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Abstract
Cotton is one of the most important fibre crops playing a key role in economic and social affairs of
the world. Water is a critical factor which influences on growth and yield of the cotton crop. Scarcity of water has put tremendous pressure on scientists to introduce drought tolerant cotton varieties. This study was aimed to determine water stress effects on the growth and yield of cotton.
The present study was carried out to examine the effect of number of irrigations on the growth
and yield of cotton during 2014. The field trial was conducted at the Experimental Fields of
Agronomy Section, Agriculture Research Institute, Tandojam, Pakistan. A three replicated Randomized Complete Block Design (RCBD) was employed to layout the experiment having plot size of
2.5 m × 5 m (12.5 m2). Four cotton varieties i.e. NIAB-78, Shahbaz-95, Sindh-1 and TH-224/87 were
chosen for this study based on their frequent farmer usage. All the agronomic practices were performed according to standard procedures. Results showed that all the growth and yield components of cotton were significantly (P < 0.01) affected by varieties and irrigation frequencies with
exception of monopodial branches and staple length, which were not significantly (P > 0.05) affected by irrigation frequencies. The cotton crop irrigated six times at 21 days interval showed
better results with 138.16 cm plant height, 1.45 monopodial branches per plant, 21.83 sympodial
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branches per plant, 44.58 bolls per plant, 33.86% G.O.T., and 26.97 mm staple length, 149.84 g
seed cotton yield per plant and 2271.16 kg∙ha−1 seed cotton yield. This study concluded that variety NIAB-78 showed superiority over Shahbaz-95, Sindh-1 and TH-224/87 in almost all the characters of economic importance, and the cotton crop received 6 irrigations at 21 days interval resulted in significantly economical overall performance as compared with 5 irrigations or 4 irrigations with higher seed cotton yield.
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1. Introduction
Cotton, Gossypium hirsutum L., is one of the most important fibre crops playing a key role in economic and social affairs of the world. It is a soft fibre that grows around the seeds of the cotton plant Gossypium spp., a shrub
native to tropical and subtropical regions around the world, including the Americas, India, and Africa [1]. The
fibre is most often spun into thread and used to make a soft, breathable textile, which is the most widely used
natural-fibre cloth in clothing today [2]. It is generally believed that the first cultivation of cotton was in India,
though it grew wild in several locations around the world. People living in Egypt’s Nile Valley and across the
world in Peru were also familiar with cotton [3]. The seven largest producers of cotton worldwide are: China,
the United States, India, Pakistan, Uzbekistan, Turkey and Brazil, while the five leading exporters are: the United States, the Franc Zone of Africa, Uzbekistan, Australia and India [4].
Cotton is used to make a number of textile products. These include terrycloth, used to make highly absorbent
bath towels and robes; denim, used to make blue jeans; chambray, popularly used in the manufacture of blue
work shirts and corduroy, seersucker, and cotton twill. Socks, underwear, and most T-shirts are made from cotton. Bed sheets are often made from cotton. Cotton is also used to make yarn used in crochet and knitting. Fabric
can also be made from recycled or recovered cotton that would otherwise be thrown away during the spinning,
weaving or cutting process [5]. While many fabrics are made completely of cotton, some materials blend cotton
with other fibers, including rayon and synthetic fibers such as polyester [1].
Pakistan is predominantly an agricultural country and prosperity of people depends largely upon the successful cultivation of crops like wheat, cotton, rice, sugarcane and maize [6]. Among these, cotton occupies central
position because of its substantial foreign exchange earnings (76%) through export of raw cotton, yarn and finished products [6]. In addition, cotton crop also provides livelihood to millions of people, who are engaged
in textile industry directly or indirectly. Realizing role of this crop in building the economy of Pakistan, its
yield improvement has always been the objective of extensive research under local environmental conditions
and better utilization of sources available for successful crop production [7]. Successful cotton production totally depends upon the availability of irrigation water either from canal or tube well. Irrigated agriculture is
facing acute competition for low cost and high quality water [8]. High quality irrigation water is becoming
another challenge and the world is looking for water saving agriculture, which refers to full advantage of
available irrigation facilities [9]. Water saving agriculture intends to raise water utilization rate and efficiency
for achieving a high economic yield on irrigated farm land with minimum input of water at both public and private levels [10].
Proper planning and improved water use is a potential selection criterion for improving yield under water
stress and it evaluates the way and depth of water application, whether it was used at optimum level by the crop.
Usually cotton crop uses less water per hectare than other crops with exception of horticulture [11]. Effective
use of irrigation is not simply a water saving irrigation but it is a comprehensive exercise using every possible
water saving measures in farm production, including full use of natural precipitation as well as efficient management of an irrigation network through a suitable planting method. Planting methods are important factor
which affects crop growth development and finally the crop yield. Decrease in row spacing increased light interception, growth rate, total biomass production and water use efficiency [12]. Better irrigation water use efficiency can be achieved through adopting the best management practices of irrigation [13]. According to [7],
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adoption of subsurface irrigation on smaller acreage can increase cotton yield, water use efficiency and return
per acre. Adoption of appropriate planting method and water management for successful crop production are the
most critical problems especially in cotton growing areas of Pakistan [10].
Efficient use of water to a crop is an important consideration where irrigation water resources are limited or
diminishing and rainfall is a limiting factor [14]. Additionally, recent increases in energy prices have attracted
attention of crop producers asking how to manage inputs to maximize efficiency of their water resources [15].
Regardless of the situation, it is crucial that growers have to get optimum out of every inch of available water,
whether it comes through irrigation, rainfall or both [16]. In many countries therefore, strenuous efforts have
been made to increase production, mainly by increasing yields through the intensive use of chemical inputs, irrigation and the use of higher-yielding varieties [17].
Among techniques for efficient use of irrigation water, irrigation scheduling has great significance and it is the
decision of when and how much water to apply to an irrigated crop to maximise net returns. The maximisation of
net returns requires a high level of irrigation efficiency [7]. This requires the accurate measurement of the volume
of water applied or the depth of application. It is also important to achieve a uniform water distribution across the
paddock to maximise the benefits of irrigation scheduling. Accurate water application prevents over- or underirrigation [11]. Over-irrigation wastes water, energy and labour, leaches nutrients below the root zone and leads to
waterlogging which reduces crop yields. Under-irrigation stresses the plant, resulting in yield reductions and decreased returns [11]. To benefit from irrigation scheduling you must have an efficient irrigation system. Waterbalance irrigation scheduling is the day-to-day accounting of the amounts of water coming into and going out of
the effective root zone of a crop. It is based on estimating the soil water content in the crop root zone viewed as a
system [18].
Keeping in view the importance of efficient use of irrigation water by proper scheduling for cotton production,
the present study was carried out to investigate the effect of number of irrigations on the growth and yield of
cotton varieties.

