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Abstract: The effects of exogenously applied Moringa oleifera leaf extract (MLE), nitrogen and
potassium were studied on the productivity and quality of two cotton cultivars (CIM-573) and
transgenic Bt cotton (CIM-598). The Randomized Complete Block Design (RCBD) factorial experiment
was conducted at Bahauddin Zakariya University, Multan, Pakistan (30.2639 ◦N, 71.5101 ◦E; 123 m
asl), during 2016 and 2017, with three replications. The analysis of variance revealed the significance
of cotton cultivars and foliar applications for the majority of traits studied, in both years. The CIM-573
had superiority for most of the traits studied in 2016 and 2017 trials, while the CIM-598 cultivar had
significantly higher record for chlorophyll content, seed cotton yield, mean boll weight, and seed
index in 2016 and sympodial branches per plant in 2017. Foliar application of Moringa Leaf Extract
(MLE) and synthetic fertilizers showed significant differences for the traits studied compared to the
distilled water. Exogenous application of MLE has a positive effect on photosynthetic and enzymatic
activities that improve the efficiency of nutrients that are utilized, thereby improving the growth,
seed cotton yield and quality of cotton cultivars tested. All the interaction effects had a significant
influence on the traits studied, except ginning percentage in 2016. The interaction between the
conventional cotton cultivar (CIM 573) and exogenous application of MLE + nitrogen + potassium
had significantly higher effect on plant height, cotton yield, staple length, fiber maturity, and fiber
strength for the 2017 trial and was superior for the quality parameters in 2017. The interaction of the
Bt cotton cultivar (CIM 598) and the foliar application of MLE + nitrogen + potassium had superiority
in cotton yield, yield components and the quality parameters in the 2017 trial. Both the CIM 573
and CIM 598 cotton cultivars had consistent expressions for all quality traits studied, although they
did fluctuate in their expression to these agronomic traits between the field trials of 2016 and 2017.
Additive gene effects could be the explanation for the unstable effects of yield and the related traits in
the different environmental conditions of the field trials in the two years. Our results suggest that
the exogenous application of MLE alone and in combination with nitrogen and potassium could be
used to improve the productivity and the quality of these cotton cultivars. The correlation coefficients
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indicate strong associations between the agronomic and quality traits, indicating that one or more
yield parameters could be used as selection criteria to improve the productivity and quality of cotton.

Keywords: Cotton; foliar application; moringa leaf extract; seed cotton yield; fiber quality

1. Introduction

Cotton (Gossypium hirsutum L.), a natural fiber plant, is a prominent cash crop that is grown
commercially for agricultural and industrial purposes in more than 80 countries around the world [1,
2] with a major contribution from India (6,205,000 metric tons), followed by China, USA, Brazil,
and Pakistan for 2017 [3]. Cotton is a subtropical and perennial plant that belongs to Malvaceae family,
with more than 52 species, 45 diploid (2x) and 7 tetraploids (4x) [4]. It produces excellent unicellular
fiber comprised of a secondary cellulose wall [5].

Even though the overall production of cotton is increasing yearly in Pakistan, the productivity
per unit area is increasing marginally. These marginal increases could be due to various constraints,
such as soil moisture stress that reduces the availability of nutrients from soil at critical stages of crop.
Any nutrient deficiency in the soil adversely affects the growth and productivity of crops even when
other nutrients are of the optimum amount in the soil [6]. An adequate supply of nutrients is required
for normal growth and improving productivity [7].

It is well known that nitrogen is the most important nutrient to improve the growth and yield of
cotton [8]. Foliar application of nitrogen has a vital role in the growth, development, yield, and fiber
quality of cotton. Nitrogen application prevents the abscission of squares and bolls; mobilization and
accumulation of photosynthates are stimulated in newly formed bolls, thus it increases the number of
bolls and their weight [9].

Potassium plays a significant role in cotton yield production and fiber quality determination.
Introduction of high yielding cultivars and the improvement in cropping intensity have quickly
exhausted soil potassium reserves [10]. Potassium deficiency negatively affects the productivity of
cotton by reducing the leaf area and photosynthesis, which results in an overall reduction in the
necessary amount of photosynthetic assimilates for growth [11]. Foliar application of potassium offers
an opportunity for rapid and effective mid-season scarcities correction, particularly in the season when
potassium application to soil may not be effective [12,13]. Potassium is considered essential for the
growth and development of a plant, having a positive relationship with quality attributes due to its
versatile role in biochemical and physiological activities of plants [11,14]. It plays essential roles in
protein synthesis, enzymes activation, stress resistance, stomatal movements, cation-anion balance,
osmoregulation, and photosynthesis [15].

Moringa leaf extract (MLE) is known to be among the natural growth enhancers that improve
the growth, yield and quality of different plants, such as senna [16], alfalfa, clitoria, and mung
bean [17]. MLE being rich in K, Ca, Fe, amino acids, ascorbate, and growth-regulating hormones
like zeatin, is an ideal plant growth enhancer [18]. MLE extract is an ideal plant growth enhancer
for different plant species such as cotton, wheat and tomato, allowing to increase the yield by
20–35% [18,19]. Fiber quality of cotton is influenced by genotype [20], however, the agronomic
practices and environmental conditions affect fiber quality [21]. This study evaluates the comparative
performance of foliar application of nitrogen and potassium fertilizers and MLE natural growth
enhancer in improving the productivity and fiber quality of cotton.
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2. Materials and Methods

2.1. Experimental Detail

A field trial was conducted at a research field of Bahauddin Zakariya University, Multan,
Pakistan (30.2639 ◦N, 71.5101 ◦E; 123 m asl) during 2016 and 2017, to study the growth and yield
performance of cotton cultivars under exogenous application of fertilizers and natural growth promoter.
This study was arranged in a randomized complete block design with factorial experiment having
three replications. The treatments included two cotton cultivars CIM-573 (non Bt) and CIM-598 (Bt)
and exogenous application of bio-stimulant (MLE) and fertilizers (nitrogen and potassium).

