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Abstract. Cotton crop is grown in China, Brazil, Pakistan, India and in the USA. It is a major global
resource in textile production. Phosphorus has major role in the growth and yield of plants facilitating higher
crop production. Phosphorous is involved in plant growth and opening of flower bud while low nitrogen and
magnesium absorption inhibits plant growth. Higher input cost of fertilizers and numerous other yield
limiting factors are major problems for farmers. To mitigate the problem, present study was carried out at
the Central Cotton Research Institute (CCRI), Multan, Pakistan. The experimental treatments comprised of
three cultivars viz. Vi=MNH - 886, V,-CIM - 616 and Vs;=FH-LALAZAR and seven levels of
Phosphorous viz. To = Zero kg ha, T1=50 kg ha?, T,=50 kg ha* + foliar (2% TSP solution), Ts= 75 kg
hal, T,=75kg ha? + foliar (2% solution of Triple super phosphate), Ts=100 kg ha + seed application
(5% solution of triple super phosphate), Ts=100 kg ha® phosphorous (with seed application of a 5%
solution of triple super phosphate, and foliar application of a 2% solution). Different genotypes significantly
differed in various growth, yield and quality attributes. In this regard, the cultivar FH- Lalazar produced the
highest plant height (152.50 c¢m), lint yield (50.58 kg ha?), seed cotton harvest (27%), ginning out turn
(0.02%), crop growth rate (4.79 kg ha't), fiber uniformity (45.50), fiber strength (30.16 tppsi) and micronair
(4.72 pg/inch). CIM-616 showed the maximum number of bolls/plant (28.91), leaf area index (0.65 kg hal),
boll weight (2.98 g), and staple length (20.19 mm). In conclusion, cultivar FH-LZ using 100 kg ha®
phosphorous (with seed application of a 5% solution of triple super phosphate, and foliar application of a 2%
solution) produced higher yield, ginning out turn, seed cotton harvest, crop growth rate and fiber uniformity
with lower input cost and attained the maximum output with higher crop production.
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Introduction

Cotton is a commercial crop for its excellent quality as fiber and oil so it is grown in
whole regions of the world (Zhang et al., 2012). Lately, cotton has been grown in a region
of 2907 thousand hectares while the ranks of production is 13.2 million bales (Govt. of
Pakistan, 2018). During flowering and boll opening stage the continuous rain may possibly
cause the reduction of pollination phenomenon and ultimately minimize fiber quality.
Therefore, heavy rainfall causes flower buds and young bolls to fall during flowering
(Gaikwad, 2018).

Nutritional quality of crops can be enhanced and may vary depending upon the soil
conditions as well as genetic make-up of genotypes (Zhang et al., 2012; Ahmad et al.,
2019). However, optimum dose of macro-nutrients as well as micronutrients and their
proper application maximized crop production (Vance et al., 2003). Reduction of
phosphorous availability resulted in minimizing the cotton plant growth. Reduction of
phosphorus causes the minimization of different traits i.e. reduced flowering, imbalanced
pollination, boll weight and boll size. Moreover, low phosphorus in cotton crop inhibits
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dark green leaves and flower bud necrosis. Lower phosphorous availability in cotton crop
also affects the development of flower buds and also minimized the absorption of nitrogen
resulting in inhibited cell growth and their expansion (Dohary et al., 2004).

Phosphorous is taken up by the roots. So among all of this many factors which affect
the cotton response to phosphorous the most is the type of soil. The acute amount of
phosphorous is a main issue of actual concentration of phosphorous, which is provided at
the time of cotton growth (Crozier et al., 2004). Numerous traits i.e. early phosphorous
accumulation and lint yield positively respond to phosphorous in calcareous soils
(Bronson et al., 2003). However, the reduction of phosphorous may possibly minimize
the nitrogen level. Due to the indeterminate type of growth and deep-growing root system
of cotton crop phosphorous concentration availability is low (Zhou et al., 2011).

Several nutrients were applied through foliar spray to leaves that may prevent their
senescence and decline in photosynthesis allowing photosynthesis and carbon fixation
to be prolonged thus increasing the yield of cotton (Bronson et al., 2001). Those
resistant cultivars were selected that had greater capability to tolerate unfavorable
conditions including nutritional stress which results in higher yield of crop (Zambrosi et
al., 2012). The efficiency of phosphorus cultivars having the ability to grow well and
produce the maximum vyield in soil with the minimum phosphorous (Fageria et al.,
2010). Thus, effiicnet application of phosphorus was recorded in several agronomic
crops. (Zambrosi et al., 2012; Fageria and Moraes, 2013).

Foliar application and seed treatments are successfully used in application of several
nutrients especially phosphorus. Among all the nutrient application methods, foliar
application is considered as one of the most suitable method and it is also helpful for
proper use of nutrients in plants (Girma et al., 2007). Furthermore, combination of foliar
application and seed treatment results in efficient use of phosphorus to plants and
ultimately enhanced cotton production. Application of phosphorus to all other
agronomic crops is very common; however, its use in cotton is very limited. Therefore,
current study is more helpful for cotton growers to enhance production through foliar
application of phosphorus (Verma et al., 2018). The optimum dose of phosphorus and
its timely application drastically enhance cotton crop production all over the globe
(Araujo et al., 2012). So, the purpose of this current study was to demonstrate the
optimum application of phosphorus for various cotton cultivars.