2. Materials and Methods
The present study was carried out to examine the effect of number of irrigations on the growth and yield of cotton during 2014. The trial was conducted at the Experimental Fields of Agronomy Section, Agriculture Research
Institute, Tandojam, Pakistan. A three replicated Randomized Complete Block Design (RCBD) was employed
to layout the experiment having plot size of 2.5 m × 5 m (12.5 m2).
Following the recommendations regarding the land preparation, the experimental land was ploughed up by
cross-wise disc plough. After soaking dose, when the land came in condition, the seedbed was prepared by using
cultivator (cross-wise) and rotavator (Pakistan Cultivator Manufacturers, Traders and Companies, Lahore, Pakistan). Thereafter, clods were crushed completely by clod crusher followed by planking. Sowing of experimental crop was done on 26th April, 2014. The sowing was done with the help of single coulter hand drill in lines.
The treatments were managed in such a way to discriminate the plots of treatments and replications easily and
channels and bunds were prepared to facilitate the irrigation process and further monitoring of the crop against
any pest problem. Irrigation frequencies was considered as Factor-A, while cotton varieties were assumed as
Factor-B to establish experiment. A total of 36 plots were prepared which were distributed in three replicates
and in each replicate interactive effect of three irrigation frequencies and four varieties was investigated. The
treatments details are given as follows:

2.1. Treatments
2.1.1. Factor-A (3 Irrigation Frequencies)
I1 = 4 Irrigations: first irrigation 28 days after sowing and subsequent irrigations at 35 days interval.
I2 = 5 Irrigations: first irrigation 28 days after sowing and subsequent irrigations at 28 days interval.
I3 = 6 Irrigations: first irrigation 28 days after sowing and subsequent irrigations at 21 days interval.
2.1.2. Factor-B (4 Varieties)
V1 = NIAB-78.
V2 = Shahbaz-95.
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V3 = Sindh-1.
V4 = TH-224/87.
2.1.3. Factor-A × B (Treatments Combination)
T 2 = I 1 V2
T 3 = I 1 V3
T 4 = I 1 V4
T 1 = I 1 V1
T 6 = I 2 V2
T 7 = I 2 V3
T 8 = I 2 V4
T 5 = I 2 V1
T10 = I3 V2
T11 = I3 V3
T12 = I3 V4
T 9 = I 3 V1
The chemical fertilizers were also applied as per the recommendations and Nitrogen was applied in the form
of Urea (46%) in three splits. The first dose of nitrogen (1/3 N) was applied at the time of sowing, the second
(1/3 N) at the first irrigation and the final (1/3 N) at the time of third irrigation. All Phosphorus in the form of
SSP (18% P2O5) was applied at the time of sowing. Irrigations were applied as per the schedule. Potassium fertilizer was not applied, as soil was adequate in K. The row spacing maintained at 75 cm apart and distance between plants was 30 cm. The recommended cultural practices were performed in all the subplots. Five plants in
each treatment were selected at random for all the observations. These plants were tagged and numbered separately. The observations were recorded on the following parameters.

