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Abstract

Aims

Supplying optimal quantities of mineral nutrients to growing crop

plants is one way to improve crop yields. Nutrients need to be used

rationally in order to avoid a negative ecological impact and undesir-

able effects on the sustainability of agricultural production systems.

Excessive application of nutrients also affects the farmer’s economy.

In order to calculate the amount of fertilizer to be applied to crops, it

is necessary to develop recommendation programmers that adjust

nutrient rates to crop requirements.

Methods

Experiments in two successive seasons were conducted to investigate

the effect of K fertilization and foliar application of Zn and P on yield

and fiber properties of cotton cv. Giza 86. Potassium (0.0 and 47.4 kg

of K ha�1) was soil applied, while chelated zinc (0.0 and 57.6 g of

Zn ha�1, applied twice at 70 and 85 days after sowing ‘DAS’) and

phosphorus (0.0, 576, 1 152 and 1 728 g of P ha�1, applied twice

at 80 and 95 DAS) were applied to the foliage.

Important findings

Dry matter yield, total chlorophyll concentration, K, Zn and P up-

take per plant, number of opened bolls per plant, boll weight, seed

index, lint index, seed cotton yield per plant, seed cotton and

lint yield ha�1 and earliness of harvest increased with the appli-

cation of K, Zn and P. Treatments generally had no significant ef-

fect on lint percentage and fiber properties, with exceptions,

for micronaire reading and flat bundle strength, and uniformity

ratio, where the mean values of these characters were significantly

increased over the untreated control by applying K, and for the

micronaire reading in the first season, when applying P at

1 728 g ha�1, and uniformity ratio in the second season, when ap-

plying Pat 1 152 and 1 728 g ha�1, where the mean values of these

characters were significantly increased over the untreated control

by applying P. Under the conditions of this study, applying K

fertilization at 47.4 kg ha�1 combined with spraying cotton plants

with zinc at 57.6 g ha�1 and also with P at 1 728 g ha�1 improved

growth and yield of Egyptian cotton.
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INTRODUCTION

Since cotton production covers a wide range of environments

and economic circumstances, yields and hence nutritional

requirements vary greatly. Supplying optimal quantities of

mineral nutrients and using balanced macro- and micronu-

trient doses to growing crop plants is one way to improve crop

yields (Zubillaga et al. 2002). Mineral nutrients possess several

roles in formation, partitioning and utilization of photosyn-

thates. Therefore, mineral nutrient deficiencies substantially

impair production of dry matter and its partitioning between

the plant organs (Marschner et al. 1996; McDonald et al. 1996).

Deficiencies of mineral nutrients severely limit flower initia-

tion and development (Steer and Hocking 1983) and viability

of pollen grains (Sharma et al. 1991). The concentration of

mineral nutrients in the soil solution, i.e. the available nutrient

concentration, varies over a wide range, depending on many

factors such as pH, soil organic matter and fertilizer application

(Marschner 1986). High pH and low organic matter character-

ize soils of arid and semiarid areas. Such properties reduce the

availability of the mineral nutrients to crop plants.

Potassium (K) is the essential macronutrient for all living

organisms required in large amounts for normal plant growth

and development (Marschner 1986). Potassium deficiencies

can limit the accumulation of crop biomass. This is attributed

to that, K increases the photosynthetic rates of crop leaves, CO2

assimilation and facilitates carbonmovement (Sangakkara et al.

2000). Also, K nutrition has pronounced effects on carbohy-

drate partitioning by affecting either phloem export of photo-

synthates (sucrose) or growth rate of sink and/or source organs

(Cakmak et al. 1994). Furthermore, K has an important role in

the translocation of photosynthates from sources to sinks

(Cakmak et al. 1994). Pettigrew (1999) stated that the elevated

carbohydrate concentrations remaining in source tissue,

such as leaves, appear to be a part of the overall effect of K

deficiency in reducing the amount of photosynthate available

for reproductive sinks, which produced changes in lint yield

and fiber quality seen in cotton. Potassium plays a particularly

important role in cotton fiber development and a shortage

will result in poorer fiber quality and lowered yields (Cassman

et al. 1990). Potassium is amajor solute in the fiber (single cells)

involved in providing the turgor pressure necessary for fiber

elongation. If K is in limited supply during active fiber growth,

there will be a reduction in the turgor pressure of the fiber

resulting in less cell elongation and shorter fibers at maturity

(Oosterhuis 1994).

Crop yields are often limited by low soil levels of mineral

micronutrients such as zinc (Zn), especially in calcareous soils

of arid and semiarid regions (Cakmak et al. 1999). Zinc is an

essential mineral nutrient and a cofactor of over 300 enzymes

and proteins involved in cell division, nucleic acid metabolism

and protein synthesis (Marschner 1986). Cakmak (2000) has

speculated that Zn deficiency stress may inhibit the activities of

a number of antioxidant enzymes, resulting in extensive ox-

idative damage to membrane lipids, proteins, chlorophyll

and nucleic acids. Zinc can affect carbohydrate metabolism

at various levels. The activity of the Zn-containing enzyme car-

bonic anhydrase sharply declines with Zn deficiency. Carbonic

anhydrase is localized in the cytoplasm and chloroplasts, and

may facilitate the transfer of CO2/HCO3
� for photosynthetic

CO2 fixation (Sharma et al. 1982). Further, Zn is required in

the biosynthesis of tryptophan, a precursor of the auxin-

indole-3-acetic acid (IAA), which is the major hormone inhib-

iting abscission of squares and bolls (Oosterhuis et al. 1991).

Zinc deficiency symptoms include, i.e. small leaves, shortened

internodes giving the plant a stunted appearance, reduced boll

set and small boll size (Oosterhuis et al. 1991). Zinc deficiency

is observed in cotton growing on high pH soils, particularly

where the topsoil has been removed to alter the field slope

for irrigation, exposing the Zn-deficient subsoil. In addition,

Zn deficiencies have occurred where high concentrations of

phosphorus are applied (Oosterhuis et al. 1991).

Phosphorus (P) has been found to be the life-limiting ele-

ment in natural ecosystems because it is often bound in highly

insoluble compounds and hence it becomes unavailable for

plant uptake or utilization (Ozanne 1980). Phosphorus is an

essential nutrient and an integral component of several impor-

tant compounds in plant cells. These compounds include the

sugar phosphates involved in respiration, photosynthesis and

the phospholipids of plant membranes, the nucleotides used in

plant energy metabolism and in molecules of DNA and RNA

(Taiz and Zeiger 1991). Phosphorus is also a necessary nutrient

for the biosynthesis of chlorophyll, where P as pyridoxal phos-

phate must be present for the biosynthesis of chlorophyll

(Ambrose and Easty 1977). Phosphorus as a constituent of cell

nucleus is essential for cell division and development of mer-

istematic tissue (Russell 1973). Phosphorus deficiencies lead to

a reduction in the rate of leaf expansion and photosynthesis

per unit leaf area (Rodriguez et al. 1998). The high soil pH

(>7.6) and the high quantities of CaCO3 result in precipitation

of P, which reduces the soluble P supply.

