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Safflower (Carthamus tinctorius L.) is an
important oilseed crop grown in rabi season on
residual soil moisture. The seedling blight of
safflower caused by Phytophthora palmivora
Butler is a major destructive disease in the
traditional safflower growing areas of
Maharashtra, Karnataka and Andhra Pradesh.
The disease was first reported during 1947 in
the safflower growing areas of south India
(Balakrishnan and Krishnamurthy, 1947).  The
most common mode of infection was observed
in the terminal bud or in young leaves of 12 to
15 days old seedlings starting as a small brown
water-soaked lesion which spread rapidly
involving the entire seedlings showing blighting
symptoms characterized by the water-soaked

and shrunken appearance of the affected
portion (Malaguti, 1950; Banihashemi and
Mitchell, 1975). The disease has been reported
to cause seed yield losses to the tune of 25 to
93 per cent (Anonymous, 2015).  Incidence of
the disease was high during cloudy days when
the temperature fells below 250C and high level
of humidity favoured rapid spread of the disease
and losses amounted to over 75 per cent,
sometimes being as high as   90 to 95 per cent.
With this view, the present investigation was
undertaken to study the effective and
economical management of Phytophthora
seedling blight of safflower by chemical and
biological agents’ seed treatment.

Materials and Methods

The efficacy of some newer fungicides and

J. Agric. Res. Technol., 43 (2) : 237-240 (2018)

Integrated Management of Phytophthora Seedling Blight of
Safflower by Chemical and Biological Agents’ Seed Treatment

under Dryland Conditions
D. R. Murumkar1, D. V. Indi2, S. K. Shinde3 and V. M. Amrutsagar4

All India Coordinated Research Project on Safflower, 
Zonal Agricultural Research Station, Solapur - 413 002 (India)

Email: murumkardr@yahoo.co.in

Abstract
A field experiment was conducted for three consecutive years during 2012-13 to 2014-15 to study the

effective and economical management of Phytophthora seedling blight of safflower by chemical and biological
agents’ seed treatment. The pooled results showed that incidence of Phytophthora seedling blight was
significantly influenced by different chemical and biological agents seed treatments. Among the different seed
treatments, Cymoxanil 8% + Mancozeb 64% @ 0.2% was found to be the most significantly effective as it
recorded the least incidence of Phytophthora seedling blight (12.04%). It was followed by Trichoderma
harzianum Th4d SC @ 2 ml kg-1 seed (19.27 %) and T. harzianum Th4d SC @ 1 ml kg-1 seed (20.16%)
which were at par with each other. The data on seed yield and economics of safflower as influenced by different
treatments indicated that seed treatment with Cymoxanil 8% + Mancozeb 64% @ 0.2% recorded significantly
highest average seed yield (904 kg ha-1). The cost-benefit analysis of different chemical and biological agents’
seed treatments showed that seed treatment with Cymoxanil 8% + Mancozeb 64% @ 0.2% recorded the
highest B:C ratio of 2.06 followed by Captan 50% WP @ 0.3% (1.61) and T. harzianum Th4d SC @ 1 ml
kg-1 seed (1.59). Thus overall results indicated that for effective and economical management of Phytophthora
seedling blight of safflower and getting higher seed yield, it is recommended to treat the safflower seed before
sowing with Cymoxanil 8% + Mancozeb 64% @ 2 g kg-1 or Captan 50% WP @ 3 g kg-1 or Trichoderma
harzianum Th4d SC @ 1 ml kg-1.
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biological control agents as a seed treatment for
the effective and economical management of
Phytophthora seedling blight of safflower was
studied for three consecutive years during rabi
season of 2012-13 to 2014-15 at All India
Coordinated Research Project on Safflower,
Solapur, Maharashtra, India. A total of ten
treatments comprising five fungicides, four
biological control agents’ formulations and one
untreated check were evaluated in a randomized
block design with three replications. A safflower
cv. Nira was sown at a spacing of 45 x 20 cm
with the gross and net plot size of 2.25 x 4.0 m
and 1.35 x 3.60 m, respectively. The
Phytophthora seedling blight disease of safflower
is favoured by cloudy weather coupled with
temperature below 25°C and relative humidity

above 85%. Considering these predisposing
factors, a technique of early sowing during
second fortnight of August was followed to
create natural epiphytotics of the disease.  The
crop was fertilized with 50 kg N and 25 kg P2O5
per hectare as a basal dose. The efficacy of
different newer fungicides and biological control
agents was evaluated by seed treatment. The
overnight soaking of safflower seeds in the spore
suspension of Trichoderma harzianum Th4d SC
and solution of Pseudomonas fluorescens Pf2
WP was done before sowing and after drying in
shade, the treated seeds were sown in the field.
The fungicidal seed treatment was given at the
time of sowing.

Treatment details are T1: Dimethomorph @
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Table 1. Management of Phytophthora seedling blight of safflower by chemical and biological agents' seed treatments (Pooled
data 2012-13 to 2014-15)

Treatments Phytopthora % Disease Seed % increase Benefit : 
seedling control yield in yield Cost 
blight (%)* over check (kg ha-1) over check ratio

T1 - Dimethomorph @ 0.1% 28.58 32 620 27.4 1.37
(32.25)

T2 - Captan 50%WP @0.3% 25.64 38 701 51.0 1.61

(30.21)
T3 - Tebuconazole @ 0.2% 21.41 51 615 25.2 1.35

(27.27)
T4 - Cymoxanil 8% + Mancozeb 64% @ 0.2% 12.04 71 904 93.2 2.06

(20.27)
T5 - Metalaxyl 8% + Mancozeb 64% @ 0.2% 27.66 35 609 24.6 1.34

(31.71)
T6 - Trichoderma harzianum Th4d SC @ 1 ml kg-1 seed20.16 52 707 47.6 1.59

(26.64)
T7 - Trichoderma harzianum Th4d SC @ 2 ml kg

-1 seed 19.27 54 679 44.3 1.54

(25.92)
T8 - P. fluorescens Pf2 WP @ 5 g kg

-1 seed 20.97 51 632 29.9 1.40

(27.20)
T9 - P. fluorescens Pf2 WP @ 10 g kg

-1 seed 22.97 46 662 37.1 1.47

(28.56)
T10 - Check (untreated check) 43.04 - 496 - 1.09

(40.95)

S.E.± 0.81 28

C.D. at 5 % 2.39 83

C.V. (%) 4.79 7.3



0.1%, T2: Captan 50% WP @ 0.3%, T3:
Tebuconazole @ 0.2%, T4: Cymoxanil 8% +
Mancozeb 64% @ 0.2%, T5 : Metalaxyl +
Mancozeb @ 0.2%, T6 : Trichoderma
harzianum Th4d SC @ 1 ml kg-1 seed, T7:
Trichoderma harzianum Th4d SC @ 2 ml kg-1

seed, T8 : Pseudomonas fluorescens Pf2 WP
@ 5g kg-1 seed, T9 : Pseudomonas fluorescens
Pf2 WP @ 10 g kg-1 seed, T10 : Check
(untreated check).

The incidence of Phytophthora seedling
blight of safflower was recorded using 1-9 scale
(Anonymous, 2012). The data on seed yield was
also recorded at harvest. The percent disease
control by different fungicidal and biological
control agents’ seed treatment over untreated
check was computed and the economics of
different fungicidal and biological control agents’
seed treatment was worked out.

Results and Discussion

The pooled data on the incidence of
Phytophthora seedling blight, seed yield and
economics of safflower as influenced by
chemical and biological agents’ seed treatment
are presented in Table 1. The pooled results
showed that incidence of Phytophthora seedling
blight was significantly influenced by different
chemical and biological agents seed treatments.
Among the different seed treatments,
Cymoxanil 8% + Mancozeb 64% @ 0.2% was
found to be the most significantly effective as it
recorded the least incidence of Phytophthora
seedling blight (12.04%). It was followed by
Trichoderma harzianum Th4d SC @ 2 ml kg-1

seed (19.27 %) and T. harzianum Th4d SC @
1 ml kg-1 seed (20.16%) which were statistically
indistinguishable. Moreover, these three
treatments recorded 71, 54 and 52% control of
Phytophthora seedling blight. The pooled results
on seed yield of safflower (Table 1) as influenced
by different treatments indicated that seed
treatment with Cymoxanil 8% + Mancozeb 64%

@ 0.2% recorded significantly highest average
seed yield (904 kg ha-1). It was followed by T.
harzianum Th4d SC @ 1 ml kg-1 seed (707 kg
ha-1), Captan 50% WP @ 0.3% (701 kg ha-1),
T. harzianum Th4d SC @ 2 ml kg-1 seed (679
kg ha), P. fluorescens Pf2 WP @ 10 g kg-1 seed
(662 kg ha-1) and P. fluorescens Pf2 WP @ 5 g
kg-1 seed (632 kg ha-1) which all were at par
with each other. The untreated check, on the
other hand, recorded the lowest seed yield (496
kg   ha-1). 

The benefit-cost analysis of different
chemical and biological agents’ seed treatments
(Table 1) showed that seed treatment with
Cymoxanil 8% + Mancozeb 64% @ 0.2%
recorded the highest B:C ratio of 2.06 followed
by Captan 50% WP @ 0.3% (1.61) and T.
harzianum Th4d SC @ 1 ml kg-1 seed (1.59),
respectively.

Results obtained in respect of efficacy of
chemicals and bioagents as a seed treatment for
the effective and economical management of
Phytophthora seedling blight of safflower are in
conformity with those reported earlier by Pawar
et al. (2013); Nzojiyobiri et al. (2003) and Kolte
(1985).

Biological control is an effective, ecofriendly
and alternative approach for any disease
management practice. The results revealed that
all the chemicals and antagonists significantly
reduced the incidence of Phytophthora seedling
blight of safflower. Most of the antagonists
inhibited the growth of pathogens by their fast
and over growing nature. Similarly, Deshmukh
and Raut (1992) reported that Trichoderma
harzianum Rifai and T. viride Pers. overgrew
colonies of Colletotrichum gloeosporioides
and T. harzianum was more aggressive than T.
viride. The antagonism of Trichoderma spp.
against many fungi is mainly due to production
of acetaldehyde compound (Dennis and
Webster, 1971). Godtfredsen and Vagedal
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(1965) reported trichodermin as major volatile
antibiotic produced by Trichoderma spp. which
suppress several plant pathogens.

Conclusion

For effective and economical management of
Phytophthora seedling blight of safflower and
getting higher seed yield, it is recommended to
treat the safflower seed before sowing with
Cymoxanil 8% + Mancozeb 64% @ 2 g kg-1 or
Captan 50% WP @ 3 g kg-1 or Trichoderma
harzianum Th4d SC @ 1 ml kg-1.
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Beauveria bassiana (Balsamo) Vuillemin, the
white muscardine fungus is globally occurring
soil born mycelia fungus. It is one of the main
fungal candidate for the use in the microbial
control of pest. Entomopathogenic fungi have
played an important role in the history of insect
pathology and microbial control of insects
(Sundarababu, 1992). Agastino Bassi, 1835 was
the first to demonstrate that entomopathogenic
fungus, B. bassiana could cause an infectious
disease in silkworm and suggested the concept
that, an infectious micro-organism might be used
to control insect pests. Steinhaus, 1965
reported that B. bassiana causes mycosis in 175
host insects from order Lepidoptera, Coleoptera
and Hemiptera. B. bassiana is cosmopolitan
fungus useful for the control of various insect
pests of different crops. The efficacy of

pathogen in field depends on environmental
conditions. The extreme temperature and light
including ultraviolet rays may influence the
distribution of microorganisms and their
persistence in nature (Zimmermann and Butin,
1973). Rapid decrease of viable spores exposed
to direct sunlight was reported by Roberts and
Campbell, 1977. Efficiency of entomopatho-
gens in the field depends upon virulence towards
target pest, coverage and persistence on target
site. However, one of the major constraints for
successful use of insect pathogens is their
loosing virulence by ultra violet (UV) rays (Kaur
et al. 1999). Ramle et al. (2004) reported that
the short (254 nm) ultraviolet radiation was
more detrimental to the conidia compared to
long (365 nm) ultraviolet radiation. Cagan and
Svercel (2001) reported that radial growth of the
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Abstract
The effect of UVC rays on the viability of entomopathogenic fungus, Beauveria bassiana (Balsamo)

Vuillemin, in nine Aqua suspension (AS) formulations comprising with B.b. + glycerol + carboxymethyl cellulose
(B.b. + GLY (2.0%) + CMC (0.5%), B.b. + glycerol + honey (B.b. + GLY (2.0%) + HO (1.0%), B.b. + sunflower
oil+ carboxymethyl cellulose (B.b. + SFO (1.0%) +CMC (0.5%), B.b. + sunflower oil+ honey (B.b. + SFO
(1.0%) + HO (1.0%), B.b. + glycerol + boric acid (B.b. + GLY (2.0%) +BA (2.0%), B.b. + glycerol + boric acid
+ tween-80 (B.b. + GLY (2.0%) +BA (2.0%)+TW (0.5%), B.b. + sunflower oil (B.b. + SFO (1.0%), B.b. +
groundnut oil (B.b. + GNO (1.0%) and control without adjuvants (B.bassiana alone) when exposed for 10 to
50 minutes, 2, 3 and 5 hours were studied under laboratory conditions. The UVC rays proved detrimental to
the fungus and the effect increased with increase in exposure period. After 5 hours exposure to UVC rays,
B.b. + SFO (1.0%) + CMC (0.5%) recorded highest (6.17 g) biomass which was at par with the formulations
B.b. + GLY (2.0%) + HO (1.0%) (6.12 g), B.b. + SFO (1.0%) (6.08 g) and B.b. + GNO (1.0%) (6.07 g). The
next effective formulations producing significantly higher biomass were B.b. + SFO (1.0%) + HO (1.0%) (5.98
g), B.b. + GLY (2.0%) +BA (2.0%) (5.53 g), B.b. + GLY (2.0%) + CMC (0.5%) (5.52 g) and B.b. + GLY (2.0%)
+ BA (2.0%)+TW (0.5%) (5.25 g). The least biomass (2.98 g) was observed in the control (B.b. alone). The
control B.b. alone without UVC exposure produced 6.11 g of fungal biomass. 

Key words : Beauveria bassiana, Adjuvants, Ultraviolet rays (UV rays), formulations,
biomass.



UV variants were slower with increasing time of
exposure. Chavan and Kadam (2010) reported
that detrimental effect of UV rays increased with
increase in exposure period. They also reported
that glycerol, boric acid and Tween 80 as
chemical adjuvants gave good UV protection to
V. lecanii. Vegetable oils and some other edible
substrates are emerging as promising adjuvants
for fungal biopesticides. Hence, in the present
investigation the attempt is made to find out the
UV protecting ability of such substrates for B.
bassiana.

Materials and Methods

The study was carried out at Biocontrol

Research Laboratory, Department of
Agricultural Entomology, Post Graduate
Institute, Mahatma Phule Krishi Vidyapeeth,
Rahuri, Maharashtra State, India during year
2009-2011. The potato dextrose broth was
used for growth and multiplication of the fungus.
The nine formulations comprising 1) B.b. +
GLY+CMC, 2) B.b. + GLY+HO, 3) B.b. +
SFO+CMC, 4) B.b. + SFO+HO, 5) B.b. +
GLY+BA, 6) B.b. + GLY+BA+TW, 7) B.b. +
SFO, 8) B.b. + GNO and 9) Control without
adjuvants (B.bassiana alone) of B.bassiana were
evaluated in C.R.D. with 3 replications for their
UVC rays protecting ability along with
B.bassiana 40% AS. One formulation without
adjuvant and without UVC rays exposure was
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Table 1. Influence on AS formulations of B. bassiana exposed to UVC rays for 10 and 20  minutes on growth of the inoculum

Treatment Conc. Surface coverage (%) 
of adj. ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
(%) 10 min. UVC exposure 20 min. UVC exposure

––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––
3 DAI 7 DAI 10 DAI 3 DAI 7 DAI 10 DAI

T1 - B.b. + GLY+CMC 2.0+0.5 53.33 95.00 100.00 48.33 90.00 100.00
(46.92)* (79.54) (90.00) (44.04) 71.95) (90.00)

T2 - B.b. + GLY+HO 2.0+1.0 61.66 100.00 100.00 56.66 100.00 100.00
(51.75) (90.00) (90.00) (48.83) (90.00) (90.00)

T3 - B.b. + SFO+CMC 1.0+0.5 63.33 100.00 100.00 58.33 100.00 100.00
(52.77) (90.00) (90.00) (49.82) (90.00) (90.00)

T4 - B.b. + SFO+HO 1.0+1.0 56.66 100.00 100.00 51.66 100.00 100.00
(48.84) (90.00) (90.00) (45.95) (90.00) (90.00)

T5 - B.b. + GLY+BA 2.0+2.0 53.33 91.66 100.00 48.33 90.00 100.00
(46.92) (73.40) (90.00) (44.04) (71.95) (90.00)

T6 - B.b. + GLY + BA + TW 2.0+ 2.0+0.5 40.00 85.00 100.00 36.66 81.67 100.00
(39.14) (67.40) (90.00) (37.20) (64.69) (90.00)

T7 - B.b. + SFO 1.0 66.67 100.00 100.00 61.66 100.00 100.00
(54.74) (90.00) (90.00) (51.75) (90.00) (90.00)

T8 - B.b. + GNO 1.0 65.00 100.00 100.00 60.00 100.00 100.00
(53.76) (90.00) (90.00) (50.78) (90.00) (90.00)

T9 - Control (B.b. alone) - 16.67 66.67 100.00 15.00 65.00 98.33
(24.04) (54.74) (90.00) (22.59) (53.76) (85.69)

T10 - Control (WUV) - 23.33 71.67 100.00 25.33 71.67 100.00
(28.85) (57.84) (90.00) (30.22) (57.84) (90.00)

S.E. ± 1.86 1.99 0.39 1.82 1.37 0.39
C.D. at 5% 5.49 5.87 1.17 5.37 4.04 1.17

* Figures in the parentheses indicate arcsin transformed values.

* * B.b.= Beauveria bassiana,  DAI = Days after inoculation, TW = Tween 80, CMC = Carboxymethyl cellulose, GLY = Glycerol,
SFO = Sunflower oil,  HO = Honey, GNO = Groundnut oil,   BA = Boric acid, WUV = treatment without UV exposure.



also kept for determine the effect of UVC rays.
Various concentrations of adjuvants were added
to optimum concentration of B.bassiana aqua
suspension 40% v/v to prepare various
formulations. Each formulation was kept in 50
ml beaker and was exposed to UV rays (UVC
rays through UV light source of Philips TUV
lamp) for 10, 20, 30, 40, 50 min and also 2, 3
and 5 hrs. The distance between exposed
suspensions and UV light source was 0.3 m.
One ml of such exposed formulation was added
to duly autoclaved 40 ml PDB medium and
observed for the medium surface coverage (%)
and biomass development up to 10 days. The

observations on per cent surface coverage by
fungus on 3rd, 7th and 10th days and fungal
biomass on 10th day after inoculation were
noted. The data was subjected to statistical
analysis.

Results and Discussion

Effect of UVC rays 

Effect on growth (surface coverage)
after exposure to UVC rays : The AS
formulations of B. bassiana were exposed to
UVC rays for 10 to 50 minutes and 2 hrs, 3 hrs
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Table 2. Influence on AS formulations of B. bassiana exposed to UVC rays for 30, 40 and 50 minutes on growth of the
inoculum

Treatment Conc. Surface coverage (%)
of adj. ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
(%) 30 min. UVC exposure 40 min. UVC exposure 50 min. UVC exposure

––––––––––––––––––––––––– –––––––––––––––––––––––– –––––––––––––––––––––––
3 DAI 7 DAI 10 DAI 3 DAI 7 DAI 10 DAI 3 DAI 7 DAI 10 DAI

T1 - B.b. + GLY+CMC 2.0 + 0.5 46.67 86.66 100.00 43.33 83.33 100.00 41.67 80.00 100.00
(43.08)* (68.66) (90.00) (41.15) (65.95) (90.00) (40.19) (63.43) (90.00)

T2 - B.b. + GLY+HO 2.0 + 1.0 53.33 100.00 100.00 50.00 100.00 100.00 48.33 100.00 100.00
(46.91) (90.00) (90.00) (45.00) (90.00) (90.00) (44.04) (90.00) (90.00)

T3 - B.b. + SFO+CMC 1.0 + 0.5 56.67 100.00 100.00 56.66 100.00 100.00 55.00 100.00 100.00
(48.86) (90.00) (90.00) (48.85) (90.00) (90.00) (47.87) (90.00) (90.00)

T4 - B.b. + SFO+HO 1.0 + 1.0 50.00 100.00 100.00 46.67 100.00 100.00 45.00 100.00 100.00
(45.00) (90.00) (90.00) (43.07) (90.00) (90.00) (42.12) (90.00) (90.00)

T5 - B.b. + GLY+BA 2.0 + 2.0 45.00 85.00 100.00 43.33 81.67 100.00 41.67 78.33 100.00
(42.12) (67.40) (90.00) (41.15) (64.94) (90.00) (40.16) (62.29) (90.00)

T6 - B.b. + GLY + 2.0 + 2.0 35.00 78.33 100.00 31.66 75.00 100.00 30.00 73.33 100.00
BA + TW + 0.5 (36.23) (62.29) (90.00) (34.23) (60.07) (90.00) (33.21) (59.00) (90.00)

T7 - B.b. + SFO 1.0 61.66 100.00 100.00 55.00 100.00 100.00 53.33 100.00 100.00
(51.75) (90.00) (90.00) (47.87) (90.00) (90.00) (46.92) (90.00) (90.00)

T8 - B.b. + GNO 1.0 60.00 100.00 100.00 53.33 100.00 100.00 51.67 100.00 100.00
(50.76) (90.00) (90.00) (46.91) (90.00) (90.00) (45.95) (90.00) (90.00)

T9 - Control - 13.33 63.33 93.33 11.67 61.67 88.33 11.67 55.00 80.00
(B.b. alone) (21.33) (52.77) (75.24) (19.88) (51.75) (70.11) (19.88) (47.87) (63.43)

T10 - Control - 25.00 70.00 100.00 23.33 68.33 100.00 26.67 71.67 100.00
(WUV) (30.20) (56.79) (90.00) (28.85) (55.76) (90.00) (31.07) (57.84) (90.00)

S.E. ± 1.46 0.99 0.36 1.53 1.02 0.36 1.48 0.84 0.35

C.D. at 5% 4.31 2.93 1.06 4.53 3.03 1.06 4.37 2.49 1.03

* Figures in the parentheses indicate arcsin transformed values.

* * B.b.= Beauveria bassiana,  DAI = Days after inoculation, TW = Tween 80,  CMC = Carboxymethyl cellulose, GLY =
Glycerol, SFO = Sunflower oil,  HO = Honey, GNO = Groundnut oil,   BA = Boric acid, WUV = treatment without UV
exposure



and 5 hrs. The data on the per cent surface
coverage by the fungus in 40 ml liquid medium
at 3, 7 and 10 DAI presented in the Table 1
to 3.

UVC exposure- 10 to 50 minutes : After
10 minutes exposure to UVC rays, formulation
with T7 - B.b.+ SFO recorded significantly
highest (66.67 %) surface coverage at 3 DAI
(Table 1). However, it was at par to the
formulations T8 - B.b.+ GNO (65.00%), T3 -
SFO+CMC (63.33%) and T2- B.b.+ GLY+ HO
(61.66%). The lowest (16.67%) surface
coverage was recorded in control (B.b. alone).
At 7 DAI, the formulations T2 - B.b.+ GLY +

HO, T3 - B.b.+ SFO +CMC, T4 - B.b.+ SFO +
HO, T7 - B.b.+ SFO, and T8 - B.b.+ GNO
recorded cent per cent surface coverage.
However, T1 - B.b.+GLY+CMC (95.00%), T5 -
B.b.+ GLY + BA (91.66%) and T6 - B.b.+
GLY+ BA+TW (85.00%) recorded significantly
higher surface coverage than the control
(66.67%). At 10 DAI, all the formulations and
control recorded cent per cent surface coverage.
The trend of results for exposure period of 20,
30 and 40 minutes UVC rays exposure were
more or less similar to those of 10 minutes UVC
rays exposure. But the quantum of surface
coverage declined with increase in the exposure
period.
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Table 3. Influence on AS formulations of B. bassiana exposed to UVC rays for 2, 3 and 5 hours on growth of the inoculum

Treatment Conc. Surface coverage (%)
of adj. ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
(%) 2 hrs. UVC exposure 3 hrs. UVC exposure 5 hrs. UVC exposure

––––––––––––––––––––––––– –––––––––––––––––––––––– –––––––––––––––––––––––
3 DAI 7 DAI 10 DAI 3 DAI 7 DAI 10 DAI 3 DAI 7 DAI 10 DAI

T1 - B.b. + GLY+CMC 2.0 + 0.5 40.00 75.00 100.00 31.66 68.33 96.67 28.33 63.33 91.67
(39.23)* (60.07) (90.00) (34.23) (55.76) (81.38) (32.14) (52.77) (73.40)

T2 - B.b. + GLY+HO 2.0 + 1.0 46.66 91.66 100.00 38.33 88.33 100.00 31.67 85.00 100.00
(43.07) (73.40) (90.00) (38.24) (70.11) (90.00) (34.23) (67.40 (90.00)

T3 - B.b. + SFO+CMC 1.0 + 0.5 50.00 96.67 100.00 41.67 95.00 100.00 33.33 90.00 100.00
(45.00) (81.38) (90.00) (40.19) (79.54) (90.00) (35.21) (71.56) (90.00)

T4 - B.b. + SFO+HO 1.0 + 1.0 41.67 95.00 100.00 33.33 93.33 95.00 28.33 83.33 91.67
(40.19) (79.54) (90.00) (35.21) (77.71) (79.54) (32.14) (66.14) (73.40)

T5 - B.b. + GLY+BA 2.0 + 2.0 36.67 66.67 100.00 33.33 60.00 91.66 26.66 51.67 88.33
(37.22) (54.78) (90.00) (35.21) (50.76) (76.83) (31.07) (45.95) (70.69)

T6 - B.b. + GLY + 2.0 + 2.0 26.67 63.33 100.00 25.00 55.00 90.00 21.67 46.67 86.67
BA + TW + 0.5 (30.99) (52.77) (90.00) (29.92) (47.87) (71.56) (27.71) (43.07) (69.24)

T7 - B.b. + SFO 1.0 51.67 100.00 100.00 41.66 100.00 100.00 31.66 100.00 100.00
(45.95) (90.00) (90.00) (40.19) (90.00) (90.00) (34.23) (90.00) (90.00)

T8 - B.b. + GNO 1.0 50.00 100.00 100.00 41.66 100.00 100.00 31.66 98.33 100.00
(45.00) (90.00) (90.00) (40.19) (90.00) (90.00) (34.23) (85.69) (90.00)

T9 - Control (B.b. alone) - 8.33 41.67 68.33 5.00 33.33 56.67 3.33 26.66 46.67
(16.59) (40.19) (55.76) (12.92) (35.21) (48.86) (8.61) (31.07) (43.07)

T10 - Control (WUV) - 25.00 70.00 100.00 23.33 70.33 100.00 26.67 71.67 100.00
(30.00) (56.69) (90.00) (28.85) (57.00) (90.00) (31.07) (57.84) (90.00)

S.E. ± 1.35 2.61 0.63 1.44 2.73 3.31 1.78 2.00 1.99

C.D. at 5% 3.98 7.71 1.87 4.26 8.05 9.78 5.25 5.90 5.89

* Figures in the parentheses indicate arcsin transformed values.

* * B.b.= Beauveria bassiana,  DAI = Days after inoculation, TW = Tween 80, CMC = Carboxymethyl cellulose, GLY = Glycerol,
SFO = Sunflower oil, HO = Honey, GNO = Groundnut oil, BA = Boric acid, WUV = treatment without UV exposure



After 50 minutes exposure to UVC rays, At
3 DAI formulation T3 - B.b.+ SFO +CMC
recorded significantly highest (55.00%) surface
coverage (Table 2). It was at par with the
formulations T7 - B.b.+ SFO (53.33%), T8-
B.b.+ GNO (51.67%) and T2 - B.b.+ GLY +
HO (48.33%). The control recorded lowest
(11.67 %) surface coverage by the mycoagent.
At 7 DAI, the surface coverage was 73.33 to
100.00 per cent, however control, B.b. alone
recorded lowest (55.00%) surface coverage. At
10 DAI, all the formulations recorded cent per
cent surface coverage when the coverage was
80.00% in the control (B.b. alone).

UVC exposure- 2, 3 and 5 hours : Data
presented in Table 3 revealed that all the aqua
suspension formulations exposed to UVC rays
prevented the growth of fungus at 3 DAI after
exposure to UVC rays for 2, 3 and 5 hours. The
surface coverage in the 2, 3 and 5 hours
exposure was in the range 41.67 to 100.00,
33.33 to 100.00 and 26.66 to 100.00 at 7 DAI
against 68.33 to 100.00, 56.67 to 100.00 and
46.67 to 100.00 at 10 DAI, respectively.

Effect on develpoment (biomass
production) : The data on biomass developed
by the promising aqua suspensions of B.
bassiana 40 ml-1 medium after UVC rays
irradiation for 10 to 50 minutes, 2 hrs, 3 hrs and
5 hrs are presented in Table 4. The differences
in biomass production recorded 10 DAI in the
formulations at all the exposure times were
significant and trend of performance of
adjuvants was more or less similar to that was
observed for surface coverage.

UVC rays exposure-10 minutes: The
formulation T3 - B.b.+ SFO + CMC produced
significantly highest (6.83 g) biomass which was
found at par with T2 - B.b.+ GLY + HO (6.72
g). The next promising treatments in their
descending order showing high UVC rays
protectability as evidenced from more biomass
development as compared to control were T7 -
B.b.+ SFO (6.63 g), T8 - B.b.+ GNO (6.52 g),
T4 - B.b.+ SFO + HO (6.47 g), T1 - B.b.+ GLY
+ CMC (6.27 g), T5 - B.b.+ GLY + BA (6.03 g)
and T6 - B.b.+ GLY + BA + TW (5.87 g). The
lowest biomass of 3.92 gm was observed in
control (B.b. alone). The similar trend was
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Table 4. Effect of UVC treatment on biomass production by B. bassiana AS formulations

Treatment** Conc. Biomass (g) produced after indicated UVC exposure
of adj. ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
(%) 10 min 20 min 30 min 40 min 50 min 2 hr 3 hr 5 hr

T1 - B.b. + GLY+CMC 2.0 + 0.5 6.27 6.17 6.13 6.10 6.03 5.77 5.68 5.52
T2 - B.b. + GLY+HO 2.0 + 1.0 6.72 6.67 6.57 6.45 6.39 6.28 6.18 6.12
T3 - B.b. + SFO+CMC 1.0 + 0.5 6.83 6.75 6.63 6.57 6.47 6.33 6.24 6.17
T4 - B.b. + SFO+HO 1.0 + 1.0 6.47 6.43 6.37 6.33 6.30 6.18 6.05 5.98
T5 - B.b. + GLY+BA 2.0 + 2.0 6.03 6.00 5.97 5.93 5.90 5.73 5.63 5.53
T6 - B.b. + GLY + BA + TW 2.0 + 2.0 + 0.5 5.87 5.83 5.78 5.73 5.67 5.53 5.42 5.25
T7 - B.b. + SFO 1.0 6.63 6.58 6.53 6.43 6.37 6.28 6.15 6.08
T8 - B.b. + GNO 1.0 6.52 6.47 6.40 6.37 6.30 6.22 6.13 6.07
T9 - Control (B.b. alone) - 3.92 3.87 3.82 3.75 3.63 3.34 3.18 2.98
T10 - Control (WUV) - 6.13 6.07 6.19 6.10 6.05 6.12 6.17 6.11
S.E. ± 0.04 0.04 0.04 0.03 0.05 0.05 0.04 0.03
C.D. at 5% 0.12 0.13 0.13 0.10 0.15 0.14 0.13 0.11

* * B.b.= Beauveria bassiana, DAI = Days after inoculation, TW = Tween 80, CMC = Carboxymethyl cellulose, GLY = Glycerol,
SFO = Sunflower oil, HO = Honey, GNO = Groundnut oil, BA = Boric acid, WUV = Treatment without UV exposure



observed in 20 minutes UVC rays exposure to
the promising aqua suspensions of B. bassiana.

UVC rays exposure-30 minutes : T3 -
B.b.+ SFO + CMC recorded highest (6.63 g)
biomass. However, it was at par with the
formulations T2 - B.b. alone GLY+HO (6.57 g)
and T7 - B.b. + SFO (6.53 g). The next
promising formulations producing higher
biomass over control (3.82 g) in their descending
order were T8 - B.b.+ GNO (6.40 g), T4 - B.b.+
SFO+HO (6.37 g), T1 - B.b.+ GLY+CMC (6.13
g), T5 - B.b.+ GLY+BA (5.97g) and T6 - B.b.+
GLY+BA+TW (5.78 g). 

The results of 40 minutes, 50 minutes, 2 hrs,
3 hrs and 5 hrs UVC rays exposure were more
or less similar to that of 30 minutes UVC rays
exposure. The biomass production decreased
with increase in time of exposure to UVC rays. 

UVC rays exposure-40, 50 minutes, 2,
3 and 5 hrs : The formulation T3 - B.b.+ SFO
+ CMC maintained its superiority and produced
significantly highest biomass of 6.57, 6.47,
6.33, 6.24 and 6.17 g at 40, 50 minutes, 2, 3
and 5 hrs UVC rays exposure, respectively.
However, it was at par with more or less
formulations from T2 - B.b.+ GLY+HO with
biomass of 6.45, 6.39, 6.28, 6.18 and 6.12 g,
T7 - B.b.+ SFO with biomass of 6.43, 6.37,
6.28, 6.15 and 6.08 g to T8 - B.b.+ GNO with
biomass of 6.37, 6.30, 6.22, 6.13 and 6.07 g
in different exposure for 40, 50 minutes, 2, 3
and 5 hrs UVC rays exposure, respectively.

The next promising formularies for more
biomass production than control were T4 -
B.b.+ SFO + HO (5.98 to 6.33 g), T1 - B.b.+
GLY+CMC (5.52 to 6.10 g), T5 -B.b.+
GLY+BA(5.53 to 5.93 g) and T6 -B.b.+
GLY+BA+TW (5.25 to 5.73 g) after 40, 50
minutes, 2, 3 and 5 hrs UVC rays exposure,
respectively.

The lowest biomass of 3.75, 3.63, 3.34,

3.18 and 2.98 g was produced in control (B.b.
alone) at 40 minutes, 50 minutes, 2, 3 and 5 hrs
UVC rays exposure, respectively.

It is indicated that surface area covered and
biomass produced by promising aqua
suspensions of B. bassiana decreases with
increase in UVC rays exposure period. Thus
among the promising aqua suspension
formulations T3 - B.b.+ SFO + CMC and T2 -
B.b.+ GLY + HO proved to be best UVC rays
protective whereas T7 - B.b.+ SFO, T8 - B.b.
+GNO, T1 - B.b.+ GLY + CMC, T4 - B.b.+
SFO + HO, T5 - B.b.+ GLY + BA and T6 -
B.b.+ GLY+BA+TW proved to be better UVC
rays protective.

The UV protecting ability was studied by
irradiation of UVC rays having shorter
wavelength of 200 to 290 nm than that of 290
to 320 and 320 to 400 nm wavelengths in
respect of UVB and UVA, respectively. Ramle
et al. (2004) reported that the short (254 nm)
ultraviolet radiation was more detrimental to the
conidia compared to long (365nm) ultraviolet
radiation. Therefore the results of UV
protectability by using UVC rays in the present
study are more precise. Morley et al. (1996)
explored the conidia of B. bassiana to UV light
for 4, 8, 16 and 24 hrs and found that conidial
viability decreased with increase in UV exposure.
Tobar et al. (1998) reported that iso-late
Bb9218 was resistant to 10, 30 and 60 minutes
exposure to UV light. Cagan and Svercel (2001)
reported that radial growth of the UV variants
were slower with increasing time of exposure.
Chavan and Kadam (2010) reported that
detrimental effect of UV rays increased with
increase in exposure period. They also reported
that glycerol, boric acid and Tween 80 give good
UV protection to V. lecanii, which is
contradictory for B. bassiana in present study
due to variation in spp. of Entomopathogenif
fungi (EPF). The results of the UVC
protectability in multiple adjuvant formulation

Jadhav and Patil246



are seemed to be studied first time. The UVC
protectability of adjuvants incorporated in
multiple adjuvant formulation have already been
discussed for their individual potential for
protection against UVC rays.

Conclusion

It is concluded from the results that UV rays
were detrimental to the growth and
development of B. bassiana and the effect
increased with increasing exposure period.
However, the formulations B. bassiana +
Sunflower oil + Carboxymethyl cellulose and B.
bassiana + Glycerol + Honey proved to be
effective UV protectants for this
entomolpathogen. 
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Mustard is an important oilseeds crop. It
contributes more than 13 per cent to the global
production of edible oil. Seed contain 33 to 40
per cent oil and is mainly utilized for human
consumption throughout northern India for
cooking as well as frying purpose. 

Mustard breeding strategies are mostly
dealing with developing cultivars characterized
by high and stable seed and oil yield, as well as
by low content of glucosinolates and erucic acids
for human consumption. Seed yield, oil yield
and oil per cent are quantitative traits, the
expressions of which are the result of genotype,
environmental effect and genotype-environment
interaction (Huhn and Leon, 1985). Complexity
of these traits is a result of diverse processes that

occur during plant development. In recent years,
substantial effects are being made to improve
both the quality and quantity of seed yield and
other yield related parameters and/or transfer
its useful traits to related Brassica oil crop (Gupta
et al., 2011). The earliness and higher seed
yield with higher oil per cent are the major
components to increase the cash value of this
crop, so there is an urgent need to develop high
yielding, early maturing varieties, adopted to
local semidry agro-climatic condition (Singh and
Dixit, 2007).

This research work has wide scope in
developing the new varieties/hybrids  of
rapeseed mustard with high yield. As existence
of genetic variability in the population is the
prerequisite for planning any breeding
programme, this study will help in the estimation
of extent of available variability, the proportion
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Abstract
Ninety one crosses obtained by half diallel mating using fourteen parents (excluding reciprocal) were used

to study the general and specific combining ability of parents and crosses, respectively and to isolate superior
crosses for studying them in further generation. These parents and crosses were grown in complete randomized
block design replicated thrice in the year rabi 2015 at Shankarnagar farm of Agril. Botany Section, College
of Agriculture, Nagpur. Observations were taken on days to 50% flowering, days to maturity, plant height (cm),
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Pusa Mahak X Bio 902, Pusa Tarak X Pusa Mahak, JD 6 X Bio 902, Pusa Mustard 28 X Pusa Mahak, Pusa
Mahak X GM 2, Pusa Mustard 22 X Bio 902, Pusa Mustard24 X NRCHB 101, Pusa Tarak X Pusa Agrani,
GM 2 X GM 3 and Pusa Mustard 28 X GM 3 indentified as superior crosses which can be utilized for
development of hybrid varieties. 
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that can be inherited and the gain which can be
obtained by making selection, which fulfills the
prerequisite. It will help in identifying the
promising F2 crosses to be forwarded for the
future generation.

Materials and Methods

The experimental material comprising of
fourteen genotypes of mustard (Brassica juncea)
were crossed in half diallel mating design
excluding reciprocals to obtain 91 crosses during
rabi 2014-2015. There  crosses along with 14
parents were raised in randomized complete
block design in three replications with the
spacing of 45 cm x 15 cm accommodating 10
plants in each row at the Shankar Nagar Farm
of the Botany Section, College of Agriculture,
Nagpur during rabi 2015-2016. Observations
were recorded on five randomly selected plants
in each replication for the characters including
days to 50% flowering, days to maturity, plant
height at maturity, number of primary
branches-1, number of siliqua plant-1, 1000 seed
weight, and yield plant-1. The data were
subjected to analysis of variance (Fisher, 1938),
and analysis of combining ability (Griffings,
1956, Method 2 Model I).

Results and Discussion

The analysis of variance for experimental

design was performed for seven characters and
data are presented in Table 1. The mean squares
due to genotypes was highly significant for all
the characters studied i. e. days to 50%
flowering, day to maturity, plant height at
maturity, number of primary branches-1,
number of siliqua plant-1 and yield plant-1 except
1000 seed weight. The parents exhibited highly
significant mean squares for days to % flowering,
days to maturity and plant height at maturity.
While the crosses exhibited significant mean
squares for days to 50% flowering, days to
maturity, number of primary branches-1,
number of siliqua plant-1, and yield plant-1.
However, parents vs. crosses exhibited
significant differences for all the characters
except days to 50% flowering. Analysis of
varience for the experimental design revealed
the presence of substantial genetic variability
among the genotypes which allows further
estimation in the experimental material. The
wide variability for plant-1 yield and yield
contributing characters including, plant height
(cm), number of primary branches, number of
siliqua, and 1000 seed weight (g) in mustard
were also observed by Aghao et al. (2010),  Tele
(2014) and Puttawar et al. ( 2014).

Potentiality of the cross to be forwarded to
next generation is decided on the basis of high
mean performance, high gca of one or both the
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Table 1. Analysis of variance for experimental design

Source Mean squres
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
d.f. Days to Days Plant No. of No. of 1000 Yield

50% to height primary siliqua seed plant-1
flowering maturity at branches plant-1 weight (g)

maturity (g)

Replication 2 11.47 1.95 1.47 0.76 1516.23 0.07 2.36
Genotypes 104 19.34** 56.74** 288.63** 1.91** 4585.75** 0.37 4.26**
Parents 13 46.23** 175.52** 192.80** 1.05 1089.38 0.77 1.03
Crosses 90 15.67** 37.76** 258.38** 1.88** 4902.11** 0.28 4.10**
Parents Vs. crosses 1 0.04 220.88** 4257.51** 14.83** 21565.82** 3.29** 61.00**
Error 208 4.57 7.06 62.38 0.66 689.69 0.39 1.26

* Significant at 5% level, ** Significant at 1% level



parents involved in the cross and with negative
sca effects (Table 2) . Among ninety-one crosses
studied NRCHB 101 X Bio 902 showed
negative significant sca effects for seed yield
plant-1 and negative sca effects for number of
siliqua plant-1. This cross also had high mean
performance for seed yield plant-1 and number
of siliqua plant-1 and high oil content. The gca
effects of parents involved in the cross possessed
medium X high gca effects for seed yield
plant-1 and high X high gca effects for number
of siliqua plant-1. Another cross Pusa Mustard
28 X JD 6 also showed negative significant sca
effects for seed yield plant-1 and negative sca
effects for number of siliqua plant-1. This cross
also had high mean performance for both the
characters and also high oil content. The gca
effects of parents of the cross exhibited high X
high gca effects for seed yield plant-1 and
number of siliqua plant-1. Third cross showing
negative significant sca effects for seed yield
plant-1 and negative sca effects for number of
siliqua plant-1 Pusa Tarak X Bio 902. However,
this cross showed high mean for both the
characters and the gca effects of parents involve
in the cross showed low X high gca effects for
seed yield plant-1 and high X high gca effects for
number of siliqua plant-1. Pusa Mustard 21 X

GM 2 showed negative significant for sca effects
of seed yield plant-1 but positive sca effects for
number of siliqua plant-1. Same cross also had
high mean performance for both the characters
and also possessed high oil content. The gca
effects of parents of the cross exhibited high X
low gca effects for seed yield plant-1 and low X
low gca effects for number of siliqua plant-1.

Pusa Agrani X GM 3 showed negative
significant sca effects for seed yield plant-1 and
negative significant sca effects for number of
siliqua plant-1. This cross also had high mean
performance for seed yield plant-1 and number
of siliqua plant-1. The gca effects of parents
involving in the cross possessed low X low gca
effects for seed yield plant-1 and high X low gca
effects for number of siliqua plant-1. Another
cross exhibiting negative significant sca effects
for seed yield plant-1 and negative sca effects for
number of siliqua plant-1was Pusa Mustard 25 X
Pusa Mustaed 28. However, this cross showed
high mean for both the characters and high oil
content. The gca effects of parents involved in
the cross showed medium X medium gca effects
for seed yield plant-1 and high X medium gca
effects for number of siliqua plant-1. Pusa Mahak
X NRCHB 101 showed negative significant for
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Table 2. Selected crosses for development of varieties and their performances for seed yield plant-1 and number of siliqua
plant-1

Number of crosses Seed yield plant-1 Number of siliqua plant-1 Oil 
–––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––– content
Mean GCA SCA Mean GCA SCA (%)

–––––––––––––––– ––––––––––––––––
P1 P2 P1 P2

NRCHB 101 X BIO 902 7 -0.15 0.75** -1.39* 254.33 3.31 9.26* -17.33 40.13

PM 28 X JD 6 6.83 0.16 0.15 -1.26* 268.33 5.04 8.62* -4.42 39.19

P TARAK X BIO 902 6.67 0.04 0.75** -1.92* 262.33 13.76** 9.26* -19.79 35.84

PM 21 X GM 2 6.33 -0.36* 0.2 -1.29* 277.67 2.95 3.89 11.73 42.01

P AGRANI X GM 3 6.17 -0.07 -0.09 -1.45* 226.67 8.54* -0.15 -40.81* 40.65

PM 25 X PM 28 6.08 -0.28 0.16 -1.59* 218 -35.82** 5.04 -9.65 42.02

P MAHAK X NRCHB 101 6 0.63** -0.15 -2.26** 253.33 25.1** 3.31 -34.17* 41.18

P TARAK X PM 24 5.83 0.04 -0.29 -1.7* 270.16 13.76** 4.37 -6.56 40.21

** = Significant at 1% level, *  =  Significant at 5 % level.



sca effects of seed yield plant-1 and number of
siliqua plant-1. Same cross also had high mean
performance for both the characters and high
oil content. The gca effects of parents of the
cross exhibited high X low gca effects for seed
yield plant-1 and high X medium gca effects for
number of siliqua plant-1. Pusa Tarak X Pusa
Mustard 24 showed negative significant sca
effects for seed yield plant-1 and negative sca
effects for number of siliqua plant-1. This cross
also had high mean performance for seed yield
plant-1 and number of siliqua plant-1. The gca
effects of parents involving in the cross
possessed low X low gca effects for seed yield
plant-1 and high X low gca effects for number of
siliqua plant-1. All the above eight crosses
recorded desirable sca effects for seed yield
plant-1 and number of siliqua plant-1and involved
parents with high X high, high X medium, high
X low, medium X high, medium X medium, low
X high, and low X low. The presence of negative
sca in all the crosses indicate predominant role
of additive gene action for yield components
which is a general situation observed in self
pollinated crops. Identification of superior
crosses on the basis of sca and per se
performance and suggested the suitability of
biparental mating in selected progeny and
further selection in segregating generation,
recurrent selection or diallel selected mating may
be used for improvement of yield and yield
components (Singh et al. 1985).

Selection of desirable heterotic crosses at an
early stage is very important in developing high
yielding genotypes (table 2) . Effective utilization
of heterosis to develop high yielding hybrid is
therefore one of the major objective of Brassica
oilseed breeding in the recent years. In order to
explore the hybrid vigour at commercial level,
attempt should be made to convert high yielding
heterotic parents into cytoplasmic male sterile
line and search for suitable fertility restorer line
to develop hybrid. Several hybrids successfully
produce in Brassica juncea. The commercial
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hybrids in mustard released for cultivation are
DMH 1, NRCHB 101 and PAC 432 which
were released in 2009.

Heterosis has positive association with sca
effect, hence heterotic crosses showing
substantial and significant sca effect for seed
yield plant-1 and high positive sca effects for
number of siliqua plant-1 over mid parent, better
parent and check along with highly significant
mean seed yield plant-1 and number of siliqua
plant-1.

The first cross Pusa Mahak X Bio 902
exhibited significant heterosis (H1, H2 and H3)
for seed yield plant-1 and number of siliqua
plant-1. The same cross also exhibited significant
high sca effects and mean for seed yield plant-1

and number of siliqua plant-1. Another cross
Pusa Tarak X Pusa Mahak also exhibited
significant desirable heterosis (H1, H2 and H3)
for seed yield plant-1 as well as for number of
siliqua plant-1, significant sca for seed yield
plant-1 and high sca for number of siliqua
plant-1 and significant mean for both the
characters and also possessed high oil content.
JD 6 X Bio 902 exhibited significant heterosis
(H1, H2 and H3) for seed yield plant-1 and
number of siliqua   plant-1. The same cross also
exhibited significant high sca effects and mean
for seed yield plant-1 and number of siliqua
plant-1. Pusa Mustard 28 X Pusa Mahak showed
significant hetrosis (H1, H2 and H3) for seed
yield plant-1 and number of siliqua plant-1. This
cross also exhibited significant sca and mean
performances for both the characters. The cross
Pusa Mahak X GM 2 exihibited significant
heterosis (H1, H2 and H3) for seed yield plant-1

and high heterosis (H1, H2 and H3) for number
of siliqua plant-1. Same cross showed significant
sca effects and mean performances for both the
characters and high oil content. Another cross
Pusa Mustard 22 X Bio 902 showed significant
heterosis (H1, H2 and H3) for seed yield plant-1

and high heterosis (H1, H2 and H3) for number

of siliqua plant-1. This cross also exhibited
significant sca effects for seed yield plant-1 and
number of siliqua plant-1 and significant mean
performance for both the characters. 

The cross Pusa Mustard 24 X NRCHB 101
exhibited significant heterosis (H1, H2 and H3)
for seed yield plant-1 and number of siliqua
plant-1. The same cross also exhibited significant
high sca effects and mean for seed yield plant-1

and number of siliqua plant-1.  The crosses Pusa
Tarak X Pusa Agrani, GM 2 X GM 3 and Pusa
Mustard 28 X GM 3 showed significant heterosis
(H1, H2 and H3) for seed yield plant-1 and high
heterosis (H1, H2 and H3) for number of siliqua
plant-1. These crosses also exhibited significant
sca effects for seed yield plant-1 and number of
siliqua plant-1 and significant mean performance
for both the characters and possessed high oil
content. Niranjana et al. (2014) also found GM
2 X GM 3 exhibited high sca effects for yield per
plant. From the data of heterosis, heterobeltiosis
and useful heterosis, it was observed that the
crosses with high magnitude of heterosis had
higher magnitude of sca effects and better per
se performance. So the above crosses after the
evaluation in traits can be used for development
of hybrids after conversion of female line into
CMS background as conventional hybrids are
not economically feasible in mustard.
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Abstract
A field experiment was carried out during kharif season of 2013 and 2014 on Vertisols at Post Graduate

Institute Research Farm, Mahatma Phule Krishi Vidyapeeth, Rahuri to study the effect of organic sources of
fertilizers on growth and yield of soybean. The treatments comprised of seven organic sources of fertilizers
viz., T1 - 50% RDN through FYM + 50% RDN through vermicompost, T2 - 50% RDN through FYM + 50%
RDN through neem cake, T3 - 50% RDN through vermicompost + 50% RDN through neem cake, T4 - RDN
through FYM + vermicompost + neem cake (33% each), T5 - 100% RDN through FYM, T6 - 100% RDN
through vermicompost and T7 - GRDF (General recommended dose of fertilizer i.e.5 t FYM + 50:75 kg
N:P2O5 ha-1).  The results revealed that, significantly highest growth, yield attributes, yield and economics of
soybean recorded by application of GRDF and which was comparable with combined application of 50%
recommended dose of nitrogen each through FYM (5.4 t ha-1) and vermicompost (2.2 t ha-1).

Key words : Economics, growth, organic sources of fertilizers, soybean, yield.

______________

Soybean (Glycine max L.) is a leguminous
oilseed crop recognized world wide as the
efficient producer of the two scarce nutritional
resources i.e. richest source of protein (40%)
and oil (20%). Its cultivation has become popular
in Maharashtra due to establishment of
processing units and high remunerative prices.

Continuous use of chemical fertilizers is leading
reduction in the crop yield and resulted in
imbalance of nutrients in the soil, which has
adverse effects on soil health. Use of organic
manures alone or in combination with chemical
fertilizers will help to improve physico-chemical
properties of the soils, efficient utilization of
applied fertilizers for improving seed yield and
seed quality. Organic manures act not only as a
source of nutrients and organic matter, but also
increase size, biodiversity and activity of the
microbial population in soil, influence structure,
nutrients get turnover and many other changes
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related to physical, chemical and biological
parameters of the soil (Albiach et al., 2000;
Singh et al., 2007). It is also reported that the
combined application of' inorganic and organic
manures significantly enhanced the growth
attributes and yield of' soybean as compared to
the sole application of either of them (Lourduraj,
2000). 

Soybean being a high protein and energy
crop and its productivity is often limited by the
low availability of essential nutrients or
imbalanced nutrition forming one of the
important constraints to soybean productivity in
India. Hence a balanced nutrients application is
must to harness the productivity of the crops.
Also, there is a growing awareness among the
farmers to cultivate the crop under organic
sources of fertilizers because of escalating cost
of chemical fertilizer and decreasing fertility
(Ramesh et al., 2006). Considering all these
points in view, the present study was initiated to
know the effect of organic manures on plant
growth; yield attributes, seed yield and
economics of soybean.

Materials and Methods

A field study was conducted for 2 years
(kharif 2013 and 2014) at Post Graduate
Institute Research Farm, Mahatma Phule Krishi
Vidyapeeth, Rahuri (between 19047' and
19057' N latitude and between 74019' and
74032' E longitude, altitude varies from 495 to
555 m above the mean sea level). Soil samples
were taken before the start of the experiment
and were analyzed for physical and chemical
properties of the soil using standard procedures.
The soil was vertisol with a clay loam and well
drained, low in available nitrogen (226.11 kg
ha-1), medium in available phosphorus (16.63
kg ha-1) and very high in available potassium
(358.06 kg ha-1). The experiment was laid out
in randomised block design with seven sources
of organic fertilizers viz., T1 - 50% RDN through

FYM + 50% RDN through vermicompost, T2 -
50% RDN through FYM + 50% RDN through
neem cake, T3 - 50% RDN through
vermicompost + 50% RDN through neem cake,
T4 - RDN through FYM + vermicompost +
neem cake (33% each), T5- 100% RDN through
FYM, T6 - 100% RDN through vermicompost
and T7 - GRDF (5 t FYM + 50:75 kg N: P2O5
ha-1) replicated thrice. The field was prepared
by ploughing with tractor drawn plough followed
by rotavator. The gross and net plot size was
14.4 m x 3.15 and 12.8 m x 2.25 m,
respectively. Soybean variety JS-335 was used.
The soybean seeds were treated with
Rhizobium japonicum and PSB @ 250 g 10
kg-1 seed each before sowing. The seed was
sown at the rate of 75 kg ha-1 at spacing of 45
cm x 10 cm. Recommended dose of fertilizer
50:75 kg N: P2O5 ha-1 in the form of urea and
single super phosphate was applied at the time
of sowing in GRDF treatment while organic
sources of fertilizers (FYM, vermicompost and
neem cake) were applied seven days before
sowing to the respective plots as per the
treatment including GRDF. The crop was raised
with recommended package of practices.
Weather parameters like maximum and
minimum temperature, rainfall and pan
evaporation were recorded throughout the crop.
Total rainfall during the crop growth period was
387.0 mm and 304.0 mm in the successive
years of experiment. Five plants were selected
randomly and marked from each net plot for
plant height, number of branches, plant spread
and leaf area. The plant height was measured
from the base of the stem to the terminal leaf
bud on the main stem. Two plants from each net
plot were uprooted randomly for dry matter
accumulation. Harvesting of crop was done as
per treatments from each net plot by cutting the
plants from the base above the ground. The
sundried soybean plants were threshed. Then
seed and straw were separated and weighed
separately. The plot wise seed and straw yield
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was recorded and converted in t      ha-1. Thus,
plot wise yields obtained were tabulated,
analyzed and interpreted in experimental result
(Table 3).

Data were subjected to analysis of variance
(ANOVA) for randomised block design. The
results were presented at 5% level of significance
(P=0.05) and critical difference (CD) values were
calculated to compare the treatments.

Results and Discussion

Crop growth : All the growth attributes
(plant height, number of branches, plant spread,
leaf area and dry matter accumulation) were
differed significantly by different organic sources
of fertilizers (Table 1). Significantly higher plant
height (60.1 cm), number of branches (6.71),
plant spread (38.4 cm) and leaf area (17.07
dm2) at 84 DAS were recorded with the
application of GRDF over 50:50% RDN each
through FYM + NC, 50:50% RDN through VC
+ NC and 100% RDN through FYM and was at
par with treatment 50:50% RDN through FYM
+ VC, 33% RDN each through FYM + VC +
NC and 100% RDN through VC. Dry matter
accumulation (35.40 cm) at harvest was
significantly higher over all other treatments
except 50:50% RDN through FYM + VC and

100% RDN through VC where it was at par.
Significantly lowest plant height (42.0 cm),
number of branches (4.65), plant spread (34.7
cm), leaf area (11.93 dm2) and dry matter
accumulation (25.00 g) were recorded with the
application of 50:50% RDN each through FYM
+ NC. This clearly indicated the need for adding
organic manures to the soil in conjunctive with
inorganic fertilizers, which increased the
availability of nutrients considerably resulting in
positive effect on growth parameters. These
findings are in accordance with the results of
Babalad (1999) in soybean, who have opined
that there is a need of organics application along
with inorganic fertilizers. Similar findings were
reported by Mandal et al. (2000) and
Maheshbabu et al. (2008).

Yield attributes and yield : Yield
attributes viz., number of pods plant-1; dry pod
weight plant-1, number of seeds plant-1, seed
weight plant-1 (Table 2) and yield viz., seed,
straw, oil and protein (Table 3) were significantly
influenced by application of different organic
sources of fertilizers.

Application of GRDF registered the
significantly higher number of pods plant-1

(53.0), dry pod weight plant-1 (27.3 g), number
of seeds plant-1 (124.5) and seed weight plant-1
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Table 1. Effect of organic sources of fertilizers on growth attributing characters (Pooled data of 2 years)

Treatment Plant No. of Plant Leaf Dry 
height at branches spread area matter 
84 DAS plant-1 at at plant-1 at at 
(cm) 84 DAS 84 DAS 84 DAS harvest

(cm) (dm2) (g)

T1 : 50% RDN through FYM +50% RDN through VC 56.4 6.29 37.9 16.02 33.30
T2 : 50% RDN through FYM + 50% RDN through NC 42.0 4.65 34.7 11.93 25.00
T3 : 50% RDN through VC + 50% RDN through NC 46.5 5.17 35.6 13.23 27.63
T4 : RDN through FYM + VC + NC (33% each) 53.0 5.91 36.9 15.06 31.34
T5 : 100% RDN through FYM 51.5 5.73 36.6 14.62 30.45
T6 : 100% RDN through VC 54.5 6.07 37.5 15.47 32.17
T7 : GRDF 60.1 6.71 38.4 17.07 35.40
SEm± 2.8 0.32 0.7 0.80 1.17
CD at 5% 8.3 0.94 2.0 2.34 3.42



(20.2 g) over application of 50:50% RDN each
through FYM + NC, 50:50% RDN through VC
+ NC, 33% RDN each through FYM + VC +
NC and was at par with treatment 50:50% RDN
through FYM + VC and 100% RDN through
VC. Significantly lower number of pods plant-1

(40.4), dry pod weight plant-1 (20.6 g), number
of seeds plant-1 (95.0) and seed weight plant-1

(15.4 g) were recorded with the application of
50:50% RDN each through FYM + NC.  This
was perhaps due to a continuous supply of
nitrogen, phosphorus to the crop at the early
stages and through organic manure at later
stages of crop growth, as slow release of
nutrients. These findings are in accordance with
the results of Devi et al. (2013). 

Significantly higher seed (3.09) and straw
(3.92) yield t ha-1 were recorded with the
application of GRDF over application of
50:50% RDN each through FYM + NC,
50:50% RDN through VC + NC, 33% RDN
each through FYM + VC + NC and was at par
with treatment 50:50% RDN through FYM +
VC and 100% RDN through VC. Significantly
lower (2.11) and straw (2.68) yield t ha-1 were
recorded with the application of 50:50% RDN
each through FYM + NC. This might be
attributed to rapid mineralization of nitrogen
from inorganic fertilizers and steady supply of
nitrogen from FYM, which might have met the
nitrogen requirement of crop at critical stages.
Farm yard manure acts as a nutrient reservoir
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Table 2. Effect of organic sources of fertilizers on yield attributing characters (Pooled data of 2 years)

Treatment No. of Dry pod No. of Seed 
pods weight seeds weight 
plant-1 plant-1 plant-1 plant-1

(g)   (g)

T1 : 50% RDN through FYM +50% RDN through VC 51.0 26.8 119.9 19.4
T2 : 50% RDN through FYM + 50% RDN through NC 40.4 20.6 95.0 15.4
T3 : 50% RDN through VC + 50% RDN through NC 42.5 22.3 100.0 16.2
T4 : RDN through FYM + VC + NC (33% each) 44.3 22.6 104.3 16.7
T5 : 100% RDN through FYM 43.8 22.3 102.5 16.6
T6 : 100% RDN through VC 48.9 25.1 114.8 18.6
T7 : GRDF 53.0 27.3 124.5 20.2
SEm± 2.2 1.3 3.9 0.6
CD at 5% 6.28 3.65 11.38 1.75

Table 3. Effect of organic sources of fertilizers on seed, straw, oil and protein yield of soybean (Pooled data of 2 years)

Treatment Yield (t ha-1)
––––––––––––––––––––––––––––––––––––––––––––––––––––
Seed Straw Oil Protein

T1 : 50% RDN through FYM +50% RDN through VC 3.06 3.88 0.59 1.17
T2 : 50% RDN through FYM + 50% RDN through NC 2.11 2.68 0.39 0.80
T3 : 50% RDN through VC + 50% RDN through NC 2.28 2.90 0.43 0.87
T4 : RDN through FYM + VC + NC (33% each) 2.62 3.32 0.50 0.99
T5 : 100% RDN through FYM 2.52 3.20 0.48 0.96
T6 : 100% RDN through VC 2.70 3.43 0.51 1.02
T7 : GRDF 3.09 3.92 0.60 1.18
SEm± 0.14 0.17 0.03 0.05
CD at 5% 0.40 0.51 0.09 0.15



and upon decomposition produces organic
acids, thereby absorbed ions are released slowly
during entire growth period leading to higher
yield attributes, seed and straw. Similar results
are also reported by Babhulkar et al. (2000),
Rana and Badiyala (2014) and Singh et al.
(2015).

Significantly higher oil (0.60 t ha-1) and
protein (1.18 t ha-1) yield were registered with
the application of GRDF over application of
50:50% RDN each through FYM + NC,
50:50% RDN through VC + NC, 33% RDN
each through FYM + VC + NC and was at par
with treatment 50:50% RDN through FYM +
VC and 100% RDN through VC. Significantly
lower oil (0.39 t ha-1) and protein (0.80 t ha-1)
yield were registered with the application of
50:50% RDN each through FYM + NC. The
increase in oil and protein yield might be due to
increased availability and higher uptake of N
might have increased the amino acid synthesis
and thereby could have improved the seed oil
and protein via their translocation to the seed.
Similar findings are also reported by Sharma
and Mishra (1997). 

Economics : Different sources of organic
fertilizers had influenced the economics of
soybean (Table 4). Significantly higher GMR (Rs.
130.71 x 103 ha-1) was registered with the
application of GRDF over application of
50:50% RDN each through FYM + NC,
50:50% RDN through VC + NC, 33% RDN
each through FYM + VC + NC, 100% RDN
through FYM and but was at par with 50:50%
RDN through FYM + VC and 100% RDN
through VC while NMR (Rs. 93.21 x 103 ha-1)
was significantly higher over all other organic
sources of fertilizers except 50:50% RDN
through FYM + VC where it was at par. Highest
B: C ratio (3.41) was registered with the
application of GRDF followed by 50:50% RDN
through FYM + VC. Similar result are also
reported by Deshmukh et al. (2005)

The results revealed that significantly highest
growth attributes, yield attributes, yield and
economics of soybean recorded by application
of GRDF (5 t FYM + 50:75 kg N: P2O5 ha-1)
and which was comparable with combined
application of 50%  recommended dose of
nitrogen each through FYM (5.4 t ha-1) and
vermicompost (2.2 t ha-1).
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Abstract
A field experiment was conducted for 3 consecutive rabi seasons in the All India Coordinated Research

Project on Safflower, Solapur, Maharashtra during 2007-08 to 2009-10 to evaluate the efficacy of different
fungicides for the control of Alternaria leaf spot of safflower and also to study the economics of use of different
fungicides for the disease control.  Based on the pooled data of three years, the treatment T8 i.e. Carbendazim
12% + Mancozeb 63% recorded significantly lower disease intensity (26.17%) than all other fungicides and as
such the highest disease control (70.72%).  It also recorded significantly highest seed yield of 1036 kg ha-1

followed by Carbendazim 0.1% (936 kg ha-1) and Mancozeb 0.25 % (879 kg ha-1) as compared to the lowest
seed yield (444 kg ha-1) recorded by the water sprayed control. The cost-benefit analysis of different fungicidal
treatments showed that Carbendazim 12% + Mancozeb 63% recorded 133.33 per cent increase in yield and
the highest net monetary returns of Rs. 10,917/- and IBC ratio of 9.27 over the water sprayed control.  Thus,
it could be concluded that the overall yield loss of 57 % in safflower due to Alternaria leaf spot disease can be
avoided by applying first spray of Carbendazim 12% + Mancozeb 63% (0.2%) immediately after disease
appearance followed by second spray at 15 days (need-based) thereafter under congenial climatic conditions
(intermittent rains with high relative humidity).  