2.2. Soil Analysis

Composite soil samples were collected from the study area before sowing and examined for
physico–chemical features. The soil texture of the experimental site was silt loam, having EC 1.1 and
1.02 dS m−1, pH 8.07 and 8.2, organic matter 0.71 and 0.69%, total nitrogen 0.053 and 0.032%, available
phosphorus 7.05 and 6.23 ppm and exchangeable potassium 148 and 180 ppm during first and second
growing seasons, respectively.

2.3. Preparation of Moringa Leaf Extract (MLE)

Fresh leaves and tender twigs of Moringa oleifera plants grown in botanical garden of Bahauddin
Zakariya University, Multan was harvested and washed several times with distilled water. Moringa
sample material was frozen (−5 ◦C) for 12 hours and pressed for extraction according to the procedure
described by Yasmeen et al. (2018). The extract was filtered twice by using Whatman No.1 filter paper
and then centrifuged at 8000 g for 15 min and diluted 30 times with distilled water.

2.4. Crop Husbandry

A fine seedbed was prepared by cultivating the soil three times. The plot size was 7 m × 5.0 m
and consisted of four beds. Seeds of cotton cultivars (CIM-573 and CIM-598) were dibbled manually
during the last week of March 2016 and 2017. Planting was processed, keeping 75 cm row-to-row and
30 cm intervals. To ensure successful seed germination and emergence, the furrows were irrigated 72 h
after planting. Then, subsequent irrigations were applied depending on the crop requirement until
maturity. For the optimum number of plants per unit area, gap filling and thinning was performed
on the 10th and 22nd day after emergence, respectively, making a recommended plant density of
40,000 plants ha−1. Full doses of phosphorus and potassium (56 kg P ha−1 and 62 kg K ha−1) were
applied at sowing time. Nitrogen (145 kg N ha−1) was applied in three splits at sowing time, beginning
of bloom and peak flowering stage. Weeds were controlled with the application of pre-emergence
herbicide of Pendimethalin (Stomp-330E at 2.5 L ha−1), with two-hand weeding at the 25th and 35th
days after sowing. Insect and pest control was achieved with spray assessments based on threshold
scouting. All other agronomic practices were followed using recommended state package practices for
raising the crop.

2.5. Foliar Application

MLE (30 times diluted), nitrogen (2%) and potassium (2%) were exogenously applied either alone
or in combination and with distilled water spray being taken as control. Foliar treatments were applied
120 and 150 days after sowing using a hand sprayer.

2.6. Data Collection

After 30 days of sowing, 10 plants were randomly selected from each plot and tagged to record
the plant height (cm), sympodial branches per plant, number of harvested bolls, mean boll weight (g),
and seed index (g). Manual harvesting of seed cotton was performed twice in the middle two rows.
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The first picking was made when the cotton bolls were about 60% opened and the final harvesting was
done in the last week of November for both years. After picking, a bulk sample of 200 g seed cotton
was taken from each experimental unit. Two clean and dry sub samples of 50 g each were weighed
and then ginned separately with a single roller electric gin. The lint obtained from each sample was
weighed and lint percentage was calculated by using the following formula:

GOT % = Weight of lint (g)/Weight of seed cotton (g) × 100

After ginning, 15 g of lint samples were used in determining fiber quality parameters by using
fibro graph HVI-900. It is a computerized high volume instrument which provides the comprehensive
profile of raw fiber according to the International Trading Standards [22].

2.7. Statistical Procedure

All data were subjected to the analysis of variance (ANOVA) adopting the software of XLStat
Premium v2016.02.28451. Correlation coefficient and regression plots were conducted using MINITAB
(Release 16). Means of the different treatments were compared by DMR test at a probability level of
5% [23].

3. Results

The analysis of variance of the studied characteristics showed that cotton cultivars had a significant
effect on all the traits except ginning percentage (Table 1).

Table 1. Source of variance and standard deviation for growth and yield traits of cotton, 2016.

Source of
Variance df

Plant
Height

(cm)

Sympodial
Branch
Plant−1

No of
Harvested

Boll

Chlorophyll
Content

(µmol m−2)

Seed Cotton
Yield

(kg ha−1)

Mean Boll
Weight (g)

Ginning
Percent%

Seed
Index (g)

Varieties (F1) 1 5424.70** 20.62** 231.08** 109.87* 979205.34** 0.49** 0.99 0.26*

Foliar
application (F2) 7 142.22 7.96** 30.77 36.02 147323.73 0.12** 5.85 0.13*

Block 2 34.66 3.94 16.96 6.90 34993.22 0.09** 0.19 0.01

F1*F2 7 20.63 0.81 1.31 3.35 9339.98 0.01 0.69 0.01

F1*block 2 14.60 0.32 3.58 8.87 24443.34 0.05* 0.51 0.01

F2*block 14 77.07 1.54 5.15 9.74 47059.88 0.01 2.05 0.02

Error 14 58.52 1.35 12.60 13.50 55511.94 0.01 2.82 0.03

Minimum value 91.80 13.58 16.93 33.42 2636.73 2.79 36.59 7.60

Maximum Value 142.43 20.52 33.94 47.96 3901.35 3.64 42.94 8.63

standard deviation 13.50 1.67 3.98 3.97 277.94 0.20 1.57 0.21

*, ** Significantly at the 5% and 1% levels of probability, respectively.

