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ABSTRACT

Research to delineate nitrogen, potassium, 
and mepiquat chloride (MC) effects on cotton 
performance has been primarily conducted 
with upland cotton (Gossypium hirsutum L.). A 
field study was conducted at the Agricultural 
Research Center, Giza, Egypt, to evaluate N, K, 
and MC effects on yield, yield components, and 
fiber properties of Egyptian cotton (Gossypium 
barbadense L). The experimental treatments 
were N rates of 95 or 143 kg ha-1, foliar K at 0.0, 
319, 638, or 957 g ha-1 applied 70 and 95 days 
after planting, and MC applied 75 days after 
planting at 0.0 or 48 g ha-1, and 90 days after 
planting at 0.0 and 24 g ha-1. 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 the higher 
N rate and with foliar application of K and MC. 
There were no interactions among N, K, and MC 
on yield, and applications increased average lint 
yield 125 kg ha-1. Effect on earliness of harvest 
was inconsistent, and harvest maturity increased 
from 69% to 72% with application of K and MC 
in the second season. Nitrogen, K, and MC effects 
on fiber properties were small and inconsistent. 
The combination of the three inputs increased 
length 0.3 mm, micronaire 0.1 units, and strength 
0.39 cN tex-1 (0.4 g tex-1). Under the conditions of 
this study, applying N at 143 kg ha-1 combined 
with foliar application of K at 319 g ha-1 and MC 
at 48 + 24 g ha-1 improved growth and yield of 
Egyptian cotton.

Soil fertility and crop management are the two 
most important factors of modern agricultural 

activity. Research in these areas is driven by the 
need to intensify production to obtain higher yields. 
Managing the balance of vegetative and reproductive 
growth is the essence of managing a cotton crop. It 
is well known from numerous fertilizer experiments 
that the yield of agricultural crops has been strongly 
dependent on the supply of mineral nutrients, such 
as N, which has been used in crop cultivation to 
exploit the full genetic potential of the plant (Khan, 
1996). Mineral nutrient supply affects leaf area and 
the rate of photosynthesis, and therefore the ability 
of the plant to deliver photosynthates to the sink 
sites. The positive effect of mineral nutrient supply 
on a number of sink organs results not only from an 
increase in mineral nutrient supply, but also from 
an increase in the photosynthate supply to the sink 
sites or from hormonal effects (Borowski, 2001). 
With a dynamic crop like cotton, excesses of N delay 
maturity, promote vegetative tendencies, and usually 
result in lower yields (McConnell et al., 1996). Errors 
made in N management can impact the crop through 
either deficiencies or excesses. If a deficiency of 
N develops in a cotton crop, it is not particularly 
difficult to diagnose and correct. Excess N fertility 
levels, which can damage final crop productivity, are 
more difficult to detect and to correct.

The importance of K fertilization in Egyptian 
agriculture has become more apparent since the 
completion of the High Dam, which resulted in the 
deposition of the suspended Nile silt upstream from 
the formed lake. This Nile silt was a source K-bearing 
minerals that enriched the soils during the seasonal 
floods (Abd et al., 1997). Continuous crop removal 
without replenishment of these nutrients can lead to an 
irreparable damage to soil fertility. Potassium affects 
respiration, photosynthesis, chlorophyll develop-
ment, water content of leaves, carbon dioxide (CO2) 
assimilation, and carbon movement (Sangakkara et 
al., 2000). Potassium also has an important role in 
the translocation of photosynthates from sources to 
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sinks (Cakmak et al., 1994). Potassium deficiencies 
can limit the accumulation of crop biomass. This has 
been attributed to a reduction in the partitioning of 
assimilate to the formation of leaf area and a decrease 
in the efficient use of intercepted radiation for the 
production of above-ground biomass (Colomb et al., 
1995). Pettigrew (1999) stated that part of the overall 
effect of K deficiency was reducing the amount of 
photosynthate available for reproductive sinks, which 
produced changes in lint yield and fiber quality. In 
one study, the application of K increased lint index 
(Pettigrew and Meredith, 1997). Lint index is a major 
determinant of ginning turnout and lint yields of cot-
ton. One of the essential objectives sought by cotton 
breeders is to develop new cultivars characterized by 
higher gin turnout and consequently higher lint yield. 
Singh and Bains (1968) reported that lint index and 
seed index could account for about 70% of the total 
variability in gin turnout. It was apparent that the direct 
contribution of lint index to gin turnout was more than 
twofold of that of seed index.