Key words : Alternaria carthami, Carthamus tinctorius, fungicides, safflower.

______________

The leaf spot disease caused by Alternaria
carthami Chowdhury is a major destructive
disease of safflower (Carthamus tinctorius L.)
grown in India.  The disease is endemic in most
of the safflower growing areas of Maharashtra,
Karnataka and Andhra Pradesh which infects
the leaves, stem, head, seed, etc. and causes

severe seed yield losses and also deterioration in
the quality of the seed.  Under severe infections,
disease has been reported to cause 50 per cent
loss in seed yield (Indi et al., 1986). An
extensive survey work carried out by Deokar et
al. (1991) revealed the predominance of
Alternaria leaf spot disease on safflower in the
traditional safflower growing areas in the scarcity
zone of Maharashtra state.  Weather conditions
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also play a predominant role in determining the
course and severity of disease epidemics.  The
disease is favoured by temperatures around 20-
35°C, high humidity (> 80%) and intermittent
showers.  These conditions are very often met
during pre or post-flowering stage of the crop.
All the presently recommended varieties of
safflower are susceptible to the disease as no
stable sources of resistance/tolerance to
Alternaria leaf spot disease are available in
safflower.  Thus, it is always preferable to protect
the crop with spray of the effective fungicides to
avoid severe yield losses.  A number of
fungicides like copper oxychloride, mancozeb,
carbendazim, etc. have been reported to be
effective against Alternaria leaf spot disease of
safflower from time to time (Murumkar et al.,
2008, Raju et al., 2001).  Hence, an attempt
was made to study the relative efficacy and
economics of use of different newer fungicides

for the management of Alternaria leaf spot of
safflower under dryland conditions to minimize
the losses caused by the disease.

Materials and Methods

A field experiment was conducted during 3
consecutive rabi seasons (2007-08 to 2009-10)
to study the efficacy of different fungicides for
the control of Alternaria leaf spot of safflower
and also to study the economics of use of
different fungicides for the disease control.  The
experiment was sown during 2nd fortnight of
August employing variety Bhima during all the
3 years to have maximum infection and build-up
of the disease and thereby rigorous screening of
the fungicides against the disease.  The crop was
sown at 45 x 20 cm spacing with gross plot size
of 2.7 x 5.0 m and net plot size of 1.8 x 4.6 m
and 50:25 kg N and P2O5 were applied at
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Table 1. Intensity of Alternaria leaf spot of safflower as influenced by different fungicides

Treatment Disease Intensity (%) Pooled % disease 
–––––––––––––––––––––––––––––––– mean control
2007-08 2008-09 2009-10 (%) over check

Carbendazim 0.1% (Bavistin 50 WP) 33.33 42.96 33.33 36.54 59.12
(35.22) (40.93) (35.24) (37.13)

Propiconazole 0.1% (Tilt 25 EC) 48.15 53.33 52.59 51.36 42.54
(43.92) (46.89) (46.48) (45.76)

Hexaconazole 0.1 % (Contaf 5 EC) 43.70 54.07 50.37 49.38 44.75
(41.29) (47.32) (45.20) (44.60)

Chlorothalonil 0.2% (Kavach 75 WP) 42.22 54.81 47.41 48.15 46.13
(40.51) (47.75) (43.49) (43.92)

Iprodione 0.2% (Rovral 50 WP) 45.19 51.11 48.89 48.40 45.85
(42.21) (45.62) (44.34) (44.06)

Difenconazole 0.05% (Score 25 EC) 40.74 51.11 48.89 46.91 47.52
(39.61) (45.62) (44.34) (43.19)

Mancozeb  0.25% (Indofil M-45 75 WP)- (Reccom. check) 36.30 45.93 44.44 42.22 52.76
(37.01) (42.64) (41.79) (40.48)

Carbendazim 12% + Mancozeb 63%- 0.2% (SAAF 75 WP) 28.89 25.19 24 .44 26.17 70.72
(32.46) (30.04) (29.52) (30.67)

Control (Water spray) 77.04 93.33 97.78 89.38 -
(61.45) (75.14) (83.05) (73.21)

SE ± 2.20 1.43 1.82 1.06 -

CD at 5 % 6.61 4.29 5.45 3.03 -

CV % 9.20 5.30 6.86 - -

*Figures in parentheses are the arc-sines to which the statistical analysis pertains.



the time of sowing as basal dose. There
were 9 treatments as per the details given in
Table 1.  

The first spray of the fungicides was applied
immediately after the disease appearance @ 500
lit ha-1 and further need-based 2 sprays were
given at 15 days interval thereafter.  The disease
intensity was recorded on ten randomly selected
plants at 7 days after the last spray.  The seed
yield was recorded after harvest.  The data were
subjected to statistical analysis by employing
standard methods of analysis of variance (Panse
and Sukhatme, 1985).  

Results and Discussion

The results in respect of the intensity of
Alternaria leaf spot as influenced by different
treatments for three consecutive rabi seasons
(2007-08 to 2009-10) are depicted in Table 1.
The data of all the three years indicated that, all
the fungicidal treatments recorded significantly
lower disease intensity as compared to the water
sprayed control.  The pooled analysis of the data
also revealed significant differences.  Among the
different treatments, T8 i.e. Carbendazim 12%
+ Mancozeb 63% recorded significantly lowest
disease intensity (26.17%) and was found to be
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Table 2. Seed yield and economics of safflower as influenced by different treatments

Treatment Seed yield (kg ha-1) Pooled % Addl. Addl. Addl. Net IBC 
––––––––––––––––––––––––– mean increase yield returns expendi- mone- ratio
2007- 2008- 2009- (kg in yield over over ture on tary 
08 09 10 ha-1) over control control treat- return

control (kg (Rs. ment (Rs. 
ha-1) ha-1) (Rs. ha-1)

ha-1)

Carbendazim 0.1% 1147.43 777.06 883.90 936 110.81 492 10170 700 9470 14.53
(Bavistin 50 WP)

Propiconazole 0.1% 912.39 604.70 681.62 733 65.09 289 5974 1500 4474 3.98
(Tilt 25 EC)

Hexaconazole 0.1% 955.13 634.61 656.70 749 68.69 305 6304 872 5432 7.23
(Contaf 5 EC)

Chlorothalonil 0.2% 967.95 643.16 698.00 770 73.42 326 6738 2140 4598 3.15
(Kavach 75 WP)

Iprodione 0.2% 904.56 570.51 660.26 712 60.36 268 5540 6172 -632 0.90
(Rovral 50 WP)

Difenconazole 0.05 % 1055.56 649.57 698.00 801 80.40 357 7379 1680 5699 4.39
(Score 25 EC)

Mancozeb  0.25 %  1082.62 758.55 794.87 879 97.97 435 8991 865 8126 10.39
(Tata-M-45 75 WP)
(Reccom. check)

Carbendazim 12% +   1210.82 918.09 978.63 1036 133.33 592 12237 1320 10917 9.27
Mancozeb 63%- 0.2% 
(SAAF 75 WP)

Control (Water spray) 745.73 334.05 252.14 444 - - - - - -

SE± 34.71 37.97 28.81 19.65 - - - - - -

CD at 5 % 104.06 113.81 86.35 55.88 - - - - - -

CV % 6.02 10.05 7.12 - - - - - - -

Market rates: 
1) Safflower- Rs. 2067 q-1
2) Carbendazim- Rs. 400 kg-1
3) Propiconazole- Rs.1200 lit.-1

4) Hexaconazole- 572 lit.-1
5) Chlorothalonil- Rs.920 kg-1
6) Iprodione – Rs. 2936 kg-1
7) Difenconazole-Rs.2760 lit.-1

8) Mancozeb- Rs. 226 kg-1
9) SAAF – Rs.510 kg-1
10) Labour - Rs. 150 spray-1 ha-1



the most effective among all the treatments. This
treatment registered the highest percent disease
control i.e. 70.72%.

The pooled data on seed yield (Table 2)
indicated that the treatment T8 i.e. Carbendazim
12% + Mancozeb 63% also recorded the
highest seed yield of 1036 kg ha-1 and it was
significantly superior to the rest of the
treatments.  It was followed by Carbendazim
0.1% (936 kg ha-1) and Mancozeb 0.25 % (879
kg ha-1).  The water sprayed control treatment,
on the other hand, recorded the lowest seed
yield (444 kg ha-1). The cost-benefit analysis of
different fungicidal treatments showed that
Carbendazim 12% + Mancozeb 63% 0.2 %
spray treatment recorded 133.33 per cent
increase in yield with the highest net monetary
returns of Rs. 10917/- and IBC ratio of 9.27
over the water sprayed control treatment.

Over the years, a number of fungicides like
copper oxychloride, mancozeb, carbendazim
and others have been tested and found to be
effective for the control of Alternaria leaf spot
disease of safflower in India (Murumkar et al.,
2008, Raju et al., 2001).  A number of new
generation fungicides and some combined
formulations containing contact and systemic
fungicides are available in the market which offer
good control of the foliar diseases.  Carbendazim
12% + Mancozeb 63% formulation is also
available in the market under different trade
names.  It has been found to be very effective

against Alternaria leaf spot disease of safflower
in the present investigation due to its both
contact and systemic action.  Thus, the yield
losses to the tune of 57% due to Alternaria leaf
spot disease of safflower as experienced in the
water sprayed control treatment can be avoided
by applying 2 to 3 need-based sprays of
Carbendazim 12% + Mancozeb 63% 0.2%.  If
losses due to Alternaria leaf spot disease are
minimized by proper disease management, the
overall production and productivity of safflower
can be increased which will help us to move a
step forward for attaining self sufficiency in
oilseeds production. 
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Rice (Oryza sativa L.) is the major staple
food for more than half of the world's population
(FAO, 2013), accounting for approximately 30
percent of the total dietary intake, globally and
in South Asia (Lobell et al., 2008). Rice
production in the tropics is sensitive to climatic
factors (temperature, rainfall, and solar radiation)
which affect the crop in two various ways during
different stages of its growth (Yoshida,
1978).India, with 1.28 billion people is the
second most populous country in the world and
will take the number one position by 2030.  It is
imperative to increase food production in order
to meet the growing demand for food emanating
from population growth. Although, there have

been ups and downs in the domestic production
of food grain. The diverse climatic phenomena
like cyclone, drought, changing rainfall patterns
and temperature; there has been a significant
loss in food grain production in every year.The
yieldof rice is significantly influenced by
temperature throughoutthe crop growth period
and was more pronounced fromflowering to
anthesis period (Chahal et al. 2007).Increase in
the night temperature is causing the yield losses
in rice throughout the world (Peng et al. 2004).
During reproductive phase higher temperature
coupled with speedy wind may cause poor
setting of seed, consequently leads to pitiable
harvest (Singh and Singh 2007).There is a wide
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Abstract
The field experiment was conducted during 2014 at the Regional Agricultural Research Station of the

Kerala Agricultural University at Pattambi, Palakkad district, Kerala. The station is located at 10° 48’ N latitude
and 76° 12’E longitude at an altitude of 25.36 m above mean sea level in the central agroclimatic zone of
Kerala.The experiments were conducted in three seasons, i.e. in January, 2014-15 by planting at fortnightly
interval during the third crop season (December-January to March-April), first crop (April-May to September-
October) and second crop (September-October to December-January) respectively. Two popular varietiesof
Kerala Aathira and Vaisakh were selected for this study and the spacing adopted was 20 cm x 15 cm.
Vaisakhhas recorded highest number of panicles m-2 (357.00) in the third crop season (Jan 1st). Both the
varieties in third season have shown the reduction in panicle number with delay in planting date. Highest
number of filled grains per panicle were observed in June 30th crop of Vaisakh (147.3) and it is on par with
the June 15th (141.7) transplanted crop of Aathira. High maximum temperature during the reproductive period
might be the reason for lesser number of filled grains in third season crop. Maximum yield was observed in
variety Vaisakhtransplanted on January 1st (6.30 t ha-1) i.e summer crop. The summer crop is physiologically
advantageous due to high photo-period, leading to higher productivity. But after that there is a sharp decline
in the yield. The increase in the night temperature has shown significant negative correlation from panicle
initiation to flowering. Highest yield in Aathirawas observed in Oct 30th transplanted crop (5.86t ha-1). The
increase in yield may be due to low minimum temperature during ripening stage.Aathira also has shown
significant negative correlation with minimum temperature from panicle initiation to the flowering. The highest
straw yield was observed in the varietyAthira transplanted during June 1st and June 15th (7.86).The highest
harvest index value was observed in January 1st planted crop of Vaisakh (49.12).

Key words : Virippu (Monsoon), Mundakan (Rabi), Puncha (Summer), crop-weather
relations.



gap between potential and actual grain yield of
rice in the state and the growth and yield largely
depends on the various weather factors like
temperature, rainfall, sunshine hours and relative
humidity that prevail during the growing
season.With a view to study these weather
influences on rice present study was undertaken.

Materials and Methods

The field experiment was conducted during
2014 at the Regional Agricultural Research
Station of the Kerala Agricultural University at
Pattambi, Palakkad district, Kerala. The station
is located at 10° 48’ N latitude and 76° 12’E
longitude at an altitude of 25.36 m above mean
sea level in the central agroclimatic zone of
Kerala. The experiments wereconducted in
three seasons, i.e. in January, 2014-15 by
planting at fortnightly interval during the third
crop season (December-January to March-April),
first crop (April-May to September-October) and
second crop (September-October to December-
January), respectively. Accordingly, crop
harvests were done during May, October and
January for the above three seasons.

Two popular varietiesof Kerala Aathira and
Vaisakh were selected for this study. Aathira and
Vaisakh are photo insensitive varieties with the
duration of 117-125 days and 113-120 days

respectively. The experiment was laid out in
Split plot Design with three replications. The
Main plot treatments consists of three dates of
planting i.e., 1st, 15th and 30th of January
(Puncha), June (Virippu) and October
(Mundakan) and two varieties i.e. Aathira and
Vaisakh assubplot treatments. The plot size was
40 m2 and the spacing adopted was 20 cm x 15
cm. Weather experienced during the study
period was presented in table 5.

Yield attributes

Number of panicles m-2 : Among all the
treatments variety Vaisakh transplanted on
January 1st recorded the highest number of
panicles m-2 (357.00). Number of panicles m-2

has significantly varied by the date of planting
and the variety (Table 1). Vaisakh has recorded
highest number of panicles per square meter
(357.00) in the third crop season (Jan 1st). Both
the varieties in third season have shown the
reduction in panicle number with delay in
planting date. The numbers of panicles hill-1

were influenced mainly by the weather
conditions at the active tillering stage. Maximum
temperature during this period had a negative
relationship with panicle number. But increase
in relative humidity increased the number of
panicles hill-1. This view was supported by the
work of Kovi et al. (2011).
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Table 1. Yield components

Treatment Grain yield Straw yield Harvest No. of filled grains No. of 
(t ha-1) (t ha-1) index panicle-1 paniclesm-2

––––––––––––––––– –––––––––––––––––– –––––––––––––––––– –––––––––––––––––– –––––––––––––––––
Aathira Vaisakh Aathira Vaisakh Aathira Vaisakh Aathira Vaisakh Aathira Vaisakh

June 1st 5.39c 4.74d 7.86a 6.70bc 40.69cd 41.44cd 120.9ab 102.7bc 315.00g 282.00n

June 15th 5.03cd 4.82d 7.86a 7.03b 39.05cd 40.68cd 141.7a 129.8a 298.00j 291.00k

June 30th 5.34c 5.01cd 7.53ab 7.80a 41.67cd 39.13cd 127.2ab 147.3a 310.00h 298.00j

October 1st 5.20c 5.40c 6.73bc 6.40bc 43.63bc 45.76b 121.3ab 132.0a 316.00f 323.00e

October 15th 5.42c 5.46c 7.06b 6.40bc 43.45bc 46.04b 137.1a 136.6a 306.00i 325.00d

October 30th 5.86b 5.50c 6.90bc 6.80bc 45.95b 44.71bc 131.1a 139.9a 347.00b 341.05c

January 1st 5.26c 6.30a 7.53ab 6.50bc 41.11bc 49.12a 85.80c 116.6ab 306.00i 357.00a

January 15th 4.99cd 4.93cd 6.33c 6.80bc 44.12bc 42.02c 110.0b 109.3b 289.00l 286.00m

January 30th 4.93cd 4.74d 6.30c 6.90bc 43.93bc 45.02b 99.73bc 109.2b 273.00p 275.00o



Number of filled grains panicle-1 :
Number of filled grains per panicle has varied
significantly with changes in dates of planting
and the impact was different for different
varieties (Table 1). The highest number of filled
grains per paniclewas observed in June 30th

planted crop of Vaisakh (147.3) and it was on
par with the June 15th planted (141.7) crop of
variety Aathira. The crops transplanted during
the June haverecorded the lowest number of
filled grains panicle-1 and the performance of
Aathira is better compared to Vaisakh in first
and second crop seasons. Lowest panicle
number was observed in January 30th

transplanted crop of Aathira (99.73). Number of
filled grains panicle-1 in the variety Aathira

duringactive tillering to panicle initiation number
of filled grains has got significant correlation with
evaporation (-0.814) and daily temperature
range (-0.687). Only evaporation (-0.768) has
significant correlation during panicle initiation to
flowering, during flowering to physiological
maturity maximum temperature (-0.790),
afternoon relative humidity (0.692), and mean
temperature (-0.895) has significant
correlation.In case of variety Vaisakhnumber of
filled grains panicle-1 has shown significant
positivecorrelation with wind speed (-0.748) and
evaporation (-0.698) during active tillering to
panicle initiation, evaporation (-0.702) during
panicle initiation to flowering, minimum
temperature (-0.834) and evaporation (-0.766)
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Table 2. Correlation between Grain yield and weather during different phenophases

Weather Aathira Vaisakh
parameter ––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––

TP-AT AT-PI PI-Fl FL-PM TP-AT AT-PI PI-Fl FL-PM

Tmax NS NS NS NS NS NS NS NS
Tmin NS NS -.840** NS NS -.772* -.830** NS
RH-I NS NS NS NS NS NS NS NS
RH-II NS NS NS NS NS NS NS NS
Wind speed NS NS NS NS NS NS NS NS
Rainfall NS NS NS NS NS NS NS NS
BSH NS NS NS NS NS NS NS NS
Evaporatiom NS NS NS NS NS NS NS NS

Note: TP-transplating, AT-active tillering, PI- panicle initiation, FL-flowering, PM- Physiological maturity

Table 3. Correlation between Harvest Index and weather during different phenophases

Weather Aathira Vaisakh
parameter –––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––

AT-PI PI-Fl FL-PM AT-PI PI-Fl FL-PM

Tmax NS NS NS NS NS NS
Tmin NS NS NS -.818** -.881** NS
RH-I NS NS NS NS NS NS
RH-II NS NS NS NS NS NS
Wind speed NS NS NS NS NS NS
Rainfall NS NS NS NS NS NS
BSH NS NS NS NS NS NS
Evaporatiom NS NS NS NS NS NS

Note: TP-transplating, AT-active tillering, PI- panicle initiation, FL-flowering, PM- Physiological maturity



during flowering to physiological maturity (Table
4).

Grain yield : It can be observed from Table
1, that both the varieties performed differently
with changes in the weather factors. The highest
yield of Vaisakh was recorded by the crop
planted on January 1st (6.30t ha-1), whereas in
Aathira crop planted on October 30th (5.86 t
ha-1) recorded the highest yield. Here we can
observe that both the varieties were performing
differently with the change in the environment.
In the first season, yield of Aathira was high
compared to Vaisakh, but in the second and
third crop seasons, Vaisakh performed better
compared to Aathira. The summer crop is
physiologically advantageous due to high photo-
period, leading to higher productivity.But after
that there is a sharp decline in the yield. The
Grain yield of both Aathira and Vaisakh was
mainly influenced by minimum temperature. In
Aathira minimum temperature during Panicle
initiation to flowering stage (-0.840) had
negatively influenced the grain yield. Whereas in
the variety Vaisakh minimum temperature
(-0.772) during active tillering to panicle
initiation and panicle initiation to flowering
(-0.830), influenced the grain yield (Table 2).The
increase in the night temperature has shown
significant negative correlation from panicle
initiation to flowering. The increase in the night

temperature will increase the respiration there
by leads to the reduction of carbohydrates
available to transfer to sink. This may be the
reason for yield reduction. The increase in yield
may be due to low minimum temperature during
ripening stage. But in third crop season yield is
considerably less. Aathira also has shown
significant negative correlation with minimum
temperature from panicle initiation to the
flowering.

In case of Aathira increase in the night
temperature during the panicle initiation to
flowering stage has significantly affected the
grain yield. These results are in conformation
with the findings of Peng, et al. (2004) and
Nagarajan et al. (2010). Regression equation
was developed for the prediction of the yield as,

Grain yield (Aathira) = Grain yield (t ha-1)=
8.593 - 0.144 (T min) (R2= 0.609)

Where, T min= Minimum temperature from
Panicle initiation to flowering (°C)

In case of Vaisakh also increase in the night
temperature during the panicle initiation to
flowering stage has significantly affected the
grain yield. Wind has positive influence on the
yield and sunshine has negative influence.
Regression equation has developed for the
prediction of the yield as,
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Table 4. Correlation between filled grains and weather during different phenophases

Weather Aathira Vaisakh
parameter –––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––

AT-PI PI-Fl FL-PM AT-PI PI-Fl FL-PM

Tmax NS NS -.790* NS NS NS
Tmin NS NS NS NS NS -.834**
RH-I NS NS NS NS NS NS
RH-II NS NS .692* NS NS NS
Wind speed NS NS NS -.748* NS NS
Rainfall NS NS NS NS NS NS
BSH NS NS NS NS NS NS
Evaporatiom -.814** -.768* NS -.698* -.702* -.766*

Note: TP-transplating, AT-active tillering, PI- panicle initiation, FL-flowering, PM- Physiological maturity



Grain yield = 14.506 + 0.153 (wind) - 0.203
(T min) (R2= 0.754)

Where,  Grain yield in (t ha-1), Wind = Wind
speed from Panicle initiation to flowering (Km
hr-1) and T min = Minimum temperature from
Panicle initiation to flowering (°C)

Straw yield : The highest straw yield was
recorded by the variety Aathira transplanted
during June 1st (7.86 t ha-1) and June 15th. It is
on par with the June 30th transplanted crop of
Vaisakh (7.80 t ha-1).Lowest straw yield was
observed in Aathira transplanted on January
30th (6.30 t ha-1) which is on par with the
January 15th crop (6.33t ha-1) (Table 1). Crops
taken during June (first season crops)
experienced high relative humidity and low
temperature range compared to third crop
season. This is the reason for reduction in the
straw yield.

Harvest Index (%) : The highest harvest
index was observed in January 1st planted crop
of Vaisakh (49.12). The lowest harvest index
was observed in June 15th transplanted crop of
Aathira. The low harvest index values were
observed in the first crop season in both the
varieties. The harvest index values were high in
the second season compared to other two
seasons. Harvest index values are significantly
changing with both the season and variety
(Table1). Harvest index was high in second crop
season compared to other seasons.This is due
to the moderate temperatures (30-33°C)
experienced throughout the growing period. In
variety Aathira maximum temperature (0.775)
and Bright sunshine hours (0.748) has a
significant positive influence on Harvest index.
Whereas afternoon relative humidity (-0.727)
and rainfall (-0.850) had a significant negative
influence during planting to active tillering stage.
In variety Vaisakhthere was no correlation
between weather parameters and harvest index
(Table 3).
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Table 5. Weekly weather variables during the study period

We- Max. Min. RH I RH II Wind Rain- BSH Eva-
ek temp. temp. fall pora-
no. tion

1 33.1 20.0 82.7 45.6 4.7 0.0 8.6 34.1
2 33.4 22.6 77.6 38.4 5.2 0.0 7.9 35.1
3 33.5 21.6 71.1 37.6 5.5 0.0 7.7 38.4
4 33.0 22.5 71.0 38.0 7.6 0.0 8.6 48.5
5 33.9 21.1 71.1 42.7 7.0 0.0 9.2 40.2
6 35.7 18.1 90.4 39.3 3.6 0.0 8.9 36.2
7 33.9 21.1 90.4 47.9 2.9 0.0 7.4 33.4
8 35.3 23.0 83.1 43.4 5.5 4.2 6.7 39.8
9 35.7 23.5 85.1 50.0 5.6 0.0 8.6 47.7
10 35.4 23.9 76.6 43.9 5.4 0.0 7.0 43.9
11 38.1 20.7 75.7 21.9 5.1 0.0 9.6 50.5
12 37.9 24.4 85.0 29.0 3.3 0.0 9.0 44.5
13 38.6 23.6 82.9 34.1 3.6 0.0 8.9 46.6
14 36.8 25.5 83.3 50.4 3.5 0.0 7.5 38.9
15 35.3 24.1 86.7 51.3 2.8 22.6 5.3 28.7
16 35.9 25.5 85.7 49.0 3.0 1.2 8.0 38.5
17 36.1 26.2 85.0 52.4 3.0 0.0 4.9 36.6
18 35.9 24.7 81.0 47.0 3.6 0.0 7.8 10.6
22 33.3 24.8 93.0 65.4 2.5 45 5.1 18.8
23 31.1 24.2 92.0 77.1 2.2 58.6 4.3 36.2
24 31.1 24.1 93.3 73.6 2.4 181.9 4.2 27.1
25 30.7 24.1 94.3 75.4 3.0 170.1 3.2 16.9
26 31.6 24.3 93.6 68.0 2.7 180 5.8 14.7
27 31.5 23.6 91.9 91.9 3.2 44.1 5.3 11.7
28 28.6 23.0 95.0 95.0 2.7 5.1 0.7 11.3
29 29.8 23.2 94.1 83.4 2.4 208.4 2.1 16.6
30 30.1 23.2 94.0 78.7 2.6 136.8 1.8 10
31 28.6 22.9 95.7 85.9 2.2 356.9 0.8 21
32 28.8 22.8 95.2 79.6 1.9 63.3 0.7 10
33 30.9 24.2 92.9 64.6 2.6 18.3 6.3 12.1
34 31.7 23.4 94.3 70.4 2.3 108.4 5.5 7.4
35 26.8 22.9 95.6 77.6 2.8 162.7 2.6 10.5
36 30.3 23.0 93.6 73.0 2.2 38.9 4.6 21.3
37 31.3 23.1 94.0 67.7 2.9 21.1 7.8 19.3
38 31.4 23.7 93.6 66.0 2.9 0.6 7.9 8.8
39 33.6 23.2 92.9 68.6 2.5 80.2 6.7 16.7
40 32.2 23.7 94.2 73.7 1.8 80.7 5.3 24.2
41 30.8 24.4 95.0 72.7 1.6 79.6 5.1 26.7
42 32.9 23.1 93.6 67.6 1.9 137.0 5.4 14.9
43 32.2 23.6 92.7 62.1 2.4 43.3 5.4 4.9
44 32.3 24.8 93.4 61.7 1.3 83.9 4.7 15.4
45 32.8 22.6 96.0 62.0 1.5 18.5 5.9 16.9
46 32.5 23.0 91.4 54.0 4.6 5.4 7.5 22.6
47 32.3 21.9 89.1 54.9 3.0 2.4 5.7 16.3
48 30.9 20.9 85.7 58.6 2.4 0 2.4 26
49 33.0 20.8 86.0 60.4 3.3 0 7.7 27.7
50 33.7 22.3 89.4 56.6 3.2 0 6.9 21.2
51 32.4 22.9 86.6 61.6 6.8 0 5.8 13.2
52 32.2 22.1 88.0 62.6 2.8 0 5.2 23.1
1 33.3 20.4 96.1 53.0 2.0 0.0 8.1 22
2 32.8 19.3 84.4 45.1 4.0 0.0 8.2 28.7
3 33.4 19.9 69.9 43.1 4.7 0.0 8.4 21.2
4 33.3 20.6 86.1 55.6 5.5 0.0 8.6 23.7
5 33.2 21.6 85.3 67.0 4.8 0.0 8.0 28.5
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Abstract
The harvesting of dry land as well as irrigated rabi sorghum in Maharashtra is done manually by uprooting.

Uprooting of the whole stalk followed in varieties like Maldandi 35, Yashoda etc. which are consider the best
for fodder. It is more cumbersome and laborious. The uprooting of irrigated rabi sorghum develops blister on
hand and finally it develops wounds. To overcome the uprooting problem of the sorghum the manually operated
sorghum uprooter was developed for uprooting sorghum which can reduce the drudgery. The simple tool with
main tyne and uproter unit was developed. Four tines were attached to foot pedal of uprooting unit for
penetration in to the soil and uprooting stalk. The Manually operated sorghum uprooter was tested for its
performance with irrigated and dry land condition. The performance was evaluated at the different crop
moisture, different variety, root length and its effect on uprooting time. The actual field capacity was observed
in dry region 124 m2 h-1 and in irrigated condition it was 129 m2 h-1.  Average uprooting time per plant with
uprooter for irrigated sorghum and dry sorghum were formed to be 8.29 seconds and 4.00 seconds
respectively.

Key words :

______________

The sorghum grain produced during the post
rainy season (rabi) is from local and improved

landraces of superior quality (bold, white, and
with a sweeter taste) and hence preferred for
human consumption. In contrast, the sorghum
produced in the rainy season (kharif) is from
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hybrids but is less preferred for human
consumption. About 50per cent of the kharif
produce goes into alternative uses such as
poultry feed, alcohol, and animal feed, while rabi
sorghum is exclusively used as food. 

The advantages of growing this crop is that
it need less external input, drought tolerant,
sturdy, short to medium duration, low labour
utilising, resistant to pests and diseases, and
meet food, nutrition, and fodder requirements.
Second, sorghum is C4 crop having carbon
fixing properties. Given moisture stress,
sorghum is the best alternative for extreme
weather conditions and well suited to drought-
prone regions. Third, an important feature of
sorghum is its nutritional quality. Sorghum is the
richest source of nutrition, especially iron,
calcium, and zinc, among cereals and can
provide all the nutrients at the least cost
compared to wheat and rice. Fourth, the crop
residue forms an important component of feed
for livestock. Despite these advantages, a lack of
economic incentives in the face of declining food
consumption of these crops has relegated
sorghum to the status of inferior crop. The
major Sorghum growing States in the country
are Maharashtra, Karnataka, Rajasthan, Madhya
Pradesh, Andhra Pradesh and Tamil Nadu.  But,
all the States are showing a decreasing trend in
the area of cultivation under Sorghum with the
exception of Tamil Nadu which has registered
an increase of more than 63 per cent over the
base year of 2008-09. 

The harvesting of rabi sorghum is not done
by cutting the sorghum stem because sorghum
stalk are stored as fodder for cattle up to next
year harvesting and during rainy season there is
fungus development at bottom open end of
stem, due to which the keeping quality of fodder
is reduces. Lot of energy for uprooting of rabi
sorghum. The harvesting of irrigated sorghum is
more cumbersome and laborious. The uprooting
of irrigated rabi sorghum develops blister on

hand and finally it develops wounds. The
labourers demand more money for harvesting of
irrigated rabi sorghum than dryland rabi
sorghum. To overcome the harvesting problem
of rabi sorghum it is essential to develop the
sorghum uprooter which can reduce the
drudgery.

Materials and methods

The manually operated whole stalk sorghum
uprooter was developed for uprooting of rainfed
as well as irrigated sorghum with the following
design consideration. 

1. Suitability for the harvesting of all varieties of
sorghum. 

2. Simplicity in manufacturing. 

3. Minimum energy requirement per unit for
uprooting of crop. 
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Fig. 1. Orthographic views of sorghum
uprooter



4. Low cost and light weight. 

5. It should be easy to operate and transport. 

6. It should reduce the drudgery in uprooting of
sorghum. 

Construction and working of sorghum
uprooter : The manually operated whole stalk
sorghum harvester was developed with following
parts: Main frame and handle, Uprooting unit,
Foot paddle, Spring, Hinge, Anchoring bar,
Lever 

The sorghum uprooter is placed exactly near
the stalk just above the soil surface. The anchor
bar is inserted into the soil surface just near the
stalk. A stationary handle is being provided to
the uprooter at the apex end so as to pierce it
in the soil beneath the roots with the help of
manual power. Then the foot paddle is pressed
by the operator to uproot the sorghum plant.

Protocol to conduct this experiment
with the subjects 

Following points were considered for
developing the protocol to conduct this
experiment with the subjects. 

1. The subjects chosen for the study were
physically fit for performing the activities.
Subject having age of 20 to 45 years was
taken for the study. 

2. Subject was given training of using the

machine with complete operational
techniques involved in it. 

Evaluation of Postural Discomfort
through Body Part Discomfort Score
(BPDS) 

1. To measure localized discomfort, Corlett and
Bishop (1976) technique was used. In this
the subject body is divided into 27 regions.

2. Each body region numbered differently to
avoid confusion and subject marking one
body region only. 

3. The number of different groups of body
parts, which are identified, from extreme
discomfort to no discomfort represented the
number of intensity levels of pain
experienced. 

4. The maximum number of intensity levels of
pain experienced under different treatments
was six categories. 
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Table1. Anthropometric data of subjects

Subject Age Weight Stature BMI
(years) (kg) (cm) (kg m-2)

S1 26 64 164 23.79
S2 25 58 157 23.53
S3 25 67 169 23.45
S4 27 62 171 21.20
S5 24 58 167 20.79
Average 25.4 61.8 165.6 22.55

Table 2. Effect of plant physiology on time required for uprooting

Name of Height of Diameter Average root length Average time required 
variety plant of stalk of plants (mm) for uprooting (sec)

(mm) (mm) ––––––––––––––––––––––––––– –––––––––––––––––––––––––
S.U.* M.M.* S.U. M.M. 

KSR 6194 1116.17 30 203.20 215.90 13.13 15.48 
KSMS 263 1310.64 18 198.12 162.56 6.66 3.30 
JJ 741 2054.35 20 203.20 165.10 13.42 4.48 
GFS 4 1676.4 7.8 200.66 196.75 7.62 5.85 

* S.U. – sugarcane uprooter, M. M. – manual method



5. The rating was assigned to these categories
in an arithmetic order, viz., 1st category
(body parts experiencing maximum pain)
rating was allotted as '6' and for 2nd category
(body parts experiencing next maximum
pain) rating was allotted as '5' and so on,
finally for the sixth category (body parts
experiencing least pain) rating was allotted as
'1 '. 

6. It was found that the number of intensity
levels of pain experienced by different
subjects might vary. For example, if one
subject has experienced '4' categories,1st
category rating was allotted as '6' and for 2nd
category rating was allotted as '4.5' and so
on for fourth category rating was allotted as
'1.5'. 

7. In order to get an ideal analysis of results
after ranking, each data was marked in a
numerical way. All the marks were added for
each body part. The body discomfort score
of all the subjects is added and averaged to
get mean score. 

Results and discussion

The developed manually operated whole
stalk sorghum uprooter was evaluated for its
performance in field and compared with manual
uprooting practice. The effect of various
parameters on uprooting time was studied which
is presented in Table 2.

Root length and its effect on uprooting
time : The root length of sorghum plant was in
the range of 150 mm to 220 mm. Majority of
the plants uprooted had root length of 190 mm
to 200 mm. The relationship between root
length and uprooting time has been presented
graphically in figure 2. From the graphs plotted
it is clear that, time increase with increase in root
length. This indicates a near linear relationship
between root lengths and uprooting time. The
reason for increasing the time with increase in

root length might be due to fact that roots held
tightly by the soil offer higher resistant while
uprooting. From the analysis of the result, it was
observed that there exist significant relationship
between root length and uprooting time. The
uproot time increases with increase in root
length. 

These results are in agreement with the
findings of Deshmukh (1986). In this study he
reported that there exist a direct relationship
between tap root depth of cotton plant and pull
force.

Stalk height and its effect on uprooting
time : The height of the plants uprooted varied
from 1000 mm to 2500 mm. while height of
the majority plant was found in the range of
1100 mm to 2300 mm. The graph showing
relationship between stalk height and uprooting
time are depicted in figure 3. In this case the
result indicates that uprooting time was not
affect by increase in stalk height. In many cases,
it is observed that in spite of lower stalk height
the uproot time was found on higher side and
vice-versa. The uprooting time is found to
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Fig. 1. Effect of root length on uprooting time 

Fig. 2. Effect of stalk height on uprooting time 



change abruptly without following a particular
trend. Hence, it can be said that there is no
relationship between stalk height and uproot
time. Similar results were reported by Sumner
et al. (1984). In this study he concluded that
plant pull force was independent of stalk height.

Stalk diameter and its effect on
uprooting time : The diameter of the plant
uprooted varied from 5 mm to 30 mm. The
relationship between stalk diameter and
uprooting time has been presented graphically
in figure 4. The graph depicts that with the
increase in diameter of the plants, the uprooting
time does not increases. It may be due to non-
homogeneity of soil from place to place, plant
roots structure and uneven depth of root
branches. Thus, it could be said that there is no
relationship between stalk diameter and
uprooting time. The results of this study are in
agreement with the findings of the study
conducted by Sumner et al. (1984). In this study
he observed that the pull force required for
pulling plant is independent of stalk diameter.

Ergonomic evaluation of sorghum
uprooter : It was observed that manual
uprooting method was more cumbersome,
drudgeries and laborious as compared to
developed sorghum uprooter because traditional
uprooting method required lot of energy for
uprooting. Uprooting by hands develops blister
on hands and finally it develops wounds and by
using new developed sorghum uprooter we can
say that it reduces human drudgery and to raise
the output of farmer. By using sorghum
uprooter it was more affect on dominant leg,
hand and shoulder and by using manual
uprooting method it was more affect on both
hand, shoulder and middle low back. 

The field trials of newly developed machine
indicate that it performed the intended function
satisfactory with an actual field capacity observed
was more in case of sorghum uprooter than that

of manual method of uprooting in dry region.
Body part discomfort scale score for manual
uprooting was 36 to 44 and for sorghum
uprooter was 25 to 36 that means there is
reduction in drudgery to the farm worker. The
cost of fabrication of the developed sorghum
uprooter was Rs 202. The cost of operation of
the developed sorghum uprooting method was
Rs 151.33 per day.
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Moisture conservation and nutrient requirement for rainfed
cotton (Gossypium hirsutum L.) under High Density Planting

System
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Abstract
A field experiment was carried out to find out effective soil moisture conservation technique and optimum

nutrient requirement for non Bt hirsutum Cotton (Gossypium hirsutum L.) under high density planting at
Cotton Research Station, Nanded (Maharashtra, India). during 2014-15 to 2016-17. Sowing on Raised beds
(base width 90 cm and top width 75 cm and two rows of cotton on each bed) was found to give significantly
higher (14.08 per cent) mean seed cotton yield (1644 kg ha-1) over flat bed (1441 kg ha-1) and was on par
with opening furrow (1612 kg ha-1). Sowing on raised bed and opening of furrows significantly increased seed
cotton yield, yield plant-1 and bolls m-2 over flat bed. Sowing on raised beds recorded higher GMR (Rs.
76,698/- ha-1) and NMR (Rs. 33,827/- ha-1) and was at par with opening of furrows on pooled analysis.
However, opening furrows recorded greater values of B:C ratio (1.76). Sowing on raised beds recorded
significant improvement in moisture content at 30 DAS. At 60 DAS, 90 DAS and 120 DAS, raised bed and
opening furrows were superior over flat bed. Highest level of 150% RDF yielded 1671 kg ha-1 seed cotton
yield and was at par with 125% RDF + micronutrients. It was significantly superior over 100% RDF for yield
& bolls m-2. Fertilizer dose of 150% RDF (GMR Rs. 78,171/- ha-1 and NMR Rs. 35,552/- ha-1) was on par
with 125% RDF + micronutrient treatments. Application of 125% RDF was found to be equally remunerative
as 150% RDF in terms of B:C ratio. 

Key words : High density planting system, cotton, raised bed, opening of furrows.
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Rainfed agricultural area in India contributes
to 60 per cent of the net sown area whereas 66
per cent area of cotton crop is cultivated as
rainfed (Anonymous, 2014). The king of fibre,
cotton is cultivated on 105 lakh ha in India with
average yield of 560 kg lint ha-1. However,
yields are low in Maharashtra state due to most

of the cultivation is rainfed solely depending on
monsoon. Cotton is cultivated in Maharashtra
on 38.06 lakh ha area with productivity of  398
kg lint ha-1. Erratic and uneven rains are the
major characteristic of climate in dry zone of the
state.

Rainfed agriculture has the problem of low
productivity due to low moisture in the root zone
during the dry season. Appropriate moisture
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conservation measures are therefore necessary
for improving the soil moisture content and soil
fertility. Since most of the cotton area in the
state comes under semi-arid, thus, managing the
moisture plays the key role in profitable cotton
farming. Cotton cultivation on medium soils
under rainfed condition is often not profitable
leading to economic crisis among cotton
growers in the region.

There is positive relationship between plant
density and seed cotton yield.  Increasing plant
density has facilitated to harvest good yields with
non Bt cotton varieties under such
circumstances. Yield increase with high density
planting system over recommended spacing was
29.5 per cent (Venugopalan et al., 2013).
Increased plant population needs to be
supplemented with adequate soil moisture and
optimum nutrition for satisfactory crop growth
and profitable yield. The in-situ moisture
conservation practices such as contour
cultivation, sowing on ridges and furrows,
opening furrows, dead furrows, broad bed
furrows etc. are the known techniques to
conserve more soil moisture (Surakod and Itnal,
1997). In a rainfed crop, water stress is not
uncommon. It is an important variable which
restricts the availability of nutrients and uptake.
Simultaneous production of vegetative and
reproductive parts during the grand growth
phase makes nutrient management in cotton
more complex. The nutrient demand by the
fruiting parts is very high leading to reduction of
root growth at this stage. Nutrient management
in cotton is complex due to the simultaneous
production of vegetative and reproductive
structures during the active growth phase. High
nutrient demand at boll formation stage results
in reduction of root growth due to less
partitioning of assimilates to the root and
ultimately reduced capacity to absorb nutrients.
An excess of nutrient applied, especially N
before the crop attains the grand growth period
could revert the crop to putting up more of

vegetative growth. A deficiency could result in
hastening maturity. Forward planning is critical
as a crop that lacks nutrition at key stages of
growth will never reach its full potential.

Little information is available on the
performance of hirsutum cotton varieties under
high density planting system in relation to in-situ
moisture conservation practices and nutrient
management under rainfed conditions.
Therefore, the present experiment was
undertaken to study the response of hirsutum
cotton to moisture conservation practices and
nutrient management under high density
planting system.

Materials and Methods

A field experiment was conducted at Cotton
Research Station, Nanded (Maharashtra) under
high density planting system under rainfed
condition for three years during 2014-15 to
2016-17 in monsoon season. The soil of the
experimental field was clay loam in texture with
a neutral pH, low in available nitrogen, average
available phosphorus and high in available
potassium. The experiment was conducted
under Technology Mission on Cotton project in
split plot design with three replications. Two
factors were evaluated viz., soil moisture
conservation techniques (flat bed, opening of
furrows at 30-45 DAS and raised bed) and
nutrient levels (RDF, RDF + micronutrients,
125% RDF, 125% RDF + micronutrients and
150% RDF). 

Total rainfall received during the crop
seasons was 472 mm during first year (45 per
cent deficit), 548 mm during second year (37
per cent deficit) and  1188 mm during third year
(38 per cent surplus) against the mean of 862
mm. Sowing was delayed by one month due
receipt of satisfactory monsoon rains. 

The hirsutum cotton variety NH 615 was
sown under high density planting system at a
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spacing of 60 x 10 cm (1.66 lakh plants ha-1).
Uniform cultural practices were followed and
need based plant protection measures were
followed. Raised beds of 90 cm base and 75 cm
top width with 15-20 cm height were prepared
at sowing and two rows were stacked on each
raised bed keeping equal row spacing in all plots.
Opening of furrows was done with harrow at
30-45 DAS. Fertilizer doses were applied as per
treatment schedule considering recommended
dose as 60:30:30 NPK kg ha-1. Soil test based
application of ZnSO4 @ 25 kg ha-1 and MgSO4
@ 20 kg ha-1 was done in treatments having
micronutrient applications.  The soil moisture
content in 0-30 cm soil depth at 30, 60, 90,
120 and 150 days after sowing (DAS) was
determined by gravimetric method.

Result and Discussion

Soil Moisture Content : On Pooled
analysis, data indicated that significant

differences were evident at 30 DAS to 120 DAS
for soil moisture content (Tabe 1). The raised
bed treatment recorded significant increase in
mean soil moisture content by 12. 37 per cent,
8.74 per cent, 14.40 per cent, 23.74 per cent
and 19.99 per cent respectively at 30 DAS, 60
DAS, 90 DAS, 120 DAS and 150 DAS,
respectively over flat bed. The opening of furrow
at 30-45 DAS recorded significant rise in soil
moisture over flat bed at 60 DAS, 90 DAS, and
120 DAS. The improvement in soil moisture
was mainly due to reduced run off and more
time available for infiltration. Hulihalli and Patil,
2011 also reported similar results for in situ
moisture conservation techniques. Iftikar et al.,
2010 revealed that bed and furrow at sowing
was beneficial for storing additional moisture in
soil profile during stress period whereas it was
helpful to in the disposal of excess water in times
of heavy rainfall to avoid adverse effects of water
logging. Different nutrient management
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Table 1. Moisture content (ha mm) at various stages as influenced by different treatments

Treatment Moisture content (ha mm) (pooled mean)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
30  DAS 60 DAS 90  DAS 120 DAS 150 DAS

Moisture conservation techniques
Flat bed 47.75 61.28 42.78 25.40 13.96
Opening of furrow 47.97 65.76 48.25 30.07 15.65
Raised bed 53.66 66.64 48.94 31.43 16.75
SE± 0.99 0.72 0.43 0.56 0.71
CD at 5% 2.74 1.99 1.20 1.56 N.S.

Fertilizer levels
RDF 49.85 64.78 46.83 29.05 15.49
RDF + micronutrients 49.73 64.68 46.83 29.00 15.40
125% RDF 49.31 63.82 46.37 29.09 15.77
125% RDF + micronutrient 49.83 64.70 46.65 28.85 15.34
150% RDF 50.23 64.81 46.61 28.84 15.27
SE± 0.78 0.97 0.83 0.62 0.42
CD at 5% N.S. N.S. N.S. N.S. N.S.

Interaction M x F
SE± 1.36 1.69 1.45 1.07 0.73
CD at 5% N.S. N.S. N.S. N.S. N.S.
CV (%) 8.17 7.86 9.29 11.07 14.10
GM 49.79 64.56 48.94 28.97 15.46



treatments didn’t influenced the moisture
content in soil at various stages during all the
years of experimentation and on pooled mean
basis.

Growth and yield : The plant height,
number of bolls plant-1, bolls m-2 and yield
plant-1 were found to increase due to moisture
conservation techniques during individual years
and on pooled analysis (Table 2). The number of
branches didn’t affected statistically where as
improvement in boll weight was recorded in first
and third year. Significant increase in bolls m-2

in raised bed and opening furrow treatments
over flat bed resulted to increased seed cotton
yield plant-1 as well as seed cotton yield (SCY)
kg ha-1 significantly over control. The opening
of furrow (2211 kg ha-1) and raised bed (2252
kg ha-1) shown 12.35 per cent and 14.09 per
cent increased seed cotton yield over control

(1968 Kg ha-1) on pooled analysis. These results
are in confirmation with Iftikar et al., 2010 and
Paslawar and Deotalu, 2015.

The increase in fertilizer level depicted
increase in yield attributes and seed cotton yield
during all the years and on pooled mean basis.
Seed cotton yield from 150% RDF treatment
(1671 kg ha-1) was significantly superior over
RDF, RDF + micro nutrient and 125% RDF.
Increase in seed cotton yield in 150% RDF was
evident due to increased bolls m-2 (91.25), bolls
plant-1 (5.86), improvement in boll weight (2.00
g) thereby increase in yield plant-1 significantly
over 100% RDF (Table 2). Increase in yield due
to incremental fertilizer doses and micronutrient
was mainly due to enhanced growth and yield
attributes like mean number of bolls m-2, bolls
plant-1, number of monopodial branches and
slight increase in boll weight. Venugopalan et
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Table 2. Mean plant growth, yield attributing characters and Seed cotton yield (kg ha-1) as influenced by different treatments

Treatment Plant Mono- Symp- No. of No. of Boll Yield Seed cotton yield (kg ha-1)
height podia  odia bolls bolls weight plant ––––––––––––––––––––––––––––––
(cm) plant-1 plant-1 m-2 plant-1 (g) (g) 2014- 2015- 2016- Pooled 

15 16 17 mean

Moisture conservation techniques
Flat bed 76.64 0.39 11.40 80.23 4.92 1.87 8.91 1102 1251 1968 1441
Opening of furrow 78.84 0.36 11.59 89.16 5.49 1.95 10.06 1267 1355 2211 1612
Raised bed 80.15 0.46 11.96 92.83 5.71 1.98 10.60 1308 1370 2252 1644
SE± 0.77 0.03 0.22 2.37 0.05 0.02 0.23 16.09 27.46 51.99 25.76
CD at 5% 2.15 N.S. N.S. 6.86 0.13 N.S. 0.67 46.91 80.03 151.51 74.50

Fertilizer levels
RDF 76.33 0.36 11.46 84.00 4.95 1.81 8.83 1103 1224 1974 1434
RDF + micronutrients 77.47 0.38 11.61 84.93 5.14 1.91 9.31 1159 1269 2053 1494
125% RDF 78.78 0.41 11.67 87.18 5.39 1.96 10.09 1240 1339 2173 1584
125% RDF + 79.45 0.39 11.65 89.65 5.53 1.99 10.35 1298 1378 2257 1644
micronutrient
150% RDF 80.67 0.47 11.87 91.25 5.86 2.00 10.70 1329 1419 2264 1671
SE± 1.12 0.03 0.22 2.16 0.11 0.02 0.26 48.57 23.32 44.62 14.31
CD at 5% N.S. 0.07 N.S. 6.42 0.32 0.06 0.75 141.50 94.18 130.06 41.38

Interaction M x F
SE± 1.94 0.04 0.39 4.08 0.19 0.04 0.45 84.12 55.97 77.29 24.78
CD at 5% N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
CV (%) 7.41 22.49 10.01 8.71 7.14 5.98 9.46 11.88 7.31 6.24 8.70
GM 78.54 0.40 11.65 87.40 5.37 1.93 9.86 1226 1326 2144 1565



al., 2013 revealed increase in yield by 125%
RDF over 100% RDF at various places under
high density planting system. There was
response to higher NPK levels and application
of Zn and Mg, this result was in conformity with
Chhabra et al., 2006. Interaction of moisture
conservation measures and fertilizer levels for
yield and attributes were non significant.

Stalk yield and harvest index of cotton under
high density planting system were not affected
due to moisture conservation techniques and
fertilizer levels (Fig. 1). Deshmukh et al., 2016
also reported similar findings. The ginning out
turn was increased in raised bed by 0.24 per
cent over flat bed on pooled mean basis.
Growing conditions can play a vital role in
development of seed and fibre. Plants suffering
from water stress have impact on fibre length
and micronaire which might have impact on
ginning out turn.

Economics: Both the moisture conservation
techniques were significantly profitable over Flat
bed (Rs. 27,031/- ha-1) in terms of gross and
net monetary returns (Table 3). The sowing on
flat bed had significantly lowest net monetary
returns (NMR). The mean NMR from raised bed
treatment (Rs. 33827/- ha-1) was highest and
was on par with Opening of furrows (Rs.
33,460/- ha-1). Opening of furrow was the most
remunerative treatment as it recorded highest
mean B:C ratio (1.76) and was closely followed
by Raised bed (1.75). Increase in yield due to
moisture conservation techniques resulted in
significant increase in gross monetary returns,
net monetary returns and B C ratio over flat bed.
Higher returns were registered due to higher
yield in moisture conservation practices (Hulihalli
and Patil, 2011). The 150% RDF was
significantly profitable over 100% RDF in terms
gross and net monetary returns as well as B:C
ratio. Increment in cost of cultivation due to
additional fertilizer levels was nullified due to
yield advantage. The 125% RDF + Zn and Mg

application was found to equally profitable with
150% RDF for GMR and NMR. Paslawar and
Deotalu, 2015 reported increase in monetary
returns due to moisture conservation measures
as well as increased fertilizer level. However, B:C
ratio from 125% RDF (1.76) was equally
remunerative as of 150% RDF (1.80). Jaffar and
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Table 3. Economics as influenced by different treatments
(pooled mean)

Treatment GMR NMR B:C 
(Rs. ha-1) (Rs. ha-1) ratio

Moisture conservation techniques
Flat bed 67522 27031 1.64
Opening of furrow 75505 33460 1.76
Raised bed 76698 33827 1.75
SE± 1556 1086 0.02
CD at 5% 4498 3006 0.07

Fertilizer levels
RDF 67227 27575 1.66
RDF + micronutrients 70013 27974 1.63
125% RDF 74223 32810 1.76
125% RDF + micronutrient 77026 33287 1.72
150% RDF 78171 35552 1.80
SE± 800 928 0.01
CD at 5% 2312 2567 0.04

Interaction M x F
SE± 1385 1607 0.02
CD at 5% N.S. N.S. N.S.
CV (%) 9.16 15.33 7.84
GM 73332 31439 1.71

Fig. 1. Ginning out turn (%), stalk yield (Q
ha-1) and harvest index as influenced by
moisture conservation techniques and
fertilizer levels



Aruna, 2016 also found 125% RDN more
remunerative over lower levels.

Conclusion

Sowing on raised beds had improved the
moisture content thereby increasing yield
attributes and profitable seed cotton yield of
hirsutum cotton variety under high density
planting system. Application of 125% RDF (i.e.
75:38:38 NPK kg ha-1) + (soil test based sec.
/micronutrients) ZnSO4 @ 25 kg ha-1 and
MgSO4 @ 20 kg ha-1 was remunerative for
higher seed cotton yield of hirsutum cotton
under HDPS.
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Pulses occupy unique position not only in
Indian agriculture, but also in Indian diet. A very
large proportion of Indian population is
vegetarian and amongst the items of the diet,
the pulses are richest source of protein. Besides
rich source of protein they also maintain soil
fertility through the biological nitrogen fixation.
Pigeonpea (Cajanus cajan) is one of the most
important pulse crop in India in term of both
area and production.  Pigeonpea being drought
resistant can be grown in areas with less than
650 mm rainfall.

In India, pigeonpea is grown on an area of
36.30 lakh hectares with production of 27.60
lakh tonnes and productivity 760.33 kg ha-1.
Maharashtra ranks first in both area and
production of pigeonpea. In Maharashtra,
pigeonpea is grown on an area of 1.86 million
hectare, with production of 0.85 million tonnes
and productivity 760 kg ha-1. Pigeonpea is
multipurpose plant as it is extensively eaten as
Dal; Green pods are used as a vegetable; husk,
green leaves and tops are used as fodder and
also as Green manure. The heavy shedding of

leaves adds considerable organic matter in
soil.

Plants require a specific amount of heat to
develop from one point in their life cycle to
another, such as from emergence to tri-foliate
leaf stage. Research has shown that measuring
the heat accumulated over time provides a more
accurate physiological estimate than counting
calendar days. Temperature and Growing
Degree Days (GDD) represents two important
spatially-dynamic climatic variables, as both play
vital roles in influencing forest development by
directly affecting plant functions such as
evapotranspiration, photosynthesis, plant
respiration, plant water and nutrient movement
(Borque, et al., 2000). Crop growth refers to an
increase in crop weight, height, volume or area
over a certain time scale. Development refers to
the timing or progress of the crop from one
phasic stage to the next. During this progress of
the crop through its phases of development,
considerable variations in growth may occur.
Growing Degree Days are based on the concept
that the real time to attain a phenological stage
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Effect of Sowing Dates and Different Varieties of Pigeonpea
(Cajanus cajan (L.) Millsp.) on GDD and HTU

G. A. Bhalerao, P. K. Waghmare, P. K. Rathod and N. M. Tamboli
Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani – 431 402 (India)

Abstract
A field experiment was carried out during kharif season of 2015 at Department of Agricultural

Meteorology, Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani to investigate the impact of variable
weather on growth and yield of Pigeonpea (Cajanus cajan (L.) Millsp.). The total Growing Degree Days (GDD)
was higher when crop is sown in D1 (MW 25) i.e. 2811.48°C day and lowest in D4 (MW 28) i.e. 2086.5°C
day. Among the two cultivars, total heat load was reported high in V2 (BSMR-736) i.e. 2301.04°C day. The
highest total Helio Thermal Unit (HTU) was recorded in D1 (MW 25) i.e. 19479.23°C day hrs and lowest in
D4 (MW 28) i.e. 15362.61°C day hrs, respectively. Among the two cultivars, total HTU was reported high in
V3 (BSMR-853) i.e. 13605.96°C day hrs and less in V1 (BDN-711) i.e. 13167.62°C day hrs.

Key words : Pigeonpea, GDD, HTU.



is linearly related to temperature in the range
between base temperature and optimum
temperature (Monteith, 1981).

Pigeonpea grown usually under rainfed
environments across semi-arid tropics (SAT). In
such areas of uncertainty, intra and inter annual
variability in weather causes substantial
fluctuations in pigeonpea productivity.
Therefore, any possible understanding of
weather – yield relationship may help to
determine the best time to apply specific
agronomic practices in order to maximize yield.

Materials and Methods

Field experiment with pigeonpea was
conducted during the kharifseason of 2015-16
on the Experimental farm of the Department of
Agricultural Meteorology located at College of
Agriculture, Vasantrao Naik Marathwada Krishi
Vidyapeeth, Parbhani. On black cotton soil
having medium fertility and fairly good drainage.
In the present investigation three varieties of
pigeonpea and four sowing dates comprising
fourteen treatment combinations were tried. The
experiment was laid out in factorial randomized
block design with three replications and four
date of sowing as D1-25 MW (21.06.2015),
D2-26 MW  (28.06.2015), D3-27 MW
(05.07.2015), D4-28 MW  (12.07.2015) and
three varietiesV1- (BDN-711), V2- (BSMR-736),
V3- (BSMR-853). Fertilizer dose 30:60:30 NPK
kg ha-1 was applied as basal dose.The several
phenological phases from emergence with
number of days required to attain that phase
were recorded viz., P1 - Sowing to emergence,
P2 - Emergence to seedling, P3 - Seedling to
branching, P4 - Branching to Flowering, P5 -
Flowering to pod formation, P6 - Pod formation
to grain formation., P7 - Grain formation to pod
development, P8 - Pod development to pod
containing full size grain, P9 - Pod containing full
size grain to dough stage, P10 - Dough stage to
maturity.

Growing degree days (°C day) :
Growing Degree Days is defined as the sum over
the growing season of a crop of the difference
between the daily temperature and a reference
temperature. GDD was expressed in terms of °C
day.The growing degree days (GDD) was
worked out by considering the base temperature
of 10°C. The total growing degree days (GDD)
for different phenophases were determined by
the following formula-

dh
Accumulated GDD =S [(Tmax + Tmin )/2]-Tb
(°C day) ds

Where,  GDD = Growing degree days, Tmax
= Daily maximum temperature (°C), Tmin=
Daily minimum temperature (°C), Tb = Base
temperature (10°C), ds = Date of sowing and dh
= Date of harvest.

Helio-thermal Units (HTU) (°C day hrs):
The HTU may be defined as the accumulated
product of GDD and Bright sun shine hours
between the developmental thresholds for each
day. HTU was expressed in terms of0C day hrs.

The HTU is the product of GDD and mean
daily hours of bright sun shine. The sum of HTU
for each phenophase was worked out by
following equation which was given by
Nagamani et al. (2015).

Accumulated HTU (°C day hrs ) = GDD x BSS       

Where, HTU =  Helio-Thermal Units, GDD
= Growing Degree days, BSS = Bright Sun
Shine Hours.

Results and Discussion

The data on mean Growing Degree Days
(GDD) as influenced by different treatments at
different phenophases is given in Table 1. Mean
of GDD at P1, P2, P3, P4 and P5 stage was
496.75, 1003.93, 278.77, 220.89 and
278.69°C day, respectively.
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Effect of dates of sowing : Amongst the
sowing dates, significant difference in GDD was
found at all the phenophases, except P1 and P5.
During phenophase P2 and P3, date of sowing
D1 accumulated significantly more Growing
Degree Day than any other sowing dates.
During phenophase P4significantly higher GDD
were accumulated by date of sowing D3 but it
was at par with D1 and D2. At the time of
phenophase P5, date of sowing D2 being at par
with D3 recorded significantly more GDD over
D1 and D4. Higher total GDD (2811.48°C day)
was accumulated by first sowing date D1 (25
MW), whereas, lower total GDD (2086.5°C day)
was accumulated by fourth sowing date D4 (28
MW). The result indicated that the total GDD
accumulated from emergence to physiological
maturity ranged between 2086.5 to 2811.48
°C day among all sowing dates. With delay in
sowing date, the decrease in total accumulated
GDD to attain physiological maturity was
observed. This was mainly due to reduction in
growing period in later sowing dates and also
due to increased minimum temperature during
growing season in later sowing dates. This could

have also been happened because of more
number of days required for attainment of
various phenophases in early sowing date as
compared to later sowing dates. Here,
decreasing trend in total accumulated GDD with
delayed sowing date was observed. Similar
results were given by Patel et al. (1999), Patel
et al. (2000) and Gowda et al. (2013).

Effect of varieties : The significant
difference in varieties pertaining to GDD was
found at all phenophase stages except P1 and
P5. During phenophase P2 and P3, variety V3
(BSMR 853) accumulated significantly more
GDD over V1 (BDN 711) but at par with V2
(BSMR-736). Where as during P4 phenophase
V1 (BDN-711) showed significantly more
accumulation of GDD over rest of varieties.
Higher total GDD (2301.04°C day) was
accumulated by V2( BSMR-736 ) over the rest
of other two varieties V1(BDN-711) and V3
(BSMR-853). Lower total GDD was accumulat-
ed by variety V1(BDN-711) (2241.43 °C day).

Helio Thermal Unit (HTU, °C day hrs) :
The data on mean Helio Thermal Unit (HTU) as
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Table 1. Accumulated Growing Degree Day (GDD, °C day) to attain various phenophases in pigeon pea under different date
of sowing

Treatment Phenophase wise GDD (°C day)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
P1 P2 P3 P4 P5 Total

Date of sowing
D1 (25MW) 507.67 1496.02 317.06 228.28 262.45 2811.48
D2 (26MW) 462.80 847.45 273.98 226.42 299.08 2109.73
D3 (27MW) 520.80 808.05 267.83 230.18 281.56 2108.42
D4 (28MW) 495.72 864.21 256.19 198.7 271.68 2086.5
SE 14.27 12.81 7.90 5.10 14.98 -
CD5% NS 37.57 23.18 14.96 NS -
Varieties
V1 (BDN-711) 482.90 967.82 249.16 236.98 304.55 2241.43
V2 (BSMR-736) 506.75 1016.96 292.72 218.70 265.89 2301.04
V3 (BSMR-853) 500.60 1027.00 294.42 207.00 265.64 2294.68
SE 12.35 11.09 6.84 4.41 12.97 -
CD5% NS 32.59 20.07 12.96 NS -
G mean 496.75 1003.93 278.77 220.89 278.69 2279.04



influenced by different treatments at different
phenophases is given in Table 2. Mean of HTU
at P1, P2, P3, P4 and P5 stage was 2995.71,
7071.74, 2303.99, 1718.99 and 2355.61 °C
day hrs, respectively.

