P-ISSN: 2349-8528
E-ISSN: 2321-4902

WWwWWw .(‘,llL‘llli.iUlll‘llil].(’,()]l'l
1JCS 2020; 8(1): 2741-2753
© 2020 1JCS

Received: 07-11-2019
Accepted: 09-12-2019

MR Thakur

Soil and Water Management,
NARP Phase 11, Cotton
Research Sub Station, Navsari
Agricultural University,
Achhalia, Gujarat, India

Corresponding Author:

MR Thakur

Soil and Water Management,
NARP Phase 11, Cotton
Research Sub Station, Navsari
Agricultural University,
Achhalia, Gujarat, India

International Journal of Chemical Studies 2020; 8(1): 2741-2753

Studies

International Journal of

Square formation, boll retention, yield and
quality parameters of Bt and non-Bt cotton in
relation to plant density and NPK levels
MR Thakur

DOI: https://doi.org/10.22271/chemi.2020.v8.i1ap.8685

Abstract

A Two year experiment was conducted to study the effect of plant densities and NPK levels on Bt and
non-Bt cotton in split plot with four replications. The result shows that non-Bt cotton produced taller
plant, more monopodia and sympodia, higher leaf area index (LAI). Whereas, Bt cotton had maximum
specific leaf weight (SLW), net assimilation rate (NAR), square formation rate (SFR), fruit production
efficiency (FPE), boll retention efficiency (BRE), boll growth rate, yield attributes and thus produced
higher seed cotton yield than non-Bt. Bt cotton minimized the boll maturation period and impart earliness
in cotton. The Bt cotton enhanced ginning out turn whereas, staple length and micronaire value remained
higher in non-Bt. As regards plant density, spacing of 90x60cm recorded more monopodia and sympodia,
maximum SLW, NAR, SFR, BRE, picked bolls and seed cotton yield per plant than 90x45cm. On
contrary higher plant density under 90x45cm spacing increased plant height, LAI, FPE and seed cotton
yield per ha. Each increased level of NPK significantly increased plant height, number of monopodia,
sympodia and LAI over lower level. The application of 75:37.5:37.5kg NPK ha* significantly increased
SLW, NAR, SFR, FPE, BRE, boll growth rate, boll weight, picked bolls, seed cotton yield per ha and
augment the lint quality traits like uniformity ratio and micronaire value over lowest level of NPK i.e.
50:25:25kg NPK ha't. However, lowest level of NPK improved the lint elongation.

Keywords: Bt and non-Bt cotton, growth, square formation rate, boll retention efficiency, NPK levels,
spacing

Introduction

Cotton is an important cash crop has been remained mainstay of millions of farmers in world
as well as in India. The technological improvement in cotton cultivation like development of
hirsutum hybrids, chemical means of pest control, use of chemical fertilizer on large scale and
increase in area under irrigation has transformed India from importer to global exporter in raw
cotton. This technological shift boosted Indian cotton productivity from mere 99kg ha* during
1950-51 to 302kg ha during 2002-03, which accounts 205 per cent rise in five decades.
However, spectacular rise of 160 to 180 per cent occurred in cotton productivity in just last
one and half decade can be credited to Bt cotton and other technological step up. The
development of Bt cotton, containing a genetically introgressed endotoxin gene from the gram
negative soil bacteria (Bacillus thuringiensis Hubner) represents a significant technological
landmark in the global cotton research and Indian cotton farming. Prior to the introduction of
Bt cotton in India, about 40672 tonnes of pesticides were sprayed on this crop which occupied
only 5 percent of the cultivated area (Bambawale and Jeyakumar, 2009) 4. During the post Bt
cotton era, between 2002 and 2006, there was significant reduction in the insecticide use to the
tune of 9000 tons, valued approximately US$ 80 million (ISAAA, 2009) 129, Presently, out of
total cotton area of 12.24 million ha in India 93 percent is covered by Bt cotton. Though the
adoption of Bt cotton considerably increased Indian cotton productivity (480kg ha™) but it is
lower than major cotton growing countries like Australia (1814kg ha*), China (1726kg ha't),
Brazil (1636)kg ha'), Egypt (751kg ha') and Pakistan (699kg ha'). In India majority of cotton
grown under rainfed condition represents 65.10 per cent of total cotton cultivated area. The
uncertain and erratic nature of rainfall in rainfed area adversely affect the growth (Sahito et al.,
2015) 9 proportion of vegetative and reproductive biomass (Hassan et al., 2016) 7], square
and boll setting by affecting assimilates supply to young fruiting bodies (Pettigrew, 2004) 39,
boll weight and finally yield.
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The Bt cotton known to differ in morphological, phenological
and physiological characteristics than non-Bt (Chen et al.,
2002 1 and Thakur et al., 2017) 9, Past studies revealed that
Bt cotton hybrids had short stature (Mayee et al., 2004 [2])
due to fever branches and smaller leaves (Sahai and Rahman,
2003 B8, but retained more bolls at a early stage (Hebbar et
al., 2007 [*8) and more efficient in mobilizing photosynthates
to sink (Prakash et al., 2008 [B3). This altered agronomic
characteristics in Bt cotton provide opportunity to
accommodate more number of plants per unit area and escape
late season moisture stress occurred due to early withdrawal
of monsoon in rainfed area and thereby increase cotton
productivity per unit area. But retention of more bolls in Bt
cotton at a early stage certainly needs more nutrients in a
particular period. Thus taking into consideration the above
aspect, this experiment was conducted for comparative
assessment of Bt and no-Bt cotton in respect of growth,
fruiting nature and its retention, boll characteristics, yield and
quality at a different plant densities and NPK levels under
rainfed situation.

