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Field experiments, in two successive seasons, at the Agricultural Research Center, Giza, Egypt,
determined the effect of N fertilization (addition at rates of 107 or 161 kg of N/ha) and foliar
application of plant growth retardants (Pix, Cycocel, or Alar, each applied once at 300 ppm, 75 days
after planting) and zinc (applied at 0.0 or 50 ppm, two times: 80 and 95 days after planting) on
growth, mineral uptake, yield components, yield, and fiber properties of Egyptian cotton cultivar
Giza 75. Dry matter yield, N and Zn uptake per plant, number of opened bolls per plant, boll weight,
seed index, lint index, seed cotton yield per plant, and seed cotton and lint yield per hectare increased
with increasing N rate and by foliar application of plant growth retardants (with best results when
Pix was applied) and zinc. The earliness of harvest increased by the application of Zn in season I
and Pix in season II only. Treatments generally had no effect on lint percentage and fiber properties,
except in season II when Pix and Cycocel were applied, the 2.5% span length tended to increase
over the control.
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INTRODUCTION

Cotton is the most important fiber crop in the world
as well as in Egypt. Increasing cotton production and
quality is an urgent national goal to meet the consistent
demand for this crop. The indeterminate and perennial
habits of the cotton plant present difficulties to produc-
ers and researchers attempting to predict cotton growth
stages. Most decisions regarding production inputs
depend upon plant growth stage and yield potential.
Thus, efforts have been made in recent years to better
predict cotton growth and development. Cotton plant
growth monitoring techniques have been shown to be
effective tools for quantifying vegetative vigour (Oost-
erhuis et al., 1993). Nitrogen fertilization is an impor-
tant input for optimization of cotton production. It is
considered the limiting element for cotton production.
Despite possible effects of excessive nitrogen in promot-
ing vegetative growth, yield of cotton is probably more
often limited by a deficiency rather than by an excess
of nitrogen (Halevy et al., 1987). Organic matter
provides the only lasting form of nitrogen in soil but, in
warm areas where cotton is grown, many soils have
been largely depleted of organic matter. Therefore, for
maximum yields, most soils require annual fertilization
with some form of nitrogen. Scientists are working hard
to find different means for increasing crop production
by formulating new compounds to arrive at such a goal.
Some of these compounds exhibit hormonal traits [plant
growth regulators (PGR)], while others have nutrient
effects. PGR have certain advantages for the regulation

of key processes in plants. The PGR Pix, Cycocel, and
Alar can be used to manage the vegetative development
of cotton plants. They tend to offset the effects of
excessive water and/or nitrogen by decreasing both
overall plant height and length of lateral branches
(Wang et al., 1985; Reddy et al., 1990). The use of these
same materials at rates lower than required to inhibit
plant size cause increases in boll weight, number of open
bolls at harvest, and yield, which appears to be partly
due to less shedding of flowers and/or bolls. These
chemicals may enhance yield function by increasing
photosynthesis or by increasing the retention of, and
partitioning of, photosynthate into fruiting forms (Guinn,
1984). Zinc deficiency, one of the most common micro-
nutrient deficiencies, is becoming increasingly signifi-
cant in crop production. The concentration of water
soluble Zn in soil solution decreases with increasing pH
(e.g. soils in Egypt). Liming thus depresses Zn uptake
(Cottenie and Kiekens, 1974). Although only small
amounts of zinc are removed from the field by a cotton
crop (14.2 g/bale), zinc is critical for several key enzymes
in the plant. Most notable are the enzymes that convert
carbon dioxide with bicarbonate. It allows respiration
in root tips during anaerobic conditions (lack of oxygen)
and builds proteins (Oosterhuis et al., 1991). The main
objective of this study was to evaluate the effect of N
rates and foliar application of PGR (Pix, Cycocel, or
Alar) and zinc (in chelated form) during square initia-
tion and bolling stage on growth, yield, and fiber
properties of Egyptian cotton.

