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ABSTRACT

In India, Bt cotton is grown on 122 Lakh ha area with production of 361 lakh bales and productivity is of 501 kg
lint/ha. In Maharashtra it is grown on 41 lakh ha area with productivity of 81 lakh bales and productivity is 334 kg
lint/ha. Cotton is grown on large scale under rainfed condition in Marathwada region of Maharashtra State and is a
preferred cash crop in Kharif season by marginal as well as large farmers. The productivity of rainfed cotton par-
ticularly in Marathwada region is uncertain due to occurrence of frequent dry spells particularly during July to Sep-
tember. Hence to overcome the moisture stress under such dry spells condition and to obtain the sustainability in
productivity, the measures like foliar application of potassium nitrate, water spray and other micronutrients are es-
sential for reducing the rate of evapotranspiration. The experiment was conducted during 2017 to 2019 on experi-
mental farm of All India Coordinated Research Project on Dryland Agriculture, Vasantrao Naik Marathwada Krishi
Vidyapeeth, Parbhani. Study resulted that application of foliar spray of KNO, (30 and 60 days after sowing) was
significantly superior in respect of increase in cotton yield as well as Net Returns as compared to the other treat-
ments. Similarly, application of foliar spray during dry spell was also found superior than application of foliar spray
after release of dry spells. The chlorophyll content, percent RWC and NDVI were also found higher under applica-
tion of foliar spray which reflected in enhancing Bt. cotton productivity.

Key words: Chlorophyll, Dry spell, Potassium nitrate, Normalized difference vegetative index, Relative

water content

INTRODUCTION

Cotton (Gossypium hirsutum L.) is a cash crop grown in
diverse soil types across the globe, including India. More
than 100 countries of the world produce cotton over an
area of 33.2 million hectare with an average annual cotton
production of 18.9 million tonnes. Cotton productivity is
highly influenced by several biotic and abiotic factors
(drought, heat, waterlogging and salinity), leading to sig-
nificant losses in the targeted productivity. Nutrients are
not only help in better plant growth and development but
also help to alleviate different kinds of abiotic stresses like
drought. Leaf feeding is the use of foliar fertilizers to en-
hance overall nutrient level in the plants and increase sugar
production during stress period. (Srinivasarao and
Gopinath, 2016). Jyothi and Hebsur (2018) conducted
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123 All India Coordinated Research Project for Dryland Agriculture,
Vasantrao Naik Marathwada |Krishi Vidyapeeth,Parbhani 431 402;
+SJCAR-Central Research Institute for Dryland Agriculture,
Hyderabad, Telangana 500 030

study on effect of soil and foliar applied potassium fertil-
izers on yield, quality and economics of Bt cotton in
vertisol and found that higher seed cotton yield was re-
ceived in the treatment of 100:50:75 NPK kg/ha 2 % KNO,
foliar spry at 70, 90 and 110 days after sowing. Similarly,
Santosh et al., (2016) conducted study on soil and foliar
nutrition on Bt cotton and found that MgSO, + three foliar
application of KNO, (2%) recorded maximum seed cotton
yield. Kulvir Singh et al,. (2016). and Harphool Meena et
al,. (2018) conducted study on foliar application using mi-
cronutrients. This particular experiment was conducted to
test the various foliar application like water soluble com-
plex fertilizers, water spray, urea spray and spray of micro-
nutrient to reduce water stress during dryspell condition.
Rainfed cotton is cultivated on 17lakh ha area in
Marathwada region of Maharashtra state. Majority of the
farmers are preferring to grow cotton during kharif season.
The average productivity of rainfed cotton varies depend-
ing of monsoon behavior. The events like rising in tempera-
ture, declining rainfall followed by occurrence of frequent
dryspells affects the productivity of cotton in the region.
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Marathwada region of Maharashtra state comprises 8 dis-
tricts with average annual precipitation of 807 mm. The
region is dominated by medium black cotton soils (60 %)
and majority area falls under assured rainfall zone. In
Marathwada region, receipt of deficit rainfall in last decade
aggravated the situation of dryland agriculture and resulted
in low productivity.

It is known that the most important factors limiting crop
productivity are environmental stresses. The most serious
among them is the lack of water. This lack of water occurs
when the rate of transpiration exceeds water uptake and is
a component of several different stresses including
drought, salinity and low temperature. Plants have differ-
ent mechanisms to avoid water deficit. Among them, sto-
matal conductance is reduced as a part of the systemic re-
sponse triggered by a signal that originates in the root sys-
tem (Mata and Lamattina.2001). In this context, the study
on various applications of foliar spray to cope with drought
situations for attaining sustainable productivity under
rainfed cotton was undertaken for standardizing the spe-
cific composition of foliar application suited to this region.