The objectives of the present study were to evaluate the

effects of addition of K fertilizer and foliar spraying of chelated

Zn and P, during square initiation and boll setting stage, on

growth, yield and fiber properties of Egyptian cotton (Gos-

sypium barbadense) grown on alluvial soil. The aim was to iden-

tify fertilizer doses that may improve yield and quality. An

improved understanding of K, Zn and P nutritions in cotton

would help producers better manage their inputs for optimal

yield and fiber quality.

MATERIALS AND METHODS

A three-factor experiment was conducted at the Agricultural

Research Center, Ministry of Agriculture in Giza, Egypt (30�N,
31�: 28#E at an altitude 19m), using the cotton cultivar Giza 86

(G. barbadense L.) in the two Seasons I and II. The factors stud-

iedwere K fertilization, foliar application of Zn and P fertilizers.

The experiment was arranged according to randomized
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complete block (RCB) design with four replications. The soil in

both seasons was clay loam. In each season, the experimental

field was divided into uniform soil areas; eight soil samples to

plow depth 30 cm were collected at random over the field and

mixed to give a composite sample to measure its physical and

chemical properties. Average physical analysis and chemical

characteristics (Chapman and Pratt 1961) for soil in both sea-

sons are provided in Table 1. Range and mean values of the

climatic factors recorded during the growing seasons are pre-

sented in Table 2. All the climatic factors were measured

according to the methodological directions adapted by the

World Meteorology Organization. The source of the climatic

data was the Agricultural Meteorological Station of the Agri-

cultural Research Station, Agricultural Research Center, Giza,

Egypt. No rainfall occurred during the two growing seasons.

Each experiment included 16 treatments, which were the

combinations of two potassium rates (0.0 (ordinary) and

47.4 kg K ha�1), two zinc rates (0.0 (ordinary) or 57.6 g Zn

ha�1) and four phosphorus rates (0.0 (ordinary), 576, 1 152

and 1 728 g P ha�1). Potassium was applied as potassium sul-

fate (K2SO4, 48% K2O), 8 weeks after sowing (as a concen-

trated band close to the seed ridge), and the application was

followed immediately by irrigation. Zinc was applied to the fo-

liage, in chelated form (ethylenediaminetetraacetic acid), two

times (70 and 85 days after sowing) during the square initia-

tion and boll setting stage. Phosphorus rates were foliar applied

as calcium superphosphate (15% P2O5), two times (80 and

95 days after sowing). Zinc and P were applied to the leaves

with uniform coverage in a solution volume of 960 l ha�1 using

a knapsack sprayer. The pressure was 0.4 kg cm�2 that resulted

in a nozzle output of 1.43 l min�1. The applications were

carried out between 0900 and 1100 h. A summary of all treat-

ments is shown in Table 3.

Experimentswereplantedon3April (I) and20April (II) inan

RCB designwith four replications. The plot size was 1.953 4m

andcontained three ridges (after precautionof border effectwas

taken into consideration). Hills (beds) were spaced 25 cm apart

onone sideof the ridge,with seedlings thinned to twoplants per

hill at 6 weeks after planting. This provided a plant density of

123 000plantsha�1. Total irrigation during the growing season

(surface irrigation) was about 6 000 m3 ha�1. Irrigation was

first applied 3 weeks after planting and again 3 weeks later.

Thereafter, the plots were irrigated every 2 weeks until the

end of the season (11 October, I; 17 October, II) for a total

of nine irrigations. On the basis of soil test results, N fertilizer

was applied at the rate of 144 kg N ha�1 as ammonium nitrate

with lime at two equal doses; the first one was applied after

thinning just before the second irrigation and the other one

was applied before the third irrigation (the recommended level

for semifertile soil). Pest and weed management were con-

ducted as needed during the growing season, according to local

practice performed at the experimental station.

Ten days after the last spray of phosphorus in Season II (105

days after planting), five plant samples (shoots) were ran-

domly chosen from the first and the third ridges, transferred

Table 1: physical and chemical analysis of the soil used in I and II

Season I II

Physical analysis (soil fraction)a

Clay (%) 43.00 46.46

Silt (%) 28.40 26.38

Fine sand (%) 19.33 20.69

Coarse sand (%) 4.31 1.69

Soil texture Clay loam Clay loam

Chemical analysisb

Organic matter (%) 1.83 1.92

Calcium carbonate (%) 3.00 2.73

Total soluble salts (%) 0.13 0.13

pH (1:2.5) 8.10 8.08

Total nitrogen (%) 0.12 0.12

Available nitrogen (mg per kg soil) 50.00 57.50

Available phosphorus (mg per kg soil) 15.66 14.19

Available potassium (mg per kg soil) 370.00 385.00

Available zinc (mg per kg soil) 1.30 1.90

Calcium (meq/100 g) 0.20 0.20

a According to Kilmer and Alexander (1940).
b According to Chapman and Pratt (1961). The field was divided into

uniform soil areas; eight soil samples to plow depth 30 cm were col-

lected at randomover the field andmixed to give a composite sample.

Table 2: range and mean values of the climatic factors recorded during the growing seasons

Climatic factors

Season I Season II Overall date (two seasons)

Range Mean Range Mean Range Mean

Maximum temperature (�C) 20.8–44.0 32.6 24.6–43.4 32.7 20.8–44.0 32.6

Minimum temperature (�C) 10.4–24.5 19.4 12.0–24.3 19.3 10.4–24.5 19.3

Maximum–minimum temperature (�C) 4.7–23.6 13.2 8.5–26.8 13.4 4.7–26.8 13.3

Sunshine (h day�1) 0.3–12.9 11.1 1.9–13.1 11.2 0.3–13.1 11.1

Maximum humidity (%) 48–96 79.5 46–94 74.7 46–96 77.2

Minimum humidity (%) 6–48 30.1 8–50 33.0 6–50 31.5

Wind speed (m s�1) 0.9–11.1 5.2 1.3–11.1 5.0 0.9–11.1 5.1
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to the laboratory and oven dried at 70�C for 24 hours to de-

termine the dry matter yield (grams per plant). Total potas-

sium, zinc and phosphorus were determined by using the

wet digestion method (Chapman and Pratt 1961). Micronu-

trients were determined by atomic absorption spectrophotom-

eter. Chlorophyll a and b were also determined in the fourth

fresh leaves at the top plant as the method described by

Ranganna (1972).

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 cotton 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 I and II, respectively. Total seed cotton yield of each plot (in-

cluding 10 plant subsamples) was ginned to determine seed

cotton and lint yield (kg ha�1), lint percentage, seed index

(g per 100 seed) and lint index (g lint per 100 seed). Fiber tests

were conducted at a relative humidity of 65 6 2% and a tem-

perature of 20 6 1oC 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, in-

cluding combined measure of fiber fineness and maturity, was

measured by a micronaire instrument (ASTM 1998b), and flat

bundle strengthwasmeasured by stelometer at 1/8-inch gauge

length (ASTM 1998c).