MATERIALS AND METHODS

Two field experiments were conducted at the Agricultural
Research Center, Ministry of Agriculture in Giza, Egypt, on
the cotton cultivar Giza 75 (Gossypium barbadense L.) for
seasons I and II. The soil type in both seasons was a clay loam.
Average mechanical analysis (Kilmer and Alexander, 1940)
and chemical characteristics (Chapman and Pratt, 1961) for
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soil in both seasons are illustrated in Table 1. Each experi-
ment included 16 treatments of the following combinations:
(1) Two nitrogen rates (107 or 161 kg of N/ha) were applied as
ammonium nitrate with lime (33.5% N) in two equal amounts,
one after thinning (6 weeks after planting) and the other before
the second irrigation (2 weeks after thinning). (2) Three PGR,
1,1-dimethylpiperidinium chloride (mepiquat chloride or Pix),
2-chloroethyltrimethylammonium chloride (chloromequat chlo-
ride, Cycocel or CCC), and succinic acid 2,2-dimethylhydrazide
(daminozide, SADH, B-Nine, Kylar, or Alar), were used. Each
was foliar sprayed once at 300 ppm, 75 days after planting
(during square initiation and bolling stage) at volume solution
of 960 L/ha. Water was used as a control treatment. (3) Two
zinc treatments were applied (0.0 and 50 ppm of Zn) as
chelated form [ethylenediaminetetraacetic acid (EDTA)]. Each
was foliar sprayed two times: 80 and 95 days after planting
at volume solution of 960 L/ha. Treatments can be sum-
marized as follows (N rate is at kg/ha, PGR were applied at
300 ppm, and Zn rate is in ppm):

A randomized complete block design with four replications was
used. Seeds were planted on March 19 and 23 in seasons I
and II, respectively, in plots 1.8 m × 4 m, including three
ridges. Cultural practices were those used for cotton on the
research station. Ten days after the last spray of zinc in
season II (105 days after planting), five plant samples (shoots)
were randomly chosen from the first and third ridges, trans-
ferred to the laboratory, and oven-dried at 70 °C for 24 h to
determine the dry matter yield (grams per plant). Total
nitrogen and zinc were determined by using the dry-ash
method (Chapman and Pratt, 1961). Micronutrients were
determined by atomic absorption spectrophotometry. Ten
plants were randomly chosen from the center ridge of each
plot to determine number of opened bolls per plant, boll weight
(grams of seed cotton per boll), and seed cotton yield in grams
per plant. Earliness, as percentage of total yield harvested
in the first picking, was calculated as follows: seed cotton yield
in the first picking was divided by the total seed cotton yield
and multiplied by 100. First hand-picking took place on
September 25 and 29 and final picking on October 11 and 15
in seasons I and II, respectively. Total seed cotton yield of
each plot (including 10 plant subsamples) was ginned to
determine seed cotton and lint yield (kilograms per hectare),
lint percentage (lint percent of seed cotton), seed index (grams
per 100 seeds), and lint index (grams of lint per 100 seeds).

Fiber tests were made at a relative humidity of 65 ( 2% and
temperature of 20 ( 1 °C to determine fiber length in terms
of 2.5 and 50% span length (millimeters) and uniformity ratio
as measured by a digital fibrograph; Micronaire reading
included combined measure of fiber fineness and maturity, as
measured by a Micronaire instrument, and flat bundle strength
(expressed by grams per tex) was measured by stelometer
tester at 1/8 in. gauge length [according to American Society
for Testing Materials (ASTM), 1979]. Results were analyzed
as a factorial experiment (Snedecor and Cochran, 1980).