Exogenous applications significantly affected the sympodial branches per plant, mean boll weight
seed index, fiber fineness, staple length, and fiber maturity ratio for the first yield trial (2016). However,
none of the traits showed significant differences for the cultivars and foliar application interaction
(Table 2). Cotton cultivars significantly affected all the traits except sympodial branches per plant
during the second growing season (2017). Foliar applications also significantly affected the majority of
traits studied (Tables 3 and 4).
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Table 2. Source of variance and standard deviation for quality traits of cotton, 2016.

Source of Variance df Fiber Fineness
(µg/inch) (Micronaire)

Staple Length
(mm)

Fiber Maturity
Ratio

Fiber
Uniformity%

Fiber Strength
(g tex−1)

Varieties (F1) 1 0.25** 65.25** 0.02** 36.07** 545.00**

Foliar application (F2) 7 0.01* 0.82* 0.01* 0.90 0.53

Block 2 0.01 0.39 0.00 0.51 0.13

F1*F2 7 0.00 0.04 0.00 0.04 0.03

F1*block 2 0.01 0.06 0.01 0.35 0.02

F2*block 14 0.01 0.15 0.00 0.21 0.15

Error 14 0.01 0.24 0.00 0.33 0.23

Minimum value 3.61 27.59 0.82 82.25 27.91

Maximum Value 4.02 31.69 0.96 86.05 36.21

standard deviation 0.10 1.29 0.03 1.05 3.43

*, ** Significantly at the 5% and 1% levels of probability, respectively.

Table 3. Source of variance and standard deviation for growth and yield traits of cotton, 2017.

Source of
Variance df

Plant
Height

(cm)

Sympodial
Branch-Plant

No. of
Harvested

boll

Chlorophyll
Content

(µmol m−2)

Seed Cotton
Yield

(kg ha−1)

Mean Boll
Weight (g)

Ginning
Percent

(%)

Seed
Index (g)

Varieties (F1) 1 9945.80** 5.67 876.89** 152.012** 12579246.35** 1.015** 2.716** 0.51*

Foliar application
(F2) 7 333.88* 7.78* 125.97** 86.444** 203987.037** 0.186** 5.035** 0.35**

Block 2 228.471 0.270 7.652 2.821 35010.367 0.067* 0.315 0.041

F1*F2 7 20.822 0.613 17.607 2.322 3749.830 0.007 0.695* 0.007

F1*block 2 116.511 4.012 8.517 0.990 18633.772 0.068* 0.088 0.013

F2*block 14 109.551 0.683 8.858 5.047 26464.689 0.015 0.325 0.093

Error 14 107.811 1.842 15.023 4.081 27899.111 0.014 0.208 0.061

Minimum value 81.000 14.240 15.970 33.760 2590.340 2.750 37.207 7.300

Maximum Value 156.410 21.350 45.350 49.350 4527.630 3.770 42.343 9.000

standard deviation 18.544 1.518 6.917 4.397 563.080 0.254 1.043 0.334

*, ** Significantly at the 5% and 1% levels of probability, respectively.

Table 4. Source of variance and standard deviation for quality traits of cotton, 2017.

Source of Variance df Fiber Fineness (µg inch−1)
(Micronaire)

Staple Length
(mm)

Fiber Maturity
Ratio

Fiber
Uniformity%

Fiber Strength
(g tex−1)

Varieties (F1) 1 0.25** 61.314** 0.018** 32.819** 557.603**

Foliar application (F2) 7 0.009* 0.124 0.001* 0.236 0.660*

Block 2 0.000 0.489 0.000 0.545 0.077

F1*F2 7 0.000 0.041 0.000 0.039 0.069

F1*block 2 0.004 0.329 0.000 1.050 0.706

F2*block 14 0.003 0.114 0.000 0.254 0.176

Error 14 0.003 0.146 0.000 0.495 0.163

Minimum value 3.650 27.890 0.840 82.490 27.810

Maximum Value 3.990 31.560 0.940 86.650 36.210

standard deviation 0.092 1.200 0.024 1.015 3.479

*, ** Significantly at the 5% and 1% levels of probability, respectively.

Results in Tables 5 and 6 indicate that CIM-573 is a better performing cultivar than CIM-598 for
most of the traits studied in 2017, while the opposite result was recorded for chlorophyll content, seed
cotton yield, mean boll weight, and seed index.
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Table 5. Means and comparison (Duncan) of the cultivars, foliar applications and their interaction for
the growth traits, yield and its components of cotton grown in 2016.