2.2. Observations Recorded
1) Plant height (cm);
2) Number of monopodial branches per plant;
3) Number of sympodial branches per plant;
4) Number of bolls per plant;
5) Ginning Out-Turn (%);
6) Staple length (mm);
7) Seed cotton yield plant−1 (g);
8) Seed cotton yield (kg∙ha−1).
The observations on the above parameters were recorded on the basis of randomly selected five plants in each
plot. These sample plants were labeled with certain coding and reading of the five plants was averaged for replication-wise data. The crop was kept under close monitoring against any insect pests and the help was acquired
from the Entomologist (cotton) to identify the insect pests and recommend the insecticide against insects causing
damage to the experimental crop. All the quantitative characters of the experimental crop were measured in the
field, while for G.O.T. and staple length, the cotton samples from each tagged plant were brought to the laboratory for qualitative analysis.
The data thus collected were subjected to statistical analysis using Analysis of variance technique and LSD
(Least Significant Test) to discriminate the superiority of treatment means using Mstat-C Computer Statistical
Software.

2.3. Layout of the Experiment
Experimental Design: RCBD (Factorial)
Replications: 3
Plot Size: 2.5 × 5 m (12.5 m2)
Irrigation Frequencies: 3
I1 = 04 irrigations: first irrigation 28 days after sowing and subsequent irrigations at 35 days interval.
I2 = 05 irrigations: first irrigation 28 days after sowing and subsequent irrigations at 28 days interval.
I3 = 06 irrigations: first irrigation 28 days after sowing and subsequent irrigations at 21 days interval.
Varieties: 3
V2 = Shahbaz-95
V3 = Sindh-1
V4 = TH-224/87
V1 = NIAB-78
Treatments Combination
T2 = I1V2
T3 = I1V3
T4 = I1V4
T 1 = I 1V 1
T6 = I2V2
T7 = I2V3
T8 = I2V4
T 5 = I 2V 1
T10 = I3V2
T11 = I3V3 T12 = I3V4
T 9 = I 3V 1
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3. Results and Discussion
Proper irrigation management in cotton requires assessing irrigation needs by taking measurements of various
physical parameters. Some use sophisticated equipment while others use the tried and true common sense approaches. Whichever method used, each has its merits and limitations. The present study was carried out to examine the effect of number of irrigations on the growth and yield of cotton at the Experimental Fields of
Agronomy Section, Agriculture Research Institute, Tandojam, Pakistan. Three irrigation scheduling were developed such as: four irrigations, five irrigations and six irrigations, where first irrigation was applied after 28 days
of sowing and subsequent irrigations after 35, 28 and 21 days of sowing, respectively. The growth and yield
performance of four cotton varieties (NIAB-78, Shahbaz-95, Sindh-1 and TH-224/87) was investigated against
different irrigation frequencies. The characters of economic importance such as: plant height, number of monopodial branches, sympodial branches plant−1, number of bolls plant−1, GOT, staple length, yield ha−1 were studied,
and the results on these characters are reported in Tables 1-8.
Table 1. Average plant height (cm) of cotton varieties as affected by irrigation frequencies.
Number of irrigations
Varieties

I1 = 4 irrigations at 35 days
interval

I2 = 5 irrigations at 28 days
interval

I3 = 6 irrigations at 21 days
interval

Mean

V1 = NIAB-78

111.00

124.00

135.33

123.44 b

V2 = Shahbaz-95

121.00

133.33

145.33

133.22 a

V3 = Sindh-1

119.00

133.33

137.00

129.77 a

V4 = TH-224/87

116.66

128.00

135.00

126.77 b

Mean

116.91 c

129.66 b

138.16 a

-

Irrigations (I)

Varieties (V)

I×V

S.E±

1.44

1.67

1.82

LSD at P < 0.05

5.525

4.203

-

LSD at P < 0.01

7.746

5.893

-

CV%

4.94

Means with different letter(s) are significantly different.
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Table 2. Average number of monopodial branches per plant of cotton varieties as affected by irrigation frequencies.
Number of irrigations
Varieties