RESULTS AND DISCUSSION

Plant Growth and Mineral Content. The interac-
tion between N rate and foliar application of PGR and
zinc showed no significant effects for any of the mea-
sured characters. Table 2 indicates that there were
significant effects on growth and nutrient content of
cotton plants (105 days after sowing), under the high
N rate regime (161 kg of N/ha) compared with the lower
rate (107 kg of N/ha). These findings coincide with the
fact that N is an essential nutrient in building the plant
dry matter as well as many energy-rich compounds
which regulate photosynthesis (Wankhade and Kene,
1990; Guhe and Sagare, 1992). Han et al. (1991) found
that nitrogen concentration increased with increasing
N rate for all of the above-ground parts of the cotton
canopy. Treatment with PGR significantly enhanced
growth and N and Zn uptake of cotton plants. The
greatest increase in plant yield was obtained from Pix
followed by Cycocel treatments. These increases have
been noted probably from increasing photosynthetic
rate, dry weight, and chlorophyll content of cotton plant
(Wu et al., 1985). For foliar application of chelated zinc,
the dry matter yield, N uptake, Zn concentration, and
Zn uptake were significantly increased over those of
plots not treated with Zn. Treatment with 50 ppm of
Zn was rather low in N concentration in comparison
with the other parameters. Similar findings were
obtained by Mahmoud et al. (1985) and Sharma et al.
(1988). Although zinc is needed in small amounts in
the crop, it has been identified as a component of almost
60 enzymes (Amberger, 1974); therefore, it has a role
in many plant functions.
Yield Components. Number of Opened Bolls per

Plant. The number of opened bolls per plant signifi-
cantly increased at high N rate in both seasons (Table
3). Hearn (1975) stated that N deficiency limits both
rate and duration of flowering and may be the major
factor in cut-out of cotton production. Anisimov and
Bulatova (1982) found that N deficiency decreased the
auxin content and markedly increased the content of
inhibitors in the leaves and stems. These results
confirmed those obtained by Ali et al. (1992) when
nitrogen was applied at 107-202 kg/ha and by El Kalla
et al. (1994) when nitrogen was applied at 107-214 kg/
ha. Applying the three PGR (Pix, Cycocel, and Alar)
increased the number of opened bolls per plant as
compared with the untreated control in both seasons.
Only Pix and Cycocel significantly increased the number
of opened bolls per plant in season I; however, all three
growth retardants significantly increased this compo-
nent in season II. Such increases in boll opening may
be due to increased photosynthetic activity of leaves
following application of these substances (Wu et al.,
1985; Gardner, 1988). Increased photosynthesis greatly
increased flowering and boll retention (Wang et al.,
1985; Kler et al., 1989). These results agreed with those
for Cycocel, when applied at 58 ppm 75 days after
sowing (Kler et al., 1989), and for Pix, when applied at

Table 1. Mechanical and Chemical Analyses of Soil
Samples

season I season II

mechanical analysis
clay (%) 45.27 39.00
silt (%) 27.21 27.49
fine sand (%) 18.49 26.60
coarse sand (%) 4.12 2.32
texture clay loam clay loam

chemical analysis
organic matter (%) 1.81 1.58
calcium carbonate (%) 2.97 2.90
total soluble salts (%) 0.13 0.11
pH (1:2.5) 8.04 8.10
total nitrogen (%) 0.12 0.08
available nitrogen (mg/
kg of soil)

34.00 57.00

available phosphorus (mg/
kg of soil)

14.00 19.00

available potassium (mg/
kg of soil)

300.00 310.00

available zinc (mg/kg of soil) 1.36 1.30
calcium (mequiv/100 g) 0.20 0.20

treatment no.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

N 107 161
PGR 0 0 Px Px Cyc Cyc A A 0 0 Px Px Cyc Cyc A A
Zn 0 50 0 50 0 50 0 50 0 50 0 50 0 50 0 50
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10-100 ppm once at 90 days or twice at 90-110 days
from sowing (Sawan and Sakr, 1990), and for Cycocel
and Alar, when sprayed at 250-500 or 750 ppm, 105
days after planting (Sawan and Gregg, 1993). Applica-
tion of Zn significantly increased the number of opened
bolls per plant over the untreated control in both
seasons. Zinc is required in the synthesis of tryptophan,
a precursor of indole-3-acetic acid synthesis (Oosterhuis
et al., 1991), which is the major hormone that inhibits
abscission of squares and bolls. This result was previ-
ously confirmed by Shrivastava and Singh (1988), when
zinc sulfate was applied at 50 kg/ha, and by Gomaa
(1991), when cotton was sprayed with 0.4 kg of Zn SO4/
ha.
Boll Weight. Boll weight increased with increasing