Materials and Methods

This experiment was conducted at Cotton Research Unit, Dr.
Panjabrao Deshmukh Krishi Vidyapeeth, Akola during 2008-
09 and 2009-10. The experimental site was situated at 22° 42’
N latitude and 77° 02’ E longitude with an altitude of 307.4
meters above the mean sea level. The climate of the site is hot
during summer and general dryness throughout the year
except during South-West monsoon. Soil of the experimental
field was clayey in texture (Sand 24.15%, Silt 26.50% and
Clay 49.35%), slightly alkaline in reaction (pH 8.15), salt free
(EC 0.40 dSm™), low in the organic carbon (0.40%), available
nitrogen (150.53kg ha?) and available phosphorus (15.97kg
hal) and fairly high in available potassium (394.50kg ha).
Available sulphur content was 28.63kg ha?, whereas
available Zn, Fe, Mn and Cu were 0.610, 5.574, 8.327 and
2.261ppm, respectively. The experiment consisted of two
cotton hybrids viz., Bt and non-Bt of same genotype NCS
145, two spacing viz., 90 x 60cm (recommended for non-Bt)
and 90 x 45cm and three NPK levels viz., 50:25:25kg NPK
ha! (recommended for non-Bt), 62.5:31.25:31.25kg NPK ha
and 75:37.5:37.5kg NPK hal. Experiment was layout in split
plot design with four replications. Treatment combinations of
cotton hybrids and spacing were allotted to main plots,
whereas NPK levels were taken in subplots. Two seeds of
cotton were dibbled at each point as per treatment in the first
week of July, during both the years and after successful
emergence, thinning was carried out to maintain single plant
at each hill. Half of the N and full dose of P and K were
applied as basal application at the time of sowing through
urea, SSP and MOP, respectively and remaining half dose of
N was top-dressed at 30 days after sowing (DAS) as per
treatments. The fertilizers were side drilled 15cm apart from
crop row at 7.5cm depth. Field was kept weed free during the
period of experimentation. Similarly, necessary plant
protection measures were carried out as and when population
incidence of particular pest reached to ETL in a particular
treatment.

The height of the main stem from the first basal node to the
base of the last unfolded leaf, number of monopodia and
sympodia of each of the five plants selected at random in the
rows of net plot were recorded at a last picking and mean was
worked out. The one plant in each plot taken at periodic
interval for leaf dry matter and total dry matter was used for
calculation of leaf area as per method described by Ashley et
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al. (1963) . Specific leaf weight was calculated by dividing
leaf dry weight with leaf area and expressed as g/dm?. The net
assimilation rate was calculated as per Williams (1946) 51,
The square formation rate indicates the rate of formation of
new squares (fruiting positions) was calculated by following
formula:

Total fruiting position at P,-P;
T,-T,

Square formation rate (No. of squares day™) =

Where, P, and P; are number of total fruiting positions at time
T, and Ty in days.

Whereas total fruiting positions include total aggregate
number of squares, flowers and bolls including abscised and
damaged fruiting bodies by bollworm up to stage of
observation according to Wells and Meredith Jr. (1984) 50,
Fruit production efficiency indicates proportion of dry matter
partitioned to reproductive structures out of total dry matter of
plant was estimated with formula:

Weight of reproductive structures plant™!

Fruit production efficiency (g kg™ dry weight) = Total dry weight produced plant”

Boll retention efficiency was calculated at periodic interval by
expressing number of intact bolls per plant as a percentage of
total fruiting positions per plant. Boll maturation period
indicate the time required in days from appearance of first
flower to first boll split. Whereas, boll growth rate was
calculated according to Reddy et al. (1999) 3. Numbers of
picked bolls on five observational plants were counted at each
picking and average was determined. The average boll weight
was calculated by dividing the total yield of five plants by
total number of picked bolls from five observational plants.
The seed cotton yield of each picking on five observational
plants was measured and average was calculated to get per
plant seed cotton yield. Earliness index was calculated by
using Bartlett’s formula as it was considered to be the most
reliable method by Sivasubramanian (1962) “4. Earliness
index was assessed on the basis of weight of seed cotton
obtained at each of the pickings in relation to total number of
pickings.