Statistical analysis

Data for the studied characters observed in each year were an-

alyzed separately using a linear model for a factorial experi-

ment arranged in an RCB design following the procedure

outlined by Snedecor and Cochran (1980). The least significant

difference (LSD) test (P = 0.05) was used to examine differen-

ces among treatmentmeans and the interactions, if significant,

to determine the optimum factorial combination of K, Zn

and P.

RESULTS AND DISCUSSION
Effects of interactions among treatments

There were no significant interactions among K, Zn and P with

respect to quantitative and qualitative characters under inves-

tigation, except for the interaction effects betweenK and Zn for

drymatter yield of cotton plants (shoots) at 105 days after sow-

ing, as well as K, Zn and P content (Table 4), between K and P

for total chlorophyll concentration, as well as K and Zn content

(Table 5), between Zn and P for K and Zn content (Table 6),

and between K, Zn and P for total chlorophyll concentration,

as well as Zn content (Table 7). Application of the high K rate

combined with Zn and/or P application increased Dry matter

yield of cotton plants (shoots) at 105 days after sowing, as well

as K, Zn and P content as well as total chlorophyll concentra-

tion, over that obtained with the high K rate or Zn and/or

Table 3: a summary of all treatments K, Zn and P rate study in I and II, Agricultural Research Center, Ministry of Agriculture, Giza, Egypt

Treatments

Treatment

no.

Treatments

Treatment

no.

K rate

(kg ha�1)

Zn rate

(g ha�1)

P rate

(g ha�1)

K rate

(kg ha�1)

Zn rate

(g ha�1)

P rate

(g ha�1)

0.0 0.0 0.0 1 47.4 0.0 0.0 9

576 2 576 10

1 152 3 1 152 11

1 728 4 1 728 12

57.6 0.0 5 57.6 0.0 13

576 6 576 14

1 152 7 1 152 15

1 728 8 1 728 16

Table 4: effect of interaction between K rate and foliar application of Zn on dry matter yield and uptake of K, Zn and P by cotton plants

(Season II, sampled 105 days after planting)

Character Dry matter yield (g plant�1) K uptake (mg plant�1) Zn uptake (lg plant�1) P uptake (mg plant�1)

Zn rate (g ha�1)

K rate (kg ha�1) 0.0 (control) 57.6 0.0 (control) 57.6 0.0 (control) 57.6 0.0 (control) 57.6

0.0 (control) 26.51 35.90 1 442.4 1 705.2 1 381 2 191 94.44 98.81

47.4 33.18 46.33 1 686.6 2 307.7 2 052 2 109 102.88 138.56

LSD (p = 0.05) 1.649 245.8 503 23.72
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P alone. Favorable effects on cotton productivity and quality

accompanied the application of high K rate, Zn and P.

Plant growth and mineral content

Dry matter yield of cotton plants (shoots) at 105 days after

sowing, total chlorophyll concentration, as well as K, Zn

and P content were determined to study the effect of applied

potassium and foliar application of Zn and P on plant growth

and mineral uptake (Table 8).

A higher response was obtained by applied potassium and

foliar application of zinc and phosphorus. In this connection,

Hiremath and Hunsigi (1995) found that K content in petioles

and total drymatter production increased by applying K to cot-

ton plants. In this connection, Fan et al. (1999) found that K

content in petioles and total dry matter production increased

by applying K to cotton plants. Gormus (2002) indicated that

the 0 kg K2O ha�1 plots (untreated control) had lower leaf K

concentrations, compared with the other plots, when applying

K2O at the rates of 80, 160 and 240 kg K2O ha�1. Aneela et al.

(2003b) indicated that the K content significantly increased

with increasing K2O levels and was the highest at 200 kg

K2O ha�1. The P content increased significantly with potash

application and was the highest at 100 K2O ha�1. According

to the K status in the experimental soil (Table 1), it classified

as medium fertile for K.

Foliar application of Zn improved dry matter yield, total

chlorophyll concentration, as well as P and Zn uptake. This

stimulation is due to a low Zn content in the soil (Table 1).

Because the pH value of the soil site was higher than 6, Zn al-

most certainly would give a profitable response (Benton et al.

1991). Cakmak (2000) has speculated that Zn deficiency stress

may inhibit the activities of a number of antioxidant enzymes,

resulting in extensive oxidative damage to membrane lipids,

proteins, chlorophyll and nucleic acids.

Applied P at different concentrations significantly enhanced

growth, N and K uptake as well as total chlorophyll concen-

tration, of cotton plants. The most increase in dry matter yield

was obtained from the high P concentration (1 728 g ha�1). In

this connection, the importance of P and Zn nutrition for Egyp-

tian cotton was also confirmed by Mahmoud et al. (1985) who

found a significant relationship between Zn uptake and P

Table 5: effect of interaction betweenK rate and foliar application of P on chlorophyll and uptake of K and Zn and by cotton plants (Season

II, sampled 105 days after planting)

Character Chlorophyll (mg L�1) K uptake (mg plant�1) Zn uptake (lg plant�1)

P rate (g ha�1) K rate (kg ha�1)

0.0 (control) 47.4 0.0 (control) 47.4 0.0 (control) 47.4

0.0 (control) 3.859 4.389 1 533.6 1 687.6 1 828 1 402

576 5.002 5.120 1 485.9 1 551.0 1 668 1 970

1 152 6.386 7.002 2 003.8 1 820.5 2 120 2 505

1 728 7.355 7.839 2 050.5 2 151.5 1 989 1 984

LSD (p = 0.05) 0.450 245.8 503

Table 6: effect of interaction between Zn rate and foliar

application of P on uptake of K and Zn by cotton plants (Season II,

sampled 105 days after planting)

Character K uptake (mg plant�1) Zn uptake (lg plant�1)

Zn rate (g ha�1)

P rate (g ha�1) 0.0 (control) 57.6 0.0 (control) 57.6

0.0 (control) 1 658.4 1 879.0 2 188 1 551

576 1 613.1 1 895.0 1 760 2 139

1 152 1 495.1 2 041.3 1 836 1 569

1 728 1 528.6 2 173.4 2 020 2 402

LSD (p = 0.05) 245.8 503

Table 7: effect of interactions between K rate, foliar application of

Zn and P on chlorophyll and uptake of Zn by cotton plants (Season

II, sampled 105 days after planting)

Treatment

Chlorophyll

(mg L�1)

Zn uptake

(lg plant�1)

K rate

(kg ha�1)

Zn rate

(g ha�1)

P rate

(g ha�1)