Effect of dates of sowing : Amongst the
sowing dates, significant difference in HTU was
found at all the phenophases. During
phenophase P1 to P3 significantly higher HTU
were recorded by date of sowing D1 (25 MW)
over rest of dates of sowing. In case of
phenophase P4, date of sowing D1 (25 MW)
shown significantly superior result over D4 (28
MW) and at par with D2 (26 MW) and D3 (27
MW). During P5 phenophase, date of sowing
D2 (26 MW) being at par with D3 and D4
showed significantly superior HTU over D1 (25
MW). Higher total HTU (19479.23°C day hrs)
was accumulated by first sowing date D1 (25
MW) as compared to other sowing dates. Lower
total HTU (15362.61°C day hrs) was
accumulated by fourth sowing date D4 (28 MW).
The result indicated that the total HTU
accumulated from emergence to physiological
maturity ranged between 15362.61 to

19479.23°C day hrs among all sowing dates.
Delay in sowing date showed decrease in total
HTU to attain physiological maturity. This was
mainly due to reduction in growing period and
decrease in length of bright sunshine hours in
later sowing dates. This could have also been
happened because of more number of days
required for attainment of various phenophases
in early sowing date as compared to later sowing
dates. Decreasing trend in total accumulated
HTU with delayed sowing date was observed.
Similar results were also reported by Patel et al.
(2000) and Nagamani et al. (2015). 

Effect of varieties : The significant
difference in varieties pertaining to HTU was
found at all phenophase stages except P1 and
P5. During phenophase P2 and P3, variety V3
(BSMR 853) accumulated significantly more
HTU over V1 (BDN- 711) but at par with V2
(BSMR-736). Whereas during P4 phenophase,
V1 (BDN- 711) showed significantly more
accumulation of HTU over rest of varieties.
Higher total HTU (13605.96°C day hrs) was
accumulated by V3 (BSMR-853) over the rest of
other two varieties V1 (BDN-711) and V2
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Table 2. Accumulated Helio Thermal Unit (HTU, °C day hrs) to attain various phenophases in pigeonpea under different date
of sowing

Treatment Phenophase wise HTU (°C day hrs)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
P1 P2 P3 P4 P5 Total

Date of sowing
D1 ( 25MW) 3578.34 9273.38 2723.86 1837.71 2065.94 19479.23
D2( 26MW) 2616.44 6373.11 2224.97 1748.27 2594.78 15557.57
D3 (27MW) 2930.78 6074.19 2176.03 1781.85 2421.92 15384.77
D4 (28MW) 2857.28 6566.29 2091.09 1508.14 2339.81 15362.61
SE 109.78 100.74 65.64 44.41 114.92 -
CD5% 321.99 295.48 192.52 130.26 337.09 -
Varieties
V1 (BDN-711) 2915.76 6690.79 2102.31 1903.63 2470.39 13167.62
V2 (BSMR-736) 3069.62 7204.76 2401.43 1665.81 2306.38 13578.86
V3 (BSMR-853) 3001.75 7319.68 2408.22 1587.54 2290.07 13605.96
SE 95.07 87.24 56.84 38.46 99.53 -
CD5% NS 255.89 166.73 112.61 NS -
G mean 2995.71 7071.74 2303.99 1718.99 2355.61 3289.20



(BSMR-736). Lower total HTU (13167.62°C
day hrs) was accumulated by variety V1 (BDN-
711).

Summary and conclusion

It is cleared that when temperature of air was
maximum then it will definitely affect GDD of
pigeonpea crop. The total GDD was higher in
D1 (MW 25) i.e. 2811.48 0C day and lowest in
D4 (MW 28) i.e. 2086.5 0C day. Among the
two cultivars, total heat load was reported high
in V2(BSMR-736) i.e. 2301.04 0C day. 

The helio thermal units directly or indirectly
affect the grain yield of pigeonpea. The highest
total HTU was recorded in D1 (MW 25) i.e.
19479.23°C day hrs and lowest in D4 (MW 28)
i.e. 15362.61°C day hrs, respectively. Among
the two cultivars, total HTU was reported high
in V3 (BSMR-853) i.e. 13605.96°C day hrs and
less in V1(BDN-711) i.e. 13167.62°C day hrs,
it may be due to different crop duration from
emergence to maturity of such varieties.

Conclusion

The crop sown in D1 (25 MW) and variety
V2 (BSMR-736) recorded highest total GDD
(2811.48 and 2301.04°C days, respectively).

The crop sown in D1 (25 MW) and variety V3
(BSMR-853) recorded highest total HTU
(19479.23 and 13605.19°C day hrs,
respectively).
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In Maharashtra, rainfed agriculture is likely to
suffer most due to uncertain rainfall pattern and
frequent dry spells arising due to climatic change
and variability and consequently impact the
agricultural growth and food production systems.
Cotton,is one of the important cash crop and
plays a vital role in the economy of the farmers
as well as the country. Marathwada is major
cotton growing region in Maharashtra and
cotton is grown predominantly as rainfed crop
on black cotton soils. The major constraints for
low productivity of rainfed cotton in Marathwada
are erratic rainfall and imbalanced use of
fertilizers.The frequent dry spells during July to
September coinciding with various growth
stages of the crop results in low yields. Further,

the farmers do not take any midseason
corrections like foliar spray with fertilizers or
chemicals to mitigate moistures stress.
Therefore, under rainfed conditions, adoption of
moisture conservation practices and
management of nutrient supply during dry spells
or wet spells will support the crop production.
Foliar application of major plant nutrients like
nitrogen and potassium was found to be as good
as soil application (Kalita et al., 1984).
Supplementing urea at the reproductive stage
significantly enhanced the crop yield by delaying
leaf senescence. It is now well established fact
that plants can utilize water soluble nutrients
through their folige, when applied in the form
of foliar sprays. This practice is more useful
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Abstract
A field experiment was conducted to assess various nutrients and chemicals as dry spell management

practices to support crop growth through timely application particularly during dry spells. The research study
was conducted  at AICRP for Dry land Agriculture, VNMKV, Parbhani during 2014-15, 2015-16 and 2016-
17 on medium deep black cotton soil. The experiment was laid out in randomized block design  with three
replications. There were twelve treatments viz., F1 : RDF, F2 : RDF +  Straw mulch @ 3 t ha-1, F3 : RDF  +
Foliar Application of Anti-transparent Kaolin  two sprays @ 7%, F4 : RDF  + Foliar Application of Spray of
KNO3 two sprays @ 1 and 2%, F5 : RDF + Application of NPK (19:19:19) two sprays @ 0.5%, F6 : RDF +
Foliar Application of MOP two sprays @ 1 and 2%, F7 : RDF + Foliar Application of Thiourea two sprays @
250 g ha-1, F8 : RDF + Water sprays two sprays, F9 :  75% RDF + 25% N through organic matter and F10
: 75% RDF + Foliar Application of KNO3 two sprays @ 1% and 2% Ist and IInd foliar application of nutrient
cum stress management practices for respective treatments was done at 35 DAS and at 75 DAS (average for
three years). Net plot size was 5.4 x 3.6 m. Sowing of soybean was done on 11.07.2014, 19.06.2015 and
23.06.2016 during 1st, 2nd and 3rd year respectively. The pooled data on plant growth, yield attributes, yield
of Bt cotton, gross monetary returns and net monetary returns were significantly higher in Bt cotton with the
application of RDF + Foliar application of KNO3 two sprays @ 1.0  and 2.0% at 35 and 75 DAS respectively
and RDF +NPK 19:19:19@ 0.5% at 35 and 75 DAS respectively showing that the dry spells in Bt cotton can
be sustained with the application of RDF + Foliar application of KNO3 two sprays @ 1.0  and 2.0% at 35 and
75 DAS respectively and RDF +NPK 19:19:19@ 0.5% at 35 and 75 DAS respectively thus giving sustainable
yield of  Bt cotton under rain fed condition.

Key words : Bt cotton, dry spell, stress  management, anti-transparent, straw mulch.



under rainfed conditions where moisture is
limiting factor. In Marathwada region, weather
aberrations are common during kharif season,
hence need to take up realtime contingency
measures like foliar spray with chemical or
nutrients in rainfed crop like cotton.

In this context, the experiment was
conducted at AICRP for Dryalnd Agriculture,
VNMKV, Parbhani, during 2014-15 to 2016-
17 to assess the foliar application of nutrients
and chemicals as dry spell management to
support crop growth and to achieve sustainable
yieldsduring dry spells.

Materials and Methods

A field experiment to assess various nutrients
and chemicals as  dry spell management
practices in rainfed Bt cotton to support crop
growth through timely application particularly
during dry spells  was conducted during three
consecutive years i.e. 2014-15, 2015-16 and
2016-17 at AICRP for Dryland Agriculture,
VNMKV, Parbhani having average annual
rainfall of 897 mm. The soil of experimental
field was medium deep black with 0.41 per cent
organic carbon, 167.20  kg available N
hectare-1, 10.17 kg available P2O5 hectare-1,
397.5  kg available K2O   hectare-1 and soil pH
was 7.6 The experiment was laid out in
randomized block design and replicated three
times. There were twelve treatments viz., F1 :
RDF, F2 : RDF +  Straw mulch @ 3 t ha-1,  F3 :

RDF  + Foliar Application of Anti-transparent
Kaolin  two sprays @ 7%, F4 : RDF  + Foliar
Application of KNO3 two sprays @ 1 and 2% ,
F5 : RDF + Application of NPK (19:19:19) two
sprays @ 0.5%, F6 : RDF + Foliar Application
of MOP two sprays @ 1 and 2% , F7 : RDF +
Foliar Application of Thiourea two sprays @
250 g ha-1, F8 : RDF + Water sprays two
sprays, F9 :  75% RDF + 25% N through
organic matter and F10 : 75% RDF + Foliar
Application of KNO3 two sprays @ 1% and 2%.
Ist and IInd foliar application of nutrient cum
stress management practices for respective
treatments was done at 35 DAS and at 75 DAS
(average for three years). Net plot size was 5.4
x 3.6 m. 

Sowing of Bt cotton was done was done on
11.07.2014, 19.06.2015 and 23.06.2016
during 1st, 2nd and 3rd year respectively.
Whereas, pickings were done on 19.11.2014,
25.12.2014 and 15.01.2015 during first year,
on 19.11.2015, 25.12.2015 and 25.01.2016
during second year and on 09.11.2016,
01.12.2016 and 15.02.2017 during third
year. 

The recommended dose of fertilizers
(120:60:60 kg NPK hectare-1 was applied as
per treatments and all other inter cultivation
operations were followed regularly. The
biometric and soil moisture observations were
recorded at regular time intervals and data were
subjected to the statistical analysis.
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Table 1A . Dryspell/Drought during 2014 to 2016

Draught Period (days)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
2014 2015 2016

Early drought June 22 to July 8, (17 days) 20th June to 4th August (46 days) -

Mid season drought July 16 to 22,  (07 days) July 29 to 20th June to 4th August (46 days) 5th to 22 Aug (18 days)
Aug 5, (08 days) Aug 12 to 21, (10 days) 
Sept 8 to 14 (07 days)

Terminal Sept 19 onwards 19th September to 31 October -
(43 days)



Results and Discussion 

Various growth and yield attributes of Bt-
cotton were significantly affected with various
stress management practices. 

Growth attributes : Treatment T5 (RDF +
Foliar application of NPK (19:19:19) produced
significantly taller plants and highest dry matter
over rest of the treatments  for all the
experimental years. However, it was found on
par with T4 and T2 during initial  two years of
the study i.e. 2014-15 and 2015-16 and it was
found at par with T4, T2 and T9 during  2016-
17. Whereas, pooled means showed that
application of RDF + 19:19:19 (NPK) (two
sprays) recorded plants with significantly higher
height and higher dry matter production and it
was found at par with application of RDF ++
KNO3 (two sprays).

Yield attributes : Significantly higher
number of picked bolls, boll weight plant-1, seed
cotton yield plant-1 were observed  in T4 (RDF
+ Foliar application of KNO3), however it was
found at par with rest of the treatments except
T7, T8, and T10 during 2014-15. Lowest
number of picked bolls, boll weight plant-1, seed
cotton yield per plant were recorded in T8. 

Whereas during 2015-16, significantly
higher number of picked bolls, boll weight per
plant, seed cotton yield per plant  were observed
in T4 (RDF + Foliar application of KNO3),
however it was found at par with T5, T2 and T1
and significant over rest of the treatments.
Lowest number of picked bolls, boll weight
plant-1, seed cotton yield per plant were
recorded in T9. 

During 2016-17, significantly higher number
of picked bolls, boll weight plant-1, seed cotton
yield plant-1 were observed  in T4 (RDF + Foliar
application ofNPK (19:19:19), however it was
found at par with T5, T2, T6 and T9 and
significant over rest of the treatments. Lowest
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number of picked bolls, boll weight plant-1, seed
cotton yield per plant were recorded in T10. 

Whereas, pooled results showed that,
application of RDF + (Foliar application of
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Table 2. B:C ratio and  rain water use efficiency as  influenced by different treatments

Treatments B:C Ratio RWUE (kg ha-1 mm-1)
–––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––
2014- 2015- 2016- Pooled 2014- 2015- 2016- Pooled
15 16 17 mean 15 16 17 mean

T1 : RDF 1.06 1.04 2.64 1.58 2.80 2.41 2.31 2.51
T2 : RDF + Straw mulch 1.19 1.18 2.53 1.63 3.73 3.04 2.42 3.06
T3 : RDF + Kaolin (two sprays) 1.11 1.00 2.43 1.51 3.64 2.63 2.34 2.87
T4 : RDF + KNO3 (two sprays) 1.33 1.21 2.67 1.73 4.38 3.15 2.57 3.37
T5 : RDF + 19:19:19 (2 sprays) 1.29 1.19 2.89 1.79 4.17 2.99 2.70 3.29
T6 : RDF +  MOP (two sprays) 1.23 1.13 2.61 1.65 3.67 2.80 2.40 2.96
T7 : RDF +  Thiourea (2 sprays) 1.02 1.07 2.60 1.56 2.98 2.59 2.36 2.64
T8 : RDF + Water sprays (two sprays) 1.02 1.06 2.62 1.56 2.86 2.51 2.33 2.57
T9 : 75% RDF + 25% through FYM 1.04 0.95 2.74 1.57 3.46 2.31 2.49 2.75
T10 : 75% RDF +  KNO3 (two sprays) 1.04 1.18 2.44 1.55 3.86 2.89 2.24 3.00
SE ± - - - - - - - -
CD at 5% - - - - - - - -

Table 3. Initial soil properties of experiment field

Treatment pH EC Org. C Available nurients
(dS m-1 ) % ––––––––––––––––––––––––––––––

N P K

Fertilizer cum Stress Management Practices 7.61 0.30 0.41 167.2 10.17 397.5

Table 4. Effect of stress management treatments on soil nutrient status of Bt-cotton after harvest

Treatment pH EC Org. C Available nurients
(dS m-1 ) % ––––––––––––––––––––––––––––––

N P K

Fertilizer cum Stress Management Practices : (10)
T1 : RDF 7.63 0.30 0.48 198.7 10.43 410.6
T2 : RDF + Straw mulch 7.58 0.29 0.54 234.3 11.20 421.2
T3 : RDF + Kaolin (two sprays) 7.62 0.31 0.48 285.1 14.35 424.1
T4 : RDF + KNO3 (two sprays) 7.61 0.28 0.52 292.1 11.97 486.3
T5 : RDF + 19:19:19 (2 sprays) 7.58 0.31 0.51 225.2 12.72 473.3
T6 : RDF +  MOP (two sprays) 7.60 0.30 0.50 260.8 13.90 596.8
T7 : RDF +  Thiourea (2 sprays) 7.59 0.29 0.48 278.3 15.83 441.4
T8 : RDF + Water sprays (two sprays) 7.64 0.31 0.48 217.9 11.80 418.1
T9 : 75% RDF + 25% through FYM 7.59 0.28 0.55 208.5 13.52 436.3
T10 : 75% RDF +  KNO3 7.62  0.31 0.51 218.6 14.68 514.7
SE ± 0.10 0.09 0.08 9.04 1.20 12.82
CD at 5% 0.29 0.026 0.25 26.53 3.55 38.42
GM 7.60 0.29 0.50 242.2 13.04 62.28



KNO3) however it was found at par with T4 and
T2 and significant over rest of the treatments.
Lowest number of picked bolls, boll weight per
plant, seed cotton yield per plant were recorded
in T8. 

Seed cotton yield : During first year of
experimentation i.e. in 2014 the effect of
various stress management practices on cotton
seed yield was found to be significant.  The
treatment  T4 i.e. RDF + KNO3 exhibited the
highest seed cotton yield of 1237.47 kg ha-1

which was significantly superior over T1, T8 and
T10 and  found  at par with rest of  all the
treatments. 

During 2015 the effect of various stress
management practices on cotton seed yield was
found to be significant.  The  treatment  T4 i.e.
RDF + KNO3 exhibited the highest seed cotton
yield of 898.0 kg ha-1 which was significantly
superior over control, T9 and T10 and  found  at
par with rest of  all the treatments.

During 2016 the effect of various stress
management practices on cotton seed yield was
found to be significant.  The  treatment T5 i.e.
RDF + Foliar application of NPK (19:19:19)
two spray exhibited the highest seed cotton yield
of 2121 kg ha-1 which was significantly superior
over rest of  all the treatments but it was found
at par with T4 i.e. RDF + KNO3.

The pooled results showed that, the
treatment T4 i.e. RDF + Foliar application of
KNO3 two sprays exhibited the highest seed
cotton yield which was significantly superior over
rest of  all the treatments except that  it was
found  at par with T5 i.e. RDF + NPK (19:19:
19). 

Economics, B:C ratio and RWUE :
During 2014 In case of  GMR the treatment  of
RDF + KNO3 recorded highest GMR and NMR
which was significantly superior over T1, T8,
T10 and T11 and found at par with rest of the
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treatments. Whereas significantly higher NMR
were recorded by RDF  + Foliar Application of
Spray of KNO3 which was found at par
with RDF + Foliar Application of DAP
and significantly superior over rest of the
treatments.

The highest B:C ratio was given by T7 i.e.
RDF + DAP. Whereas   the highest value  of
RWUE was obtained with  T4 i.e. RDF + KNO3
(4.38) which was followed by T5 and T7.

During the year of 2015 in case of GMR the
treatment T4 i.e.  RDF + KNO3 recorded
highest GMR and it was at par with T2 and  T5
and  significantly superior over rest of the
treatments. Whereas in case of NMR it was
significantly higher in T4 i.e. RDF + KNO3
which was significantly superior over rest of all
the treatments. The highest B:C ratio was given
by T4 i.e. RDF + KNO3. Whereas   the highest
value of RWUE was obtained with  T4 i.e. RDF
+ KNO3 (3.15) which was followed by T2 and
T5.

In the year 2016 In case of GMR the
treatment T5 i.e. RDF + Foliar application of
NPK (19:19:19) recorded highest GMR and it
was at par with T4 and significantly superior
over rest of the treatments. Whereas in case of
NMR it was significantly higher in T5 i.e. RDF +
Foliar application of NPK (19:19:19) which was
significantly superior over rest of all the
treatments but it was found at par with T4 and
T9.

The pooled results showed that higher GMR
and NMR were observed in T5 i.e. RDF + Foliar
application of NPK (19:19:19) and it was found
at par with T4 and significantly superior over rest
of the treatments. The highest B:C ratio was
given by T5 i.e. RDF + Foliar application of NPK
(19:19:19) . 

Whereas the highest value of RWUE was
obtained with T5 i.e. RDF + Foliar application

of NPK (19:19:19) (2.70) which was followed
by T4 and T9.

Conclusion

Results showed during first year there were
four  dry spells of more than seven days during
July to September and also during 2015-16
there was a prolonged dry spell of more than 45
days during June to September and it affected
the crop growth, development and final yield of
the crop in control i.e. RDF. Whereas, during
both the years foliar application of KNO3 could
save the crops from adverse effect of moisture
stress and gave sustainable yield of cotton during
deficit rainfall year. Whereas during there was
only one dry spell of not more than 17 days and
application of RDF + 19:19:19 gave higher
growth and yield parameters of cotton during
normal rainfall year.

Thus from the results of above study it can
be concluded that, two sprays of 19:19:19 @
0.5%  at 35 days after sowing and at 75 days
after sowing OR potassium nitrate (KNO3) at 35
days after sowing (@ 1.0%) and at 75 days after
sowing (@ 2.0%) respectively alougwith
recommended dose of fertilizers (120:60:60
NPK kg ha-1) in medium to deep black soils may
be given to cope with dryspells and attain stable
rainfeed Bt cotton yield.
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Evaluation of Safflower Breeding lines for Aberrant Weather
of Marathwada
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Abstract
Safflower (Carthamus tinctorius L.) is an important rabi oilseed crop, mainly grown as rainfed crop on

residual soil moisture in drought prone areas of Maharashtra particularly in the Marathwada region. Therefore
research will be concentrated on evaluation of superior promising lines through crop Safflower improvement
programme for aberrant weather climate in these areas. The evaluation programme of twelve breeding lines
along with checks was undertaken for seed yield at four  different locations in Marathawada region during rabi
2014-15. Total rainfall received in Marathwada was 550 mm against normal rainfall of 925 mm which was
41 % deficit. The results indicated that, Safflower breeding line PBNS-120 recorded significantly highest seed
yield  among all the lines tested under study at all locations. Over all, it yielded 13.6% highest seed yield than
the national check, PBNS-12 across the different locations located in aberrant weather conditions.  The entries,
PBNS-129 and PBNS-137 were found at par for seed yield with check PBNS-12. The safflower breeding lines,
PBNS-120, PBNS-129 and PBNS-137 proposed average stability across the varied environments. The seed
yield increased due to more number of capitula per plant, number of seed per capitula and test weight. Similarly
with the application of one the protective irrigation at the location Parbhani the breeding line PBNS-120
recorded 17.38% highest seed yield than the check PBNS-12. Thus it was concluded that advanced breeding
line PBNS-120 may be used for safflower breeding programme in aberrant weather conditions of Maharashtra.

Key words : Safflower, Breeding line, PBNS-129, aberrant weather and drought area.

______________

Safflower (Carthamus tinctorius L.) is one
of the oldest oilseed crop and is widely grown
under the hot and dry climate of the Middle East,
the centre of its origin and diversity. 

Safflower, a multipurpose crop, has been

grown for centuries in India for the orange-red
dye (carthamin) extracted from its brilliantly
colored flowers and oil rich in polyunsaturated
fatty acids (linoleic acid 78%). Safflower has
some agronomic advantages such as drought
resistance and adaptation to arid and semiarid
climatic conditions (Weiss, 2000).  Safflower is
an important oilseed crop during winter season

1. Associate Professor, 2 and 3. Senior Research
Assistant and 4. Associate Professor.



in India. Although productivity of this crop has
improved by more than two fold in last three
decades. Varietal improvement has not folded to
productivity significantly commercial exploitation
of Advanced Breeding lines vigour in recent
years has led to remarkable yield advancement
in several agriculture crops irrespective of their
breeding systems. Evaluating yield components
and their inter-relation is very important in
safflower breeding programme, especially the
components that related to various
morphological attributes.

Despite the high magnitude of heterosis in
safflower the possibility of exploiting it would
depend on the economic means of seed
production. Exploitation of Advanced Breeding
lines vigour has been recognized as an important
tool for genetic improvement of yield and may
some as a major fruitful technique to break
existing yield bummers. 

Materials and Methods

The studies were carried out at three
locations (two rainfed and one irrigated) during

rabi 2014-15 in Marathwada region of
Maharashtra state. Ten experimental Safflower
Breeding lines along with one national check
were evaluated in a randomized block design
with three replications. Planting was done during
first fortnight of October at all the locations. The
crop was supplied 60 kg N, 40 kg P2O5 and 20
kg K2O, half N and all P, K were applied at
planting time and remaining half of N was top
dressed after one month. A spacing of 45 x 20
cm was adopted. Recommended package of
practices were adopted at all the locations. The
observations were recorded on days to 50 per
cent flowering, days to maturity, plant height,
number of seeds capitula-1, number of effective
capitula plant-1, test weight (g), hull content (%),
harvest index (%), oil content (%) and seed yield
plant-1 (g). 

Results and Discussion

There were significant differences found in
seed yield among different hybrids tested at
Latur, Somnathpur, Tuljapur and Parbhani
locations. Seed yield of different Safflower
Breeding lines recorded at Parbhani was higher
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Table 1. Mean performance of Advanced Breeding lines for seed yield (kg ha-1)

Entry Parbhani Latur Somna- Tuljapur Mean Oil 
thpur seed yield content

(kg ha-1) (%)

PBNS-120 2917 1371 1433 1787 1907 27.19
PBNS-121 1717 1070 937 1234 1241 28.16
PBNS-128 1634 1056 895 1218 1195 28.31
PBNS-12 (ch) 2410 1309 1204 1487 1641 28.90
PBNS-129 2541 1359 1380 1637 1761 27.58
PBNS-130 3083 1239 1185 1487 1602 27.15
PBNS-131 1545 911 779 1165 1078 27.27
PBNS-135 1966 1116 940 1234 1341 29.19
PBNS-136 1997 1154 984 1272 1378 28.03
Sharda (ch) 1998 1180 1101 1326 1401 28.08
PBNS-137 2415 1322 1283 1637 1673 32.02
PBNS-138 2098 1200 1167 1460 1488 26.86

80.27 49.85 72.55 102.38 - -
241.54 145.98 212.46 299.80 - -
13.38 11.67 14.32 25.75 - -



as two protective irrigations were given at critical
stages. The results indicated that, the Safflower
breeding line PBNS-120 recorded significantly
highest seed yield  among all the lines tested
under study at all locations. It yielded 13.6%
highest seed than the national check, PBNS-12.
The entries, PBNS-129 and PBNS-137 were
found at par for seed yield with check PBNS-12.
Similarly with the application of two protective
irrigations at the location Parbhani, the breeding
line PBNS-120 recorded 17.38% highest seed
yield than the check PBNS-12. The seed yield
increased due to more number of capitula
plant-1, number of seeds capitula-1 and test
weight. The most important yield components
in safflower are number of capitula plant-1,
number of seed capitula-1 and test weight,
similar findings were reported by Mathur et al.
(1976), Mehrotra and Jain (1976) Thus it was
concluded that, advanced safflower breeding
lines, PBNS-120, PBNS-129 and PBNS-137
proposed average stability across the varied
environments, similar findings were reported by
Pandya (1988), Patil (1997). The study revealed
that, advanced breeding line PBNS-120 may be
used for safflower improvement programme in

aberrant weather conditions of Marathwada
region of Maharashtra state. The lines, PBNS-
120, PBNS-129 and PBNS-137 had average
stability not only for seed yield but also for
important yield components. They need to be
involved in further breeding programme more
extensively.
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Cotton is one of the most important fibre
and cash crop of India. It plays dominant role in
industrial as well as agricultural economy of the
country. It is cultivated on 29.2 million ha in
world out of which India ranks first in area with
10.5 million ha (about 36 per cent of global,
Anonymous, 2017). The crop provides direct
livelihood to 6 million farmers and about 40-50
million peoples are getting employment in
cotton trade and its processing in the country.
The global average productivity of Cotton is 788
kg ha-1 whereas Indian productivity is only 560
kg ha-1. Cotton cultivation in dry lands
contributes to 66 per cent of the area, is the
reason for lower yields in India.

India ranks 41st among 181 countries with
regard to water stress. Successful cotton

production in rainfed areas totally depends upon
the availability of moisture. Dry spells commonly
occur in Maharashtra state between June and
September, often lasts beyond three weeks.
Rainfall is unevenly distributed and results in
insufficient soil moisture during boll development
stage. The consumptive water use of water
ranges from 660 to 1145 mm depending upon
local conditions. (Venugopalan et al, 2012).
Saving moisture through better management
practices may provide dire relief to the farmers
not only in terms increasing yields but also by
reducing risk of crop failure. The significance of
in-situ soil moisture conservation measure is to
conserve maximum possible rainwater at a place
where it falls to make its efficient use. Moisture
conservation along with retention practices may
elongate period of moisture availability to crop,
release of mineral nutrient which plant may
absorb and also may drain excess water and also
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Evaluation of Super Absorbent for Moisture Conservation in
Bt Cotton
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Abstract
A field experiment was conducted during kharif 2016-17 season at Cotton Research Station, Nanded

(Maharashtra, India) to find out efficiency and optimum level of super absorbent for moisture conservation and
yield of Bt cotton (Gossypium hirsutum L.). Two moisture regimes (rainfed control and in situ moisture
conservation), two fertilizer levels (50% RDF and 100% RDF) and three absorbent levels (0 kg ha-1, 12.5 kg
ha-1 and 25 kg ha-1) were tested in split split plot design. Super absorbent product in the Starch-g-poly form
having 88 per cent active ingredient, 400 per cent absorbency and degradable was used. Under changing
climatic conditions, total rainfall of 1187 mm was received during the season which was 38 per cent higher
over average well distributed in 53 rainy days. The in situ moisture conservation increased moisture status to
the tune of 5.53 and 5.65 ha mm, significantly over rainfed control at 90 and 120 DAS. In situ moisture
conservation resulted to 3 per cent increase in seed cotton yield over rainfed control. Reduction in fertilizer
dose by 50% resulted to reduction in yield parameters and seed cotton yield by 8.92 per cent over RDF.
Application of Super Absorbent product @ 12.5 kg ha-1 and 25 kg ha-1 resulted to increase in moisture content
at 90 DAS (3.03 and 4.16 ha mm) and 120 DAS (3.74 and 4.33 ha mm), bolls plant-1 (2.22 and 4.07), seed
cotton yield ha-1 (4.04 and 6.77 per cent) over control, respectively.

Key words : Bt  Cotton, moisture conservation, super absorbent.
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increase infiltration and moisture conservation
in-situ. Increased moisture status leading to
more availability of nutrients can facilitate to
lower the fertilizer doses.

Uncertain rains and increasing temperature
in dry land area encourage efficient water
conservation by plant residues and super
absorbent polymers. Super absorbent polymer,
available in market can absorb a minimum 400
times of their dry weight of pure water and
gradually release it according to need of the

crop, found to improve soil physical properties,
helps crop to withstand extended moisture sress
by delaying onset of permanent wilting point
(Kalhapure et al., 2016). Positive effects of
Super absorbent polymer application on growth,
yield and water use efficiency in many crop are
reported (Fallahi et al., 2015).

With this view the study was conducted to
find out effect of super absorbent along with
moisture conservation and nutrient management
for Bt cotton.
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Table 1. Plant growth, yield contributing characters and seed cotton yield as influenced by different treatments

Treatment Plant Mono- Sym- Seed Yield No. of Boll 
height podia  podia cotton plant-1 bolls  weight 
(cm) plant-1 plant-1 yield (g) plant-1 (g)

(kg ha-1)

Main plot : Moisture regimes (2)
M1 : Rainfed control 174.72 1.61 27.01 2504 135.52 46.35 2.97
M2 : In situ soil moisture conservation 175.75 1.81 27.68 2576 139.12 47.63 3.00
SE± 1.58 0.03 0.54 25.58 0.78 0.78 0.02
CD at 5% N.S. 0.16 N.S. N.S. N.S. N.S. N.S.

Sub plot : Fertilizer levels (NPK  kg ha-1) (2)
F1 : 50% RDF (60:30:30) 173.93 1.63 27.26 2421 131.13 45.70 2.83
F2 : 100% RDF 176.54 1.79 27.43 2658 143.51 48.29 3.03
SE± 1.28 0.09 0.54 54.06 2.17 1.01 0.66
CD at 5% N.S. N.S. N.S. 211.90 8.50 N.S. N.S.

Sub sub plot : Absorbent levels (3)
A1 : Absorbent 0 kg ha-1 173.10 1.63 26.82 2451 131.31 44.90 2.97
A2 : Absorbent 12.5 kg ha-1 175.66 1.72 27.25 2550 138.88 47.12 2.99
A3 : Absorbent 25 kg ha-1 176.95 1.78 27.97 2617 141.77 48.97 3.00
SE± 3.01 0.06 0.52 53.92 2.74 0.99 0.05
CD at 5% N.S. N.S. N.S. 161.40 8.21 2.98 N.S.

Interaction
M x F
SE± 1.81 0.13 0.76 53.92 3.07 1.43 0.09
CD at 5% N.S. N.S. N.S. N.S. N.S. N.S. N.S.

M x A
SE+ 4.26 0.09 0.74 76.25 3.88 1.41 0.67
CD at 5% N.S. N.S. N.S. N.S. N.S. N.S. N.S.

F x A
SE± 4.26 0.09 0.74 76.25 3.88 1.41 0.07
CD at 5% N.S. N.S. N.S. N.S. N.S. N.S. N.S.

M x F x A
SE± 6.02 0.13 1.05 107.83 5.49 1.99 1.01
CD at 5% N.S. N.S. N.S. N.S. N.S. N.S. N.S.
Grand mean 175.24 1.71 27.34 2540 137.32 46.99 2.98



Materials and Methods

This research trial was conducted at Cotton
Research Station, Nanded (Maharashtra, India)
during kharif 2016-17 season. The climate of
Nanded is characterized as semi arid tropical.
Under changing climatic conditions, total rainfall
of 1187 mm was received during the season
which was 38 per cent higher over average (860
mm) well distributed in 53 rainy days. The
experimental soil was vertilsol with 7.84 pH, low
in available nitrogen (101.28 kg ha-1), medium
available P2O5 (11.20 kg ha-1), high in available
K2O (402.30 kg ha-1) and 0.320 dSm-1

electrical conductivity.

The trial was conducted to find out efficiency
and optimum level of super absorbent for
moisture conservation, growth and yield of Bt
cotton (Gossypium hirsutum L.), under rainfed
condition. The experiment was evaluated in split
split plot design. The experimental factors were
consisted of two moisture regimes (rainfed
control and in situ moisture conservation) as
main factor; two fertilizer levels (50% RDF and
100% RDF) as sub factor and three absorbent
levels (0 kg ha-1, 12.5 kg ha-1 and 25 kg ha-1)
as sub sub factor. 

Sowing of Bt Cotton hybrid (Ajeet 155 BG
II) was done on 25th June 2016 with 120 x 45
cm spacing (18,518 plants ha-1). Fertilizer dose
of 120:60:60 NPK kg ha-1 was applied as per
treatment schedule considering soil test. Furrows
were opened at 30 DAS for in situ moisture
conservation. Super absorbent product in the
‘Starch-g-poly’ form having 88 per cent active
ingredient, bio degradable and 400 per cent
absorbency was used. It was mixed with fertilizer
and applied along with basal dose. Measurement
of vegetative and reproductive growth indices of
crop were done on randomly selected five
plants. Net and border plot yields were recorded
separately. Moisture content was calculated
periodically by gravimetric method. Harvest
index was calculated by using the formula :

Economical yield (lint + seed) 
(kg ha-1) 

Harvest index = ––––––––––––––––––––––––––
Biological yield (vegetative 
body + lint + seed) (kg ha-1)

Results and Discussion

Plant growth characters : In situ moisture
conservation has significantly increased
monopodial branches (1.81) over control (1.61).
The differences in plant height and number of
branches for fertilizer levels and absorbent levels
were statistically not evident (Table 1). However,
numerical increase in plant height and branches
were observed in absorbent level.

Seed cotton yield : In situ moisture
conservation resulted to 3 per cent increase in
seed cotton yield over rainfed control (Table 1).
Both the moisture regimes didn’t affected yield
and contributing characters. This might be due
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Table 2. Stalk yield (q ha-1), harvest index (%) and ginning
out turn (%) as influenced by different treatments

Treatment Stalk Harvest Ginning 
yield index outturn 
(q ha-1) (%) (%)

Main plot : Moisture regimes
M1 : Rainfed control 36.77 40.49 36.20
M2 : In situ soil moisture 36.78 41.20 36.96

conservation
SE± 0.94 0.83 0.20
CD at 5% N.S. N.S. N.S.

Sub plot : Fertilizer levels (NPK  kg ha-1)
F1 : 50% RDF (60:30:30) 36.12 40.14 36.28
F2 : 100% RDF 37.43 41.55 36.88
SE± 0.76 0.33 0.26
CD at 5% N.S. 1.31 N.S.

Sub sub plot : Absorbent levels
A1 : Absorbent 0 kg ha-1 36.37 40.27 36.36
A2 : Absorbent 12.5 kg ha-1 36.80 40.92 36.55
A3 : Absorbent 25 kg ha-1 37.15 41.24 36.83
SE± 0.85 0.87 0.31
CD at 5% N.S. N.S. N.S.
Grand mean 36.77 40.84 36.57



to 38 per cent excess rains well distributed in 52
rainy days received throughout the growing
season. These results are in contradictory with
Paslawar et al., 2015 who reported significant
results due to in situ moisture conservation under
22 per cent deficit rainfall situation. Practices of
making ridge by opening furrow may have an
advantage in concentration of low rain water
which enrich soil moisture content (Gidda and
Morey,1981).

Reduction in fertilizer dose by 50% resulted
to reduction in yield parameters and seed cotton
yield by 8.92 per cent over RDF. Pandagale et
al., 2015 also reported reduction in yield due to
lower fertilizer levels in Bt Cotton.

Application of super absorbent @ 12.5 kg
ha-1 and 25 kg ha-1 resulted to increase in
number of  bolls plant-1 (2.22 and 4.07), seed
cotton yield ha-1 (4.04 and 6.77 per cent) over
control, respectively. The super absorbent @ 25
kg ha-1 found to increase seed cotton yield
significantly superior over control. This was

evident due to increase in number of bolls
plant-1 and yield plant-1. Similar results are also
reported in cotton crop by Fallahi et al., 2015.
Application of Super absorbent @ 25 kg ha-1

was at par with its application @ 12.5 kg ha-1.
It has been reported that super absorbent
application under drought reduces damage
caused by stress in the cytoplasmic membrane
and subsequently decrease leakage of cell
contents. Thus, it supports plants to neutralize
negative impact of drought stress and finally
enhance growth and yield (Pouresmaeil et al.,
2013). Numerical increase in plant height and
branches was also recorded due to super
absorbent over control. The interactions for
moisture regime, fertilizer levels and super
absorbent levels were non significant.

The stalk yield was not affected due to
moisture regimes, fertilizer and absorbent levels
(Table 2). Similarly, difference in harvest index
due to moisture regimes and absorbent levels
didn’t effected. However, increased fertilizer
level was found to slight increase plant height
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Table 3. Moisture content (ha mm) as influenced by different treatments

Treatment 30 60 90 120 At 
DAS DAS DAS DAS harvest

Moisture regimes (2)
M1 : Rainfed control 58.66 44.03 49.06 31.77 16.06
M2 : In situ soil moisture conservation 59.82 45.08 54.59 37.42 18.09
SE± 0.50 0.70 0.70 0.63 0.73

CD at 5% N.S. N.S. 4.27 3.83 N.S.

Fertilizer levels (NPK  kg ha-1) (2)
F1 : 50% RDF (60:30:30) 58.41 44.62 51.65 34.36 17.17
F2 : 100% RDF 60.08 44.49 52.02 34.83 16.98
SE± 0.84 0.92 0.27 0.20 0.43
CD at 5% N.S. N.S. N.S. N.S. N.S.

Absorbent levels (3)
A1 : Absorbent 0 kg ha-1 58.22 43.09 49.53 31.90 16.73
A2 : Absorbent 12.5 kg ha-1 58.82 44.43 52.26 35.64 17.16
A3 : Absorbent 25 kg ha-1 60.69 46.16 53.69 36.23 17.33
SE± 1.26 1.23 1.02 1.07 0.87
CD at 5% N.S. N.S. 3.05 3.21 N.S.
Grand mean 59.24 44.56 51.83 34.59 17.07



and branches leading to have significant values
of stalk yield. 

However, the ginning out (%) turn was not
affected by any of the factor (Table 2).

Moisture content :Moisture content in soil
at 30 DAS, 60 DAS and at harvest remained
statistically similar due to moisture regimes,
fertilizer levels and absorbent levels (Table 3).
However, as the rainfall pattern diminishes from
August, the in situ moisture conservation
increased moisture status significantly over
control during boll formation and boll
development stage. The in situ moisture
conservation increased moisture status to the
tune of 5.53 and 5.65 ha mm, significantly over
rainfed control at 90 and 120 DAS (Fig. 1).
Iftikhar et al., 2010 reported increased moisture
availability thereby reduced irrigation water
requirement due to in situ moisture conservation
by opening of furrows. Application of Super
Absorbent product @ 12.5 kg ha-1 and 25 kg
ha-1 resulted to increase in moisture content at
90 DAS (3.03 and 4.16 ha mm) and 120 DAS
(3.74 and 4.33 ha mm) over control,
respectively (Fig. 2). By application of super
absorbent, high amount of water is absorbed
when it rains and gradually released during
moisture stress period. Rahmani et al., 2009
revealed that increased moisture status resulted
to reduction in production of biomarkers and
thereby decreasing antioxidant enzyme activity.
These factors reduce the cost implied by plants
to neutralize impacts of drought stress and finally
enhance the cotton growth and yield.

Conclusion

Based on the results of this experiment,
conserving moisture under rainfed condition is
an effective strategy for limited water recourses
utilization.  Optimum fertilizer level needs to
apply for higher yields of Bt cotton. Super
absorbent application increased productivity of
Bt Cotton under rainfed condition. Hence super

absorbent may become practically convenient
and economically feasible option under drought
situation for increasing cotton productivity.
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Abstract
Water is a prime natural resource. Assured crop production in rainfed area can only be achieved if

supplemental irrigation can be provided. Groundwater is clearly the preferred source of irrigation for farmers.
The Groundwater levels in the region had reached alarming levels early this year itself. Hence attention is
needed to enhance the ground water potential through artificial recharging techniques. Recharging of borewells
using designed filtration system was studied since 2014 and 2015 on 51 locations in assured rainfall zone of
Marathwada region. Using stokes, law, the depth of filtration material was designed. Bore well recharging
system consists of primary and secondary filter. Runoff water from the cultivated area is diverted towards bore
well recharge unit through field trenches. It allows to enter in primary filter unit wherein the major sediments
were arrested and water flows to the secondary filter unit. Secondary filter unit consist of excavation of soil
around the bore well casing pipe by 2.5 m depth and 1.5 dia. From the bottom, up to 50 cm height, small
holes are made with pointer at a spacing of 5 cm and this casing pipe is wrapped with nylon mesh. Then the
pit is filled with 4 layers of big stone, metal, gravel sand and fine sand one above each. On the top, the unit is
covered with cement ring for not allowing the sediment from the flowing water. The filtration efficiency was
found to be in range of 93 to 96 per cent. A long duration pumping test was conducted on representative
bore well. The well characteristics like specific yield and transmissivity were determined as 0.0134 and 572.37
m2/day respectively. The results revealed that the water level fluctuation in pre monsoon and post monsoon
season in recharged bore wells are found to be in the range of 5.90 to 8.84 m. The ground water recharge in
treated bore well was found to be 23.28 per cent of annual rainfall as against 5.56 per cent in untreated bore
wells. The rise in water level in recharged bore well is found to be 2.37 m as compared to fall of 0.62 m water
level in un-recharged bore wells during May 2015 to May 2016.

Key words : Borewell, recharge, specific yield, transmissivity.

______________

India is the world’s largest groundwater user.
Over three fourths of food grains production

coming from the irrigated lands is contributed by
lands irrigated by groundwater. The depletion of



groundwater resource is a matter of great
concern for human society. Large-scale
pumping out of groundwater and negligible
recharging has created ‘water havoc’ in these
borewell-fed areas. The Groundwater levels in
the region had reached alarming levels early this
year itself. 

Climate of the region : The average
annual rainfall of the region is 889 mm and falls
under assured rainfall zone. The rainfall is
uneven and varies from year to year. The
experiment was conducted at the experimental
field of Vasantrao Naik Marathwada Krishi
Vidyapeeth, Parbhani.  Geographically Parbhani
is located in between 19°16'N latitude and 76°
47'E longitude and at 409 m above mean sea
level.

Design considerations : Using particle
size distribution curve, the particle size is found
to be in the tune of 0.01 to 0.1 mm. The
velocity at which muddy water flowing through
the filtration process was computed by using
stokes law.    

1                       
v = –––––––– D2 (G-1) gw/h�

18

Considering determined specific gravity and
standard values of viscosity and specific weight.             

G=2.66, h =0.01 poise=10-6 kN-s m-2

D2

v = –––––––– x ( 2.66-1)/ 106 x 10-6

1.835 

V = 1.66 D2 / 1.835     V = 0.9046 D2

1) For coarsest particle D=0.1mm, Vmax=
0.9046 x (0.1)2, Vmax = 0.9046 x 10-2 m
s-1

2) For finest particle D=0.01mm, Vmin=
0.9046 x (0.01)2, Vmin = 0.9046 x  10-4 m
s-1

The minimum and maximum values of
velocity were determine as 8.228 x 10-3 m s-1

and 8.228 x 10-5 m s-1 with an average velocity
value 456.82 x 10-5 m s-1. Alternatively the
time required to flow water from inlet to outlet
was noted which is 263 seconds and accordingly
considering the average velocity value,  The
head through which water passes was
determined as 

h=v x t, h=456.82 x 10-5 x 395, h=1.8 m
=  180 cm.

The head comes out to be 180 cm. Based
on these calculations, the depth of filtration
material was worked out as 150 cm with 30 cm
as a head of standing water which is essentially
required for easy flow of water through filtration
unit.

Working principle of bore well
recharging system : Runoff water allows
entering in primary filter unit wherein the major
sediments were arrested and water flows to the
secondary filter unit. Secondary filter unit consist
of excavation of soil around the bore well casing
pipe by 2.5 m depth and 1.5 dia. From the
bottom, up to 50 cm height, small holes are
made with pointer at a spacing of 5 cm and this
casing pipe is wrapped with nylon mesh. Then
the pit is filled with  4 layers of big stone, metal,
gravel sand and fine sand one above each. On
the top, the unit is covered with cement ring for
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not allowing the sediment from the flowing
water. 

Determination of Aquifer Parameters
by Pumping Test : Papadopulos and Cooper
(1967) curve-matching technique was adopted
for determining aquifer properties. A long
duration pumping test was conducted on
representative bore well. The well characteristics
like specific yield and transmissivity were
determined as 0.0134 and 572.37 m2 day-1

respectively.

Results and Discussions

The filtration efficiency of the developed
filtration unit of bore well recharge model was
found to be in the range of 93.22 to 96.47
percent with an average of 94.62 per cent.

Effect of well recharging on
groundwater level fluctuation : The ground
water levels  in different wells were recorded

before and after monsoon season of 2015 and
the data is presented in Table 1. 

Data revealed that, the water table starts
rising since September. The increase in water
table  was observed up to the month of
November and later on gradual reduction in
water table  was observed. The specific yield
value was used for estimation of ground water
recharge from the bore well based on water
table fluctuations in the bore wells. It was
observed that in recharged bore wells, the water
table fluctuation was in the range of 5.90 to
8.84 m. It was also revealed that the ground
water recharge in treated bore well was in the
tune of 19.78% to 29.10% with an average of
23.28% as against average recharge of 5.56%
in untreated bore wells.

The water levels in recharged and un-
recharged bore wells were recorded in May
2015 and May 2016 i.e. in pre monsoon
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Table 1. Water levels and ground water recharge in Bore wells

Well Water level from Water level from Water level Ground water Ground water 
number GL in May 2015 GL in Nov. 2015 fluctuation recharge recharge 

(Pre-monsoon) (Post Monsoon) (m) (cm) (%)

Treated bore wells
1 31.45 23.20 8.25 11.055 27.16
2 17.27 10.05 7.22 09.675 23.77
3 18.55 12.23 6.32 08.468 20.80
4 32.69 23.85 8.84 11.845 29.10
5 33.12 24.51 8.61 11.537 28.34
6 14.34 8.33 6.01 8.053 19.78
7 21.72 15.09 6.63 8.884 21.82
8 15.85 9.72 6.13 8.214 20.18
9 19.20 12.35 6.85 9.179 22.55
10 72.25 66.23 6.02 8.066 19.81
11 40.60 34.70 5.90 7.906 22.26
12 26.85 19.60 7.25 9.715 23.86
Average 23.28

Untreated bore wells
13 74.50 71.18 3.32 4.44 05.94
14 29.5 26.61 2.89 3.87 05.18
Average 05.56



season. the rise / fall in water level is presented
in Table 2.

It is found that the water level is increased in
the tune of 1.87 to 3.30 m with an average of
2.37 m in the zone. However, in un-recharged
bore wells, the water levels was decreased by
0.62 m in 2016 as compared to 2015.

Conclusions

The filtration efficiency of  the designed filter
was found to be 93 to 96%. The water level
fluctuation in pre monsoon and post monsoon
season in recharged bore are found to be in the
range of 5.90 to 8.84 m. The ground water
recharge in treated bore well was found to be
23.28 per cent of annual rainfall  as against
5.56 per cent in untreated bore wells. The rise
in water level in recharged bore well is found to
be 2.37  m as compared to fall of 0.62 m  water
level in un-recharged bore well during May 2015
to May 2016.
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Table 2. Comparison of water levels in May  2015 and
May 2016

Location Water level Water level Rise in 
from GL in from GL in water level
May 2015 May 2016 (m)

Recharged bore wells
1 31.45 29.05 2.40
2 17.27 15.22 2.05
3 18.55 16.30 2.25
4 32.69 30.15 2.54
5 33.12 30.55 2.57
6 14.34 12.43 1.91
7 21.72 19.85 1.87
8 15.85 13.75 2.10
9 19.20 16.50 2.70
10 72.25 70.10 2.15
11 40.60 37.30 3.30
12 26.85 24.25 2.60
Average 2.37

Un-recharged bore well 
1 74.50 75.90 -0.40
2 29.50 30.34 -0.84
Average -0.62

Fig. 1. Comparison of water levels in
recharged bore wells in May 2015 and
May 2016
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Pigeon pea (Cajanus cajan L. Millsp.) is one
of the most important pulse crop of India and
91 per cent of the world’s pigeon pea is
produced in India. It is also a important pulse
crop of Maharashtra and ranked second in area
and production after chickpea in India. Being a
drought resistant crop, it is suitable for dryland
and predominantly sown as intercrop with
cotton, sorghum and soybean in most of the
parts of Maharashtra. In Marathwada region of
Maharashtra, pigeon pea occupies an area
about 5.3 million hectares which produces about
1.3 million tonnes of pigeon pea with an
average productivity of 245 kg ha-1 (Directorate
of Economics and Statistics, New Delhi). It is a
rich source of proteins i.e. about 22 per cent,
lysine, riboflavin, thiamine, niacin and iron.
Potassium (K) is barely applied to pulse crop,

despite larger K requirement of pulses and
continued mining of soil potassium resulting in
imbalanced nutrient supply and lower crop yield.
Among production inputs, fertilizer application
plays a key role in enhancing productivity levels.
However, fertilizer recommendation practices
for pulse crops have been paid less attention.
There has been a dramatic decrease in the
fertilizer consumption of K as compared to N
and P, while K removal from the soil is generally
as much as or higher than N, still its use in
fertilizer is negligible. In general, farmers apply
high rates of nitrogen (N) and phosphorus (P),
but potassium (K) is frequently absent from their
fertilizer schedule. This lack of K is responsible
for low yields and poor quality crop because
apart from other major physiological and
biochemical requirements in plant growth, K is
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Abstract
A field experiment was conducted during kharif 2016-17 to evaluate the effect of potassium management

through soil application and foliar sprays in pigeon pea under Vertisols. Ten treatments comprising of graded
levels of potassium and micronutrient viz., T1 - Absolute control, T2 - Only RDF (25:50 kg N and P2O5
ha-1), T3 - RDF + 25 kg K2O ha-1, T4 - RDF + 50 kg K2O ha-1, T5 - RDF + 25 kg K2O ha-1 + Grade I
micronutrient (soil application), T6 - RDF + 50 kg K2O ha-1+ Grade I micronutrient (soil application), T7 -
RDF + 25 kg K2O ha-1 + Grade II (0.5 %) micronutrient (foliar spray), T8 - RDF + 50 kg K2O ha-1 + Grade
II (0.5 %) micronutrient (foliar spray), T9 - RDF + 25 kg K2O ha-1 + 2% KNO3 (foliar spray), T10 - RDF + 50
kg K2O ha-1 + 2% KNO3 (foliar spray) were applied in a randomized block design with three replications.
Results showed increasing trend in N uptake by straw and grain and was maximum in treatment T6 (145.53
and 58.68 kg ha-1) receiving RDF + 50 kg K2O ha-1 + Grade I micronutrient followed by treatment T8 (134.46
and 55.99 kg ha-1) treated with RDF + 80 kg K2O ha-1 + Grade II micronutrient. The significantly maximum
P uptake was recorded at highest level of potassium (50 kg K2O ha-1) application along with RDF and Grade
I micronutrient (T6) i.e 28.03 kg ha-1 as compared to control (T1) and only RDF (T2). Like N and P uptake, K
uptake was also significantly influenced due to potassium and micronutrient application (T6 - RDF + 50 kg
K2O ha-1 + Grade I micronutrient (soil application) in pigeon pea. The increase in N uptake may be due to
synergistic effect of N and K. Application of potassium increased the availability and uptake of other nutrient
elements which gives the significance of nutritional balance in crop production.

Key words : Potassium, nutrient uptake, pigeon pea.



a key nutrient in the biosynthesis of oil in
oilseeds and protein in pulse crop.

Effect of Potassium nitrate and NAA on
growth and yield on red gram was studied by
Jayarani Reddy et al. (2004). The foliar
application of NAA 20 ppm + 0.5 per cent
KNO3 significantly increased the dry matter
production and yield.Dhuleet al. (2014) revealed
that total uptake of nutrients in respect of N, P
and K was significantly increased with increasing
levels of potassium up to 40 kg K2O ha-1.  It is
recognized that supplementary foliar fertilization
during crop growth can improve the mineral
status of plant and increase the crop yield
(Elayaraja and Angayarkanni. 2005). Among the
micronutrients Zn, Fe, B, Mn and Mo improved
the yield appreciably and foliar spray of
micronutrients proved to be economical in
pulses (Savithri et al. 2001).

Keeping in view the importance of potash
and micronutrients for plants, this study has
been formulated to investigate the effect of
potassium on uptake of nutrients (N, P, K) by red
gram.

Materials and Methods

The field experiment was carried out using
pigeon pea crop (Var. BSMR-736) in Kharif
season during years 2016-17 at Research Farm
of Department of Soil Science and Agricultural
Chemistry, College of Agriculture, Vasantrao
Naik Marathwada Krishi Vidyapeeth, Parbhani,
76°46’, east longitude and 19°16’ North
latitude, having elevation of 423.46 m above the
mean sea level. The soil of experimental site
classified as Parbhani series of mixed
montmorillonitic, hyper thermic Typic
Haplusterts.

The experiment was laid out in Randomized
Block Design comprising ten (10) treatments
replicated three (3) times (Table 1.).
Recommended dose of fertilizer was applied to

the crop which was 25:50:00 kg N and P2O5
ha-1.

Composition of Grade I micronutrient:
Zn - 5%, Fe - 2%, Mn - 1%, B - 1% and Cu-
0.5%.

Composition of Grade II micronutrient:
Zn - 3 %,Fe - 2.5 %, Mn - 1 %, Cu -1 %, B - 0.5
%, and Mo - 0.1 %.

Soil and Plant analysis : Soil samples
were collected before sowing, at flowering, at
pod formation and at harvest stage of crop at 0-
20 cm depth from each treated plot.The
samples were air-dried, ground to pass through
a 2-mm sieve and analysed for pH and CaCO3
by Richards (1954); organic carbon (OC) by the
Walkley and Black (1934) method; available N
by KMnO4 (Subbiah and Asija 1956); available
P by Olsen method (Olsen et al. 1954); available
K by by extraction with 1N ammonium acetate
(NH4OAC) solution at pH 7.0 (Jackson 1967)
and Zn, Fe, Mn and Cu were determined by
using DTPA extract as described by Lindsay and
Norvell (1978).

The plant samples were analyzed for total N,
P and K contents (Jackson 1973) and uptake.
The Zn, Fe, Mn and Cu contentin plant was
determined from the extract obtained from
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Table 1. Treatment details

T1 : Absolute Control (No Fertilizers)
T2 : RDF only (25:50:00 kg NPK ha-1)
T3 : RDF + 25 Kg K2O ha-1

T4 : RDF + 50 Kg K2O ha-1

T5 : RDF + 25 Kg K2O ha-1 + Grade I Micronutrient
(soil application)

T6 : RDF + 50 Kg K2O ha-1 + Grade I Micronutrient
(soil application)

T7 : RDF + 25 Kg K2O ha-1 + Grade II Micronutrient
(0.5% foliar spray)

T8 : RDF + 50 Kg K2O ha-1 + Grade II Micronutrient
(0.5% foliar spray)

T9 : RDF + 25 Kg K2O ha-1 + 2 % KNO3 (foliar spray)
T10 : RDF + 50 Kg K2O ha-1 + 2 % KNO3 (foliar spray) 



digestion of plant samples with HNO3 and
HClO4 using Atomic Absorption Spectrophoto-
meter, as described by Lindsay and Norvell
(1978).

Results and Discussion

Soil properties : The soils of the study area
were neutral to slightly alkaline in reaction with
a pH range from7.24 to 7.69 and after harvest,
not influenced significantly due to administration
of various treatments. The soils are low in
organic carbon content (0.36%) and free
calcium carbonate was 5.20 per cent.

Nutrient uptake : The effect of different
treatments on N uptake of pigeon pea was
found to be enhanced significantly with
application of potassium and micronutrient
along with RDF (Table 2). The data shows
increased in N uptake by straw and grain was
maximum in treatment T6 (145.53 and 58.68
kg ha-1) receiving RDF + 50 kg K2O ha-1 +
Grade I micronutrient, followed by treatment T8
(134.46 and 55.99 kg ha-1) treated with RDF +
50 kg K2O ha-1 + Grade II micronutrient. The

lowest value was noticed in control plot T1
(75.24 and 27.00 kg ha-1). In presence of
potassium, the increase in N uptake could be
attributed to enhanced vigor of crop growth with
increased utilization and translocation of N in to
plant and synergy between N and K in soil
system resulting in the enhancement of yield.
Similar findings were also reported by
Mukundgowda et al. (2015). 

The P uptake of plant was significantly
enhanced due to application of potassium in
combination with micronutrient over control and
only RDF (Table 2) treatment. The significantly
maximum P uptake by pigeon pea crop was
recorded at highest level of potassium (50 kg
K2O ha-1) application along with RDF and
Grade I micronutrient (T6) i.e. 28.03 kg ha-1 as
compared to control (T1) and only RDF (T2).
The highest P uptake in grain (13.56 kg ha-1)
was recorded with treatment T6 (RDF + 50 kg
K2O ha-1 + Grade I micronutrient). Similar
trends were also noticed by Kherawatet al.
(2013), Chavan et al. (2012) and Mukundgowda
et al. (2015).
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Table 2. Effect of graded levels of potassium and micronutrient application on N, P and K uptake

Treatment N uptake (kg ha-1) P uptake (kg ha-1) K uptake (kg ha-1)
–––––––––––––––––––––– –––––––––––––––––––– –––––––––––––––––––––
Grain Straw Total Grain Straw Total Grain Straw Total

T1 - Absolute control 27.00 75.24 102.24 5.27 9.70 14.97 12.87 35.07 47.94
T2 - Only RDF (25:50 N and P2O5 kg ha-1) 32.21 84.68 116.89 6.80 13.05 19.85 15.32 40.80 56.12
T3 - RDF + 25 kg K2O ha-1 38.26 97.26 135.52 7.93 15.40 23.33 17.55 48.37 65.92
T4 - RDF + 50 kg K2O ha-1 40.13 105.46 145.59 8.47 17.10 25.57 18.55 52.04 70.60
T5 - RDF + 25 kg K2O ha-1 +  44.76 113.97 158.73 9.43 18.99 28.42 19.91 57.61 77.52

Grade I micronutrient
T6 - RDF + 50 kg K2O ha-1 +  58.68 145.53 204.21 13.56 28.03 41.59 26.72 73.48 100.19

Grade I micronutrient
T7 - RDF + 25 kg K2O ha-1 + Grade II  52.80 124.60 177.40 11.50 21.59 33.09 23.77 66.51 90.28

(0.5%) micronutrient
T8 - RDF + 50 kg K2O ha-1 + Grade II  55.99 134.46 190.45 12.61 24.52 37.13 25.38 67.12 92.50

(0.5%) micronutrient
T9 - RDF + 25 kg K2O ha-1 + 2% KNO3 37.77 99.08 136.85 7.77 15.91 23.68 18.53 59.11 77.64
T10 - RDF + 50 kg K2O ha-1 + 2% KNO3 40.08 109.68 149.76 8.28 16.90 25.19 19.80 63.29 83.08
Grand Mean 42.77 108.99 151.76 9.16 18.12 27.28 19.84 56.34 76.18
SEm (±) 0.54 0.21 - 0.47 1.23 - 0.25 1.32 -
CD at 5% 1.61 0.65 - 1.42 3.70 - 0.76 3.96 -



Like N and P uptake, K uptake was also
significantly influenced due to potassium and
micronutrient application as presented in Table
2. Data indicated that, application of RDF + 50
kg K2O ha-1 + Grade I micronutrient (T6)
significantly increased the uptake of K in pigeon
pea, which was followed by RDF + 50 kg K2O
ha-1 + Grade II micronutrient (T8). The K uptake
in plant was ranged between 35.07 to 73.48 kg
ha-1 and in it was grain ranged from 12.87 to
26.72 kg ha-1. The maximum uptake of K
(73.48 kg ha-1) was seen in treatment T6 (RDF
+ 50 kg K2O ha-1 + Grade I micronutrient)
followed by treatment T8 (RDF + 50 kg K2O
ha-1 + Grade II micronutrient), T7 (RDF + 25 kg
K2O ha-1 + Grade II micronutrient) and T5 (RDF
+ 25 kg K2O ha-1 + Grade I micronutrient). In
grain, the maximum K uptake (26.72 kg ha-1)
was observed in treatment T6 (RDF + 50 kg
K2O ha-1 + Grade I micronutrient) which was
significantly superior over rest of the treatments.
This might be due to application of higher doses
of mineral K with micronutrients favored higher
root and shoot development which might have
also increased the K uptake. Results are in
conformity with the findings of Chavan et al.
(2012) and Kherawat et al. (2013).

Conclusion

The nutrient uptake of pigeon pea was
significantly enhanced with the application of
potassium and Grade I or Grade II micronutrient
along with RDF. Application of RDF + 50 kg
K2O ha-1 + Grade I micronutrient  showed
maximum uptake of N, P, K in pigeon pea  plant
and grain, followed by RDF + 50 kg K2O ha-1

+ Grade II micronutrient and RDF + 25 kg K2O
ha-1 + Grade II micronutrient.
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Sugarcane (Saccharum officinarum L.) is
one of the most important commercial crops of
the tropical countries and is the main source of
sugar in the world. In India, sugarcane is grown
on 4.36 million hectares with the annual
production of 281.5 million tones and
productivity of 64.6 tones per hectare. Insects
are cold-blooded organisms - the temperature of
their bodies is approximately the same as that
of the environment. Therefore, temperature has
been considered as the single most important
environmental factor influencing insect behavior,
distribution, development, survival, feeding
dispersal and reproduction. Insects generally
grow rapidly in warmer conditions. Within the
zone of effective temperature, the rate of
development bears a linear reaction with

temperature, relative humidity a rise not only for
each of the insect’s species but also for various
stages in its life cycle. Climate change resulting
in increased temperature could impact crop pest
insect populations in several complex ways.
Although, some temperature effects might tend
to depress insect populations, most researchers
seem to agree that warmer temperatures in
temperate climates will result in more types and
higher populations of insects. Economical loss
in sugarcane has been estimated to the extent of
20 per cent in cane yield and 15 per cent in
sugar recovery due to the ravages of the insect
pests.  Sugarcane crop suffers damage from
pests viz., early shoot borer, internode borer,
woolly aphids and top shoot borer. Among them
early shoot borer is one of the major cause of
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Abstract
The experiment was conducted at State Research Scheme of Entomology section, Central Sugarcane

Research Station, Padegaon (M.S.) during the year 2009-10 and 2010-11 to study the impact of climatic
factors on the incidence of early shoot borer in sugarcane. Sugarcane (Saccharum officinarum L.) crop suffers
damage from pests viz., early shoot borer, internode borer, woolly aphids and top shoot borer. Among them
early shoot borer is one of the major cause of reduction production. The result revealed that no incidence of
early shoot borer was noticed upto 10th MW. The first incidence of early shoot borer was noticed in 11th MW
(0.31%). The maximum incidence of early shoot borer was recorded in 21st MW (12.56 %) when the maximum
and minimum temperature was 38.5°C and 21.6°C, respectively during 2009-10.  Whereas, in the year 2010-
11, there was no incidence of early shoot borer upto 13th MW. The first incidence of early shoot borer was
noticed in 14th MW (0.52 %). The maximum incidence of early shoot borer was recoded in 16th MW (18.77%),
when the maximum and minimum temperature was 38.6°C and 22.1°C, respectively. The declined trend of
incidence was observed due to rainfall in succeeding meteorological weeks. The population of early shoot borer
varied from 0.31 to 12.56 and 0.52 to 18.77% in both the years respectively. There was significant positive
correlation between population of early shoot borer and minimum temperature (0.50*) whereas negatively
correlated with morning relative humidity (-0.49*) during the year 2010-11. The regression analysis indicated
66 to 48  per cent variation (R2 values 0.667* and 0.480* ) in early shoot borer infestation was due to
meteorological parameters (Tmax, Tmin and RH-II) during the 2009-10 and 2010-11. The remaining 52 per
cent variation was caused due to other factors.