PH+{P1+P)+ (P1+PF1~-—Fu)
P+ P2+ —— Pr)

Earlinezs index =

Where, P41, P> and P, are the weight of seed cotton collected in
1%, 2" and n" pickings and ‘n’ is total number of pickings
taken.

Ginning out turn (%) of different treatments was calculated by
ginning 500 g of seed cotton picked from first picking. Fiber
properties were studied based on 100 g lint obtained from first
picking. The lint samples were analyzed at Ginning Training
Centre, Central Institute for Research on Cotton Technology
(ICAR), Nagpur, India. The statistical analysis of data was
carried out as per method described by Gomez and Gomez
(1984) 1241,

Result and Discussion

Plant height

Cotton being a crop of indeterminate growth habit continued
to grow in height till its uprooting. Among cotton hybrids
non-Bt recorded significantly highest plant height than Bt
cotton (Table 1). The more boll load at early stage in Bt
cotton diverted photosynthates towards bolls which might
have break the apical dominance and thus impede plant height
in Bt cotton hybrid. Similar differences in the plant height due
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to Bt and non-Bt cotton hybrids were reported by Ansingkar
et al. (2005) [ and Srinivasulu et al. (2006) ¢, The spacing
of 90x45cm resulted marked increase in plant height over
90x60cm. The increased in plant height with increase in plant
population per unit area was also observed by Singh et al.
(2007) 2, Increase in levels of NPK by and large increased
the plant height progressively. This result attributed to more
availability of nutrients with increase in the application rate,
which might have increased all vital physiological processes,
which in turn facilitated translocation of photosynthates to the
growing meristematic tissues. This result corroborates the
findings of Sisodia and Khamparia (2007) (431,

Number of monopodia and sympodia plant?

The non-Bt cotton produced significantly more number of
monopodial and sympodial branches than Bt cotton (Table 1).
The less number of monopodia and sympodia in Bt cotton
might be because of more fruiting load at a early stage. As
initiation of reproductive growth and it’s timing with respect
to vegetative development has large effect on production of
growth structures. Srinivasan (2006) [ also observed
considerable reduction in number of monopodial and
sympodial branches in Bt cotton over non-Bt. The wider
spacing of 90cmx60cm recorded more numbers of sympodia
and monopodia per plant than 90cmx45cm. Attenuation of
light by top leaves of closely spaced cotton plants might have
increased the intermodal length and consequently plant height
to harness more solar radiation, thus most of the
photosynthate consumed in vertical growth restricted
horizontal structural growth under 90x45cm spacing. The
more number of monopodia and sympodia per plant under
low plant density was also reported by Bhalerao et al. (2008?)
[l and Reddy and Kumar (2010) 1. Significant increase in a
number of monopodia and sympodia per plant were noted
with every successive increase in level of NPK. The linear
response of cotton in respect of increased in number of
monopodia and sympodia to every increased in level of NPK
might be associated with increase in rate of morphogenesis
and consequently production of more numbers of branches
per plant. Earlier, Kalaichelvi (2009) % also reported the
beneficial effect of application of higher level of nutrients on
the number of branches in cotton.

Leaf area index (LAI)
The Bt and non-Bt cotton hybrids differed significantly
among themselves for LAI at all the stages of observations
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(Table 1). The non-Bt cotton recorded significantly highest
LAl over Bt cotton. Further it was also observed that
difference in Bt and non Bt cotton in respect to LAI became
more perceptible as the age of cotton crop advanced towards
maturity where Bt cotton exhibited declined trend. Early
retention of bolls and partitioning of more photosynthates
towards sink might have reduced production of new leaves
and consequently leaf area and LAl in Bt cotton. Significant
reduction in LAI in Bt cotton hybrids over non-Bt cotton
hybrids were also observed by Rekha (2007) 7 and Gangaiah
et al. (2013) 4, The plants under 90x45cm spacing recorded
significantly higher values of LAI over 90x60cm. This
indicates that narrow spaced cotton plant produced maximum
leaf area per unit land area over wider spaced cotton plant.
Nagender et al. (2017) 28 also reported significantly highest
LAI under closest plant spacing than wider. Each increase in
the NPK level resulted in significant increase in LAI over its
preceding lower level at all the stages of observations. The
significant gain in LAI with increase in NPK level could be
attributed to more number of functional leaves and thus leaf
area because of improvement in NPK availability that
facilitated the plant to grow vigorously. Similar effect of NPK
levels on LAI was also observed by Sankaranarayanan et al.
(20112) 41,