I1 = 4 irrigations at 35 days
interval

I2 = 5 irrigations at 28 days
interval

I3 = 6 irrigations at 21 days
interval

Mean

V1 = NIAB-78

1.66

1.80

2.00

1.82 a

V2 = Shahbaz-95

1.20

1.33

1.20

1.24 ab

V3 = Sindh-1

1.33

1.20

1.26

1.26 ab

V4 = TH-224/87

1.20

1.53

1.33

1.35 ab

Mean

1.30

1.46

1.45

-

Irrigations (I)

Varieties (V)

I×V

S.E±

0.08

0.09

0.07

LSD at P < 0.05

-

0.5156

-

LSD at P < 0.01

-

0.7228

-

CV%

19.48

Means with different letter(s) are significantly different.

Table 3. Average number of sympodial branches per plant of cotton varieties as affected by irrigation frequencies.
Number of irrigations
Varieties

I1 = 4 irrigations at 35 days
interval

I2 = 5 irrigations at 28 days
interval

I3 = 6 irrigations at 21 days
interval

Mean

V1 = NIAB-78

22.33

24.66

27.66

24.88 a

V2 = Shahbaz-95

19.00

20.33

23.66

21.00 ab

V3 = Sindh-1

16.33

17.66

18.33

17.44 b

V4 = TH-224/87

16.66

17.33

17.66

17.22 b

Mean

18.58 b

20.00 a

21.83 a

-

Irrigations (I)

Varieties (V)

I×V

S.E±

1.58

1.67

1.49

LSD at P < 0.05

2.631

3.578

-

LSD at P < 0.01

3.680

5.017

-

CV%

8.48

Means with different letter(s) are significantly different.

Table 4. Average number of sympodial branches per plant of cotton varieties as affected by irrigation frequencies.
Number of irrigations
Varieties

I1 = 4 irrigations at 35 days
interval

I2 = 5 irrigations at 28 days
interval

I3 = 6 irrigations at 21 days
interval

Mean

V1 = NIAB-78

35.00

45.00

54.00

44.66 a

V2 = Shahbaz-95

31.33

36.00

42.00

36.44 b

V3 = Sindh-1

28.66

33.66

40.00

34.11 b

V4 = TH-224/87

27.66

34.00

42.33

34.66 b

Mean

30.66 c

37.16 b

44.58 a

-
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Irrigations (I)

Varieties (V)

I×V

S.E±

1.91

2.20

0.81

LSD at P < 0.05

4.339

6.503

-

LSD at P < 0.01

6.083

9.920

-

CV%

9.75

Means with different letter(s) are significantly different.

Table 5. Average ginning out-turn (G.O.T.%) of cotton varieties as affected by irrigation frequencies.
Number of irrigations
Varieties

I1 = 4 irrigations at 35 days
interval

I2 = 5 irrigations at 28 days
interval

I3 = 6 irrigations at 21 days
interval

Mean

V1 = NIAB-78

32.60

34.64

36.07

34.43 a

V2 = Shahbaz-95

30.76

31.92

32.25

31.87 b

V3 = Sindh-1

31.18

32.25

33.18

32.20 ab

V4 = TH-224/87

30.60

31.95

33.03

31.86 b

Mean

31.28 b

32.69 ab

33.86 a

-

Irrigations (I)

Varieties (V)

I×V

S.E±

0.21

0.24

0.199

LSD at P < 0.05

1.4622

1.5846

1.5337

LSD at P < 0.01

2.6480

2.8196

-

CV%

5.12

Means with different letter(s) are significantly different.

Table 6. Average staple length (mm) of cotton varieties as affected by irrigation frequencies.
Number of irrigations
Varieties

I1 = 4 irrigations at 35 days
interval

I2 = 5 irrigations at 28 days
interval

I3 = 6 irrigations at 21 days
interval

Mean

V1 = NIAB-78

28.17

28.02

28.28

28.16 a

V2 = Shahbaz-95

26.17

26.27

26.25

26.23 bc

V3 = Sindh-1

27.32

27.35

27.01

27.23 b

V4 = TH-224/87

26.32

26.45

26.34

26.37 bc

Mean

27.00

27.02

26.97

-

Irrigations (I)

Varieties (V)

I×V

S.E±

0.26

0.30

0.23

LSD at P < 0.05

-

0.8375

-

LSD at P < 0.01

-

1.0732

-

CV%

3.06

Means with different letter(s) are significantly different.
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Table 7. Average seed cotton yield per plant (g) of cotton varieties as affected by irrigation frequencies.
Number of irrigations
Varieties

I1 = 4 irrigations at 35 days
interval

I2 = 5 irrigations at 28 days
interval

I3 = 6 irrigations at 21 days
interval

Mean

V1 = NIAB-78

132.86

155.50

165.71

151.36

V2 = Shahbaz-95

128.69

136.37

145.76

136.94

V3 = Sindh-1

126.38

133.28

143.10

134.25

V4 = TH-224/87

127.38

134.54

144.81

135.58

Mean

128.83

139.92

149.84

-

Irrigations (I)

Varieties (V)

I×V

S.E±

1.55

1.79

1.83

LSD at P < 0.05

8.421

8.190

-

LSD at P < 0.01

11.812

11.480

-

CV%

4.55

Means with different letter(s) are significantly different.