Treatment Levels
Plant

Height
(cm)

Sympodial
Branch-Plant

No of
Harvested

Boll

Chlorophyll
Content

(µmol m−2)

Seed Cotton
Yield

(kg ha−1)

Mean Boll
Weight (g)

Ginning
Percent (%)

Seed
Index (g)

Cultivars
V1 127.8 a 17.7 a 26.86 a 38.05 b 2998.31 b 3.14 b 39.40 a 8.13 b
V2 106.54 b 16.38 b 22.48 b 41.08 a 3283.96 a 3.34 a 39.69 a 8.28 a

Foliar
applications

F1 112.48 b 15.54 d 21.76 c 35.48 c 2960.71 c 2.99 e 38.35 b 7.9 b
F2 115.65 ab 17.77 ab 25.8 ac 38.35 abc 3202.84 ac 3.28 bc 40.27 ab 8.23 a
F3 121.69ab 16.42 bd 23.52 bc 40.16 ac 3034.58 bc 3.12 d 39.52 ab 8.16 a
F4 112 b 15.9 cd 22.96 bc 37.56 bc 3061.22 bc 3.18 cd 38.88 ab 8.2 a
F5 123.44 a 18.24 a 26.75 ab 41.84 ab 3306.24 ab 3.32 b 40.77 a 8.34 a
F6 114.48 ab 17.28 ac 23.74 bc 39.45 ac 3031.41 bc 3.34 ab 38.88 ab 8.24 a
F7 114.22 ab 16.42 bd 24.11 ac 40.43 ac 3112.3 ac 3.24 bc 38.78 ab 8.2 a
F8 123.43 a 18.76 a 28.72 a 43.24 a 3419.79 a 3.44 a 40.92 a 8.39 a

Cultivars X
Foliar

applications

V1*F1 121.16 ab 14.95 e 20.16 d 34.85 c 2830.94 d 2.92 f 38.01 a 7.84 d
V1*F2 125.62 ab 17.08 be 23.79 bd 37.76 ac 3092.79 bd 3.22 cd 40.33 a 8.16 ad
V1*F3 131.59 a 15.83 ce 21.13 cd 39.27 ac 2901.48 cd 2.97 ef 39.26 a 8.09bd
V1*F4 124.07 ab 15.08 de 20.9 cd 35.15 c 2919.27 cd 3.02 ef 39.49 a 8.14 ad
V1*F5 134.2 a 17.95 ac 25.05 ad 40.19 ac 3201.83 ad 3.24 bd 40.44 a 8.21 ac
V1*F6 128.38 a 17.20 be 21.39 bd 36.95 bc 2891.1 cd 3.27 bd 38.67 a 8.15 ad
V1*F7 122.46 ab 15.15 de 21.04 cd 38.67 ac 2879.96 cd 3.12 de 38.31 a 8.15 ad
V1*F8 134.94 a 17.84 ac 26.33 ad 41.56 ac 3269.08 ad 3.33 bc 40.71 a 8.33 ab
V2*F1 103.79 c 16.13 ce 23.36 bd 36.1 c 3090.48 bd 3.05 ef 38.68 a 7.96 cd
V2*F2 105.67 c 18.45 ab 27.8 ac 38.93 ac 3312.88 ac 3.33 bc 40.21 a 8.3 ac
V2*F3 111.78 bc 17.01 be 25.91 ad 41.06 ac 3167.68 ad 3.27 bd 39.78 a 8.23 ac
V2*F4 99.92 c 16.71 be 25.01 ad 39.96 ac 3203.17 ad 3.33 bc 38.27 a 8.26 ac
V2*F5 112.69 bc 18.53 ab 28.45 ab 43.49 ab 3410.64 ab 3.4 ac 41.11 a 8.47 a
V2*F6 100.58 c 17.36 bd 26.09 ad 41.95 ac 3171.72 ad 3.41 ab 39.09 a 8.33 ab
V2*F7 105.99 c 17.69 ac 27.18 ad 42.2 ac 3344.63 abc 3.37 ac 39.24 a 8.24 ac
V2*F8 111.91 bc 19.67 a 31.11 a 44.91 a 3570.5 a 3.54 a 41.13 a 8.46 a

Note: V1 = conventional cotton cultivar CIM 573; V2 = Bt cotton cultivar CIM 598; F1 = foliar application of distilled
water; F2 = Foliar application of moringa leaf extract; F3 = foliar application of nitrogen; F4 = Foliar application
of potassium; F5 = Foliar application of moringa leaf extract + Nitrogen; F6 = Foliar application of moringa leaf
extract + potassium; F7 = Foliar application of nitrogen + potassium; F8 = Foliar application of moringa leaf extract +
nitrogen + potassium.

No significant differences were recorded between the two cultivars for ginning percentage.
For the experiment conducted in 2017, CIM-573 recorded significantly higher result for all traits
except sympodial branch-plant, which was also higher in CIM-573 but not significant (Tables 7 and 8).
Both genotypes were significantly different in plant height, given that they exceeded height by 21 cm
and 28.5 cm for CIM 573 compared to CIM 598 at both years of field trials, respectively.

Table 6. Means and comparison (Duncan) of the cultivars, foliar applications and their interaction for
the fiber quality traits of cotton grown in 2016.

Treatment Levels

Fiber
Fineness

(µg inch−1)
(Micronaire)

Staple
Length
(mm)

Fiber
Maturity

Ratio

Fiber
Uniformity%

Fiber
Strength
(g tex−1)

Cultivars
V1 3.91 a 30.72 a 0.90 a 85.16 a 35.31 a
V2 3.76 b 28.39 b 0.86 b 83.43 b 28.57 b

Foliar applications

F1 3.75 c 28.92 c 0.85 c 83.60 c 31.64 bc
F2 3.81 ac 29.67 ab 0.88 ac 84.40 ab 31.86 ac
F3 3.79 bc 29.04 bc 0.86 bc 83.83 bc 31.53 c
F4 3.85 ab 29.81 a 0.89 a 84.53 ab 32.08 ac
F5 3.83 ab 29.62 ab 0.88 ac 84.49 ab 31.79 ac
F6 3.86 ab 29.85 a 0.89 ab 84.25 ac 32.23 ab
F7 3.87 ab 29.65 ab 0.88 ac 84.53 ab 32.03 ac
F8 3.89 a 29.88 a 0.90 a 84.74 a 32.4 a
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Table 6. Cont.