In spite of using high yielding cultivars and the 
best agronomic practices, the yields of Egyptian cot-
ton have not increased substantially. Excess vegetative 
growth, poor bud development, flower shedding, and 
growth imbalance between the source and sink are 
responsible for the unpredictable behavior of the crop. 
In recent years, several approaches have been tried to 
break this yield plateau and among them application of 
plant growth regulators, particularly mepiquat chloride 
(MC). The advantage of MC has been that it gives 
producers the flexibility to modify plant growth to suit 
current growing conditions in order to maximize ben-
efits (Landivar et al., 1995). MC can be used to manage 
the vegetative development of cotton plants to offset 
the effect of excessive irrigation or N by decreasing 
both overall plant height and length of lateral branches 
(Boquet and Coco, 1993), and enhance reproductive 
organs by allowing plants to direct more energy to-
wards reproductive structures (Wang et al., 1995). Nuti 
et al. (2000) stated that MC is thought to cause a shift 
in partitioning of photo-assimilates from vegetative 
to reproductive growth. Redistribution of assimilates 
between vegetative and reproductive growth may be 
one means by which yields can be increased. Com-
pared with the untreated control, application of MC 
improved leaf photosynthetic rate and increased lint 
yield (Zhao and Oosterhuis, 1999).

The objective of this study was to evaluate the 
effects of N fertilization rate, foliar K application 
rate, and MC application on growth, yield, yield 

components, and fiber properties of Egyptian cotton, 
so that treatments that may improve growth, yield, 
and quality can be identified.

MATERIALS AND METHODS

Field experiments were conducted at the Agri-
cultural Research Center, Ministry of Agriculture in 
Giza, Egypt (30o N, 31o: 28’E at an altitude of 19 m), 
using the cotton cultivar Giza 86 in 1999 and 2000. 
The soil texture in both seasons was a clay loam. 
Average mechanical analysis (Kilmer and Alexander, 
1940) and chemical characteristics (Chapman and 
Pratt, 1961) for the soil in both seasons is provided 
in Table 1.
Table 1. Mechanical and chemical analysis of soils used in 

the N, K, and mepiquat chloride rate study

Soil analysis 1999 2000

Clay (%) 43.0 46.5

Silt (%) 28.4 26.4

Fine sand (%) 19.3 20.7

Coarse sand (%) 4.3 1.7

Texture Clay loam Clay loam

Organic matter (%) 1.8 1.9

Calcium carbonate (%) 3.0 2.7

Total soluble salts (%) 0.1 0.1

pH (1:2.5) 8.1 8.1

Total nitrogen (%) 0.1 0.1

Available nitrogen (mg kg-1 soil) 50.0 57.5

Available phosphorus (mg kg-1 soil) 15.7 14.2

Available potassium (mg kg-1 soil) 370.0 385.0

Total sulphur (mg kg-1 soil) 21.3 21.2

Calcium (meq 100g-1) 0.2 0.2

Each experiment included 16 treatment combi-
nations of N, K, and MC. Two N rates (95 and 143 kg 
ha-1) were applied as ammonium nitrate in two equal 
doses at 6 and 8 wk after planting. Each application 
in the form of pinches beside each hill was followed 
immediately by irrigation. Four K rates (0, 319, 638, 
and 957 g ha-1) were applied as potassium sulfate 
(K2SO4) in a foliar sprays at 70 and 95 days after 
planting (DAP) during the square initiation and boll 
development stage. It was assumed that soil S was 
adequate for cotton production, and the cotton would 
not respond to the S in the foliar-applied potassium 
sulfate. Mepiquat chloride was either not applied or 
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foliar-applied at 75 DAP at 48 g ha-1 and at 90 DAP 
at 24 g ha-1. Potassium and MC were applied to the 
leaves with uniform coverage in a solution volume 
of 960 L ha-1 using a knapsack sprayer. The pres-
sure was 0.4 kg/cm2 that resulted in a nozzle output 
of 1.43 L/min. The applications were carried out 
between 0900 and 1100 h.