Materials and methods
Experimental details

Current study was conducted in the research farm of Central Cotton Research Institute
(CCRI) Multan, Pakistan to mitigate various cultivars of cotton with various foliar
application of phosphorus during 2015-2016. The soil at the Research Farm was silt loam
and its organic content was 0.86%, Nitrogen concentration was 0.09%, Phosphorous
concentration was 12.5 ppm, Sand was 16%, Silt was 57%, Clay was 27%. Experimental
treatments comprised of three cotton cultivars viz. V1 = MNH - 886, V2-CIM - 616 and
V3 = FH-LALAZAR and seven phosphorus levels viz. To = Zero, T1 = 50 kg hat, T, =50
kg hal + foliar (2%TSPsolution), Ts = 75 kgha, T4 =75 kg ha™ + application of foliar
(2% solution of triple super phosphate), Ts = 100 kg ha* + seed application (5%solution of
triple super phosphate), Ts =100 kg ha phosphorous (with seed application of a 5%
solution of triple super phosphate, and foliar application of a 2% solution). One meter
area was marked from the center of the plot from where sampling for various parameters
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was done. CCRI lies at a latitude of 30°, and at a longitude of 71°, the altitude is 125 in
the cotton belt of Punjab. After the preparation of seed bed the sowing was carried out
with cotton Rabi drill on the 28" May, 2015 and on the 31 May, 2016 respectively. Net
plot size was 6.1 m x 9.0 m =54.9 m? with a sowing rate of 110 g/plot. Randomized
Complete Block Design (RCBD) was applied along three replications. Urea fertilizers (36
kg ha') were applied as per standard rule according to crop requirement, and seven
phosphorous levels were used and TSP as a source were also applied. Whole of
phosphorous according to treatments done on sowing time and application of nitrogen
done on three intervals as per standard roles at both years. Pendimethaline (herbicide) was
applied at the rate of 82.5 g ha to control weeds. For the chewing and sucking insect pest
different products such as Nitenpyren, Diafenthoran, Triazophos were applied and
Leuforan Irrigation was performed as crop needed. Harvesting was done from 05-11-2015
and 13-11-2016 and picking interval was two weeks.

Observations
Agronomic traits

Five plants were randomly chosen from every plot and the height of the plant was
observed with a measuring tape in between about the base of the plant to the terminal bud.
Same plants were used to measure no. of bolls/plant. One hundred fully opened bolls were
selected for picking to get a hundred boll weight. Yield of cotton was calculated after
picking by same plot, after this the bolls were weighed to get the yield (kg ha*). Ginning
out turn (%) was calculated by the following formula: mass of cotton lint/mass of seed
cotton x 100 (Baloch et al., 2014).

Allometry traits

Leaf area of each plant was measured with a leaf area meter (CI-203, LCi Bio
Scientific, USA). Leaf area index (LAI) was calculated according to the method of Hunt
(1978) using the following formula: LAI = Leaf Area/Ground Area Leaf. Area duration
was recorded simultaneously by LAI; and LAI; with leaf area indices at times T1 and T>
and LAD (days) = (LAl + LAI2) x (T2-T1)/2 (Hassan et al., 2016). Crop growth rate was
measured by collecting weighed samples of 10, 30, 60 g of green leaves, stalks and bolls
collected by same treatment at various stages of plant growth, which then were dried in
the oven at 80 °C. Crop growth rate was calculated by using the formula of Hunt (1978).

Quality traits

Quality traits, cotton seed were ginned in an electrically powered ginning machine to
separate lint from seed followed by cleaning of those samples. Each sample was
acclimatized at an optimum temperature of 20 °C with 65 % relative humidity level in
an air conditioned chamber. The level of humidity was measured by a humidifier (HIV-
900) at the humidity level of 8.5% Tisarum et al. (2019). Fiber strength is calculated by
breaking the fibers held between clamp jaws. It is mentioned as g/tex, which is the force
used to break bundle (Apel and Hirt2004)

Data analysis

Data was analyzed by using Statistix 8.1 (Tallahassee Florida, USA) on computer.
The means of treatment were separately analyzed by LSD @ 5% level of probability.
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Pearson’s correlation was constructed through software XLSTAT, 2017(Anjum et al.,
2018; Ahmad and Anjum, 2018). Whereas economic analysis was performed as
determined by Ahmad et al. (2016). Climatic data of experimental site was evaluated as
described (Pakistan Metrological Department, 2016).

Results

Different cotton cultivars and yield related traits were significantly differed in the current
study. Significantly higher plant height (60.03 inch) was recorded from Cultivar FH-Lalazar
and the lowest height of plant (57.74 inch) was measured from MNH-886. The treatment
100 kg ha + seed application (5% solution of triple super phosphate) (61.02 inch), under
100 kg ha phosphorous (with seed application of a 5% solution of triple super phosphate,
and foliar application of a 2% solution) resulted in a significantly higher plant height (61.93
inch), while the minimum plant height was calculated from control (56.38 inch). Cultivars
and phosphorus levels interaction showing significantly higher plant height (61.81 inch)
was recorded from FH-LZ with 75 kg ha® + foliar (2% TSP solution), followed by the plant
height (63.38) from FH-LZ with100 kg ha™ + seed treatment (5% TSP solution), followed
by the plant height (64.17 inch) from FH-LZ under 100 kg ha™ phosphorous (with seed
application of a 5% solution of triple super phosphate, and foliar application of a 2%
solution), while the minimum (55.24 inch) was recorded from MNH-886 with Zero kg ha*
(Table 1). The higher the no. of bolls/plant (28.91) recorded from CIM-616, the lower the
no. of bolls/plant (24.50) occurred from cultivar MNH-886. From treatment 100 kg ha*
+seed solution (5% solution of triple super phosphate) (29.11) under 100 kg ha’
phosphorous (with seed application of a 5% solution of triple super phosphate, and foliar
application of a 2% solution) higher no. of bolls/plant were found (29.65), the minimum in
no. of bolls/plant was found in control (23.77). Regarding the level of phosphorous and
cultivars interaction the highest no. of bolls/plant (35.33) occurred from CIM-612 under
100 kg ha* phosphorous (with seed application of a 5% solution of triple super phosphate,
and foliar application of a 2% solution), followed by (33.33) from CIM-612 with 100 kg ha’
1 +seed treatment (5% TSP solution). So the minimum no. of bolls/plant (22.00) was
present in MNH-886 with control (Table 1).