Treatment Levels

Fiber
Fineness

(µg inch−1)
(Micronaire)

Staple
Length
(mm)

Fiber
Maturity

Ratio

Fiber
Uniformity%

Fiber
Strength
(g tex−1)

Cultivars X Foliar
applications

V1*F1 3.81 be 29.95 b 0.87 cf 84.64 ac 35.03 a
V1*F2 3.87 ac 30.97 a 0.90 ae 85.20 a 35.13 a
V1*F3 3.87 ad 30.13 ab 0.87 bf 84.72 ab 34.96 a
V1*F4 3.94 a 31.00 a 0.91 ab 85.35 a 35.47 a
V1*F5 3.91 ab 30.83 ab 0.9 ae 85.26 a 35.18 a
V1*F6 3.94 a 31.05 a 0.91 ac 85.14 a 35.68 a
V1*F7 3.94 a 30.84 ab 0.9 ae 85.38 a 35.32 a
V1*F8 3.97 a 31.01 a 0.92 a 85.61 a 35.74 a
V2*F1 3.68 f 27.89 c 0.84 f 82.56 e 28.24 bc
V2*F2 3.76 cf 28.38 c 0.85 f 83.59 ce 28.58 bc
V2*F3 3.72 ef 27.95 c 0.84 f 82.94 de 28.11 c
V2*F4 3.77 cf 28.61 c 0.87 cf 83.71 bd 28.68 bc
V2*F5 3.75 df 28.41 c 0.86 ef 83.72 bd 28.4 bc
V2*F6 3.79 cf 28.66 c 0.86 df 83.36 de 28.77 bc
V2*F7 3.79 cf 28.46 c 0.85 f 83.68 bd 28.75 bc
V2*F8 3.81 be 28.76 c 0.87bf 83.88 bd 29.07 b

Note: V1 = conventional cotton cultivar CIM 573; V2 = Bt cotton cultivar CIM 598; F1 = foliar application of distilled
water; F2 = Foliar application of moringa leaf extract; F3 = foliar application of nitrogen; F4 = Foliar application
of potassium; F5 = Foliar application of moringa leaf extract + Nitrogen; F6 = Foliar application of moringa leaf
extract + potassium; F7 = Foliar application of nitrogen + potassium; F8 = Foliar application of moringa leaf extract +
nitrogen + potassium.

Table 7. Means and comparison (Duncan) of the cultivars, foliar applications and their interaction for
the growth traits, yield and its components of cotton grown in 2017.

Treatment Levels
Plant

Height
(cm)

Sympodial
Branch-Plant

No. of
Harvested

Boll

Chlorophyll
Content

(µmol m−2)

Seed Cotton
Yield

(kg ha−1)

Mean Boll
Weight (g)

Ginning
Percent (%)

Seed
Index (g)

cultivars
V1 131.19 a 18.25 a 34.33 a 43.44 a 4111.87 a 3.39 a 40.26 a 8.45 a
V2 102.41 b 17.56 a 25.78 b 39.88 b 3088.02 b 3.10 b 39.79 b 8.25 b

Foliar
applications

F1 101.13 b 16.11 d 21 d 35.51 e 3262.50 d 2.95 d 38.51 e 7.82 c
F2 112.59 ab 17.04 cd 30.96 ac 38.78 d 3592.09 bc 3.3 b 39.99 bc 8.22 b
F3 120.07 a 18.24 ac 29.1 bc 43.25 bc 3455.70 cd 3.12 c 39.15 d 8.36 ab
F4 115.01 a 17.28 ab 26.36 c 38.22 d 3521.89 bc 3.14 c 40.1 bc 8.41 ab
F5 122.81 a 19.01 ab 33.82 ab 45.07 ab 3722.16 ab 3.37 ab 39.88 c 8.49 ab
F6 117.54 a 17.48 bd 32.01 ab 42.10 c 3738.98 ab 3.34 b 40.47 bc 8.44 ab
F7 120.66 a 18.46 ac 31.83 ab 43.77 bc 3663.83 ac 3.24 bc 40.57 b 8.47 ab
F8 124.59 a 19.6 a 35.4 a 46.57 a 3842.44 a 3.52 a 41.54 a 8.60 a

Cultivars X
Foliar

applications

V1*F1 115.08 be 15.3 d 18.87 f 34.51 g 2727.4 f 2.84 h 37.64 i 7.67 d
V1*F2 124.06 ad 16.72 cd 25.72 cf 37.29 fg 3129.82 de 3.18 df 39.66 eh 8.15 bc
V1*F3 135.16 a 18.22 ac 25.09 df 41.6 cde 2951.07 ef 2.93 gh 38.89 h 8.23 ac
V1*F4 126.89 ac 17.48 bd 24.8 df 36.48 fg 2986.03 ef 2.96 fh 39.56 fh 8.36 ac
V1*F5 138.85 a 18.47 ac 27.35 ce 43.33 bd 3202.28 de 3.22 ce 40.04 cg 8.37 ac
V1*F6 132.86 ab 17.15 bd 26.1 cf 38.92 ef 3216.13 de 3.23 ce 40.49 ce 8.33 ac
V1*F7 135.43 a 18.14 ac 27.44 ce 42.00 ce 3140.26 de 3.07 eg 40.6 bd 8.40 ac
V1*F8 141.23 a 18.99 ac 30.89 bd 44.89 ac 3351.19 d 3.39 bd 41.41 ab 8.49 ab
V2*F1 87.18 f 16.91 bd 23.14 ef 36.5 fg 3797.59 c 3.05 eh 39.38 gh 7.98 bc
V2*F2 101.13 ef 17.36 bd 36.19 ab 40.26 df 4054.35 ac 3.43 ac 40.31 cf 8.29 ac
V2*F3 104.98 df 18.26 ac 33.11 ac 44.89 ac 3960.33 bc 3.31 bd 39.4 gh 8.49 ab
V2*F4 103.12 ef 17.09 bd 27.91 ce 39.96 df 4057.75 ac 3.33 bd 40.65 bc 8.46 ac
V2*F5 106.77 df 19.55 ab 40.28 a 46.82 ab 4242.04 ab 3.53 ab 39.72 dh 8.6 ab
V2*F6 102.22 ef 17.8 ad 37.92 ab 45.29 ac 4261.83 ab 3.45 ac 40.45 ce 8.56 ab
V2*F7 105.89 df 18.78 ac 36.21 ab 45.53 ac 4187.41 ab 3.4 bd 40.53 ce 8.54 ab
V2*F8 107.96 ce 20.21 a 39.9 a 48.25 a 4333.69 a 3.64 a 41.66 a 8.71 a