MATERIALS AND METHODS

The field experiment was conducted at All India Coor-
dinated Research Project on Dryland Agriculture,
Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani
during kharif seasons of 2017 to 2019. The district has
been classified as rainfed agro ecosystem and soybean-
based production system with an average rainfall of 8§92
mm. The cultivated fields in the Parbhani district are nor-
mally having slope in the range of 0.5 to 1 % with good
surface drainage conditions. The experimental soil was
medium black with pH 8.1, organic carbon 0.50 % and
contained low nitrogen (150 kg/ha), low phosphorous
(12.1 kg/ha) and high potassium (498 kg/ha). The experi-
ment was laid out in split plot with three replications. The
cotton hybrid Ajit-155 was used for sowing. Bt. Cotton was
sown at recommended spacing of 120 cm x 45 ¢cm and rec-
ommended dose of fertilizers (120:60:60, N:P:K Kg/ha)
was applied. The nitrogen dose was applied in three splits.
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The full dose of phosphorous and potassium was applied at
the time of sowing. The foliar sprays were undertaken as
per the treatments. The experiment was executed with two
main plot treatments viz. T1- Foliar spray during dryspell
and T2- Foliar spray after relieving of stress /dry spell with
sub plot treatments as F, : Urea @ 1%, F,: Urea @ 2%,
F :Water soluble complex Fertilizer (19:19:19) @ 0.5%, F,
:Water soluble complex Fertilizer (19:19:19) @ 0.5% +
recommended dose of micronutrient, F5:Recommended
dose of micronutrients, F6-Water Spray, F7: KNO,and F8
Control (No spray of any material/water)

Chlorophyll Content was determined using SPAD
meter, Normalized Difference Vegetative Index (NDVI)
was determined using Hand Held Green Seeker and per-
cent Relative Water Content (% RWC) was determined by
using the method of Mata and Lamattina (2001). RWC was
determined for seedlings, and leaves after different period
of drought/ dryspells according to formula

(FW-DW)
RWC (%) =——" x100
(TW-DW)

Fresh weight (FW) was measured at the end of the
drought period and dry weight (DW) was obtained after
drying the samples at 75°C for at least 24 hours. Turgor
weight (TW) was determined by subjecting leaves to rehy-
dration for 2 hrs. after drought treatments.

The data on Bt. cotton seed yield was collected and ac-
cordingly the Net Monetary Returns (NMR) and Benefit
Cost ratio (B:C) were worked out using standard statistical
methodology (Panse and Sukhatme 1967). All the data
obtained in the experiment for three consecutive years of
investigation was statistically analyzed using the F-test, the
procedure given by Gomez and Gomez (1984), critical dif-
ference values at P=0.05 were used to determine the sig-
nificance of differences between means.

RESULTS AND DISCUSSIONS

The crop seasonal rainfall and dryspells observed during
the kharif seasons of 2017 to 2019 are presented in Table

Table 1. Crop seasonal rainfall and Dryspells observed during 2017 to 2019

Crop seasonal rainfall, mm

2017 2018 2019
886 802.4 859.4
Dry spells

Duration (Days) Dates & Months Duration (Days) Dates & Months Duration (Days) Dates & Months
16 Jun 25 to Jul 10 9 Jun 12 to Jun 20 10 Jul 01 to Jul 10
13 Jul 26 to Aug.7 Jul. 22 to Aug. 15 13 Jul 14 to Jul 26
09 Aug. 31 to Sep. 8 33 Aug. 28 to Sep. 30 16 Aug 15 to Aug 30
16 Sep. 17 to Oct. 2 — — 18 Oct 02 to Oct 19
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1. The mean crop seasonal rainfall of the area is 859.4 mm.
The crop seasonal rainfall during 2017 to 2019 was ob-
served in the range of 800 to 900 mm which was found
nearer to mean crop seasonal rainfall. Data presented in
Table 1 indicated that four dryspells were observed during
the month of June to September during the year 2017.
During the year 2018, three dryspells were observed out of
which 2 dryspells were observed as at critical dryspells of
duration 25 days and 33 days respectively. Similarly, four
dryspells were observed during the year 2019. The last
dryspell observed during October was of terminal type.
During all the years, dryspells mostly observed either dur-
ing vegetative stage of crop or boll forming stage of the
cotton crop.

The pooled data over three seasons with respect to soy-
bean seed yield, net returns and benefit: cost ratio is pre-
sented in Table 2.

Effect of Foliar sprays on crop yield

The effect of application of foliar spray and types of
foliar spray on cotton yield is presented in Table 2. Data
indicated that Bt. cotton yield was found significantly su-
perior under the application of foliar spray during dryspell.
Similarly, the foliar application of KNO, was found signifi-
cantly superior over rest of the treatment with respect to
cotton yield and found at par with the treatment of Water
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Soluble Complex Fertilizer (19:19:19) @ 0.5% + recom-
mended dose of micronutrient for foliar spray (F4).