The maximum boll weight (2.98 g) was measured from CIM-616, the lowest (1.21 Q)
from MNH-886. Concerning the phosphorus applications, the treatment 75 kg ha* (2.26 g),
75 kg ha® + foliar (2% TSP solution), (2.27 g), 100 kg ha* + application of seed treatment
(5% TSP solution) (2.29 g) under 100 kg ha™ phosphorous (with seed application of a 5%
solution of triple super phosphate, and foliar application of a 2% solution) (2.45 Q)
increased boll weight, and a decrease of boll weight was measured from control (1.60 g).
Regarding the levels of phosphorous and cultivars maximum weight of boll (3.20 g) was
calculated from CIM-616 by50 kg ha*, followed by (3.22 g) from CIM-616 with 50 kg ha*
+ foliar (2% TSP solution), followed by (3.30 g) from CIM-616 with 75 kg ha, followed
by (3.32 g) from CIM-616 with 75 kg ha + foliar (2%TSPsolution), followed by (3.30 g)
from CIM-616 with 100 kg ha™ + seed treatment (5%TSPsolution) and (3.32 g) from CIM -
616 under 100 kg ha™ phosphorous (with seed application of a 5% solution of triple super
phosphate, and foliar application of a 2% solution) (Table 1). The highest cotton yield was
found from FH-Lalazar (2809.3 kg ha*), while the lowest was (1905.6 kg hat) from MNH-
886. Level of application 75 kg ha® (2638.00 kg ha?), 75kgha? + foliar (2% TSP
solution), (2651.00 kg ha), 100 kg ha* + seed treatment (5% TSP solution) (2763.9 kg ha
1), under 100 kg ha™* phosphorous (with seed application of a 5% solution of triple super
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phosphate, and foliar application of a 2% solution) (2769.9 kg ha™) showed statistically
higher yield of cotton, the minimum cotton yield (1941.1 kg ha™)was determined from
control, and 50 kgha?® (2002.3 kgha?) and 50 kgha® +foliar (2% TSP solution)
(2004.3 kg ha™). Cultivars with levels of phosphorus interaction gave the highest cotton
yield (3776.3 kg ha') measured from FH-Lalazar with 75 kg ha™,(3976.3 kg ha) from
cultivar FH-LZ with75 kg ha* + foliar (2% TSP solution), followed by (3844.00 kg ha)
from cultivar FH-Lalazar with100 kg ha™ + seed treatment (5% TSP solution) and (4044.0
kg hal) from FH-LZ under 100 kg ha™* phosphorous (with seed application of a 5% solution
of triple super phosphate, and foliar application of a 2% solution), while lower cotton yield
(1561.7 kg ha*) was measured from FH-LZ with Zero kg ha* (Table 1).

Table 1. Influence of phosphorous application methods on plant height, number of
bolls/plant, boll weight, seed cotton yield of cotton cultivars

Variables Cultivars| Control |50 kg ha?|50 + foliar|75 kg ha* | 75+foliar | 100+seed treat| 100+s+fol | Means
MNH-886| 55.24f | 58.53d | 58.53d | 58.53d | 59.84bc 60.23bc 60.62bc | 57.74¢c
. ) CIM-616 | 56.95e | 58.66d | 58.66d | 59.05d | 59.44cd 59.44 cd 60.23cd |5853b
Plant height (inch)
FH-LZ | 56.95e | 58.79d | 58.79d | 61.02b | 62.99a 63.38a 63.77a |60.03a
Means | 56.38d | 58.13c | 58.62c | 59.53b | 60.07hb 61.02a 61.93a
LSD (P <0.05) CULTIVAR (C)=1.23 phosphorus level (P) = 1.57 CxP=357
MNH-886| 22.00f | 23.66 ef | 25.66 ef | 25.66 cde | 27.66 cde 27.00 be 29.00bc |24.50¢
CIM-616 | 25.33 cde | 27.66 bc | 29.66 bc | 29.33b | 31.33b 33.33a 35.33a [2891a
Number of bolls/plant
FH-LZ | 24.00 def | 25.66 cde | 25.66 cde |26.66bcde |28.66 bcde|  27.00 bc 29.00 bc |25.83b
Means 23.77d | 25.66¢c 25.67 ¢ 27.11b 28.98 b 29.11a 29.65 a
LSD (P <0.05) CULTIVAR (C) =1.04 phosphorus level (P) = 1.33 CxP=3.02
MNH-886| 1.03e 1.16 e 1.18¢e 1.33de 1.35de 1.33de 135de | 1.21c
. CIM-616 | 2.13b 320a 322a 3.30a 3.32a 3.30a 3.32a 298a
Boll weight (g)
FH-LZ | 1.63cd | 1.93bc | 1.95hc 2.26b 2.28Db 2.23b 2.25b 1.99b
Means 1.60c 2.10b 2.13b 226a 227a 229a 245a
LSD (P <0.05) CULTIVAR (C)=0.11 phosphorus level (P) = 0.15 CxP=0.33
MNH-886| 1776.3 fg | 1844.0efg | 2044.0 efg | 1932.7def [ 2132.7 def| 2069.3 def | 2269.3 def |1905.6 ¢
. CIM-616 | 2485.3 b [2108.0cde| 2308 cde |2208.0cde |2408.0 cde| 2378.3 bc 2578.3 bc [2294.9 b
Seed cotton yield %
FH-LZ | 1561.7g |2055.0def|2255.0 def| 3776.3a | 3976.3a 3844.0a 4044.0a |2809.3 a
Means | 1941.1b | 2002.3b | 2004.3b | 2638.0a | 2651.0a 27639 a 27699 a
LSD (P < 0.05) CULTIVAR (C) = 104.88 phosphorus level (P) = 133.77 CxP=302.71