Table 8. Average seed cotton yield per hectare (kg) of cotton varieties as affected by irrigation frequencies.
Number of irrigations
Varieties

I1 = 4 irrigations at 35 days
interval

I2 = 5 irrigations at 28 days
interval

I3 = 6 irrigations at 21 days
interval

Mean

V1 = NIAB-78

1436.66

2060.66

2696.66

2064.66

V2 = Shahbaz-95

1219.33

1638.33

2334.66

1730.77

V3 = Sindh-1

1143.33

1552.66

1976.66

1557.55

V4 = TH-224/87

1170.00

1591.66

2076.66

1612.77

Mean

1242.33

1710.83

2271.16

-

Irrigations (I)

Varieties (V)

I×V

S.E±

27.86

32.17

31.01

LSD at P < 0.05

76.34

57.58

82.05

LSD at P < 0.01

107.0

80.72

110.0

CV%

6.17

Means with different letter(s) are significantly different.

3.1. Plant Height (cm)
Plant height is a major growth character in cotton and it is generally influenced by use of various inputs and by
genetic makeup of parental material of varieties. The results regarding the plant height of cotton varieties as influenced by various irrigation frequencies are given in Table 1 and the analysis of variance is shown as Appendix-I. The analysis of variance suggested that the plant height was significantly (P < 0.01) affected due to irrigation frequencies and varieties, while non-significant (P > 0.05) due to interaction between irrigation frequencies
and varieties.
The plant height of cotton was significantly maximum (138.16 cm) under six irrigations at 21 days interval,
followed by average plant height of 129.66 cm under five irrigations at 28 days interval and the minimum plant
height of 116.91 cm was recorded when the crop received only four irrigations at 35 days interval. In case of varieties, Shahbaz-95 produced plants of maximum height (133.22 cm), followed by varieties Sindh-1 and TH-
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224/87 with average plant height of 129.77 and 126.77 cm, respectively. However, the lowest plant height of
123.44 cm was recorded in commercial high yielding variety NIAB-78. The treatment interactions of 6 irrigations × variety Shahbaz-95 resulted plant height of 145.33 cm, followed by interaction of 6 irrigations × variety
Sindh-1, while the lowest plant height of 111.00 cm under 4 irrigations × variety NIAB-78. It can be assessed
from the results that that variety NIAB-78 is dwarf in nature and similar behaviour was exposed by TH-224/87.

3.2. Number of Monopodial Branches per Plant
Number of monopodial branches per plant is a character of prime significance in cotton, because development of
sympodia is mainly associated with this character. The results in relation to number of monopodial branches of
cotton varieties as influenced by irrigation frequencies are reported in Table 2 and the analysis of variance is
given as Appendix-II. The results of analysis of variance demonstrated that number of monopodial branches per
plant was significantly (P < 0.01) affected by varieties but non-significant (P > 0.05) influence was noted due irrigation frequencies and their interaction with varieties.
The number of monopodial branches per plant was relatively higher (1.46) under five irrigations at 28 days
interval, closely followed by six irrigations at 21 days interval with 1.45 monopodial branches, while the minimum number of monopodial branches (1.30) was recorded under four irrigations at 35 days interval. In case of
varieties, NIAB-78 put up with maximum monopodial branches (1.82), followed by varieties TH-224/87 and
Sindh-1 with 1.35 and 1.26 monopodial branches per plant, respectively. However, the minimum number of
monopodial branches (1.24) was recorded in variety Shahbaz-95. It was further noted that the treatment interaction of 6 irrigations × variety NIAB-78 produced maximum number of monopodial branches (2.00) per plant,
followed by interaction of 5 irrigations × variety NIAB-78, with 1.80 monopodial branches and the lowest
number of monopodial branches (1.20) per plant was recorded under varied interactions.