0.0 (control) 0.0 (control) 0.0 (control) 3.163 1 488

576 3.965 1 253

1 152 4.543 1 124

1 728 4.652 1 661

57.6 0.0 (control) 4.555 2 168

576 4.813 1 550

1 152 5.461 2 212

1 728 5.588 2 279

47.4 0.0 (control) 0.0 (control) 5.950 2 888

576 6.550 2 419

1 152 6.812 1 978

1 728 6.650 1 478

57.6 0.0 (control) 6.823 1 353

576 7.454 2 591

1 152 7.899 2 000

1 728 9.027 2 490

LSD (p = 0.05) 0.636 251
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uptake by plants. This reflects the positive relationship that

exists between the two elements in the nutrition of cotton

plants. These results can be interpreted that both K and Zn

are necessary for the biosynthesis of chlorophyll (Amberger

1974). Therefore, the factors making the tissues become green

(NPK and minor elements) are themselves stimulators for

chlorophyll biosynthesis. Data also reveal that the uptake of

P by cotton plants increased significantly by the application

of K, Zn and P treatments, individually. Malik et al. (1992) in-

dicated that manurial value of P was higher on medium fertile

soil, as indicated by a higher pH resulting in P fixation. More

and Agale (1993) indicated that when P applied to cotton

plants at 25–75 kg P2O5 ha
�1, plant uptake increased with in-

creasing P fertilization, while dry matter yield increased with

increasing P levels up to 50 kg P2O5 ha�1. Deshpande and

Lakhdive (1994) found that P application (25–50 kg P2O5

ha�1) increased P uptake and content in stem, leaf, reproduc-

tive parts and seed. Ahmed et al. (2000) pointed that P defi-

ciency reduced biomass

Yield components

Number of opened bolls per plant.

Application of K (47.4 kg ha�1) increased number of opened

bolls per plant significantly, as compared to the untreated

plants in both seasons (Table 9). Guinn (1985) suggested that

growth, flowering and boll retention decrease when the de-

mand for photosynthate increases and exceeds the supply. This

means that an increase in photosynthesis should permit more

bolls to be set before cutout. The role of K suggests that it affects

abscission. Zeng (1996a) indicated that, K fertilizer reduced

boll shedding. Similar results were obtained by Coker et al.

(2000), Gormus (2002) and Pervez et al. (2004).

Application of Zn significantly increased number of opened

bolls per plant, over the untreated control in the two seasons.

Zinc is required in the synthesis of tryptophan, a precursor of

IAA synthesis (Oosterhuis et al. 1991), which is the major hor-

mone that inhibits abscission of squares and bolls. This result

confirms those of Sawan et al. (1997) and Rathinavel et al.

(2000) by soil application of ZnSO4 at 50 kg ha�1.

Application of the three P concentrations (576, 1 152 and

1 728 g ha�1) increased the number of opened bolls per plant

as compared with the untreated control in both seasons (but

not significantly different from each other). This increase

was significant for all P concentrations in the first season

and for P at 1 152 and 1 728 g ha�1 in the second season. Spray-

ing plantswith P at 1 728 g ha�1 (high concentration) produced

(numerically) the highest number of opened bolls per plant.

Phosphorus is essential for cell division and for development

of meristematic tissue, causing a stimulating effect on the num-

ber of flower buds and bolls per plant (Russell 1973). These

results agreed with those obtained by Malewar et al. (2000),

when applied P2O5 at 25–62.5 kg ha�1, and Katkar et al.

(2002), when applied diammonium phosphate (DAP) at 2%.

Boll weight.

Boll weight was significantly increased by K application rela-

tive to the control in both seasons (Table 9). Potassium

increases the photosynthetic rates of crop leaves (Bednarz

and Oosterhuis 1999) and CO2 assimilation (Wolf et al.

1976). The obtained results of total chlorophyll (a and b)

confirmed these findings (Table 8). Thereby the K deficiency

affecting in reducing the amount of photosynthate available

for reproductive sinks and this producing changes in boll

weight. The increase in boll weight by K application in this

Table 8: mean effects of K and foliar application of Zn and P on dry matter yield, chlorophyll and uptake of K, Zn and P by cotton plants

(Season II, sampled 105 days after planting)

Treatments

Dry matter yield

(g plant�1)

Chlorophyll

(mg L�1)

K uptake

(mg plant�1)

Zn uptake

(lg plant�1)

P uptake

(mg plant�1)

K rate (kg ha�1)

0.0 (control) 29.85 4.593 1 564.5 1 717 98.66

47.4 41.12 7.146 2 006.4 2 150 119.19

LSD (P = 0.05) 1.166 0.225 122.91 251 11.86

Zn rate (g ha�1)

0.0 (control) 31.21 5.286 1 573.8 1 786 97.13

57.6 39.76 6.453 1 997.2 2 081 120.72

LSD (P = 0.05) 1.166 0.225 122.91 251 11.86

P rate (g ha�1)

0.0 (control) 33.50 5.123 1 768.7 1 974 91.50

576 34.56 5.696 1 754.1 1 954 108.56

1 152 36.27 6.178 1 768.1 1 829 116.19

1 728 37.59 6.479 1 851.0 1 977 119.44

LSD (P = 0.05) 1.649 0.318 n.s. n.s. 16.77

n.s., not significant.
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study confirms the findings of Gormus (2002), Aneela et al.

(2003a) and Pervez et al. (2004). Pettigrew et al. (2005) indi-

cated that K fertilization produced minimal (1%) but statisti-

cally significant increases in boll mass relative to the untreated

control.

Application of Zn significantly increased boll weight, com-

paredwith the untreated control in both seasons. This could be

attributed to the favorable effect of this nutrient on the carbo-

hydrate metabolism, where the activity of the Zn-containing

enzyme carbonic anhydrase sharply declines with Zn defi-

ciency. Carbonic anhydrase (which plays a role in photosyn-

thesis) is localized in the cytoplasm and chloroplasts and may

facilitate the transfer of CO2/HCO3
� for photosynthetic CO2

fixation (Sharma et al. 1982). Results were similar to those

obtained by Hai et al. (1999) and Rathinavel et al. (2000).

Phosphorus also significantly increased boll weight in both

seasons, as compared to untreated plants as treatment rate

was increased up to 1728 g ha�1, with one exception in the

first season, where applied the low P concentration (576 g

ha�1) increased boll weight numerically only. Boll weights

were the greatest from the highest P concentration applied

(1 728 g ha�1). Guidi et al. (1994) stated that photosynthetic

activity and stomatal conductance were reduced and quantum

yield of CO2 uptake at 345 ppm CO2 decreased with P defi-

ciency. Similar results were obtained by Sawan et al. (1997),

when cotton was given 44 or 74 kg of P2O5 ha�1, and Vieira

et al. (1998), when cotton was given 30–120 kg P ha�1.

Lint percentage.

Applied K did not significantly affected lint percentage as com-

pared with the control in the two seasons (Table 9). Gormus

(2002) found that applying K2O at the rate of 80 kg ha�1 gave

the same mean of lint turnout as untreated control in the first

season, while applications of 160 and 240 kg K2O ha�1 in-

creased lint turnouts. Lint turnout in the second season was

not affected by any of K treatments. These results confirmed

the present findings.

Neither phosphorus rate nor application of Zn caused signif-

icant differences in lint percentage in either season, although

the higher P rate (1 728 g ha�1) and application of Zn (57.6 g

ha�1) resulted in a slight reduction in lint percentage. Similar

results were obtained by Shrivastava and Singh (1988) and

Sawan et al. (1997) for Zn and El-Debaby et al. (1995) and

Sawan et al. (1997) for P.

Seed index.