Mean values sharing similar letters are statistically significant at p = 0.05

Cultivar FH-Lalazar (50.58 kg hal) gave the highest lint yield, the lowest yield of lint
was measured (37.33 kg hal) from cultivar MNH-886. The treatment 50 kg ha*
(44.00), 50 kg hal + foliar (2% TSP solution)(2004.3 kg ha?). (44.55), 75 kg ha?
(44.88), 75 kg ha! + foliar (2% TSP solution) (45.00), 100 kg ha* + seed application
(5% solution of triple super phosphate) (45.55) under 100 kg ha™ phosphorous (with
seed application of a 5% solution of triple super phosphate, and foliar application of a
2% solution) (45.89 kg ha*) resulted in statistically higher lint yield, the minimum lint
yield was (40.00 kg ha') obtained from control (Table 2). FH-Lalazar (0.76 kg ha™)
showed statistically higher biological yield, the lowest biological yield was determined
from two cultivars MNH-886 (0.69 kg ha) and CIM-616 (0.67 kg ha*). Treatment 100
kgha' +seed treatment (5% TSP solution) (0.83 kghal) under 100 kg ha*
phosphorous (with seed application of a 5% solution of triple super phosphate, and
foliar application of a 2% solution) (0.92 kg ha*) showed statistically higher biological
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yield, the minimum biological yield (0.57 kg ha') was obtained from control (Table 2).
Higher seed cotton harvest (27%) was calculated from FH-LZ, while the minimum seed
cotton harvest (19.00%) from MNH-886. The treatment 75 kg ha™(26.00%), 75 kg ha
+ foliar (2% TSP solution) (27.00%), 100 kg ha™ + seed application (5% solution of
triple super phosphate) (27.00%) under 100 kg ha* phosphorous (with seed application
of a 5% solution of triple super phosphate, and foliar application of a 2% solution).
(27.00%) yielded statistically higher seed cotton harvest, the lowest seed cotton harvest
was measured from control Zero kg ha' (19.00%), 50 kg ha'(20.00%), 50 kg ha’
+ foliar (2% TSP solution) (20.00%) (Table 2). FH-Lalazar (0.02%) showed statistically
maximum ginning out turn, the lowest ginning out turn was found in two cultivars
MNH-886 (0.019%) and CIM-616 (0.018%). Regarding the treatment under 100 kg ha™
phosphorous (with seed application of a 5% solution of triple super phosphate, and
foliar application of a 2% solution).(0.019%) higher ginning out turn was measured,
lower ginning out turn was found from control Zero kg ha? (0.011%), 50 kg ha'
(0.012%). Concerning cultivars and phosphorus levels interaction the highest ginning
out turn (0.028 %) was recorded from FH-Lalazar with Zero kg ha, the lowest got
(0.016%) was found from CIM-616 with Zero kg ha™* (Table 2).

Table 2. Influence of phosphorous application methods on biological yield, seed cotton
harvest, lint yield and ginning out turn of cotton cultivars

Variables Cultivars | Control |50 kg ha? |50 + foliar | 75 kg ha® | 75+foliar {100+seed treat| 100+s+fol | Means
MNH-886 | 056fg | 0.69bcd | 0.71bcd | 0.73bcd | 0.75 bcd 0.79 ab 0.8lab | 0.69b
Biological yield | CIM-616 0.54¢ 0.66 def | 0.68def | 0.67 cde | 0.69 cde 0.79 ab 0.8lab | 0.67b

(kg ha'!) FH-LZ | 0.62efg | 0.76bcd | 0.78bcd | 0.75bed | 0.77 bed 0.90a 092a | 0.76a
Means 057¢ 0.70 b 0.71b 0.71b 0.80b 0.83a 092a -
LSD (P <0.05) CULTIVAR (C) =0.04 phosphorus level (P) = 0.05 CxP=0.11
MNH-886 | 17 fg 18 efg 20 efg 19 def 21 def 20de 20 de 19¢
Seed cotton CIM-616 24 b 21cde 23 cde 22 bed 24 bed 23 be 25 be 22b
harvest (%) FH-LZ 15¢ 19df 21 de 37a 39a 38a 40a 27a
Means 19b 19b 22b 26a 27 a 27 a 27 a
LSD (P <0.05) CULTIVAR (C) = 104.88 phosphorus level (P) = 133.77 CxP=3027

MNH-886 | 34.00e | 37.00de | 39.00de | 39.33d | 41.33d 39.33d 41.33d | 37.33¢c
CIM-616 | 40.66cd | 46.00b 48.00b | 44.66cd | 46.66 cd 40.66 cd 4466cd | 42.16 b
FH-LZ | 4466¢cd | 48.33b 50.33b 54.00a | 56.00a 55.33 a 57.33a | 50.58 a
Means 39.77b 43.77 a 43.98 a 44.88 a 44.78 a 45.00 a 45.90 a
LSD (P <0.05) CULTIVAR (C) =1.40 phosphorus level (P) =1.78 CxP=4.04
MNH-886 | 0.019cd | 0.020 bcd | 0.050 bed | 0.022 bc | 0.024 bc 0.018 cd 0.020 cd |0.019 ab
Ginning out turn | CIM-616 | 0.016d | 0.022bc | 0.024bc | 0.018cd | 0.020cd 0.018cde /0.020 cd | 0.018 b