N rate in both seasons (Table 3). Stanev (1976) reported
that additional N increased the photosynthetic activity
of leaves by 50-60%. This, in turn, might account for
a higher accumulation of metabolites, thus directly
impacting boll weight. Similar results were obtained
by Ali et al. (1992) and El Kalla et al. (1994). Boll
weight was increased by growth retardant application
relative to the control in both seasons. Only Pix and
Cycocel gave significant increases in the first season,
but all three growth retardants gave significant in-
creases in the second season. Pix treatment resulted

in the highest boll weight for the growth retardants,
followed by Cycocel. Increased boll weight from the
application of the three growth retardants may be due
to increased photosynthetic pigments (Wu et al., 1985;
Gardner, 1988), which stimulate photosynthetic activity
and subsequently dry matter accumulation. These in
turn increase formation of fully matured bolls and their
weight. Similar results were obtained by Sawan and
Gregg (1993) with Cycocel and Alar and by McCarthy
and Hedin (1994) with Pix. Application of Zn signifi-
cantly increased boll weight as compared to the control
in both seasons. This could be attributed to the favor-
able effect of this nutrient on the photosynthetic activity
of leaves and plant metabolism (Jyung et al., 1975),
which might account for higher accumulation of me-
tabolites in reproductive organs (bolls). This result
agreed with those of Sharma et al. (1988).
Lint Percentage. Lint percentage was not signifi-

cantly affected by N rate (Table 3), which agreed with
the results of Elayan (1992), who applied nitrogen at
36-143 kg/ha, although a slight reduction in lint
percentage was observed at the highest N rate. None
of the three growth retardants or Zn affected lint
percentage as compared with the control in the two
seasons. Lint percentage was slightly numerically less
due to the application of these substances. Shrivastava

Table 2. Influence of N Rate and Foliar Application of Plant Growth Retardants and Zn on Dry Matter Yield and
Uptake of N and Zn by Cotton Plants (Season II, Sampled 105 Days after Planting)a

N Zn

treatment
dry matter

yield (g/plant)
concn/dm

(%)
N uptake
(µg/plant)

concn/dm
(ppm)

Zn uptake
(µg/plant)

N
107 kg/ha 33.69 2.518 848.7 46.88 1582.9
161 kg/ha 37.33** 2.764** 1032.6** 47.69 1786.4**
lsd 0.05 1.469 0.1143 56.45 NS 118.45
lsd 0.01 1.962 0.1527 75.39 NS 158.20

PGR
0 ppm, control 33.23 2.601 865.7 46.13 1533.3
Pix, 300 ppm 36.59** 2.664 978.0* 47.88 1749.8*
Cycocel, 300 ppm 36.22** 2.649 961.3* 47.63 1742.4*
Alar, 300 ppm 35.99* 2.651 957.7* 47.50 1712.9*
lsd 0.05 2.077 NS 79.83 NS 167.51
lsd 0.01 2.775 NS NS NS NS

Zn
0 ppm, control 34.07 2.620 896.5 44.72 1524.6
50 ppm 36.95** 2.663 984.8** 49.84** 1844.6**
lsd 0.05 1.469 NS 56.45 2.643 118.45
lsd 0.01 1.962 NS 75.39 3.530 158.20

a *, significant at 5% level; **, significant at 1% level; and NS, not significant.