Seed index significantly increased with applying K in both

years (Table 9). Zhao et al. (2001) indicated that K deficiency

during squaring dramatically reduced leaf area and dry matter

accumulation and affected assimilate partitioning among plant

tissues In this connection, Sabino et al. (1999) and Ghourab

et al. (2000) indicated that application of K fertilizer resulted

in an increase in seed index.

Application of Zn significantly increased seed index coinci-

dence with increased total chlorophyll (a and b, Table 8) com-

pared to the control in both seasons. This might be due to its

favorable effect on photosynthetic activity, which improves

mobilization of photosynthesis and directly influences boll

weight that coincides with increased seed index (Sharma

et al. 1982). Our results confirmed those obtained by Hai

et al. (1999) and Rathinavel et al. (2000).

Applying the three P concentrations (576, 1 152, and 1 728

g ha�1) increased the seed index as compared with the

Table 9: mean effects of K and foliar application of Zn and P on yield components of cotton

Treatments

Number of opened

bolls per plant Boll weight (g) Lint percentage (%) Seed index (g) Lint index (g)

I II I II I II I II I II

K rate (kg ha�1)

0.0 (control) 11.97 11.50 2.468 2.433 35.43 34.67 10.12 9.89 5.554 5.249

47.4 13.11 12.38 2.583 2.548 35.31 34.48 10.29 10.04 5.621 5.281

LSD (P = 0.05) 0.42 0.50 0.071 0.081 n.s. n.s. 0.09 0.08 0.033 0.025

Zn rate (g ha�1)

0.0 (control) 12.15 11.65 2.483 2.445 35.41 34.62 10.15 9.92 5.568 5.255

57.6 12.93 12.23 2.568 2.536 35.33 34.53 10.26 10.00 5.608 5.275

LSD (P = 0.05) 0.42 0.50 0.071 0.081 n.s. n.s. 0.09 0.08 0.033 n.s.

P rate (g ha�1)

0.0 (control) 11.87 11.39 2.410 2.385 35.46 34.67 10.08 9.86 5.538 5.234

576 12.56 11.80 2.532 2.488 35.37 34.57 10.21 9.95 5.590 5.258

1 152 12.68 12.15 2.576 2.550 35.33 34.54 10.26 10.00 5.604 5.276

1 728 13.05 12.44 2.584 2.539 35.32 34.52 10.29 10.04 5.619 5.292

LSD (P = 0.05) 0.60 0.71 0.101 0.115 n.s. n.s. 0.13 0.11 0.046 0.036

n.s., not significant.
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untreated control in both seasons. This increase was significant

for all P concentrations in the first season and for P at 1 152 and

1 728 g ha�1 in the second season. Spraying plants with P2O5

at 1 728 g ha�1 (high concentration) produced the highest nu-

merical seed index. This may in part be due to enhanced pho-

tosynthetic activity, as phosphorus is necessary for the

biosynthesis of chlorophyll, as pyridoxal phosphate must be

present for its biosynthesis (Ambrose and Easty 1977), which

improves mobilization of photosynthates and directly influen-

ces boll weight that coincides with increased seed index. Ples-

nicar et al. (1994) stated that photosynthetic CO2 fixation

decreased in plants suffering from P deficiency. This indicates

that treated cotton bolls had larger photosynthetically supplied

sinks for carbohydrates and other metabolites than untreated

bolls. Similar results were obtained by Sharma et al. (1991) and

Sawan et al. (2001).

Lint index.

Application of K significantly increased lint index compared to

the untreated control in both seasons (Table 9). Results

obtained here confirmed those of Pettigrew and Meredith

(1997), when cotton received 112 kg K ha�1 before sowing.

Application of Zn increased numerically lint index over the

control in both seasons, but this increase was statistically sig-

nificant only in the second season. Similar result was obtained

by Sawan et al. (1997). Lint index was significantly increased

by raising P rate up to 1 728 g ha�1 in both seasons, as com-

pared to untreated plants, with one exception in the second

season, where applied the low P concentration (576 g ha�1)

increased lint index numerically only. Lint index was the

greatest from the highest P concentration applied (1 728 g

ha�1). These results were in agreement with those reported

by Sawan et al. (1997), which could be due to nutrient re-

sponse and availability leading to initiation and development

of greater number of fibers per seed.

Yield

Seed cotton yield per plant, as well as seed cotton and lint yield

ha�1, significantly increased (by as much as14.57, 12.86;

14.43, 12.95; 14.01, 12.31%, respectively) when K was

applied at the rate of 57.1 kg K2O ha�1 in both seasons

(Table 10). Positive response to addition of K fertilizer could

be due to the favorable effects of this nutrient on the yield

components of number of opened bolls per plant, boll weight,

or both, leading to higher cotton yield (Zeng 1996a). Potassium

deficiencies can limit the accumulation of crop biomass. This is

attributed to (i) a reduction in the partitioning of assimilate to

the formation of leaf area or (ii) a decrease of the efficiency

with which the intercepted radiation is used for the production

of above-ground biomass (Colomb 1995). Furthermore, K has

an important role in the translocation of photosynthates from

sources to sinks (Cakmak et al. 1994). These mean that K de-

ficiency during the reproductive period markedly changes the

structure of fruit-bearing organs and decreases yield. Pettigrew

(1999) indicated that the elevated carbohydrate concentra-

tions remaining in source tissue, such as leaves, appear to

be a part of the overall effect of K deficiency in reducing

the amount of photosynthate available for reproductive sinks

and thereby producing changes in lint yield seen in cotton.

Results obtained here confirmed those of Gormus (2002),

Aneela et al. (2003a) and Pervez et al. (2004).

Application of Zn significantly increased seed cotton yield

per plant; seed cotton and lint yield ha�1 (by 9.93, 8.69;

9.85, 8.56; 9.53, 8.31%, respectively), as compared with the

untreated control in the two seasons. Zinc could have a favor-

able effect on photosynthetic activity of leaves (Ohki 1976),

Table 10: mean effects of K and foliar application of Zn and P on yield and yield earliness in cotton

Treatments

Seed cotton yield (g per plant) Seed cotton yield (kg ha�1) Lint yield (kg ha�1) Yield earliness (%)

I II I II I II I II

K rate (kg ha�1)

0.0 (control) 29.66 28.08 2 893.2 2 736.8 1 025.1 949.0 62.97 70.04

47.4 33.98 31.69 3 310.8 3 091.2 1 168.7 1 065.8 64.38 70.72

LSD (P = 0.05) 1.74 1.97 184.7 192.3 63.8 67.4 1.10 n.s.

Zn rate (g ha�1)

0.0 (control) 30.30 28.64 2 956.4 2 794.4 1 047.0 967.2 63.04 70.26

57.6 33.34 31.13 3 247.5 3 033.7 1 146.8 1 047.6 64.31 70.50

LSD (P = 0.05) 1.74 1.97 184.7 192.3 63.8 67.4 1.10 n.s.