Experiments were planted 3 Apr. 1999 and 20 
Apr. 2000 in a randomized complete block design 
with four replications. The plot size was 1.95 m x 4 m 
and contained three ridges (beds). Hills were spaced 
25 cm apart on one side of the ridge, with seedlings 
thinned to two plants per hill at 6 wk after planting. 
This provided a plant density of 123,000 plants ha-1. 
Total irrigation during the growing season (surface 
irrigation) was about 6,000 m3 ha-1. Irrigation was 
first applied 3 wk after planting and again 3 wk later. 
Thereafter, the plots were irrigated every 2 wk until 
the end of the season (11 Oct. 1999 and 17 Oct. 2000) 
for a total of nine irrigations. On the basis of soil test 
results, P fertilizer was applied at 24 kg ha-1 P as cal-
cium super phosphate during land preparation. The 
recommended fertilizer K rate for semi-fertile soil 
was applied at 47 kg ha-1 as potassium sulfate before 
the first irrigation. Fertilization (P and K) and pest and 
weed management was carried out according to local 
practices performed at the experiment station.

In both years, 10 plants were randomly chosen 
from the center ridge of each plot to determine number 
of open bolls per plant, boll weight (grams of seed cot-
ton per boll), and seed cotton yield per plant in grams. 
Earliness was calculated as the percentage of first 

harvest. First hand picking took place on 20 and 26 
September and final picking on 11 and 17 October in 
1999 and 2000, respectively. Total seed cotton yield of 
each plot (including 10 plant subsamples) was ginned 
to determine seed cotton and lint yield (kg ha-1), lint 
percentage, seed index (g 100 seed-1) and lint index (g 
lint 100 seed-1). Fiber tests were conducted at a rela-
tive humidity of 65 ± 2% and a temperature of 20 ± 1 
°C to determine fiber length in terms of 2.5 and 50% 
span length (mm) and uniformity ratio as measured 
by a digital fibrograph (ASTM, 1998a). Micronaire 
reading, including combined measure of fiber fine-
ness and maturity, was measured by a micronaire 
instrument (ASTM, 1998b), and flat bundle strength 
was measured by stelometer at 1/8 inch gauge length 
(ASTM, 1998c).

Results were analyzed as a factorial experiment 
in a randomized complete block design as a com-
bined statistical analysis for the two years following 
the procedure outlined by Snedecor and Cochran 
(1980). The least significant difference (P = 0.05) 
was used to verify the significance of differences 
among treatment means and the interactions to de-
termine the effects of N, K, and MC.

RESULTS AND DISCUSSION

Results from the combined analysis of variance for 
yield components, yield, earliness, and fiber properties 
are presented in Tables 2 through 4. Significant effects 
for years were observed for yield components, yield, ear-
liness, and all fiber properties except for boll weight.

Table 2. Mean squares from analysis of variance for yield components of cotton treated with N, K, and mepiquat chloride

Source Df
Yield componentz

Open
bolls plant-1

Boll
weight (g) Lint (%) Seed index (g) Lint index (g)

Year 1 13.92* 0.0488 26.3720* 1.652* 3.8199*

Replicate 6 3.21* 0.0212 0.4241* 0.131* 0.0018

N 1 34.25* 0.2757* 0.8224* 1.684* 0.2348*

K 3 18.83* 0.1815* 0.3634 0.619* 0.0811*

MC 1 7.66* 0.1384* 0.0838 0.512* 0.1036*

N x K 3 0.21 0.0007 0.0003 0.077 0.0209*

N x MC 1 0.25 0.0035 0.0007 0.007 0.0026

K x MC 3 0.61 0.0041 0.0004 0.004 0.0008

N x K x MC 3 0.06 0.0021 0.0016 0.019 0.0048

Treatments x Year 15 0.36 0.0008 0.0045 0.009 0.0031

Error 0 1.03 0.0151 0.1426 0.053 0.0051
zValues followed by * are significant (P = 0.05).
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Effects of interactions among treatments. 
There were no significant interactions among N, 
K, MC with respect to quantitative and qualitative 
characters under investigation, except for the inter-
action between N rate and MC for lint index (Table 
5). Application of the high N rate combined with 
MC application increased lint index over the high 
N rate or MC alone. With the exception of lint per-
centage, which tended to decrease, favorable effects 
on cotton productivity and quality accompanied 
the application of N, K, and MC. The effects of N, 
K, and MC were additive or perhaps synergistic. 
These results are similar to those of Boman and 

