) respectively. Whereas, Giza 94 long staple Egyptian cotton variety averaged
39.39, 42.11, 45.59, 49.39 and 51.24 micron for fiber perimeter of the aforementioned boll ages. Fiber perimeter (fineness)
is a varietal trait controlled mainly by genetics but affected by boll age. Fiber perimeter was affected by cotton variety and
cellulose deposition (Gialvalis & Seagull, 2001; Younis, 2010; and Sief et al., 2016).
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Fig. 1. Effect of the growth regulators and their concentrations on fiber length and elongation rate of G.93 and G.94 varieties
in 2017 and 2018 seasons.
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Fig. 2. Effect of the growth regulators and its concentrations on degree of thickening (fiber maturity) and its rate of G.93
and G.94 varieties in 2017 and 2018 seasons.
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Fig. 3. Effect of the growth regulators and its concentrations on cotton fiber perimeter (Fiber fineness) of Giza 93 and Giza
94 variety in 2017 and 2018 seasons.

CONCLUSION

Foliar application of GA3 and IBA significantly increased fiber length along the different boll ages and accelerated fiber
elongation rate. Foliar application treatment of 100 ppm of GA3 surpassed all the other treatments of the growth
regulators in increasing fiber length of the different boll ages and in accelerating the elongation rate of G.93 and G.94.
Foliar application of growth regulators exerted an overlap between the elongation phase and cellulose deposition phase.
This overlap started in the two varieties from the 20th day of boll age (during the elongation phase) to the 40th boll age (
duing cellulose deosition). the 50 ppm treatment of Pix, recorded higher values of this trait along the different boll ages
compared to the other treatments of the three growth regulators. The only factor that affect fiber perimeter (fineness) in
this study is the boll age where the thickening of the secondary is taking place, and force the primary wall to stretch
increasing fiber perimeter
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