P rate (g ha�1)

0.0 (control) 28.74 27.28 2 806.0 2 664.4 995.1 923.7 62.63 69.93

576 31.92 29.83 3 105.6 2 874.6 1 098.0 993.6 63.44 70.28

1 152 32.80 31.10 3 193.5 3 028.5 1 128.1 1 046.5 63.74 70.61

1 728 33.83 31.33 3 303.0 3 088.7 1 166.4 1 065.7 64.87 70.70

LSD (P = 0.05) 2.47 2.78 261.2 272.0 90.3 95.4 1.56 n.s.

n.s., not significant.
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which improves mobilization of photosynthesis coincidence

that increases total chlorophyll (a and b) as shown in Table

3 and directly influences boll weight. Also, there would be

some favorable effects for this nutrient on the carbohydrate

metabolism, where the activity of the Zn-containing enzyme

carbonic anhydrase sharply declines with Zn deficiency. Car-

bonic anhydrase (which plays a role in photosynthesis) is lo-

calized in the cytoplasm and chloroplasts andmay facilitate the

transfer of CO2/HCO3
� for photosynthetic CO2 fixation

(Sharma et al. 1982). Further, Zn 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. Thus, the number of

retained bolls per plant and consequently seed cotton yield

ha�1 would be increased. These results were in good accor-

dance with those obtained by Rathinavel et al. (2000), when

ZnSO4 was applied to the soil at 50 kg ha�1, and Sawan

et al. (2001), when Zn was applied as foliar application at 48

g ha�1.

Phosphorus also significantly increased seed cotton yield per

plant and seed cotton and lint yield ha�1 in both seasons (by

11.06–17.71, 9.35–14.85; 10.68–17.17, 7.89–15.92; 10.34–

17.21, 7.57–15.37%, respectively), as compared to the un-

treated plants, when treatment rate was increased up to

1 728 g ha�1. There was one exception in the second season,

where the low P-concentration (576 g ha�1) increased seed

cotton yield plant�1 and seed cotton and lint yields ha�1 nu-

merically. Generally, seed cotton yield plant�1 and seed cotton

and lint yields ha�1 were the greatest when the highest P con-

centration (1728 g ha�1) was applied compared with the other

two concentrations (576 and 1 152 g ha�1). Such results reflect

the pronounced improvement in yield components due to the

application of P, which is possibly ascribed to its involvement

in photosynthesis, and translocation of carbohydrates to

young bolls. Phosphorus a constituent of cell nucleus is also

essential for cell division and development of meristematic tis-

sue, and hence it would have a stimulating effect on increasing

the number of flowers and bolls per plant (Russell 1973).

Results obtained here were in good agreement with those of

Malewar et al. (2000) and Katkar et al. (2002).

Yield earliness

Yield earliness (% of yield obtained in the first picking) in-

creased numerically with K application over the control in

both seasons (Table 10), but was statistically significant only in

the first season. Howard et al. (2000) indicated that foliar K

solution (4.1 kg K ha�1) buffered to pH 4 increased first harvest.

Previously, similar result has been reported by Gormus (2002).

Yield earliness tended to increase with Zn application, but

was statistically significant only in the first season, as com-

paredwith the control. In this connection, Zeng (1996b) found

that, the squaring and boll setting growth stages were earlier,

and cotton ripened early by the application of Zn to cotton on

calcareous soil. Applying the three P2O5 concentrations in-

creased yield earliness numerically, as compared with the un-

treated control in both seasons. This increase was significant in

the first season, when applied P at 1 728 g ha�1. The promotive

effect of increased phosphorus rate on earliness percentage

may be through an alteration of the nitrogen balance of the

cotton plant as illustrated by the earlier maturation of cotton

plants. This result agreed with that of Chiles and Chiles (1991)

and Sawan et al. (1997).

Fiber properties

Few fiber quality traits were significantly affected by K fertility

treatment. Application of K did not cause any significant effect

on the fiber properties tested (which increased numerically) in

either season, with three exceptions, for micronaire reading

and flat bundle strength in the first season, and uniformity ra-

tio in the second season, where the mean values of these char-

acters were significantly increased over the untreated control

by applying K (Table 11). Pettigrew (1999) indicated that the

elevated carbohydrate concentrations remaining in source tis-

sue, such as leaves, appear to be a part of the overall effect of K

deficiency in reducing the amount of photosynthate available

for reproductive sinks and thereby producing changes in fiber

quality seen in cotton. In this respect, Oosterhuis (1994) found

that fiber quality was improved by foliar applied KNO3, with

the increase occurring primarily in fiber length uniformity and

strength. Micronaire was also increased in certain years. He

also found that, application of KNO3, either as foliar treatment

alone or in combination with supplemental soil KCl, effec-

tively improved uniformity and strength. Nascimento and

Athayde (1999) studied the effect of potassium chlorate (ap-

plied at 30–150 kg ha�1) on cotton and found that K improved

micronaire index and the uniformity. Li et al. (1999) reported

that cellulose synthesis and dry matter accumulation were in-

creased by K application. The response of fiber length to vary-

ing K concentrations was in agreement with the findings of

Gormus (2002). Pettigrew et al. (2005) indicated that the

1% increase in fiber micronaire and 3% in fiber elongation

produced by K fertilization relative to the untreated control

were statistically significant. None of the other fiber traits were

affected by K fertilization.

Application of Zn did not affect fiber properties in either sea-

son. All fiber properties tended to improve numerically with

the application of Zn compared with the control. Livingston

et al. (1991) indicated that fiber strength is reported to be

one of the most stable fiber quality features and its expression

is attributed to genetic to a large degree than to environmental

conditions. Zeng (1996b) found that fiber quality was im-

proved by applying Zn to cotton on calcareous soil. Similar

results were obtained by Sawan et al. (1997).

The three P concentrations had no significant effect on the

fiber properties tested (however, for the three P treatments,

the values of all fiber properties were numerically higher than

the control) in either season, with two exceptions, i.e. for the

micronaire reading in the first season (when applying P at

1 728 g ha�1) and uniformity ratio in the second season (when

applying P at 1 152 and 1 728 g ha�1), where the mean values
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of these characters were significantly increased over the un-

treated control by applying P. This may be due to the essential

effect of phosphorus on photosynthesis and carbohydrate me-

tabolism (Taiz and Zeiger 1991). Other fiber characters did not

respond to phosphorus rate. Mehetre et al. (1990) found that

fiber bundle strength was the highest with phosphorus fertil-

izer, while mean fiber length, uniformity ratio, fineness and

maturity coefficient did not change. Malik et al. (1992) ob-

served that phosphorus had no consistent effect on fiber prop-

erties, which is in general agreement with our present

findings. Sharma et al. (1991) stated that P application im-

proved fiber quality. Vieira et al. (1998) found that fiber length

was increased by P application.

CONCLUSIONS

From the findings of the present study, it seems rational to rec-

ommend addition of K at 47.4 kg ha�1 combinedwith spraying

cotton plants with zinc at 57.6 g ha�1 and also with P at 1 728 g

ha�1. These combinations appeared to be the most beneficial

treatments, which have the most beneficial effects of treat-

ments examined, affecting not only the growth and nutrient

content of cotton plants (105 days after sowing) but also the

cotton productivity and quality. In comparison with the ordi-

nary cultural practices adopted by Egyptian cotton producers,

it is quite apparent that applications of such treatments could

bring about better impact on cotton productivity and quality.