3.3. Number of Sympodial Branches per Plant
Sympodial branches are the fruiting bodies that put up with bolls for producing seed cotton and scientifically the
number of sympodial branches and number of bolls develop simultaneously. The results relating to number of
sympodial branches of cotton varieties as influenced by irrigation frequencies are presented in Table 3, while
analysis of variance is shown as Appendix-III. The statistical analysis illustrated highly significant (P < 0.01)
effect of irrigation frequencies and varieties on sympodial branches, while non-significant (P > 0.05) influence
due to interaction between varieties and irrigation frequencies.
The number of sympodial branches per plant was significantly maximum (21.00) under six irrigations at 21
days interval, closely followed by five irrigations at 28 days interval with 20.00 sympodial branches, while the
minimum number of sympodial branches (18.58) was noted under four irrigations at 35 days interval. So far the
varieties are concerned, NIAB-78 put up with highest number of sympodial branches (24.88), followed by varieties Shahbaz-95 and Sindh-1 with 21.00 and 17.44 sympodial branches per plant, respectively. However, the
minimum number of sympodial branches (17.22) was recorded in variety TH-224/87. Treatment interaction indicated that 6 irrigations × variety NIAB-78 produced maximum number of sympodial branches (27.66) per
plant, followed by interaction of 5 irrigations × variety NIAB-78, with 24.66 sympodial branches and the lowest
number of sympodial branches (16.33) per plant was recorded under interaction of 4 irrigations × variety
TH-224/87.

3.4. Number of Bolls per Plant
Number of bolls on a plant mounts up the quantity of seed cotton per plant which subsequently accumulates the
seed cotton yield per hectare. The results pertaining to the number of sympodial branches of cotton varieties as
influenced by irrigation frequencies are indicated in Table 4, and the analysis of variance is given as Appendix-IV. The analysis of variance suggested that number of bolls per plant was significantly (P < 0.01) affected
by irrigation frequencies and varieties, while treatment interaction had non-significant (P > 0.05) effect on this
component.
It is obvious from the results (Table 4) that the number of bolls per plant was significantly highest (44.58)
when cotton crop was irrigated six times at 21 days interval during whole of its growth period, followed by five
irrigations at 28 days interval with 37.16 bolls per plant, while the minimum number of bolls (30.66) was noted
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under four irrigations at 35 days interval. In varieties, NIAB-78 put up with remarkably maximum number of
bolls (44.66) per plant, followed by variety Shahbaz-95 with 36.44 bolls per plant, while the minimum number
of bolls i.e. 34.66 and 34.11 per plant was recorded in varieties TH-224/87 and Sindh-1, respectively. Treatment
interaction showed that 6 irrigations × variety NIAB-78 produced maximum number of bolls (54.00) per plant,
followed by interaction of 5 irrigations × variety NIAB-78, with 45.00 bolls and the lowest number of bolls
(27.66) per plant was recorded under interaction of 4 irrigations × variety TH-224/87. The results suggested that
the number of bolls per plant was associated with the number of sympodial branches per plant.

3.5. Ginning Out-Turn (%)
While quality of a cotton variety is measured, the ginning out-turn (GOT) is given utmost significance. The results regarding the G.O.T. percent of four cotton varieties as affected by different irrigation frequencies are presented in Table 5 and the analysis of variance to this effect is given as Appendix-V. The results of the analysis
of variance showed that the differences in the G.O.T. percent were statistically highly significant due to different
varieties, irrigation frequencies (P < 0.01) as well as interaction between varieties and irrigation frequencies (P <
0.05).
The cotton crop irrigated six times at 21 days interval during whole of its growing period resulted significantly higher G.O.T. of 33.86 percent, followed by five irrigations at 28 days interval with average G.O.T. of 32.69
percent, while the minimum G.O.T. of 31.28 percent was recorded in the plots receiving four irrigations at 35
days interval. Similarly among varieties, NIAB-78 performed remarkably superior with highest G.O.T. of 34.43
percent, followed by 32.20 percent G.O.T. recorded by variety Sindh-1, while lower G.O.T. of 31.87 and 31.86
percent was recorded in varieties Shahbaz-95 and TH-224/87, respectively. The treatment interactions showed
that maximum G.O.T. of 36.07 percent was recorded in interaction between 6 irrigations × cultivar NIAB-78,
followed by average G.O.T. of 34.64 percent recorded in treatment interactions between 5 irrigations × cultivar
NIAB-78 and lowest G.O.T. of 30.60 percent was recorded in treatment interaction of 4 irrigations × cultivar
TH-224/87.