Table 3. Effect of N Rate and Foliar Application of Plant Growth Retardants and Zn on Yield Components of Cottona

no. of opened bolls/plant boll wt (g) lint (%) seed index (g) lint index (g)

treatment season I season II season I season II season I season II season I season II season I season II

N
107 kg/ha 11.02 11.61 2.430 2.482 34.62 34.53 10.11 10.46 5.35 5.52
161 kg/ha 11.79** 12.32** 2.474** 2.535** 34.43 34.33 10.25** 10.63** 5.38 5.56*
lsd 0.05 0.441 0.336 0.0274 0.0282 NS NS 0.096 0.083 NS 0.036
lsd 0.01 0.589 0.450 0.0366 0.0377 NS NS 0.129 0.111 NS NS

PGR
0 ppm, control 10.81 11.29 2.416 2.470 34.59 34.50 10.05 10.43 5.31 5.49
Pix, 300 ppm 11.77* 12.33** 2.474* 2.531* 34.52 34.45 10.27* 10.62** 5.41** 5.58**
Cycocel, 300 ppm 11.62* 12.28** 2.464* 2.521* 34.52 34.38 10.24* 10.59** 5.39** 5.55*
Alar, 300 ppm 11.43 11.97** 2.454 2.510* 34.48 34.40 10.17 10.55* 5.35 5.53
lsd 0.05 0.624 0.476 0.0387 0.0399 NS NS 0.137 0.117 0.054 0.051
lsd 0.01 NS 0.636 NS NS NS NS NS 0.156 0.072 0.069

Zn
0 ppm, control 11.09 11.54 2.434 2.488 34.60 34.49 10.12 10.48 5.36 5.52
50 ppm 11.72** 12.39** 2.470* 2.528** 34.45 34.37 10.24* 10.61** 5.38 5.56*
lsd 0.05 0.441 0.336 0.0274 0.0282 NS NS 0.096 0.083 NS 0.036
lsd 0.01 0.589 0.450 NS 0.0377 NS NS NS 0.111 NS NS
a *, significant at 5% level; **, significant at 1% level; and NS, not significant.
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and Singh (1988) found that Zn did not impact lint
percentage. Sawan and Gregg (1993), using Cycocel and
Alar, and Hayes et al. (1995) using Pix did not find any
significant response with regard to lint percentage when
these compounds were applied to cotton. These results
confirmed the present findings.
Seed Index. Seed index significantly increased with

increasing N rate in both years (Table 3). This may be
due in part to enhanced photosynthetic activity, as N
is essential for photosynthesis as a component of
chlorophyll, enzymes, and membranes (Stanev, 1976).
Similar findings were obtained by Kashyap et al. (1988)
and Sawan et al. (1989) when nitrogen was applied at
108 or 216 kg/ha. In both seasons, application of all PGR
increased seed index as compared to untreated control.
In season I, only Pix and Cycocel produced significant
increases, but in season II, increases were significant
with all tested growth retardants; Pix gave the highest
seed index in both years, followed by Cycocel. This
indicates that treated cotton bolls had larger photosyn-
thetically supplied sinks for carbohydrates and other
metabolites than untreated bolls (Wu et al., 1985;
Gardner, 1988). This agreed with previous works of
Sawan and Gregg (1993), with Cycocel and Alar, and of
Hayes et al. (1995), with Pix. Zinc significantly in-
creased seed index compared with the untreated control
in both years. This again might be due to its favorable
effect on photosynthetic activity, which improves

mobilization of photosynthates and directly influences
boll weight that coincides with increased seed index
(Jyung et al., 1975). In this connection, Kashyap et al.
(1988), with increases in Zn levels up to 15 ppm, and
Sawan et al. (1989) noted that application of Zn in-
creased seed index.
Lint Index. Lint index increased as N rate increased

numerically in both seasons (Table 3) but was statisti-
cally significant only in season II. Similar results were
obtained by Janardan Singh and Warsi (1985). Ap-
plication of all growth retardants increased lint index
compared to the untreated control in both seasons.
Increases were significant with the application of Pix
and Cycocel, with the most pronounced effect from Pix.
These results were in agreement with those obtained
by Kler et al. (1989) with Cycocel, by Sawan and Sakr
(1990) with Pix, and by Sawan and Gregg (1993) with
Cycocel and Alar. Application of Zn showed lint index
was numerically greater over the control in both seasons
but was statistically significant only in season II.
Sawan (1985) found that application of Zn tended to
increase lint index.
Yield. Seed cotton yield per plant, as well as seed

cotton and lint yield per hectare, significantly increased
by raising the N rate in either season (Table 4). This
could be attributed to the fact that N is an important
nutrient for controlling new growth and preventing
abscission of squares and bolls (Varma, 1982) and is also