Specific leaf weight (SLW)

Kerby et al. (1980) ! opined that plant with higher SLW had
more photosynthetic capability for dry matter production.
Thus influence of spacing and NPK levels on SLW of Bt and
non-Bt cotton was studied at 60, 90 and 120 DAS (Table 2).
Bt cotton hybrid recorded significantly higher value of
specific leaf weight at 90 and 120 DAS than non-Bt cotton,
however at 60 DAS result was non-significant. The leaves of
the wider spaced (90x60cm) cotton plant recorded
consistently significantly maximum SLW than narrow spaced
(90x45cm) cotton leaves. Similar result was also reported by
Pettigrew et al. (2013) Y. As regard NPK levels, progressive
increase in a specific leaf weight with increase in NPK level
was observed at 60 DAS; however, at 90 and 120 DAS
application of 75:37.5:37.5kg NPK ha* recorded significantly
higher wvalue in this respect but was at par with
62.5:31.25:31.25kg NPK ha. Similar relation of SLW with N
fertilization in cotton was reported earlier by Bondada and
Oosterhuis (2001) -

Table 1: Growth attributes of Bt and non Bt cotton as influenced by spacing and fertilizer levels (pooled of two years)

Leaf area index

Treatments Plant height (cm) No. of monopodia plant-1 No. of sympodia plant-1 60DAS | 90DAS |120 DAS
Cotton hybrids
Bt Cotton 80.25b 1.37b 20.93b 0.545b 0.617b| 0.532b
Non-Bt Cotton 87.39% 2.10a 26.21a 0.596a 0.724a| 0.821a
S.E.(m) + 1.07 0.04 0.31 0.008 0.010 | 0.010
LSD (p = 0.05) 3.41 0.12 0.99 0.025 0.032 | 0.031
Spacing (cm)
90x60 81.71b 1.93a 24.84a 0.505b 0.634b| 0.609b
90x45 85.93a 1.55b 22.31b 0.636a 0.707a| 0.744a
S.E.(m+ 1.07 0.04 0.31 0.008 0.010 | 0.010
LSD (p = 0.05) 3.41 0.12 0.99 0.025 0.032 | 0.031
NPK levels (kg ha-1)

50:25:25 80.66b 1.46¢ 21.57c 0.549c 0.624c| 0.638c
62.5:31.25:31.25 83.34b 1.71b 23.93b 0.570b 0.670b| 0.676b
75:37.5:37.5 87.46a 2.04a 25.23a 0.592a 0.717a| 0.715a
S.EE(m= 0.99 0.03 0.25 0.005 0.012 | 0.011
LSD (p = 0.05) 2.88 0.08 0.73 0.014 0.035 | 0.033
Mean 83.82 1.73 23.57 0.571 0.670 | 0.677

Means sharing different letters differ significantly at p<0.05
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Net assimilation rate (NAR)

NAR indicates the net gain of photosynthetic assimilates
relative to leaf area and time. Even though the NAR differed
significantly due to different treatment, it declined as the
season progressed in all the treatment (Table 2). Among the
cotton hybrids, Bt cotton recorded significantly highest NAR
between 31-60 and 61-90 DAS; however, during 91-120 DAS
corresponding result was obtained with non-Bt cotton. The
higher values of NAR in Bt cotton at an initial stage was the
result of retention of more numbers of bolls at an early stage
compared to non-Bt. However, gain in NAR in non-Bt during
91-120 DAS might be the result of delayed boll setting
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because of considerable loss of fruiting bodies by bollworms.
Wider spacing (90x60cm) resulted in highest NAR over
narrow spacing (90x45cm) between 31-60 and 61-90 DAS,
whereas between 91-120 DAS the result was non-significant.
This indicates that the shading of lower leaves at high LAI in
closer spacing is partially responsible for the decrease in
NAR. Furthermore, higher SLW under low plant density was
responsible for higher NAR (Pettigrew and Meredith, 2012
[32) NPK levels did the significant influence on NAR
between 31-60 DAS only. The each increment in NPK level
significantly increased the NAR at this stage.

Table 2: Specific leaf weight and net assimilation rate of Bt and non Bt cotton as influenced by spacing and fertilizer levels (pooled of two

years)
Treatments Specific leaf weight (g/ dm2) Net assimilation rate (NAR) (g/dm2/day)
60DAS | 90DAS | 120DAS 31-60DAS | 61-90DAS | 91-120 DAS
Cotton hybrids
Bt Cotton 0.981a 1.334a 1.361a 0.2100a 0.0921a 0.0085b
Non-Bt Cotton 1.015a 1.245b 1.301b 0.1995b 0.0685b 0.0239%a
S.E.(m) + 0.015 0.010 0.017 0.0031 0.0026 0.0026
LSD (p = 0.05) NS 0.032 0.056 0.0098 0.0083 0.0082
Spacing (cm)