Lint yield (kg ha™)

(%) FH-LZ 0.028 a 0.023 b 0.025b | 0.018 def | 0.020 def 0.016d 0.020cd | 0.020a
Means 0.011c 0.012¢ 0.015b 0.017b | 0.017b 0.018 b 0.019a
LSD (P <0.05) CULTIVAR (C) =141 phosphorus level = 1.80 CxP=4.07

Mean values sharing similar letters are statistically significant at p = 0.05

Higher leaf area index (0.65 m?/m?2) was found from CIM-616, lower leaf area index
(0.49 m?/m?) was measured from MNH-886. Treatment under 100 kg ha™ phosphorous
(with seed application of a 5% solution of triple super phosphate, and foliar application
of a 2% solution) (0.67 kg h™) resulted the statistically maximum leaf area index, the
lowest (0.51 m?/m?) was determined from control (Table 3). Cultivar FH-Lalazar (4.79 g
m2 day!) gave maximum crop growth rate, the minimum was found from cultivar MNH-
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886 (4.15 g m? day™). Concerning cultivars and phosphorus levels interaction higher
crop growth rate (5.12 g m day™) was measured from FH-Lalazar under 100 kg ha™
phosphorous (with seed application of a 5% solution of triple super phosphate, and
foliar application of a 2% solution). While the minimum (4.03 g m? day?) was
calculated from cultivar MNH-886 with Zero g m™ day™ (Table 3). Maximum leaf area
duration was calculated from FH-Lalazar (659.7), while the lowest was in MNH-886
(381.9) (Table 3). The highest phosphorus concentration was recorded in 100 + seed
treatment (591.2) and 100 + seed + foliar (597.2). The highest phosphorus concentration
was in two cultivars i.e. MNH-886 (40.08%) and FH-LZ (45.50%). Further detail
regarding the phosphorus concentration is shown (Table 3).

Table 3. Influence of Phosphorous application methods on ginning out turn, leaf area index,
crop growth rate, leaf area duration and phosphorus concentration of cotton cultivars

Variables Cultivars | Control |50 kg ha* {50 + foliar| 75 kg ha| 75+foliar | 100+seed treat|100+s+fol | Means
MNH-886( 0.45e 0.47¢e 0.49e 0.51d 0.53d 0.52d 0.54d 0.49¢
Leaf area index CIM-616 | 0.56¢c 0.65b 0.67b 0.67b 0.69 b 0.72a 0.74a 0.65a
(m?/m?) FH-LZ | 052d | 056c | 058c | 0.65b | 067b 0.67h 0.69b | 0.60b
Means 0.51d 0.56¢ 0.60b 0.61b 0.63b 0.64b 0.67 a -
LSD (P <0.05) CULTIVAR (C) =0.01 phosphorus level (P) = 0.02 CxP0.03

MNH-886| 4.03g | 4.13fg 4,15fg | 4.20efg | 4.22¢fg 4.23 def 4.25def | 4.15¢c
Crop growth rate | CIM-616 | 4.36 cde | 4.23 def | 4.25def | 4.56 bcd | 4.58 bed 4,76 abc 4.78abc | 4.48b

(g m? day™) FH-LZ |4.46cde | 4.63bcd | 4.65bcd | 4.96ab | 4.98ab 510a 512a | 479a
Means 4.28b 4.33b 447 a 457a 4.57a 4.70a 478a -
LSD (P <0.05) CULTIVAR (C) =0.015 phosphorus level (P) = 0.019 CxP=0.04

MNH-886| 335.6g | 373.6fg | 375.6fg | 403.0ef | 405.0ef | 4153ef | 417.3ef | 3819¢
Leaf area duration | CIM-616 | 428.3¢ | 494.3d | 496.3d | 509.0d | 511.0d 588.0 ¢ 500.0c | 504.9b

(days) FH-LZ | 594.6c | 618.3bc | 620.3bc | 655.6b | 657.6b 7703 a 7723a | 659.7a
Means | 452.8d | 452.8d | 500.0c | 522.5b | 532.5b 591.2 a 597.2a -
LSD (P <0.05) CULTIVAR (C)=1.03 phosphorus level (P) = 1.32 CxP=0.07

MNH-886| 38.66 e | 39.33de | 42.66 de |40.33 cde | 42.33cde | 43.00bcd |44.00bcd | 40.08a

Phosphorous CIM-616 |45.33 abc|43.00 bed | 45.00 bed | 43.33a | 47.33a 40.33a 42.33a | 37.00b
concentration % FH-LZ |41.66 cde|43.33 bed | 45.33 bed | 47.66 ab | 49.66 ab 49.33a 49.33a | 4550a
Means | 4155b | 41.88b | 43.78b | 4577a | 45.99a 4755a 48.34a -
LSD (P <0.05) CULTIVAR (C) = 0.011) phosphorus level (P) = 0.014 CxP=0.03