3.6. Staple Length (mm)
While a cotton variety is evolved, the staple length is considered as the major quality characteristic. The results
pertaining to staple length of four cotton varieties as affected by various irrigation frequencies are reported in
Table 6 and the analysis of variance is shown as Appendix-VI. The results of analysis of variance demonstrated
that the staple length was significantly (P < 0.01) different in cotton varieties, while there was non-significant
effect of irrigation frequencies and treatment interaction between varieties and irrigation frequencies on staple
length (P > 0.05).
It is evident from the results (Table 6) that staple length was relatively higher (27.02 mm) in the plots receiving 5 irrigations at 28 days interval, followed by 4 irrigations at 35 days interval having average staple length of
27.00 mm, while the minimum staple length of 26.97 mm was recorded in plots receiving 6 irrigations at 21
days interval. In case of varieties, NIAB-78 showed its superiority in this quality character with highest staple
length of 28.16 mm, followed by 27.23 mm in variety Sindh-1 and the varieties TH-224/87 and Shahbaz-95
equally had lower staple length of 26.37 mm and 26.23 mm, respectively. The treatment interactions showed
that relatively higher staple length of 28.28 mm was recorded in interaction between 6 irrigations × variety
NIAB-78, closely followed by the same variety under 5 and 4 irrigations with average staple length of 28.02 and
28.17 mm, respectively. The lowest staple length (26.17 mm) was recorded in treatment interactions between 4
irrigations × variety Shahbaz-95. The results suggested that staple length is mainly influenced by genetic factors
and probably not by the varied input applications.

3.7. Cotton Seed Yield per Plant (g)
The results pertaining to seed cotton yield per plant of four cotton cultivars as affected by different irrigation regimes are presented in Table 7 and the analysis of variance for this variable is given as Appendix-VII. The
analysis of variance suggested that differences in seed cotton yield per plant were statistically significant (P <
0.01) for varieties and irrigation frequencies, while non-significant (P > 0.05) for their interactions.
The cotton crop received 6 irrigations at 21 days interval produced significantly highest seed cotton yield per
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plant of 149.84 g, followed by seed cotton yield per plant of 139.92 g recorded in the crop irrigated five times
during the whole of its growing period at 28 days interval, while the minimum seed cotton yield per plant of
128.83 g was obtained in the crop irrigated four times at 35 days interval. In case of cotton varieties, NIAB-78
proved to be a superior variety with significantly highest seed cotton yield per plant of 151.36 g, followed by
varieties Shahbaz-95 and TH-224/87 with average seed cotton yield per plant of 136.94 g and 135.58 g, respectively. However, the minimum seed cotton yield per plant of 134.25 g was obtained in plots sown with variety
Sindh-1. Results further showed that treatment interaction of 6 irrigations × variety NIAB-78 produced highest
per plant yield (165.71 g), followed by 155.50 g per plant yield under 5 irrigations × NIAB-78 interaction and
lowest per plant yield of 126.38 g was recorded in interaction of 4 irrigations × variety Sindh-1.