Key word :  Sugarcane, early shoot borer, climatic factors.



reduction in production. Early shoot borer (ESB),
Chilo infuscatellus Snellen (Crambidae;
Lepidoptera) is a serious pest in peninsular
regions of India and a vital pest in early crop
growth stages of sugarcane causing an economic
loss. It destroys 26-65% of mother shoots and
causes losses of cane yield (22-33%), sugar
recovery (12%) and jaggery (27%) (Patil and
Hapse, 1981). It infests rainfed sugarcane crop
causing 70% shoot loss (Prasad Rao et al.,
1991). It destroys 58% of shoots in different
states, causing reduction of 10.1-34.4 tha-1 in
cane yield and 0.25-3.0 units in sugar recovery.
The monitoring of pest population is necessary
to understand the major factor influencing pest
population to forecast its incidence. Hence, it is
necessary to study the impact of climatic factors
on incidence of insect pest mainly early shoot
borer in sugarcane which is the major cause on
sugar production and recovery.

Materials and Methods

Trials under field conditions were conducted
to gather information pertaining to different
aspects of climate change influencing the
incidence of early shoot borer, Chilo infuscatellus
Snellen in sugarcane planted crop, With a view
to find out the population fluctuation of early
shoot borer in relation to minimum temperature,
maximum temperature, rainfall, morning relative
humidity and evening relative humidity. The
experiment was carried out at Entomology
Section, Central Sugarcane Research Station,
Padegaon during the year 2009-10 and 2010-
11. Geographically, Padegaon is at elevation of
556 meters above mean sea level, it is located
at 18°12’ North latitude and 74°10’ East
longitude. A field having sugarcane crop planted
with most popular commercial cane cultivar Co
86032 was selected for the study and the area
was earmarked with flags. All the agronomic
practices were followed as per recommendation.
The crop was kept free from insecticidal
application. The elevation of plot was such that

water could conveniently be taken in and
drained out as and when desired. The
arrangements were made throughout the period
of experimentation for supplementing irrigation
as and when required through tube wells. The
experimental plots were well protected and
properly leveled. The recommended dose of
fertilizer were applied. The plot was well
drained, soils having sandy loam texture.
Observations pertaining to early shoot borer,
damage were recorded at weekly intervals from
first germination up to 12 weeks after planting.
Data thus, obtained were computed to work out
the percentage incidence of the pest to get an
estimate for its population fluctuation during the
crop growth period. 
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Fig. 1. Relation between different weather
parameters and early shoot borer



For ascertaining the influence of abiotic
factors on the incidence of , Chilo infuscatellus
Snellen the meteorological data on weekly
averages of maximum and minimum
temperature, morning and afternoon relative
humidity and rainfall were collected from the
meteorological observatory of this station.
Correlation and regression co-efficient were
determined to establish relationship between
infestation and meteorological parameters. The
weather factors (maximum temperature,
minimum temperature, rainfall, morning relative
humidity and evening relative humidity) and early
shoot borer, were arranged as a weekly interval
and analyzed statistically. The interrelationship
between the per cent infestation of Chilo
infuscatellus Snellen and meteorological data
was established to work out the correlation and
linear regression. The data obtained were
analyzed statistically following the Fisher’s
method of analysis of variance as recommended
by Cochran and Cox (1950). Simple and linear
regression analysis between percent incidence
and weather conditions were worked out by the
methods out lined by Snedecor et al. (1967).

Results and Discussion

Correlation Studies : The results of the
correlation study revealed that in the year of
2009-10, the incidence of early shoot borer was
not observed upto 10th MW. The infestation of
early shoot borer (0.31%) was noticed in 11 MW
(i.e. 2nd week of March). The maximum
incidence (12.56%) was noticed in 21 MW (i.e.
4th week of May), when the maximum and
minimum temperature were 35.2°C and
23.7°C, respectively. The correlation of weather
parameters with early shoot borer are
graphically depicted in Fig 1.

The positive correlation were observed
between early shoot borer incidence and
maximum as well as minimum temperature but
only minimum temperature was significantly

correlated (r = 0.40*). The negative correlation
was observed between morning relative humidity
and Early shoot borer. 

During 2010-11, the results of the study
revealed that the incidence of early shoot borer
was not observed upto 13th MW. The infestation
of early shoot borer (0.52%) was noticed in 14th

MW (i.e. 1st week of April), The maximum
incidence (18.77%) was noticed in 16th MW (i.e.
3rd week of April), when the maximum and
minimum temperature were 38.6 and 22.1°C,
respectively. The correlation of weather
parameters with early shoot borer are
graphically depicted in (Fig. 2). The correlation
between early shoot borer incidence and
maximum and minimum temperature were
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Fig. 2. Relation between different weather
parameters and early shoot borer



positive but only minimum temperature was
significantly correlated (r = 0.50**). The negative
correlation was observed between relative
humidity I and II. The negatively significantly
correlation between relative humidity II (r =
0.49*) was observed. 

Regression studies : The simple linear
regression between climatic factors and early

shoot borer incidence was developed in the year
2009-10 and 2010-11 (Table 2). The R2 values
showed  0.667** and 0.480* per cent variation
in early shoot borer infestation due to climatic
factors and remaining was caused due to other
factors.

Conclusion

The effect of meteorological parameters was
studied against early shoot borer. Maximum
incidence of early shoot borer was recorded in
21st MW (12.56%) and 16th MW (18.77%)
during 2009-10 and 2010-11 respectively,
when the maximum temperature was 35.2°C
and 38.6°C whereas minimum temperature was
23.7°C and 22.1°C in the year 2009-10 and
2010-11, respectively. It is concluded that
maximum and minimum temperature is
positively correlated between with early shoot
borer, whereas negative correlation were
observed with relative humidity and rainfall.
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Table 1. Correlation between weather parameters with
early shoot borer incidence

Year Climatic Factors ESB

2009-10 Maximum temperature 0.05
Minimum temperature 0.40*
Morning relative humidity -0.31
Evening relative humidity 0.05
Rainfall -0.25

2010-11 Maximum temperature 0.19
Minimum temperature 0.50**
Morning relative humidity -0.49*
Evening relative humidity -0.03
Rainfall 0.12

*Significant at 5% level, ** Significant at 1% level

Table 2. Regression of climatic factors with early shoot
borer incidence

Year Regression equation R2

2009-10 Y = 39.10-0.738 Tmax + 3.11 RH-II 0.667**

2010-11 Y = -118.69 + 2.09Tmax + 0.480*
1.47Tmin + 0.05RH-I + 0.28 RH-II-
0.02RF

*Significant at 5% level, ** Significant at 1% level;  * Tmax:
Maximum Temperature, Tmin: Minimum Temperature and
RH-I: Relative Humidity (Morning), RH-II: Relative Humidity
(Evening), RF: Rainfall  Y= Cumulative Early Shoot Borer,
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Safflower (Carthamus tinctorius L.) is one
of the major Rabi oilseed crops of India. It is one
of the most popular oilseeds crop grown
throughout the world, valued for its highly
nutritious edible oil. It occupies a prominent
place being in both area and production,
containing 25-32 per cent oil.  It fulfills the oil
requirement of about 20-25 per cent population
in the states of Maharashtra, Karnataka,
Madhya Pradesh, Uttar Pradesh, Bihar and
Tamil Nadu.  In India area, production and
productivity of safflower recorded during 2010-
11 were 5.9 lakh ha, 1.3 lakh tones and 710 kg
ha-1, respectively (Anonymous, 2011).

Among the various biotic factors responsible
for low production and productivity of safflower,
diseases caused by biotic agents viz., fungi,
bacteria, viruses and nematodes are the major
one. Among the major fungal diseases infecting
safflower, Alternaria blight incited by Alternaria
carthami Chowdhary is one of the most
destructive and wide spread diseases.  The yield
losses in the range of 25-60 per cent due to
Alternaria blight in safflower were reported
from India (Indi et al., 1988; Prasad, 1988 and
Relekar et al., 2010).

The disease is endemic in most of the
safflower growing areas of Southern Telangana
Zone of Andra  Pradesh which infects the leaves,
stem, head, seed etc. and causes severe seed
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Abstract
Study of the development of Safflower Alternaria leaf spot disease in relation to weather parameters was

conducted at All India Co-ordinated Research Project on Safflower, VNMKV Parbhani, Marathwada region of
Maharashtra during rabi season 2013-14. Total rainfall received during the year was 1216 mm in 65 rainy
days with temp range 19.5 to 33.2°C and atmospheric humidity 42 to 74%. The rainfall received 42% more
than the average normal. The Alternaria leaf spot susceptible safflower variety Manjira was sown at five different
dates in the 100 sq m plot with spacing 30 x 15 cm to record the development of Alternaria leaf spot disease
in relation to different weather conditions.  The results reveals that in the early sown crop i.e. 20 days before
recommended sowing date, the Alternaria leaf spot disease severity was up to 72% and spread of the disease
from bottom to top leaves. The disease was observed on top leaves as early as by 8 DAS and reached to a
maximum of 74% by full flowering stage compared to normal and late sowing conditions. At the time of
harvesting the disease severity in first date of sowing reached up to 90 to 100% and prominent disease
symptoms also observed on top leaves, capsules and harvested grains. The seed yield of first and second date
of sowing was drastically decreased. The correlation studies indicated that, in early sowing, the rainfall, minimum
temperature and relative humidity (RH-I and RH-II) have positive correlation with the disease development;
whereas the maximum temperature have a negative correlation with Alternaria leaf spot disease development.
In general in all sowing dates and weather parameters like rainfall and relative humidity showed positive
correlation with the Alternaria leaf spot disease development in safflower.    

Key words : Safflower, correlation, Alternaria leaf spot, sowing dates and weather
conditions.
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yield loss and also deterioration in the quality of
the seed. Under severe infections, disease has
been reported to cause 50 per cent loss in seed
yield (Indi et al., 1986). Weather conditions play
a predominant role in determining the coursr
and severity of epidemics. Along  with the
weather factors crop factor viz., age of the crop
also contributes for the disease incidence and
spread significantly (Ojiambo et al., 1999).
Hence, an attempt was made to study the role
of different weather parameters viz., rainfall
,relative humidity and temperature along with
the crop fanctor i.e. age of the criop and
infection and development of Alternaria leaf
spot and secondly to develop forecasting model
for predicting disease incidence in advance. 

Materials and Methods

The effect of weather factors like
temperature (maximum and minimum),relative
humidity  in per cent, rainfall (mm) along with
one crop factor i.e. age of the crop (sowing
dates),on the incidence and development of leaf
spot Alternaria blight (A. carthami)  disease
were studied in the  under field conditions,
during rabi, 2013-14 at Research Farm, AICRP
(Safflower), Vasantrao Naik Marathwada Krishi
Vidyapeeth, Parbhani of Maharashtra., India.
The field experiment was conducted  on medium
blaxk soil with five sowing dates .The cultivar
Manjira  was sown in five plots measuring 100
m2 each at 10 days interval i.e. D1 -
22.09.2013, D2 - 1.10.2013, D3 -
12.10.2013, D4 - 23.10.2013 and D5 -
1.11.2013 . The crop was fertilized at the rate
of 50 kg N and 25 kg P2O5 hectare-1 as a basal
dose. Recommended agronomic practices like
spa ing, weeding, hoeing, irrigations were
followed as per the crop requirement. Crop was
protected against aphids by spraying
Dimethoate 30 EC @ 0.05% twice during the
crop growth. Twenty plant each from early,
normal and late sown crop were tagged and
scored for the Alternaria leaf spot disease at

eight days intervals using 0-9 scale (DOR,
2010).

The   observations were made and disease
severity stating from 20 DAS and till the end of
the crop. The rate of increase of disease was
calculated based on the average disease gradient
and percent disease index (PDI)  was calculated
(Anonymous, 2010).

Observations on maximum and minimum
temperatures (TMax and TMins respectively),
relative humidity and rainfall were recorded
weekly from sowing maturity. The averages of
the meteorological week (MW) wise weather
parameters over the period of experimentation
were used in the correlation of the average
disease intensity in relation to different weather
parameters along with the age of the crop. 

Results and Discussion 

During rabi, 2013-14, the results revealed
that the Alternaria blight disease intensity in all
five sowing dates was varied and increased with
age of the crop, and it was decreased steadily
with delay sowing /period. Among five planting
dates, significantly highest overall average
Alternaria blight.       

The experimental data presented in table 01
reveled that, under early sowing conditions; the
weather factors during the MW 38 (2013) to 03
MW (2014) favored high disease incidence and
further disease spread.  During this the disease
severity was up to 72% and spread of the
disease from bottom leaves to top leaves.
Disease was observed on top leaves as early as
by 8 DAS and reached to a maximum of 74 %
by full flowering stage compared to normal and
late sowing conditions.  During this period a
total of  309 mm rainfall received (average 39.4
mm) coupled with RH-I in the range of 79-88%
and conductive minimum temperature (20.5 to
33.1°C ) resulted in primary infection, when the
vrop has attained rostte stage (20-45 days after
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emergernce). These results are inf confirmation
with Gud et al., (2007), who reported that  MW
36 to 45 are cogential for primary infection of
the disease (RH-I>80% copuled with rainfall).
When the crop is around 50-65 days old
(elongation stage to bud initiation), favourable
minimum temperatures (20-23°C) coupled with
high RH-I resulted in rapid buildup of the disease
and reached up to 90 to 100%  at the first date
of sowing with  prominent disease symptoms
also observed on top leaves, capsules and
harvested grains (Table 1).

Under normal sowing conditions, primary
infraction occurred when the crop at 20 days
age (% PDI) The yield of first and second date of
sowing was drastically affected. The correlation
studies indicated that in early sowing rainfall,

minimum temperature and relative humidity
(RH-I and RH-II) had a positive correlation with
the disease development; whereas the maximum
temperature had a negative correlation. In
general in all sowing dates, weather parameters
like rainfall and relative humidity showed positive
correlation with disease development.

Under normal sowing conditions, primary
infection occurred when the crop is at 20 days
age (6.63 PDI) coinciding rosette stage, coupled
with high RH-I 93% (MW 38). The disease
spread  was rapid during MW 38 to 48 when a
total of 57 mm rainfall received under favorable
high RH-I (81-87%) and minimum temperature
(16-21°C) conditions when the crop is around
45 to 75 days old (elongation stage to bud
initiation)where PDI reached as high as 53%,
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Table 1. Observations of Alternaria leaf spot incidence in different weather parameters

Weather parameters Disease Severity %
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––
Met. Period Rainfall Rainy Temperature Humidity D1 D2 D3 D4 D5
week (mm) days (°C) (%)
no. ––––––––––––– ––––––––––––

Min. Max. AM PM

38 17-23 Sep 150.6 5.0 30.2 22.4 93 67 0.0
39 24-30 Sep 0.0 0.0 32.2 22.0 86 53 1.0
40 01-07 Oct. 40.8 4.0 31.5 22.8 89 64 15 0.0
41 08-14 Oct. 66.2 5.0 30.7 21.7 93 70 18 0.0 0.0
42 15-21 Oct. 0.0 0.0 32.5 19.5 83 46 22 0.0 0.0
43 22-28 Oct. 10.3 2.0 30.8 21.2 85 56 23.2 0.0 0.0 0.0
44 29-04 Nov. 0.0 0.0 31.7 15.0 78 37 28 0.0 0.0 0.0
45 05-11 Nov. 0.0 0.0 30.4 13.3 71 36 32.3 0.22 0.0 0.0 0.0
46 12-18 Nov. 0.0 0.0 29.2 12.1 79 35 33.5 5.2 0.0 1.0 0.0
47 19-25 Nov. 14.0 2.0 30.4 14.5 81 41 36.0 6.3 1.0 1.0 0.0
48 26-02 Dec. 0.0 0.0 30.7 15.9 75 43 42.2 8.5 2.9 3.0 0.0
49 03-09 Dec. 26.6 1.0 29.0 12.3 84 35 44.0 9.0 5.6 4.5 0.0
50 10-16 Dec. 0.0 0.0 28.9 7.5 80 28 47.0 9.2 6.3 4.7 1.0
51 17-23 Dec. 0.0 0.0 29.5 9.3 71 33 48 15.3 9.50 5.7 2.5
52 24-31 Dec. 0.0 0.0 28.5 11.3 75 39 49 16.1 11.0 10.0 3.1
1 01-07Jan 0.0 0.0 29.2 11.5 79 37 53.2 21.0 18.0 15.0 9.4
2 08-14Jan 0.0 0.0 30.0 13.1 79 36 60.0 23.0 19.3 16.5 12.0
3 15-21 Jan 0.0 0.0 31.2 14.7 78 36 66.2 24.1 20.5 18.0 17.0
4 22-28 Jan 0.0 0.0 29.5 13.8 80 40 72.5 25.0 23.0 21.3 19.0
5 29-04 Feb 0.0 0.0 12.4 4.3 32 9 73.0 26.1 23.0 22.5 21.0
6 05-11 Feb 0.0 0.0 22.0 5.0 28 12 74.0 27.0 24.0 23.0 22.0



Further, PDI reached maximum towards the
maturity of the crop (70%), even though the
vertical spread of the disease is almost zero as
the RH-I values are dropping below congenial
and with no rainfall received.

PDI values, under late sowing conditions,
were in range of 1.0 percent (50th MW) to 22.0
percent (6th). Primary infection and rapid spread
of the disease observed when the crop is in
rosette stage ,coupled with  14 .1 mm of rainfall
and high RH (81-84 %) along with minimum
temperature  falling below 22°C. When the crop
is in elongation stage, the disease spread is very
slow compared to early and normal sowing
conditions (rate of increase 0.01 to 0.05). These
results are in conformity with the findings of the
following workers who reported that older plants
are more susceptible to Alternaria leaf spot
incidence and the spread will be severe
compared to younger plants at optimal and sub-
optimal temperatures (Vluoutoglou and
kalogerakis, 2000; Allen et al., 1983a and
Ojambo et al., 1999).

The rainfall distribution during experimental
period might have favored conidial germination,
multiplication and disease development .In
general, the environmental conditions were
favored conidial germination, multiplication and
disease development. In general, the
environmental conditions were favorable for the
outbreak of disease during the experimental
period over the five years. Hence, Alternaria
leaf spot incidence was severe. The obtained are
in agreement with the findings by Gud et al.,

(2007) on Safflower and Kolte and Mukopadyay
(1973), Narain and Saksena, (1973), Herr and
Lipps,(1981), Allen et al., (1983 ) on Alternaria
leaf spot of sunflower.
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Cotton (Gosspiumspp.) is one of the most
important commercial crops playing a key role
in economical, political and social status of the
world and so has retained it’s unique fame and
name as the “King of fibres” and “White gold”
because of its higher economical value among
cultivable crops for quite a long period. It was
the superiority of Indian cotton fabrics famed as
“Web of woven mind” which attracted European
countries to seek new trade routes to India.
Indian economy continued to receive great
support from the cotton industry, is one of the
major industries in India contributing 12 per cent
to the export basket with improved cotton
productivity and other innovations. In the

production line, India will be in a position to get
more foreign exchange and earned Rs.
10270.21 crores from export of 83.00 lakh
bales in 2009-10 (Cotton Advisory Board).

Plant nutrition have traditionally considered
the obvious way to feed plants is through the
soil, where plant roots are meant to uptake
water and nutrients but in recent years foliar
feeding has been developed to supply plants
with their nutritional needs.  It constitutes one of
the important milestones in the progress of
agriculture crop production, as a natural
phenomenon of nutrient uptake, it has existed
with all form of plants life from their beginning.
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Abstract
An experiment was conducted to find out the “Effect of foliar feeding of Gluconate and EDTA chelated

plant nutrients on yield, plant pigments and enzyme activity of Bt-cotton under rainfed ecosystem” at
Department of Soil Science and Agril Chemistry, VNMKV, Parbhani. The experiment includes sixteen
treatments viz., T1 - control, T2 - Zn Gluconate, T3 - Zn EDTA, T4 - Mn gluconate, T5 - Mn EDTA,T6 - Cu
Gluconate, T7 - Cu EDTA, T8 - Fe Gluconate, T9 - Fe EDTA, T10 - CaGluconate, T11 - Ca EDTA, T12 -Mg
Gluconate, T13 - Mg EDTA, T14 - Zn, Mn, Cu, Fe, Ca, and Mg Gluconate, T15 - Zn, Mn, Cu, Fe, Ca and Mg
EDTA and T16 - Govt. grade II and replicated twice. The treatments were fertilized with 120:60:60 N, P2O5
and K2O kg ha-1 Micronutrient sprays of gluconate and EDTA chelated plant nutrients were applied to the
crop at the time of flowering i.e. at 55 DAS and second spray was applied at the time of boll development
stage i.e.at 75 DAS.The treatment T2 showed more number of bolls per plant followed by treatment T3. The
maximum boll weight was observed with treatment Zn gluconate. Spraying of Zn gluconate, Zn EDTA and Fe
and Mg gluconate nutrients have produced more seed cotton yield. Quantitative analysis of chlorophyll was
done by using DMSO as an extractant. Chlorophyll a, chlorophyll b and total chlorophyll content in leaves
also influenced significantly due to different foliar feeding.  The highest chlorophyll a, chlorophyll b and total
chlorophyll was registered with the treatment Fe gluconate spray followed by Fe EDTA.  The a, b and total
chlorophyll showed increasing trend up to 100 DAS and decreased thereafter. The foliar feeding of Fe gluconate
showed significant increase in plant pigments like chlorophyll ‘a’, chlorophyll ‘b’ and total chlorophyll and
anthocynin content overall the treatments except Fe EDTA, Mg gluconate in leaves of Bt cotton. Nitrate
reductage and acid phosphate activity were improved by the application of T2 and was found to be significantly
superior over control. These studies were conducted under rainfed ecosystem. 

Key words : Foliar feeding, gluconate, EDTA, chlorophyll content, anthocynin content,
enzyme activity cotton etc.



(www.groversminral.com). Foliar feeding is the
application or feeding of a plant, a liquid plant
nutrient or nutrient additive through the leaves
instead of via the root. It is a method of plant
fertilization which involves applying fertilizer
directly to the leaves in the form of solution
which is spread on the tiny pores in the leaves
allows the fertilizer to pass into the plant
providing needed nutrition. Foliar nutrients are
mobilized directly into plant leaves which is the
goal of fertilization to begin with increasing the
rate of photosynthesis in the leaves and by doing
so stimulate nutrient absorption by plant roots.
When the foliar plant food is sprayed on the
leaves, it causes the plant metabolism to
speed up. This causes the plant to demand
more water and nutrients from the root system.
It is this increase in water and nutrient sent by
the roots that provides the potential for higher
yield. 

Foliar feeding is a reliable method of feeding
plants when soil feeding is inefficient. Almost
everything a plant requires to grow and develop
is manufactured in the leaves. Hormones,
metabolites, proteins, amino-acids the list goes
on and they are  all manufactured in specialized
cells contained within the plants leaves. Most
leaves have stomata either only on the underside
or on both sides of the leaf.  Foliar absorption is
through the stomatas which are microscopic
pores in the epidermis of the leaf. The leaf with
its epidermis can also function as an organ that
absorbs and exerts water and substance which
may be dissolved in it, when the stomatas are
open, foliar absorption is easier.

So, the foliar application assumes greater
importance, as the nutrients are brought in the
immediate vicinity of the metabolizing area i.e.
foliage. Information regarding the effect of foliar
feeding of cotton is inadequate, moreover use of
chelated nutrients e.g. EDTA chalets and newly
developed gluconate chalets required to be
tested for their performance.

Materials and Methods

A research project “Effect of foliar feeding of
gluconate and EDTA chelated plant nutrients
onyield, plant pigments and enzyme acivity of
Bt Cotton under Rainfed Ecosystem” was
conducted during 2009-10 and 2010-2011 at
Vasantrao Naik Marathwada Krishi Vidyapeeth,
Parbhani. It was aimed to find out the influence
of foliar feeding of micronutrient through
gluconate and EDTA. Gluconate is a salt of
gluconic acid, which helps to increase the
efficiency of micronutrients and EDTA (Ethylene
diamine tetra acetic acid) which has property of
forming stable soluble complexes. The foliar
application assumes greater importance as the
nutrient are brought in the immediate vicinity of
the metabolizing area i.e. foliage and also these
nutrients are fast acting nutrients. The field
experiments were conducted on Typic
Haplusterts at Research Farm of Department of
Soil Science and Agricultural Chemistry. The soil
is characterized by black colour dominated by
montmorillonite clay with high coefficient of
expansion and shrinkage leads to deep cracking.
The soils are formed from basaltic material.
According to 7th approximation, the soils are
classified as Typic Haplusterts (Malewar, 1977)
and are included in Parbhani series. The
topography of experimental plot was fairly level.
In order to determine the soil properties of
experimental soil before sowing the surface (0-
22.5 cm depth) soil sample were collected from
randomly selected spots covering experimental
area.  A composite soil sample was prepared
and analysed for its various physico-chemical
properties. The experimental soil was fine,
Smectitic (Calcarious), Iso-hyperthermic Typic
Haplusters. It was slightly alkaline in reaction
(8.20 and 8.0), safe in soluble salt concentration
(EC 0.117 to 0.113 dSm-1) and medium in
organic carbon content (6.70 and 6.50 g kg-1

for cotton crop during the year 2009 and
2010).  The free calcium carbonate content was
48.00 to 36.00 g kg-1. The available nitrogen,
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phosphorus and potassium content of
experimental soil of cotton were 147.00 and
139.00 kg ha-1, 8.9 and 10.20 kg ha-1, 887.00
and 670.00 kg ha-1, during 2009 and 2010,
respectively and can be categorized as low in
available N, medium in P2O5 and high in K2O.
Exchangeable Ca and Mg status were 27.30 and
24.48 C mol (p+) kg-1and 16.30 and 14.80 C
mol (p+) kg-1, respectively. While, the
micronutrient status like zinc, iron, manganese
and copper content before administration of
treatments were 0.56 and 0.53, 2.62 and 2.60,
15.17 and 13.08, 4.39 and 3.57 mg kg-1

during 2009 and 2010, respectively and rated
as low in Zn and Fe and high in Mn and Cu. the
experiment was laid out in Randomized Block
Design comprising sixteen (16) treatments
replicated two (2) times in cotton crop.
Recommended dose of fertilizer was applied to
the crop (120:60:60 kg NPK ha-1). The certified
seed of cotton RCH-2 (BG-II) were sown in
kharif season by dibbling one seed per hill at 90
x 60 cm distance.

Nitrogen was given in two splits.  Fifty per
cent nitrogen was applied at the time of sowing
and remaining 50 per cent was applied one
month after sowing. Entire dose of phosphorus
and potassium was applied at the time of
sowing.

Micronutrient sprays of gluconate and EDTA
chelated plant nutrients were applied to the crop
at the time of flowering i.e. at 55 DAS and
second spray was applied at the time of boll
development stage i.e. at 75 days after sowing.
Two plants were randomly selected from two
observation line of each plot, tagged and all
biometric observations were recorded. Initial and
periodical soil samples were collected at 40, 60,
80, 100, 120 DAS and at harvest stage of crop
from surface layer (0.15 cm) of each treated
plots of the layout.  Soils were air dried, ground
with wooden mortar and pestle and passed
through 2 mm sieve.  The sieved samples were

stored in polythene bags with proper labeling for
further analysis. Nutrient content in cotton plant
as influenced by treatment combinations were
determined periodically at 20 days interval and
after harvest of crop.  The samples were washed
with the tap water and in detergent solution
followed by distilled water.  After cleaning, plants
were dried in shade and subsequently in oven at
70°C for 12 hrs.  The oven dried sample were
ground in electrically operated grinder with
stainless steel blade to maximum fineness. The
powdered samples were stored in polythene
packets with proper labeling and utilized for
nutrient content studies. The quantitative
analysis of chlorophyll was done by using DMSO
as an extractant. The quantification of
anthocyanine pigment was done spectrophoto-
metrically by using absorbance of 535 nm wave
length.The comparative activities of nitrate
reductase activity, acid phosphate, peroxidase
and catalyse in cotton plant was used as an index
to the active nitrogen, phosphorus and iron in
plants.  The fresh leaf samples of cotton were
collected and made into pieces places at room
temperature.  So that they could not differ into
upper, middle and lower leaves.  They were
blotted and weighed about 500 mg, crushed
with 5 mL of phosphate buffer, pH 6.5 (0.1 M)
in already chilled mortal and pastel (4 + 1°C) and
strained through double layered muslin cloth and
later through filter paper.  The volume was made
upto 10 mL with phosphate buffer.  This extract
was used to determine the enzyme activity.

Results and Discussion

A) Yield attributes of Bt Cotton : The
data emerged out from the field experiment
were analyzed by analysis of variance and degree
of freedom were partitioned into different
variance, due to replication and treatments
combinations.  Results were statistically analyzed
as per the method given in statistical method for
agricultural workers by Panse and Sukhatme
(1987).
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1.  Number of bolls : The results
presented in Table 1revealed that treatment
difference due to foliar feeding of gluconate and
EDTA chelated plant nutrients were significant
throughout the growth stages of Bt cotton crop
in production of number of bolls plant-1.  

The number of bolls plants-1increased from
51.00 to 78.00 at harvest.  The maximum
number of bolls plant-1 were observed with
treatment T2 (Zn gluconate) and minimum in
treatment T1 (control).  The result concluded
that treatment T2 (Zn gluconate) gave the
highest number of bolls, followed treatment T3,
T8, T9, T13 and T12 and these treatments were
also found at par with each other.  

The increase in number of bolls may be due
to micronutrient applications which are involved
in greater diversion of the metabolites to the
fruiting parts, culminating in more boll
production.  This finding is in conformation with
earlier reported by Venkatkrishna and Pothiraj
(1994). Increasing value of NPK with
micronutrients leads to increase number bolls
plant-1 might be also due to availability of
nutrients for longer period through two foliar
sprays.  The above findings are in agreement
with the finding of Bhaskar (1993) and Malewar
et al. (1999).

2.  Boll weight : The data on effect on
foliar feeding of gluconate and EDTA chelated
plants nutrients on boll weight are presented in
Table 1. The boll weight of Bt cotton varied
between 2.39 to 3.50 g.  The highest boll
weight was recorded with T2 (Zn gluconate) and
lowest in control treatment (T1).

The data revealed that treatment T2 (Zn
gluconate) recorded highest boll weight (i.e.
3.50), which was on par with treatment T3 (Zn
EDTA), T2 (Zn gluconate), T8 (Fe gluconate) and
T9 (Fe EDTA) and significantly superior over the
control.  This might be due to accelerated
mobility of photosynthates from source to sink

as influenced by the application of zinc and iron.
Similar observations were also made by
Ahalawat (1974), Namdeoet al. (1992),
Wankhedeet al. (1994), Anonymous (1995),
Hanumantha Reddy (1999) and Sasthriet al.
(2000).

3.  Cotton yield (kg ha-1) : The data
regarding effect foliar feeding of gluconate and
EDTA chelated plant nutrients on yield of cotton
are presented in Table 1.

The application of varied levels of foliar
feeding of micronutrients significantly influenced
the cotton yield. The yield were ranged from
1498.14 to 2709.67 kg ha-1.

The  data showed that application of Zn
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Table 1. Effect of foliar feeding of gluconate and EDTA
chelated plant nutrient on number of bolls
plant-1, boll weight (g boll-1) and yield (kg ha-1) of
Bt cotton

Treatment No. of Boll Yield
bolls weight (kg ha-1)
plant-1 (g boll-1)

T1 - Control 51.00 2.39 1498.14

T2 - Zn gluconate 78.00 3.50 2709.67

T3 - Zn EDTA 77.00 3.47 2515.95

T4 - Mn gluconate 65.50 3.05 2114.96

T5 - Mn EDTA 67.25 3.10 2157.13

T6 - Cu gluconate 59.25 2.84 1683.37

T7 - Cu EDTA 56.75 2.78 1643.51

T8 - Fe gluconate 72.25 3.29 2323.93

T9 - Fe EDTA 71.75 3.23 2259.57

T10 - Ca gluconate 54.75 2.55 1610.47

T11 - Ca EDTA 53.50 2.48 1552.76

T12 - Mg gluconate 69.50 3.13 2191.83

T13 - Mg EDTA 71.25 3.16 2228.79

T14 - Zn, Mn, Cu, Fe, 65.00 3.00 1919.59
Ca and Mg gluconate

T15 - Zn, Mn, Cu, Fe, 63.75 2.88 1760.00
Ca and Mg EDTA

T16 - Government grade 2 65.75 2.89 2077.95

SE± 2.61 0.08 94.91

CD at 5% 9.15 0.29 332.84



gluconate increase the cotton yield which was to
the tune of 2709.67 kg ha-1.  However, it was
on par with application of treatment T3 (Zn
EDTA) however, significantly superior over
control (T1). From the above results, it can be
concluded that due to foliar application of
micronutrient there was increase in cotton yield.

In cotton, the yield depends on the
accumulation of photoassimilates and its
partitioning in different parts of the plant.  The
yield is strongly influenced by the application of
foliar micronutrient indicating the role of these
micronutrients in increasing the yield through
their effect on various morpho-physiological
traits. Foliar micronutrients in known to increase
the yield of cotton crop (Wankhade et al., 1994
and Sasthri et al., 2000).

Sharma et al. (1990) obtained the foliar
spray of multi-micronutrient proved highly
beneficial for increase yield and yield attributes.
It may be due to the sufficient availability of
micronutrients by foliar feeding, which was not
only an additional channel of nutrition but also
means of regulating root uptake. Sharma et al.
(1998) observed that foliar application of Zn (0.5
per cent) on 50 and 65 DAS gave seed cotton
yield of  14.69 ha-1 compared with 11.82 q
ha-1 without Zn.  Application of zinc and iron
enhanced seed cotton yield.  This might be due
to improved growth and yield attributing
characters.  Similar results were recorded by
Chhabraet al. (2004) in cotton.  Rajendran
(2010) also concluded that foliar application of
nutrient in alone or in combination has a great
effect in improving the efficiency of utilization of
nutrients and thereby improves the growth and
seed cotton yield. 

B) Plant Pigment 

1. Total Chlorophyll  content : The result
on total chlorophyll content in cotton leaves as
influenced by application of foliar feeding of
chelated plant nutrients are complied in Table 2.

Application of Fe gluconate significantly
influenced on total chlorophyll content  during
both the experimental years.  Similarly, the
pattern of total chlorophyll synthesis showed
that it increased up to 100 DAS and later on
declined with advancement in age of the
crop.The second best treatments were foliar
application of Mg through gluconate and EDTA.
So, it was very clear from the data recorded on
chlorophyll content that total chlorophyll
synthesis was more in the treatment received Fe
and Mg.

Bt cotton crop treated with Fe gluconate (T8)
and Fe EDTA (T9) treatment showed maximum
synthesis of total chlorophyll and the minimum
total chlorophyll was recorded with treatment T1
(control).  The treatments T12 (Mg gluconate)
and T13 (Mg EDTA) were found at par with
superior treatment at all the stages.

The highest chlorophyll content in leaves
recorded with the supply of micronutrient
treatment particularly T8 (Fe gluconate) and T9
(Fe EDTA) is in accordance with the results
reported by Jadhavet al. (2004).  Patil and
Malewar (1994) also observed highest content
of total chlorophyll in cotton leaves with the
supply of nitrogen, iron and Zn.  The higher
values of total chlorophyll recorded with supply
of Mg in the present study confirm the findings
of Jaylalita and Narayanan (1996).  Further,
Akarte et al. (1985), Jayalalitha and Narayanan
(1996) observed that Mg deficient cotton plant
shows purplish red and orange interveinal
pigmentation in older leaves as well as
chlorophyll content drastically reduced due to
Mg deficiency.  Dhoble et al. (2004) observed
the high total chlorophyll concentration at grand
growth stages of wheat and cotton.

2)  Anthocynin content : The data
presented in Table 2 revealed that the treatment
difference due to foliar feeding of chelated
micronutrients had significant effect in arresting
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the anthocynin content throughout the growth
stages of the crop. The Fe gluconate and Fe
EDTA was found to effective in controlling the
anthocynin content in Bt cotton over control T1.
Observations statistically pooled and recorded at
80, 100, 120 DAS results showed the similar
pattern. The data on anthocynin shows
increasing pattern as the crop matures. The
highest value of anthocynin pigments of 34.41
mg g-1 recorded in plants under control.
Further, the anthocynin pigments were reduced
significantly in all other treatments. Minimum
anthocynin was noted in plants grown with
treatment T8 (Fe gluconate).

The high content of anthocynin pigment
recorded at boll formation to boll brusting stage
is in accordance with the results reported by

Zade and Dhopte (1987). The anthocynin
content recorded at square formation stage is
also similar to the values of anthocynin pigments
observed by Parumal and Subramanian (1979).
Similar results are also reported by Chimmadet
al. (1997).  Similar results were also noted by
Borade (2010) and Byale (2010).

C) Enzyme activity

1.  Nitrate reductase : The data regarding
the effect of foliar feeding of gluconate and
EDTA chelated plant nutrient on nitrate
reducatase activity at flowering stage of Bt
cotton are presented in Table 3.

The assimilatory nitrate reductase enzyme
converts nitrate into nitrite which is further
reduced to ammonia by nitrite reductase.  Thus,
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Table 2. Effect of foliar feeding of gluconate and EDTA chelated plant nutrient on total chlorophyll (mg g-1) and anthocynin
content  of Bt cotton

Treatments Total chlorophyll (mg g-1) Anthocynin content
–––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––
80 100 120 80 100 120
DAS DAS DAS DAS DAS DAS

T1 - Control 1.320 1.672 1.261 12.61 19.76 28.18

T2 - Zn gluconate 1.647 2.037 1.631 10.42 16.96 24.15

T3 - Zn EDTA 1.576 1.971 1.560 10.36 16.82 23.93

T4 - Mn gluconate 1.553 1.941 1.532 10.44 17.15 24.41

T5 - Mn EDTA 1.619 2.015 1.603 10.52 17.20 24.72

T6 - Cu gluconate 1.538 1.915 1.506 11.15 17.48 25.29

T7 - Cu EDTA 1.595 1.993 1.586 10.95 17.32 25.15

T8 - Fe gluconate 1.771 2.203 1.794 10.18 16.20 23.10

T9 - Fe EDTA 1.754 2.180 1.769 10.20 16.27 23.31

T10 - Ca gluconate 1.385 1.727 1.327 12.17 19.28 27.99

T11 - Ca EDTA 1.354 1.708 1.293 11.88 18.74 27.82

T12 - Mg gluconate 1.730 2.151 1.740 10.31 16.65 23.84

T13 - Mg EDTA 1.709 2.122 1.710 10.25 16.60 23.62

T14 - Zn, Mn, Cu, Fe, Ca and Mg gluconate 1.469 1.783 1.369 11.57 18.23 27.10

T15 - Zn, Mn, Cu, Fe, Ca and Mg EDTA 1.483 1.805 1.396 11.40 17.79 26.88

T16 - Government grade 2 1.504 1.830 1.422 11.31 17.65 26.37

SE± 0.01 0.01 0.01 0.04 0.05 0.36

CD at 5% NS 0.04 0.05 0.12 0.16 1.10

Grand mean 1.563 1.941 1.531 10.98 17.51 25.37



in nitrate reduction process, conversion of
nitrate is a rate limiting step.  Hence, nitrate
reductase enzyme has a very important role in
regulation of nitrate assimilation in higher plants.
Nitrate is reduced to nitrite by nitrate reductase
which is a key enzyme in nitrate assimilatory
pathway (Campbell, 1999).  Maximum nitrate
reductase activity was noticed with treatment T2
(Zn gluconate) at flowering stage of Bt cotton
crop and it was found to be distinctly superior
over control. The treatment T2 (Zn gluconate)
was found to be significantly superior over
control and other treatments.  The treatment T3
(Zn EDTA), T8 (Fe gluconate) and T9 (Fe EDTA)
were at par with the Zn application treatments.

Similar findings also observed by Nehra et al.
(1991) and Asad and Rafique (2002), Chaubey
et al. (2007) emphasized the role of Zn in starch

formation due to its influence on the activity of
enzyme starch synthetase which could be
attributed as a possible reason for increase in
enzyme activity.  There are many references
quoting involvement of ‘N’ in nitrate reductase
activity,Nazirkar and Adsule, (2004) responded
that the nitrate reductase activity found to be
increased with N application.  Nitrogen
application (280 g N ha-1) significantly increased
nitrate reductase activity.  Nitrogen applied
plants on the average had a 20 per cent higher
activity over the control throughout the growing
season (Mir Hatam, 2010).  However, in present
investigation it was noted that Zn, Fe were also
involved in nitrate reductase activity. 

2)  Acid phosphatase : The Bt cotton
crop treated with the foliar feeding of gluconate
and EDTA chelated plant nutrient at flowering
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Table 3. Effect of foliar feeding of gluconate and EDTA chelated plant nutrient on Nitrate reductageactivity ,Acid
phosphatase,Catalase activity and Peroxidase activity of Bt cotton

Treatments Nitrate reductage Acid phos- Catalase Peroxidase activity 
activity (moles) phatase activity  activity (DO.D. value 100  
NO2-1 g-1 fresh (mg NH4-N (mg mg-1 fresh wet 
wt. hr-1) 100 g-1 hr-1) protein-1) 5 min-1)

T1 - Control 0.121 1.09 30.12 3.11

T2 - Zn gluconate 0.194 2.18 46.18 5.16

T3 - Zn EDTA 0.188 2.14 45.22 4.98

T4 - Mn gluconate 0.151 1.71 39.82 4.29

T5 - Mn EDTA 0.158 1.79 40.97 4.42

T6 - Cu gluconate 0.133 1.34 34.86 3.64

T7 - Cu EDTA 0.132 1.27 33.77 3.60

T8 - Fe gluconate 0.181 2.08 47.14 5.41

T9 - Fe EDTA 0.173 2.00 46.93 5.27

T10 - Ca gluconate 0.126 1.19 32.18 3.49

T11 - Ca EDTA 0.123 1.13 31.57 3.34

T12 - Mg gluconate 0.162 1.88 42.19 4.63

T13 - Mg EDTA 0.165 1.96 43.48 4.81

T14 - Zn, Mn, Cu, Fe, Ca and Mg gluconate 0.139 1.54 36.57 3.92

T15 - Zn, Mn, Cu, Fe, Ca and Mg EDTA 0.137 1.42 35.72 3.79

T16 - Government grade 2 0.144 1.66 38.20 4.10

SE± 0.005 0.06 0.95 0.14

CD at 5 % 0.017 0.18 2.88 0.43

Grand Mean 0.151 1.64 39.03 4.24



stage was greatly influenced by treatment T2 (Zn
gluconate).  The values ranged from 1.13 to
2.23 and 1.09 to 2.18 mg NH4-N 100 g-1

ha-1, respectively. The treatment T2 (Zn
gluconate) with 2.23 and 2.18 NH4-N 100 g-1

ha-1, respectively proved to significantly superior
over control and treatment T3 (Zn EDTA) (2.21),
T8 (Fe gluconate) (2.19) and T9 (Fe EDTA) 2.16
NH4-N 100 g-1 ha-1 were found on par with Zn
gluconate treatment.

From the above results it is to be understood
that phosphorus fertilizer in combination with
micronutrient improves various metabolic and
physiological process, which is subsequently
used for vegetative and reproductive growth
through phosphorylation.  In addition to this vital
metabolic role, P is an important in laying down
the primordial for its reproductive part (Jatavet
al., 2008).

3) Catalase activity : The treatments
effect varied from 30.82 to 50.41 (Cmoles
NO2-1 g-1 fresh wt. hr-1).  The treatment T8 (Fe
gluconate) helped to great extent for catalase
activity at flowering stage of Bt cotton crop and
was found significantly superior over the control
and other treatments.  The treatment T9 (Fe
EDTA), T2 (Zn gluconate) and T3 (Zn EDTA)
were found on par with superior treatment.The
treatment T2 (Zn gluconate) (50.41 mg
protein-1) had maximum impact in accerlating
the catalase activity in Bt cotton crop.  The
minimum catalase activity was recorded with T1
(control) (30.82 mg protein-1) but the pooled
statistical analysis doesn’t reach to the level of
significance. 

Catalase activity was generally found more
with the application of iron. As iron is a
constituent of porphyries compounds-
cytochromes, haem, non-haem enzymes and of
other functional metalloproteins, e.g., ferrodoxin
and haemoglobin in plants. The increase in
these characters may be because iron acts as a

catalyst in formation of chlorophyll through
formation of chlorophyll precursor, protopor-
phyring and acts as an oxygen carrier,
which was in accordance with present findings,
Asad and Rafique (2002).  The results obtained
in this study also in agreement of above
hypothesis.

4.  Peroxidase : For peroxidase activity the
grand mean value ranged from 4.35 to 4.24
(DO.D. value 100 mg-1 fresh wt. 5 min-1), during
both the years of experimentation.  It was
ranged from 3.29 to 5.56 and 3.11 to 5.41
(DO.D. value 100 mg-1 fresh wt. 5 min-1),
respectively (Table 4.18).  The treatment with
iron gluconate acted to have distinct effect on
peroxidase activity at flowering stage of Bt
cotton and was significantly superior over
control and rest of treatment followed closely by
treatment T9 (Fe EDTA) 5.33 and 5.27, T2 (Zn
gluconate) 5.14 to 5.16 and T3 (Zn EDTA) 4.90
and 4.98 DO.D. value 100 mg-1 fresh wt. 5
min-1 in 2009-10 and 2010-11, respectively. 

After two years the data was statistically
pooled, the numerical values were to the tune of
3.20 to 5.48 DO.D. value 100 mg-1 peroxidase
activity fresh wt. 5 min-1.  Treatment T8 (Fe
gluconate) was found to be significantly superior
with 5.48 DO.D. value 100 mg-1 fresh wt. 5
min-1 peroxidase activity over control and other
treatments.  The treatments T9 (Fe EDTA), T2
(Zn gluconate) and T3 (Zn EDTA) were at par
with superior treatment.  These results are in
accordance with Anithaet al. (2005).

Conclusion 

The foliar feeding of gluconate and EDTA
chelated plant nutrients found to be effective in
increasing the biometric parameters growth and
yield attributes viz., height of plant, number of
leaves, leaf area fresh weight and dry weight
number of sympodia, number of bolls, boll
weight and seed cotton yield.  Among the
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chelated nutrient sprays gluconatecomplexed
nutrients found superior over EDTA chelated
nutrients and government grade 2. Chlorophyll
a, chlorophyll b and total chlorophyll content in
leaves also influenced significantly due to
different foliar feeding.  The highest chlorophyll
a, chlorophyll b and total chlorophyll was
registered with the treatment Fe gluconate spray
followed by Fe EDTA. The a, b and total
chlorophyll showed increasing trend up to 100
DAS and decreased thereafter. The foliar
feeding of Fe gluconate showed significant
increase in plant pigments like chlorophyll ‘a’,
chlorophyll ‘b’ and total chlorophyll and
anthocynin content overall the treatments
except Fe EDTA, Mg gluconate in leaves of Bt
cotton. Spraying of Zn gluconate improvement
in the enzymatic activity viz., nitrate reductase
acid, phosphatase. While, Zn EDTA, Fe
gluconate and Fe EDTA showed significant
increase in catalase and peroxidase activity and
on par with Mg gluconate and Mg EDTA
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Pigeon pea (Cajanus cajan L. Millsp.) is
important pulse crop of Maharashtra and ranked
second in crop area and production after
chickpea in India. It is a long duration crop and
suits in different cropping system. It plays a great
role in providing protein rich diet and also in
improving native soil fertility. Being a drought
resistant crop, it is suitable for dryland and
predominantly sown as intercrop with cotton,
sorghum and soybean in most of the parts of
Maharashtra. Area and production under pigeon
pea in India is 38.6 million ha-1 with production
29.0 million tonnes. In Maharashtra pigeon pea
production was 8.7 million tonnes from an area
of 12.3 million hectares with the productivity of
706 kg ha-1.While in case of Marathwada

region, pigeon pea occupies an area about 5.3
million hectares which produces about 1.3
million tonnes of pigeon pea with an average
productivity of 245 kg ha-1 (Directorate of
Economics and Statistics, New Delhi). 

Pigeon pea is normally cultivated during
Kharif season and suffers longer duration
coupled with heavy incidence of pests during
flowering and pod formation stage which highly
affect on productivity. The optimum date of
sowing is recommended for pigeon pea is in the
month of June, but several times due to delay in
monsoon sowing shifted beyond second
fortnight of July in this region which causes
conspicuous reduction in yield. The crop is also
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Abstract
The experiment was conducted during Kharif 2016-17 to evaluate the “Potassium management through

soil application and foliar sprays in red gram under Vertisol. The experiment was laid out in Randomized Block
Design with three replications. There were ten treatments comprising graded levels of potassium and
micronutrient viz.; T1 - Absolute control, T2 - Only RDF (25:50 kg N and P2O5 ha-1), T3 - RDF + 25 kg K2O
ha-1, T4 - RDF+ 50 kg K2O ha-1, T5 - RDF + 25 kg K2O ha-1 + Grade I micronutrient (soil application), T6
- RDF+50 kg K2O ha-1 + Grade I micronutrient (soil application), T7 - RDF + 25 kg K2O ha-1 + Grade II
(0.5%) micronutrient (foliar spray), T8 - RDF + 50 kg K2O ha-1 + Grade II (0.5%) micronutrient (foliar spray),
T9 - RDF + 25 kg K2O ha-1 + 2% KNO3 (foliar spray), T10 - RDF + 50 kg K2O ha-1 + 2% KNO3 (foliar
spray). The results clearly indicated that various growth and yield parameters like plant height, number of
branches, number of pods, grain yield and dry matter yield was increased due to application of potassium and
micronutrient. The highest test weight and seed protein content was recorded by application of potassium with
Grade I or Grade II micronutrient combination along with RDF. It was inferred from the results that application
of 25 kg N, 50 kg P2O5, 25 kg or 50 kg K2O ha-1 + Grade I or Grade II micronutrient fertilizer found superior
over only N and P application i.e. RDF (25:50 kg N and P2O5 ha-1). The K application shows synergistic
effects on other nutrients (N, P, Fe, Zn, Cu, Mn) uptake. Soil fertility was found to be improved due to
application of potassium and micronutrients to pigeon pea. Thus, the maximum gross monetary returns, net
monetary returns and monetary benefits was received in treatmentT6- RDF+50 kg K2O ha-1 + Grade I
micronutrient (soil application) with 1.82 B:C ratio. This findings has proved the balance nutrition is a need of
nation.

Key word : Potassium management, synergistic effect, soil fertility.



subjected to prolonged water logging condition
in North India and suffers due to moisture stress
in South India during its early growth stages
which causes damage to crop.

For obtaining good yield, the third major
nutrient is potassium in addition to nitrogen and
phosphorous, which plays the major role in
overall development of the crop (Khokar and
Warsi, 1987). Among production inputs,
fertilizer application plays a key role in
enhancing productivity levels. However, fertilizer
recommendation practices for pulse crops have
been paid less attention. There has been a
dramatic decrease in the fertilizer consumption
of K as compared to N and P, while K removal
from the soil is generally as much as or higher
than N still its use in fertilizer is negligible.
Govindan and Thirumurugan (2000) conducted
field experiment to study the response of green
gram to foliar nutrition of potassium and the
results indicated that, the growth parameter like
plant height (48.6 cm), number of pods plant-1

(20.6), pod length (8.12 cm), number of grains
pod-1 (10.77) were significantly higher with
foliar spray of KNO3 or KCl or their
combinations. 

Effect of Potassium nitrate and NAA on

growth and yield on red gram was studied by
Jayarani Reddy et al. (2004). The foliar
application of NAA 20 ppm + 0.5 per cent
KNO3 significantly increased the dry matter
production and yield. Among the micronutrients
Zn, Fe, B, Mn and Mo improved the yield
appreciably and foliar spray of micronutrients
proved to be economical in pulses (Savithriet al.
(2001).Pigeon pea needs N, P, K and few trace
elements for satisfactory growth and production.
In this context the study was undertaken with the
objectives to study the effect of graded levels of
potassium and foliar sprays on growth and yield
of red gram.

Materials and Methods

The field experiment was carried out using
pigeon pea crop (Var. BSMR-736) in Kharif
season during years 2016-17 at Research Farm
of Department of Soil Science and Agricultural
Chemistry, College of Agriculture, Vasantrao
Naik Marathwada Krishi Vidyapeeth, Parbhani,
76°46’, east longitude and 19°16’ North
latitude, having elevation of 423.46 m above the
mean sea level. The soil of experimental site
classified as Parbhani series of mixed
montmorillonitic, hyperthermic Typic
Haplusterts. The experiment was laid out in
Randomized Block Design comprising ten (10)
treatments replicated three (3) times (Table 1).
Recommended dose of fertilizer was applied to
the crop which was 25:50:00 kg N and P2O5
ha-1.

Composition of Grade I micronutrient:
Zn - 5%, Fe - 2%, Mn - 1%, B - 1% and Cu-
0.5%.

Composition of Grade II micronutrient:
Zn - 3%,Fe - 2.5 %, Mn - 1%, Cu - 1%, B -
0.5%, and Mo - 0.1%.

Soil and plant analysis : Soil samples
were collected before sowing, at flowering, at
pod formation and at harvest stage of crop at 0-

Zade et al.324

Table 1. Treatment details

T1 : Absolute Control (No Fertilizers)

T2 : RDF only (25:50:00 kg NPK ha-1)

T3 : RDF + 25 Kg K2O ha-1

T4 : RDF + 50 Kg K2O ha-1

T5 : RDF + 25 Kg K2O ha-1+ Grade I Micronutrient 
(soil application)

T6 : RDF + 50 Kg K2O ha-1+ Grade I Micronutrient 
(soil application)

T7 : RDF + 25 Kg K2O ha-1+ Grade II Micronutrient 
(0.5% foliar spray)

T8 : RDF + 50 Kg K2O ha-1 + Grade II Micronutrient 
(0.5% foliar spray)

T9 :  RDF + 25 Kg K2O ha-1+2 % KNO3 (foliar spray)

T10 :  RDF + 50 Kg K2O ha-1+2 % KNO3 (foliar spray) 



20 cm depth from each treated plot. The
samples were air-dried, ground to pass through
a 2-mm sieve and analysed for pH and CaCO3
by Richards (1954); organic carbon (OC) by the
Walkley and Black (1934) method; available N
by KMnO4 (Subbiah and Asija 1956); available
P by Olsen method (Olsen et al. 1954);available
K by extraction with 1N ammonium acetate
(NH4OAC) solution at pH 7.0 (Jackson 1967)
and Zn, Fe, Mn and Cu were determined by
using DTPA extract as described by Lindsay and
Norvell (1978).The plant samples were analyzed
for total N, P and K contents (Jackson 1973)
and uptake. The Zn, Fe, Mn and Cu contentin
plant was determined from the extract obtained
from digestion of plant samples with HNO3 and
HClO4 using Atomic Absorption Spectrophoto-
meter, as described by Lindsay and Norvell
(1978). Nutrient uptake was calculated by
considering grain and dry matter yield at harvest
in particular plot in relation to concentration of
the particular nutrient in respective plot using
the following formula. Protein content was
determined by multiplying the per cent of N in
grain sample by constant factor 6.25 as
described by A.O.A.C. (1975). The grain and

dry matter matter yield of both the crops was
recorded separately from each net plot and
converted on per hectare basis.

Result and Discussion

Growth parameters

Plant height : The data on plant height of
pigeon pea at various growth stages as
influenced by graded levels of potassium and
micronutrient application were presented in
Table 2. Plant height showed a significant
differences due to the effect of graded levels of
potassium and micronutrient application at
various growth stages. The data presented in
Table 2 revealed that, the plant height at
flowering, pod development and at harvesting
stage was varied from 140.10 cm to 166.97
cm, 163.83 to 178.87 cm and 166.33 to
199.10 cm with an average of 155.98 cm,
171.90 cm and 183.83 cm, respectively. The
plant height was significantly higher in treatment
T6 (RDF + 50 kg K2O ha-1 + Grade I
micronutrient) which was followed by treatment
T8 (RDF + 50 kg K2O ha-1 + Grade II
micronutrient) and T7 (RDF + 25 kg K2O ha-1
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Table 2. Effect of graded levels of potassium and micronutrient application on plant height and number of branches

Treatment Number of branches plant-1 Plant height (cm)
–––––––––––––––––––––––––––– ––––––––––––––––––––––––
Flowe- Flowe- Pod Flowe- Pod Harve-
ring ring develop- ring develop- sting

ment ment

T1 - Absolute control 13.46 17.66 140.10 163.83 166.33 166.33
T2 - Only RDF (25:50 N and P2O5 kg ha-1) 14.40 18.36 148.17 167.43 175.43 175.43
T3 - RDF + 25 kg K2O ha-1 15.06 18.46 151.15 170.07 178.00 178.00
T4 - RDF + 50 kg K2O ha-1 15.66 19.23 157.20 172.80 184.33 184.33
T5 - RDF + 25 kg K2O ha-1 + Grade I micronutrient 15.68 19.96 158.33 175.87 185.57 185.57
T6 - RDF + 50 kg K2O ha-1 + Grade I micronutrient 18.66 22.46 166.97 178.87 199.10 199.10
T7 - RDF + 25 kg K2O ha-1 + Grade II (0.5%) micronutrient 16.93 21.66 162.73 173.60 190.33 190.33
T8 - RDF + 50 kg K2O ha-1 + Grade II (0.5%) micronutrient 18.00 22.26 166.23 178.23 196.33 196.33
T9 - RDF + 25 kg K2O ha-1 + 2% KNO3 15.06 18.73 152.13 169.07 178.10 178.10
T10 - RDF + 50 kg K2O ha-1 + 2% KNO3 15.40 19.46 156.40 169.20 184.73 184.73
Grand Mean 15.83 15.83 19.83 155.98 171.90 183.83
SEm (±) 0.67 0.67 0.62 2.74 2.39 3.24
CD at 5% 1.99 1.99 1.86 8.14 7.02 9.62



+ Grade II micronutrient). However, minimum
plant height was noticed in treatment T1 i.e.
absolute control at all the growth stages of crop.
The treatment T3, T4, T5, T7 and T8 were at
par with each other and they were significantly
superior over rest of the treatments. The
significant increase in plant height with potash
application can be attributed to the fact that
potash enhances plant vigour and strengthen the
stalk. Potash is also known to augment cell
division and cell expansion resulting in
increasing positive effect of growth parameters.
The highest plant height may be due to the
positive effects of potassium and micronutrients
on vegetative growth and accumulation of
metabolic materials. Similar results have been
reported by Mallaet al. (2007), Kumar et al.
(2014) and Kaur et al. (2015).

Number of branches : The data on mean
number of branches per plant were presented in
Table 2, which showed the number of branches
per plant was influenced significantly by
application of potassium and micronutrient on
pigeon pea. Number of branches plant-1 at

flowering, pod development and harvesting
stage was varied from 13.46 to 18.66, 17.66
to 22.46 and 19.26 to 25.06 with an average
of 15.83, 19.83 and 21.97, respectively. The
maximum number of branches was observed in
treatment T6 (RDF + 50 kg K2O ha-1 + Grade
I micronutrient)  which was followed by T8 (RDF
+ 50 kg K2O ha-1 + Grade II micronutrient) and
T7 (RDF + 25 kg K2O ha-1 + Grade II
micronutrient). The minimum number of
branches was observed in treatment T1 i.e.
absolute control at flowering, pod development
and harvesting stage of crop. However,
treatment T6, T8 and T7 were at par with each
other and they were significantly superior over
rest of the treatments. Similar results have also
been reported by Kaur et al. (2015) and
Sonawane et al. (2015).

Number of flowers and pods : The data
pertaining to the effect of graded levels of
potassium and micronutrient application on
number of flowers and pods per plant is
presented in Table 3. 
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Table 3. Effect of graded levels of potassium and micronutrient application on number of flowers and pods plant-1 at critical
growth stages

Treatment Critical growth stages
–––––––––––––––––––––––––––––––––––––––––––––––––––
Flowering Pod development Harvesting 
(No. of flowers) (No. of pods (No. of pods 

plant-1) plant-1) 

T1 - Absolute control 185.00 159.67 170.67
T2 - Only RDF (25:50 N and P2O5 kg ha-1) 200.00 175.33 186.33
T3 - RDF + 25 kg K2O ha-1 215.00 183.30 193.33
T4 - RDF + 50 kg K2O ha-1 214.33 184.33 203.33
T5 - RDF + 25 kg K2O ha-1 + Grade I micronutrient 219.33 194.00 197.33
T6 - RDF + 50 kg K2O ha-1 + Grade I micronutrient 229.00 211.67 224.67
T7 - RDF + 25 kg K2O ha-1 + Grade II (0.5%) micronutrient 223.00 200.67 209.33
T8 - RDF + 50 kg K2O ha-1 + Grade II (0.5%) micronutrient 228.67 202.67 215.33
T9 - RDF + 25 kg K2O ha-1 + 2% KNO3 215.33 185.33 195.33
T10 - RDF + 50 kg K2O ha-1 + 2% KNO3 213.33 191.00 205.33
Grand Mean 214.30 188.77 200.10
SEm (±) 5.40 6.16 6.58
CD at 5% 16.32 18.28 19.53



The application of RDF + 50 kg K2O ha-1 +
Grade I micronutrient (T6) recorded the highest
number of flowers and pods plant-1 (229.00,

211.67, 224.67) at all the stages followed by
treatment T8 i.e. application of RDF + 50 kg
K2O ha-1 + Grade II micronutrient (228.67,
202.67, 215.33) at flowering, pod development
and harvesting stage, respectively. The
minimum number of pods per plant was noticed
in control (T1). This might be due to less
availability of N and P and resulted in stunted
growth. Application of K enhanced the photo-
synthetic activity which turned in more number
of seeds per pod as compared to control.
Improvement of pod bearing capacity of crop
could be possibly because of improved N and P
fertilization efficiency in the presence of K.
Increased rate of photosynthetic and symbiotic
activity following balanced application of NPK
stimulated better vegetative and reproductive
growth of the crop resulting in higher pod yield.
This might be due to the favorable influence of
optimum potash and micronutrient on
metabolism and biological activity and its
stimulatory effects on growth of plant. These
results are in line with the findings of Thalooth
et al. (2006) and Malla et al. (2007). 