Note: V1 = conventional cotton cultivar CIM 573; V2 = Bt cotton cultivar CIM 598; F1 = foliar application of distilled
water; F2 = Foliar application of moringa leaf extract; F3 = foliar application of nitrogen; F4 = Foliar application
of potassium; F5 = Foliar application of moringa leaf extract + Nitrogen; F6 = Foliar application of moringa leaf
extract + potassium; F7 = Foliar application of nitrogen + potassium; F8 = Foliar application of moringa leaf extract +
nitrogen + potassium.

Foliar applications of MLE and fertilizers had significant differences for most of the traits studied
at both years of field trials (Tables 7 and 8). Levels of foliar applications indicated significant effects
for the traits studied except staple length and fiber uniformity in 2017 (Table 8). The result of foliar
applications and their interaction with the cotton cultivars affirmed that the interaction of MLE with
nitrogen had more effect on plant height than the other interaction. This could be attributed to the
fact that the application of MLE and Nitrogen has encouraging effects as an activator of numerous
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enzymes involved in the cell division and enlargement that makes their effect more promising for the
plant height trait.

All the interaction effects had a significant influence on the traits studied, except ginning percent,
for the first year (2016), when compared to the foliar application of distilled water combined with
the cultivars for both trials. The interaction between V1 x F8 (conventional cotton cultivar CIM 573 x
foliar application of moringa leaf extract + nitrogen + potassium) had the highest and a significant
effect on the plant height and all other fiber quality traits, while for other traits the V2 x F8 (Bt cotton
cultivar CIM 598 x foliar application of moringa leaf extract + nitrogen + potassium) interaction had
superiority for both years.

In studying quality-related parameters, higher fiber fineness (less micronare value of 3.76 and
3.77 µg inch−1) was obtained from CIM 573 cultivars for both years. In the interaction of this cultivar
with different foliar applications, the V1 x F8 was recorded to have the highest and a significant
influence with other combinations at both years of field trials.

Table 8. Means and comparison (Duncan) of the cultivars, foliar applications and their interaction for
the fiber quality traits of cotton grown in 2017.

Treatment Levels

Fiber
Fineness

(µg inch−1)
(Micronaire)

Staple
Length
(mm)

Fiber
Maturity

Ratio

Fiber
Uniformity%

Fiber
Strength (g

tex−1)

Cultivars
V1 3.91 a 30.52 a 0.90 a 85.09 a 35.44 a
V2 3.77 b 28.26 b 0.86 b 83.44 b 28.62 b

Foliar applications

F1 3.77 b 29.12 a 0.86 c 83.87 a 31.65 d
F2 3.82 ab 29.54 a 0.88 ab 84.27 a 31.82 cd
F3 3.82 ab 29.28 a 0.87 bc 84.07 a 31.76 cd
F4 3.86 a 29.44 a 0.88 ab 84.35 a 32.27 ac
F5 3.83 ab 29.37 a 0.87 bc 84.34 a 31.84 cd
F6 3.87 a 29.52 a 0.88 ab 84.45 a 32.39 ab
F7 3.88 a 29.36 a 0.88 ab 84.38 a 31.95 bd
F8 3.89 a 29.5 a 0.89 a 84.41 a 32.55 a

Cultivars X Foliar
applications

V1*F1 3.83 bf 30.18 a 0.87 ce 85.27 a 34.93 d
V1*F2 3.89 ae 30.84 a 0.90 ab 85.22 a 35.14 bd
V1*F3 3.9 ad 30.34 a 0.88 bd 85.2 a 35.03 cd
V1*F4 3.92 ab 30.6 a 0.90 ab 85.15 a 35.81 ac
V1*F5 3.92 ac 30.49 a 0.89 bc 85.09 a 35.28 ad
V1*F6 3.93 ab 30.71 a 0.9 ac 85 ab 35.88 ab
V1*F7 3.94 a 30.42 a 0.9 ac 84.96 ab 35.48 ad
V1*F8 3.96 a 30.57 a 0.92 a 84.84 abc 35.94 a
V2*F1 3.71 g 28.05 b 0.84 f 83.69 bcd 28.37 f
V2*F2 3.74 fg 28.25 b 0.86 df 83.59 cd 28.5 ef
V2*F3 3.74 fg 28.21 b 0.85 ef 83.54 cd 28.48 ef
V2*F4 3.79 fg 28.28 b 0.86 df 83.54 cd 28.74 ef
V2*F5 3.74 fg 28.24 b 0.85 ef 83.54 cd 28.4 ef
V2*F6 3.8 eg 28.33 b 0.86 df 83.53 cd 28.9 ef
V2*F7 3.81 df 28.29 b 0.86 df 83.18 d 28.41 ef
V2*F8 3.82 cf 28.42 b 0.86 df 82.9 d 29.17 e