Westerman (1994), who did not observed any sig-
nificant N by MC interactions for growth, yield, or 
fiber properties of upland cotton ‘Paymaster 404’ 

Table 3. Mean squares from analysis of variance for cotton yield and yield earliness treated with N, K, and mepiquat chloride

Source df
Yield and earlinessz

Seed cotton
plant-1 (g)

Seed cotton
ha-1 (kg) Lint ha-1 (kg) Earliness

(%)

Year 1 14.36 135377 16753 1075.32*

Replicate 6 40.27* 404860* 50458* 4.48

N 1 147.21* 1415571* 500163* 41.86*

K 3 456.74* 4325402* 294768* 84.17*

MC 1 261.15* 2504938* 145492* 76.86*

N x K 3 132.53* 1223591* 299 0.45

N x MC 1 0.18 1463 332918* 3.19

K x MC 3 3.47 31779 3935 1.18

N x K x MC 3 4.19 36432 4633 0.37

Treatments x Year 15 0.18 1879 209 0.92

Error 90 2.50 24240 3071 9.27
zValues followed by * are significant (P = 0.05).

Table 4. Mean squares from analysis of variance for fiber properties of cotton treated with N, K, and mepiquat chloride

Source df
Fiber propertyz

2.5% span length 
(mm)

50% span 
length (mm)

Uniformity ratio
(%) Micronaire Strength  

(cN tex-1)

Year 1 5.080100* 3.156* 4.129* 0.138* 13.319*

Replicate 6 0.072787 0.024 0.084 0.020 1.168*

N 1 1.828906* 0.705* 0.277 0.125* 1.604*

K 3 0.618906 0.291 0.219 0.090* 3.047*

MC 1 0.839271* 0.295 0.089 0.063* 2.109*

N x K 3 0.000001 0.018 0.166 0.011 0.005

N x MC 1 0.017135 0.032 0.202 0.002 0.012

K x MC 3 0.027552 0.017 0.059 0.005 0.025

N x K x MC 3 0.033837 0.033 0.115 0.004 0.087

Treatments x Year 15 0.025747 0.012 0.097 0.006 0.041

Error 90 0.287175 0.144 0.233 0.023 0.388
zValues followed by * are significant (P = 0.05).

Table 5. Effect of interactions between N rate and foliar 
application of mepiquat chloride on lint index averaged 
across two years

N (kg ha-1)
Mepiquat chloride (g ha-1)

0 48+24

95 5.51 c 5.54 bc

143 5.57 b 5.65 a

Means followed by the same letter are not significantly dif-
ferent according to LSD (P = 0.05).
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when treated with N at 0, 56, 112 or 224 kg ha-1 
and sprayed at early flowering with MC at 0, 10, 
or 20 g ha-1.

Number of open bolls per plant. Averaged 
across years, the number of open bolls per plant was 
significantly greater at 143 kg ha-1 N than with 95 
kg ha-1 N (Table 6). This could be attributed to the 
fact that N is an important nutrient for new growth 
(Borowski, 2001) and preventing abscission of 
squares and bolls. Nitrogen deficiency has been ob-
served to decreased the auxin content and markedly 
increased the content of inhibitors in the leaves and 
stems (Anisimov and Bulatova, 1982). The number 
of bolls observed in this study agrees with those 
obtained by Ali and El-Sayed (2001) when N was 
applied at 95 to 190 kg ha-1, and Ram et al. (2001) 
when N was applied up to 100 kg ha-1.

Foliar application of 319 g ha-1 K significantly 
increased the number of open bolls per plant com-
pared with the untreated control (Table 6). Applica-
tions at 638 g ha-1 and 957 g ha-1 did not provide 
an additional increase in boll number. The role of 
K in plants suggests that it affects abscission and 
yield. Guinn (1985) indicated that nutritional stress 
increases boll shedding (an important aspect of cut-
out) through an increase in ethylene production; 
however, K fertilizer had been reported to reduce 

boll shedding (Zeng, 1996). Results for boll numbers 
to K application in this study were similar to those 
obtained by Gormus (2002).