Grain yield : The data on grain yield of
pigeon pea under graded levels of potassium and
micronutrient application is presented in Table
4. Application of RDF + 50 K2O kg ha-1 +
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Table 4. Effect of graded levels of potassium and
micronutrient application on grain and dry matter
yield of pigeon pea

Treatments Grain Dry  
yield matter
(q ha-1) yield

(q ha-1)

T1 - Absolute control 8.83 44.78

T2 - Only RDF (25:50 N and 10.33 48.94
P2O5 kg ha-1)

T3 - RDF + 25 kg K2O ha-1 11.70 54.95

T4 - RDF + 50 kg K2O ha-1 12.10 57.00

T5 - RDF + 25 kg K2O ha-1 +  13.10 61.27
Grade I micronutrient

T6 - RDF + 50 kg K2O ha-1 +  16.73 70.64
Grade I micronutrient

T7 - RDF + 25 kg K2O ha-1 +  15.33 64.56
Grade II (0.5%) micronutrient

T8 - RDF + 50 kg K2O ha-1 +  16.16 66.23
Grade II (0.5%) micronutrient

T9 - RDF + 25 kg K2O ha-1 + 11.43 56.29
2 % KNO3

T10 - RDF + 50 kg K2O ha-1 + 12.00 58.96
2 % KNO3

Grand Mean 12.77 58.36

SEm (±) 0.69 1.04

CD at 5% 2.07 3.12

Table 5. GMR, NMR and B:C ratio as influenced by graded levels of potassium and micronutrient application

Treatments Cost of Gross Net B:C
cultivation monetary monetary
(Rs. ha-1) return return 

(Rs. ha-1) (Rs. ha-1)

T1 - Absolute control 20492.10 47867.43 27375.33 1.33
T2 - Only RDF (25:50 N and P2O5 kg ha-1) 24543.12 58709.43 34166.31 1.39
T3 - RDF + 25 kg K2O ha-1 25840.15 63425.70 37585.55 1.45
T4 - RDF + 50 kg K2O ha-1 26540.78 65594.10 39053.32 1.47
T5 - RDF + 25 kg K2O ha-1 + Grade I micronutrient 27108.23 71015.10 43906.87 1.61
T6 - RDF + 50 kg K2O ha-1 + Grade I micronutrient 32141.12 90693.33 58552.21 1.82
T7 - RDF + 25 kg K2O ha-1 + Grade II (0.5%) micronutrient 30652.78 83103.93 52451.15 1.71
T8 - RDF + 50 kg K2O ha-1 + Grade II (0.5%) micronutrient 31881.89 87603.36 55721.47 1.75
T9 - RDF + 25 kg K2O ha-1 + 2% KNO3 25400.23 61962.03 36561.80 1.44
T10 - RDF + 50 kg K2O ha-1 + 2% KNO3 26247.76 65052.00 38804.24 1.48



Grade I micronutrient treatment (T6) recorded
highest grain yield (16.73 q ha-1) which was
significantly higher over control (8.83 q ha-1)
and application of only RDF (10.33 q ha-1).
Similarly, followed by treatment receiving RDF
+ 50 kg K2O ha-1 + Grade II micronutrient
(16.16 q ha-1) and RDF + 25 kg K2O ha-1 +
Grade II micronutrient (15.33 q ha-1) also had
higher grain yield q ha-1. The application of
graded levels of potassium with recommended
dose of N and P2O5 (25:50 kg ha-1) recorded
increase in yield of pigeon pea.The treatment
T6 comprises RDF with 50 kg K2O and Grade I
micronutrient fertilizer application produced
16.73 q ha-1 grain yield which was found to be
statistically at par with T8 and T7 treatments
receiving potassium and micronutrient.
However, treatment T6 was it is significantly
superior over absolute control (T1) and only RDF
(T2). Addition of potassium either 25 or 50 kg
ha-1 recorded significant improvement in yield
and all parameters contributing for grain yield
and quality. The grain yield of pigeon pea was
increased with soil application of Grade I
micronutrient or foliar spray of Grade II
micronutrient. Increased grain yield was due to
more assimilation of nutrients and recovery of
applied NPK. The positive effect of K on crop
yield might also be due to its requirement in
carbohydrate synthesis and translocation of
photosynthesis. This may be due fact that
potassium and micronutrient are reported to
enhance the absorption of native as well as
added major nutrient such as N and P which
might have been attributed to improvement in
yield. Similar findings were also observed by
Mallaet al. (2007) and Balpandeet al. (2016). 

Dry matter yield : The data on dry matter
production as influenced by graded levels of
potassium and micronutrient application at
harvesting stage is presented in Table 4. The
results revealed that, the various levels of
potassium application turned in increasing in dry
matter yield. The dry matter yield was found to

be highest due to application of RDF + 50 kg
K2O ha-1 + Grade I micronutrient (T6) (70.64 q
ha-1) which was significantly higher than other
treatments at harvesting stage. The lowest dry
matter production was observed in control T1
(44.78 q ha-1) at harvesting stage. The
treatment T6 (RDF + 50 kg K2O kg ha-1 +
Grade I micronutrient) and T8 (RDF + 50 kg
K2O kg ha-1 + Grade II micronutrient) were
found to be statistically at par with each other.
This was due to effect of K nutrition on cell
elongation and turgor potential in leaves. These
results are in compliance with the findings of
Sonawaneet al. (2015).

Economics of pigeon pea : The
economics in respect of pigeon pea production
with selected prescribed treatment schedule was
computed considering the cost of cultivation,
gross monetary return, net monetary return and
benefit cost ratio. The prevailing market results
for inputs and market prices of sale of product
were used for calculating the cost of cultivation.
The data thereof are presented in Table 5. The
highest gross monetary return, net monetary
return and benefit cost ratio were recorded with
treatment T6 (RDF + 50 kg K2O kg ha-1 +
Grade I micronutrient) followed by T8 (RDF +
50 kg K2O ha-1 + Grade II micronutrient) and
T7 (RDF + 25 kg K2O ha-1 + Grade II
micronutrient).  The benefit cost ratio varied in
range from 1.33 to 1.82 respectively. The
maximum benefit cost ratio (1.82) was recorded
with treatment T6 (RDF + 50 kg K2O kg ha-1 +
Grade I micronutrient) followed by T8 (RDF +
50 kg K2O ha-1 + Grade II micronutrient) and
T7 (RDF + 25 kg K2O ha-1 + Grade II
micronutrient).

Conclusion 

Application of 25 or 50 kg potassium with
Grade I or Grade II micronutrient in
recommended dose of pigeon pea (25:50 kg N
and P2O5 ha-1) significantly enhanced growth
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and yield of pigeon pea. Application of 25 kg N
ha-1, 50 kg P2O5 ha-1 and 25 kg or 5O kg K2O
ha-1 + Grade I micronutrient (soil application) or
Grade II (0.5%) micronutrient (foliar spray) found
superior over only N and P application in pigeon
pea.Even under high potassium content of soil
for pulses in general and pigeon pea in particular
it is essential to include potassium in fertilizer
application schedule in the Vertisols of
Marathwada region.
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Tomato (Lycopersicon esculentum Mill.) is
one of the most important member of
solanaceous vegetables. It is one of the
important ‘protective food’, both because of its
special nutritive value and wider speed
cultivation. The estimated world production of
tomato is about 127.99 million tones from an
area of about 46.15 lakh hectares (Anon.
2010). In tomato, fruit set is poor when the
temperature is relatively low (below 13°C) or
high above 38°C. but this problem can be
overcome by spraying micronutrients like zinc.
Fruit cracking is also major problem in tomato
due to high temperature and it is controlled by
spraying of boron. Biofertilizers also play
important role in fixation of major nutrients and
increasing yield upto 10-50% in tomato under
adverse climate too. The requirement of
micronutrients like Zinc (Zn), Boron (B) and Iron
(Fe) is indispensable due to their active role in

plant metabolic processes involving cell wall
development, respiration, photosynthesis (Das-
2000). Biofertilizers like Azotobater, PSB are
‘microbial inoculants’ containing biologically
active strain of bacteria which accelerates those
microbial processes which augment the
availability of nutrients that can be easily
assimilated by plant resulting in enhanced
growth and yield as reported by Thilakavathy
and Ramaswamy (1998).

Materials and Methods

The experiment was carried out at
experimental field of Department of
Horticulture, Marathwada Krishi Vidyapeeth,
Parbhani (M.S) during kharif season (2010-11).
Tomato seedsof cultivar ParbhaniYeshashri were
obtained from HorticultureResearch Scheme
(AICVIP), M.K.V, Parbhani. The experiment was
laid out in Randomised block design with nine
treatments and three replications. Recommend-
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Abstract
A field study was conducted during kharif season 2010-11 at Department of Horticulture, Vasantrao Naik

Marathwada Krishi Vidyapeeth, Parbhani to study the “Response of micronutrients and biofertilizerson yield
and quality attributes of tomato (Lycopersicon Esculentum Mill.) under prevailing weather conditions”. The
experiment was laid out in Randomised block design with nine treatments and three replications.now a days
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NPK kg ha-1 were used. In this investigation, it had been observed that treatment T8 of RDF + 0.3% FeSO4
+ B + ZnSO4 (0.1% each) + Azotobacter + PSB (2 g plant-1 hill) significantly enhanced the different yield and
quality attributes of tomato. 
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ed dose of fertilizers were applied at the time of
transplanting. Half dose of nitrogen, full dose of
phosphorous and potassium through single
super phosphate and muriate of potash were
applied at the time of transplanting. The
remaining dose of nitrogen was applied 30 days
after transplanting. Transplanting was done in a
plot of 3.60 x 2.70 m size at 60 x 45 cm
spacing in both rows. Observations of yield and
quality attributes were recorded from 5 randomly
selected plants from each replication. The first
observation was recorded at 30 days after
transplanting and subsequent observations at an
interval of 30 days were recorded. Pooled data
was subjected to analysis of variance as per
panse and sukhatme (1978).

Treatment details
–––––––––––––––––––––––––––––––––––––––––––––––––––
Treatment Treatment details
symol
–––––––––––––––––––––––––––––––––––––––––––––––––––
T1 RDF + 0.1% FeSO4
T2 RDF + 0.2% FeSO4 + Borax (0.1% each)
T3 RDF + 0.3% FeSO4 + Borax + ZnSO4 (0.1%

each)
T4 RDF + Azotobacter 2 g plant-1 hill
T5 RDF + PSB 2 g plant-1 hill
T6 RDF + 0.1% FeSO4 +Azotobacter + PSB (2

g plant-1 hill)
T7 RDF + 0.2% FeSO4 + B (0.1% each)+

Azotobacter + PSB  (2 g plant-1 hill)
T8 RDF + 0.3% FeSO4 + B + ZnSO4 (0.1%

each) + Azotobacter + PSB (2 g plant-1 hill)
T9 Control (Recommended dose of NPK)
–––––––––––––––––––––––––––––––––––––––––––––––––––
• Recommended dose of fertilizers -150:100:50 kg ha-1

• Applied dose of micronutrients - @ 0.1% each in
combinations

• Applied dose of biofertilizers - @ 2 g plant-1 hill.

Result and Discussion

The results obtained in respect of growth and
quality parameters of tomato revealed that there
were significant response of combined
micronutrients and biofertilizers application
under prevailing weather condition.

Effect on yield attributes :Micronutrients
and biofertilizers had beneficial effect on yield of
tomato. Maximum number of fruits per plant i.e.
30.86, highest yield per plant (1.65 kg), yield
plot-1 (36.30 kg) and yield hectare-1 (415.03 q
ha-1) was recorded with treatment T8 (RDF +
0.3% FeSO4 + B + ZnSO4 (0.1% each) +
Azotobacter + PSB) followed by treatment T7
i.e. RDF + 0.2% FeSO4 + B (0.1% each) +
Azotobacter + PSB and were significantly
superior over control recording fruit yield of
359.87 q ha-1. The increase in fruit yield might
be due to the fact that micronutrients viz., Fe, B
and Zn play active role in plant metabolic
processes involving cell wall development,
respiration, photosynthesis, pollen tube growth
and pollen germination and biofertilizers harper
atmospheric nitrogen with help of specialized
soil microorganisms and contribute towards the
nitrogen nutrition of the plant. Some phosphatic
biofertilizers also help the plant in getting fixed
phosphorus available in soil resulting in increase
in yield and yield related attributes for tomato.
Similar observations also made by
Suryanarayana and Hariparsad (1985), Kalyani
et al. (1996), Narayna et al. (2007) and Dhumal
et al. (1992).

Effect on quality parameters : It is
revealed from the data (Table 2) that quality
parameters of tomato was significantly
influenced by combine application of
micronutrients and biofertilizers. in case of T.S.S
The maximum T.S.S of 4.67°Brix was found
with the application of  RDF + 0.3% FeSO4 +
B + ZnSO4 (0.1% each) + Azotobacter + PSB
(T8). Treatment T7 and T6 were at par recording
T.S.S of 4.65°Brix and 4.61°Brix respectively.
The result are supported by findings reported by
Islam Sirajul (1995), Narayan et al. (2007) found
that, the quality parameters such as T.S.S were
comparatively higher in tomato grown with
combine application of micronutrients and
biofertilizer.
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In case of Acidity, Acidity of tomato fruit is
an important character in determining the test
of tomato fruit.  Data in this regard showed that
there were significant differences in different
treatment.  The treatment T3 produced lowest
acidity (0.43%) which was at par with T8
(0.43%), T2 (0.44%), and T7 (0.45%). These
findings are in conformity with the findings

reported by Uma and Shanmugavelu (1985) and
subbiah and perumal (1990). The lowest acidity
in the fruit produced under combine application
of micronutrients, it might be due to boron,
enhanced the movement of sugar borate
complex from the leaves to the fruit.        

Nutritive value of the fruit is determined by
ascorbic acid content in the fruit. Significant
differences were found in respect of ascorbic
acid content.  The highest ascorbic acid content
was recorded in treatment T8 (23.59 mg 100-1

g),  followed by T3 (23.46 mg 100-1 g), T7
(23.31 mg 100-1 g), T2 (22.84 mg 100-1 g).The
increase in vitamin C might be due to
physiological influences of micronutrients in
combination with combine biofertilizer on the
activity of a number of enzymes and also might
be due to more energy and food material
available in the fruit due to strong vegetative
growth of plants.The results are supported by
findings reported by Mallick and Muthukrishnan
(1980), Narayana et al. (2007), Kumarswami
and Madalgiri (1990), Singh and Tiwari (1993),
Aiyer et al. (1986).

Conclusion

It couldbe suggested that the combined
application of micronutrients and biofertilizers
with RDF was most effective for yield and quality
parameters of tomato. This might be because of
micronutrients play active role in plant metabolic
processes involving cell wall development,
respiration, photosynthesis, pollen tube growth
and pollen germination and biofertilizers
increased the uptake of nutrients which in turn
resulted in excellent vegetative and reproductive
growth, ultimately increased the yield.Quality
parameters  also enhanced due to increased
activity of enzymes under combine application
of micronutrients with biofertilizers. Thus,it could
be concluded that the use of micronutrients and
biofertilizers in combination sustained the yield
and quality parameters of tomato.
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Table 1. Response of Micronutrients and Biofertilizers on
yield attributes of Tomato under prevailing
weather condition

Treat- No. of Yield Yield Yield 
ments fruits plant-1 plot-1 hectare-1

plant-1 (kg) (kg) (q)

T1 22.66 0.95 27.04 368.36
T2 24.53 1.02 28.62 373.42
T3 26.13 1.17 30.48 379.93
T4 28.20 1.35 33.23 391.21
T5 27.00 1.32 31.59 381.16
T6 28.66 1.50 34.42 396.42
T7 29.74 1.63 36.32 408.29
T8 30.86 1.65 38.54 415.03
T9 22.60 0.95 26.70 359.87
S.E.± 0.337 0.008 1.64 11.23
C.D. at 1.001 0.024 4.91 33.62
0.05%

Table 2. Response of Micronutrients and Biofertilizers on
Quality Attributes of Tomato under prevailing
weather condition

Treat- TSS Acidity Ascorbic 
ments (°Brix) (%) acid content 

(mg 100-1 g)

T1 4.16 0.47 21.64
T2 4.21 0.44 22.84
T3 4.42 0.43 23.46
T4 4.58 0.46 21.87
T5 4.28 0.47 22.56
T6 4.61 0.46 22.21
T7 4.65 0.45 23.31
T8 4.67 0.43 23.59
T9 4.08 0.48 22.05
S.E.± 0.0387 0.007 0.105
C.D. at 0.115 0.022 0.315
0.05%
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Wheat (Triticum spp.) is a cereal grain,
originated from South West Asia but now
cultivated worldwide. It belongs to family
gramineae. Wheat (Triticum aestivum) is the
first important and strategic cereal crop for the
majority of world’s populations. It is the most
important staple food of about two billion people
(36% of the world population). Yield loss of 29%
is expected by 2080 due to global warming, in
wheat. Annual yield loss in wheat due to global
warming is expected to be 7.7 billion dollars,
and by 2025, this would be around 18 billion
dollars. To meet the requirement, there will be
need to produce just double from the present
production level, to feed near about 950 million
people by 2050 if, the po pulation growth
continues with the present growth rate.

Reserve accumulation in the stem and the
size of the storage strongly depend on the
growing conditions before anthesis. Total stem
nonstructural carbohydrate (TNS) at anthesis
was shown to vary from 50 to 350 g kg-1 dry
mass in different experiments (Kiniry, 1993).

Under optimal growing conditions with regard
to temperature, water regime (Davidson and
Chevalier, 1992) and mineral nutrition
(Papakosta and Gagianas, 1991), carbon
assimilation rates are high and a proportion of
the assimilation during stem elongation is
reduced by stress, storage in stems is reduced.

High temperature (>30°C) at the time of
grain filling is one of the major constraints in
increasing productivity of wheat in tropical
countries like India (Zhao 2007). It has been
reported that single grain mass falls by 3% - 5%
for every 1°C rise in temperature above 18°C
(McDonald, 1983). The supply of assimilates to
the developing grain originates both from direct
transport of current assimilation to kernels, and
from the remobilization of temporarily stored
assimilates in vegetative plant parts (Gebbing et
al., 1999). The reserves deposited in vegetative
plant parts before anthesis may buffer grain yield
when conditions become adverse to photo-
synthesis and mineral uptake during grain filling
(Tahir and Nakata 2005).

Stem reserve carbohydrates are commonly
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considered as total-non structural carbohydrates
(TNC) or water soluble carbohydrates (WSC) and
distinguished from the structural carbohydrates
present in cell walls (Ruska et al., 2006). Stem
reserve carbohydrates principally consist of
fructan, sucrose, glucose, fructose and starch,
although fructan is the main reserve (Wardlaw
and Willenbrink, 1994). Carbohydrate storage
ability in stem and remobilization efficiency of
reserves for grain development are effective
components contributing to grain yield (Ehdaie
et al., 2006a, b). Ability of carbohydrate storage
in stem is determined by stem specific weight
and stem length (Blum 1998). The amount of
accumulated WSC in stem depends upon
environmental conditions in pre- and post-
anthesis until linear growth stage of grain (Blum
1998, Takahashi et al., 2001).

Though, heat stress affects the metabolic
pathways at every stage of life of wheat finally
leading to yield reduction, the effect of high
temperature is particularly severe during grain
filling; these losses may be up to 40 % under
severe stress (Hays et al., 2007). Other effects
of high temperatures are decreased grain
weight, early senescence, shriveled grains,
reduced starch accumulation, altered starch-lipid
composition in grains, lower seed germination
and loss of vigour (Balla et al., 2012). In late
sown wheat, terminal heat stress is the main
cause of yield reduction which is responsible for
shortening of grain growth period and improper
grain filling (Reynolds et al., 2001; Rane et al.
2007). Every 1°C rise in temperature above
28°C during grain filling, results in yield
reduction by 3–4% (Reynolds et al., 1994,
1998; Wardlaw et al. 1989). Parameters used
for heat stress tolerance

1.  Reserve accumulation

Reserve accumulation and storage capacity
in the stem strongly depend on the growing
conditions before anthesis. Total TNC at
anthesis was shown to vary from 50-350 g kg-1

dry mass in different experiments (Kiniry, 1993).
Under optimal growing conditions with regard
to temperature, water regime (Devidson and
Chevaliar, 1992) and mineral nutrition
(Papakosta and Gagianas, 1991), carbon
assilmilation rates are high and a proportion of
the assimilates is allocated to storage. When
carbon assimilation during stem elongation is
reduced by stress, storage in stem is reduced.
When the ambient CO2 concentration is raised
to increase assimilation, more carbon get stored
in stems (Winzeler et al., 1989). Potential stem
storage as a sink is determined by stem length
and stem weight density. Stem weight density is
equal to stem dry weight per unit stem length.
Storage and remobilization may vary along the
stem. In winter barley, the basal internodes were
found to contribute the most to grain filling
(Bonnett and Incoll, 1992a). In wheat, the
peduncle and the penultimate internode
contribute contained the most storage (Wardlaw
and Willenbrink, 1994), with variations in
storage and remobilization under different
experimental conditions being larger in the
penultimate than in the fourth stem internode.
(Bonnett and Incoll, 1992a). 

Stem length is important in affecting stem
reserve storage. The Rht1 and Rht2 dwarfing
genes of wheat were found to reduce reserve
storage by 35% and 39% respectively, as a
consequence of a 21% reduction in stem length
(Borrell et al., 1993).

Ehdaie et al., (2005) evaluated the
hypothesis that internode length, weight, and
specific weight of genotypes affect accumulation
and mobilization of stem reserves. Balanced
partitioning of stem length into upper and lower
internodes and internode maximum specific
weight are important in genotypic accumulation
and mobilization of stem reserves in wheat.

The development and growth of grains
depend mainly on current assimilates that are
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directly translocated to the grains, but
carbohydrate assimilated after anthesis are
temporarily stored in the stem, before being
mobilized to the grains and play important role.
The third source of carbohydrates to grains are
very important for grain filling under stress is the
carbohydrates synthesized before anthesis
accumulated mainly in the stem and mobilized
to developing kernel (Ehdaie et al., 2006).

2.  Reserve utilization

Stem reserve mobilization, or percentage of
stem reserves in total grain mass, is affected by
sink size, by the environment and by cultivar.
The demand by grain sink is a primary factor in
determining stem reserve mobilization. When
sink size is get reduced by degraining, more
reserves get stored in the stem, compared with
intact ears (Kuhbauch and Thome, 1989). The
interaction between ear size and demand for
stem storage appears to depend on the
environment, before or during grain filling
(Bonnett and Incoll, 1992a).

Fokar et al., (1998) established the role of
stem reserves in sustained wheat grain filling
under heat stress and observed significant
variation among cultivars in the reduction in
grain weight per ear (RGW), kernel number and
single kernel weight. Differences in RGW a
mong cultivars were found responsible for
variation in the reduction in both kernel weight
and kernel number whereas, variation in the
potential capacity for using mobilized stem
reserves among cultivars was attributed to
variations in both kernel weight and kernel
number under ear shading and defoliation
Nayyar et al., (2012) evaluated 21 Pakistani
genotypes for stem reserve utilization and
concluded that, tested genotypes vary
considerably in stem reserve utilization when
subjected to post anthesis chemical desiccation
inhibiting the photosynthesis.

Sanghera and Thind (2014) studied the

impact of heat stress during grain filling period
of wheat negatively effects the dry matter
production of wheat genotypes. Delay in sowing
date significantly reduces the dry matter
accumulation of wheat genotypes at anthesis as
well as maturity. This reduction in dry matter
accumulation in grain may be attributed to high
temperature stress faced by late sown genotypes
during their grain filling period.

Zamani et al., (2014) evaluated the ability of
different wheat genotypes for accumulation and
remobilization of stem water soluble
carbohydrates (WSC) under heat stress and
concluded that WSC remobilization increased
under heat stress and there is strong association
between maximum WSC concentration in main
stem and WSC remobilization was found. 

3.  Proline content

Heat stress imposed at anthesis and milky
growth stages significantly increases proline
concentration in leaves of wheat, also it
increases soluble protein content. High
temperature decreased the membrane stability
index at both at anthesis and milky growth
stages (Khan et al., 2015).

Under high temperature, free proline is
involved in osmotic adjustment to protect pollen
and plant enzymes from heat injury and also
provides a source of nitrogen and other
metabolites (Verslues and Sharma 2010).
Certain heat shock genes are triggered, resulting
in the synthesis of heat shock proteins, whereas
other soluble and insoluble proteins have also
been shown to exhibit changes in abundance
under high temperature stress (Simmonds 1995,
He et al., 2005).

Khan et al., (2013) evaluated twenty wheat
genotypes including advance lines and cultivated
varieties for terminal heat stress under glass
house conditions in pot culture using completely
randomized design with three replications.
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Plants were exposed to 35-40 °C temperature
3 hours daily for five consecutive days. Control
plants were kept under normal temperature
conditions. The stress tolerance indicators such
as Superoxide dismutase (SOD), Peroxidase
(POD), Photosynthates stem reserves (PSR),
Membrane stability index (MSI) and grain yield
revealed significant (p<0.05) effect of high
temperature on growth and physiological
attributes of wheat at anthesis growth stage.

Asthir et al.,(2012) studied effect of high
temperature in relation to carbon partitioning
and grain sink activity in ten genotypes of wheat
under normal (November, 25.6°C during grain
filling) and late planting conditions (December,
29.4°C). Significant reduction in total free
sugars and sucrose content was observed during
grain development. Results suggested that
decline in sugar content in spite of high
sucrolytic enzymes may be correlated to more
utilization of assimilates over production/
translocation for grain sink activity under high
temperature influences.

Gabal and Tabl (2014) evaluated heat
tolerance of wheat through physiological
approaches. The relative value proline content
higher amount was found in HT cultivar
compared to that in HS cultivar expected cultivar
Giza168 which was observed as HS cultivar but
showed high relative value proline content. The
seedling proline content at 35° C and
membrane injury (%) maintained a significant
negative correlation (r = - 0.818**) across the six
Egyptian wheat cultivars, indicating that wheat
cultivars with high proline level at 35° C tended
to show greater thermotolerance.

Hussain et al., (2015) reported that sowing
dates severely influenced protein and
carbohydrate contents in subsequent grains of
wheat crop. Wheat crop sown from the seeds
obtained from the crop previously sown at
November 10 and 25 showed better grain

protein and carbohydrate content as compared
to December 10 and 25.

4.  Canopy Temperature Depression

The heat tolerant cultivars showed higher
canopy temperature depression than the heat
sensitive cultivars in both the growing conditions
indicating the higher ability of heat tolerant
cultivars to maintain cooler canopy environment
than the heat sensitive ones. 

Renolds et al., (1994) reported the existence
of varietal difference for canopy temperature
depression among wheat germplasm tested
under heat stress condition.

Renolds et al., (1998) concluded that
potential to keep canopy cool is one of the
important traits of high temperature tolerant
wheat genotypes.

Sikder and Paul (2010) tested four heat
tolerant (Gourab, Sourav, Kanchan and
Shatabdi) and two heat sensitive (Sonora and
Kalyansona) wheat cultivars under normal and
late growing post-anthesis heat stress conditions
revealed higher pre-anthesis stem reserves
mobilization to the final grain weight and floret
sterility in heat sensitive cultivars compared to
heat tolerant cultivars.

5.  Membrane Stability Index

High temperature causes modifications in
membrane functions mainly because of the
alteration of membrane fluidity. In plant cells,
membrane–based processes such as
photosynthesis and respiration are especially
important. Three commonly used assays of heat
tolerance in plants (Blum 1988) are related to
the plasmalemma (cell membrane stability), the
photosynthetic membranes and the
mitochondrial membranes. The indirect/slower
heat injuries include inactivation of enzymes in
chloroplast and mitochondria and increased
fluidity of membrane lipids. Different
physiological traits such as membrane
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thermostability (Sadalla et al., 1990; Shanahan
et al., 1990; Renolds et al., 1994) and proline
content (Hasan et al., 2007) have been
associated with performance of irrigated wheat
under high temperature level which could also
be used as selection criteria to identify heat
tolerant cultivar. Membrane thermostability has
been widely accepted as a suitable technique for
estimating the cellular thermotolerance to
plants. MTS has a positive correlation with yield
performance. It is a quick tool of screening
against heat stress (Shanahan et al., 1990).

Efeoglu and Terziglu (2007) reported that
high temperatures at seedling growth decreased
MTS in wheat.

Khan et al., (2015) examined the effect of
high temperature stress on 6 wheat cultivars and
reported that high temperature significantly
affected total proline, soluble protein content,
membrane stability index (MSI), yield and various
yield components.

6.  Stomatal conductance

Heat stress led to increased stomatal
opening. In general, highly variable leaf
temperatures and stomatal opening within the
relatively short intervals illustrates the high
stomatal sensitivity to change. At the interface
between atmosphere and plant, leaf stomata
provide the entryway for CO2 for
photosynthetic carbon fixation, while preventing
excessive water loss. Through their role in
transpiration, stomata also help control leaf
temperature. Net stomatal conductance depends
on both plant-specific traits, such as stomatal
density, leaf age and size, sub-stomatal CO2
concentration, guard cell and epidermal cell
turgor (Jones, 1992), and on signals received
from the environment. It was also demonstrated
that plants increase stomatal conductance under
high temperatures. 

Reynolds et al., (1994) evaluated that there
is significant correlation between yield and flag
leaf photosynthesis. Leaf conductance can be

measure on individual plants and can be used in
selecting plants (Reynlds et al., 2001).

Globally, stomata are responsible for the flow
of CO2 fixed and water lost by plants. Further
characterizing stomatal responses to stress will
have many applications from modelling energy
fluxes to determining ecosystem responses or
individual plant survival in a future climate.

7.  Heat Shock Proteins

Production of high levels of heat shock
proteins can also be triggered by exposure to
different kinds of environmental stress
conditions, such as infection, inflammation,
exercise, exposure of the cell to toxins (ethanol,
arsenic, trace metals, and ultraviolet light,
among many others), starvation, hypoxia
(oxygen deprivation), nitrogen deficiency (in
plants), or water deprivation. Several heat shock
proteins function as intra-cellular chaperones for
other proteins. They play an important role in
protein–protein interactions such as folding and
assisting in the establishment of proper protein
conformation (shape) and prevention of
unwanted protein aggregation. By helping to
stabilize partially unfolded proteins, HSPs aid in
transporting proteins across membranes within
the cell. HSPs are synthesized during heat stress
in plants and protect plants during stress. HSPs
are not expressed at 25°C was observed and
expression doubled when temperature raised to
37°C.

Ciaffi et al., (1996) reported polymeric
fraction of gluten during grain filling period
above 35°C temperature. Skylas et al., (2002)
suggested that seven different types of proteins
were expressed when plants are exposed to
stress.

8.  Stay green

“STAY-GREEN” is one of the most
significant traits, which allows plants to keep
their leaves in the active photosynthetic state
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under high temperature to maintain assimilation
process and increase crop yield (Kumar et al.
2013). Thus, exploiting “STAY-GREEN” trait in
combination with other valuable traits may
provide a solution for crop improvement against
increasing threat of global warming. Plant
genotypes exhibiting “STAY-GREEN” traits
show delayed leaf senescence under stress and
increased yields (Peleg et al. 2011; Gregersen
et al.

2013; Reguera et al. 2013). The association
between “STAY-GREEN” and useful agronomic
traits, such as tolerance to biotic and abiotic
stresses, as well as improved yield production,
has been widely reported (Kassahun et al. 2010;
Luche et al. 2015).

Conclusion

In the recent past, we have witnessed the
serious threat posed by the sudden climatic
changes, in the form of heat stress which toll
heavily on the productivity of wheat crop
depending upon the extent and magnitude of
growth and yield reduction. It is therefore,
required to develop tools not only to increase the
crop productivity but also sustain a stable level
of productivity under climate change scenario.
Information regarding heat tolerance is still
inadequate. For improving heat stress tolerance
in wheat, either stable photosynthesis or high
remobilization of stem reserves be eveluated.
The traits like stay green/delayed senescence,
canopy temperature depression (CTD), stomatal
conductance and membrane thermo -stability
etc. appear to be a potentially powerful indirect
selection criterion to determine heat stress
tolerance capability of plant and may be used in
breeding to develop heat stress tolerant lines
varieties. 
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Climate change influences many parameters
among which the critical one is water
resource. Water resources determine the
agricultural productivity. Agricultural
productivity in turn affects living conditions
of a large number of farmers dependent
upon farming. The Global Water Meet
attempts to construct relation between
climate variability, water resources, farm
productivity and rural livelihood. The meet

analyze the effects of each of them at
different stages to arrive at long term and
short term policy instruments in terms of
adaptation and mitigation. In the context of
the current debate about climate change, it
is necessary that the developing countries,
like India, are taking considerable actions in
terms of policies, programmes and projects
and capacity building. The Global Water
Meet was expected to have brain storming
deliberations among a select group of experts
on the impact of climate change on global
economy and come out with appropriate
policy suggestions. In the post Paris
Agreement COP21, focus on water as an
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Abstract
Climate change is now world’s current biggest challenge. Climate change influences water resources which

determine agricultural productivity. Agricultural productivity in turn affects global farm economy. With this in
background, a three days ''Global Water Meet for Climate Change Adaptation: Agrarian Perspectives'' was
organized by the University of Agricultural Sciences (UAS), Dharwad, Karnataka, India in collaboration with
national and international organizations during October 24-26, 2016. The meet witnessed deliberations by
climate change, water and agriculture experts of 20 countries. Based upon changes in surface temperatures
since 1901 to 2012 on crop yields, it was opined that the climate change hampered food security and
negatively impacted on agriculture. The meet emphasized that reversing gradual dehydration of landscapes
would help re-establish conditions necessary for hydrological cycle and natural environment to renew itself.
Developing holistic plans for rejuvenation of river and water bodies including bio-sources, eliminating flood
irrigation by 2020, matching rain and crop patterns, crop zonation, developing drought tolerant varieties and
technologies for increasing crop productivity, hydrology and aquifer mapping and improving water use
efficiency, inter alia,  were crucial outcomes of the meet. The meet culminated in Dharwad Declaration, which
emphasizes water security and agricultural and ecological sustainability was presented in COP 22, Marrakech,
Morocco. While reaffirming primacy of  water, Dharwad declaration calls for community based decentralized
solutions to planning, rejuvenation, conservation and management of water resources, on a river basin
management framework or revival of water bodies and aquifers. The Declaration calls for People First approach
for global climate change negotiations and public awareness and joint action of stakeholders. In pursuance to
resolution of the meet, UAS, Dharwad has established Global Forum for climate change adaptation, water and
agriculture (http://globalforumforclimatechange.com) to foster academic initiatives for climate change adaption
and mitigation.  Forum is actively involved in furthering cause of these initiatives. 
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important component of climate change was
felt necessary. Some of us who are directly
and indirectly challenged by the growing
water crisis thought of meeting at one of the
premier Agricultural Universities of India -
University of Agricultural Sciences, Dharwad,
Karnataka, India during October 2016 with
the following agenda.

1. Reflect upon implications of climate change
for global water crisis with an agrarian
perspective

2. Share experiences and expertise in crisis
management

3. Generate inputs for global climate change
adaptation and action

4. Partner and work towards sustainable water
resources management

The Meet was expected to generate novel
ideas with suggestions and sustainable and pro
people solutions to the giant problem of climate
change from global experts. The crucial issues
were deliberated under the following themes :

I : Climate Change and Implications

II : Global Water Scenario and Challenges 

III : Climate change: An Agrarian Perspectives

IV : Climate Change Adaptation 

V : CoP-22 – Way Ahead

Climate change and implications : A
century and a half of industrialization, along with
the clear-felling of forests and certain farming
methods, has increased quantities of greenhouse
gases (GHGs) in the atmosphere. Climate
change which refers to a change in the state of
the climate that can be identified (e.g., by using
statistical tests) by changes in the mean and/or
the variability of its properties, and that persists
for an extended period, typically decades or

longer. Climate change may be due to natural
internal processes or external forcing such as
modulations of the solar cycles, volcanic
eruptions, and persistent anthropogenic changes
in the composition of the atmosphere or in land
use (http://ipcc-wg2.gov). Further, the UN
Framework Convention on Climate Change
(UNFCCC), in its Article 1 defines climate
change as: ‘a change of climate which is
attributed directly or indirectly to human activity
that alters the composition of the global
atmosphere and which is in addition to natural
climate variability observed over comparable
time periods’. The UNFCCC, thus makes a
distinction between climate change attributable
to human activities altering the atmospheric
composition, and climate variability attributable
to natural causes. 

Fifth Assessment Report (2013) (AR5)
of IPCC : It is categorical in its conclusion that
climate change was real and human activities
were the main cause. AR5, took stock of where
we are and what we now know. For the first
time, Working Group I could provide a
comprehensive assessment of sea level rise and
its causes over the past few decades. It was also
able to estimate cumulative CO2 emissions since
pre-industrial times and provide a CO2 budget
for future emissions to limit warming to less than
2 °C. About half of this maximum amount was
already emitted by 2011. 

From 1880 to 2012, the average global
temperature increased by 0.85 °C. Oceans have
warmed, the amounts of snow and ice have
diminished and the sea level has risen. From
1901 to 2010, the global average sea level rose
by 19 cm as oceans expanded due to warming
and ice melted. Given current concentrations
and ongoing emissions of GHGs, it is likely that
the end of this century will see a 1–2 °C increase
in global mean temperature above the 1990
level (about 1.5–2.5 °C above the pre-industrial
level). The world’s oceans will warm and ice melt
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will continue. Average sea level rise is predicted
to be 24–30 cm by 2065 and 40–63 cm by
2100 relative to the reference period of 1986–
2005. Most aspects of climate change will
persist for many centuries, even if emissions are
stopped.

Global water scenario and challenges:
Challenges in the water sector are aggravated by
climate change impacts. Global water supply
remains more or less finite while the multi
sectoral demand for water has been increasing
over the decades. The drivers for increasing
demand include growing population,
industrialization and commercialization, new
technologies of extraction and management and
new developmental patterns. Water crisis arises
on account of quantitative and qualitative
limitations. Quantitative scarcity arises out of
expanding needs while the qualitative
deterioration is due to pollution of water for
productive purposes. Mismatch between
demand and supply creates global and regional
conflicts for sharing the limited water supply.
The micro level water scarcities aggregate
towards macro level scarcities and create
conflicts among countries and the regions within
countries. Several studies around the world show
that climatic change is likely to impact
significantly upon freshwater resources
availability. The water resources/moisture levels,
in turn, will decide the pattern and quantum of
farm production. 

While several countries / regions of the world
have crossed threshold of scarcity, some are in
transition. Unbridled competition to achieve and
maintain high economic growth demands heavy
exploitation of natural resources including water.
There is a tremendous pressure on water
resources across the globe. Signs of growing
conflicts for water are seen all around - America,
Europe, Middle East, Africa and Asia. Water
conflicts aggravate into political conflicts and
transboundry demographic movements creating

geopolitical complexities for which Middle East
is the evidence. For quite some time there has
been a talk of global tensions leading towards
Third World War for which neither wealth nor
oil but WATER could be the cause. Happenings
around the world are indications of possible
global conflicts with disastrous consequences. 

Climate change : Agrarian
Perspectives: Agriculture is extremely
vulnerable to climate change. Higher
temperatures eventually reduce yields of
desirable crops while encouraging weed and pest
proliferation. Changes in precipitation patterns
increase the likelihood of short-run crop failures
and long-run production declines. Although
there will be gains in some crops in some
regions of the world, the overall impacts of
climate change on agriculture are expected to be
negative, threatening global food security
(http://www.ifpri.org). Since climate is a direct
input into the agricultural production process,
the agricultural sector has been a natural focus
for research. Climate change will have dramatic
consequences for agriculture. However,
substantial uncertainty remains about where the
effects will be greatest. 

These uncertainties make it challenging to
move forward on policies to combat the effects
of climate change. The impact of climate change
on agriculture could result in problems with food
security and may threaten the livelihood
activities upon which much of the global
population depends. Climate change can affect
crop yields (both positively and negatively), as
well as the types of crops that can be grown in
certain areas, by impacting agricultural inputs
such as water for irrigation, amounts of solar
radiation that affect plant growth, as well as the
prevalence of pests (http://agricoop.nic.in). The
negative impact of climate change on agriculture
is likely to have a serious impact on poverty and
general welfare.  
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Climate change adaptation : Aapting to
the adverse effects of climate change is a major
area of action under the UNFCCC. As the
climate changes, societies will have to learn to
adapt. It is crucial for the welfare of global
agriculture, how quickly farmers will adapt to the
changing climate and what policies or
technologies will enable rapid adaptation. The
Paris Agreement, adopted  addresses crucial
areas necessary to combat climate change. 

Adaptation, in the simplest terms, refers to
the actions that countries will need to take to
respond to the impacts of climate change that
are already happening, while at the same time
preparing for future impacts. It refers to changes
in processes, practices and structures that can
reduce our vulnerability to climate change
impacts, such as sea level rise or food insecurity.
It also includes making the most of any beneficial
opportunities associated with climate change,
such as increased crop yields or longer growing
seasons in some regions. Adaptation solutions
take many shapes and forms, depending on the
unique context of a community, business,
organization, country or region. There is no
‘one-size-fits-all-solution’—adaptation can range
from building flood defenses, setting up early
warning systems for cyclones and switching to
drought-resistant crops, to redesigning
communication systems, business operations
and government policies. Many nations and
communities are already taking steps to build
resilient societies and economies, but far greater
action and ambition will be needed to cost
effectively manage the risks, both now and in the
future.

The Paris Agreement establishes a global
goal to significantly strengthen national
adaptation efforts – enhancing adaptive
capacity, strengthening resilience and reduction
of vulnerability to climate change – through
support and international cooperation. It also
recognizes that adaptation is a global challenge

faced by all. All Parties should submit and update
periodically an adaptation communication on
their priorities, implementation and support
needs, plans and actions. Developing country
Parties will receive enhanced support for
adaptation actions. The impact of climate
changes is going to be very severe in the
absence of proper adaptation. Therefore, policy-
makers need to consider adaptive measures to
cope with changing agricultural patterns.
Measures may include the introduction of the
use of alternative crops, changes to cropping
patterns, and promotion of water conservation
and irrigation techniques. The multi-disciplinary
policy issues have to focus on short, medium
and long term adaptation and amelioration
strategies.

COP-22 – Way Ahead : Considerable
efforts are being made globally by the
Governmental as well as non Governmental
agencies to face the adverse climate change
effects. The Kyoto Protocol which came into
force in February 2005 operationalized the UN
Framework Convention on Climate Change. It
committed industrialized countries to stabilize
GHG emissions based on the principles of the
Convention. At COP 21 in Paris, Parties to the
UNFCCC reached a landmark agreement to
combat climate change and to accelerate and
intensify the actions and investments needed for
a sustainable low carbon future. As such, it
charts a new course in the global climate effort
and serves as a driver for collective global
actions. Now, at COP22, in Morocco, the
parties will, inter alia, begin preparations  for
entry into force of the Paris Agreement. At this
historic meet it would be our responsibility to
bring water, climate adaptation and community
action with agrarian perspectives to the centre
stage of global climate change debate. 

The Global Water Meet was conducted with
all these issues in the background. Global
experts on each of the topics mentioned above
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deliberated at length, brought out technical
conclusions and policy suggestions and finally
the Dharwad Declaration - 2016.

Conclusions

The Global Water Meet 2016 concluded that
the climate change was now visible and was in
fact the world’s current biggest challenge. Arid,
semi-arid and sub-humid countries would be
badly affected by climate change. It was
proposed that human activities have gradually
altered earth’s surface and brought about
changes to the earth’s eco-systems. Climate
change was happening in Asia and its impact
was already being felt. Based on changes in
surface temperatures since 1901 to 2012 on
crop yields, it was opined that the climate
change hampered food security and had
negative effects on agriculture. There were
serious challenges arising out of climate change
like land degradation, decreasing ground water,
repeated floods and droughts. It was strongly felt
that implications of climate change for water
resources have not been taken in to account in
the official UNFCCC- COP 21 for adaptation/
mitigation approaches. Therefore, it was felt
necessary in the Meet to highlight the issue and
ensure bringing water challenges to the forefront
of global climate change debate and ensure
deliberations on the topic at the COP 22,
Marrakesh, Morocco. In terms of actual impacts
it was observed that in Asia, annual temperature
rise by more than 2°C and more rainfall was
likely at higher altitudes by mid 21st century.
There were increased water related risks like
drought, flood, cyclones related water and food
shortages. There will be increase in crop yields
in mid and high latitudes where as decrease in
lower latitude under elevated CO2 conditions.
Net cereal production in south Asian countries
would decline at least between 4-10 per cent by
end of this century. Climate change influences
water resources and there will be spatial and
temporal impacts of climate change on water

resources. It was reported that surface
temperatures have increased leading to snow
melt and risk of flood. Agricultural water demand
would be increasing by 10 per cent for every
increase in temperature of 1°C. Even in Indian
scenario, vulnerability was very high as, 58 per
cent net sown area (NSA) was rainfed. Impacts
of drought would be sever in terms of drinking
water and fodder availability.

Policy Suggestions

• The Meet emphasized that reversing the
gradual dehydration of a landscape would
help re-establish the conditions necessary for
the hydrological cycle and natural
environment to renew itself. It focused on
using water more efficiently in agriculture
and maintaining proper water and energy
balance of the globe. 

• Retention of rain water where it falls and
preventing excess runoff of rain water from
the land, which would contribute to a stable
climate, mitigate extreme temperature
oscillations and reduce the risk of flooding
and drought. This systematic retention of
rain water was an effective mechanism for
sustainable economic growth.

• Eliminating flood irrigation by the year 2020
to ameliorate water scarcity. 

• Developing holistic plan for rejuvenation of
river and water bodies including bio-sources. 

• Matching rainfall and crop patterns to
combat climate change implications. 

• Crop zonation, hydrology and aquifer
mapping, increasing water use efficiency in
both blue and green water. 

• Developing technologies for increasing
productivity of non water intensive crops. 

• Restoration of degraded soils and ecosystems
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through increase in carbon pools. Eco-
agriculture revolution to promote agro-waste
to bio-composts and agri-biopesticides and to
encourage farmers to enrich organic matter
in the soil.

• Use of innovation platforms (dialogues
amongst farmer cooperatives, research,
private sector, public sector and market
parties) to educate farmers and encourage
action research. 

• Promoting weather forecast and Information
and Communication Tools (ICT) based
climate services and agro-advisories.

• Adaptive measures to cope with changing
agricultural patterns in terms of alternate
crops, changes to cropping patterns and
promotion of water conservation and
irrigation techniques.

• Integrating climate change measures on
mitigation and adaptation into the national

policies and strategies.

• Incorporating ideas relating to climate
change and water conservation in
educational curriculum for the benefit of
youth.

• Shifting from fossil fuels to renewable energy
to mitigate adverse effects of climate change. 

• Scaling-up of decentralized water
management as an important adaptation
strategy need to be pursued. Adaptation
strategies should be youth centric and
community-based.

• Identification of the roles and responsibilities
for addressing the challenges identified by
Sustainable Development Goals (SDG) and
the Paris Agreement. 

• Global Water Meet 2016 consummated in
“DHARWAD DECLARATION – 2016 “.
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Cowpea (Vigna unguiculata (L) Walp) is an
important leguminous vegetable crop mainly
grown in both kharif and spring summer season
in most parts of India. It is a self- pollinated crop
with a chromosome no. 2n=2x= 22. Cowpea
belongs to the family Leguminaceae genus
vigna, subfamily fabaceae and tribe phaseoleae
it comprises five subspecies (Verdcourt,1970)
viz., unguiculata, cylindrical, sesquipedalis,
dekindtiana and mensensis in phaseolae. Out of
these five subspecies first three are cultivated
and later two are wild.

Vavilov (1951) recognized India and Africa as
the primary center of origin, while china as the
secondary center of origin. Faris (1965)
assembled evidences to show that out of 170
species of cowpea, 120 species are cultivated in
Africa, 22 in India and South East Asia and
some in America and Australia. The worldwide

area under cowpea is 10.1 million hectares and
annual global cowpea seed production is now
approximately 4.99 million tones. (Anon.,
2008).

Cowpea is now widely distributed throughout
the tropics and subtropical area. Out of that total
world production about 80% comes from
Nigeria alone. Other major cowpea producers
are Upper Volta, Uganda and USA. It is also
grown on a limited scale in a Mediterranean
region, South Africa and Australia. The cowpea
has number of common names including
crowder pea, black-eyed pea, lobia, chawali,
kiffir pea, long yard bean, asparagus bean,
snake bean, china bean, snake bean and china
bean. Major cowpea producing states of India
are Uttar Pradesh, Punjab, Delhi, Haryana,
Bihar, Andhra Pradesh, It has realized the
importance on account of Its tolerance to
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Abstract
The present investigation entitled “Genetic variability, heritability and genetic advance studies in F5

generation of cowpea” was carried out during kharif season of the year 2015. The field experiment was carried
out at Main Garden, Department of Horticulture, Dr. PDKV, Akola. The study was undertaken on twenty
genotypes of cowpea using randomized block design with three replications. Cowpea seeds were dibbed at the
spacing of 45 cm x 30 cm. In each treatment there were 30 plants of each genotype in a replication. Five
competitive plants were randomly selected from each treatment to record observations on fifteen characters.
A wide range of variation observed among the genotypes for all the character. Analysis of variance indicated
significant differences among the genotypes for different morphological characters. The phenotypic coefficient
of variation (PCV) was higher than genotypic coefficient of variation (GCV).The value of PCV and GCV more
or less equal were observed in various characters which indicated that these characters were less influenced by
the environment. The high values of GCV and PCV observed for pod yield per plot, pod length, number of
seeds per pod, number of pods per plant, average pod weight, and number of cluster per plant with high
heritability estimates and high expected genetic advance, indicating the addetive gene effects, selection for
such traits might be useful for development of varieties.

Key words : Genetic variability, heritability, genotypes, F5 generation, cowpea.



drought and adoptability to wide range of soils
and in semi-arid areas of Maharashtra, Gujarat
and Karnataka.

Cowpea has great nutritional importance
grain contains 23.4 per cent protein, 1.8 per
cent fat and 60.3 per cent carbohydrates and it
is rich source of calcium and iron (Gupta, 1988).
Cowpea is of major importance to livelihood of
millions of relatively poor people in under
developed countries of the tropics. In fresh
forms the young leaves, succulent pods are used
as vegetable, while several snacks and main meal
dishes are prepared from grain. Being rich in
protein and many other nutrients it is known as
vegetable meat. (Singh et al., 2000).

Cowpea is a warm season, annual
herbaceous legume crop. Growth habit ranges
from erect, determinate, non-branching type to
prostrate or climbing, indeterminate and
profusely branching types. It has strong tap root
system. Stem may be green or pigmented.
Leaves are alternate, trifoliate with one
symmetrical terminal leaflet and two
asymmetrical leaflets. Inflorescence is an

unbranched auxiliary raceme bearing several
flowers at the terminal and of peduncles. Calyx
is longitudinal riffed, tubular with 2-15 mm long
sub-equal lobes. The corolla is papilionaceous
with an erect standard petal spreading at the
time of flower opening. The wings are boat-
shaped, enclosing the androecium and
gynoecium. The stamens are diadelphous(9)+1.
Anthers are bright yellow. Ovary is
monocarpellary, unilocular with many ovules.
Pods are vertically attached to the raceme axis,
mostly linear.

Study of genetic variability particularly
important in yield and yield contributing
characters is basic to plan out future
improvement programme in any crop. Selection
from quantitative characters is less efficient, if it
is based on phenotypic expression, Hence, It is
necessary to assess the relative extent of genetic
and non-genetic variability exhibited by
individual characters. This is achieved by
estimation of genetic variability using suitable
parameters like genotypic coefficient of
variation, heritability in broad sense and
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Table 1. Estimation of genetic parameter range, mean, GCV, PCV, heritability and expected genetic advance (EGA)

Characters Range Mean GCV% PCV% Herit- EGA as %
ability over mean
(%)

Plant height (cm) 71.6 to 94.46 81.99 11.32 11.41 90.33 23.13
Primary branches plant-1 5.96 to 10.64 8.55 17.03 17.30 73.20 34.52
Leaf area (cm2) 99.66 to 175.49 135.50 11.32 11.37 80.93 23.21
Days to first flower 45.56 to 52.10 49.00 3.88 4.14 76.30 7.47
Days to 50% flowering 39.03 to 54.63 51.39 6.83 6.95 73.93 13.81
Number of clusters plant-1 6.56 to 11.83 8.85 15.98 16.37 74.62 32.14
Number of pods cluster-1 1.46 to 2.86 2.29 20.75 22.80 74.20 38.91
Number of pods per plant 10.16 to 28.56 19.93 24.30 25.92 76.50 46.92
Pod diameter (cm) 0.54 to 0.94 0.67 16.53 16.59 76.40 33.90
Pod length (cm) 13.32 to 41.00 22.49 32.39 32.47 94.40 66.53
Number of seeds pod-1 9.6 to 25.93 15.65 29.47 30.08 85.20 59.47
Average pod weight (g) 4.83 to 8.55 6.58 19.01 19.19 92.30 38.80
100 seed weight (g) 10.33 to 14.36 12.33 9.96 10.07 78.20 20.27
Fiber Content (%) 1.24 to 1.87 1.57 12.89 12.94 75.20 26.44
Pod yield plot-1 (kg) 7.47 to 2.10 3.97 35.49 36.59 90.50 70.90



expected genetic advance for individual
characters. Although genetic coefficient of
variation is indicative of presence of degree of
variation, the amount of heritable portion of
variation can only the determined with the help
of estimates and genetic gain. Therefore, for
development of high yielding varieties, it is
necessary to study the genetic variability for yield
and yield contributing characters for further
exploitation in further breeding programme.
Similarly, it is necessary to workout genetic
association between yield and yield components
which will be very effective for the improvement
of the crop.

Material and Methods

The present investigation “Genetic
Variability, Heritability and Genetic Advance
Studies in F5 Generation of Cowpea" was
carried out at Main Garden, University
Department of Horticulture, Dr. Panjabrao
Deshmukh Krishi Vidyapeeth, Akola, during
kharif season of the year 2015.

The plot was selected on the basis of

suitability of the land for cultivation of cowpea.
Analysis of variance was calculated as per
method suggested by panse and Sukhatme
(1985).The phenotypic and genotypic
coefficient of variation (PCV, GCV) was
estimated as per Burton (1952). Heritability in
broad sense and genetic advance were
computed according to Johnson et al.,(1955).

Source of plant materials : The material
under study was constituted of 20 genotypes of
cowpea (vigna unguiculata (L.) Walp) with
check which were developed from the
segregating progenies. The genotypes are
AKCP – 13 –1-2, AKCP – 13 –1-4, AKCP – 13
–2-2, AKCP – 13 –2-3, AKCP – 13 –2-4,
AKCP –13 –2–5, AKCP – 13 –4–4, AKCP –
13 –5-1, AKCP – 13 –5-4, AKCP – 13 –5-5,
AKCP – 13 –5-7, AKCP – 13 –5-10, AKCP –
13 –7-5, AKCP – 13 –7-15, AKCP – 13 –10-
2, AKCP – 13 –10-9,  AKCP – 13 –5-6, AKCP
– 13 –9-10, Pusa Komal, Pusa Barsathi. The
data was recorded on following Quantitative
Parameters Plant height (cm), Primary branches
plant-1, Leaf area (cm2), Days to first flower,
Days to 50% flowering, Number of clusters
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Fig. 1. GCV and PCV estimates for various characters in cowpea

Characters



plant-1, Number of pods cluster-1, Number of
pods plant-1, Pod length (cm), Pod diameter
(cm), Number of seeds pod-1, 100 seed weight
(g), Average pod weight (g), Percentage of fiber
content, Pod yield plot-1 (kg),

Result and Discussion

The analysis of variance indicates significant
differences among the twenty genotypes for all
the fifteen qualitative characters under study.
This indicates that genotypic which were used
for study have sufficient amount of variation for
all the characters and hence selection will be
very effective.

The total variation present in population
arises due to genotypic and environmental
effects. Hence it is necessary to split the overall
variability into its heritable and non heritable
components restoring to estimation of genetic
parameter such as genotypic coefficient of
variation (GCV) and phenotypic coefficient of
variation (PCV).In present study estimates of
PCV were higher than GCV are presented in
(Fig. 1) and heritability were higher than genetic

advance are presented in (Fig. 2 ). The estimates
of genotypic and phenotypic coefficient of
variation are presented in (Table 1.) It is
observed from the table that the genotypic
coefficient of variation ranged from 35.49 % to
3.88 % among the fifteen characters under
study. The highest percentage of genotypic
coefficient of variation was observed for pod
yield per plot (35.49%) followed by pod length
(32.39%), number of seeds per pod (29.47%),
number of pods per plant (24.30%) number of
pods cluster-1 (20.75%), average fruit weight
(19.01%), primary branches plant-1 (17.03%),
pod diameter (16.53%), no. of clusters plant-1

(15.98%), fiber content (12.89%) followed by
days to 50% flowering (6.83%), and days to first
flower (3.88%) recorded comparatively lower
GCV percent. Similar magnitude of these
parameters were also found by Nigude et al.
(2004) for plant height, pods plant-1, number of
pods plant-1 and pod length, Venkatesan et al.
(2003 a) for plant height, Pal et al. (2003) for
plant height, number of branches plant-1 and
pods plant-1 Kutty et al. (2003) for seed yield
and pods plant-1.
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Fig. 2. Heritability and Genetic advance estimates for various characters in cowpea

Characters



The phenotypic coefficient of variation
studied for different characters ranged from
36.59% to 4.14%. Maximum PCV per cent was
recorded for pod yield plot-1 (36.59%) followed
by pod length (32.47%), number of seeds pod-1

(30.08%), number of pods plant-1 (25.92%) and
number of pods cluster-1 (22.80%). The lowest
PCV percent was recorded for days to first
flower (4.14%) followed by days to 50%
flowering (6.95%), 100 seed weight (10.07%),
leaf area (11.37%), plant height (11.41) and
fiber content (12.94%).Similar magnitude of
these parameters were also found by Souza et
al. (2007) for plant height, number of pods
plant-1, pod length, 100 seed weight and
number of seeds pod-1, Savithramma et al.
(2005) for plant height, number of primary
branches plant-1, number of pod plant-1, pod
yield plant-1 and seed pod-1. Hodawadekar
(2002) for plant height, seed yield plant-1, pod
length and number of pods plant-1, Nehru and
Manjunath (2001) for plant height.

Heritability estimates in broad sense for the
characters studied were ranged from 94% to
73%. It was higher for pod length (cm)
(94.40%).similar result was recorded by Sapara
et al. (2014) for pod length, followed by average
pod weight (g) (92.30%), pod yield plot-1 (kg)
(90.50%), plant height (cm) (90.33 %), leaf area
(cm2) (80.93%), number of seeds pod-1 (85.25
%), 100 seed weight (78.20%), number of pods
plant-1 (76.50%), pod diameter (76.40 %), days
to first flower (76.30%), fiber content (75.20%)
and number of clusters plant-1 (74.62%) which
shows the selection for these characters will be
beneficial. number of pods cluster-1 (74.20%)
and days to 50% flowering (73.93%) showed
medium heritability, while primary branches
plant-1 (73.20%) low amount of heritability was
observed indicating the least benefit from the
selection made. Similar magnitude of these
parameters were also found by Girish (2000) for
plant height, seeds pods-1, seed yield and 100
seed weight, Sharma (1999) for plant height and

days to 50% flowering, Suganthi and Murugan
(2008) for pod yield plot-1.

Estimate of the expected genetic advance
expressed in percentage of mean for various
characters indicated the range from 7.47% for
days of first flowering to 70.90% for pod yield
plot-1 (kg). The characters viz., pod yield plot-1

(kg) (70.90%) possessed fairly high estimates of
expected genetic advance followed by pod
length (cm) (66.53%), Number of seeds pod-1

(59.47%), number of pods plant-1 (46.92%),
number of pods per cluster (38.91%) and the
characters such as 100 seed weight (20.27%),
plant height (23.13%), fiber content (26.44%),
days to first flower (7.47) shows comparatively
low estimates of expected genetic advance
followed by days to 50% flowering (13.81%),
leaf area (cm2) (23.31%). Similar magnitude of
these parameters were also found by Kumawat
et al. (2005) for seed yield and it's components,
Prasanthi (2004) for plant height, pods plant-1,
100 seed weight and seed yield, Tyagi et al.
(2000) for days to 50 per cent flowering, plant
height, seed yield plant-1, Selvam et al. (2000)
for plant height and days to 50 per cent
flowering.
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The pigeon pea name was first reported
from plants used in Barbados. Once seed of this
crop were considered very important there as
pigeon feed. Based on the range of genetic
diversity of the crop in India, Vavilov (1951)
concluded that pigeon pea originated in India

Pigeon pea (Cajanus cajan (L.) Mill sp.) is
cultivated in the semi-arid areas of tropics and
subtropics. The ability of pigeon pea to produce
economics yields in soil characterized by
moisture deficit makes it an important crop of
dry land agriculture. Pigeon pea grains contain
23.3% protein, 35% minerals, 57.6%
carbohydrates and provides 335 KCW energy/
100g (Anonymous, 1981) since the primary

objectives of pigeon pea cultivation has been to
meet surplus of grains as such their was not
much increase in production and productivity of
pigeon pea. The major pigeon pea growing
states in India are Maharashtra, Madhya
Pradesh, Uttar Pradesh, Karnataka and Gujarat.
These states together contribute 86.1% of total
growing area and 84.5% of total production.

Maharashtra ranks first in both area and
production of pigeon pea. In Marathwada
pigeon pea is grown on an area 0.46 million
hectare with production 0.37 million tonnes and
productivity of Marathwada region is 818 kg. In
Maharashtra, pigeon pea is grown on an area of
1.86 million hectare. With production of 0.85
million tonnes and productivity 760 kg ha-1. 

Pigeon pea phenology is strongly affected by
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Relation between Agrometeorological Indices, Crop
Phenology and Yield of Pigeon Pea as Influenced by Different

Dates of Sowing and Varieties
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Abstract
The Field experiment was conducted during 2016-17 at Research farm AICRP Agrometeorology,

Vasantrao  Naik Marathwada Krishi Vidyapeeth, Parbhani  to study effect of weather parameters on pigeon
pea varieties under different dates of sowing and agrometeorological indices during Kharif season. The field
experiment was lay out in a split plot design with three replications. There were thirty six treatment
combinations comprising of four sowing dates viz.,  25th, 26th, 27th and 28th MW as main plot treatments
and three varieties viz., BDN-711, BSMR-736 and BSMR-853 as sub plot treatments. The pooled data showed
that, sowing of pigeon pea during 27th MW recorded significantly higher growth parameters viz., plant height,
number of branches plant-1 with yield attributing characters viz., number of pod plant-1, grain yield, straw and
biological yield . The variety BSMR-736 was significantly superior over other varieties. The highest grain, straw
yields and biological yield were recorded with the variety  BSMR-736 sown on 27th MW , with respect to other
dates of sowing and varieties. The agrometeorological indices result data  showed that D1 (27th MW) sowing
date and  V2 (BSMR-736) variety recorded significantly higher value of yield and growing degree days (GDD),
helio thermal units (HTU), hydro thermal units (HTU), photo thermal index (PTI) and heat use efficiency (HUE),
besides took more days to reach different phenophases as compared to other treatment . this indicated that
BSMR-736 sown on 27th MW should be adopted in pigeon pea cultivars to achieve maximum yield under
varied weather condition.

Key words : Pigeon pea varieties, dates of sowing, agrometeorological indices.

1. and 4.  SRF, VNMKV, Parbhani, 2. Officer Incharge,
AICRPAM Parbhani and 3. SRA Dept. of Agril.
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temperature (Hodges 1991; Jones et al. 1991;
Ritchie and Ne Smith 1991) and photo period
(Omanga et al. 1996) emphasized that the
effect of temperature on the rates of pigeon pea
development can be similar in magnitude to
those of photoperiod. The optimum range of
temperature for proper growth and
development of pigeon pea is 18–38°C (Van der
Maesen 1989). Whereas in the controlled
environment showed that warm (>28°C) and
cool (<20°C) temperature delay flower initiation
and that the optimal temperature for flowering
for early maturing type is close to 24°C (Turnbull
et al. 1981).

The various weather indices are Growing
Degree Days (GDD), Helio Thermal Unit (HTU),
Photo Thermal Index (PTI) and Heat Use
Efficiencies (HUE). GDD is mainly used to
explain the relationship between growth
duration and temperature. HTU is used to
express the effect of varying ambient
temperature on the duration between the
phenological events for comparing the crop
response to the ambient temperature between
phenological stages. PTU explains the basic
principle that flowering is hastened as the length
of night increases in short day plants, while in
long day plants, flowering is delayed as the
length of night increases. The phasic
development and crop yield are influenced by
both temperature and photoperiod. Therefore,
it is better to calculate PTI and HTU in addition
to GDD.

Material and methods

The Field experiment was conducted during
2016-17 at Research farm AICRP
Agrometeorology, Vasantrao  Naik Marathwada
Krishi Vidyapeeth, Parbhani  to study effect of
weather parameters on pigeon pea varieties
under different dates of sowing and
agrometeorological indices during Kharif season
.The field experiment was lay out in a split plot

design with three replications. There were thirty
six treatment combinations comprising of four
sowing dates viz.,  25th, 26th, 27th and 28th

MW as main plot treatments and three varieties
viz., BDN-711 , BSMR-736 and BSMR-853 as
sub plot treatments. The gross and net plot sizes
were 5.4 m x 5.0 m and 3.6 m x 4.0 m,
respectively. A spacing of 90 cm x 20 cm was
adopted by using 12 to 15 kg seed ha-1. A
recommended dose of fertilizer (30:60:30 kg N,
P, K ha-1) was applied uniformly to all the
treatments. 