Mean values sharing similar letters are statistically significant at p = 0.05

So due to all of this, cultivar CIM-616 (47.00), FH-Lalazar (45.50) showed statistically
higher fiber uniformity. Treatment 75 kg ha? (45.77), 75 kg ha! + foliar (2% TSP
solution) (45.99), 100 kg ha* + seed application (5% solution of triple super phosphate)
(47.55) under 100 kg ha* phosphorous (with seed application of a 5% solution of triple
super phosphate, and foliar application of a 2% solution) (48.34) resulted the statistically
maximum fiber uniformity, the minimum fiber uniformity was determined from control
(Table 4). Cultivar CIM-616 (20.19 mm) showed maximum staple length, and cultivar
MNH-886 (14.83 mm) the minimum. So, the application of level of phosphorus,
treatment 75 kg ha* + foliar (2% TSP solution) (91.88 mm) 100 kg ha™ + application of
seed treatment (5% TSP solution)(20.44 mm) under 100 kg ha* phosphorous (with seed
application of a 5% solution of triple super phosphate, and foliar application of a 2%
solution).(21.00 mm) gave maximum staple length, so minimum staple length was
calculated from control (15.22 mm) and 50 kg ha® (16.33 mm) (Table 4). FH-LZ
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exhibited the highest fiber strength (30.16 tppsi) while the minimum fiber strength was
determined (23.08 tppsi) from MNH-886. The treatment under 100 kg ha™* phosphorous
(with seed application of a 5% solution of triple super phosphate, and foliar application of
a 2% solution) (28.00 tppsi) showed statistically higher fiber strength, lower fiber strength
(24.33 tppsi) was recorded from control (Table 4). Cultivar FH-LZ showed the highest
micronair (4.72 pg/inch), the minimum was found from cultivar MNH-886 (4.14).
Application of treatment 100 kg ha! + seed treatment (5% TSP solution) (4.68 pg/inch)
under 100 kg ha phosphorous (with seed application of a 5% solution of triple super
phosphate, and foliar application of a 2% solution). (4.75 ng/inch), 75 kg ha? (4.45
ng/inch), 75 kg hal + foliar (2%TSPsolution) (4.51 pg/inch) resulted statistically higher
micronair, lower was recorded from control (4.27 pg/inch), 50 kg ha* (4.34 pg/inch), 50
kg hat + 5%foliar (2%TSPsolution) (4.40 png/inch). Regarding phosphorus levels and
cultivars interaction the highest micronair was measured from FH-Lalazar with 100 kg ha
1 + seed treatment (5% TSP solution) (5.06) from cultivar CIM-616 under 100 kg ha*
phosphorous (with seed application of a 5% solution of triple super phosphate, and foliar
application of a 2% solution) (5.08 ug/inch) (Table 4).

Table 4. Influence of phosphorous application methods on fiber uniformity, staple length,
fiber strength and micronair of cotton cultivars

Variables Cultivars | Control |50 kg ha'|50 + foliar| 75 kg ha | 75+foliar | 100+seed treat | 100+s+fol | Means
MNH-886| 37.66e | 39.33de | 41.66 de |40.33cde | 42.33cde | 43.00 bcd |45.00bcd| 40.08b
CIM-616 |45.33 abc| 43.00 bed | 45.00 bed | 49.33a | 49.33a 50.33 a 52.33a | 47.00a
FH-LZ |41.66 cde|43.33 bcd | 45.33 bed | 47.66 ab | 49.66 ab 49.33a 49.33a | 4550a
Means | 41.55b | 41.88b 43.78 b 45.77 a 4599 a 47.55a 48.34a
LSD (P <0.05) CULTIVAR (C) =1.52 phosphorus level (P) = 1.93 CxP=438
MNH-886| 13.33e | 14.33de | 16.33de | 14.33de | 16.33de 17.33cd 19.33cd | 14.83¢c
CIM-616 | 19.00 bc | 20.33 abc | 22.33 abc | 21.33ab | 23.33 ab 23.00 a 25.00a | 2091a
FH-LZ | 13.33e | 14.33de | 16.33 de |20.00 abc | 22.00 abc 21.00 abc 23.00abc| 17.16b
Means | 15.22c¢ | 16.33c | 17.23b | 1855b 19.88 a 20.44 a 21.00a
LSD (P <0.05) CULTIVAR (C)=1.30 phosphorus level (P) = 1.66 CxP=3.76
MNH-886| 22.33e | 23.33de | 25.33de | 23.33de | 25.33de 23.66 de 25.66de | 23.16¢
CIM-616 | 2466 de | 25.00 cde | 27.00 cde | 26.33 bed | 28.33 bed 27.00 cb 29.00bc | 25.75b
FH-LZ |26.33bcd| 28.68b | 30.68b | 32.33a | 34.33a 33.33a 35.33a | 30.16a
Means | 24.44b | 2566b | 26.00b | 27.33a | 27.83a 28.00 a 28.90 a
LSD (P <0.05) CULTIVAR (C)=1.15 phosphorus level (P) = 1.47 CxP=332
MNH-886| 4.03¢g 4.13fg 4.15fg 4.20efg | 4.22 efg 4.23 def 4.25 def 415¢
CIM-616 | 4.36 cde | 4.23def | 4.25def | 4.56 bcd | 4.58 bed 4.76 abc 478abc | 4.48b

Fiber uniformity

Staple length (mm)

Fiber strength (tppsi)

Micronair (pg/inch)

FH-LZ |4.46cde| 4.63bcd | 4.65bcd | 496ab | 4.98ab 510a 512a 479a
Means 4.28b 4.33Db 447 a 457a 457 a 4.70a 478 a
LSD (P <0.05) CULTIVAR (C)=0.13 phosphorus level (P) = 0.17 CxP=0.40

Mean values sharing similar letters are statistically significant at p = 0.05

Pearson’s correlation of various cotton traits cultivars showed that plant height
shared a direct significant correlation with all other studied traits i.e. no. of bolls/plant,
boll weight, yield of cotton, lint yield, biological yield, seed cotton harvest, got, LAI,
CGR, LAD, phosphorus concentration, fiber uniformity, staple length, fiber strength
and micronair. Moreover, it has been studied that seed cotton harvest trait gave non-
significant correlation with lint yield. Similarly, leaf area duration gave non-significant
correlation with lint yield among all the studied traits (Table 5). Correlation matrix is an
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important tool for the evaluation of trait association with each other (Anjum et al.,
2018). Economic analysis of cost benefit ratio presented that maximum output can be
attained with low input cost. And the highest benefit cost ratio was found 1.73 while the
lowest was 1.27 during 2015, therefore in 2016 the highest was 1.81 and the lowest was
1.34 (Table 6). Eco-metrological data had long term effects on benefit cost ratio and net
returns, therefore all these parameters must be calculated (Table 7).