Table 4. Effect of N Rate and Foliar Application of Plant Growth Retardants and Zn on Yield and Yield Earliness in
Cottona

seed cotton yield/plant (g) seed cotton yield/ha (kg) lint yield/ha (kg) yield earliness (%)

treament season I season II season I season II season I season II season I season II

N
107 kg/ha 26.83 28.85 2834.9 2993.4 980.3 1032.6 75.20 69.16
161 kg/ha 29.22** 31.28** 3089.2** 3243.8** 1062.8** 1112.8** 75.02 69.11
lsd 0.05 1.368 1.119 157.10 122.62 49.64 37.04 NS NS
lsd 0.01 1.828 1.495 209.83 163.77 66.31 49.47 NS NS

PGR
0 ppm, control 26.17 27.92 2766.7 2890.2 956.1 996.4 74.82 68.63
Pix, 300 ppm 29.18* 31.25** 3086.1* 3247.9** 1064.4* 1117.7** 75.31 69.92*
Cycocel, 300 ppm 28.68* 31.01** 3030.2* 3214.6** 1044.6* 1104.1** 75.24 69.12
Alar, 300 ppm 28.09 30.08** 2965.1 3121.8* 1021.2 1072.7** 75.08 68.86
lsd 0.05 1.935 1.583 222.17 173.41 70.21 52.38 NS 0.940
lsd 0.01 NS 2.114 NS 231.61 NS 69.97 NS NS

Zn
0 ppm, control 27.04 28.76 2859.2 2981.4 988.3 1027.4 74.67 68.92
50 ppm 29.01** 31.36** 3064.9* 3255.9** 1054.9** 1118.1** 75.55* 69.35
lsd 0.05 1.368 1.119 157.10 122.62 49.64 37.04 0.829 NS
lsd 0.01 1.828 1.495 NS 163.77 66.31 49.47 NS NS

a *, significant at 5% level; **, significant at 1% level; and NS, not significant.

Table 5. Effect of N Rate and Foliar Application of Plant Growth Retardants and Zn on Fiber Properties of Cottona

2.5% span length
(mm)

50% span length
(mm)

uniformity ratio
(%) Micronaire reading

flat bundle strength
(g/tex)

treatment season I season II season I season II season I season II season I season II season I season II

N
107 kg/ha 31.15 31.23 15.48 15.79 49.68 50.56 4.00 4.14 30.04 30.36
161 kg/ha 31.20 31.26 15.56 15.83 49.86 50.67 4.02 4.16 30.10 30.48
lsd 0.05 NS NS NS NS NS NS NS NS NS NS

PGR
0 ppm, control 31.07 30.93 15.44 15.64 49.71 50.56 3.98 4.13 29.98 30.19
Pix, 300 ppm 31.25 31.36* 15.56 15.88 49.80 50.66 4.02 4.16 30.10 30.46
Cycocel, 300 ppm 31.24 31.45* 15.54 15.92 49.77 50.62 4.01 4.14 30.08 30.40
Alar, 300 ppm 31.15 31.25 15.51 15.82 49.80 50.62 4.03 4.18 30.12 30.65
lsd 0.05 NS 0.335 NS NS NS NS NS NS NS NS