Computation of Agro meteorological
indices

Heat Use Efficiency (HUE) : HUE was
computed by using following formula. This was
proposed by Kumar et al. (2008).

Seed yield ( kg ha-1) 
HUE= ––––––––––––––––––––––––––––––––––
(kg  ha-1 Accumulated heat units (GDD)
°C day-1)                           

Growing Degree Days (GDD) : The growing
degree days (GDD) was worked out by
considering the base temperature of 10°C (Patel
et al. 1999). The total growing degree days
(GDD) for different phenophases were
determined by the following formula

dh
Accumulated  =  S (Tmax + Tmin ) / 2] - Tb
GDD (°C day)     ds

Where,  GDD = Growing degree days, Tmax
= Daily maximum temperature (°C), Tmin =
Daily minimum temperature (°C), Tb = Base
temperature (10°C), ds = Date of sowing and dh
= Date of harvest.

Hydro thermal units : The hydrothermal
unit was calculated by multiplying GDD with
mean relative humidity at critical growth stages
of crop.
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Hydrothermal units =  GDD x Mean relative
humidity

Helio Thermal Units (HTU)  : The HTU
is the product of GDD and mean daily hours of
bright sun shine. The sum of HTU for each
phenophase was worked out by following
equation which was given by Nagamani et.al
(2015).  

Accumulated HTU (°C day hrs ) = GDD x BSS

Where, HTU = Helio Thermal Units, GDD
= Growing Degree days and BSS = Bright Sun
Shine Hours

Photo Thermal Index (PTI) : PTI may be
defined as “the ratio of total accumulation of
GDD to the no. of days taken between two
phenophases” and expressed in terms of oC
day. PTI was computed by using following
formula. This was proposed by Gowda et al.
(2013).

Total accumulation of GDD
PTI (°C day) = –––––––––––––––––––––––––––

No. of days taken between
two phenophases

Results and Discussion

Phenological studies : The sequential
study of development stages (i.e. crop growth
stages) of the crop is known as phenology. The
duration (days) taken for commencement of
different phonological events viz., emergence
(P1), branching (P2), 50% flowering (P3), pod
formation (P4), grain formation (P5) and maturity
(P6) for different date of sowing of the pigeon
pea crop. The total days required from sowing
to maturity ranged from 176 to 189 days. The
duration of the crop was varied in different date
of sowing and varieties is due to the different
weather condition prevailed in different
phenophases of pigeon pea. 

It was apparent from the results, 25th MW

and 26th MW sowing longer duration to attain
maturity as compared to 27th MW and 28th MW
sowing and BSMR-736 variety is highest days
required to maturity due to this shorter duration
in late sown crop seems to have affected the
yield as well as total biomass production. 

1.  Yield 

The data presented in Table 1 indicated that
mean seed yield  and straw yield was 1760.9 kg
ha-1 and 4527.2 kg ha-1 respectively. Seed yield
and straw yield was influenced by different
treatments.

The data pertaining to seed and straw yield
of pigeon pea at harvest as influenced by sowing
dates are presented in Table 1. It was
significantly influenced by different sowing dates.
Sowing of pigeon pea at 27th MW recorded
maximum seed and straw yield (1888 kg ha-1)
and  (4925 kg ha-1) respectively followed sowing
dates in order of sequence were 25th, 26th and
28th MW sowings. Similar result was reported
by  Patil et al. (2009), Mahmood-ul-Hassan et
al. (2003).

The data pertaining to seed and straw yield
of pigeon pea at harvest as influenced by
different varieties are presented in Table 1. It
was significantly influenced by varieties. A
variety BSMR-736 recorded maximum seed
yield (1967.8 kg ha-1) and straw yield (4633.2
kg ha-1) was superior over rest of the varieties
and lowest  by BSMR-853 (1571 kg ha-1 ) and
(4405.6  kg ha-1 ). This was due to less flower
drop, more number of branches and more
number pod plant-1 helped in more seed yield
(kg ha-1).

The effect of interaction between varieties
and sowing times at harvest were found
significant for seed and straw yield.

2.  Harvest index (%)

The data presented in Table 1 indicated that
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mean harvest index 28.0%. The data pertaining
to harvest index of pigeon pea as influenced by
sowing dates are presented in Table 1. It was
significantly influenced by different date of
sowing. Sowing of pigeon pea at 28th MW
recorded highest harvest index (29.1%) followed
sowing dates in order of sequence were 26th,
27th and 25th MW sowings.

The data pertaining to harvest index of
pigeon pea as influenced by different varieties
are presented in Table 1. It was significantly
influenced by varieties. A variety BSMR-736
recorded highest harvest index (29.8%) was
superior over rest of the varieties and lowest  by
BSMR-853 (26.3% ). 

3.  Agro meteorological indices                                                                                                        

Pigeon pea is grown in tropical and
subtropical regions in which weather play major
role in crop production. Among the climatic

factors, temperature, BSS and humidity plays a
key role in determining the sowing time and
consequently the duration of different
phenophases, which affect the crop productivity.
Hence, knowledge of the exact duration of all
the developmental phases and their association
with yield determinants is essential for achieving
high yield. Growing degree days (GDD), Hydro
thermal units (HTU), photo thermal index (PTI)
and Helio thermal units (HTU) are good
estimators of pigeon pea growth stages. 

3.1  Heat use efficiency and heliothermal
use efficiency

At maturity, HUE for seed yield was
significantly higher (0.45) for D3 (27th MW)
sown crop as compared to rest of treatment.
Among cultivars, BSMR-736 had significantly
higher heat use efficiency (0.45) followed by
BDN-711 (0.43) and BSMR-853 (0.36) for
SEED production. Heliothermal use efficiency
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Table 1. Seed yield , straw yield (kg ha-1) , harvest index, heat use efficiency and  helio thermal use efficiency of Pigeon pea
as influenced by different dates of sowing and varieties

Treatments Yield (kg ha-1) Harvest Heat use Helio thermal 
–––––––––––––––––––––––– index efficiency for use efficiency 
Seed Straw seed yield for seed yield

Sowing dates (04)
D1 (MW 25) 1807.9 4744.1 27.6 0.41 0.067

D2 (MW 26) 1779.4 4609 27.9 0.41 0.066

D3 (MW 27) 1888 4925 27.7 0.45 0.068

D4 (MW 28) 1568.2 3829.9 29.1 0.38 0.057

SE ± 38.92 40.53 - - -

CD at 5% 113.97 118.69 - - -

Varieties (03)
V1 (BDN 711) 1743.8 4542.8 27.7 0.43 0.069

V2 (BSMR 736) 1967.8 4633.2 29.8 0.45 0.067

V3 (BSMR 853) 1571.0 4405.6 26.3 0.36 0.056

SE ± 33.70 35.10 - - -

CD at 5% 98.70 102.79 - - -

Interaction effect (D x V)
SE ± 67.41 70.20 - - -

CD at 5% 197.4 205.58 - - -

G mean 1760.9 4527.2 28.0 0.41 0.065



for seed was found maximum 0.068 for D3
sown crops. In case of cultivars, BDN-711 had
highest helio-thermal use efficiency 0.069 for
seed production. The minimum heliothermal use
efficiency was found in BSMR-853 for seed
production. Higher HUE and HTUE in timely
sown could be attributed to the highest grain

yield. As the temperature was optimum
throughout growing period crop utilized heat
more efficiently and increased biological activity
that confirm higher yield. 

3.2  Growing degree days (GDD)

Thermal time is widely used for describing
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Table 2. Agrometeorological indices of Pigeon pea as influenced by different dates of sowing and varieties

D1 D2 D3 D4 V1 V2 V3
(25 MW) (26 MW) (27 MW) (28 MW) (BDN711) (BSMR736) (BSMR853)

Growing degree day (°C days)
P1 195.2 178.2 141.6 158.3 168.3 168.3 168.3
P2 903.3 891.4 898.0 893.3 689.0 1106.9 893.5
P3 2325.6 2289.3 2276.4 2218.1 2333.3 2244.5 2254.3
P4 129.0 108.3 87.3 74.1 100.8 87.1 111.1
P5 88.9 93.8 93.8 99.5 94.8 94.6 92.7
P6 768.8 733.5 716.6 702.4 634.7 762.0 794.2
Total 4410.9 4294.4 4213.7 4145.4 4020.8 4403.4 4314.1

Helio thermal units (°C)
P1 1132.2 178.2 141.6 141.6 674.6 674.6 689.2
P2 2749.3 3565.4 4262.5 4262.5 2525.2 4790.0 3797.4
P3 14101.4 14489.7 15154.2 15154.2 14395.8 15423.4 14634.5
P4 1226.1 1052.9 807.0 807.0 948.7 793.8 1061.5
P5 831.5 871.7 811.8 811.8 869.2 856.8 854.5
P6 7003.0 6601.2 6449.0 6449.0 5712.6 6920.3 7147.8
Total 27043.4 26759.0 27626.1 27626.1 25126.1 29458.9 28184.9

Hydro thermal unit (°C)
P1 13148.1 14366.5 12751.3 10840.1 12776.5 12776.5 12776.5
P2 72652.0 71772.6 69035.3 68821.3 54934.7 86372.6 70403.6
P3 168781.1 163833.3 157436.2 150437.5 167695.8 154163.4 158506.8
P4 6785.9 5448.4 4477.1 3947.1 5339.4 4382.4 5772.2
P5 4594.9 4983.9 4968.8 5251.0 4901.8 5223.1 4724.0
P6 40077.9 37992.4 37418.3 36491.3 33117.2 39573.4 41294.3
Total 306039.8 298397.1 286087.0 275788.4 278765.4 302491.5 293477.3

Photo thermal index
P1 27.9 25.5 23.6 26.4 24.0 24.0 24.0
P2 26.6 26.2 26.4 26.3 26.5 26.4 26.3
P3 25.6 25.4 25.0 24.6 25.4 24.7 25.0
P4 21.5 18.1 17.5 18.5 20.2 17.4 18.5
P5 17.8 18.8 18.8 16.6 19.0 18.9 18.5
P6 20.2 19.8 19.9 117.1 20.5 19.5 19.9
Total 139.5 133.7 131.1 129.4 135.5 130.9 132.3

P1 - Sowing to emergence P2 - Emergence to branching P3 - Branching to 50% flowering
P4 - 50% flowering to pod formation P5 - Pod formation to grain formation P6 - Grain Formation to physiological maturity



the temperature responses to growth and
development of crops. Thermal time or GDD
required for completion of different
phenophases of pigeon pea were worked out
and given in the table 2 showed that the number
of growing degree days was total accumulated
during the each phenophases at the base
temperature of 10.0°C and it was obtained
4266.1°C days and  4209.9°C days as general
mean of sowing dates and varieties respectively.

The results showed that the growing degree
days was significantly affected by different
sowing dates and the highest number of growing
degree days recorded in D1 (MW 25) indicated
more heat load (i.e. 4410.1°C day) than rest of
the treatments it may be due to maximum air
temperature prevailed at sowing dates. Date of
sowing D4 (MW 28)  recorded lowest heat load
(i.e. 4145.4°C day) heat unit required for
attaining various phenophases in D4 (MW 28)
date of sowing due to effect of temperature and
delayed sowing during the crop growing
season.  

The data presented in Table 2 revealed that
the total heat unit requirement of all the varieties
during crop life cycle was 4020.8°C, 4403.4°C,
and 4314.1°C for  BDN-711, BSMR-736 and
BSMR-853 respectively. It might be due to the
different crop duration in these three varieties. 

3.3  Helio thermal unit

The variation in mean daily temperature and
bright sunshine hour among four sowing dates
resulted in varied accumulated helio-thermal
units at different phenophases and life cycle of
pigeon pea crop. The total helio-thermal units
were observed in date of sowing (D1 to D4)
ranged from 26759.0 to 27626.1°C day hour.
Third and fourth sowing dates the highest
Helio-thermal units was recorded in  27th and
28th MW sowing (27626.1°C day hrs) followed
by 25th MW sowing (27043.4°C day hrs) and
26th MW sowing (26759.0°C day hrs).

The data presented in Table 2 showed that
total HTU required during total crop growth
period was V2 (BSMR-736) required highest
total HTU i.e. (29458.9°C day hour) as
compare to other varieties.  It might be due to
different growth period.

3.4  Hydro thermal unit

The variation in mean daily temperature and
relative humidity among four sowing dates
resulted in varied accumulated hydro-thermal
units at different phenophases and life cycle of
pigeon pea crop. The hydro-thermal units were
observed in date of sowing (D1 to D4) ranged
from 275788.4 to 306039.8°C day.  Early
sowing dates the highest Hydro-thermal units
was recorded in  25th MW sowing (306039.8°C
day ) followed by 26th MW sowing (298397.1°C
day) and 27th MW sowing (286087.0°C day hrs)
and the lowest  in 28th MW sowing  (275788.4
°C day). In case of varieties V2 (BSMR-736)
required highest total HTU i.e. 302491.5°C day
as compare to other varieties.  

3.5  Photo Thermal Index (PTI)

The data on mean PTI as influenced by
different treatments at different phenophases is
given in Table 2. Amongst the sowing date,
decreasing trend in total accumulated PTI with
delayed sowing date was observed. Significantly
highest total PTI (139.5°C days day-1) was
accumulated by 25th MW sowing and lowest
(129.4°C days day-1) in 28th MW sowing as
compared to other sowing dates. The results
indicated that the total photo thermal index (PTI)
accumulated from emergence to physiological
maturity ranged between 129.4 to 139.5°C
days day-1 among all sowing dates.

The significantly highest total PTI was
accumulated by BDN-711  (135.5 oC days
day-1) and lowest total PTI was accumulated by
BSMR-736 (130.9°C days day-1). It may be due
to genotypic variation and varietal.
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Conclusion

Based on the above findings, it may be
concluded that pigeon pea sown in D3 sowing
date 27th MW and cultivar BSMR-736 produced
higher grain yield (1888 kg ha-1) and (1967.8
kg ha-1) respectively. Highest HUE and HTUE
on D3 sowing date and variety BSMR-736 and
BDN-711 respectively. The growing degree day,
hydro thermal units and photo thermal index for
entire crop growing period decreased with late
sowing. This study also indicated that change in
microclimate due to different sowing dates is
reflected in individual phenological stage.
Differences in agro-meteorological indices for
various phonological stages indicated  that
accumulated temperature can be utilized for dry
biomass and crop yield forecast.
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In order to decrease the vulnerability of
agriculture to increasing climatic variability and
ultimately to increase the crop production
through weather forecast and agro advisories,
Indian Meteorological Department / Ministry of
Earth Sciences (MoES) is operating an Integrated
Agro-Meteorological Advisory Services (IAAS) at
district level in India (Chattopadhayay et al.,
2016). It is now clear that though climate
change may be a global phenomenon, its
consequences are felt locally. Thus, we need to
take situation-specific actions to mitigate the

impact of climate change and adapt the farming
system to the changed weather conditions
(Sheokand and Singh, 2012). Weather is one of
the most important factors determining success
or failure of agricultural production. It effects on
every phase of growth and development of
plant. Any variability in the weather during the
crop season, such as delay in the monsoon,
excessive rains, flood. droughts, spells of too-
high or too-low temperatures would affect the
crop growth and finally the quality and quantity
of the yield. The losses in crop can be reduced
by doing proper crop management in time by
timely and accurate weather forecasts. Weather
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Abstract
Gramin Krishi Mausam Sewa publishing Agromet advisory bulletin in the interest of farming community

and all end user which has included past, current and forecasted weather information. Agro meteorological
Advisory Service (AAS) rendered by India Meteorological Department (IMD), Ministry of Earth Sciences (MoES)
in active collaboration with ICAR, State Agriculture Universities, State Department of Agriculture etc. is a step
to contribute to weather information based crop/livestock management strategies and operations dedicated to
enhancing crop production and food security. The main emphasis of the existing AAS system is to collect and
organize climate/weather, soil and crop information and to amalgamate them with weather forecast to assist
farmers in taking management decisions. This has helped to develop and apply operational tools to manage
weather related uncertainties through agro-meteorological applications for efficient agriculture in rapidly
changing environments. Agro- advisory bulletin is prepared in four parts viz., weather forecast for next five
days, alert message, crop condition & livestock management and weather based agro advice. Research work
was undertaken on adaptation of Agromet advisory bulletin (AAB) and economic impact of agromet advisory
services for cotton during Kharif 2016-2017 under Gramin Krishi Mausam Sewa, Vasantrao Naik Marathwada
Krishi Vidyapeeth, Parbhani, with the objective according to weather forecasting is to advice the farmers on
the actual and predicted weather and its impact on the various day to day cultivation practices and overall crop
management. To assess the impacts of agromet advisory services, users of agromet advisory services (AAS)
and non-users of agromet advisory services (Non-AAS) were selected. Results showed that the farmers who
followed the weather forecast and weather based agromet advisories help in increasing the economic benefit
by suggesting them the suitable management and cultivation practices and reduces the input cost which
increases benefit cost ratio as compared to non-AAS farmers. Also, AAB adopted farmers given rating in
percentage on the basis of quality and utility, excellent (27), very good (17), good (27), satisfactory (07) and
ordinary (22) was observed.

Keywords :  Agromet advisory bulletin, weather prediction, economic impact.
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forecast also provides guidelines for selection of
crops best suited to the anticipated climatic
conditions. The objective of the weather
forecasting is to advice the farmers on the actual
and expected weather and its impact on the
various day to day operations i.e. sowing,
weeding, time of pesticides spray, irrigation
scheduling, fertilizer application etc. and overall
crop management. Weather forecasts helps to
increase agriculture production, reduce losses,
risks, reduce costs of inputs, improve quality of
yield, increase efficiency in the use of water,
labour and energy and reduce pollution with
judicious use of agricultural chemicals. Rao
(2008) reported that the weather based AAB on
medium range weather forecasts is used to
minimize the risk from weather and weather
induced pest and diseases. There are some
techniques which are used in preparation of
agro advisory bulletins which as follows:

a) The spraying of insecticides/pesticides
should be avoided for the day when predicted
rainfall was more than 5 mm.

b) During winter and summer season follow the
techniques given by university experts to
avoid the harmful effects on crop and
animals.  

c) Irrigation frequency to be adjusted according
to rainfall forecasting, residual soil moisture,
soil type and atmospheric evapotranspirative
demand and also at critical growth stages of
the crop particularly for rabi and summer
crops.

d) Protective irrigation facility should be create
by adopting integrated soil moisture and
water conservation in rabi season or in dry
spell during kharif season.

e) During summer season, the fruit crops to be
protected from heat stroke and irrigate these
orchards with alternate row irrigation
technique to save the water and also use of

soil mulches to reduce the losses of soil
moisture i.e. weather modification for
microclimate of crop.

f) Nursery seedlings in horticultural vegetables
always prefer for planting, it has useful to
increasing the net income as well as saving
the water and also labour charges.

g) The advisory for avoiding spraying
particularly at noon time when normally the
wind speed is higher. The sprayings/
dustings of various insecticides, pesticides
and fungicides were to be done either in early
morning or at evening time. 

The advisories should also serve an early
warning function, alerting producers to the
implications of various weather events such as
extreme temperatures, heavy rains, floods and
strong winds. This article clearly shows the
correct and useful forecast analysis for eight
districts and also benefit one can achieve by
adopting agro advisory services than those not
aware of it. Considering these situations, study
was carried out to evaluate the economic impact
of agromet advisory bulletin on Kharif cotton by
using AAS farmers and Non-AAS farmers.
Similarly their opinion and feedback about the
usefulness of agro advisory bulletin was also
taken. 

Materials and Methods

Weather forecast on rainfall, maximum and
minimum temperatures, relative humidity, wind
speed and wind direction are being received
from National Centre for Medium Range
Weather Forecasting (NCMRWF), Govt. of India,
New Delhi through regional Indian
Meteorological Department on every Tuesday
and Friday. The present study was carried out
during the period 2016-2017 at Gramin Krishi
Mausam Sewa, Vasantrao Naik Marathwada
Krishi Vidyapeeth, Parbhani to study Agromet
Advisory Bulletin to mitigate the impact of
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climate change on agriculture. The major
objective of this programme is to advise timely
and need based crop management practices.
AAB were issued by the AMFU's of the last five
years. AAB is published twice in a week viz.,
Tuesday and Friday generally by all AMFU's.
The Data on Agro Advisory Bulletin was
collected from Indian Meteorological
Department, Pune and State Agricultural
Universities across the nation. Agro Advisory
Bulletin is prepared in four parts: 1) Weather
forecast for next five days 2) alert message 3)
Crop condition & Livestock management 4)
weather based agro advice. Once the forecast
was received, the expert's opinion from different
disciplines was obtained. Based on the advice,
the agro advisories are being prepared on every
Tuesday and Friday in Marathi as well as in
English. Weather forecast and weather based
agromet advisories help in increasing the
economic benefit to the farmers by suggesting
them the suitable management practices
according to the weather conditions. A study
was therefore undertaken on adaptation of
agromet advisory bulletin and economic impact
of Agromet Advisory Services. for assessing the
impacts of Agromet Advisory services, users of
agromet advisory services (AAS) and non users
of agromet advisory services (Non-AAS) were
selected for cotton. Also from this data opinion
of farmers about usefulness of AAB was
calculated which is based on weather forecasting
and their feedback was considered.

Results and Discussion

Results showed that (Table 1) the farmers
followed the agromet advisories are able to
reduce the input cost and increased the net
profit as compared to non AAS farmers, who
did not follow the weather based information.
More net returns of AAS farmers over non-AAS
farmers can be due to low cost of cultivation,
following weather based management practices
and timely management of pests and diseases.

The benefit cost ratio was high of AAS farmers
over non-AAS due to the crop management
done by the farmers such as timely land
preparation and sowing, adoption of
recommended seed rate and suitable varieties,
timely weeding, harvesting and irrigation and
pesticide applications, according to agromet
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Table 1. Economic impact of AAS on Cotton (Rs. ha-1)
during Kharif 2016

Input details ha-1 AAS Non AA 
farmers farmers
(Rs. ha-1) (Rs. ha-1)

Land Preparation 2200 2200
Seed cost 1900 1900
Seed treatment 580 75
Fertilizer cost 4200 4850
Labour cost including irrigation 5840 5220
(weeding, spraying hoeing by 
bullock)
Plant Protection 7000 12000
Harvesting (Picking) 6960 5550
Cost of cultivation 28,680 31,795
Cotton yield (kg ha-1) 1950 1230
Price of Cotton 4800 Rs. q-1 4800
Total income 93,600 60,000
Net Profit 64,920 28,205
Benefit cost ratio 2.26 1.88

Table 2. Opinion of farmers about usefulness of AAB
based on weather forecasting

Opinion of farmers (%) Remarks about AAB

34 Fully useful
23 Partially useful
40 Occasionally useful
03 It's required

Table 3. Rating given by the farmers about AAB

Excellent 27%
Very good 17%
Good 27%
Satisfactory 07%
Ordinary 22%
Total 100%



advisory bulletins. Similar results are in line with
the findings of Vashisth et al., (2013).

From the Table 2, it was concluded that the
opinion given by the farmers about usefulness of
AAB based on weather forecasting, 34%
farmers gave remarks as AAB is fully useful and
satisfactory, 23% partially useful, 40%
occasionally useful and 03% farmers are said
that its required. Feedback given by the farmers
is as follows:

1. Forecasting is more accurate now a days.

2. Hail storm prediction should be given in
advance.

3. AAB gives us reminder regarding monthly
farm operations.

4. AAB is useful in IPM operations.

5. AAB helps in reducing cost of cultivation for
spraying.

6. AAB is need based crop management
advisory.

7. AAB of Agril. Engineering, Animal
husbandry is useful for reducing
expenditure.

8. AAB helps in reducing cost of production.

9. AAB results in reduce economic loss due to
timely farm operations.

10. AAB is received regularly and implemented
as per directives.
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Table 4. Loss or Gain of AAS

Sr.
No.

Forecasted weather parameter
event date

Crop cultural operations
recommended in AAB

Economic gain/loss

1. Prediction of heat wave was given
in the month of May 2016. Special
bulletin was prepared for Crop
management.

Advise to protect the agronomical
crops horticultural crops and
domestic animals from heat wave.

Gain: High temperature was
experienced as predicted and maximum
temperature was recorded 44.8oC and
due to AAB farmers were protects their
crops from heat wave.

2. Onset of monsoon and progress of
monsoon was forecasted and
published during month of June
2016 

Until good rains received (i.e. 100
mm rainfall in a week) do not take
sowing application.

Gain: Sowing was not taken by many
farmers and saved their agricultural
input cost of seed, fertilizer and labour.
Saved their crops by using technology.

3. Prediction of dry spell was given in
the month of August 2016

Advised to apply protective
irrigation, mulching and soil
moisture conservation practices for
different crops.

Gain: Due to adaptation of AAB
farmers were utilized techniques for
saving the crops under dry spell and up
to some extent crops are survived.

4. Prediction of cold wave was given in
2nd week of January 2017. Special
Bulletin as well as Marathi article
was published in Agrowon news
paper for management of
Agronomical crops, horticultural
crops and domestic animals. 

Advised control measure for
mitigation of cold wave.

Gain: Cold wave was experienced as
per prediction and the minimum
temperature was recorded 4.1oC and
due to adoption of AAB losses in
agronomical, horticultural crops and
domestic animals was reduced.

5. Prediction of unseasonal rainfall was
gives during third week of march
2017. Special Bulletin was
prepared for management of crops.

Farmers are advice to protect the
crops and inform about
management practices to overcome
the adverse weather conditions.

Gain: Hailstorm and unseasonal rainfall
was experienced in Latur, Osmanabad,
Beed and Parbhani district as per
information given, farmers are able to
protect the agronomical crops like
wheat, gram, sorghum; horticultural
crops like mango, grape, banana and
citrus as well as vegetable crops like
water melon, onion etc.



11. Timely precise information help for decision
making for the intercultural operation in the
field.

12. Cost saving on the inputs for the chemical
control measures. Time and energy saving
for getting right information at right time.

13. Simple and easy language make people
more interested in listening the advisory.

14. University contribution for the weather and
Agro advisory through radio bulletin is of
great advantage to local farmers.

Similarly, results shown in Table 3 revealed
that AAB adopted farmers given rating in
percentage on the basis of quality and utility,
excellent (27), very good (17), good (27),
satisfactory (07) and ordinary (22) was observed.
Whereas Table 4 showed that it is formulated
that the forecasted information given through
the AAB is economically useful to farmer for
avoiding the losses of crop yield due to abnormal
weather conditions. These results are
corroborate with the findings of Khobragade et
al., (2014). 

Conclusion

The studies showed that the use of agromet
advisory bulletin based on weather forecast is a

very useful tool for enhancing the production
and income. It reduces the production cost and
increases the yield of crop. Similarly, AAB helps
in reducing contribution of agricultural
production system to global warming and
environment degradation through judicious
management of land, water and farm inputs,
particularly pesticides, herbicides and fertilizers.
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Soybean is considered as the most despised
member of oilseeds and pulses in our country.
This is probably due to the fact that even under
minimum agricultural inputs and management
practices it fetches profitable returns to its
growers. In recent years, soybean has assumed
important position in India, as it is one of the
most stable kharif crop  yielding cost effective
production in varied agro- climatic conditions
unlike kharif pulses and oilseeds of our country.
Under scientific management conditions
soybean cultivation yields the highest
productivity, net returns and builds up soil
fertility as well.

Being a member of legume family, it is

capable of meeting its nitrogen requirements
from the atmospheric nitrogen through root
nodules bacteria thus build up the soil fertility. It
is usually erect in the growth habits, bushy and
rather leafy. Soybean is indeterminate in the
habit blooming, pod formation and maturation
are specific stages of development, each
affecting all parts of the plant simultaneously.
Soybean is classified according to form, size,
shape and colour of its seeds and maturity
period. The flowers are born on short auxiliary
or terminal racemes and there are 8 to 16
flowers in the clusters. The flowers are normally
self pollinated and completely self-fertile. The
pods of soybean are small either straight
flattened or cylindrical in the shape. In a single
inflorescence the number of pod varies from 2
to more than 20 and a plant may contain up to
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Abstract
An investigation was carried out during 2013-2014 at Department of Agricultural Meteorology, College

of Agriculture, Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani, entitled as “Validation of Info Crop-
Soybean Model at Parbhani Condition.” The treatment comprised of four date of sowing Meteorological weeks
such as (25th MW), (27th MW), (29th MW) and (31st MW) and three cultivar such as V1 (JS-335), V2 (MAUS-
71) and V3 (MAUS -158) was sown at a spacing of 45 x 5 cm. The gross plot size 5 m x 4.5 m and net plot
size was 4.5 m x 3 m. In the present investigation the biometric observations viz. plant height, number of
leaves per plant, leaf area index, relative growth rate,  insect pest incidence were recorded from the different
varieties and date of sowing. Treatment D2 (27th MW) and variety V3 (MAUS-158) was found significantly
superior over all other treatments and varieties respectively. The grain yield, straw yield and biomass yield
recorded at harvest. Also these components significantly highest in treatment D2 and variety V3. The treatment
D2 and variety V2 (MAUS-71) was found second in the order of merit. The highest total GDD  and hydro
thermal unit was observed during D1 (MW 25) sowing date and highest total GDD requirement of V3 (MAUS-
158) and hydro thermal unit  V2 (MAUS-71) respectively. Total heat use efficiency and PTI required during
total crop growth period was highest in D2 (MW 27) day hour as compare to remaining treatments. In case of
varieties V3 (MAUS-158) required highest GDD and PTI in V2 (MAUS-71) as compare to other three varieties.
The highest helio thermal units required in D1 sowing date and V3 (MAUS-158) as compare to other treatment.

Key words : soybean varieties , sowing dates and Agrometeorological indices.
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400 pods. One pod contains normally 2 to 3
seeds. The shape of the seeds varies from
spherical to flatten discs and the colour varies
from pale green and yellow to dark brown. The
seed coat is marked with a seed scar that varies
in shape from linear to oval.

Materials And Methods

The experiment was conducted at
experimental farm, Department of Agricultural
Meteorology, College of Agriculture, Vasantrao
Naik Marathwada Krishi Vidyapeeth, Parbhani
during kharif 2014. The field experiment was
carried out to simulate the effect of weather, soil
and agronomic management practices on
growth development and yield of crop and to
validate the InfoCrop-soybean model during
kharif season.The experiment was conducted in
Split plot design with three replications.
Treatments comprised of four sowing dates in
main plot D1 (25th MW), D2 (27th MW),  D3
(29th)  and  D4 (31th MW), with three varieties
in sub plot viz., JS-335, MAUS-71 and MAUS-
158 with three replications. The experiment was
sown with spacing 45 cm × 5 cm. Gross and net
plot size viz., 5.0 x 4.5 m2 and 4.5  x 3.0 m2

respectively. The periodical observations on
growth, micrometeorological parameters and
yield contributing characters were recorded to
assess the treatment effects. 

Growing degree days (GDD) : Growing
degree days defined as the total amount of heat
required between the lower and upper
thresholds, for an organisms to develop from
one point to another in it’s life cycle is calculated
in units. The growing degree days (GDD) were
worked out by considering the base temperature
of 10°C. The total growing degree days (GDD)
for different phenophases were calculated by
using the following equation:

dh
Accumulated GDD =  [(Tmax + Tmin)/2] –Tb

Ds

where, GDD =  Growing degree day, Tmax
=  Daily maximum temperature (°C), Tmin  =
°0C), Tb = Base temperature (10°C), D = Date
of emergence and Dh = Date of harvest.

Heat Use Efficiency (HUE) : Heat use
efficiency (HUE) for total dry matter was
obtained as under:

Biomass OR Grain yield 
HUE (gm-2/°C day) = –––––––––––––––––––––

GDD (°C days)

Photo thermal index : The photo thermal
units was calculated by GDD divided by days
required to critical stages of crop.

GDD
Photo thermal units= ––––––––––––––––––––––

days required to critical stage

Helio-thermal units : The Helio-thermal
units was calculated by multiplying GDD with
mean BSS at critical stages of crop.

Helio thermal units = GDD x Mean BSS

Helio-thermal units (HTU) and photo
thermal units (PTU) were determined by the
equation proposed by Singh et al. (1990).

Results and Discussion

The data collected during the investigation
have been analyzed by using appropriate
statistical methods.

Post harvest studies :

Grain yield (kg ha-1) : The data regarding
grain yield are presented in Table 1.

Date of sowing : The data on grain yield
indicated that the crop sown in D2 MW-27 (02-
08 July) recorded higher grain yield (1071.6 kg
ha-1) and found significantly superior over other
treatments whereas the lowest yield was
recorded in treatment D4 MW-31 (800 kg ha-1).
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The crop sown in first week of August recorded
low seed yield due to two weeks, dry spell
resulted in low germination of crop. Over all this
year the crop recorded highest yield due to
ample soil moisture during crop growing period.

Cultivars : Statistical analysis of soybean
cultivars showed significant result. During this
year, variety MAUS-158 (V3) produced higher
grain yield (1034.6 kg ha-1) and found
significantly superior over remaining treatments.
Whereas, the variety V1 (JS-335) produced
lowest grain yield (937.5 kg ha-1).

Interaction :

The interaction effect between date of
sowing and different cultivars was found to be
non-significant at all stages and the results to
that effect are presented in Table 1.

Straw yield (kg ha-1) : The data regarding
straw yield are presented in Table 1.

Date of sowing : The data presented in
Table 1 indicated that the crop sown in D2 MW-
27 (02-08 July) recorded higher straw yield
(2147.4 kg ha-1) and found significantly superior
over other treatments, whereas lowest straw
yield was recorded in treatment D4 MW-31 i.e.
1698.8 kg ha-1.

Cultivars : Statistical analysis of soybean
cultivars showed significant result. During this
year variety MAUS-158 (V4) produced higher
straw yield (2117.4 kg ha-1) and found
significantly superior over remaining treatments.
Whereas, the variety JS-335 (V1) produced
lowest straw yield i.e. (1874.5 kg ha-1).

Interaction :

The interaction effects between date of
sowing and different cultivar were found
statistically non-significant.

Biological yield (kg ha-1) : The data

regarding biological yield are presented in
Table 1.

Date of sowing : The data presented in
Table 1 indicated that the crop sown in D2 -
MW-27 recorded higher biological yield (3219.0
kg ha-1) and found significantly superior over
other treatments. Where, as the lowest
biological yield was recorded in treatment D4
i.e. 2498.8 kg ha-1).

Cultivars : Statistical analysis of soybean
cultivars showed significant result. During this
year, variety MAUS-158 (V4) produced higher
biological yield (3118.7 kg ha-1) and found
significantly superior over remaining treatments.

Interaction :

The interaction effect were statistically non-
significant and the result are presented in
Table 1.

Nirwal et al.368

Table 1. Seed yield , Straw , biological yield and Heat use
efficiency of soybean crop for various dates of
sowing and varieties

Treatment Seed Straw Biolo- Heat use 
yield yield gical efficiency
(kg (kg yield (gm-2/
ha-1) ha-1) (kg °C day)

ha-1)

Sowing  dates
D1 (MW 25th) 1021.3 2025.6 3046.9 0.65
D2 (MW 27th) 1071.6 2147.4 3219.0 0.71
D3 (MW 29th) 1055.1 2116.6 3171.7 0.70
D4 (MW 31st) 800 1698.8 2498.8 0.53
S. E. 23.84 40.76 52.08 -
C.D.  71.37 122.04 155.9 -

Variety
V1 (JS-335) 937.5 1874.5 2845.4 0.58
V2 (MAUS-71) 988.8 1999.3 2988.2 0.61
V3 (MAUS-158) 1034.6 2117.4 3118.7 0.64
S. E. 24.75 30.46 40.29 -
C.D.  74.09 91.19 120.62 -

Interactions
S. E. 49.50 60.93 80.59 -
C.D.  NS NS NS -
G. Mean 987.0 1997.1 2984.1 -



Agro-meteorological indices : The data
recorded on these aspects were not subjected to
‘F’ test of variances and results are interpreted
on the basis of values.

Heat use efficiency (gm-2/°C day) : Heat
use efficiency (HUE) values of soybean cultivars
for biomass production and seed yield under four
dates of sowing are given in Table 1. This factor
is a crucial one which ultimately determines the
biomass production leading to economic grain
production. Heat use efficiency was highest for
D2 25 MW and lowest heat use efficiency was
for D4 31 MW. One significant result obtained
is that cultivar JS-335 is far more HUE as
compared to other two cultivars in terms of
performance in HUE. However in terms of date
of sowing and growing environment, highest
value of HUE has been obtained for D2. Similar
results were also reported by Singh et al.
(2007).

Growing degree days (GDD) : Growing
degree days (GDD) for soybean crop under
different sowing dates from sowing to maturity
are presented in Table 2. The data presented in
Table 2 revealed that the mean total heat
requirement during crop life cycle i.e.
emergence to maturity stage (P1 to P3) was
1530 °C. The total heat load was reported
during D1 (MW-25) to D2 (MW-27) i.e. 1581 to
1519°C and again decreased from D3 (MW-29)
and to D4 (MW-31) i.e. 1515 to 1507°C. It may
be due to dry spell occurred during crop life
cycle. Whereas, D1 (MW-28) treatment indicated
more heat load than other treatment of date of
sowing i.e. 1581°C. It may be due to maximum
air temperature observed at the time of sowing.
The lowest (1507) heat unit required for
attaining various phenophase in D4 (MW-31)
treatment due to effect of temperature and
delayed sowing during the crop growing season.
It is cleared that when the temperature of air was
maximum then it will definitely affect GDD of
soybean crop. The data presented in Table 2
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Table 2. Accumulated Agrometeorological indices of
soybean crop for various dates of sowing and
varieties

Phenophase wise accumulated Growing degree
days GDD (°C days)

Dates of sowing

P1 P2 P3 Total

D1 (MW 25th) 149 548 884 1581
D2 (MW 27th) 149 520 850 1519
D3 (MW 29th) 146 528 841 1515
D4 (MW 31st) 113 521 873 1507
Mean 139 529 862 1530

Variety

V1 (JS-335) 126 670 822 1618
V2 (MAUS-71) 126 674 825 1625
V3 (MAUS-158) 126 677 824 1627
Mean 126 674 824 1624

HTU (HELIO THERMAL UNIT)

Dates of sowing

P1 P2 P3 Total

D1 (MW 25th) 804.6 2334.48 4066.4 7205.48
D2 (MW 27th) 476.8 2288 4590 7354.8
D3 (MW 29th) 379.6 3220.8 5214.2 8814.6
D4 (MW 31st) 745 2396.6 6023.7 9165.3

Variety

Variety 560.7 3249.5 4784.04 8594.24
V1 (JS-335) 560.7 3268.9 4793.25 8622.85
V2 (MAUS-71) 560.7 3283.45 4787.44 8631.59

HTU (HYDROTHERMAL UNIT)

Dates of sowing

P1 P2 P3 Total

D1 (MW 25th) 7450 39363 64753 111566
D2 (MW 27th) 9983 36140 57800 103923
D3 (MW 29th) 10950 36606 59501 107057
D4 (MW 31st) 7910 41070 54711 103691

Variety

Variety 8222 48488 56447 113157
V1 (JS-335) 8222 48777 56653 113652
V2 (MAUS-71) 8222 48994 56584 113800

PTI (PHOTO THERMAL INDEX)

Dates of sowing

P1 P2 P3 Total

D1 (MW 25th) 24.83 18.89 15.78 59.5
D2 (MW 27th) 24.83 17.33 16.04 58.2
D3 (MW 29th) 24.33 17.6 15.57 57.5
D4 (MW 31st) 16.15 19.29 15.05 50.49

Variety

Variety 20.16 23.10 14.87 58.13
V1 (JS-335) 20.16 23.24 14.93 58.33
V2 (MAUS-71) 20.16 23.34 14.91 58.41



revealed that the mean heat requirement of
variety during crop life cycle from 1624°C. The
total heat load reported in varieties V1 (JS-335),
V2 (MAUS-71) and V4 (MAUS-158) 1618°C,
1625°C and 1627°C respectively. It may be
occured due to small crop duration, from
emergence to maturity of such varieties. These
results are in confirmatory with the work done
by Kumar et al. (2008), Singh et al. ( 2007) and
Neog et al. (2008). 

Accumulated Helio-thermal units
(HTU) : The helio thermal unit (HTU)
accumulated by the crop to attain different
growing stages are shown in Table 2. The D4
31 MW sown crop accumulated highest (AHTU)
(9165) and minimum units were accumulated in
D1 25 MW (7205.5). Among the cultivars, the
highest helio-thermal units required to reach
physiological maturity were observed for this
cultivar and least were observed for MAUS-158
(8631.6).

Hydro thermal unit : The variation in
mean daily temperature and relative humidity
among four sowing dates resulted in varied
accumulated hydro-thermal units at different
phenophases and life cycle of soybean crop. The
hydro-thermal units were observed in date of
sowing (D1 to D4) ranged from 54711 to
64753°C day.  Early sowing dates the highest
Hydro-thermal units was recorded in  25th MW
sowing (64753°C day ) followed by 27th MW
sowing (57800°C day ) and 29th MW sowing
(59501°C day hrs) and the lowest  in 31th MW
sowing (54711°C day).In case of varieties V3
(MAUS-71) required highest total HTU i.e.
56653°C day as compare to other varieties.  

Photo Thermal Index (PTI) : The data on
mean PTI as influenced by different treatments
at different phenophases is given in Table 2.
Amongst the sowing date, decreasing trend in
total accumulated PTI with delayed sowing date
except D2 was observed. Significantly highest

total PTI (16.04°C days day-1) was accumulated
by 27th MW sowing and lowest (15.05°C days
day-1) in 31th MW sowing as compared to other
sowing dates. The results indicated that the total
photo thermal index (PTI) accumulated from
emergence to physiological maturity ranged
between 15.05 to 16.04°C days day-1 among
all sowing dates.The significantly highest total
PTI was accumulated by MAUS-71  (14.93°C
days day-1) and lowest total PTI was accumulated
by JS-335 (14.87°C days day-1). It may be due
to genotypic variation and varietal.

Conclusion

The experiment was conducted with four
dates of sowing as main plot 25 MW, 27 MW,
29 MW and 31 MW  and three soybean varieties
(JS 335, MAUS-71 and MAUS-158) as sub -
plot in split plot design with three replications.
The results indicate that maximum production
of soybean can be achieved if sowing is done
around D2 27 MW and variety MAUS-158 gave
the highest yield. The best combination of
sowing date and variety was found to be 25 MW
and MAUS-158. Based on the results it was
concluded that heat use efficiency and
Agrometeorological indices  point of view,
soybean  D1 date of sowing and cv. MAUS-71
and MAUS-158 were far more efficient to utilize
heat units over all the sowing dates and varieties
as compared to other. 
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Abstract
An experiment entitled “Correlation studies of weather parameters on cotton (Gossypium spp.) crop under

varied weather condition” The Field experiment was conducted during 2016 at Department of agricultural
meteorology, College of Agriculture, Vasantrao  Naik Marathwada Krishi Vidyapeeth, Parbhani  during Kharif
season. The field experiment was lay out in a split plot design with three replications .There were thirty six
treatment combinations comprising of four sowing dates viz., D1 (25th MW), D2 (26th MW), D3 (27th MW)
and D4 (28th MW) as main plot treatments and three cultivars viz., Ajeet-155,  Mallika and Rashi-2  as sub
plot treatments. The crop sown with spacing 120 x 45 cm on 7.2 x 3.6 m2 gross plot size and 4.8 x 2.7 m2

net plot size. The resultshowed that, biometric observation viz., plant height, number of branches plant-1,
number of squares plant-1, number of flower plant-1, harvest indexand number of boll plant-1 and seed cotton
yield recorded significantly higher in sowing of cotton was obtained with  D1 (25th MW) over the rest of
treatments. Among the cultivars, Ajeet-155 found significantly superior over the other varieties. The
rainfall,rainy days and RH-II has been positively correlated with seed cotton yield at all stages except P4 stage
of rainfall and P5 stage of RH-II has negatively correlated and BSS has been negatively correlated with seed
cotton yield at all stages except P5 stage has been positively correlated   of all varieties of cotton crop. Hence
maximum temperature, minimum temperature and RH-I has been positively correlated with seed cotton yield
at P3, P2 and P7 stages however P9, P10 and P6 stage of maximum temperature and  P2 and P8 stage of
RH-I has been negatively correlated with seed cotton yield of all varieties of cotton crop.

Key words : Cotton cultivers, sowing dates, seed cotton  yield, weather parameters etc.

______________

Cotton the word is derived from Arabic word
‘Quntun’. Cotton (Gossypium spp.) popularly
known as ‘white gold’ or king of fibre.and a
important crop for the rural economy of India
and livelihood of the Indian farming community.
Cotton is one of the principal crops in India,

which has been developed over the years with
the tools of science Cotton occupies a pre-
eminent place among cash crops as it guides the
destiny of a large section of farming community
as well as that of a flourishing textile industry. At
the time of our country’s independence, cotton
was a source of raw material for which the textile
mills had to depends heavily on imports. From
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the modest yield level of 88 kg  ha-1 at the time
of independence of the country, today the
average productivity is touching around 481 kg
ha-1. This growth is a result of technology boost
every decade beginning from introduction of G.
hirsutum cultivar spread of hybrid technology
and management of bollworms through
pyrethrods pesticides. Cotton (Gossypium spp.)
is one of the important cash crops of India.
Which is sub tropical crop grown in an area with
rainfall of 600 mm to 2500 mm. At least 500
mm (20 in.) of water (rainfall/irrigation) is
required to produce a cotton crop during the
season in a constant and regular pattern
(Doorenbos and Pruitt, 1984).  

Adequate soil temperature and moisture
conditions at planting are necessary to ensure
proper seed germination and crop emergence.
The recommended soil temperature at seed
depth should be above 18.0°C (65°F), to ensure
healthy uniform stand. However, soil
temperature below 20.0°C (68 0F), when
combined with moist conditions, can reduce root
growth and promote disease organism which
can injure or kill the seedlings. Cotton require a
minimum daily temperature of 15.0°C (60 0F)
for germination, 21.0-27.0°C (70-80 0F) for
vegetative growth, and 27.0 – 32.0 0C (80-90
°F) during the fruiting period. Current
commercial cultivars generally needs more than
150 days above 15.0°C (60°F) to produce crop,
become inactive at temperature below 15.0°C
and are killed by freezing temperature. Mauney
(1986) stated that all processes leading to
square, blossom, and boll initiation, and
maturation are temperature dependent. Cool
nights are beneficial during the fruiting period,
but extremes in temperature (low/high) can
result in delayed growth and aborted fruiting
sites.The average area in India was 118.77 lakh
ha with 338 lakh bales  lint production and
average productivity of 484 kg ha-1. In India,
state of Maharashtra and Gujrat are the leading
cotton producing states. In India, Maharashtra

area under 38.27 lakh ha with 75 lakh bales lint
production and average productivity of 333  kg
ha-1.  Marathwada area under cotton 14.44 lakh
ha. with 20.87 lakh bales  lint production and
average  productivity of  246 kg ha-1. In the year
2015-16. (Cotton advisory board, National
cotton scenario). 

Material and methods

The experiment was conducted at
experimental farm, Department of Agricultural
Meteorology, College of Agriculture, Vasantrao
Naik Marathwada Krishi Vidyapeeth, Parbhani
during kharif 2016.The experiment was
conducted in Split plot design with three
replications. Treatments comprised of four
sowing dates in main plot D1 (25th MW), D2
(26th MW),  D3 (27th MW)  and  D4 (28th MW),
with three varieties  in sub plot viz., Ajit-155,
Mallika and Rashi-2 (779).The experiment was
sown with spacing 120 × 45 cm. Gross and net
plot size  viz., 7.2 x 3.6 m2 and 4.8  x 2.7 m2

respectively. The periodical observations on
growth characters, post harvest observation and
yield contributing characters of cotton and
micrometeorological parameters were recorded
to assess the treatments effects. 

Correlation between cotton yield and
weather parameters : Simple correlation
between weather parameters i.e. Rainfall, Rainy
days, Maximum temperature, Minimum
temperature, relative humidity, Evaporation,
Bright sun shine hours and wind velocity on the
development of cotton was estimated to know
the correlation between these weather
parameters and seed cotton yield.

The procedure and formula described were
significance was tested.

Sx y
r = ––––––––––

Ö(x) (y)

Where, r = Correlation coefficient, x =
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Independent variable (attributes) and y =
Dependent variable (yield).

Results and Discussion

Growth studies : The biometric
observations of cotton were recorded on various
growth characters viz., plant height, number of
branches plant-1 and number of bolls plant-1 at
regular interval of 14 days and at harvest. 

Plant height (cm) : The data in respect of
mean periodical plant height of cotton as
influenced by different treatments are presented
in Table 1. it was observed that the mean plant
height increased with advancement in the age of
the crop till harvest. The mean plant height was
increased up to 133.2 cm at  harvest. 

The mean plant height was significantly
influenced by different sowing dates. The kharif
cotton sown during 25th MW has recorded
maximum plant height at harvesting stage
(140.46 cm). This might be due to congenial

climatic condition for better germination and
further growth and development of kharif cotton
crop. among the sowing dates, cotton sown
during 25th MW attained maximum plant height
(140.46 cm). and lowest plant height 125.41
cm of sown in  28th MW.similar result was Awan
et al. (2011)

The mean plant height was significantly
influenced up to harvest due to different varieties
(Table 1). The maximum plant height was
observed at harvest stage with Ajeet-155 (134.9
cm) over rest of the varieties. Thus, the period
of grand growth was observed between 28 to
105 days after sowing. 

The interaction between sowing time and
varieties at DAS were found non-significant
(Table 1 ).

Mean number of branches plant-1 : The
data on mean number of branches per plant as
influenced periodically by various treatments are
presented in Table 1. It would revealed that the
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Table 1. Growth characters of cotton crop different date of sowing and varieties at harvesting stage

Treatments Plant No. of Plant No. of Days 
height branches width boll required 

plant-1 plant-1 to flowering

Date of sowing
25th MW 140.46 24.29 94.86 36.22 57
26th MW 135.45 21.67 93.33 32.34 57
27th MW 131.57 20.91 87.58 30.08 54
28th MW 125.41 18.63 86.56 26.84 54
S.E. ± 0.01 0.078 0.016 0.020 0.019
C.D. at 0.05% 0.04 0.272 0.054 0.060 0.064

Varieties
Ajeet-155 134.91 24.07 91.69 32.50 57
Rashi-2 131.91 19.21 89.55 30.32 56
Mallika 132.84 20.85 90.49 31.29 54
S.E. ± 0.001 0.053 0.002 0.035 0.014
C.D. at 0.05% 0.003 0.158 0.006 0.051 0.042

D x V Interaction
S.E. ± 0.005 0.09 0.01 0.035 0.056
C.D. at 0.05% NS NS NS NS 0.167
G.M. 133.22 21.37 90.50 31.37 55



number of branches increased from 21.37 at
harvest of crop. Sowing of cotton at 25th MW
produced maximum number of branches
plant-1 (24.29) and revealed that the number of
branches was significantly affected due to
different sowing times. The next sowing dates in
order of sequence were 26th, 27th and 28th

MW sowings. Similar result was Patil et al.
(2009). 

The differences in the mean number of
branches plant-1 due to varieties were significant
at all the crop growth stages. The higher number
of branches plant-1 produced with Ajeet-155
variety (24.07) over  rest of the varieties (Table
1). The next varieties in order of sequence were
Mallika and Rashi-2. 

The interaction between sowing times and
varieties were non-significant at harvest. 

Plant width (cm) : The data on plant width
(cm) as influenced by different treatment
combinations are given in Table 1. The data
revealed that the trend of mean plant width in
Bt cotton crop increased continuously from
sowing to harvest of the crop. The rate of
increasing plant width was observed more up to
135 DAS and thereafter it was slightly
decreasing up to 150 DAS. While, the highest
plant width was recorded at harvest. The plant
width was significantly influenced due to
different sowing dates and the highest plant
width was recorded at 25th MW (94.86 cm)
sowing dates and decreases as delayed sowing
dates.

The plant width was significantly influenced
due to different crop hybrids and amongst the
hybrids, Ajeet-155 recorded significantly highest
plant width (91.69 cm) during all the growth
stages over all the rest of hybrids. Lowest plant
width was observed in Rashi-2. It was observed
may be due to varietal characters of Bt cotton.
The interaction between date of sowing and

hybrids was found to be non significant up to
harvest.

Number of boll plant-1 : The data
pertaining to mean number of boll per plant at
harvest as influenced by different treatments are
presented in Table 1. The result revealed that
the mean number of boll plant-1 at harvest was
31.37. The mean number of boll plant-1 at
harvest as influenced by sowing times given in
Table 1. It was significantly influenced by
different sowing times. sowing during 25th MW
recorded maximum number of boll plant-1

(36.22) rest of treatments. Similar result
Mahmood-ul-Hassan (2003), Patil et al. (2009).
The result showned different varieties was
presented in Table 1. It was significantly
influenced by different varieties. among variety
Ajeet-155 recorded maximum number of boll
plant-1 (32.50) and minimum by Rashi-2 (30.32)
due to their respective yield potentials.The
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Table 2. Seed cotton, straw, biological yield and harvest
index of cotton crop

Treatments Seed Straw Biolo- Har- 
cotton yield gical vest
yield (kg yield index
(kg ha-1) (kg 
ha-1) ha-1)

Date of sowing
25th MW 2406.4 4378.3 6784.8 55.37

26th MW 2311.7 4285.0 6596.7 53.86

27th MW 1815.1 3723.7 5538.8 48.20

28th MW 1434.6 3162.2 4596.8 45.11

S.E. ± 13.1 34.2 27.0 0.61

C.D. at 0.05% 45.3 118.4 93.5 2.13

Varieties
Ajeet-155 2351.83 4472.7 6824.5 52.28

Rashi-2 1763.58 3625.8 5389.4 48.23

Mallika 1860.42 3563.4 5423.8 51.39

S.E. ± 12.42 28.7 33.2 0.44

C.D. at 0.05% 37.23 86.2 99.6 1.33

D x V Interaction
S.E. ± 49.67 114.94 132.82 1.77

C.D. at 0.05% NS NS NS NS

G.M. 1991 3887.30 5879.25 50.63



interaction between varieties and sowing times
were non-significant for number of boll per plant
at harvest. A cotton variety Ajeet-155 when
sown during 25th MW registered the highest
number of boll plant-1.

Post harvest studies : The data regarding
yield attributing characters viz., seed cotton yield
(kg ha-1), straw yield and total biomass yield (kg
ha-1) are given in Table 2. The data revealed that
seed cotton yield and straw  yield was
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Table 3. Correlations between weather parameters and different growth stages of cotton with seed cotton yield of different
varieties

Weather Phenophase stages of cotton
parameters   ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

Ajeet-155
Rainfall (mm) 0.496 0.694* 0.861** -0.827** 0.144 0.998** 0.628* - - -

Rainy days 0.393 0.837** 0.801** -0.697* 0.363 0.939** 0.628* - - -

Max. T (°C) 0.229 0.879** -0.588* -0.253 0.971** -0.955** 0.997** -0.322 0.423 -0.988**

Min. T (°C) 0.773** 0.840** 0.875** 0.147 -0.239 0.982** 0.978** 0.443 -0.954** -0.999**

R.H. I (%) -0.390 -0.628* 0.800** -0.586* 0.445 0.876** 0.803** -0.139 0.879** 0.979**

R.H. II (%) 0.059 0.847** 0.803** -0.136 -0.737** 0.988** 0.752** -0.215 0.215 0.996**

Evp (mm) 0.088 -0.215 -0.762** -0.179 0.485 -0.793** 0.882** -0.850** 0.859** -0.997**

B.S.S (HRS) -0.248 -0.786** -0.780** -0.671* 0.716** -0.958** -0.628* 0.387 -0.587* -0.956**

W.V (Kmph) 0.488 0.435 -0.558 0.018 -0.256 0.966** 0.215 -0.457 -0.603* -0.973**

Rashi-2
Rainfall (mm) 0.205 0.509 0.950** -0.962** 0.377 0.955** 0.599* - - -

Rainy days 0.248 0.806** 0.933** -0.947** 0.598* 0.942** 0.599* - - -

Max. T (°C) 0.370 0.985** -0.770** -0.206 0.917** -0.891** 0.940** -0.593* 0.145 -0.962**

Min. T (°C) 0.880** 0.667* 0.684* 0.038 0.079 0.912** 0.941** 0.477 -0.931** -0.943**

R.H. I (%) 0.566 0.696* 0.780** 0.689* 0.758** 0.706* 0.740** 0.697* 0.714** 0.726**

R.H. II (%) -0.110 0.757** 0.927** -0.234 -0.694* 0.901** 0.757** -0.092 0.092 0.120

Evp (mm) 0.270 -0.092 -0.924** 0.012 0.232 -0.558 0.745** -0.774** 0.859** -0.940**

B.S.S (HRS) -0.109 -0.874** -0.916** -0.527 0.463 -0.832** -0.599* 0.537 -0.424 -0.991**

W.V (Kmph) 0.221 0.618* -0.680* 0.945** -0.550 0.996** 0.092 -0.306 -0.819** -0.855**

Mallika
Rainfall (mm) 0.380 0.647* 0.897** -0.896** 0.288 0.993** 0.580* - - -

Rainy days 0.376 0.564 0.956** -0.522 -0.009 0.937** 0.868** - - -

Max. T (°C) 0.252 0.937** -0.704* -0.182 0.945** -0.953** 0.986** -0.467 0.277 -0.995**

Min. T (°C) 0.808** 0.751** 0.805** 0.047 -0.090 0.971** 0.962** 0.417 -0.971** -0.985**

R.H. I (%) -0.405 -0.873** 0.893** 0.339 0.464 0.210 0.723** -0.580* -0.971** -0.985**

R.H. II (%) 0.027 0.123 0.549 0.706* -0.604* 0.625* 0.867** 0.098 -0.514 0.999**

Evp (mm) -0.635 0.551 -0.711** -0.697* -0.040 0.580* -0.345 0.514 0.859** -0.983**

B.S.S (HRS) -0.235 -0.811** -0.868** -0.577* 0.599* -0.920** -0.580* 0.503 -0.557 -0.977**

W.V (Kmph) 0.394 0.778** -0.726** 0.922** 0.031 0.934** -0.176 0.251 -0.937** -0.997**

* Significant at   5%  (0.567) , ** Significant at 1%  (0.708)
P1 - Sowing to emergence P2 - Emergence to Seedling stage P3 - Seedling stage to Square formation
P4 - Square formation to Flowering P5 - Flowering to boll setting P6 - Boll setting to Boll Bursting 
P7 - Boll Bursting to I Picking P8 - I Picking to II Picking P9 - II Picking to III Picking
P10 - III Picking to IV Picking



significantly higher in 25th MW sown crop
(2406.4 kg ha-1) and  (4378.3 kg ha-1) than
26th, 27th and 28th MW sown crop. The seed
cotton yield and straw yield of Bt cotton reduced
drastically when the sowing was delayed beyond
25th MW onwards to 28th MW. The higher seed
cotton yield recorded in 25th MW sown crop
might be due to higher number of sympods and
bolls/plant as compared to 26th, 27th and 28th

MW sown crop. Buttar et al., (2010) and Buttar
et al., (2004) also observed that under
Maharashtra condition higher seed cotton yield
was obtained in early sown American cotton (G.
hirsutum) as compared to late sown crop.
Norfleet et al., (1997) suggested that the early
sowing date having optimum environment
conditions and considered the most suitable
sowing date. The biological yield was
significantly higher of 25th MW sowing than rest
of treatment but it was at par with 26th MW
sowing, it could be due to the higher number of
monopods or optimum rainfall received during
the grand growth phase of the cotton crop. 

The highest seed cotton yield and straw yield
recorded in Ajeet-155 might be due to higher
number of sympods and bolls/plant as
compared to Mallika and Rashi-2. These results
were found in close conformity with the findings
of Patil et al., (2009). 

Harvest index : The harvest index was
observed significantly higher in 25th MW sowing
than 26th, 27th and 28th MW sown crop.The
genotype Ajeet-155 recorded significantly
higher harvest index than Mallika and Rashi-2. 

Correlation coefficient exhibited by weather
parameters prevailed in different phenophases
with seed cotton yield

The correlation study in between seed cotton
yield and weather parameters prevailed at
different hybrid and different phenophases are
given in Table 3.

The rainfall and rainy day has been positively
correlated with seed cotton yield at all stages
except P4 stage was negatively correlated of all
varieties. Maximum and minimum temperature
has been positively correlated with seed cotton
yield at all stages except P3, P6 and P10 of
maximum temperature and P9 and P10 stage of
minimum temperature was negatively correlated
of all varieties. RH-I and RH-II has been
positively correlated with seed cotton yield at all
stages however , it was negatively correlated at
P2 stage and P4 stage with RH-I and P6 stage
with RH-II of Ajeet-155, Mallika and Rashi-2
varieties. Evaporation, bright sunshine hours and
wind velocity has been negatively correlated with
seed cotton yield at all stages however P7 stage
and P9 stage with evaporation, P5 stage with
bright sunshine hours and P6 stage with bright
sunshine hours was positively correlated with
seed cotton yield of Ajeet-155, Mallika and
Rashi-2 varieties.

Conclusion

Sowing of cotton during different sowing
times significantly influenced growth and yield
characters. A plant height, number of branches
plant-1, number of boll plant-1 production were
significantly more when cotton  was sown during
25th MW and variety Ajit-155 was favoured
most of the growth and yield contributing
characters. The rainfall, rainy days and RH-II has
been positively correlated with seed cotton yield
at all stages except P4 stage of rainfall and P5
stage of RH-II has negatively correlated and BSS
has been negatively correlated with seed cotton
yield at all stages except P5 stage has been
positively correlated of all varieties of cotton
crop. Hence maximum temperature, minimum
temperature and RH-I has been positively
correlated with seed cotton yield at P3, P2, and
P7 stages however P9, P10 and P6 stage of
maximum temperature and  P2 and P8 stage of
RH-I has been negatively correlated with seed
cotton yield of all varieties of cotton crop.
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Abstract
Treatment consist of three sources (viz., elemental sulphur, bensulf and gypsum) and four levels of sulphur

(viz., 0, 20, 40 and 60 kg S ha-1). With 12 treatment combinations, replicated three times. The relevant
findings of the effects of the treatments are given as below.The results of field experiment revealed that the
increases the sulphur levels.Soil properties and available nutrients status of experimental soil was improved
due to residual effect of onion. After harvest of crop, fertility status of soil was increased with increased levels
of sulphur.

Key words :  Onion, soil properties, sulphur.

______________

Onion is one of the important basic
vegetables of mass consumption in India.The
balanced use of all the nutrients along with
sulphur is necessary for good yield and quality in
onion. Sulphur (S) has long been known as
essential major nutrient required for growth and

development of plants. Plants absorb sulphur
through roots as sulphate (SO42-) ions.Sulphur
is essential for the synthesis of proteins, oils and
vitamins in plant body. It is the constituent of
essential amino acids viz., methionine and
cysteine, vital for protein production. Volatile S-



compound mainly di or poly sulphides are the
source of pungency in onions.  Sulphur is
associated with the production of crops of
superior nutritional and market quality.High
content of sulphur in soil causes soil
contamination and acidification. Besides, it is
indirectly responsible for mobilization of
phytotoxic chemicals, such as aluminium and
some trace elements (Komarnisky et al., 2003).
Optimum sulphur fertilization helps plants to
grow and develop properly and improves
utilisation of nutrients. The proportion of soil
separates has great influence on the presence as
well as availability of the soil macro and
micronutrients and sulfur is no exception in this
regard.Sulphur oxidation also increases the
availability of P from hard rock phosphate in
calcareous and alkaline soils by reducing the soil
reaction (Stamford et al., 2003). In this process,
sulphur is biologically oxidized and converted to
sulphuric acid. The availability of P and other
elements are affected by sulphuric acid. Different
soils release variable amounts of SO4-S in the
mineralization process (Havlin et al., 2004).
Sulfur deficiencies frequently appear on plants
grown in sandy, coarse-textured soils that are
low in organic matter, particularly if there has
been abundant rainfall and leaching before or
during the growing season of the cropcontents. 

Materials and Methods 

The field experiment was carried out during
Kharif season, 2015 at the Instructional-Cum-
Research Farm, Department of Horticulture,
College of Agriculture, Latur. The soils of
experimental plots were clayey in texture, low in
available nitrogen (190 kg ha-1), medium in
available phosphorus (10.33 kg ha-1), very high
in available potassium (522.40 kg ha-1) content.
The experiment comprising three sources of
sulphur (Elemental sulphur, Bensulf and
Gypsum) and four levels of sulphur (0, 20, 40
and 60 kg ha-1) was conducted in factorial
randomized block design with three replications.