Application of MC significantly increased the 
number of open bolls per plant over the untreated 
control in both years. These results agree with those 
previously reported by Mekki (1999), Biles and 
Cothren (2001), and Ram et al. (2001). Increases in 
bolls per plant may be due to increased photosyn-
thetic activity of leaves following MC application 
(Wu et al., 1985). Increased photosynthesis increases 
flowering and boll retention (Kler et al., 1989). Khan 
(1996) stated that plant growth regulators could be 
used for maintaining internal hormonal balance and 
an efficient sink source relationship that enhances 
crop productivity. Others, however, have not found 
an increase in boll numbers associated with MC ap-
plication (Lamas and Staut, 1999).

Boll weight. Boll weight increased as N rate 
increased from 95 to 143 kg ha-1 (Table 6). Similar 
results were obtained by Karthikeyan and Jayakumar 
(2001) and Ram et al. (2001). The increase in boll 
weight may be due to N-induced increase in mineral 
uptake (Breitenbeck and Boquet, 1993) and to pho-
tosynthate assimilation and accumulation in sinks. 
Nitrogen fertilizer increased leaf photosynthetic rates 
by 11% to 29%, when plants were given up to 157 

Table 6. Effect of N rate and foliar application of K and mepiquat chloride on cotton yield components averaged across two years

Treatments
Yield componentz

Open
bolls plant-1

Boll
weight (g)

Lint
(%)

Seed
index (g)

Lint
index (g)

N rate (kg ha1)

95 11.85 2.49 35.4 10.09 5.52

143 12.88 2.58 35.2 10.32 5.61

LSD (P = 0.05) 0.36 0.04 0.1 0.08 0.03

K rate (g ha-1)

0 11.69 2.44 35.4 10.03 5.49

319 12.36 2.54 35.3 10.19 5.56

638 12.63 2.57 35.3 10.27 5.60

957 12.80 2.59 35.3 10.32 5.62

LSD (P = 0.05) 0.50 0.06 NS 0.11 0.04

MC rate (g ha-1)

0 11.98 2.49 35.4 10.13 5.54

48 + 24 12.75 2.57 35.3 10.27 5.59

LSD (P = 0.05) 0.36 0.04 NS 0.08 0.03
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kg ha-1 N (Cadena and Cothren, 1995). This might 
account for a higher accumulation of metabolites, 
which directly impacted boll weight.

Boll weight was significantly increased by 
application of 319 g ha-1 K relative to the control. 
Application of higher K rates up to 957 g ha-1 did 
not increase boll weight further. Since the soil in the 
experimental area was classified as having medium K 
fertility (Table 1) and received a fertilizer K applica-
tion, large responses to the foliar K applications were 
not expected. These results for boll weight agree 
with those obtained by Gormus (2002). Potassium 
nutrition has pronounced effects on carbohydrate 
partitioning by affecting either phloem export of pho-
tosynthates (sucrose) or growth rate of sink and/or 
source organs (Cakmak et al., 1994), so K deficiency 
reduces the amount of photosynthate available for 
reproductive sinks, which affects boll weight.

Application of MC significantly increased boll 
weight. These results are similar to Mekki (1999) and 
Ram et al. (2001). This could be attributed to increase 
in photosynthetic pigments (Wu et al., 1985), which 
stimulate photosynthetic activity and subsequently 
dry matter accumulation. These in turn increase 
formation of fully matured bolls and their weight. 
Schott and Rittig (1982) found that treating cotton 
plants with MC expanded the xylem of cotton stems, 
and this increase in transport ability may account for 
heavier bolls produced. Three to four applications of 
MC (at 12 to 45 g ha-1) at peak square, initial flower-
ing, peak flower, and the boll setting stages helped 
form a suitable plant type for high photosynthetic 
activity to improve the nutritional regimes of squares 
and bolls (Wu et al., 1994).

Lint percentage. As N rate increased, lint per-
centage was significantly reduced by 0.16% (Table 
6). Phipps et al. (1996) found that lint percentage was 
minimally or not significantly affected with increas-
ing application rate of N from 45 to 134 kg ha-1 on 
‘DPL 50’, and Hussain et al. (2000) reported that N 
application did not affect gin turnout.