90x60 1.073a 1.351a 1.431a 0.2139% 0.0857a 0.0155a
90x45 0.923b 1.228b 1.230b 0.1957b 0.0748b 0.0170a
S.E.(m) + 0.015 0.010 0.017 0.0031 0.0026 0.0026

LSD (p = 0.05) 0.048 0.032 0.056 0.0098 0.0083 NS

NPK levels (kg ha-1)

50:25:25 0.822c 1.196b 1.212b 0.1765¢c 0.0790a 0.0177a
62.5:31.25:31.25 1.030b 1.311a 1.360a 0.2117b 0.0806a 0.0151a
75:37.5:37.5 1.142a 1.362a 1.421a 0.2262a 0.0812a 0.0158a
S.E.(m)#+ 0.021 0.036 0.026 0.0037 0.0022 0.0025

LSD (p =0.05) 0.060 0.104 0.076 0.0108 NS NS
Mean 0.998 1.290 1.331 0.2048 0.0803 0.0162

Means sharing different letters differ significantly at p<0.05
NS: Non significant

The relation between LAI and NAR (Figure 1) indicates that
NAR increased up to 0.4 LAI and declined thereafter in non-
Bt cotton. Whereas in Bt cotton NAR increased consistently
in accordance with LAI. The consistent increased in NAR in
according to LAI in Bt cotton attributed to successful
conversion of most of the newly formed squares in developed
bolls; on the contrary in non-Bt cotton bollworm infestation

caused its significant loss (Thakur et al. 2018 [“8]). Specific
leaf weight has also showed the marked influence on NAR
(Figure 2); in both Bt and non-Bt cotton NAR increased with
increasing specific leaf weight up to the value of 0.9 and 0.8,
respectively and decline thereafter. The LAI and SLW can be
used successfully to predict NAR in cotton.

0.24 -

0.20 1

=
-
&
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NAR (g/dm?/day)

0.04 -
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0.00 7 T T
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Non-Bt cotton: y = -1.486x? + 1.275x - 0.052, R* = (.90
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Fig 1: Relation between leaf area index and net assimilation rate
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Fig 2: Relation between specific leaf weight and net assimilation rate.

Square formation rate (SFR)

The square formation rate which indicates the capacity of
cotton plant to form new square as influenced by different
treatments is depicted in Figure 3. The SFR was significantly
higher in Bt cotton at a early stage i.e. between 41-61 DAS
than non-Bt cotton. Whereas at subsequent stages the
corresponding result was obtained with non-Bt cotton (Figure
3a). The significant declined in rate of square formation in Bt
cotton at later stages might be the result of conversion of
more numbers of squares to bolls and its successful retention
in Bt cotton. Thus resulted in intra plant competition for
photosynthates within retained fruiting bodies in Bt cotton
which restricts the formation of new sympodia and
consequently new squares. On the contrary because of less
boll setting due to bollworm damage, non-Bt cotton put forth
the new growth continuously in latter stages and maintained
higher SFR than Bt cotton. The spacing did the significant
influenced on SFR during 41-61 DAS only (Figure 3b). The
spacing of 90x60cm recorded higher SFR during this stage
than 90x45cm. Levels of NPK significantly influenced the
SFR at a different growth stages, except during 61-89 DAS
(Figure 3c). However, the influence of NPK levels on SFR
was not consistent during different growth stages of cotton.
During 41-61 DAS each increase in NPK level significantly
increased the rate of square formation over its preceding
lower level. Whereas during 89-117 and 152-194 DAS
application of 50:25:25kg NPK ha-1 showed maximum SFR
over subsequent higher levels of NPK. During 117-152 DAS
application of 75:37.5:37.5kg NPK ha-1 recorded
significantly maximum SFR over 50:25:25kg NPK ha-1 but
was at par with 62.5:31.25:31.25kg NPK ha-1.

Fruit production efficiency (FPE)