Zn
0 ppm, control 31.12 31.22 15.48 15.80 49.76 50.62 4.00 4.14 30.03 30.27
50 ppm 31.24 31.28 15.55 15.83 49.78 50.61 4.02 4.16 30.11 30.58
lsd 0.05 NS NS NS NS NS NS NS NS NS NS
a *, significant at 5% level; and NS, not significant.
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essential for photosynthetic activity (Stanev, 1976).
These results confirmed those obtained by Elayan (1992)
and El Kalla et al. (1994). In both seasons, all PGR
generally increased seed cotton yield per plant, as well
as seed cotton and lint yield per hectare, compared to
the untreated control. In season I, only Pix and Cycocel
produced statistically significant increases; in season II,
increases were significant with all tested growth retar-
dants. The highest increase in cotton yield was with
Pix, followed by Cycocel. These results may be at-
tributed to the promoting effect of these substances on
numerous physiological processes, leading to improve-
ment of all yield components. Pix application increased
the carbon dioxide uptake and fixation in cotton plant
leaves (Gausman et al., 1980). In cotton stems, the
xylem was expanded with Pix treatment, perhaps
increasing the transport ability and accounting for
heavier bolls (Schott and Rittig, 1982). Cycocel and Alar
have also been associated with increased photosynthesis
(Wu et al., 1985; Gardner, 1988) through increased total
chlorophyll concentration of plant leaves. In their
studies, increased photosynthesis greatly increased
flowering, boll retention, and yield. These results
agreed with those obtained by Gadakh et al. (1992) with
Pix and Cycocel and by Sawan and Gregg (1993) with
Cycocel and Alar. Application of Zn significantly in-
creased seed cotton yield per plant and seed cotton and
lint yield per hectare in both seasons, as compared to
untreated plants. These increases could be due to
favorable effects of this nutrient on yield components
of number of opened bolls per plant, boll weight, or both.
Results obtained here confirmed those of Gomaa (1991).
Yield Earliness. Earliness of yield was not signifi-

cantly affected by N rate in either season (Table 4),
although a slight decrease in yield earliness was ob-
served at the higher N rate. Similar results were
obtained by McConnell et al. (1993) when cotton was
treated with 56-224 kg of N/ha. Earliness of yield was
enhanced numerically by all growth retardants over the
control in both years, but was statistically significant
only with Pix application in season II. Heydendorff-
Scheel et al. (1983) reported that, after treatment with
Pix, the cotton canopy closes more slowly and provides
an improved microclimate (especially better light condi-
tions) that results in earlier maturity. Similar results
were obtained by Sawan and Gregg (1993) with Cycocel
and Alar and by Hayes et al. (1995) with Pix. Yield
earliness increased numerically with Zn application over
the control in both seasons, but was statistically sig-
nificant only in season I.
Fiber Properties. Nitrogen rate and application of

Zn had no significant effect in either season on fiber
length parameters (2.5 and 50.0% span length and
uniformity ratio), Micronaire reading, or flat bundle
strength (Table 5). The mean values of these characters
tended to increase slightly by the use of high N rate
and application of Zn. Others have reported similar
findings. Elayan (1992) found that fiber properties were
not significantly affected by N rates. Shrivastava and
Singh (1988) observed that Zn application did not affect
all of the fiber properties. The three growth retardants
had no significant effect on the fiber properties tested
in either season with one exception, a 2.5% span length
in season II. The mean value of this character was
significantly increased over the untreated control by
using Pix and Cycocel. All fiber properties tended to
improve numerically with the application of these
substances compared with the control but with no

definite trend due to the different growth retardants.
Studies on natural growth substances suggested that
there may be specific elongation hormones for cotton
fiber (Mitchell et al., 1967), so failure to improve fiber
properties consistently may simply be due to failure to
test the right compound. Potential chemical improve-
ment of fiber length should not be ignored. Sawan and
Sakr (1990) with Pix and Sawan and Gregg (1993) with
Cycocel and Alar found that fiber quality was not
significantly affected by these substances.
Under the conditions of this study it is concluded that

addition of N at 161 of kg/ha, spraying cotton plants
with PGR (especially Pix), and application of Zn have
the most beneficial effects of treatments examined in
this study on cotton productivity and quality.
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