Foliar-applied K or MC did not affect lint 
percentage compared with the untreated control. 
Gormus (2002) reported inconsistent results for lint 
percentage following soil applications of K at 66, 132 
and 198 kg ha-1. In the first year, soil-applied K at 66 
kg ha-1 gave the same lint turnout as the untreated 
control, while applications of 132 and 198 kg ha-1 
K increased lint turnouts. In the second year, lint 
turnout was not affected by any of the K treatments. 
Hayes et al. (1995) did not observe any significant 

response of lint percentage to MC, but Mekki (1999) 
observed that ginning percentage was reduced by 
MC treatment.

Seed index. Seed index significantly increased 
with an increase in N from 95 to 143 kg ha-1 (Table 
6). Similar findings were obtained by Ali and El-
Sayed (2001). The increase in seed index may be 
due to enhanced photosynthetic activity, as N is an 
essential component of chlorophyll (Bondada and 
Oosterhuis, 2000).

Application of K at all three rates significantly 
increased seed index compared with the untreated 
cotton. The difference between the high rate (957 g 
ha-1 K) and low rate (319 g ha-1 K) was also signifi-
cant. Ghourab et al. (2000) reported that application 
of K fertilizer resulted in an increase in seed index. 
An increase in seed index might be due to the effect 
of K on mobilization of photosynthates, which would 
directly influence boll weight and increase seed index 
(Cakmak et al., 1994). Zhao et al. (2001) indicated 
that K deficiency during squaring reduced leaf area 
and dry matter accumulation, and affected assimilate 
partitioning among plant tissues.

Application of MC significantly increased seed 
index compared with the untreated control. It has 
been reported that bolls on cotton treated with MC 
have larger photosynthetically supplied sinks for 
carbohydrates and other metabolites than untreated 
bolls (Zhao and Oosterhuis, 1999). Similar results to 
the this study were obtained by Hayes et al. (1995) 
and Mekki (1999), which demonstrates a consistent 
effect across environments of MC on seed index.

Lint index. Nitrogen at 143 kg ha-1 and appli-
cation of MC significantly increased the lint index 
over the control (Table 6). These results agreed with 
those previously reported by Sawan et al. (1997). 
Foliar application of K also increased the lint index 
compared with the untreated control in both years. 
Maximum response of lint index to K occurred with 
application of 319 to 638 g ha-1. The difference be-
tween the highest K rate (957 g ha-1) and medium K 
rate (638 g ha-1) was not significant.

Yield. Seed cotton yield per plant and seed cot-
ton and lint yield per hectare significantly increased 
with increase in the N rate from 95 to 143 kg ha-1 
(Table 7). The lint yield response to N rate was 2.6 
kg for each kg of applied N. Similar results were 
obtained by Karthikeyan and Jayakumar (2001) and 
Ram et al. (2001). Yield increases in this study were 
from increased boll numbers and boll weight. This 
was attributed to the fact that N was an important 



230JOuRNAL OF COTTON SCIENCE, Volume 10, Issue 3, 2006

nutrient in controlling new growth (Perumai, 1999; 
Borowski, 2001) and nutrient uptake, and in prevent-
ing abscission of squares and bolls. Nitrogen is also 
essential for photosynthetic activity (Bondada and 
Oosterhuis, 2000). Integration of growth and devel-
opment mediated by N led to a favorable canopy 
environment for productivity (square formation 
and seed cotton yield) (Perumai, 1999). Zhao and 
Oosterhuis (2000) indicated that low N supply at the 
reproductive stage decreased cotton leaf area, leaf net 
photosynthetic rate, and chlorophyll content. They 
also indicated that fruit abscission increased and lint 
yield decreased in N deficient plants. Yield decreases, 
sometimes reported as a result of N application above 
an optimum level (Howard et al., 2001), were not 
observed in this study.