Table 5. Pearson’s correlation of different attributes of cotton cultivars

= = = =
. e = & | c — c 5 k=) 25 > = -
K 2|5 5|8 2|8 2%l 3 E Sc|2s| £ o s| 3
g | 2|%g| 7|83 2|53|8¢ ec|58|2e|58|25 88| 2|8 S
s 122 = |3> E|2>38|E3|8<5|2-|85/38|TE| 2 |TE| ¢
> lal| & a8 | F|® (8| |7 |5 |[7°|€§| 5| &| 7| =
Plant 1
height
No. of
bollsiplant | 997 | 1
Boll 093|089 | 1
weight
Seed_cotton 092 | 093 | 0.79 1
yield
Lint 091 | 086|099 |075| 1
yield
Biological | g5 | g5 | 0.01 | 0.81 | 088 | 1
yield
Seed cotton
farvest | 0:90 | 092 | 0.81 | 0.96 | 078 [ 081 | 1
G'”’:&?EOUt 092 | 0.95 | 0.80 | 0.98 | 0.76 |0.861] 0.98 | 1
Leafarea | 496 | 095 | 0.95 | 0.86 | 093 | 0.95 | 0.91 | 091 | 1
index
Croﬂgtreo‘”th 096 | 093 | 086 | 0.91 | 0.83 | 0.92 | 0.93 | 0.95 | 0.96 | 1
Leafarea | 9, | 092 | 079 | 0.90 | 0.75 | 0.90 | 0.91 | 0.93 | 092 | 0.99 | 1
duration
Phosphorus
concentration| 0:96 | 094 [ 0.84 | 095 | 0.81 | 0.90 | 096 | 0.97 | 095 | 0.99 | 0.98 | 1
Fiber 1 596 | 0.94 | 0.84 | 095 | 0.81 | 0.90 | 0.96 | 097 | 0.95 | 0.99 | 0.98 | 0.99 | 1
uniformity
Staple
length | 097 | 099 | 088 | 0.94 | 0.84 | 0.94 | 095 | 097 | 0.96 | 0.97 | 0.96 | 0.98 | 098 | 1
Stf;?]z;h 097 | 0.98 | 092 | 0.94 | 0.89 | 0.95 | 0.94 | 0.97 | 0.97 | 0.97 | 0.93 | 0.97 | 0.97 | 090 | 1

Micronair | 0.96 | 0.93 | 0.86 | 0.91 | 0.83 | 0.92 | 0.93 | 0.95 | 0.96 | 0.99 | 0.98 | 0.99 | 0.99 | 0.97 | 0.97 | 1

Values in bold are different from 0 with a significance level o = 0.05

Discussion

Different parameters such as structure of plants, production of total dry mater and
economic yield become used to evaluate useful doses of fertilizer. When the main node
stem was enhanced then it would be mainly obligate for height of plant, no. of bolls/plant
and boll weight. Cultivar MNH-147 gave the highest height of plant and no. of bolls/plant
in comparison to CIM-240. The reason was due to the growth habit of cultivar MNH-147
because it is more indeterminate as compared to CIM-240 (Malik et al., 2006). The
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performance of cultivars may varied under different concentrations of phosphorus
(Ramya and Hebsur, 2018). Phosphorous is an essential nutrient, the effect was stagnant
to cotton crop, enhancing no. of flowers (Russell, 2001). Yield of cotton and lint
significant were enhanced through application of phosphorus which is excellent trait for
higher production. It has been noted that phosphorus affects photosynthesis so as essential
commodities, while these commaodities are the main factors affecting the yield of cotton.
Phosphorous fertilizer is the main component to give power for plant growth and enhance
weight of boll in cotton. Biological yield is equivalent to the above ground biomass. It is
cumulative concerning both plant weight and root weight. Biological yield plays an
imperative role in the increase of cotton production. Biological yield affected different
parameters viz, environment, soil, and other plant factors. Results of the current
experiment demonstrated the highest biological yield (Ramya and Hebsur, 2018).
Biological yield was found highest when the spacing of plants was increased (Al-Dalain
et al., 2012). Leaf area index is a main parameter for crop growth. It also describes raw
materials produced by total radiation to plant for the initiation of leaf. There would be
different ranges of leaf area index in young cotton plant. The cotton plant has ability to
capture all of solar radiation when leaf area index reached the range of 3 (Zhou et al.,
2011). Crop growth rate would be measured on different strategies such as that maximum
calculated from NIAB-846 lower doses of nitrogen (50 kg ha), the best crop growth rate
on next cultivars, CIM-496, NIAB-824, demonstrated with increase of nitrogen doses of
100, 150 kg nitrogen per hectare simultaneously. While the reduction of CGR was
observed with high stress treatments such as moisture stress and stages of vegetative
growth (Hassan et al., 2016). Dry matter production of a crop is dependent on leaf area
duration. Alkaline soils gave the highest yield when different relationship occurred
between leaf area duration, yield and biomass. When there was no competition of weed, it
was observed that leaf area duration gave the highest (136.85 days) in plots after
transplantation so the reduction occurred due to the increase of competition. Reductions
of LAD was observed in plots with competition of barnyard grass throughout the crop
growth season. (Chen et al., 2018; Verma et al., 2018).