3.8. Cotton Seed Yield (kg∙ha−1)
The output of a research project on cotton production is appraised from the resultant quantity of seed cotton per
unit area. The results relating to seed cotton yield per hectare of four cotton varieties as influenced by different
irrigation frequencies are shown in Table 8, while the analysis of variance is given as Appendix-VIII. The analysis of variance illustrated that differences in seed cotton yield per hectare were statistically significant (P < 0.01)
for varieties, irrigation frequencies as well as for their interactions.
It was evident from the results that cotton crop irrigated 6 times during whole of its growing period at 21 days
interval produced significantly highest seed cotton yield 2271.16 kg ha-1, followed by yield of 1710.83 kg∙ha−1
recorded in the crop irrigated five times during the whole of its growing period at 28 days interval, while the
minimum seed cotton yield per hectare of 1242.33 kg∙ha−1 was recorded in the crop irrigated four times at 35
days interval. In case of varieties, NIAB-78 showed its superiority over rest of the varieties with significantly
maximum seed cotton yield of 2064.66 kg∙ha−1, followed by varieties Shahbaz-95 and TH-224/87 with average
seed cotton yield of 1730.77 and 1612.77 kg∙ha−1, respectively. However, the minimum seed cotton yield of
1557.55 kg∙ha−1 was recorded in plots sown with variety Sindh-1. It was further noted that interaction of 6 irrigations × variety NIAB-78 produced highest yield of 2696.66 kg∙ha−1, followed by yield of 2334.66 kg∙ha−1 under interaction of 6 irrigations × Shahbaz-95 and lowest yield of 1143.33 kg∙ha−1 was recorded in interaction of
4 irrigations × variety Sindh-1. It was noted that variety NIAB-78 yet showed superiority over Shahbaz-95,
Sindh-1 and TH-224/87, and 6 irrigations are necessarily required by cotton crop for good crop yields.
A sensible planning for efficient use of irrigation is prerequisite for successful crop production, particularly
under water stress conditions. Assessment for water requirement of cotton is one of the most significant elements. The present study was carried out to examine the effect of number of irrigations on the growth and yield
of cotton at the Experimental Fields of Agronomy Section, Agriculture Research Institute, Tandojam during the
year 2007.
In the present study, plant height of cotton was maximum (138.16 cm) under six irrigations at 21 days interval,
variety Shahbaz-95 produced plants of maximum height (133.22 cm), followed by varieties Sindh-1, TH-224/87
and lowest plant height of 123.44 cm was recorded in commercial high yielding variety NIAB-78. The results
showed that cultivars Shahbaz-95 and TH-224/87 are genetically tall growing, while NIAB-78 was relatively a
dwarf cultivar. These results are further supported by [19] and [20] and [21] who were of the opinion that irrigation frequencies has great association with plant height, while different cotton varieties have varied response regarding plant height. Similarly, the number of monopodial branches per plant was relatively higher (1.46) under
five irrigations at 28 days interval, while the minimum (1.30) under four irrigations at 35 days interval. In case
of varieties, NIAB-78 put up with greater monopodial branches (1.82) than TH-224/87, Sindh-1 and Shahbaz-95.
On the other hand, these results are partially supported by [21], who were of the experience that this character
generally does not get effect of any treatment, but cultivars of different genetic makeup could have varied number of monopodial branches. Sympodial branches per plant in the present study was higher (21.00) under six irrigations at 21 days interval, while minimum branches (18.58) under four irrigations at 35 days interval. Variety
NIAB-78 had higher number of sympodial branches (24.88) than Shahbaz-95, Sindh-1 and TH-224/87 and these
results are in line with those of [22], stated that irrigation regimes affect sympodial branches significantly, while
cotton cultivars of different genetic groups could produce great variation in the number of sympodial branches.
In the present investigation, the number of bolls per plant was significantly higher (44.58) under 6 irrigations
at 21 days interval than five irrigations and four irrigations. NIAB-78 had greater number of bolls (44.66) per
plant than variety Shahbaz-95, TH-224/87 and Sindh-1. These results in concurrence with those of [14] who
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were of the experience that adequate number of irrigations to a cotton crop would ensure better boll formation
and development. Moreover, number of bolls has been considered a genetic parameter and different varieties
could have varied number of bolls.
Among quality characteristics, the G.O.T. was significantly higher (33.86 percent) under six irrigations at 21
days interval than rest of the irrigation frequencies; while among varieties NIAB-78 remained superior with
higher G.O.T. of 34.43 percent than Sindh-1, Shahbaz-95 and TH-224/87. The results of the present investigation are further confirmed by those [21] and [20], who have reported that G.O.T. is generally not influenced by
irrigation frequencies, and this character is directly associated with the genetic makeup of a variety. In the
present study, the staple length was relatively higher (27.02 mm) under 5 irrigations at 28 days interval than 4
irrigations and 6 irrigations; while variety NIAB-78 showed its superiority over Sindh-1, TH-224/87 and Shahbaz-95. These results are in line with those of [20]-[23] who concluded that staple length was not influenced by
irrigation frequencies, and this character is probably associated with the genetic makeup of a variety.
Seed cotton yield was significantly higher (2271.16 kg∙ha−1) under 6 irrigations at 21 days interval than five
or four irrigations at certain intervals; while variety NIAB-78 showed its superiority over Shahbaz-95,
TH-224/87 and Sindh-1. These results are well comparable with the findings reported by [21] [23] [24], who
have concluded that irrigating cotton crop with moderate volume will serve the purpose from economic view
point and excessive use of water may be avoided. Moreover, they observed that varieties with different genetic
make produce different results for yield.

4. Conclusion
In order to examine the effect of number of irrigations on the growth and yield of cotton varieties, the study was
carried out at the Experimental Fields of Agronomy Section, Agriculture Research Institute, Tandojam, Pakistan.
Three irrigation scheduling (4, 5 and 6 irrigations), where first irrigation was applied after 28 days of sowing
and subsequent irrigations after 35, 28 and 21 days of sowing, respectively. The growth and yield performance
of four cotton varieties (NIAB-78, Shahbaz-95, Sindh-1 and TH-224/87) was investigated against different irrigation frequencies. The observations were recorded on plant height, number of monopodial branches, sympodial
branches plant−1, number of bolls plant−1, Ginning Out-Turn, staple length, yield ha−1. It was concluded that variety NIAB-78 showed superiority over Shahbaz-95, Sindh-1 and TH-224/87 in almost all the characters of
economic importance, and the cotton crop received 6 irrigations at 21 days interval resulted in significantly
economical overall performance as compared to 5 irrigations or 4 irrigations and produced high seed cotton
yield.
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