The impact in cotton productivity and quality due to the ap-

plication of K, Zn and P are believed to be sufficient enough to

cover the cost of using those chemicals and to attain an eco-

nomical profit.

The increases in cost ascribed to the addition of K at 47.4 kg

ha�1, and spraying cotton plants with Zn twice (at 57.6 g ha�1)

and application of P also twice (especially P concentration of

1 728 g ha�1) in the present study are as follows: (i) applied

K costs 140.0 L.E. ha�1, (ii) Zn costs 100.0 L.E. ha�1 (for both

the chemical material and its foliar spray twice), (iii) P costs

80.0 L.E. ha�1 (for both the chemical material and its foliar

spray twice) and (iv) additional increases in costs of hand

picking 240 L.E. ha�1. Accordingly, the total cost of apply-

ing the three aforementioned chemicals and hand picking

amounts to 560.0 L.E. ha�1. However, it is worthy to

mention that the attained increase in yield (lint and seed),

which was about 40%, would secure an increase in revenue

of as much as 3 500 L.E. ha�1. Accordingly, the net revenue

would be 2 940 L.E. ha�1. This revenue was about 5-fold of

the costs.

REFERENCES

Amberger A. Micronutrients, dynamics in the soil and function in

plant metabolism. I. Iron. Proc. Egypt. Bot. Soc. Workshop 1, Cairo,

1974 pp. 81–90.

Ambrose EJ, Easty DM. Cell Biology. The English Language Book Soci-

ety and Longman, London 1977.

American Society for Testing and Materials (ASTM). Standard test

method for length and length uniformity of cotton fibers by

fibrograph measurement (D 1447-89). In: Annual Book of ASTM

Standards, Vol. 07.01 ASTM; West Conshohocken, PA. 1998a

391–5.

American Society for Testing and Materials (ASTM). Standard test

method for micronaire reading of cotton fibers (D 1448-97). Annual

Book of ASTM Standards. Vol. 07.01 ASTM; West Conshohocken, PA

1998b 396–8.

American Society for Testing and Materials (ASTM). Standard

test method for breaking strength and elongation of cotton fibers

Table 11: mean effects of K and foliar application of Zn and P on fiber properties of cotton

Treatments

2.5% span length (mm) 50% span length (mm) Uniformity ratio (%) Micronaire reading Flat bundle strength (g per tex)

I II I II I II I II I II

K rate (kg ha�1)

0.0 (control) 32.75 32.27 16.36 15.94 49.94 49.40 3.66 3.81 32.13 30.97

47.4 32.88 32.43 16.47 16.09 50.08 49.62 3.76 3.88 32.62 31.45

LSD (P = 0.05) n.s. n.s. n.s. n.s. n.s. 0.20 0.08 n.s. 0.48 n.s.

Zn rate (g ha�1)

0.0 (control) 32.79 32.30 16.39 15.98 49.98 49.46 3.67 3.82 32.24 31.10

57.6 32.84 32.40 16.43 16.05 50.04 49.55 3.75 3.87 32.51 31.32

LSD (P = 0.05) n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.

P rate (g ha�1)

0.0 (control) 32.78 32.21 16.37 15.86 49.94 49.24 3.63 3.81 32.09 30.96

576 32.81 32.35 16.39 16.01 49.97 49.50 3.69 3.84 32.28 31.16

1 152 32.83 32.39 16.43 16.09 50.05 49.69 3.74 3.86 32.51 31.29

1 728 32.86 32.44 16.46 16.09 50.08 49.59 3.78 3.87 32.61 31.43

LSD (P = 0.05) n.s. n.s. n.s. n.s. n.s. 0.28 0.11 n.s. n.s. n.s.

n.s., not significant.

268 Journal of Plant Ecology

D
ow

nloaded from
 https://academ

ic.oup.com
/jpe/article/1/4/259/1073666 by guest on 20 August 2022



(flat bundle method) (D 1445-95). Annual Book of ASTM Standards.

Vol. 07.01 ASTM; West Conshohocken, PA 1998c 383–90.

Aneela S, Muhammad A, Akhtar ME 2003a Effect of potash on boll

characteristics and seed cotton yield in newly developed highly

resistant cotton varieties. Pak J Biol Sci 6: 813–5.

Aneela S, Muhammad A, Akhtar ME 2003b Effect of potash on N, P

and K content of young mature leaves and nitrogen utilization

efficiency in selected cotton varieties. Pak J Biol Sci 6: 793–6.

Bednarz CW, Oosterhuis DM 1999 Physiological changes associated

with potassium deficiency in cotton. J Plant Nutr 22:303–13.

Benton JJ, Wolf B, Mills HA 1991 Plant Analysis Handbook. Athens GA:

Micro-Macro Pub., Inc.

Cakmak I 2000 Possible roles of zinc in protecting plant cells from dam-

age by reactive oxygen species. New Phytol 146:185–205.

Cakmak I, Hengeler C, Marschner H 1994 Partitioning of shoot and root

drymatter and carbohydrates in bean plants suffering from phospho-

rus, potassium and magnesium deficiency. J Exp Botany 45:1245–50.

Cakmak I, Kalayci M, Ekiz H, et al. 1999 Zn deficiency as a practical

problem in plant and human nutrition in Turkey. A NATO-Science

for stability project. Field Crops Res 60:175–88.

CassmanKG,Kerby TA,Roberts BA, et al.1990 Potassiumnutrition effects

on lint yield and fiber quality of Acala cotton. Crop Sci 30:672–7.

Chapman HD, Pratt PF 1961 Methods of Analysis for Soils, Plants and

Waters. Division of Agricultural Science, University of California.

Chiles JW, Chiles JL 1991 The benefits of a starter fertilizer high in

phosphate that can be sprayed on the leaves of seedling cotton.

In: 8th Cotton Soil Management and Plant Nutrition Research Conference,

Beltwide Cotton Conferences,National Cotton Council of America. 943.

Coker DL, Oosterhuis DM, Brown RS Potassium partitioning in the

cotton plants as influenced by soil and foliar potassium fertilization

under water deficit stress. University of Arkansas, Spec Report-

Arkansas Agric Exper Stat 2000 No. 198: 81–8.

Colomb B, Bouniols A, Delpech C 1995 Effect of various phosphorus

availabilities on radiation-use efficiency in sunflower biomass until

anthesis. J Plant Nutr 18:1649–58.

Deshpande RM, Lakhdive BA 1994 Effect of plant growth substances

and phosphorus levels on yield and phosphorus uptake by cotton.

PKV Res J 18:118–121.

El-Debaby AS, HammamGY, NagibMA 1995 Effect of planting date, N

and P application levels on seed index, lint percentage and techno-

logical characters of Giza 80 cotton cultivar.AnnAgric Sci 33:455–64.

Fan S, Xu Y, Zhang C 1999 Effects of nitrogen, phosphorus and potas-

sium on the development of cotton bolls in summer. Acta Gossypii

Sin 11:24–30.