Potassium applied at all three rates (319, 638, and 
957 g ha-1 K) significantly increased seed cotton yield 
per plant and seed cotton and lint yield per hectare 

compare with no K. There were no differences in yield 
among the three K rates. Yield increases could be at-
tributed to the effect of K on new growth and nutrient 
uptake (Fan et al., 1999), which caused favorable ef-
fects on the number of opened bolls per plant and boll 
weight, leading to higher cotton yield. Zeng (1996) 
indicated that K fertilizer reduced boll shedding. Po-

tassium deficiencies can also limit the accumulation 
of crop biomass (Colomb et al., 1995). Potassium also 
has an important role in the translocation of photosyn-
thates from sources to sinks (Cakmak et al., 1994). In 
one study, lower cotton yield was attributed in part to 
a reduction in boll mass that was mostly ascribed to 
K deficiency (Pettigrew et al., 1996). Li et al. (1999) 
reported that cellulose synthesis and dry matter ac-
cumulation were increased by K application, which 
indicates that K deficiency during the reproductive 
period changes the structure of fruit-bearing organs 
and decreases yield and its quality. Results obtained in 
this study are similar to those of Ghourab et al. (2000) 
and Gormus (2002) but were in contrast with those of 
Minton and Ebelhar (1991).

Mepiquat chloride significantly increased seed 
cotton yield per plant, seed cotton and lint yield per 
hectare by 9.5, 9.6, and 9.3%, respectively, compared 
with the untreated control (Table 7). These results 
may be attributed to the beneficial effects that MC 
might have on boll retention and boll weight, leading 
to yield enhancement. Biles and Cothren (2001) have 
attributed this yield effect to changes in maturity and 
fruiting distribution because of MC application. MC 
is thought to cause a shift in partitioning of photo-
assimilates from vegetative to reproductive growth 

Table 7. Effect of N rate and foliar application of K and mepiquat chloride on cotton yield and yield earliness averaged 
across two years

Treatments
Yield and earliness

Seed cotton 
plant-1 (g)

Seed cotton 
ha-1 (kg)

Lint ha-1 
(kg)

Earliness 
(%)

N rate (kg ha1)

95 29.6 2882 1020 71.2

143 33.4 3250 1145 70.1

LSD (P = 0.05) 1.8 129 45 1.1

K rate (g ha-1)

0 28.6 2793 988 68.7

319 31.5 3069 1083 70.2

638 32.5 3163 1115 71.3

957 33.3 3241 1143 72.4

LSD (P = 0.05) 2.8 182 64 1.5

MC rate (g ha-1)

0 30.0 2926 1035 69.9

48 + 24 32.9 3206 1131 71.5

LSD (P = 0.05) 1.8 129 45 1.1
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(Nuti et al., 2000). Redistribution of assimilates 
between vegetative and reproductive growth may be 
one means by which yields can be increased. Appli-
cation of MC improved leaf photosynthetic rate and 
increased lint yield compared with an untreated con-
trol (Zhao and Oosterhuis, 1999). Yield results from 
this study agree with those obtained by Karthikeyan 
and Jayakumar (2001) and Ram et al. (2001), but 
others, including Jones et al. (2000), have reported 
that MC application did not increase yields.

Yield earliness. Earliness of yield significantly 
decreased with increasing N rate (Table 7), which is 
similar to the results obtained by Ali and El-Sayed 
(2001). In contrast, yield earliness increased with 
application of 638 and 957 g ha-1 K compared with 
the untreated control. Similar results were reported 
by Gormus (2002). Howard et al. (2000) also indi-
cated that foliar K (4.1 kg ha-1 K buffered to pH 4) 
increased first harvest.

Earliness was significantly enhanced by MC ap-
plication. Increased earliness may be related to MC 
effect on biomass partitioning (inhibiting growth of 
branches and stems, expanding leaves, and extend-
ing stem internodes and petioles), which led to the 
development of a more compact canopy structure 
(Fernandez et al. (1991). This provides an improved 
microclimate, especially better light conditions, that 

results in earlier maturity. Cotton treated with MC in 
1, 2, or 3 splits at the beginning of budding, the begin-
ning of flowering, and maximum flowering reduced 
plant height and improved earliness (Mert and Cal-
iskan, 1998). Yield earliness increased with multiple 
applications. Cotton plants treated with MC reached 
physiological maturity before control plants or the 
target development curve (Oosterhuis et al., 2000).

Fiber properties. The mean values of 2.5 and 
50.0% span length, micronaire, and strength (flat 
bundle) were significantly increased by the use of 
the higher N rate, but the effects were too small to 
affect use quality or to be economically important. 
Nitrogen rate had no effect on fiber uniformity (Table 
8). Similar results to this study were obtained by Hus-
sain et al. (2000). Fiber quality was not affected by N 
applied at 45 to 135 kg ha-1 (Phipps et al., 1996).