The doses of sulphur as per treatment were
supplied through elemental sulphur, bensulf and
gypsum respectively at transplanting time.
Recommended dose of N (50 kg N ha-1), P (50
kg P ha-1) and K (50 kg K ha-1) through urea,
single superphosphate and muriate of potash
was given as basal dressing. During
transplanting, individual seedling was separated
from clumb. The seedling was planted at 15 in
to 10 cm spacing. Subsequent irrigation,
weeding and plant protection measure were
carried out as and when required. The onion
crop was harvested at full maturity. From initial
soil sample analysis of pH, EC, organic carbon,
calcium carbonate and after harvest of crop the
analysis of available nutrient i.e.  N, P, K, S and
exchangeable Ca+ Mg. Analysis of available N
by alkaline potassium permanganate method
(Subbiah and Asija 1956), available P on
spectrophotometer by (Olsen 1954), available K
on flame photometer by (Jackson 1973),
available S on spectrophotometer by (Tondon
1993) and exchangeable Ca+ Mg by ammonium
extraction method (Jackson 1973). Results were
statistically analyzed as per the methods given in
“Statistical Methods for Agriculture” by Panse
and Sukhatme (1989).

Results and Discussion

Representative soil samples were collected
from each plot after harvest of onion to study
the residual effect of sources and levels of
sulphur on physico-chemical properties of soil
viz., pH, EC, organic carbon and calcium
carbonate. The data pertaining to the soil
physico-chemical properties of soil viz., pH, EC,
organic carbon and calcium carbonate content
in soil after harvest of onion is presented in table
no. 1. Among the different sources of sulphur,
there were non-significant difference were
observed in case of pH and EC but organic
carbon and CaCO3 were found significant. Soil
pH , EC, organic carbon and calcium carbonate
varied from 7.61 to 7.78, 0.35 to 0.38 dSm-1,
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4.60 to 5.42 g kg-1 and 115.41 to 127.32 g
kg-1, respectively. No significant influence was
observed on pH and EC of soil due to
application of various sources of sulphur. Among
the different levels of sulphur, the treatment L3
(S @ 60 kg ha-1) recorded maximum pH (7.71),
EC (0.39 dSm-1), organic carbon (5.12 g kg-1),
CaCO3 (129.40 g kg-1), soil pH, EC, organic
carbon and calcium carbonate varied from 7.64
to 7.71, 0.35 to 0.39 dSm-1, 4.72 to 5.12 g
kg-1 and 113.82 to 129.40 g kg-1. CaCO3 in
onion growing soil affected significantly both in
sulphur sources and levels application. Among
sources of sulphur, the maximum (127.32 g
kg-1) CaCO3 was recorded with treatment S2
(bensulf) followed by treatment S3 (gypsum) and
minimum CaCO3 (115.41 g kg-1) was recorded
with treatment S1 (elemental sulphur). In case of
sulphur levels, treatment L3 (60 kg S @ ha-1)
recorded the maximum (129.40 g kg-1) CaCO3
over treatments L0 and L2. Moreover there were
decrease in soil reaction by application of
different levels of sulphur. Significant difference
were observed in case of organic carbon and
calcium carbonate content after harvest of onion
as compared to initial content. Whereas, there
is small increase in EC was observed after
harvest of onion. Interaction effect between
different sources and levels of sulphur were not
found significant. Data further revealed that the
pH of soil was decreased than the initial status
due to H+ ion released during S oxidation.
When elemental sulphur is applied to soil, a
biological reaction takes place carried out by
So× B, producing sulfuric acid that reduces soil
pH, increase in EC of postharvest samples might
be due to increase in salt concentration and
nutrient uptake by crop. (Awad et al., 2011).
The value of organic carbon and CaCO3
increased significantly from initial stage over
control due to S addition (Meena et al., 2014).

Available nutrients viz., N, P, K and S were
also analyzed from respective soil samples
collected near root rhizosphere of different plots

after harvest of onion crop. N, P, K and S
influenced by various treatment of sources and
levels of sulphur which are presented in table 2.
Available N, P, K and S influenced significantly
due to sources of sulphur while, available N, P
and S expect available K were influenced
significantly due to level of sulphur in onion
growing soil. Among different sources of
sulphur, available nitrogen ranged from 190.75
to 205.40 kg ha-1, available phosphorus ranged
from 11.53 to 14.26 kg ha-1, available
potassium ranged from 529.17 to 562.42 kg
ha-1, respectively. Whereas available sulphur
ranged from 12.50 to 16.66 mg kg -1,
exchangeable Ca and Mg ranged from 14.70 to
17.33 and 12.07 to 13.57 meq100 g-1 of soil,
respectively. As regards the different levels of
sulphur, available nitrogen content was found
maximum under level of sulphur  L0 (208.12 kg
ha-1),  and lowest  L3 (195.33 kg ha-1) available
nitrogen was noticed in L3 level of sulphur.
Significant increase in the uptake of nitrogen by
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Table 1. Physico-chemical properties of soil as influenced
by sources and levels of sulphur

Treatment pH EC Organic CaCO3
(dS carbon (g kg-1)
m-1) (g kg-1)

Sources (S)
S1 (Elemental sulphur) 7.78 0.38 4.60 115.41
S2 (Bensulf) 7.63 0.35 4.82 127.32
S3 (Gypsum) 7.61 0.37 5.42 122.50
SE (m) ± 0.060 0.010 0.20 2.90
CD at 5% NS NS 0.60 8.50

Levels (L)
L0 (S 0 kg ha-1) 7.64 0.35 4.90 120.91
L1 (S 20 kg ha-1) 7.67 0.35 5.10 113.82
L2 (S 40 kg ha-1) 7.67 0.38 4.72 123.30
L3 (S 60 kg ha-1) 7.71 0.39 5.12 129.40
SE (m) ± 0.070 0.012 0.24 3.35
CD at 5% NS 0.035 NS 9.82

Interaction (S x L)
SE (m) ± 0.121 0.021 0.41 5.80
CD at 5% NS NS NS NS
Initial Values 7.90 0.32 4.80 127.00



the plants was observed due-to greater
availability of nitrogenaccompanied by its
increased absorption and dry matter production,
similar results were obtained by (Ahmad H.Al-
Fraihat 2009).

The use of inorganic fertilizer not only helped
in buildup of active pools of N but also
maintained regular supply of N for proper
growth and increases available N in soil ‘The
availability of nitrogen in soil was increased due
to application of nitrogen and phosphorous level
and recorded significant effect on the availability
of nitrogen in soil, which released nitrogen
mineralization and  application of essential
nutrient in adequate amount through fertilizer
helps in built up of nutrients in soil
transformation of NH4+ to NO3 in the aerobic
soils. The nitrogen when applied to soil get
dissociated to NH4+ which readily gets oxidized
to NO3 which is either taken up by crop or
leaches down to the lower soil horizon as it is

readily soluble in water. Some amount of NO3,
N is also immobilized by soil microbes during the
process of mineralization of organic matter.
Ammonical ion (NH4+) formed from the
mineralized organic matter is adsorbed on the
clay complexes or oxidized to NO3- or fixed by
clay lattice or immobilized by soil microbes, but
very little of it leaches down. (Mahmoud et al.,
2000). Further data revealed that the N content
in soil after harvest of onion was increased than
the initial soil samples.There was non-significant
interaction between sources and levels of sulphur
was found in available N. Available Phosphorus
content significantly influenced due to
application of different sources and levels of
sulphur. Among sulphur sources, higher
available P content (14.26 kg ha-1) was noted
with application of bensulf (S2) and followed by
application of gypsum (S3). While, lower
available P (11.53 kg ha-1) was noted with
elemental sulphur (S1). Maximum available P
(15.64 kg ha-1) was noticed under L3 (S @ 60
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Table 2. Nutrient status of soil as influenced by sources and levels of sulphur

Treatment Available Available Available Available Exchan- Exchan-
N P K S geable Ca geable Mg
(kg ha-1) (kg ha-1) (kg ha-1) (kg ha-1) (meq100g-1) (meq100 g-1)

Sources (S)
S1 (Elemental sulphur) 190.75 11.53 562.42 12.50 14.70 12.07
S2 (Bensulf) 205.40 14.26 534.91 16.66 15.53 12.36
S3 (Gypsum) 199.17 13.40 529.17 15.54 17.33 13.57
SE (m) ± 0.951 0.66 5.97 0.73 0.778 0.637
CD at 5% 2.788 1.92 17.50 2.14 NS NS

Levels (L)
L0 (S 0 kg ha-1) 208.12 12.17 545.20 9.41 12.68 11.75
L1 (S.20 kg ha-1) 204.11 15.64 541.70 14.56 15.78 13.09
L2 (S.40 kg ha-1) 201.89 14.83 540.22 15.26 17.42 13.98
L3 (S.60 kg ha-1) 195.33 13.10 534.58 17.38 19.53 15.85
SE (m) ± 1.098 0.76 6.89 0.84 0.899 0.736
CD at 5% 3.220 2.22 NS 2.47 2.636 2.157

Interaction (S x L)
SE (m) ± 1.901 1.31 11.93 1.46 1.557 1.274
CD at 5% NS NS NS NS NS NS
Initial reading 190 10.33 522.40 10.20 16.50 11.10



kg ha-1) followed by L2 and L1. The minimum
amount of available P (12.17 kg ha-1) recorded
under level L0. Generally, the availability of
phosphorous in Soil was increased due-to
application of nitrogen, phosphorous and
potassium levels with recorded significant effect
on availability of phosphorous which released
phosphorus and become available to growing
crop. Application of sulphur to the soil has
several effects; such as reducing pH, improving
soil-water relation and increasing availability of
nutrients like P, Fe, Mn and Zn, Yeledhalli
(2007), (Skwierawska et al., 2008). Further data
revealed that the P content in soil after harvest
of onion was increased than the initial soil
samples.There was non- significant interaction
between sources and levels of sulphur on
available P. Available Potassium content
significantly influenced due to application of
different sources and levels of sulphur. Among
sulphur sources, higher available K content
(562.42 kg ha-1) was noted with application of
elemental sulphur (S1) and followed by
application of bensulf (S2). While, lower available
K (529.17 kg ha-1) was noted with gypsum (S3).
Maximum available K (545.20 kg ha-1) was
noticed under L0 (S @ 0 kg ha-1) followed by L1
and L2. The minimum amount of available K
(534.58 kg ha-1) recorded under level L3.
Further data revealed that the K content in soil
after harvest of onion was increased than the
initial soil samples. Different sources and levels
of sulphur influenced significantly on their
availability after harvest of onion. Available
sulphur content in soil after harvest of onion
ranged from 9.41 to 17.38 mg kg-1. Among
sulphur sources, higher available S content
(16.66 mg kg-1) was noted with application of
bensulf (S2) and at par with application of
gypsum (S3). While, lower available S (12.50 mg
kg-1) was noted with elemental sulphur (S1).
Maximum available S (17.38 mg kg-1) was
noticed under L3 (S @ 60 kg ha-1) and remains
at par with L2 and L1. The minimum amount of

available S (9.41 mg kg-1) recorded under level
L0. Further data revealed that the S content in
soil after harvest of onion was increased than the
initial soil samples except control treatment.
Souza et al. (1998) reported that application of
sulphur to the soil has several effects; such as
reducing pH, improving soil water relation and
increasing availability of nutrients like P, Fe, Mn
and Zn. There was non-significant interaction
between sources and levels of sulphur it was
found in available, S. Exchangeable Ca and Mg
content in soil after harvest of onion ranged
from 12.68 to 19.53 and 11.75 to 15.85
meq100 g-1, respectively. However, there was
increase in availability of exchangeable Mg
observed due to application of sulphur,
moreover availability of the nitrogen, potassium,
sulphur, exchangeable Mg were due to
synergistic interaction between sulphur and
these nutrients. The values of available N, P, K,
S and exchangeable Ca and Mg significantly
increased from initial stage over the control.
Similar results reported by Meena et al. (2014).
No significant interaction were observed
between different sources and levels of sulphur
for different post –harvest nutrient status of soil.

It could be inferred from the results the
application of sulphur in combination with
different sources and levels significantly improve
the CaCO3 and fertility status of the soil whereas
non-significantly reduce the pH, EC and organic
carbon. The application of sulphur in combina-
tion with different sources and levels significantly
improve the available nutrient status of soil. 
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Cowpea (Vigna unguiculata L. walp) is a
native to Central Africa and belongs to the
family Fabaceae, and is eaten in the form of
grain, green pods and leaves. In India pulses
occupied an area of 23.4 million hectares with
total production of 14.6 million tones and
productivity of about 625 kg ha-1 (Anonymous,
2012). India is one of the largest pulses
producing countries in the world. Globally,
pulses are second important after cereals.
Maharashtra ranks first in acreage and
production of pulses followed by Madhya
Pradesh, Utter Pradesh, Rajasthan and Andhra
Pradesh. Among pulses cowpea is of immense
importance multipurpose grain legume in the
tropics and subtropics. India is producing 2.21
million tones of cowpea from an area 3.9 million
hectares having productivity of 683 kg ha-1

(Singh et al, 2012). In Maharashtra cowpea
occupied an area of 11,800 ha with an average
productivity of 400 kg ha-1 (Anonymous, 2012).
Cowpea is known as ‘vegetable meat’ due to

high amount of protein in the grain with better
biological value on dry weight basis. The grain
contents 26.61 per cent protein, 3.99 per cent
lipid, 56.24 per cent carbohydrates, 8.60 per
cent moisture, 3.84 per cent ash, 1.38 per cent
crude fibre, 1.51 per cent gross energy and
54.85 per cent nitrogen free extract.  Cowpea
is one of the most important food legume crops
in the semiarid tropics covering Asia, Africa,
Southern Europe and central and South
America. Study on resource constraints helps
farmer in dry land and rain fed farming as in
limited funding which operation is most essential
in regards with optimum yield and higher
maximum gross and net monetary returns so
that farmer give priority to that particular
operation. Though the input management had
been given due importance, the percent
contribution or the losses due to their non
availability to the cowpea crop are yet to be
quantified. Keeping in view, the present
investigation is carried out.
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Abstract
A field experiment was conducted during kharif season of 2015-2016 at Experimental farm, Department

of Agronomy, College of Agriculture, Latur to study the effect of production factors or constraints and their
combinations on growth and yield of cowpea (variety Konkan Sadabahar). The results indicated that adoption
of full package of practices (fertilizer + weeding + plant protection) resulted in significantly higher seed yield
(738 kg ha-1). Among the various single factor production constraints plant protection was found to be most
crucial factor caused yield losses up to 50% followed by weeding (37%) and fertilizer (32%). Regarding the
combination of two factor production constraints (weeding + plant protection) was resulted in reduction in
cowpea yield by 82% as compared to full package of practices and found to be as a major resource constraints
in cowpea production followed by (fertilizer + plant protection) and (fertilizer+ weeding) and caused yield losses
upto 62% and 58% respectively.Statistical analysis of the data was carried out using standard analysis of
variance.
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Materials and Methods

A field experiment was conducted during
kharif season of 2015 Experimental Farm of
Agronomy section, College of Agriculture, Latur.
The soil of the experimental site was medium,
black in colour with good drainage and alkaline
in reaction having pH of 7.8. Soil was low in
available nitrogen (215.86 kg ha-1), medium in
available phosphorus (20.42 kg ha-1), very high
in available potassium (485.89 kg ha-1).

The experiment was laid out in Randomized
Block Design. The seven treatments were
replicated thrice. The treatments were T1: Full
package of practices, T2: T1 - Fertilizer, T3: T1-
Weeding, T4: T1 - Plant Protection, T5: T1 -
(Fertilizer + Weeding), T6: T1 - (Fertilizer + Plant
protection), T7: T1 - (Weeding + Plant
Protection). The seeds of variety Konkan
Sadabahar were sown at the depth of 5 cm.
Sowing was done by dibbling by using seed rate
15 kg ha-1. The gross and net plot size was 5.4
x 4.2 m and 4.8 x 3.6 m respectively. The total
rainfall received during growth period of cowpea
was 297.5 mm with 22 rainy days. The
recommended dose of fertilizer was 25:50:00
kg NPK ha-1 applied as per treatments through
Urea and single super phosphate. The

drenching of Chloropyriphos @ 2 ml lit-1 to
control the root rot, spraying of Dimethoate
(Roager) 1 ml lit-1 + Carbendazim (Bavistin) 1 g
lit-1, Qunolphos 1.5 ml lit-1 + Acephate 2 g
lit-1 and Emamectin benzoate 5 per cent SG
(Proclaim) @ 0.2 g lit-1 of water for the control
of semilooper, sucking pests (Aphids) and pod
borer respectively as per the treatments was
done. Weed control was done by hand weeding.
Statistical analysis of the data was carried out
using standard analysis of variance.

Results and Discussion

Effect of resource constraints on
growth : Data presented in Table 1 showed
effect of different treatments on leaf area,
number of nodules and dry matter of cowpea
was found to be significant. The application of
full package of practices (T1) recorded maximum
leaf area, number of nodules and dry matter over
rest of the constraints. While missing of weeding
and plant protection treatment (T7) recorded
minimum leaf area, number of nodules and dry
matter. 

The mean leaf area plant-1 at  30, 45, 60
DAS and at harvest were  3.49, 5.69, 6.87 and
4.38 dm2 respectively. The leaf area plant-1 was
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Table 1. Leaf area, number of nodules and dry matter of plants influenced by resource constraints

Treatment Leaf area No. of nodules Dry matter 
plant-1 (dm2) plant-1 plant-1 (g)

–––––––––––––––––––––––– –––––––––––––––––––––– –––––––––––––––––––––––
30 45 60 A.H 15 30 45 60 30 45 60 A.H

T1 : Full package of practices 3.59 8.30 10.93 6.59 4.5 8.17 10.86 3.78 3.00 9.00 13.20 15.58
T2 : T1 - Fertilizer 3.56 6.82 8.45 5.20 3.90 7.07 9.41 3.19 2.97 7.92 11.07 12.60
T3 : T1 - Weeding 3.54 6.21 7.59 4.89 3.65 6.62 8.81 2.98 2.85 6.75 9.67 10.19
T4 : T1 - Plant protection 3.48 5.32 6.54 4.24 3.40 6.17 8.17 2.83 2.75 6.20 7.55 8.40 
T5 : T1 - (Fertilizer + Weeding) 3.46 4.85 5.53 3.75 2.97 5.39 7.16 2.47 2.67 5.67 6.42 6.93
T6 : T1 - (Fertilizer +Plant protection) 3.43 4.40 4.92 3.19 2.50 4.53 6.03 2.08 2.60 4.25 4.55 4.90
T7 : T1 - (Weeding +Plant protection) 3.37 3.95 4.13 2.81 1.97 3.57 4.75 1.64 2.55 3.53 3.47 3.47
SEm± 0.18 0.33 0.39 0.19 0.18 0.28 0.44 0.17 0.18 0.36 0.48 0.52
C.D. at 5% NS 1.02 1.20 0.60 0.55 0.85 1.35 0.51 NS 1.10 1.47 1.61
General mean 3.49 5.69 6.87 4.38 3.27 5.93 7.88 2.71 2.77 6.19 7.99 8.87

*A.H- At harvest



increased at faster rate between 15 to 45 DAS
and it was maximum at 60 DAS and then
declined till harvest due to leaf senescence. The
maximum numbers of leaves and leaf area
plant-1 was recorded with application of full
package of practices (T1) and which was
significantly lowest when weeding and plant
protection practice in combination was not
applied (T7) which was followed by the
treatment (T6). This could be attributed to the
competition of the crops with the weeds for
moisture and nutrients such that the plant could
not produce more number of leaves so as to
conserve available moisture for critical growth
stages. The same factor could be responsible for
the reduced leaf area recorded when weeding
was not done. These results were in the line of
Madukwe et al. (2012). Phosphorus is mobile in
plants and highly concentrated in places of cell
division and development, hence its positive role
on enhancing numbers of leaves and leaf area
per plant. Similar results were identified by
Ayodele and Oso (2014), Nkaa et al. (2014),
Ndor et al. (2012), Hussein et al. (2012).

The higher number of nodules plant-1 was
recorded by application of full package of
practices (T1) while weeding and plant
protection in combination as a constraint (T7)
recorded significantly lowest numbers of
nodules.

Reduction in number of root nodule was
mainly due to the interferences of weeds and
incidence of root rot. Root rot caused damage
to root, reduce availability of N in rhizosphere
and also affect subsequent growth of plant.
Maximum numbers of root nodule was observed
with the application of full package of practices
(T1) due to control of root rot and weeds by
adopting control measure to crop. The more
availability of nitrogen and phosphorus play
pivotal role in early formation of roots, their
proliferation, increased microbial activity in
nodule. Phosphorus stimulates root and plant
growth, initiates nodule formation as well as
influences the efficiency of the rhizobium-
legume symbiosis; there by optimize the
Biological Nitrogen Fixation (BNF) system of
legume. Similar results were obtained by Nkaa
et al. (2014), Verma et al. (2014) and Ndor et
al. (2012). Root nodule was absent at harvest.

The application of full package of practices
(T1) was produced higher dry matter. This was
due to availability of phosphorus increased the
fresh and dry yield of cowpea plants particularly.
This means dry matter was increased with the
application phosphorus. Also availability of N to
crop enhances growth and increase in dry
matter accumulation. Suppression of weeds
resulted in good crop stand utilizing maximum
crop plant nutrients and hence comparatively
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Table 2. Effect of resource constraints on yield attributing characters

Treatment No. of seeds Straw yield Seed yield Seed index 
plant-1 (kg ha-1) (kg ha-1) (g)

T1 : Full package of practices 44.49 2356 738 8.83
T2 : T1 - Fertilizer 38.85 1673 503 8.13
T3 : T1 - Weeding 35.30 1569 463 8.05
T4 : T1 - Plant protection 26.23 1353 374 7.63
T5 : T1 - (Fertilizer + Weeding) 22.18 1140 311 7.57
T6 : T1 - (Fertilizer +Plant protection) 19.38 1030 277 7.50
T7 : T1 - (Weeding +Plant protection) 14.83 548 136 7.40
SEm± 1.50 76 21 0.25
C.D. at 5% 4.62 234 66 0.78
General mean 28.75 1381 400 7.87



resulted in higher dry matter production on
plant. Dry matter accumulation in plants was
drastically reduced when weeding and plant
protection was not given (T7). This was due to
weeds competing with crop plants for light,
water, space and nutrients and utilizes available
resources more efficiently than crop resulted in
reduction of dry matter production of plant.
Incidence of pests and disease also reduce
physiological and metabolic activities of plant
cause reduction of dry matter accumulation.
These results obtained were agreed with the
reason obtained by Nkaa et al. (2014), Hussein
et al. (2012). Generally overall decrease in dry
matter production was observed due to the
adverse effect of moisture deficit to its effect on
the rate of photosynthesis, shoot water potential
and carbon movement. This result was in the
line of Hussein et al. (2012).

Effect of resource constraints on yield:
Data presented in Table 2 indicated yield
attributes of cowpea viz., no of seeds  plant-1,
straw yield (kg ha-1), seed yield (kg ha-1) and seed
index (g) were influenced significantly due to
different resource constraints treatments.
Though the highest values of these characters
were observed with the application of full
package of practices (T1) while lowest values
were observed with the treatment of T7 where
weeding and plant protection was not done.

The maximum number of seeds plant-1

(44.49) was produced by application of full
package of practices (T1) over rest of the
production factors. The significantly lowest
numbers of seeds plant-1 (14.83) was recorded
with treatment of T7 (T1 - weeding and plant
protection) and found at par with treatment T6.

The application of full package of practices
(T1) was recorded highest straw yield (2356 kg
ha-1) and found significantly superior over rest
of all the treatments. The minimum straw yield
(548 kg ha-1) was obtained when weeding and

plant protection was not adopted (T7) while it
was found at par with treatment T6.

The seed yield of cowpea was differed
significantly due to different treatments. The
maximum seed yield of 738 kg ha-1 was produc-
ed by the application of full package of practices
(T1) and found significantly superior over rest of
all the treatments. The significantly lowest seed
yield (136 kg ha-1) was obtained when weeding
and plant protection was not done (T7).

The higher seed index (8.83 g) was obtained
with the application of full package of practices
(T1) whereas the lowest seed index (7.40 g) was
observed with the treatment T7 (T1 - weeding
and plant protection) followed by T6, T5, T4, T3,
T2.

The full package of practices (T1) gives best
results due to to combined effect of sufficient
availability of nutrients, least competition with
weeds and healthy growth of crop because of
pest free crop. The lowest growth and yield
attributes was observed when weeding and plant
protection was not done. It might be due to
weeds compete with crop for nutrients, space,
moisture, sunlight and provide shelter to the pest
resulted in increased pest attack.
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Table 3. Per cent reduction in seed yield of cowpea due to
various resource constraints over full package of
practices

Treatment Seed Per cent 
yield reduction
(kg in yield 
ha-1) over full

package
of 
practices

T1 : Full package of practices 738 -
T2 : T1 - Fertilizer 503 32
T3 : T1 - Weeding 463 37
T4 : T1 - Plant protection 374 50
T5 : T1 - (Fertilizer + Weeding) 311 58
T6 : T1 - (Fertilizer +Plant protection) 277 62
T7 : T1 - (Weeding +Plant protection) 136 82



Reduction in yield : The higher seed yield
(738 kg ha-1) was produced with thefull package
of practices (T1). 

Among the various single production
constraints plant protection was found to be
most crucial factor caused yield losses up to 50
per cent followed by weeding (37%) and fertilizer
(32 %). Regarding the combination of two factor
production constraints (weeding + plant
protection) was resulted in reduction in cowpea
yield upto 82 per cent as compared to full
package of practices and found to be as a major
resource constraints in cowpea production
followed by (fertilizer + plant protection) and
(fertilizer+ weeding) and caused yield losses upto
62 per cent and 58 per cent respectively. These
results were in conformity with the results
ofMohammed and Mohammed (2014), Sabo et
al. (2014) and Musa et al. (2010).

References
Ayodele, O. J. and Oso, A. A. 2014 . Cowpea responses

to fertilizer Application at Ado-Ekiti, South-West,
Nigeria. J. of Applied Sci. and Agri. 9 (2): 485-489.

Hussein, M. M., Al- Ashry, S. M., Camilia and EI-Dewiny,
Y. 2012. Cowpea growth and yield component as
affected by drought and Pk soil fertilization. Int. J. of
Sci and Res. ISSN:2319-7064.

Madukwe, D. C., Ogbuehi, H. C. and Onuh, M. O. 2012.

Effect of weed control methods on the growth and yield
of cowpea [Vigna unguiculata (L.)Walp] under rain fed
condition of Owerri. American Eurasian J. Agric. and
Environ. Sci., 12(11):1426-1430.

Mohammed Usman Shaba and MohammedFatima Kilani.
2014. Profitability analysis of cowpea production in
rural areas of Zaria Local Government area of Kaduna
state, Nigeria. International J. of Development and
Sustainability ISSN: 3(9): 1919-1926.

Musa, Y. H., Vosanka, I. P., Inuwa, A and Mohammesd, S.
2010. Economic analysis of cowpea production in
Donga Local Government area of Taraba state,
Nigeria.J. ofsci. and multidisciplinary Res. Vol(2): 9-16.

Ndor, E., Dauda, E. O., Abimuku, D. E., Azagaku and
Anzaku, H. 2012. Effect of phosphorus fertilizers and
spacing on growth, nodulation count and yield of
cowpea (Vigna unguiculata (L.) Walp) in Southern
Guinea Savanna Agro ecological Zone, Nigeria. Asian
J. of Agric. Sci.4 (4): 254-257.

Nkaa, F. A., Nwokeocha, O. W. and Ihuoma, O. 2014.
Effect of phosphorus fertilizer on growth and yield of
cowpea (Vigna unguiculata).IOSR J. of Pharmacy and
Biological Sciences (IOSR-JPBS).Vol. 9 (5). e- ISSN:
2278-3008.

Sabo Elizabeth, Bashir R. M, Gidado A.S., Sani R. M. and
Adeniji O.T. 2014.Investigation on production
constraints and adoption of inorganic insecticides and
spraying regime in management of cowpea (Vigna
unguiculata L. Walp) insects in Mubi zone, Nigeria.J.
of Agril. Extn. and Rural Devp. 6(1): 11-20.

Verma, H. P., Chovatia, P. K., Shish Ram Dhikwal and
Regar K. L. 2014. Yield attributes and quality of
cowpea as influenced by nitrogen and phosphorus
levels on medium black soil of Gujarat. Forage Res,
40(3): 173-177.

Journal of Agriculture Research and Technology 387

______________



Climate change is a global environmental
problem and adverse effects of climate change
are global as well as local. Climate change seen
to be changing over a period of time and further
change in it is inevitable. During the twentieth
century, global climate warmed by about0.700
C and this global warming was accompanied by
erratic changes in the spatial and temporal
distribution of rainfall, and extreme weather
events like drought heat waves, floods and
cyclones (IPCC, 2007). These changes are likely

to become more intensive and frequent. By the
end of 21st century, it is predicted that global
climate will be warned by another 1.4°C-5.8°C.
This will affect the environment, water
resources, agriculture production, food security,
human health and biodiversity. A cross the
global agriculture and allied sectors are more
threaten by climate change compare any other
sectors. The climate change attributes pose
advantage and disadvantages on earth’s surface.
The positive or negative impact of climate
change matter with different at location, regions,
countries, ecosystems. Effects of climate change
is not same all over the world, it varies country
to county followed by regions (Mendelsohn et al.
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Abstract
Climate is changing, further change in itis inevitable and it is expected to intensify the occurrence of existing

externalities of climate change. Developing countries are likely to be most vulnerable to climate change. The
study attempts to review the existing peer literature of review from the different countries to find out the; i)
howfarmers areperceiving changes in climate, ii) adaptation strategies adapt by farmers in response to mitigate
the adverse effects climate change in agriculture iii) factors that determining thefarmers adaptive capacity of
farm-level adaptation to climate change. It is evident that grounds up existing review of literature, most of the
farmers a cross thedifferent nations aware of long-term changes in increasing temperature, decreasing rainfall,
precipitation and overall climate change. Study found that to overwhelming these changes farmers are
adaptedvariousagriculture practice those are crop diversification,adjusting planting dates, different crop varieties,
irrigation, short season crops, planting trees, non-farm activities and migration.The econometric model of
multinomial logit model results revealed that education, access to information and access to credit and extension
and awareness of climate change, household size, farming experience, wealth, access to water, tenure rights,
off-farm activities, livestock ownership, access to market, income, are most important factors that influence
the choices of adaptation to climate change. Study also found that main barriers to adaptationtoclimate change
arelack of money, insufficient information on short-term and long-term forecasts of climate change, insecure
property rights, lack of market facility, lack of seed input etc. It is understood that due to the natural entities of
diversified regions, agroecological, socio-economic and cultural settings a across the world, it is an important
tohave better and in-depth understanding of local level dimension are crucial and knowledge about functionsof
variousagroecological setting and social systems are vitalfor better adaptation and policy intervention in response
to adverse effects of climate change in agriculture.
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2006; Tol et al, 2004). Maddison (2007)
distributional variation in propensity of farmers
in different locations to adapt to climate change.
Developing countries are hard hit by climate
change in various forms due high dependency
on sensitive sector of agriculture, population
intensity,low adaptive capacity, poor resource
endowment trigger beyond the unadaptable to
climate change. Mendelsohn et al. (2006)
predictions shows that poor countries are suffer
more the magnitude damages to climate change.
There is greater distributional consequences of
adaptation, wealth and technology cross the
countries. The ultimately poor countries are
more vulnerable is their location. The countries
with low latitudes face high temperature which
majorly impact on production growth and
climate sensitive sector. Rosenzweig et al.
(1993); Mendelsohn R (2000); IPCC (2001)
scientific expert’spredictions of global warming
ranges by that global warming impacts on the
agriculture production expected to be more with
varies from regions and local. However,
experienced trends realize that tropical regions
are most impacted. Lobell DB and Gourdji SM
(2012). Estimate that throughout the world
coming decades increasing trends of CO2 will
significantly increase the global yields by nearly
1.8% per decade. Despite to that warming
trend.

A group of studies have investigated the
farmer’s perception on climate change and
factors enabling farmers to perceive about
climate change. Therefore, studies established
their empirical evidences offarmer’s perceptions
of climate change and their influencing factors
of perceptions by various socio-economical,
institutional, environmental. Majority of the
famers from different countries and different
studies revealed that farmers aware of long-term
change in temperature, rainfall distribution,
precipitation and increased frequency of

occurrence of drought, floods (Nhemachena and
Hassan (2007); Hassan R et al. (2008)Deressa
TT et al. (2009); Gbetibouo A G (2009);Mertz
Ole. et al. (2009); Apata T G (2011). Farmers
perceived climate change and taking some
adaptation measure to cope of with climate
change and in order to avoid adverse impacts of
climate change on agriculture productivity.

Indian context, very few studies concentrated
on addressing the issues of farmer’s perception
on climate change compare to countries like
Africa, Ethiopia and some other countries.
Some studies conducted in different part of India
to addressing farmer’s perception about climate
change and their adaptation strategies and their
determinants to adaptation to climate change.
Most the studies consensus that farmers are
perceiving climate change. Rupsha R Banerjee
(2014) a study conductedon semi-arid regions
farmer’s perception and adaptation strategies of
south Indian. Study found that farmers observed
increasing temperature and decreasing rainfall
patterns and to cope of with climate change
farmers adapted improved water management
practices. Another study carried out by Dhanya
P and Ramachandran A (2016) in Northern
coastal district of Tamilnadu. Aimed to assess the
farmer’s perception and adaptation strategies to
climate change. Study results found that 89
percent of farmers observed increasing change
in temperature, also report that 88 percent of
farmers viewed that decreasing change in
precipitation and 91 percent of famers viewed
that change in rainy day in last several years. To
cope of with climatic situation farmers
undertaken some adaptation measure short-
duration pulses and fruits, flower and vegetable
cultivation in their cultivation. Adaptation
strategies help farmers to overcome the adverse
effects of climate change. Similar study by
Tripathi et al. (2016) came forward to measure
the farmers perception on climate change and
to estimate the adaptation levels farmers to
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climate change in Eastern Utter Pradesh, India
and finding results concluded that farmers are
aware about long-term changes in climate
factors (temperature and rainfall), in past 20
years. Farmers are logging beyond recognizing
these changes as climate change, however,
farmers are changing their agriculture and
farming practices. These comprise of changing
sowing, and harvesting timing, short duration
varieties, inter-cropping, changing cropping
patter, investment in irrigation, and agroforestry.
These changes may be perceived as unreceptive
response or adaptation strategies to climate
change.  A study Tripathi A and A K Mishra
(2017) argues that, Indian scenarioautonomous
adaptation to climate change cannot expect due
to the large scale of farm holding are small and
medium in nature. In addition, prevailing low
educational status, poor adaptive capacity, and
credit obligations keep farmers away from
autonomous adaptation to climate change.
Another study by Chandan K Jha and Vijay G
(2016)believes that, majorly due to socio-
economic attributes and regional institutional
arrangements are the main constraints of the
farmer’s adaptation and major obstacles to
maximizing their farm returns to climate change.
There are very limited studies addressing
adaptive capacity of farmers to climate change
in India. A study related to adaptive capacity of
climate change,conducted by Bahinipati C S and
L. Venkatachalam (2013) a region of cyclone
and flood prone districts of Odisha, India, in
order to find out the determinant factors of
climate change extreme to adaptation. Study
results indicate that agricultural extension, access
to Mahatma Gandhi National Rural Employment
Guarantee scheme, received crop loss
compensation and informal credit are important
determinants of farm-level adaptation of climate
extremes. A studyunder taken by Mishra and
Naresh Chandra Sahu (2014) to study the
farmers perceptions and adaptation behavior to
climate change. Study results shows that access

to irrigation, ownership of land and land size of
the farmers,education are major factor motivate
farmers to adapt climate change. Study also
identified that poor economic condition,poor
infrastructure facility and unavailability of
irrigation water, lack of extension service are
major barriers to adapt climate change.

Several studies across the globe conducted
by different countries to assess the impacts
climate change on agriculture, vulnerability,
coping strategies, adaptation and determinants
of adaptation and barriers to adaptation.
Though, different countries havedifferent
climatic exposure risks. It is an important to
understand the how farmers perceiving climate
change and tackling these diversified risks posed
by climate change. This study aimed to review
the peer existing literature review on farmers
perception, adaptations strategies and their
determinants to adapt climate change. The
objective of the study is; i) To analyze the
farmers perception of climate change ii). To
identify the adaptation strategies up takenby
farmers in response climate change in
agriculture iii) To find out the factorsthat
determining the adaptive capacity of farm-level
adaptation and main barriers who do not adapt
to climate change. To achieve above three
objectives study employed various empirical
studies for peer literature review from the
different countries across the world. Study
findings aims to provide an overview of farmer
perception on climate change,adaptation
behavior strategies and factors that motivating
for do adapt climate change.

Material and methods

This study originated based on the existing
peer literature and frequent and mostly cited
literature on the subject a crass the world. A
number of studies addresseddiversified climatic
risks and different countries found different set
of results of throughout the worldbut present
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studyconcentrated to grouped them intofour
main factors such associo-economics,
institutional, technological, ecological and
environment. For this, studyavail the random
method for most cited literature on
subjectrelated issue and their major findings of
the valuable results.

Adaptation to climate change in
agriculture

Adaptation in agriculture is adaptation
moderate agriculture practices in general or to
adjust individual, society, governments,eco-
system in response to actual or expected stimuli
and their attributes. Adaptation is common
strategy that responses by individuals, groups,
governments to climate change or other stimuli
that practices reduce their vulnerability or
susceptibility adverse effects and potential
damages. (Ben Bradshaw et al. (2004).
Adaptation is an important intervention strategy
andit gives an opportunity to farmer, to
minimize or avoid the adverse effects of climate
change on agriculture production and it enables
farmers and society maintains the sustainable
production and profitable agriculture. Adaptive
capacity is ability to a system to adapt climate

change. Adaptive capacity extensively used to
assess the vulnerability of socio-ecological
systems. The adaptive capacity of climate
change varies a across the regions and within
the societies unequal. It is certainly, depending
upon the location, region and agroecological
settings and resource endowment of the
country. Climate change adaptation
responsiveness depends on the capacity of
agriculture system to adapt, socio-economic
status, technological advances, agriculture
markets (Tubiello and Rosenzweig (2008).
Developing countries are more vulnerable to
climate change because of low adaptive
capacity, poor resources, lack of technological
advance (UNFCCC,2006).

Therefore, it is important to have a better
understanding of local specific dimensions of
climate change are essential to initiate the
adaptation intervention and to formulate the
better policy action to confront adverse
attributes of climate change on society.
Projections of global food productions estimates
are expected lessen the food requirement of
increasing needs of growing world population.
Climate change intensify the existing regional
variations through reducing crop yields mostly
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Table 1. Summary of empirical studies on farmer’s perception on climate change in agriculture

Study Country/Region Percentage of farmers perceived
long-term climate change

Nhemachena and Hassan (2007) South Africa, Zambia, and Zimbabwe 51

Hassan, R. et al. (2008) Burkina Faso and other 10 African Countries 51

Deressa, T. T. et al. (2009) Nile Basin of Ethiopia 51

Gbetibouo, A. G. (2009) Limpopo River Basin of South Africa 91

Mertz Ole, et al. (2009) Savanna zone of central Senegal 82

Apata, T. G. (2011) Southern Nigeria 53

Tessema, Y. A., et al. (2013) East Harargh Zone of Ethiopia 90

Tiwari, K. R., et al. (2014) High Mountain, Mid- Mountain and Terai, Nepal 58

Uddin, M. N. et al. (2014) Coastal region of Bangladesh 80

Lisandro, R., et al. (2015) Mediterranean Chile 93

Son Tran Van, et al. (2015) Northern Central Coast of Vietnam 86



where the lands located at lower latitudes
particularly developing countries are positioned.
The better understandingand local level
adaptation strategiesare important for minimize
the climate change effects and it must necessary
to maintain the stability of food production
(Rosenzweig and Francesco Nicola Tubiello
(2007). Better level of understanding may help
individuals, governments, societies to better way
of management the climate induced risks in
sustainable manner. 

Empirical studies on farmers
perception,adaptation strategies and
determinant factors of adaptationto
climate change in agriculture

There is an extensive research undertaken by
various scholar’s a cross the world to understand
the farmers awareness of climate change, choice
of adaptation strategies and determinant of

adaptive capacity to adaptation method. It
enables systems to better understand and an
opportunityto manage the adverse impacts of
climate change on agriculture. 

Nhemachena and Hassan (2007) examine
the farm level farmers adaptation strategies to
climate change in South Africa with cross-
sectional analysis of three counties (South
Africa, Zambia, and Zimbabwe). The study
assessesthat farmer’s perception about long-
term changes in temperature and precipitation.
It found that farmers up taken some adaptation
practices that such different crop varieties, crop
diversification, changing planting dates,
transforming farm to non-farm activity, increase
use of irrigation and soil conservation
techniques, various such adaptation measures up
taken by farmers to confront to climate change
in these countries. A multivariate discrete choice
modelresults, access to credit and extension and
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Table 2. Summary of empirical studies on farmers adaptation strategies to climate change in agriculture

Study Adaptation strategies adapted by in different countries

Nhemachena and Hassan (2007) using different crop varieties, crop diversification, changing planting dates, transforming
farm to non-farm activity, Increase use of irrigation and soil and soil conservation
techniques

Hassan, R., et al. (2008)
Deressa, T. T. et al. (2009)

cultivation of multiple crop, irrigation, mixed crop-livestock system 

Deressa, T. T. et al. (2011) planting trees, soil conservation, diversified crop varieties. changing planting dates, and
irrigation

Gbetibouo, A. G. (2009) crop shifting, changing crop varieties, changing planting dates, increasing irrigation,
building water-harvesting schemes, changing the amount of land under cultivation, and
buying livestock feed supplements

Mertz Ole, et al. (2009) crop diversification, mobility, livelihood diversification, and migration

Apata, T. G. (2011) planting trees, mixed farming, mixed cropping, soil conservation, sowing different crop
varieties, changing sowing dates, and irrigation

Son Tran Van, et al. (2015) adjust planting time, changing planting techniques, diversification of crop and variety,
source of income diversification, buying insurance and changing water use technique and
migration to metro cities

Abid, M. et al. (2015) switching crop variety, changing planting dates, planting shade trees and changing
fertilizer

Menike, L.M.C.S. et al. (2016) short growing season crop

Tripathi, et al. (2016) changing sowing, and harvesting timing, short duration varieties, inter-cropping, changing
cropping patter, investment in irrigation, and agroforestry

Belay, A. et al. (2017) crop diversification, adjustment in planting dates, soil and water conservation and
management, intensification input use, integrating of crop with livestock, planting trees.



awareness of climate change are important
determinant of farm-level adaptation. It also
found that major barriers do adapt to climate
change are lack of credit facility, insufficient
information on short-term and long-term
forecasts of climate change, lack of appropriate
information on adaptation option and in
addition, agriculture production practices,
rationing of inputs, lack of seed input.

Hassan R et al. (2008)attempts to determine
the factors that influencethe adaptation climate
change in Africa, through cross-sectional survey
of 8000 farmers from 11 countries during the
2002. Farmers reported that mixed opinions,
half of the farmers perceived that long-term
temperature changes warming and half of them

observed that decreasing changes in
precipitation and one third of them also
observed changing the timings of rains and more
recurrent drought condition. The results revealed
that specific crop cultivation (mono cropping)
agriculture practice seen to be most vulnerable.
Study also found that adaptation of cultivation
of multiple crops, irrigation, mixed crop-
livestock system. Adopted multinomial choice
model findings concluded that Better accesses to
market, extension services, credit services
technology and farm assets (labor, land, and
capital) are meet very advantages to adapt to
climate change. 

Deressa TT et al. (2009)contemplate to
assess to farmer’s perception on climate change
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Table 3. Summary of empirical studies on farmers determining factors of adaptive capacity to climate change in agriculture

Study Key factors determining the adaptive capacity to climate change

Nhemachena and Hassan (2007) access to credit and extension and awareness of climate change are important
determinant of farm-level adaptation. 

Hassan, R. et al. (2008) better accesses to market, extension services, credit services technology and farm assets
(labor, land, and capital)

Deressa, T. T. et al. (2009) level of education, age, gender, and wealth of household; access to extension and credit;
information on climate; social capital, agroecological entities, and temperature 

Gbetibouo, A. G., (2009) size of household, farming experience, prosperity, credit accessibility, access to water,
ownership right, off-farm activities, access to extension services

Apata, T. G. (2011) education of the household head, household size, gender of the household being a male,
livestock ownership, extension for crop and livestock production, availability of credit and
temperature and farm size, annual average precipitation

Tessema, Y. A. et al. (2013) incomes of non-farm activities, farmers to farmer extension, credit accessibility, selling
market distance, purchasing market distance and income 

Tiwari, et al. (2014) resource endowment, size of family labour, farm incomes, size of land holding,
agricultural credit facility, training facility, market opportunities, institutional activities and
being a member of community based organizations (CBO) 

Lisandro, R. et al. (2015) education and access metrological information

Son Tran Van, et al. (2015) income, financial capacity and education 

Abid, M. et al. (2015) education, farming experience, family size, landholding size, tenancy statues, owing of a
tube well, market information accessibility, information on weather forecasting and
agriculture extension service

Menike, L.M.C.S. et al. (2016) household size, income, education, access to information through television and radio,
being a member in farmers’ group, land location, crop variety, accessibility to formal
loans, distance of input markets 

Belay, A. et al. (2017) education, family size, gender, age, livestock ownership, farming experience, frequency
of contact with extension agents, farm size, access to market, access to climate
information and income 



and the factors that affectingthe farmers’ choice
of adaptation methods to climate change in the
Nile Basin of Ethiopia. During the 2004-2005
study conducted primary survey with sample
1000 households. Analyzed results describes
that most of famers reported that past 20-year
in their provinces they observed that increasing
temperature and decreasing rainfall. Therefore,
farmers are taken upward adaptation strategies
to confront climatic risk withdiversified crop,
varieties planting trees, soil conservation,
changing planting dates, and irrigation are
common method adaptation by most of farmers
inNile Basin of Ethiopia. A multinomial discrete
choice model employed to identify the
determinants of factor of choice of adaptation.
The study results indicate that the level of
education, age, gender, and wealth of
household, access to extension and credit,
information on climate, social capital,
agroecological entities, and temperature all
influence farmers’ choice. The important
barriers to adaptation method stand for lack of
information and financial constraints. 

Gbetibouo A G (2009) study examine the
794 farmers farm level data of climate change
perception and adaptation responses to climate
variability in the Limpopo River Basin of South
Africa in the cropping year of 2004-
2005.Results discovered that most of farmers
perceived long-term changes in temperature.
Studyidentified thatfarmers practicingdifferent
adaptation practices,suchcrop diversification,
changing crop varieties, changing planting
dates, increasing irrigation, building water-
harvesting schemes, changing the amount of
land under cultivation, and buying livestock feed
supplements The outcomes of multinomial logit
(MNL) model and Heckman probitshows that
size of household, farming experience,
prosperity, credit accessibility, access to water,
ownership right, off-farm activities, access to
extension services, property rights, high
temperature, and low rainfall are main

determinant factor of climate change
adaptation. Limiting factors of climate change
adaptation such as lack of credit facility, poverty,
lack of savings, lack of water accessibility,
insecure property rights, lack of market facility,
and lack of information on adaptation strategies
are main barriers to adaptation.

Mertz Ole. et al (2009) estimates the farmers
perceptions about climate change and
adaptation strategies to climate change in the
savanna zone of central Senegal. Study
employed 337 farmers’ household data to
analysis. The results indicate that most of the
farmers experience last 20 years with climate
change and farmers employed various
adaptation measure which are crop
diversification, mobility, livelihood diversification,
and migration, singling out climate reduce the
risk of climate change.

Deressa TT et al. (2011) A Hackman sample
selection model employed to analyze the two-
step process of adaptation to climate change
which necessarily farmers perceivedperceptions
that climate is changing prior to respond
through adaptation. Farmers perception of
climate change positively related to age of
household head, wealth, climate change
knowledge, social capital, agroecological system.
The factorssignificantly determining the
adaptation to climate change that education of
the household head, size of the facility, male
household head, livestock own, utilizing
extension services, crop and livestock, credit
facility, environment attributes of temperature.

Apata T G (2011) study collected400 mixed
crop and livestock farmers cross- sectional
household data in Southern Nigeria in the year
of 2008-2009. Studied farmers reported that
long-term change in climatic factor of changes
in temperature, and rainfall in their locality. In
response to that farmers are taken some
adaptation measure such as planting trees,
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mixed farming, mixed cropping, soil
conservation, sowing different crop varieties,
changing sowing dates, and irrigation. Analyzed
facts of Heckmanprobit model of two steps
process study findings advocates that household
head, farm income, information on climate
change, farmer to farmer extension, ration of
number of consumer to number of labour in the
farm households and agroecological settings are
factors effecting perceptions of climate change.
Similarly, significantly factors influence the
adaptation to climate change are education of
the household head, household size, gender of
the household being a male, livestock
ownership, extension for crop and livestock
production, availability of credit and temperature
and farm size, annual average precipitation. The
results also indicate that lack of knowledge of
adaptation method, lack of access to efficient
adaptation method, lack of money, lack of credit
facility, labour shortage, shortage of labour
availability, scare of land holdings and less access
to irrigation facility are major barriers to
adaptation to climate change.

Tessema Y A et al. (2013) attained
information and analyzed 110 farmersdata from
three districts in East Harargh Zone of Ethiopia

to explore the perception levels of smallholder
farmers to climate change and source of
acquired knowledge of climate change, form of
adaptation strategies and influence factor of
choice of adaptation and barrier to adaptation.
A Heck man selection test confirmed that
majority of farmers perceived climate change.
Moreover, outcomes of a multinomial logit
model suggest that incomes of non-farm
activities, farmers to farmer extension, credit
accessibility, selling market distance, purchasing
market distance and income are influence the
choice of adaptation and key barrier to
adaptation to climate change lack of information
followed by inadequate farm inputs, shortage of
land, shortage money, water scarcity and scare
of labour.

KR Tiwari et al. (2014) assess the impacts
of climate change on rural farmers and
adaptation practices and their determinants of
adaptation to climate change in Nepal. It found
that soil moisture and irrigation deficiencies are
prime limiting factors of farm production. Study
identifies that farmers using different adaptation
practice in order to minimize risks climate
change which are changes in water
management practices, crop diversification,
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Table 4. Farmers perceivedbarriers who do not adapt to climate change in agriculture

Study Main barriers to who don’t adapt to climate change

Nhemachena and Hassan (2007) lack of credit facility, insufficient information on short-term and long-term forecasts of
climate change, lack of appropriate information on adaptation option and in addition,
agriculture production practices, rationing of inputs, lack of seed input.

Deressa, T. T. et al. (2009) lack of information and financial constraints

Gbetibouo, A. G. (2009) lack of credit facility, poverty, lack of savings, lack of water accessibility, insecure
property rights, lack of market facility, and lack of information 

Apata, T. G. (2011) lack of knowledge of adaptation method, lack of access to efficient adaptation method,
lack of money, lack of credit facility, labour shortage, shortage of labour availability, scare
of land holdings and less access to irrigation facility are major barriers to adaptation to
climate change.

Tessema, Y. A. et al. (2013) lack of information, inadequate farm inputs, shortage of land, shortage money, water
scarcity and scare of labour

Son Tran Van, et al. (2015) lack of sophisticated weather and climate change information, lack of money, lack of
appropriate adaptation method, shortage of labour, lack of irrigation facility, lack of store
and processing facility and lack of market facility.



change in cropping patter, different crop variety,
Planting dates adjustments. The estimates ofthe
logistic regression model revealed that resource
endowment, size of family labour, farm incomes,
size of land holding, agricultural credit facility,
training facility, market opportunities,
institutional activities and being a member of
community based organizations (CBO) are
promote farmers to adaptation practices to
climate change.

M N Uddin et al. (2014) motivated to
examine the determinants socio-economic
attributes to farmers perception on climate
change.Study engaged 100 farmers household
CoastalRegion of Bangladesh. A logit model
results shown that almost 88 percent of farmers
observed that changes in climate last 20 years.
It is also found that education, family size, farm
size, family income, farming experience, availing
training are the most influence factors perceived
the climate change.

Lisandro R et al. (2015) studied that farmers
perception and factors that influencing the
climate change perceptions. Study carried out
with 274 famers households Mediterranean
Chile. It found that farmers perceived that last
24 years long-term changes in climatic factors
of temperature, precipitation. The econometric
model results revealed that education and access
metrological information significant influence
the perception of climate change and also
younger more educated producer and tittle of
land owning tend to farmers to have clear
perception on climate change and barrier to
perception is that older, less educated, farmer is
tenant.

Son Tran Van et al, (2015) attempts to
investigate poor and non-poor farmers the
awareness towards climate change and
adaptation measure and determinants and
barriers to adapt to climate change. Study
selected 172 small-scale farmers in Northern
Central Coast of Vietnam. The results

indicatethat both group farmers are aware of
change in increasing temperature and
decreasing rainfall in past 20 years. Farmers of
poor and non-poor farmers taken some adaptive
methods adjust planting time,changing planting
techniques, diversification of crop and variety,
source of income diversification, buying
insurance and changing water use technique and
migration to metro cities. A multi logit model
results conclude that factors influencing
adaptation methods to adaptation are income,
financial capacity and education and barrier to
who do not adapt are lack of advanced weather
and climate change information, lack of money,
lack of appropriate adaptation method, shortage
of labour, lack of irrigation facility, lack of store
and processing facility and lack of market
facility.

Abid M. et al. (2015) study uses 450 farmers
information to investigate the farmer’s
perception and adaptation strategies and their
determinants of adaptation to climate change in
Punjab province, Pakistan. Most of farmers
report that perceived long-term changes
temperature and precipitation. It also identified
that farmers are taken various adaptation
measure such as switching crop variety,
changing planting dates, planting shade trees
and changing fertilizer. Estimates of binary
logistic model indicate that education, farming
experience, family size, landholding size,
tenancy statues, owing of a tube well, market
information accessibility, information on
weather forecasting and agriculture extension
service are motivate farmers do adapt and main
constraints to whodo not adapt to climate
change are lack of information, lack of money,
scare of recourses and lack of irrigation water
facility. 

L.M.C.S.Menikea et al. (2016) studies that
smallholder farmers understandings of climate
change and adaptation practices and factors that
influence of adaptation to climate change in
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rural farmers of Srilanka. It notices that farmers
are aware of changes in climatic factors
temperature, rainfall, and wind patterns. It found
that most of the farmers observed changes in
climate change and to adjust the climate change
responses farmers are modified farmers
practices with short growing season crop,
drought tolerant variety, improve irrigation
method, adjusting planting dates, planting trees.
Applied logistic regression findings suggest that
socio-economical, environmental and
institutional and economic structure influence
farmers do adaptation to climate change. The
household size, income, education, access to
information through television and radio, being
a member in farmers’ group, land location, crop
variety, accessibility to formal loans, distance of
input markets encourages farmers to go for
adaptation to climate change. 

Belay A et al. (2017) studies engaged to
analyzed the determinants of smallholder
farmers adaptation decisionsto climate change
and information gathered from 200 farmers
householdsin Central Rift Valley of Ethiopia.
Majority of farmers perceived change in
temperature and rainfall and following various
adaptation measure crop diversifications,
adjustment in planting dates, soil and water
conservation and management, intensification
input use, integrating of crop with livestock,
planting trees. Applied a multinomial logit model
results indicates that education, family size,
gender, age, livestock ownership, farming
experience, frequency of contact with extension
agents, farm size, access to market, access to
climate information and income main
determinants of climate change.

Results and Discussions

Farmers perception on climate change
and adaptation strategies in agriculture

Climate change perceptions make farmers
decision to whether do respond or not to do

respond to changes that occurring in climate
change.  Attaining adaptation is two level of
process that first need to perceive it, then
whether to do adapt or not adapt not
guaranteed. Adaptation ensues of utility or profit
maximization. In the review several
factorsaddressed that influencing the farmer’s
perception. This study assessed that some of key
factors influencing farmers do have clear
perception on changing climate that are age of
household head, wealth, climate change
knowledge, social capital, agroecological system.
gender, information climate change, farmers to
farmer extension, younger more educated
producer and tittle of land owning tend to
farmers to have clear perception on climate
change. It is evident that almost all studies across
the different countries and regions most of the
farmers are aware of long-term changes in their
locality. This study results indicate that farmers
are well aware of long-term changes in last 10
years to last 30 years. They observed changes
that occurring in climatic factors of increasing
and decreasing temperature, rainfall,
precipitation, increasing in intensity of drought,
flood, and agriculture vulnerability to climate
change.  

Adaptation strategies are being adapted by
farmers in response to climate change. These
adaptation strategies vary bases on their
location, socio-economic, institutional and
agroecological settings. Adaptation strategies
adapt by farmer to minimize risk that posed by
climate change otherwise, an opportunity to
take advantage of profit maximization. There
are different countries, location, individuals,
societies adaptedvarious adaptation measures in
agriculture in response to mitigate climate
change impacts on agriculture. Study identified
the important adaptation strategies being
practices by farmers in different locations are
that using different crop varieties, crop
diversification, changing planting dates,
transforming farm to non-farm activity,
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irrigation and soil conservation techniques,
cultivation of multiple crop, irrigation, mixed
crop-livestock system,planting trees, building
water-harvesting schemes, changing the amount
of land under cultivation, and buying livestock
feed supplements, mobility, livelihood
diversification, and migration. mixed farming,
changes in water management practices,
changing fertilizer, harvesting timing, short
duration varieties, inter-cropping, investment in
irrigation, and agroforestry, soil and water
conservation and management, intensification
input use, integrating of crop with livestock.
Through these adaptation measure farmers do
able to meet their agriculture damage of climate
change and stepping towards resilient farm
production.

Factors influencing adaptive capacity of
farmers to adapt and barriers adaptation to
climate change

Adaptive capacity in general, it implies that
ability of a system to climate change; it is used
in the assessing vulnerability of social groups,
societies, agroecological systems. Adaptive
capacity varies country to country, region, within
the society unequal. There are diverse factors
influence the adaptive capacity to adaptation to
climate change but present study identified that
broad four factors mainly that socio-economic,
Institutional, ecological and environmental,
technological aspects.  The results of study
indicate that Socio-economic factors: education,
age, gender, and wealth of household, social
capital, farming experience, livestock
ownership, farm size, farm assets (labor, land,
and capital), resource endowment, being a
member of community based organizations
(CBO), owning of a tube well, off-farm activities,
migration, diversified income sources.
Institutional factors: accesses to market (selling
market distance, purchasing market distance),
extension services, credit services, access to
water, ownership right, training facility, access

metrological information, tenancy
statues,weather forecasting and agriculture
extension service,ecological and environmental
factors:agroecological entities, temperature and
annual average precipitation and Technological
factors: seed technology of crop variety. The
above identified board four factors that mostly
influence farmers do adapt to climate change in
response to minimize or avoid the adverse
effects of climate change on agriculture. Many
developing countries are far away because of
their socio-economical and location, institutional
and ecological and environmental setting to
bases on unequal distribution. 

The study also identified who do not adapt
climate change and their barrier to factors to do
adapt, within the society varies unequal. Several
studies indicate that many farmers unable to
adapt to minimize the impacts of climate change
on agriculture. Study identified that from
extensive review of literature main barriers to
adaptation to climate change arelack of credit
facility,lack of money, insufficient information
on short-term and long-term forecasts of climate
change,, poverty, lack of savings, lack of water
accessibility, insecure property rights, lack of
market facility, rationing of inputs, lack of seed
input,lack of knowledge of adaptation method,
lack of access to efficient adaptation method,
shortage of labour, lack of irrigation facility, lack
of store and processing facility and lack of
market facility, scare of resources, small of land
holdings. The study highlights that biases of
various identified factors that farmers are unable
to adapt and they are not at aposition to manage
the climate imposed risk. Study suggests that for
better way to handle the climate change impacts
there is need of holistic government policy
intervention or sophisticated approach to
enhance the farmers adaptive capacity and
make more farmers do adapt climate change
and maintain farm resilience and sustainable
agriculture.
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This study viewed first most local level
adaptation dimension are crucial to any policy
implication, therefore it is an important to have
better understand of local level problems to
overcome the climate change risks.Furthermore,
there is necessity ofbetter governmental policy
intervention in new agricultural practices and
enhancing adaptive capacity of targeted
vulnerable groups to adjust adverse situations of
climate change and enhance resiliency through
holistic institutional policy instruments. under
resource management strategies and market
related development intervention are
advisable. 
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Solar energy is the most abundant form of
energy available in the world. The world receives
170 trillion (KW) solar energy and 30% of this
energy is reflected back to the space, 47% is
transformed to low temperature heat energy,
23% is used for evaporation/rainfall cycle in the
Biosphere and less than 0.5% is used in the
kinetic energy of the wind, waves and
photosynthesis of plants. This abundant form of
solar energy can be utilised for the commercial
as well as household purposes. Lots of
technology and devices are developed for the
utilisation of solar energy like solar Dryers, solar
pumps solar cooker etc.

Solar Dryers can be used for the different
purposes like drying of fruits and vegetables such
as grapes, pepper, etc. They have simple
structural design and cheap to manufacture. In
special case PCM materials like paraffin waxes
can be used in solar Dryers. The interest in
PCMs derives from their capacity to store
energy as latent heat; these materials have been
the focus of numerous studies. 

Computational fluid dynamics (CFD) is a set
of computer simulation techniques that help
analyse and predict the performance of systems
in which fluid motion plays an important role.
This makes CFD an important tool that is
frequently used to help design and improve
products.A CFD study was carried out for
studying the temperature loss in the solar air
Dryer due to the environmental and structural
parameters. 

Materials and Method

This study carries out the thermal and fluid
dynamic analysis of different absorber
configurations included solar Dryer.

The geometry was generated using a
commercial solidworks software package and
the numerical computation was accomplished
using a commercial Finite Volume Method
software package SOLIDWORKS FLOW
SIMULATION. The laws of conservation of
mass (continuity) and momentum, the
continuity, and energy equations were

J. Agric. Res. Technol., 43 (2) : 401-404 (2018)

CFD (Computational fluid dynamics) Analysis of the Solar
Dryer Integrated with Thermal Storage Media
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Abstract
Solar air heater is one of the basic equipment through which solar energy is converted in to thermal energy.

Solar air heater because of their simple designing, are cheap and most widely used as collection devices of
solar energy. In many cases continuous drying is preferred, however solar cabinet dryer is operated only during
day time for 7-8 hr. The conventional source of energy is used to continue the drying after sunset. Thermal
storage system could be coupled with the solar dryer to improve its efficiency and operating hours of solar
dryer. For better thermal performance of solar air heater paraffin wax is used as a phase change material with
high latent heat. CFD study was carried out for studying the temperature loss in the solar air heater due to
environment and structural parameters. This study carries out the thermal and fluid dynamic analysis of different
absorber configurations included in solar dryer.

Key words :



established and solved creating a model for the
specific problem. The model has been used to
determine the temperature, Relative Humidity
and velocity profiles and local dimensionless heat
transfer coefficients with different input
parameters and boundary conditions.

Numerical Models

Assumptions : The numerical model is
based on the following assumptions:

• the flow is steady, turbulent and three-
dimensional;

• the flow is single phase, i.e., the effects of
dust particles and/or water vapour have been
neglected;

• the velocity is uniform over the vent inlet.

• the air properties are constant, except for the
density change with temperature, which has
been treated using the Boussinesq
Approximation.

Governing equations : The governing
equations in fluid dynamics are Navier-Stokes
equations.

The RNG (Renormalization Group) K-
Epsilon model has become one of the most
widely used turbulence models as it provides
robustness, economy and reasonable accuracy
for a wide range of turbulent flows. The RNG
model was derived from the instantaneous
Navier Stokes equations, except it uses a
technique called renormalization group theory
described by Yakhot and Orszag (1986). The
effect of swirl is also accounted for in the RNG
model enhancing the accuracy of swirling flows.

An analytical formula for turbulent Prandtl
numbers is provided in this model while the
standard model relies on user-specific constant
values.

Computational Mesh : A locally refined
rectangular computational mesh is obtained
from the software and used then for solving the
governing equations on it.

Boundary Conditions : Boundary
conditions are applied to the model at inlet and
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outlet. Approximate temperature and pressure
are considered 101325.00 Pa and 303.00 K
respectively.  Inlet velocity of the air is taken 1.2
m s-1 as it is a forced convection study.