Ghourab MHH, Wassel OMM, Raya NAA 2000 Response of cotton

plants to foliar application of (Pottasin-P)� under two levels of ni-

trogen fertilizer. Egypt J Agric Res 78:781–93.

Gormus O 2002 Effects of rate and time of potassium application

on cotton yield and quality in Turkey. J Agron Crop Sci 188:382–8.

Guidi L, Pallini M, Soldatini GF 1994 Influence of phosphorus defi-

ciency on photosynthesis in sunflower and soybean plants. Agrochi-

mica 38:211–23.

Guinn G 1985 Fruiting of cotton. III. Nutritional stress and cutout. Crop

Sci. 25:981–5.

Hai JiangBo, Li XiangTuo, Xu YuZhang 1999 Effect of boron and zinc

on the accumulation of dry matter in summer bolls and on the fiber

production and quality. China Cottons 26:14–5.

Hiremath GM, Hunsigi G 1995 Effect of nitrogen and potash levels on

concentration of nitrogen and potassium in petiole of two cotton

hybrids (Gossypium sp.). Karnataka J Agric Sci 8:99–101.

Howard DD, Essington ME, Gwathmey CO, et al. 2000 Buffering of fo-

liar potassium and boron solutions for no-tillage cotton production.

J Cotton Sci 4:237–44.

Katkar RN, Turkhede AB, Solanke VM, et al. 2002 Effect of foliar sprays

of nutrients and chemicals on yield and quality of cotton under rain

fed condition. Res Crop 3:27–9.

Kilmer VJ, Alexander LT 1940Methods of makingmechanical analysis

of soils. Soil Sci 68:15.

Li FS, Xu YZ, Zhang C 1999 Effects of nitrogen, phosphorus and po-

tassium on the development of cotton bolls in summer. Acta Gossypii

Sin 11:24–30.

Livingston SD, Anderson DA, Cowan BF 1991 An evaluation of five

foliar applied products to enhance yields of DPL 50 cotton. Joint

Meeting. Cotton Improvement and Physiology Conferences. Beltwide Cotton

Conferences 1011–4.

Mahmoud MH, Abdel Aziz I, Ashoub MA 1985 The relationship be-

tweenphosphorousandzincandcottonplant.AnnAgric Sci 30:1011–30.

Malewar GU, Rege VS, Ismail S, et al. 2000 Influence of various levels

and sources of phosphorus on yield and yield attributing characters

of irrigated cotton (Gossypium hirsutum L.). Ann Agric Res 21:577–9.

Malik MNA, Makhdum MI, Chaudhry FI 1992 Influence of phospho-

rus fertilization on crop growth, seed cotton yield and fibre quality.

Pak J Sci Ind Res 35:288–90.

Marschner H Functions of mineral nutrients: macronutrients. In:

RJ Haynes (ed). Mineral Nutrition of Higher Plants. Academic Press,

Orlando, FL., 1986 195–267.

Marschner H, Kirkby EA, Cakmak I 1996 Effect of mineral nutritional

status on shoot-root partitioning of photoassimilates and cycling of

mineral nutrients. J Exp Bot 47:1255–63.

McDonald AJS, Ericsson T, Larsson CM 1996 Plant nutrition, dry mat-

ter gain and partitioning at the whole-plant level. J Exp Bot

47:1245–53.

Mehetre SS, Tendulkar AV, Darade RS 1990 Effect of foliar application

of diammoniumphosphate and naphthalene acetic acid on seed cot-

ton yield and fiber properties of Gossypium hirsutum L. cotton. J Ind

Soc Cotton Improv 15:145–7.

More SD, Agale BN 1993 Phosphate balance studies in irrigated cotton.

J Indian Soc Soil Sci, 41:498–500.

Nascimento Ado Jr, Athayde MLF Effects of lime and of potassium fer-

tilizer on technological properties of cotton fibres. Annual Brasilian

CongressofCotton,2nd,RibeiraoPreto,SP,Brasil,5–10September1999. Bra-

silianAgricultural ResearchCorporation, Brasilia, Brasil 1999, 423–6.

Ohki K 1976 Effect of zinc nutrition on photosynthesis and carbonic

anhydrase activity in cotton. Physiol Plant 38:300–4.

Oosterhuis D, Hake K, Burmester C 1991 Foliar feeding cotton. Cotton

Physiology Today. National Cotton Council of America, 2, 1–7.

Oosterhuis DM Potassium nutrition of cotton in the USA, with partic-

ular reference to foliar fertilization. Challenging the future. In: GA

Constable, NW Forrester (eds). Proceedings of the World Cotton Re-

search Conference, 1st, Melbourne, Australia, 14–17 February 1994.

CSIRO, Melbourne, Australia, 1994, 133–46.

Ozanne PG 1980 Phosphate nutrition of plants—a general treatise. In:

FE Khasawneh, EC Sample, EJ Kamprath (eds). The Role of Phospho-

rus in Agriculture. Madison, Wisconsin: American Society of Agron-

omy, 559–89.

Sawan et al. | K, Zn and P effect on cotton 269

D
ow

nloaded from
 https://academ

ic.oup.com
/jpe/article/1/4/259/1073666 by guest on 20 August 2022



Pervez H, Ashraf M, Makhdum MI 2004 Influence of potassium rates

and sources on seed cotton yield and yield components of some elite

cotton cultivars. J Plant Nutr 27:1295–317.

Pettigrew WT 1999 Potassium deficiency increases specific leaf weights

of leaf glucose levels in field-grown cotton. Agron J 91:962–8.

Pettigrew WT, Meredith WR Jr 1997 Dry matter production, nutrient

uptake, and growth of cotton as affected by potassium fertilization. J

Plant Nutr. 20:531–48.

PettigrewWT,MeredithWR Jr, Young LD 2005 Potassium fertilization

effects on cotton lint yield, yield components, and reniform nem-

atode populations. Agron J 97:1245–51.

Plesnicar M, Kastori R, Petrovic N, et al. 1994 Photosynthesis and chlo-

rophyll fluorescence in sunflower (Helianthus annuus L.) leaves af-

fected by phosphorus nutrition. J Exp Bot 45:919–24.

Ranganna S 1972 Manual of Analysis of Fruit and Vegetable Products. Tata

McGraw-Hill Publishinimg Company Limited, New Delhi, India.

Rathinavel K, DharmalingamC, Paneersel vam S 2000 Effect of micro-

nutrient on the productivity and quality of cotton seed cv. TCB 209

(Gossypium barbadense L.). Madrase Agric J 86:313–6.

Rodriguez D, Zubillaga MM, Ploschuck E, et al. 1998 Leaf area expan-

sion and assimilate prediction in sunflower growing under low

phosphorus conditions. Plant Soil 202:133–47.

Russell EW 1973 Soil Condition and Plant Growth. The English Lan-

guage Book Society and Longman, London.

SabinoNP, da Silva NM,Kondo JI 1999 Components of production and

fiber quality of cotton as a function of potassium and gypsum. Cam-

pina Grande, Brazil; Empresa Brasileira de Pesquisa Agropecuáia,
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