Note: V1 = conventional cotton cultivar CIM 573; V2 = Bt cotton cultivar CIM 598; F1 = foliar application of distilled
water; F2 = Foliar application of moringa leaf extract; F3 = foliar application of nitrogen; F4 = Foliar application
of potassium; F5 = Foliar application of moringa leaf extract + Nitrogen; F6 = Foliar application of moringa leaf
extract + potassium; F7 = Foliar application of nitrogen + potassium; F8 = Foliar application of moringa leaf extract +
nitrogen + potassium.

Association between the Traits

Correlation coefficient of cotton yield, its contributing components and fiber traits are necessary
to be detected in order to determine the suitable selection criteria required for the improvement of seed
cotton yields. There are strong correlations between the traits studied in this investigation, ranging
from the highest positive correlation of r = 0.988 (between staple length and fiber strength) to the
highest negative value of r = −0.823 (between chlorophyll content and staple length), as shown in
Table 9. Such an association will assist breeders in the future selection program of cotton genotypes.
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Table 9. Relationship between traits of the study (average of both years data), based on the Pearson’s correlation analysis showing correlation and P values.

Traits
Plant

Height
(cm)

Sympodial
Branches per

Plant

No. of
Harvested Boll

Chlorophyll
Content

(µmol m−2)

Seed Cotton
Yield (kg ha−1)

Mean Boll
Weight (g)

Ginning
Percent%

Seed Index
(g)

Fiber Fineness
(µg inch−1)

Staple
Length
(mm)

Fiber
Maturity

ratio

Fiber
Uniformity%

Sympodial
branches per plant

−0.087

0.750

No. of harvested
boll

−0.430 0.888

0.097 0.000

Chlorophyll
content

(µmol m−2)

−0.703 0.752 0.915

0.002 0.001 0.000

Seed cotton yield
(kg ha−1)

−0.357 0.874 0.933 0.882

0.175 0.000 0.000 0.000

Mean Boll weight
(g)

0.081 0.903 0.766 0.600 0.817

0.765 0.000 0.001 0.014 0.000

Ginning percent%
−0.112 0.857 0.855 0.724 0.866 0.835

0.679 0.000 0.000 0.002 0.000 0.000

Seed index (g)
−0.133 0.898 0.875 0.740 0.823 0.734 0.872

0.624 0.000 0.000 0.001 0.000 0.001 0.000

Fiber fineness
(µg inch−1)

0.915 −0.118 −0.395 −0.644 −0.273 0.125 −0.020 −0.148

0.000 0.664 0.130 0.007 0.307 0.643 0.941 0.584

Staple length
(mm)

0.925 −0.333 −0.605 −0.823 −0.488 −0.083 −0.295 −0.402 0.936

0.000 0.208 0.013 0.000 0.055 0.761 0.267 0.122 0.000

Fiber maturity
ratio

0.880 −0.126 −0.386 −0.615 −0.230 0.187 −0.015 −0.207 0.962 0.934

0.000 0.643 0.140 0.011 0.390 0.488 0.955 0.433 0.000 0.000

Fiber uniformity%
0.935 −0.247 −0.507 −0.758 −0.405 −0.009 −0.192 −0.297 0.958 0.981 0.947

0.000 0.356 0.045 0.001 0.119 0.973 0.476 0.264 0.000 0.000 0.000

Fiber strength
(g tex−1)

0.924 −0.406 −0.677 −0.882 −0.584 −0.184 −0.395 −0.455 0.907 0.988 0.890 0.966

0.000 0.119 0.004 0.000 0.018 0.495 0.130 0.077 0.000 0.000 0.000 0.000
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Framing a relationship between the traits and distortion strength of their parameters could be
figured out via the regression line. Plant height and fiber uniformity are identified to have a high
adjusted regression value of 86.6% (Figure 1) for their relation (r = 935). Chlorophyll content also has
a significant direct association (P value = 0.000) to seed cotton yield, giving a reasonable regression
value in the regression plot between these two traits (Figure 2).
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4. Discussion

MLE being rich source of growth regulating hormones such as zeatin, antioxidants including
phenolics, ascorbate and nutrients (K, Ca, Mg, Zn, Fe) significantly improved the growth, yield
and fiber quality traits [18]. Exogenous application of MLE might alter the endogenous cytokinin
levels; the enhanced contents stimulate cell division resulting in significantly higher growth and
yield-contributing parameters [19]. These facts have been reflected to give the highest seed cotton
yield for CIM-598 cultivar when MLE is combined with N and K in both years. This combination made
the photosynthetic and enzyme activity increase [19]. Part of the activities are due to the vital role of
MLE in the growth and development of cotton yield and fiber quality [24]. Foliar spray of MLE and
nitrogen prevents the abscission of squares and bolls, thus increasing the number of bolls and also
stimulating the mobilization and accumulation of photosynthates in newly formed bolls, making the
number of bolls and their weight increase [25]. Potassium also contributes positively to the quality
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of cotton that has been affirmed by the production of longer cotton fiber under sufficient potassium
nutrition [26].