Fruit production efficiency is the dry weight of fruiting
structures per total dry weight of plant, indicates proportion of
dry matter partitioned to reproductive parts. Data depicted in
Figure 4 showed that FPE increased as crop advanced towards
maturity. This was due to gain in bolls weight per plant. The
FPE was significantly higher in Bt cotton at all the stages of
growth than non-Bt (Figure 4a). This was the result of
retention of more numbers of bolls in Bt cotton at a early
stage than non-Bt. Tayade and Dhbale (2009) ®7 also
reported that Bt cotton partitioned more dry matter towards
bolls than non-Bt. The spacing of 90x45cm effectively
partitioned dry matter towards fruiting structures and recorded
significantly higher value of FPE over 90x60cm at 61, 152
and 194 DAS; however, at 89 and 117 DAS the result fails to
attain the level of significance (Figure 4b). Proportionate
increase in reproductive dry matter with increase in the plant
density was also noted by Hakoomat et al. (2009) [*5l. The
levels of NPK did the significant influence on FPE at 61, 117
and 152 DAS (Figure 4c). At an initial stage i.e. 61 DAS
application of 75:37.5:37.5 and 62.5:31.25:31.25kg NPK ha-1
were equally effective for increasing fruit production
efficiency over 50:25:25kg NPK ha-1. However, the trend
among the NPK levels changed with the advancement of
cotton crop to maturity. At 117 and 152 DAS application of
50:25:25kg NPK ha-1 recorded significantly higher value of
fruit production efficiency over 75:37.5:37.5kg NPK ha-1 but
was at par with 62.5:31.25:31.25kg NPK ha-1 at 117 DAS.
This shift in trend and declined in the fruit production
efficiency at later stages may be attributed to proportionate
increase in vegetative growth with increase in NPK
application rate.
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Fig 3: Square formation rate (SFR) as influenced by Bt and non-Bt cotton, spacing and NPK levels at different crop growth stages (pooled of
two years).
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Fig 5: Boll retention efficiency as influenced by Bt and non-Bt cotton, spacing and NPK levels at different crop growth stages (pooled of two
years). Error bars indicate SE +. The same letter indicates no significant difference (p = 0.05).
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Boll retention efficiency (BRE)

Boll retention efficiency indicates the percent of intact bolls
on the plant to total fruiting positions formed (Figure 5).
Overall boll retention efficiency increased up to 117 DAS, but
thereafter decreased slightly; this indicates poor boll setting
from newly formed squares which might be because of more
competition within existing bolls for assimilates. Among the
cotton hybrids Bt cotton recorded significantly higher value of
BRE at all the stages of observation over non-Bt cotton
(Figure 3a). Further it is interesting to note that difference
between Bt and non-Bt cotton in respect of BRE was wide at
an initial stage (61 DAS) and it narrowed down as the crop
progressed towards senescence. This might be because of
conversion of considerable number of squares to bolls at an
early stage of fruiting in Bt cotton due to less damage to
fruiting structures by bollworm than non-Bt. Rao and Alapati
(2007) B4 also narrated that Bt cotton retains more bolls than
non-Bt at an early stage. The spacing of 90x60cm
significantly increased the BRE over 90x45cm at all the
stages of observations. This indicates the benefit of soil
moisture and nutrient to individual plant under lower plant
density because of less competition. The increased in boll
retention with decrease in the plant density was also reported
by Munir et al. (2015) 1. Among NPK levels, application of
75:37.5:37.5kg NPK ha-1 recorded significantly higher value
of BRE over 50:25:25kg NPK ha-1 but was at par with
62.5:31.25:31.25kg NPK ha-1 at all the growth stages. This

http://www.chemijournal.com

might be attributed to mobilization and accumulation of
assimilates in newly formed bolls with increase in availability
of NPK; as NPK plays a major role in leaf area development
and assimilate synthesis. Moreover, cell walls thickening in
peduncle of developed bolls avert the formation of the
abscission layer (Crozat et al. 1999 1) and consequently boll
drop. Increased in number of bolls per plant with increase in
N application was observed by Ayissaa and Kebedeb, (2011)
(3]

Boll growth rate and boll maturation period

The data presented in Table 3 showed that Bt cotton had
significantly higher boll growth rate and required significantly
less number of days for boll maturation than non-Bt cotton.
This may be because of retention of early formed squares on
lower canopy and its successful conversion in to bolls in Bt
cotton hybrid which acquired the benefit of soil moisture as it
is limiting factor at later stages of cotton growth under rainfed
condition. The effect of spacing on boll growth rate and boll
maturation period was non-significant. In case of NPK levels,
application of 75:37.5:37.5kg NPK ha-1 significantly
hastened the boll growth rate over 50:25:25kg NPK ha-1 but
was at par with 62.5:31.25:31.25kg NPK ha-1. This result
indicates that proper plant nutrition increases the rate of boll
development process indirectly through its direct role in
assimilates synthesis and its translocation to sink. Boll
maturation period remained unchanged due to NPK levels.