Application of K significantly increased 2.5% 
span length, micronaire, and strength. The increases 
were small and would not be considered economically 
important improvements. Other researchers (Gormus, 
2002; Pettigrew, 1999; Li et al., 1999) have reported 
similar effects of K on fiber properties. Oosterhuis 
(1994) found that fiber quality was improved by foliar-
applied KNO3, with the increase occurring primarily in 
uniformity and strength. Micronaire also increased in 
some years. The application of KNO3 either as foliar 

Table 8. Effect of N rate and foliar application of K and mepiquat chloride on cotton fiber properties averaged across two years

Treatments
Fiber property

2.5% span length
(mm)

50% span length
(mm)

Uniformity ratio
(%) Micronaire Flat bundle strength

(cN tex-1)

N rate (kg ha1)

95 32.5 16.2 49.7 3.76 31.0

143 32.7 16.3 49.8 3.83 31.2

LSD (P = 0.05) 0.2 0.1 NS 0.05 0.2

K rate (g ha-1)

0 32.4 16.1 49.7 3.73 30.7

319 32.6 16.2 49.8 3.79 31.1

638 32.7 16.3 49.8 3.83 31.2

957 32.7 16.3 49.8 3.83 31.3

LSD (P = 0.05) 0.3 NS NS 0.08 0.3

MC rate (g ha-1)

0 32.5 16.2 49.7 3.77 30.9

48 + 24 32.7 16.3 49.8 3.82 31.2

LSD (P = 0.05) NS NS NS 0.05 0.2
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treatment alone or in combination with supplemental 
soil KCl improved uniformity and strength. Nasci-
mento and Athayde (1999) found that K improved 
micronaire and uniformity, but Minton and Ebelhar 
(1991) indicated that fiber length was not affected by 
different levels of K. Gormus (2002) reported lack of 
response of micronaire to different K levels and times 
of application.

Micronaire and strength increased with the ap-
plication of MC compared with no MC. Mepiquat 
chloride had no affect on the other fiber properties. 
Livingston et al. (1992) increased fiber strength by 
1.5 to 2.8 g tex-1 with MC. Boman and Westerman 
(1994), however, stated that application of MC in-
creased fiber strength in only one of three years (by 
3.8%). Others (Mert and Caliskan, 1998; Karthikey-
an and Jayakumar, 2001) have reported that MC did 
not significantly affect fiber qualities, but micronaire 
increased with MC application (Mekki, 1999) The 
small effects of N, K, and MC on fiber properties 
in this study, and the inconsistent effects in other 
studies, indicate that these three variables should be 
expected to have inconsistent and small effects that 
are not likely to be of economic importance.

CONCLUSIONS

The maximum yield in this study was obtained 
from a combination of N, K, and MC applications. Only 
two N rates were used, so it is not possible to pinpoint 
the precise optimal N rate, which could be lower or 
higher than 143 kg ha-1 evaluated in this study. There 
was a 12% yield increase from increasing the N rate 
from 95 to 143 kg ha-1, which indicates that the optimal 
rate was between 95 and 143 kg ha-1. The optimal rate 
of foliar-applied K was two applications of 319 g ha-1 
applied 70 and 95 DAP. Two applications of MC (48 g 
ha-1 70 DAP + 24 g ha-1 90 DAP) increased lint yield 
by 100 kg ha-1. The nutrient and MC applications had 
significant but small effects on fiber properties that were 
not economically important. Responses of Egyptian 
cotton to N, K, and MC did not differ substantially from 
reported responses of upland cotton.

The soil fertility in this study was sufficient to 
supply the cotton crop during the early growth stages, 
but was not sufficient to supply all needed N and K 
during the extended flowering and boll filling stages 
when nutrient supplies were lower and plant demand 
is higher. In comparison with the usual cultural 
practices adopted by Egyptian cotton producers, the 
combination of N, K, and MC treatments could im-

prove cotton productivity and perhaps fiber quality. 
Additional research is needed with N, K, and MC 
rates and timing to establish the optimal strategies 
for these production inputs.
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