The variation in growth, yield and fiber quality parameters between the two cotton cultivars is
attributed to the use of different types of genetic material and efficient utilization of inputs and natural
resources [27]. A more significant increase in the number of harvested bolls for CIM 573 than in CIM
598 was realized in both years. Differences in the performance of this trait were realized due to the
effect of foliar applications and also for their interaction with both cotton cultivars. A higher number of
bolls per plant was observed with the application of MLE. This might be due to the richness of MLE in
micro and macro-nutrients and zeatin as a growth-promoting hormone. They had a positive effect on
the photosynthesis rate that accelerated the blossoming and formation of a higher number of bolls [28].
This could be due to the available zeatin that allows the plant to stay green for a longer period
of time giving adequate time to express their genetic power for flowering and boll formation [29].
The combination of three application elements (MLE+N+K) had the highest boll number in both
years. Increasing photosynthetic rate and assimilation of carbohydrate supply during the reproductive
phase into the bolls could be among the main reasons for increasing the productivity of boll number
and cotton yield [25]. Reverse action of the low productivity of photosynthetic assimilation and
transportation toward the bolls might be a reason for low productivity in control treatment [30].
Combined application of MLE +N+K returned more net benefits from both cotton cultivars in both
years. This combination has enhanced the yield either by altering the distribution pattern of dry matter
or by regulating the growth attributes in crop plants [31].

Tensile strength is affected by the length and strength of cotton. Low strength fiber makes the
manufacturing process of fiber difficult. The fiber strength was valued more in CIM 573 for both
years of experimental trials, indicating the effect of genotypes on fiber strength of cotton. The other
investigation exhibits a difference in fiber strength among variable cotton genotypes [32]. Influencing
of fiber strength by both genetics and environmental conditions was also reported previously [33].

The three elements of MLE+N+K had a realized role in fiber development and hence the foliar
spray of this combination improved the fiber properties of cotton. Development of micronaire,
staple length, fiber maturity and uniformity, and fiber strength, in our result showed consistency in
the response of fiber quality parameters to this combination in both years of field trials, by playing
a significant role in fiber development and improved cell elongation [34]. Differences in micronaire
values due to different genotypes have also been reported by other researchers [35].

To determine the effect of year trials on the studied characteristics, both cotton cultivars had
consistent expression for all quality traits studied. CIM 573 cultivar was superior having highly
significant effect on cotton quality traits compared to CIM 598 in both year trials, while the cultivars
had different scenarios for agronomic traits during both field trials. CIM 598 gave higher seed cotton
yield and exceeded the yield of CIM 573 by 285 kg/ha for the first year, while in 2017, CIM 573 showed
better expression in the ambient environment as it exceeded CIM 598 in the seed cotton yield by
more than a ton/ha. This expression could be related to the persistency of quality traits of cotton
cultivars to different environmental conditions in 2016 and 2017, and these traits are explained to
be under the effect of single or few genes, while the agronomic traits were more fluctuated with
different environmental conditions in both years due to multi-gene controls of the agronomic traits [36].
The persistency of such expression patterns for both cotton cultivars was reflected in their interaction
effects with different foliar applications for both years. In terms of the effect of foliar application on the
expression of the traits studied for both years, the application of MLE +N+K had a consistent pattern
in having a highly significant effect on agronomic and quality traits of cotton during 2016 and 2017
field trials.

Plant height was found to have a strong and positive correlation with the quality parameters,
having the highest correlation with fiber uniformity (r = 0.935). This association was also affirmed via
the regression plot between these parameters giving a highly adjusted regression value of r2 = 86.6%
(Figure 1). Same trend of association between the plant height, yield and its components in cotton was
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observed by Nizamani et al. [37]. Staying for adequate time in the growing period made the plants
have enough time, while it positively improved the quality of bolls and fiber quality. Other traits such
as symbodial branch/plant, number of harvested boll, chlorophyll content, seed cotton yield, mean boll
weight, ginning percent, and seed index have a negative correlation with the quality parameter traits.
In another study conducted by Erande et al. [38] micronaire value was found to exhibit a negative
association with seed cotton yield. Chlorophyll content can be used as a strong indicator in advance
to predict the quality parameter. It is also a reasonable signal for the yield and its component traits,
which is affirmed here in this correlation matrix (Figure 2). Both the yield and quality parameters
in cotton have to be developed simultaneously, while their negative associations make the selection
program difficult, as the mating progress will be necessary to break this linkage [39].

5. Conclusions

Exogenous application of MLE alone and in combination with nitrogen and potassium could be
used to improve the productivity and quality of cotton. Exogenous application of MLE has a great
effect on photosynthetic and enzymatic activities that appropriate the efficiency of utilizing nutrients
and thereby improve the growth and seed cotton yield and quality characters in cotton. Different
applications created variable environmental conditions to allow the genetic potential of the cotton
cultivars to be expressed. The cotton cultivars indicated consistent expression for the all quality traits
studied in 2016 and 2017 field trials. The conventional cotton cultivar (CIM 573) was superior for
the yield in 2017 trial and for cotton quality traits at both year trials. The fluctuation in the cultivars’
expression of an agronomic trait is referring to the additive gene effect for controlling yield and most of
the yield-related traits. This behavior of both cotton cultivars had similar patterns in their interactions
with different foliar applications during the field trials. The correlation coefficient indicated a strong
association between the agronomic and quality traits. This fact is also clear in the regression analysis
between plant height and fiber uniformity with a highly adjusted regression value of 86.6. There is
a high association between the studied characteristics suggesting that one or more yield traits can be
used as selection criteria to improve the yield and quality of cotton.
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