Table 3: Yield attributes, yield and earliness in Bt and non Bt cotton as influenced by spacing and fertilizer levels (pooled of two years)

Treatments Boll growth rate| Boll maturation No. of picked Average boll |Seed cotton yield| Seed cotton yield Egrliness
(mg day-1) period (days) bolls plant-1 weight (g) plant-1 (g) (kg ha-1) index
Cotton hybrids
Bt Cotton 81.03a 46.40b 20.78a 3.74a 52.62a 1019.68a 0.85a
Non-Bt Cotton 69.28b 55.88a 17.23b 3.85a 44.87b 900.39b 0.71b
S.E. (m)x 1.01 0.51 0.40 0.04 0.86 13.20 0.01
LSD (p = 0.05) 3.23 1.62 1.29 NS 2.75 42.22 0.04
Spacing (cm)
90x60 75.31a 51.13a 20.72a 3.80a 51.81a 902.05b 0.78a
90x45 74.99a 51.15a 17.29b 3.79% 45.68b 1018.03a 0.78a
S.E. (m)x 1.01 0.51 0.40 0.04 0.86 13.20 0.01
LSD (p = 0.05) NS NS 1.29 NS 2.75 42.22 NS
NPK levels (kg ha-1)
50:25:25 73.59b 51.03a 17.22b 3.71b 44.69b 918.63b 0.79a
62.5:31.25:31.25 75.42ab 51.06a 19.39% 3.80ab 50.38a 976.96a 0.78a
75:37.5:37.5 76.45a 51.31a 20.39% 3.88a 51.16a 984.52a 0.78a
S.E. (m)x 0.64 0.22 0.34 0.03 0.98 14.16 0.01
LSD (p = 0.05) 1.86 NS 1.00 0.09 2.86 41.33 NS
Mean 75.15 51.14 19.00 3.80 48.74 960.04 0.78

Means sharing different letters differ significantly at p<0.05
NS: Non significant

A strong positive relationship was existed between NAR and
boll growth rate with slope increased with increasing NAR in

both Bt and non-Bt cotton (Figure 6) indicating that NAR
could be used as an index of boll growth rate in cotton.
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Fig 6: Relation between boll growth rate and net assimilation rate.

Number of picked bolls per plant and average boll weight
Data in respect of number of picked bolls per plant and
average boll weight are presented in Table 3. The number of
picked bolls per plant is a function of square formation rate
and boll retention efficiency which is primarily depends on
photosynthetic efficiency of plant. Whereas efficient
translocation of photosynthates from source to sink govern the
boll weight. Bt cotton established its superiority by recording
significantly more number of picked bolls per plant as
compared to non Bt. The significant improvement in number
of picked bolls per plant in Bt cotton associated with inbuilt
resistance to bollworms, which enabled the crop to escape
attack of bollworms and reached to boll bursting stage earlier
than non-Bt. Patil et al. (2009) ! also recorded more number
of picked bolls per plant in Bt cotton over its counterpart non-
Bt. The wider row spacing (60cm) recorded significantly
more number of picked bolls per plant than narrow row
spacing (45cm). The significant increase in number of picked
bolls per plant attributed to more number of sympodial
branches and increased growth attributes in wider spaced
cotton plants. This result is in conformity with the findings of
Bhalerao et al. (2008a) [l who also reported significant
increase in bolls per plant with decrease in the plant density.
An application of 75:37.5:37.5kg NPK ha-1 established its
significance over application of 50:25:25kg NPK ha-1 by
recording more numbers of picked bolls per plant, but it was
at par with 62.5:31.25:31.25kg NPK ha-1. The increased in
number of picked bolls per plant with application of
75:31.25:31.25kg NPK ha-1 over 50:25:25kg NPK ha-1 was
associated with improvement in growth attributes viz., plant
height, number of sympodial branches, leaf area, specific leaf
weight and net assimilation rate. The cumulative effect of
these finally improved number of picked bolls per plant.
Similar advantage of higher level of NPK in improving the
number of picked bolls per plant was reported earlier by
Bhalerao and Gaikwad (2010) 1,

Cotton hybrids and spacing did not show the significant
influence on average boll weight. Whereas application of
75:37.5:37.5kg NPK ha-1 significantly improved the average

boll weight over 50:25:25kg NPK ha-1 but was on par with
62.5:31.25:31.25kg NPK ha-1. The present results are in line
with the findings of Giri et al. (2008) [*31,

Seed cotton yield

Data presented in Table 3 in respect of seed cotton yield per
plant and per ha showed that Bt cotton secured higher seed
cotton yield per plant and per ha over non-Bt counterpart. The
significant improvement in yield in Bt cotton was the result of
increased in boll retention and thereby number of picked bolls
per plant. The higher seed cotton yield in Bt cotton were also
reported by Manjunatha et al. (2010) 24 and Kaur et al.
(2019) 4, Spacing of 90x60cm recorded significantly higher
seed cotton yield per plant over 90x45cm. However, closer
plants spacing of 90x45cm compensate per plant yield losses
and recorded significantly higher seed cotton yield over wider
spacing of 90x60cm. Similar result was also reported by
Munir et al. (2015) 1 and Nagender et al. (2017) 28, The
application of 75:37.5:37.5kg NPK ha-1 recorded
significantly higher seed cotton yield per plant and per ha
over 50:25:25kg NPK ha-1 but was found to be at par with
62.5:31.25:31.25kg NPK ha-1. The gain in seed cotton yield
in this treatment ascribed to significant increase in number of
picked bolls per plant and average boll weight. Similar trend
in seed cotton yield with increase in NPK levels were reported
by Bhalerao et al. (2008b) ¢l and Kumara et al. (2014) 231,