Various scientists conducted experiments on foliar ap-
plications of micro nutrients on cotton (Seyyed and
Seyyed, 2014, Shinde et al., 2009; Shivamurthhy and
Biradar, 2014) and found that cotton productivity was in-
creased due to application of foliar spray of various micro-
nutrients during moisture stress condition. They also re-
ported that along with productivity, the NMR and BC ratio
also increased due to application of foliar spray of micro-
nutrients and potassium nitrate. Similarly, Waraich et al.
2011 conducted study of foliar application of potassium
nitrate (KNO,) for drought mitigation in cotton and re-
ported that yield enhancement was observed under cotton
due to KNO, foliar application.

Economics

The data pertaining to net returns and B: C ratio is pre-
sented in Table 2. Data revealed that net returns under vari-
ous time of applications of foliar spray was found signifi-
cantly superior under the application of foliar spray during
dryspell. Similarly, the foliar application of KNO, was
found significantly superior over rest of the treatments with
respect to net returns in Bt. cotton and found at par with the
treatment of Water Soluble Complex Fertilizer (19:19:19)
@ 0.5% + recommended dose of micronutrient (F4).

Table 2. Effect of foliar spray on Bt. cotton yield, net returns and B : C ratio (pooled data of 2 years)

Treatment Pooled data
Bt. cotton yield Net returns Benefit: cost
(t/ha) (% 10°/ha) ratio
2017 1.73 29.54 1.77
2018 1.44 42.13 2.13
2019 1.31 36.07 1.98
Mainplot
T,, Foliar spray during dry spell 1.58 40.54 2.21
T,, Foliar spray after relieving of stress /dry spell 1.40 31.29 1.70
SEm=+ 0.038 1.78 0.13
CD (P=0.05) 0.117 5.17 0.39
Subplot
F, Urea @ 1% 1.41 31.55 1.77
F,, Urea @ 2% 1.44 34.29 1.92
F,, Water soluble complex Fertilizer (19:19:19) @ 0.5% 1.52 37.41 2.06
F,, Water soluble complex Fertilizer (19:19:19) @ 0.5% + 1.57 38.42 2.03
recommended dose of micronutrient
F,, Recommended dose of micronutrient 1.55 37.94 2.03
F,, Water Spray 1.46 35.16 1.97
F., KNO, 1.65 43.00 2.33
F,, Control (No spray of any material/water) 1.32 29.54 1.61
SEm+ 0.031 1.26 0.15
CD (P=0.05) 0.091 3.67 0.44
Interaction (T X F)
SEm+ 0.044 1.79 0.16
CD (P=0.05) 0.129 5.20 0.45
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Roberts et al. 1999, Ravikiran et al. 2012 and Shinde et
al. 1994 studied economics of cotton crop due to foliar
application micronutrients and foliar application of potas-
sium nitrate and reported that foliar application during
drought enhances the cotton yield. Similar results were
observed in the present study.

The data on mean percent Relative Water Content (%
RWC), Mean Chlorophyll Content and Mean Normalized
Difference Vegetative Index (NDVI) for 30 and 60 days
after sowing during the years 2017 to 2019 are presented in
Table 3 and Table 4, respectively.

Foliar applications after 30 days resulted that the higher
values of % RWC, Chlorophyll and NDVI were observed
under the treatment foliar application of KNO, (F7) fol-
lowed by under the treatment Water soluble complex Fer-
tilizer (19:19:19) @ 0.5% + recommended dose of micro-
nutrient which also reflected the higher yield of cotton.

Foliar applications after 60 days resulted that the higher
values of % RWC, Chlorophyll and NDVI were observed
under the treatment foliar application of KNO, (F.) fol-
lowed by under the treatment recommended dose of micro-
nutrient (F,) which also reflected the higher yield of cotton.

It is also concluded that all foliar applications resulted
in increase in % RWC, Chlorophyll and NDVI under
dryspell / moisture stress condition due to application of
foliar applications of KNO, and micro nutrients. Similarly,
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foliar application during the dryspells resulted in enhanc-
ing cotton yield as compared to foliar application after re-
lieving the dryspell. Matin et. al. (1989) stated that the
ability to maintain high water status can be considered as
an indication of drought tolerance and also mention that
relative water content plays greater role under moisture
stress and receding soil moisture situation. Similarly, Barrs
and Weatherly (1962) reported that relative turgidity for
estimating water deficits in leaves is also important for
screening drought tolerant varieties. Similar results are
observed in the present study.

CONCLUSION

This study clearly indicated the advantage of foliar ap-
plication of KNO, during the dryspell for higher yield of
Bt. cotton. The results hold promise for improvement in
production potential of dryland crops with better and effi-
cient nutrient management and enhancing % RWC and
chlorophyll content which can be effectively make crops
resilient towards recurring drought events. Hence foliar
spray of KNO, is recommended in rainfed Bt. cotton of
Marathwada region to ensure higher returns.
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