Table 6. Influence of phosphorus foliar application on benefit cost ratio (BCR) of cotton

Treatments (foliar applications) 2015 (k\g'ﬁ';’_l) (gil:f) Sté;kh\sl)ue Gr(cs);s?];all)lue T?ﬁ:;?;t N?; Le;_lf)m BCR
Po = Control 1941.1 908.8763 | 53.51171 962.388 754.1806 208.2074 127

P; =50 kg/ha 1982.3 928.1672 | 53.51171 981.6789 755.5184 226.1605 1.29

P,=50 + 2297.2 1075.612 | 53.51171 1129.124 778.9298 350.194 144

P3= 75 kg/ha 2639.0 1235.652 | 66.88963 | 1302.542 785.9532 | 516.5886 1.65

Py=75+ 2798 1310.1 66.88963 1376.99 794.3144 582.6756 1.73

Ps =100 kg/ha 2798 1310.1 66.88963 1376.99 794.3144 | 582.6756 1.73

Ps=100 + 2763 1293.712 | 66.88963 | 1360.602 794.6488 | 565.9532 1.71

Treatments (foliar applications) 2016 (;( 'ﬁelg) (?{?]I:_f) Stgkh\sl)ue Gr(c;s;é\l/_?)lue ngﬂac_?)st Ng Le;_lf)m BCR
Po = Control 1941.1 973.796 53.51171 1027.308 762.2074 265.1003 1.34

P, =50 kg/ha 2002.3 1004.498 | 53.51171 1058.01 781.9398 | 276.0702 1.35

P,=50+ 2004.3 1005.502 | 53.51171 1059.013 782.2742 276.7391 1.35

P3;=75 kg/ha 2638.0 1323.411 | 66.88963 | 1390.301 792.9766 | 597.3244 1.75

Ps=75+ 2651.0 1329.933 | 66.88963 | 1396.823 793.311 603.5117 1.76

Ps =100 kg/ha 2763.9 1386.572 | 66.88963 | 1453.462 802.3411 | 651.1204 1.81

Pg=100 + 2769.9 1389.582 | 66.88963 | 1456.472 802.6756 653.796 1.81
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Table 7. Eco-meteorological data of Multan, Punjab (Pakistan)

Temperature (C) Relative humidity (%) Wind speed Sunshine Rainfall

Months | Max. | Min. | Max. | Min. |8 AM | 5PM 8AM|5PM (km h7) hours (h) (mm)
2015 2016 2015 2016 2015 | 2016 | 2015 | 2016 | 2015 | 2016
June 387 | 291 | 398 | 304 | 714 | 641 | 621 | 424 | 79 | 77 | 77 | 75 | 506 | 13
July 380 | 29.7 | 367 | 293 | 71.7 | 571 | 706 | 515 | 67 | 7.3 | 78 | 65 | 400 | 515

August 351 | 278 | 356 | 283 | 77.0 | 67.2 | 80.9 | 615 5.4 6.6 7.0 8.7 742 | 16.5
September | 35.1 | 25.3 | 340 | 255 | 794 | 63.7 | 854 | 655 4.9 4.1 8.6 7.3 0.0 4.2
October 351 | 243 | 314 | 204 | 778 | 646 | 83.1 | 63.3 3.3 2.6 7.7 6.0 3.2 17.6
November | 26.8 | 13.0 | 26.2 119 | 840 | 745 | 86.0 | 68.0 25 2.0 5.6 5.0 0.0 0.0
December | 20.3 9.2 17.7 6.8 | 89.6 | 75.0 | 93.6 | 74.9 3.0 25 48 3.7 0.0 0.0

Many researcher papers demonstrated that phosphorous gave response to cotton crop
such as that (Magare et al., 2018; Rosace et al., 2018). Khan et al., (2014) demonstrated
FU gave a positive response for Ginning out turn and value of micronair. Positive
response of fiber uniformity was found on yield of cotton for fiber strength whereas
negative response demonstrated for mean length and upper half mean length. Fiber
uniformity, staple length, fiber strength and micronair are excellent traits to enhance the
potential of textile industry. All these traits were probably enhanced with phosphorus
application.

Cotton growers have many difficulties due to enhanced commodities. So, increase of
inputs cost resulting in decrease of output/ profit.. Improper fertilizer is a main source to
increase the production cost. Most of all growers of cotton use nitrogen fertilizer; while
85% of growers use phosphorous fertilizer for higher rate of production (Miao et al.,
2018). Fertilizer cost is a major problem and has the 2" largest commodity value and
accounts for 22% of total cost production (Makhdum et al., 2001). Phosphorous is a
main nutrient but overall in cotton crop the efficiency of phosphorous is low because
farmer could not facilitate phosphorous fertilizer in all soil type. Due to all of this
various research studies on cotton which responds to phosphorus positively and
economically were conducted (Miao et al., 2018). Results demonstrated that phosphorus
is a main nutrient for cotton crop for the highest yield of cotton compared to nitrogen.
So, phosphorus provides positive response for better production of cotton in Punjab.

Conclusion

It is concluded that decreased amount of phosphorus demonstrated in decreased yield
of cotton along with its related traits. However, cultivar FH-LZ along with phosphorous
level under 100 kg ha™* phosphorous (with seed application of a 5% solution of triple
super phosphate, and foliar application of a 2% solution) demonstrated the highest
values and excellent performance for many yield traits.

Therefore, it is recommended that farmers and researchers of the vicinity may use
exogenous phosphorus to get the highest yield and excellent quality of fiber of cotton
crop.
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