Earliness index

Data presented in Table 3 revealed that earliness index
differed significantly due to cotton hybrids only. Bt cotton
hybrid was considerably earlier, recorded highest value of
earliness index than non-Bt. Mayee and Rao (2002) [%
concluded that retention of early formed fruiting structures
due to inbuilt resistance to bollworms lead to pronounce
earliness in Bt cotton. Similarly, Deosarkar et al. (2004) (11
and Tayade and Dhbale (2009) [47] also noticed the
pronounced earliness in Bt cotton. The effect of spacing and
fertilizer levels on earliness index were non-significant.
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Table 4: Fiber quality parameters of Bt and non Bt cotton as influenced by spacing and fertilizer levels (pooled of two years)

Treatments Glnnln(% /2 )Ut turn 2.5% sg;p;}lqe) length Uniformity ratio (%0) l\/éllcor_%ngali:]ec;]/z_iil;e Bun(cé] Ietes)':_rie; gth Elongation (%)
Cotton hybrids

Bt Cotton 36.50a 28.85h 49.33a 4.10b 21.61a 5.64a

Non-Bt Cotton 36.00b 29.76a 49.21a 4.36a 22.10a 5.5%
S.E.(m)+ 0.15 0.14 0.12 0.03 0.23 0.04
LSD (p =0.05) 0.48 0.46 NS 0.11 NS NS

Spacing (cm)

90x60 36.24a 29.32a 49.19a 4.20a 22.01a 5.60a

90x45 36.27a 29.29 49.35a 4.25a 21.70a 5.62a
S.E.(m+ 0.15 0.14 0.12 0.03 0.23 0.04
LSD (p = 0.05) NS NS NS NS NS NS

NPK levels (kg ha-1)

50:25:25 36.40a 29.24a 48.81b 4.14b 21.94a 5.70a

62.5:31.25:31.25 36.22a 29.39% 49.34a 4.27a 21.94a 5.60ab
75:37.5:37.5 36.14a 29.28a 49.66a 4.27a 21.68a 5.53b
S.E.(m# 0.19 0.11 0.16 0.03 0.21 0.04
LSD (p =0.05) NS NS 0.45 0.08 NS 0.12
Mean 36.25 29.30 49.27 4.23 21.85 5.61

Means sharing different letters differ significantly at p<0.05
NS: Non significant

Fiber quality parameters

Table 4 shows fiber quality parameters of cotton in respect of
a different treatment under study. Bt cotton hybrid
significantly improved the ginning out turn over non-Bt.
However, non-Bt cotton recorded significantly higher values
of staple length and micronaire than Bt. This result
corroborates the findings of Patil et al. (2009) 2°1. The fiber
quality parameters remained unaffected due to spacing. The
application of 75:37.5:37.5kg NPK ha-1 recorded
significantly higher values of uniformity ratio and micronaire
but was at par with 62.5:31.25:31.25kg NPK ha-1. Increase in
micronaire value with increase in N level was reported by
Saleem et al. (2010) 9. Negative relationship was observed
between elongation percentage and NPK level. An application
of 50:25:25kg NPK ha-1 recorded significantly maximum
elongation percentage but was at par with 62.5:31.25:31.25kg
NPK ha-1. Marked reduction in the elongation percentage at
higher levels of NPK was also reported by Halemani et al.
(2004) 0161,

Conclusion

This study indicates that Bt cotton hybrid has short physique
but have a higher assimilation rate, square formation rate,
fruit production efficiency, boll retention efficiency and early
in maturity than non-Bt cotton. The Bt cotton produces higher
seed cotton yield with maximum ginning out turn but have
lower staple length and micronaire value over non-Bt cotton.
The cotton plants under lower density i.e. at 90x60cm spacing
exhibit horizontal growth, have thick leaf, maximum
assimilation rate, square formation rate, boll retention
efficiency and produce more number of bolls and seed cotton
yield per plant than higher plant density i.e. 90x45cm spacing.
However, higher plant density compensate per plant yield loss
by producing maximum seed cotton yield per ha than lower
plant density. The plant density did not govern quality
parameters of cotton. An application of 75:37.5:37.5kg NPK
ha-1 augment growth of cotton plant and improve the rate of
square formation, fruit production efficiency, boll retention
efficiency, boll growth rate, yield attributes, seed cotton yield
per ha and lint qualities viz., uniformity ratio and micronaire
value than lower levels. Whereas, for elongation per cent the
lowest level i.e. 50:25:25kg NPK ha-1 was promising.
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