Material setting

Fluids : Air

Solids : Plain Carbon Steel, Glass,  Glass
wool,  Wax & Aluminium

Results and Discussion

CFD analysis is carried out under the local
environmental boundary conditions. Latitude is
provided for the solar radiation ray tracing study
in the software. Heat loss through solid bodies
is the main parameter studied through this study.
Most of the time heat loss is occurred due to the
metallic components of the solar Dryer. Air and
solid temperature value is calculated by using
software at different location of solar Dryer.  As
temperature increases relative humidity of air
decreases. Relative humidity is also an important
parameter to study in thermal analysis of solar
Dryer. Wax a PCM material filled in black coated
aluminium tubes which is to store the heat
during night, when solar energy is not available.
The Maximum Overheat temperature above the
melting temperature of wax was calculated in
this study.

Temperature of fluid
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Conclusions

Different configurations for a solar Dryer
have been analysed by means of CFD software
to study temperature and humidity distributions.
Max. temperature of fluid was observed 346.56
K at the chimney of solar Dryer.  As relative
humidity of air decreases with rise in
temperature which was observed as 9.73% in
the chamber of solar air Dryer where
temperature could be maximum. In the results
obtained in the study we observed that
maximum temperature loss was occurred due to
the metallic components of the solar air Dryer.
Metallic components shows the maximum
temperature which was approximately more
than 372 K. Suitable Insulation material should
be applied to the solar Dryer for preventing heat
loss through metallic components. Paraffin Wax
is used as a PCM material in solar Dryer to
conserve heat during day and can be used as a
source of heat in night. The melting of wax
occurred during the study because Max

Overheat above Melting Temperature was
approximately 18.5 K. CFD results values are
approximately more or less than the
experimental values. 
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In wheat, period from onset of spike ignition
to flowering is very sensitive to temperature
acceleration in this phase seems to be the main
reason for reduction in sink size under high
temperature conditions. Heat stress affects the
production of wheat by causing reduction in
duration of grain filling phase, kernel size,
biomass, tiller number, etc. heat stress adversely
affected days to appearance of first node, tillers
per plant and spikelet’s per spike, thereby
resulting in reduction of sink capacity and future
sources capability of the plant. Growth and
development of wheat is adversely affected by
environmental stresses like high temperature,
soil moisture deficit, low light intensity, etc.
Among these, temperature plays an important
role in growth, development and yield of
wheat.

According to Slafer and Rawson (1995), the
base temperature for wheat at anthesis is 8.10C.
The production and transfer of viable pollen
grains to the stigma, germination of the pollen
grains and growth of the pollen tubes down the
style, and effective fertilization is necessary for
successful seed set. All these phases are
temperature sensitive. The present study was
conducted to determine the effects of normal
sowing and heat stress on phenological and yield
components of new wheat genotypes.

Materials and Methods

The field experiment was conducted during
the Rabi season 2015 at Wheat Research Unit,
Dr. PDKV, Akola (M.S) is situated in the
subtropical zone at the latitude of 20° 42' North
and longitude of 77° 02' East. Altitude of the
place is 307.41 m above the mean sea level,
India; to assess the performance of wheat
genotypes under different sowing dates. The
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Abstract
In order to study the phonological and yield responses of wheat (Triticum aestivum and Triticum durum)

at different dates of sowing, an experiment in the form of factorial randomized block design with three
replications was carried out at the research field of wheat research unit, Dr. PDKV, Akola (M.S), during the
Rabi season 2015. The experiment comprised of two dates of sowing i.e. 17th November and 11th December
with seven wheat genotypes namely AKAW-4627, AKDW-4021, AKAW-3722, AKW-1071, NIDW-295,
AKAW-3997 and AKAW-4210-6. The timely sowing of wheat at 17th November resulted in significantly more
mean days to attain panicle initiation (53.56), 50% flowering (58.15) and maturity (109.95). Per cent reduction
caused due to heat stress was 6.39% for panicle initiation, 6.40% to 50% flowering and 6.70% to attain
maturity. Reduction in yield traits caused due to heat stress i.e. productive tillers-1 m2 (20.98%), Test weight
(2.42%) and Grain yield ha-1 (20.97%). Among wheat Genotypes AKAW-4210-6 proved superiority in yield
i.e. 39.56 and 35.24 qt ha-1 respectively under normal and heat stress condition. On the basis of yield stability
index genotype AKAW-4627 (0.90) found superior followed by AKAW-4210-6 (0.89) and AKAW-3722 (0.87).
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experiment was laid out in Factorial Randomized
Block Design replicated three times. Sowing was
done in 1.5 m x 5 m2 plots with plant spacing
20 cm x 2 cm. The treatment comprised of two
dates of sowing i.e. 17th November and 11th
December as a factor A and seven wheat
genotypes namely AKAW-4627, AKDW-4021,
AKAW-3722, AKW-1071, NIDW-295, AKAW-
3997 and AKAW-4210-6 as factor B. Yield
stability index was calculated as per the formula
given by Bouslama and Schapaugh (1984). The
observations on phenological and yield contribu-
ting traits were recorded as randomly selected
five plants from each plot. The data were
analyzed as per Panse and Sukhatme (1967).

Variation in growth environment and heat
stress was induced by manipulation of the
sowing dates i.e. timely and late sowing; the first
sowing was covered the period from second
week of November, 2015 to mid March, 2016
to avoid a high temperature during anthesis and
grain filling period and considered as timely
sowing condition. The second sowing covered
second week of December, 2014 to last week of
March, 2016 to coincide with heat stress (high
temperature during later growth stages) and
considered as late sowing condition. The weekly
maximum temperature varied from 29.5°C to
39.0°C and minimum temperature varied from
7.9°C to 20.2°C during the crop growth period.
Temperature data recorded during the
concerned period is presented in Fig. 1.

Results and Discussion

Effect sowing windows on phenological
and yield traits : Due to the variation of
sowing date the ambient temperature vary
widely which affects the phenology of crop
plant. Table 1 shows that, Date of sowing
significantly influenced the phenological and
yield traits viz., Days to heading, 50%
Flowering, Days to maturity, Productive tillers-1

m2, Test weight and Grain yield ha-1. Days to
heading and 50% flowering ware recorded
significantly less on 11th December (Late sown;
Heat stress) than the 17th November (Timely
sown). Average days required for heading was
53.56 and 50.14 under timely and late sown
condition respectively. The late sown crop
required relatively less days heading respectively
under timely sown wheat crop. It indicates that
high temperature stress reduces the days (3.42)
for heading in wheat. Similar trend of results
were found for the 50% flowering in present
investigation. Similar results were reported by
Khan et al. (2007) who stated that all genotypes
of wheat took more days to heading under
timely sowing (17th November) as compared to
those of late sowing (20th December).
Significantly maximum days were required from
sowing to maturity under timely sown crop
(109.95 days) relative to late sown crop
(102.58). High temperature stress induced by
late sowing caused reduction by 7.37 days
(6.70%) for days to maturity as compared to
timely sowing.

All yields attributes were significantly
influenced by the date of sowing. Significantly
higher number (336.23) of mean productive
tillers m-2 was recorded in timely sowing as
compared to late sowing (265.71). High
temperature stress induced by late sowing
caused 20.98% reduction in mean number of
productive tillers m-2. Regarding test weight
indicated that timely sowing (37.60 g) increased
mean test weight as compared to late sowing
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Fig. 1. Weekly average maximum and
minimum temperature



(36.69 g). The high temperature stress induced
by late sowing caused 2.42% reduction in mean
test weight. It was evident that, timely sowing
recorded the significantly higher grain yield of
33.62 qt ha-1 as compared to late sowing i.e.,
26.57 qt ha-1 mean grain yield of genotypes
ranged from 37.40 to 25.17 qt ha-1 in the
present investigation. The 20.97% reduction in
mean grain yield under late sown condition
caused due to high temperature stress of
2.870C occurred at post anthesis stage. Similar
results were reported by Rane et al. (2009) who
stated that, Reduction in grain yield as delayed
in sowing of wheat crop.

Interaction effect of sowing dates x
genotypes on phenology and yield traits
of wheat genotypes : Among the sowing
dates and genotypes interactions, significant
variations was observed for days to attain
heading, 50% flowering and maturity.
Significantly minimum days were required for
heading and 50% flowering in genotype AKAW-
3722 (48.99, 46.96 and 53.19, 50.98 days)
under timely and late sown condition
respectively. The interaction effect for days to
maturity was found non significant, even though,

numerically minimum days to attain maturity
was recorded by the genotype AKAW-4627
under timely and late sown condition
respectively.

In respect of interaction effect between
sowing dates and genotypes, significant
differences were recorded for a number of
productive tillers m-2. Genotype AKAW-4210-6
when sown under timely condition exhibited
significantly the highest number of productive
tillers (395.60) over all the combinations
followed by AKAW-3997 (362.38) and lowest
in NIDW-295 (202.95) under late sown
condition.

The interaction effect between sowing dates
and genotypes was found statistically significant
for test weight. Early duration genotype AKAW-
4210-6 when sown under timely condition
exhibited significantly highest test weight (39.41
g) over rest of the combinations. AKAW-4627
(38.91 g) and AKAW-3997 (38.10 g) were next
to AKAW-4210-6 in timely sown condition.
Whereas, under late sowing, AKAW-4210-6,
one of the high yielding genotype recorded
significantly highest (37.89 g) grain weight

Journal of Agriculture Research and Technology 407

Table 1. Phenological traits in wheat genotypes as influenced by sowing dates, genotypes and  their interactions

Particulars Days to heading (DAS) Days to 50 % flowering Days to maturity (DAS)
Treatment –––––––––––––––––––––––––––– ––––––––––––––––––––––––––– ––––––––––––––––––––––––––––

(D1) (D2) Mean (D1) (D2) Mean (D1) (D2) Mean
Timely Late Timely Late Timely Late 
sowing sowing sowing sowing sowing sowing

G1 (AKAW-4627) 49.08 48.41 48.74 53.28 52.55 52.91 97.69 97.41 97.55
G2 (AKDW-4021) 55.47 51.17 53.32 60.22 55.56 57.89 115.00 107.00 111.00
G3 (AKAW-3722) 48.99 46.96 47.97 53.19 50.98 52.08 103.13 98.02 100.58
G4 (AKW-1071) 56.55 49.39 52.97 61.39 53.61 57.50 114.00 105.00 109.50
G5 (NIDW-295) 54.75 53.49 54.12 59.44 58.08 58.76 116.66 106.00 111.33
G6 (AKAW-3997) 56.77 52.56 54.66 61.63 57.06 59.35 114.00 106.00 110.00
G7 (AKAW-4210-6) 53.31 48.97 51.14 57.87 53.17 55.52 109.16 98.68 103.92
Mean 53.56 50.14 51.85 58.15 54.43 56.29 109.95 102.58 106.27

SE (m) ± CD at 5% SE (m) ± CD at 5% SE (m) ± CD at 5%
Sowing Date (D) 0.37 1.09 0.41 1.19 0.77 2.24
Genotype (G) 0.70 2.04 0.77 2.23 1.44 4.19
Interaction (D x G) 0.99 2.88 1.08 3.15 2.04 NS



followed by AKAW-3997 (37.82 g). On the
contrary, genotype AKDW-4021 (35.74 and
35.39 g) showed lowest test weight under timely
and delayed sown condition respectively. The
reduction in test weight under late sowing was
mainly due to high temperature, reduction in
grain growth period and shriveling of grains.
The reduction in grain weight under late sowing
and high temperature was reported by Wardlaw
(2002), Khan et al. (2007) and Bahar et al.
(2011).

The interaction effect between sowing dates
and genotypes was found significant. Genotype
AKAW-4210-6 recorded highest grain yield
ha-1 of 39.56 and 35.24 qt under timely and
late sowing respectively over all the genotypes.
Genotypes viz., AKAW-3997 (36.24 qt) and
AKAW-4627 (33.84 qt) also recorded
significantly higher grain yield ha-1 next to
AKAW-4210-6 under timely sown condition.
Whereas, genotypes viz., AKAW-4627 (30.42
qt) and AKAW-3722 (27.54 qt) were next to
AKAW-4210-6 under late sown condition.
Genotype NIDW-295 (30.04 qt) sown under
timely condition exhibited lowest grain yield

ha-1 and also lowest grain yield ha-1 (20.29 qt)
under heat stress due to delayed sowing. The
present results are in agreement with those of
many researchers. Wardlaw and Wringley
(1994) reported 3-4% decrease in grain yield for
each 1°C rise in ambient temperature above
15°C during grain filling. Ahamed et al. (2010)
reported that high temperature during the
reproductive stage and grain filling is one of the
main cause of yield loss in late sown wheat.
Samara and Dhillon (2002) reported 37.4%
reduction in grain yield under 21st December
sowing compared to timely sowing (21st

November) in wheat at Punjab. Singh et al.
(2011) explained that delayed sowing resulted in
forced maturity of wheat because of high
temperature prevailed during reproductive phase
of late sown crop. Due to this, maximum grain
yield was recorded in early sown wheat crop in
comparison with late sown crop. Yield stability
index was calculated on the basis of grain yield
of the genotypes under both normal and late
sown conditions. The genotypes showed wide
range of variations for yield stability index.
Among the genotypes, AKAW-4210-6
produced high grain yield under both optimum
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Table 2. Yield traits in wheat genotypes as influenced by sowing dates, genotypes and  their interactions

Particulars Productive tillers-1 m2 Test weight (g) Grain yield (q) ha-1 Yield 
Treatment –––––––––––––––––––––––– –––––––––––––––––––––––– –––––––––––––––––––––––– stability 

(D1) (D2) Mean (D1) (D2) Mean (D1) (D2) Mean index 
Timely Late Timely Late Timely Late (YSI)
sowing sowing sowing sowing sowing sowing

G1 (AKAW-4627) 338.39 304.18 321.29 38.91 36.71 37.81 33.84 30.42 32.13 0.90
G2 (AKDW-4021) 310.31 227.40 268.86 35.74 35.39 35.56 31.03 22.74 26.89 0.73
G3 (AKAW-3722) 316.54 275.43 295.99 37.05 36.18 36.62 31.65 27.54 29.60 0.87
G4 (AKW-1071) 329.96 254.96 292.46 37.86 36.76 37.31 33.00 25.50 29.25 0.77
G5 (NIDW-295) 300.45 202.95 251.70 36.17 36.11 36.14 30.04 20.29 25.17 0.66
G6 (AKAW-3997) 362.38 242.70 302.54 38.10 37.82 37.96 36.24 24.27 30.25 0.67
G7 (AKAW-4210-6) 395.60 352.38 373.99 39.41 37.89 38.65 39.56 35.24 37.40 0.89
Mean 336.23 265.71 300.97 37.60 36.69 37.15 33.62 26.57 30.10 0.79

SE (m) ± CD at 5% SE (m) ± CD at 5% SE (m) ± CD at 5% -
Sowing Date (D) 2.65 7.71 0.13 0.38 0.55 1.59 -
Genotype (G) 4.96 14.42 0.24 0.70 1.02 2.98 -
Interaction (D x G) 7.02 20.40 0.34 1.00 1.45 4.21 -



and delayed sowing condition but showed
slightly low yield stability (0.89) with respect to
late sowing condition. On the other hand
AKAW-4627 produced moderate grain yield
with high yield stability (0.90).  This result
supports the findings of Ehdaie et al. (1988) and
Bansal and Sinha (1991) confirmed that high
stability in grain yield under stress was associated
with poor or moderate grain yield potential.

Conclusion

In the present investigation, phenological
and yield indices like Days to heading, 50%
Flowering, Days to maturity, Productive tillers-1
m2, Test weight and Grain yield ha-1, were
identified as powerful tools for selection of
wheat genotypes under both timely and heat
stress conditions. It is concluded that
phenological and yield traits of wheat were
significantly influenced by heat stress created by
delayed sowing. In regards to grain yield as the
final product of different physiological and
biochemical processes, and also in regard to
values of yield stability index, and yield
contributing traits, AKAW-4210-6 and AKAW-
4627 were identified as superior genotypes.
These genotypes can be utilized in further
breeding programs for development of heat
stress tolerant wheat genotypes for delayed
sown condition.
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Pigeonpea (Cajanus cajan L. Millsp.) is one
of the major legume (pulse) crop of the tropics
and subtropics, endowed with several unique
characteristics. Pigeonpea is commonly known
in India as redgram or arhar or tur. Being a
leguminous crop, is capable of fixing
atmospheric nitrogen and thereby restore
nitrogen in soil. It is predominantly grown during
the kharif season both as sole crop and
intercrop, though found in wide range of agro
ecological situations. Its deep rooting and
drought tolerant character make it as successful
crop in areas of low and uncertain rainfall.
Pulses are an integral part of vegetarian diet in
Indian sub continent. Pigeonpea has been
considered as second most important pulse crop
after chickpea. The demand of pulses is
increasing day by day due to increasing
population. To meet the demand , pigeonpea
productivity has to be increased. As crop is
largely grown under rainfed situation, its

agronomic practices are required to be
standardized for realizing yield potential. Among
them optimum plant population coupled with
proper nutrition and the number of reproductive
sink per plant are the key factors determining
the yield. 

The topping of terminal bud activates the
dormant lateral buds to produce more lateral
branches which finally resulted in higher yield.
The response of crop to fertilizers could be
affected by amount of available nutrients in soil.
Hence fertilizer management is important to
obtain high yields in upland crops. Since limited
data is available on these aspects in, an
experiment was planned to study the effect of
topping and fertilizer levels on growth and yield
of pigeonpea.

Material and methods

An experiment was conducted during kharif
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Abstract
A field experiment was conducted during kharif season of 2016-2017 at Agronomy department, College

of Agriculture, Latur to study the effect of topping and fertilizer levels on growth and yield of pigeon pea
(Cajuns cajan L.). The topography of experimental field was uniform and levelled. The soil of experiment plot
was clayey in texture, low in nitrogen (118.86 kg ha-1), medium in phosphorus (17.8 kg ha-1),  rich in available
potassium (485.89 kg ha-1) and slightly alkaline in reaction having pH 7.8. The experiment was laid out in
Factorial Randomized Block Design with nine treatments combinations consisting three toppings viz., T1 - No
topping T2 -Topping at 45 DAS T3 -Topping at 60 DAS and three levels of fertilizer viz., F1 - 75% RDF, F2
- 100% RDF,  F3 - 125% RDF, replicated thrice .The result indicates that the adaptation of topping at 60 DAS
recorded significantly higher growth and yield attributes  viz.,  number of functional leaves, number of branches,
leaf area, total dry matter, pod weight, number of pod plant-1 and yield (2921 kg ha-1) of pigeonpea . Higher
NMR (Rs. 109698/-) and B:C (3.55) ratio was also observed  with the adoption of topping at 60 DAS. Among
different fertilizer levels application of 100% RDF was found to be more beneficial for getting higher growth,
yield attributes, yield (2603 kg ha-1), NMR (Rs. 91727/-) and B:C (3.19) ratio of pigeonpea.

Key words : Pigeonpea, topping, fertilizers.



season of 2016-2017 at Agronomy
department, College of Agriculture, Latur to
study the effect of topping and fertilizer levels on
growth and yield of pigeonpea (Cajuns cajan
L.). The topography of experimental field was
uniform and levelled. Soil of the experimental
site was medium black in colour with good
drainage. The soil of experiment plot was clayey
in texture, low in nitrogen (118.86 kg ha-1),
medium in phosphorus (17.8 kg ha-1) and, rich
in available potassium (485.89 kg ha-1) and
slightly alkaline in reaction having pH 7.8. The
experiment was laid out in Factorial Randomized
Block Design with nine treatments combination
consisting of three topping treatment viz., T1 -
No topping, T2 - Topping at 45 DAS and T3 -
Topping at 60 DAS and three fertilizer levels
viz., 75% RDF (R1), 100% RDF (F2), 125%
RDF (F3) replicated thrice. The fertilizers are
applied as per treatments before sowing (RDF-
25:50:00 NPK kg ha-1). The gross and net plot
size of each experimental unit were  6.3 m x 4.2
m and 4.5 m x 3.8 m respectively. Sowing was

done by dibbling method on 22nd June 2016.
The fertilizers are applied as per treatments
before sowing. The recommended cultural
practices and plant protection measures were
under taken as per recommendation.  Data on
various variables were analyzed by analysis of
variance (Panse and Sukhatme, 1967).

Result and Discussion

Growth attributes : The growth attributes
of pigeonpea viz., plant height, number of
functional leaves, leaf area, number of branches
and  total dry matter accumulation plant-1 were
influenced significantly due different topping
treatments and fertilizer levels (Table 1).
Significantly highest plant height of pigeonpea
was recorded with no topping treatment over
topping at 45 DAS and 60 DAS.  It might be
due to undisturbed top growth of pigeonpea  in
no topping treatment, which favoured the crop
to attain maximum plant height. Similar kind of
observations were also observed by Sharma et
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Table 1. Effect of topping and fertilizer levels on growth attributes of pigeonpea

Treatment Plant No. of Leaf No. of Total 
height trifoliate area branc- dry matter 
(cm) leaves plant-1 hes plant-1 (g)

plant-1 (dm2) plant-1

Topping
T1 :  No topping 173.80 266.30 4.50 7.34 180.44
T2 :  Topping at 45 DAS 153.45 295.40 4.99 9.72 194.78
T3 :  Topping at 60 DAS 160.02 317.08 5.32 11.28 210.44
SE m± 3.42 6.40 0.10 0.57 12.77
CD at 5 % 10.25 19.20 0.32 0.98 12.77

Fertilizer level
F1 :  75% RDF 155.22 279.30 4.72 8.63 186.46
F2 :  100% RDF 163.51 294.60 4.85 9.66 196.54
F3 :  125% RDF 168.24 304.80 5.15 10.06 202.78
SE m± 3.42 6.40 0.10 0.33 12.77
CD at 5 % 10.25 19.20 0.32 0.98 12.77

Interaction (T x F)
SE m+ 5.92 11.09 0.18 0.57 7.37
C.D. at 5 % NS NS NS NS NS
General mean 162.33 292.94 4.90 9.45 195.22



al. (2003) and Khan and Latif (2006).
Adoption of topping at 60 DAS gave
significantly higher number of functional leaves,
leaf area, number of branches and  total dry
matter accumulation per plant over no topping
and topping at 45 DAS. It might be due to
topping of terminal bud which increase lateral
branches thereby promoted more number of
leaves and resulted in higher dry matter
accumulation per plant.  The results are in
conformity with the findings of  Baloch and
Zubair (2010).

Among different fertilizer levels application
of 125% RDF recorded higher values of plant
height, number of functional leaves, leaf area,
number of branches and total dry matter
accumulation per plant, which was significantly
superior over application of 75% RDF and
found at par with application of 100% RDF. It
might be due to proper supply of N and P to
pigeonpea crop, which accelerated metabolic
processes, as suggested by Stephen et al.
(2014).

Yield attributes and yield : The
adaptation of topping practice and application
of various levels of fertilizers significantly
influenced the yield attributes and yield of
pigeonpea (Table 2). Topping of pigeonpea at
60 DAS recorded significantly higher values of
number of pods, seed weight (g) per plant and
seed yield (kg ha-1) over no topping and topping
at 45 DAS. It might be due to topping of
terminal buds, which favoured the more number
branches per plant resulted in higher yield
attributes and yield of pigeonpea. The results are
in conformity with the findings of Ahlawat et al.
(1981) and  Sharma et al. (2003).

The yield attributes and yield of pigeonpea
showed a significant improvement with various
fertilizer levels (Table 2). Application of 125%
RDF  recorded higher values of number of pods,
seed weight (g) plant-1 and seed yield (kg ha-1)
over application of 75% RDF and found at par
with application of 100% RDF. It might be due
to better growth attributed with proper N and P
nutrition resulted in adequate supply of
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Table 2. Effect of topping and fertilizer levels on yield and economics of pigeonpea

Treatment No. of Seed Seed Net Benefit: 
pods weight g yield returns cost 
plant-1 plant-1 (kg ha) (Rs.) ratio

Topping
T1 :  No topping 246 40.47 2191 71801 2.76
T2 :  Topping at 45 DAS 273 55.69 2467 85055 3.05
T3 :  Topping at 60 DAS 356 68.89 2921 109698 3.55
SE m± 7 1.49 66.27 3547 -
CD at 5 % 22 4.45 198.67 10634 -

Fertilizer level
F1 :  75% RDF 266 49.23 2218 76994 2.93
F2 :  100% RDF 294 56.11 2603 91727 3.19
F3 :  125% RDF 314 59.71 2758 97832 3.24
SE m± 7 1.49 66.27 3547 -
CD at 5 % 22 4.45 198.67 10634 -

Interaction (T x F)
SE m+ 13 2.57 114.79 0.18 -
C.D. at 5 % NS NS NS NS -
General Mean 292 55.01 2526.81 4.90 -



photosynthates for development of sink. Similar
results were also reported by Aher et al. (2015).

Economics : Net monetary returns of
pigeonpea was significantly influenced by
topping and various fertilizer levels (Table 2).
The maximum net monetary return was
recorded with the adoption of topping at 60
DAS which was significantly superior over no
topping and topping at 45 DAS. The maximum
benefit: cost ratio (3.55) was also  recorded by
adaptation of topping at 60 DAS. Progressive
increase in fertilizer level up to 125% RDF
significantly increased the net monetary returns,
and benefit cost ratio. The highest net monetary
return (Rs.97832 ha-1) was recorded with the
application of 125% RDF over 75% RDF and
found at par with the application 100% RDF.
The highest benefit: cost ratio was recorded with
application of 125% RDF, closely followed  by
application of 100 % RDF. 

From the results it may be inferred that
adoption of  topping at 60 DAS was more
beneficial for getting higher growth, yield and
returns of pigeonpea. Among different fertilizer
levels application of 100% RDF was more

remunerative for getting higher growth, yield
and returns of pigeonpea.
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Sorghum (Sorghum bicolor L.)  is grown for
food, feed and industrial purposes (Sher et al,
2013). Sorghum cultivation has been the heart
of dry land agriculture from years together. It is
considered more tolerant to many stresses,
including heat, drought, salinity and flooding as
compared to other cereal crops (Ejeta and Knoll,
2007). Sorghum is drought resistant because of
its ability to minimize tissue water loss (Rao and
Sinha, 1990). These and other specialized
physiological features, make it drought resistant
species (Arnon 1972).  

In Maharashtra rabi sorghum is
predominantly grown in the rainfed condition,
on residual soil moisture as drought is major
problem in rabi sorghum. Though sorghum
possess excellent drought resistance, as
compared to the most other field crops generally

it suffers from severe moisture stress during the
stages of growth and development (Kebede et
al., 2001). Thus situation totally disturbs rabi
production levels especially on light and medium
soils where grain and fodder yield get drastically
reduced.  

Water stress has emerged as one of the most
severe stresses faced by the sustainable crop
productivity all over the world (Agboma et al.
1997, Tahir and Mehdi, 2001, Sher et al,
2013). Drought adversely affects some of the
important physiological, biophysical and
biochemical processes of the plants, like
chlorophyll distribution, enzymatic activities and
protein synthesis.In view of this, it is necessary
to identify the plant factors which extract more
moisture and render a genotype more drought
tolerance with maximum productivity. Screening
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Abstract
Sorghum [Sorghum bicolor (L.) Moench] is one among the five major cereals of the world, being grown

extensively in tropical and sub-tropical climate. In the present investigation six existing and recently released
cultivars of Sorghum were taken to test their water stress tolerance. These cultivars are presently used
extensively in the commercial production in Indian farmers. The pot trial was laid out in Factoral Completely
Radomized Design with two replications involving with six genotypes viz., PhuleYashoda, PhuleRevati,
PhuleChitra, PhuleVasudha, PhuleAnuradha and PhuleMaulee and four moisture regimes (25%, 50%, 75%
and > 90% of field capacity). The effect of moisture stress was assessed using various physiological parameters.
Among the six genotypes, the PhuleYashoda and PhuleRevati showed significantly maximum mean chlorophyll
a, b and total, RLWC, rate of photosynthesis, rate of transpiration, A-PAR, stomatal conductance and resistance
at 25% of F.C. It could be inferred that the genotype PhuleChitra and PhuleMaulee are more suited under
limited soil moisture condition (which moisture regime). While, the genotype RSV-1006 and PhuleYashoda
found well suited for medium soil for stress as well as non stress condition. Irrespective of moisture regime
PhuleYashoda and RSV-1006 found to better than rest of genotypes based on physiological parameters.
However, PhuleChitra and PhuleMaulee had some physiological parameters which suited under water stress
condition (M1). The resilience to drought shown by recent varieties is a good premise for their use in areas
subjected to dry spells. 

Key words : Sorghum, physiological parameters, genotypes, moisture regimes, pot culture.



varieties for relative drought tolerance has been
attempted by various workers using different
physiological and biochemical parameters. Giles
et al. (1976) reported that bundle sheath
chloroplasts in sorghum leaves were much
affected during increased moisture stress. It has
been documented that root growth, leaf area
development, synthesis of epicuticular wax and
osmotic adjustment under stress are some of the
guidelines in characterizing the genotypes for
stress tolerance in sorghum (Blum, 1987). Barrs
and Weatherly (1962b) developed the concept
of relative water content and the reduction in
relative water content under stress has been used
as a measure of drought tolerance by several
workers. Similarly, stomatal resistance is also
one of the important adaptive mechanisms
under drought conditions. The response of
stomata to moisture stress by way of increase in
stomatal resistance on imposition of stress and
decrease upon rewatering vary from genotype
to genotype.Yoshida et al. (1972)used this as a
parameter to screen the genotypes for drought
tolerance in the rice. In the present investigation,
some of the existing and recently released
cultivars of sorghum were studied to test their
water stress tolerance. 

Materials and methods 

Experimental design : The experiment
was carried out at Sorghum Improvement
Project, M.P.K.V., Rahuri, Dist. Ahmednagar
during rabi 2009-10. Experiment was laid out
in Factorial Randomized Block Design (FRBD).
In which mainly 24 treatment combinations s (6
cultivars x 4 moisture levels) were involved, of
which first factor was moisture regimes i.e. M1
(25% of F.C.), M2 (50% of F.C.) and M3 (75%
of F.C.) and M4 (> 90% of F.C.) and second
factor was genotypes i.e. V1 (PhuleYashoda), V2
(RSV-1006), V3 (PhuleChitra), V4
(PhuleVasudha), V5 (PhuleAnuradha) and V6
(PhuleMaulee).

Chlorophyll stability index : The
Chlorophyll stability index (CSI) was computed
by using the methodology proposed by Arnon
(1949). Two glass vials of 0.5 g sample in
respective tubes, with 50 ml distilled water was
taken. One subjected to heat in water bath at 56
+ 1°C for 30 min while other was kept as
control. Then leaves were ground in morter for
5 min. with 50 ml, 80% acetone. It was filtered
through whatman No. 1 filter paper and
examined immediately for light absorption at
652 nm wavelength. Other leaf samples were
then estimated for chlorophyll content without
heating, simultaneously and the light absorption
was measured 652 nm. The difference between
two readings (Readings without heating –
Reading after heating at 560C) is CSI.  

Chlorophyll content a, b and total :
Total chlorophyll, Chl a and Chl  b contents
were determined following the method of Arnon
(1949) in field condition. Third fully opened leaf
from the top was used for chlorophyll
estimation. The leaf sample of 0.2 g from each
plot was homogenized by adding sufficient pure
acetone in porcelain morter. The homogenized
material was filtered through a Whatman No. 1
filter paper into 25 ml volumetric flask. The
extraction was repeated twice by using 80 per
cent acetone and the final volume was made
upto 25 ml using 80% acetone. The absorbance
of the leaf extract was measured at 645 and 663
nm in spectrophotometer. The Chl a, Chl b and
total chlorophyll contents were calculated by
using the following formula and expressed in mg
g-1 fresh weight.  

Chl. a = 12.7 (A663) – 2.69 (A645) x
25/(1000 x w), Chl. b = 22.9 (A645) – 4.68
(A663) x  25/(1000 x w), Total chlorophyll
(mg/g fresh weight) = [(O.D. 652 x 1000)/34.5]
[ 25 x1000 x W] 

Relative leaf water content : Relative
water content (RLWC) was estimated following
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the procedure of Barrs and Weatherly (1962) at
30, 60 and 90 DAS. Twenty leaf discs third fully
expanded leaf from the top were collected and
weighted on an electronic balance and fresh
weight was determined the weighted leaf discs
were floated in a Petri-disc containing distilled
water for four hours and subsequently blotted
gently and weighted again, which was referred
to as the turgid weight. After taking turgid
weight, the leaf discs were oven dried at 80°C
for 48 hours and dry weight was recorded. The
RWC (%) was calculated by using the formula
[Fresh weight (g) – Dry weight (g)]/[Turgid weight
(g) – Dry weight (g)] x 100. 

Stomatal frequency (Abaxial and
Adaxial) : Stomatal frequency was measured at
10 days after 50 per cent flowering stages of the
crop for this purpose sufficient colourless
thermocol and xylene solution was applied on
both the adaxial and abaxial surface of the
freshly harvested second leaf from the top of
selected plants during bright sunshine hours.
The thermocol, xylene was applied at four
different spots, rubbed gently to form a thin and
uniform layer on the leaf surface and there after
dried for about 1-2 hours. The peelings were
taken out after drying which as stomatal
impression and these peelings were observed
under microscope. Stomatal frequency was
calculated by counting the number of stomata
per microscopic field under high power (40 x) of
the microscope and it was expressed as number
of stomata per cm2 using the formula, Stomatal
frequency = (1 x A)/ 0.0068. Where, ‘A’ is the
number of stomata per microscopic field 0.068
is the area of microscopic field under 40 X
magnification.  

Canopy temperature depression :
Calculating difference of a canopy temperature
from air true temperature. Infrared thermometer
was used to measure canopy temperature. If
value is negative then canopy temperature was
lower than air temperature which indicates

sufficient water in plant. Resistance genotypes
had low leaf temperature. If value is positive then
canopy temperature is higher than air
temperature which indicates moderate to severe
water stress and stomata have began to close or
are closed. When the canopy temperature
equals to air temperature irrigation needed for
optimum yield and water use efficiency.  

Drought Susceptibility Index (DSI) :
The drought susceptibility index was calculated
by using formula suggested by Fischer and
Maurer (1978) as below. S = (1-Y/YP) / DI,
where, S = Drought susceptibility index, DI =
Drought index, Y = Yield in water stress
condition, YP = Yield in irrigated condition.
Drought index is calculated as 1 – ( Xs/ Xp),
Where, Xs = Mean yield of all genotypes in
water stress condition and Xp = Mean yield of
all genotypes in irrigated condition. 

Portable Infra Red Gas Analyser
(IRGA) : For measuring the photosynthesis
rates in the pot conditions a portable IRGA has
been developed in the recent years this can be
used for measuring the rate of photosynthesis
(CO2 fixation) of crop plants in the field
condition.  The rate of transpiration (µmoles
m-2 s-1), Rate of photosynthesis (µmoles m-2

s-1), Leaf temperature (°C) Photosynthetically
active radiation (µmoles m-2 s-1), Stomatal
conductance (mmoles H2O m-2 s-1) Stomatal
resistance (mmoles H2O m-2 s-1) were recorded
at 50% flowering. For measurement an intact
leaf of crop plant is clamped into the chamber
and from 2 to 10 observations of the measurable
parameters was logged. The time between
observations can be fixed to 20 seconds (2
seconds on observation upto total 10
observation).  During the measurements of
photosynthetic rate the data about leaf
temperature, chamber RH and CO2 fixation rate
(CFR/PE) PAR and the stomatal resistance, is
computed and stored in the memory. The data
on the stomatal resistance and apparent

Pawar et al.416



photosynthesis rate for each part of observation
were logged.  Also summary statistics were
computed on all the variables. Finally
transpiration rate and initial value of CO2
(internal to the leaf) were optionally calculated.
After examining the data on the system
conserve the data stored in the internal memory
and next observation was taken following the
same procedure. 

Statistical analysis : Fisher’s method of
analysis of analysis of the data and interpretation
of the results as suggested by Panse and
Sukatme (1967). The level of significance used
in ‘F’ and ‘t’ test was P = a0.05. Critical
difference (CD) values were calculated at 5 per
cent probability level, wherever ‘F’ test was
significant. Correlation analysis was carried out
to study the nature and degree of relationship
between growth parameters, as well as
morphophysical, biochemical parameters and
yield and yield components, following the
method of Panse and Sukhatme (1967).  

Results and Discussion  

Sorghum cultivation has been the heart of
dry land agriculture from years together.
Sorghum has twice the number of secondary
roots than maize and also only half the leaf area
exposed for evaporation than maize. Being a C4
plant, it can utilize sunlight and water very
efficiently. The genotype V3 (PhuleChitra) was
recorded significantly lowest mean chlorophyll
stability index (0.24). Chlorophyll degradation is
one of the consequences of water stress that
may result from photo inhibition and
photobleaching. These finding confirmed the
earlier report of Lim et al., (2007). The
genotype V2 (RSV-1006) was recorded
significantly superior genotype with respect of
total chlorophyll (2.97 mg g-1 fr.wt.). absorbed
photosynthetic active radiation under moisture
stress conditions. Since chlorophyll - a is
essential for the conservation of light ending into

chemical emerging (carbohydrates) and consists
major portion of both the pigment PS-I and PS-
II. Candidoet al. (2009) reported decrease in
total chlorophyll at vegetative were 38, 28 and
60 percent, reproductive and maturation stages,
respectively. The chlorophyll - a, b and total
chlorophyll and carotenoids significantly
decreased in all stages after the water restriction.
The genotype V3 (PhuleChitra) was found
significantly maximum relative leaf water content
(43.54%). A dramatic decline in relative water
content (RWC) and leaf water potential has been
reported in various plants which were imposed
to water deficit conditions. Similar results were
also reported by Ahmad and Siosemardeh
(2005), Pirdashti et al., (2009). The reduction
in leaf RWC has been induced by the water
deficiency in soil as a consequence of water loss
via the stomata and water stress reported by
Pirdashtiet al., (2009). Studies have disclosed
that the decline in RWC lead to a reduction in
leaf photosynthetic activity under water stress.
Similar results were also reported Siddique et
al., (2000) and Ahmadi and Siosemarideh
(2005). 

Furthermore, positive relation between grain
yields with RWC has been reported under
various levels of water stress by Azizie-
Chakerchaman et al., (2009). The genotype V1
(PhuleYashoda) was recorded significantly
highest stomatal frequency of abaxial of leaves
(182.73 mm2) as compared to rest of
genotypes, while the genotype V6 (PhuleMaulee)
was observed significantly minimum stomatal
frequency of abaxial of leaves (146.13 mm2) at
pot condition than among rest of genotypes.
Similar result was found in case ofmean stomatal
frequency of adaxial of leaf surface. The total
stomata number plant-1 were positively
correlated with leaf area, stomatal frequency
seemed to be the desirable character for higher
productivity and did not affect growth rate of
plant in sorghum. Similar result were also
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reported by Surwenshi et al., (2007), Shawesh
et al.,  (1985). The significantly highest canopy
temperature depression (-1.05°C) was recorded
in genotype V2 (RSV-1006) as compared with
rest of genotypes while the genotype V6
(PhuleMaulee) was observed significantly lowest
canopy temperature depression (1.73°C). Singh
et al., (1990) reported a negative correlation
between dry matter and transpiration cooling
(canopy temperature minimum air temperature).
The genotype V2 (RSV-1006) was noticed
significantly maximum in mean drought
susceptible index (0.75) than rest of genotypes.
However, the genotype V1 (PhuleYashoda) was
found significantly minimum in mean drought
susceptible index (0.22). Birariet al. (1995)
reported drought index, DSI and drought

tolerance index were used to determine degree
of resistance of genotypes to drought. Lower
drought tolerance index was found to be more
susceptible variety to drought. Lower drought
susceptibility index higher in the drought
tolerance.These findings are in conformity with
Golabadi et al. (2006) opined that larger value
of tolerance index and stress susceptibility index
show relatively more sensitiveness to stress and
Guttieri et al. (2001) noticed stress susceptibility
index criterion and suggested that stress
susceptibility more than one indicates above
average susceptibility to drought stress. The
genotype V2 (RSV-1006) had the maximum
photosynthetic rate (26.82 µmol m-2 s-1) with
compared rest of treatments. The present
findings are in agreement with Massacciet al.
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Table 1. Physiological parameters as influenced by genotypes, moisture regimes and their interactions of flowering stage in
sorghum at pot condition

Geno- CSI Chlo Chlo Total RLW Stomatal   Can- Photo Trans- A- Stom- Stom- Leaf  
types -a -b chlo C frequency opy synthe- pira- PAR atal atal temp. 

–––––––––––––––– temp. tic tion condu- resis-
abaxial adaxial rate rate ctance tance
surface surface 

M1 0.34 1.84 0.68 2.52 35.37 157.40 136.74 -3.32 20.86 1.30 344.11 16.17 0.062 -4.78 
M2 0.38 1.84 0.69 2.53 37.44 160.73 140.27 -1.21 21.71 1.32 377.09 17.63 0.057 -4.31 
M3 0.42 2.01 0.70 2.71 41.45 164.76 142.91 -0.71 23.67 1.42 392.94 21.34 0.048 -3.50 
M4 0.46 2.02 0.71 2.73 42.70 169.70 146.53 -0.41 25.23 1.50 406.21 23.49 0.043 -1.26 
S.E.± 0.001 0.001 0.001 0.001 0.394 0.399 0.804 0.112 0.358 0.003 2.309 0.258 0.003 0.171 
CD  0.002 0.002 0.002 0.003 1.153 1.171 2.353 0.327 1.047 0.009 6.760 0.757 NS 0.501 
at 5%

Genotypes
V1 0.46 2.05 0.78 2.83 36.78 182.73 163.10 -1.29 25.45 1.39 419.11 21.03 0.049 -3.18 
V2 0.59 2.16 0.81 2.97 33.02 179.32 159.75 -1.05 26.82 1.56 405.15 21.85 0.047 -2.85 
V3 0.24 2.00 0.68 2.68 43.54 154.14 135.46 -1.51 21.60 1.45 373.27 17.88 0.057 -3.77 
V4 0.45 1.97 0.65 2.61 39.17 167.11 142.16 -1.46 25.34 1.31 377.80 20.49 0.049 -3.59 
V5 0.26 1.88 0.63 2.49 41.01 149.44 126.36 -1.43 18.27 1.34 338.14 19.72 0.052 -3.31 
V6 0.39 1.53 0.62 2.15 41.91 146.13 122.83 -1.73 19.74 1.28 367.06 16.98 0.060 -4.08 
S.E.± 0.001 0.001 0.001 0.001 0.482 0.489 0.984 0.137 0.438 0.004 2.828 0.316 0.0009 0.209 
CD  0.002 0.003 0.002 0.004 1.412 1.433 2.882 0.401 1.282 0.012 8.280 0.927 0.0027 0.614 
at 5%

Interaction
S.E.± 0.002 0.002 0.002 0.002 0.965 0.979 1.969 0.274 0.876 0.008 5.656 0.633 0.002 0.419 
CD  0.007 0.008 0.006 0.11 3.685 3.740 7.520 N.S 3.344 0.031 21.60 2.420 0.006 NS 
at 5%



(1996) observed progressive reduction of
photosynthesis proportionately with decreasing
water potential. Both stomatal and non stomatal
limitations cause reductions in photosynthesis
during drought reported by Zhou et al., (2007).
The maximum transpiration rate (1.56 m mole
m-2 s-1) was recorded in genotype V2 (RSV-
1006). However the genotype V6 (PhuleMaulee)
was found significantly lowest transpiration rate
(1.28 mmole m-2 s-1) with the rest of genotypes.
The present investigations are supported by
Yadav et al. (1991) observed that higher rate of
stomatal resistance and lower rate of
transpiration can be used for screening
genotypes for drought clearance. The genotype
V1 (PhuleYashoda) was recorded significantly
highest absorbed photosynthetic active radiation
(419.11 µmole m-2 s-1). The genotypes V2
(RSV-1006) was recorded significantly highest
mean stomatal conductance (21.85 m mol H2O
m-2 s-1). The genotype V6 (PhuleMaulee) had
significantly superior in mean stomatal
resistance (0.060 m mol H2O m-2 s-1) than rest
of genotypes. Treatment V6 (PhuleMaulee) was
found significantly lowest in mean leaf
temperature depression (-4.08°C). While,
significantly highest mean leaf temperature
depression (-2.85°C) was found in genotype V2
(RSV-1006). These results coincided with Singh
and Kanemasu (1983) who reported that
average leaf temperature on non-irrigated pearl
millet genotypes was higher (34.1 to 36.8°C)
than irrigated plants of the same genotypes was
higher (34.1 to 36.8°C) than irrigated plants of
the same genotypes. This was also supported by
Verma and Eastion (1986) in sorghum and
Khera and Sandu (1986) in sugarcane. 
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Water stress is one of the most important
crop growth limiting factors in crop production.
Several methods have been used to detect and
evaluate the effect of water stress on plant
growth. However, evaluation of water stress level
to which crops are subjected to is important for
the quantification its effect on crop production.
Remote sensing is tool to detect and quantify the
effect of water stress (Mirik et al. 2012).The
remote sensing technique is suitable for
assessing water stress and implementing
appropriate water management strategies
because it presents unique advantage of
repeatability, accuracy, synoptic analysis and
cost effective over the ground based surveys for
water stress detection (Levent Genc et.al
2013).Hyperspectral remote sensing techniques
further allow the early detection of vegetation
stress (Panigada et al., 2010).

The spectral characteristics of crop are
distinctive with low reflectance in blue, high in
green, very low in red and very high in NIR. The
overall reflectance of water in visible region
(400-700 nm) is relatively low and in the NIR
(700-900 nm) it is practically zero (Rock et al.
1986). Extensive research has been conducted
to study pigment concentration of plants using
spectral reflectance under various environmental
conditions and stress (Blackburn, 2007).
Numerous spectral vegetation indices have been
developed to characterize vegetation canopies.
The most common of these indices, which utilize
red (0.6-0.7 µm) and near infrared (0.7-0.9 µm)
wavelengths, are the simple ratio and
Normalised Difference Vegetation Index (NDVI)
(Tucker 1979). The NDVI and its various
derivatives are most commonly used in
estimating the onset of stress (Penulelas et al.
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Abstract
The experiment was conducted at the instructional farm of Department of Irrigation and Drainage

Engineering, Mahatma Phule Krishi Vidyapeeth, Rahuri, Maharashtra, during Kharif season of 2015 to study
the effect of water stress on spectral reflectance and Normalized Difference Vegetation Index (NDVI) of
groundnut. The crop was subjected to six different water stress (WS) conditions (I1 - 0% WS, I2 - 20% WS, I3
- 40% WS, I4 - 60% WS, I5 - 80% WS and I6 - 100% WS) based on 50 mm cumulative reference
evapotranspiration using FAO pan Evaporimeter method. The experiment was laid out in randomized block
design with four replications. Spectral reflectances were measured every week for all the treatments using a
spectroradiometer in the range of 450-2500 nm at an interval of 1 nm in blue, green, red (IR) and near-infrared
(NIR) wavebands. The spectral reflectances increased with water stress from 2.99 to 5.03%, 6.30 to 11.39%
and 2.71 to 6.89% in blue, green and IR wavebands, respectively. The spectral reflectances in NIR waveband
decreased from 60.74 to 39.58% with increase in water stress from 0% to 100%. The NDVI values estimated
on the basis of reflectances in IR and NIR wavebands decreased with increase in water stress.  The analysis of
spectral reflectances showed that, the water stress could be quantified by using spectral reflectance, especially
IR and NIR regions. The overall analysis of experimental data indicated that the spectral reflectance data can
be used to assess the water stress conditions of groundnut (Arachis hypogaea L.)

Key words : Water stress, spectral reflectance, NDVI, groundnut.



1997). The NDVI has also been used for
numerous regional and global applications for
studying the distribution and potential
photosynthetic activity of vegetation. Bell et.al
(2002) reported that NDVI has been used to
measure draught stress, turf chlorophyll content
and turf quality.

Hence, the research studies were undertaken
to know the spectral response of different crop
to water stress. In this paper the methodologies
used and results obtained for groundnut are
presented and analysed.

Materials and Methods

Study area : The experiment was
conducted at the instructional farm of
Department of Irrigation and Drainage
Engineering, Dr. Annasaheb Shinde College of
Agricultural Engineering and Technology,
Mahatma Phule Krishi Vidyapeeth, Rahuri,
Maharashtra, during Kharif season of 2015 to
study the effect of water stress on spectral
reflectance and NDVI of groundnut.
Geographically the farm lies at 74° 38’ 00” E
longitudes and 19° 0’ 00” N latitude at 557 m
above the mean sea level. The textural class of
the soil is clay with field capacity 39%,
permanent wilting point 19 % and bulk density
1.27 g cc-1.

The experimental farm climatically falls
under the semi-arid and sub-tropical zone with
average annual rainfall of 566 mm. The
distribution of rain is uneven and it is distributed

over 15 to 37 rainy days. The annual mean
maximum and minimum temperatures range
between 28.22 to 39.04 0C and 10.10 to 22.9
0C, respectively. The annual mean pan
evaporation ranges from 3.7 to 12.4 mm
day-1. The annual mean wind speed ranges from
3.2 to 13.09 km hr-1. The annual mean
maximum and minimum relative humidity range
from 59 to 90 per cent and 21 to 61 per cent,
respectively.  Monthly averages of metrological
data during the study period are presented in
Table 1.

Experimental details : The experiment
was carried out in randomized block design
(RBD) with six water stress treatments (I1 - 0%
water stress, I2 - 20% water stress, I3 - 40%
water stress, I4 - 60% water stress, I5 - 80%
water stress and I6 -100% water stress) with four
replications. The size of each treatment plot was
4 m × 3 m. A 1 m wide space was provided
between two plots. The groundnut crop was
sown at the spacing 30 x 10 cm on 8 July,
2015. Pre sowing irrigation of 50 mm was
applied after sowing of the crop to ensure the
uniform germination of the groundnut. The
standard cultivation practices were followed to
maintain the crop so that there is no other stress
except controlled water stress. The quantity of
water to be applied was estimated for each stress
treatment considering the rainfall and
evaporation and scheduling the application at
50 mm Cumulative Pan Evaporation. The
desired quantity was applied directly at the
plot.
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Table 1. Monthly average values of metrological variables during the study period

Month Tmax Tmin RHmax RHmin BSSH Wind Total
(°C) (°C) (%) (%) (Hrs) speed rainfall

(km hr-1) (mm)

July 32.42 23.69 70.92 53.04 4.51 8.98 25.80
August 31.90 22.31 73.13 53.35 4.35 4.05 15.40
September 32.24 21.85 76.80 51.50 6.09 2.64 123.60
October 34.00 19.67 64.42 39.26 7.46 0.70 20.60
November 31.69 16.82 61.10 41.97 7.72 1.03 26.00



Spectral reflectance measurement :
Spectroradiometers are widely used to measure
spectral reflectance and are designed to match
the wavebands of different satellites’ sensors
(Agapiou et al., 2010). In this study field
reflectances were measured over groundnut
plots with the SVC HR-1024i spectrora-
diometer in the spectral range of 450-2500 nm
during the crop growth periods at an interval of
seven days. The spectral reflectances were
measured under clear-sky conditions between
12:00 and 14:00 hrs, at 60 to 80 cm above
crop canopy, with the 4° field-of-view (FOV).
Spectral reflectances were measured at five
representative locations from the most central
part of each plot.  A reference calibrated
spectralon panel with 100% reflectance was
used to measure the incoming solar radiation as
a reference, while the measurement over the
crops was a target. In order to avoid any errors
due to significant changes in the prevailing
atmospheric conditions, the measurements over
the spectralon panel and the target were taken
with the shortest time lag. The reflection of the
spectralon panel was recorded for every five
measurement to ensure reliable data collection.
These spectral reflectance measurements were
then used to calculate average in-band spectral
reflectance in blue, green, red and near-infrared
wavelengths. The same point was visited every
week for taking observations over the crop
growth period.

Estimation of NDVI : The reflectance
measurements were re-sampled to 1nm
wavelength and converted into in-band
reflectance: Blue (450-520 nm), Green (520-
600 nm), Red (630-690 nm) and NIR (760-900
nm). The NDVI was calculated by using the
equation proposed by Rouse et al. (1974). 

(NIR - Red)
NDVI = ––––––––––––––

(NIR + Red)

Results and Discussion

Irrigation scheduling : The water to be
applied under different water stress conditions
was calculated based on 50 mm cumulative
reference evapotranspiration using FAO pan
Evaporimeter method. The data of water
applied, effective rainfall and seasonal water
applied for the year 2015 are presented in  2.
The amount of seasonal water use in I1, I2, I3,
I4, I5 and I6 treatments were 498, 438, 379,
299, 273 and156,  respectively.

Spectral reflectance : Spectral reflectance
values of groundnut obtained by spectrora-
diometer during the experimentation are shown
in Fig. 1. Average reflectance values of blue,
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Table 2. Total amount of irrigation water and seasonal
water use of the crop

Treatments Irrigation Effective Seasonal 
water rainfall water 
applied (mm) applied
(mm) (mm)

T1 (0% WS) 342 156 498
T2 (20% WS) 283 156 438
T3 (40% WS) 223 156 379
T4 (60% WS) 144 156 299
T5 (80% WS) 117 156 273
T6 (100% WS) - 156 156

Table 3. Average reflectance values of blue, green, red and
near-infrared wavelengths and Normalised
Difference Vegetation Index (NDVI) for groundnut

Treatments Reflectance (%) NDVI
––––––––––––––––––––––––––––––
Blue Green Red NIR
(450- (520- (630- (730-
520 600 690 900
nm) nm) nm) nm)

I1 (0% WS) 2.98 6.30 2.71 60.74 0.91
I2 (20% WS) 3.40 7.45 3.14 54.61 0.89
I3 (40% WS) 4.09 8.94 3.41 51.32 0.88
I4 (60% WS) 4.31 9.58 3.68 47.65 0.86
I5 (20% WS) 4.73 10.22 4.13 45.38 0.83
I6 (100% WS) 5.03 11.39 6.89 39.58 0.70



green, red and near-infrared wavelength are
presented in Table 3. The average reflectance
values in blue, green, red and near-infrared
wavebands for the I1 treatment were 2.98,
6.30, 2.71 and 60.74 respectively, for the I2
treatment 3.40, 7.45, 3.14 and 54.61
respectively, for the I3 treatment 4.09, 8.94,
3.41 and 51.32 respectively, for the I4
treatment 4.31, 9.58, 3.68 and 47.65
respectively, for the I5 treatment 4.73, 10.22,
4.13 and 45.38 respectively and for I6
treatment 5.03, 11.39, 6.89 and 39.58
respectively. It was found that for blue, green
and red wavebands the spectral reflectance
values increase from 0% water stress to 100%
water stress, while for near-infrared waveband,
the spectral reflectance values decrease with
increase in water stress. The reflectance values
of non irrigated treatment (I6 - 100% WS) plots

in blue, green and red portions were higher and
the reflectance value in the near-infrared portion
were lower than the values obtained in the other
water stress treatments.

Time series of NDVI : The seasonal
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Blue (450-520 nm)

Red (630-690 nm) Near-Infrared (760-900 nm)

Green (520-600 nm)

Fig. 1. Spectral reflectance of groundnut in blue, green, red (IR) and near-infrared (NIR) wavebands
over the growth period for each water stress treatment (I1 - I6)

Fig. 2. Time series of Normalized Difference
Vegetation Index (NDVI) values during
the study period for each water stress
treatment (I1 - I6)



average NDVI values of the I1, I2, I3, I4, I5 and
I6 were found 0.91 0.89 0.88 0.86 0.83 and
0.70 respectively.  The NDVI values decreased
with increasing water stress (Fig. 2).

Conclusions

This study was conducted to investigate the
nature of variation of reflectance in the blue,
green, red and near-infrared wavebands changes
as a function of water stress for groundnut. Six
different water stress (WS) conditions were
examined: I1 - 0% WS, I2 - 20% WS, I3 - 40%
WS, I4 - 60% WS, I5 - 80% WS and I6 - 100%
WS. Spectral reflectances were measured using
spectroradiometer. This investigation showed
that in blue, green and red wavebands, the
spectral reflectances increased when water stress
increased from 0% to 100%. In Near-Infrared
waveband the spectral reflectances decreased
when water stress increased from 0% to 100%.
The NDVI values estimated from the spectral
reflectance in IR and NIR region decreased with
increase in water stress, this indicated the
possibility of quantifying water stress by NDVI.
Analysis of the data further indicated that it is
possible to use remotely sensed data to develop
maps of water stress conditions of groundnut
(Arachis hypogaea L.).
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Soybean is one of the oilseed crop in the
world with high quality protein (40-42%) and
edible oil (18-22%) for mankind and
thereby lifted the socio-economic status of
soybean farmers. It has been accredited as
principal food crop since long time that
produces 2-3 times more high quality protein
yield per hectare than other pulses and
cholesterol free oil. In Maharashtra soybean
production during kharif 2016 was 39.45 lakh
metric tones from an area of 35.80 lakh
hectares with the productivity of 1102 kg ha-1,
Whereas in Marathwada the area under soybean
was 15.94 lakh hectares with production of
12.87 lakh tones and productivity of 807 kg ha-
1. Potassium is required for cell structure, carbon
assimilation, photosynthesis, protein synthesis,
starch formation, translocation of protein and
sugar, the water balanced in plant, normal root
development and many other life processes.
Therefore present investigation was undertaken

to study the effect of graded levels of potassium
on yield, quality of soybean grain and soil
properties.

Materials and Methods

The experiment was conducted on farmer’s
field at different villages Nandgao Tq. Parbhani,
Fulkalas Tq. Purna, Bharswada Tq. Sonpeth and
Narsapur Tq. Parbhani. The experiment was laid
out in Randomized Block Design with four
replications, one location treated as one
replication. There were five treatments
comprising of K levels viz.; T1 - farmer practice,
T2 - 30:60:00 NPK kg ha-1 + 25 kg ZnSO4,
T3 - 30:60:30 NPK kg ha-1 + 25 kg ZnSO4,
T4 - 30:60:45 NPK kg ha-1 + 25 kg ZnSO4,
T5 - 30:60:60 NPK kg ha-1 + 25kg ZnSO4.
Grain and straw yields were recorded after
harvest of soybean crop. Soil samples were
collected before sowing and after harvest of
experiment and analysed by following standard
procedures.
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Abstract
A field experiment was planned and conducted during Kharif 2016-17 to evaluate the Response of

potassium to soybean crop on yield and soil properties in Vertisol on farmer’s field. The results indicated that,
the treatment T5 - 30:60:60 NPK kg ha-1 + 25 kg ZnSO4 recorded maximum grain yield (2901 kg ha-1),
straw yield (2843 kg ha-1) and it was at par with treatment T3 and T4 and significantly superior over treatment
T1 and T2 where potassium was limiting factor. In quality parameters maximum protein (41.28%) and oil
content (21.01%) in soybean grain were observed in treatment T5 (30:60:60 NPK Kg ha-1 + 25 kg ZnSO4)
and significantly superior over rest of the treatments. The Soil fertility status (available N, P, K, S and Zn), were
higher in the treatment receiving potassium. Different forms of potassium (Exchangeable, non exchangeable
and lattice K) were also improved with the treatment 30:60:60 NPK kg + 25 kg ZnSO4 ha-1 hence the
application of graded levels of potassium enhances the forms of K.
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Results and Discussion

Grain yield of soybean The data presented in
Table 1 indicated that, the application of
potassium with recommended dose of N and P
(30 kg N and 60 kg P2O5 ha-1) to soybean
recorded increase in grain yield. The grain yield
of soybean was ranged from (2380 to 2901 kg
ha-1) and treatment T5 comprises recommended
dose of N and P with 60 kg K20 ha-1 obtained
higher (2901 kg ha-1) grain yield and showed
significant increase over T2 (30:60:00 NPK+
ZnSO4) and T1 (farmers practice) and at par
with treatment T3 (30:60:30 NPK + ZnSO4)
and T4 (30:60:45 NPK + ZnSO4) similar results
reported by Tiwari and Nigam, (1985) and
Slaton et al. (2006).

Straw yield of soybean : The straw yield
were recorded and presented in Table 1 it was
range from 2242 to 2843 kg ha-1 and
maximum straw yield was observed in treatment
T5 (30:60:60 NPK + ZnSO4 kg ha-1) which
was significantly superior over all the treatments.
This may be due to absorption of native as well
as added major nutrient such as N and P which
might have been attributed to improvement in
straw yield. Similar findings were also reported
by Kherawat et al (2014), Habbasha et al.
(2014).

Response of potassium to soybean
crop on farmers field in Vertisol on quality
parameters of soybean 

Protein content : The data presented in
Table 2 revealed that, the protein content was
in the range of 37.78 to 41.28 per cent and
maximum protein content was observed in
treatment T5 (30:60:60 NPK + ZnSO4)
followed by treatment T4 (30:60:45
NPK+ZnSO4) and T3 (30:60:30 NPK+ZnSO4).
As potash has synergistic effect on N and K
uptake, facilitates protein synthesis and activates
different enzymes. Therefore, protein content
increased significantly with increase in K levels.

The results were statistically significant. Results
are in confirmation with earlier observations
reported by Tiwari et al. (2012) and Pande et
al. (2014).

Oil content : The data presented in Table
2 revealed that, the oil content was in the range
of 19.03 to 21.01 per cent and maximum oil
content was observed in treatment T5 (30:60:60
NPK + ZnSO4) followed by treatment T4
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Table1. Response of potassium to soybean crop on
farmer’s field in Vertisol on Grain & Straw Yield
(kg ha-1)

Treatment Grain Straw % Increase  
details yield yield in grain yield 

(kg (kg over farmer’s 
ha-1) ha-1) practice

T1 - Farmers Practice 2380 2242 -
(2.5 bag DAP ha-1)

T2 - 30:60:00 NPK + 2491 2358 05
ZnSO4

T3 - 30:60:30 NPK + 2862 2668 20
ZnSO4

T4 - 30:60:45 NPK + 2889 2784 21
ZnSO4

T5 - 30:60:60 NPK + 2901 2843 22
ZnSO4

Mean 2705 2579

SE± 28.94 11.74 -

CD at 5% 83.26 33.78 -

Table 2. Response of potassium to soybean crop on
farmers field in Vertisol on Protein content (%) &
Oil content (%)

Treatment Protein Oil 
details content content 

(%) (%)

T1 - Farmers Practice 37.78 19.03
(2.5 bag DAP ha-1)

T2 - 30:60:00 NPK + ZnSO4 38.56 19.44
T3 - 30:60:30 NPK + ZnSO4 39.81 20.21
T4 - 30:60:45 NPK + ZnSO4 40.28 20.66
T5 - 30:60:60 NPK + ZnSO4 41.28 21.01
Mean 39.52 20.07
SE± 0.13 0.09
CD at 5% 0.41 0.30



(30:60:45 NPK + ZnSO4) and T3 (30:60:30
NPK + ZnSO4). Treatment T5 was significantly
superior over all other treatments. 

Response of potassium to soybean
crop on farmers field in Vertisol on soil
properties

pH : The soil analysis of the experimental
plot was carried out at harvest of the crop. The
data has presented in Table 3. However the
effect of pH with an average of 7.40 to 8.10 as
influenced due to application of potassium. The
relative high soil pH might be due to presence
of high degree of base saturation. Similar
findings were also reported by Gajbe et al.
(1976).

Electrical Conductivity of soil : The EC
(dSm-1) was significantly influenced due to
application of chemical fertilizers. The safe
soluble salts concentration in soils might be due
to proper management of soil and thereby
leaching of salt takes place from surface to sub-
surface. The results were in conformity with the
findings reported by Waghmare et al. (2008).  

Organic carbon : The organic carbon
content recorded and presented in Table 3, with
an average value of 4.08 to 5.50 g kg-1 and it
was found safe for the cultivation of soybean
crop. The organic carbon increased due to
application of potassium 60 kg and 45 kg ha-1

along with recommended N and P fertilizers in
the soil.

Response of potassium to soybean
crop on farmers field in Vertisol on
available nutrients in soil

Available Nitrogen in soil : The data
presented in Table 4 revealed that, the available
nitrogen was in the range of 171.50 to 199.50
kg ha-1 at harvest. The treatment T5 (30:60:60
NPK + ZnSO4 kg ha-1) showed highest N
availability and it was at par with treatment T4
(30:60:45 NPK + ZnSO4 kg ha-1) and
significantly superior over all other treatments.
This might be due to synergistic effects between
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Table 3. Response of potassium to soybean crop on
farmers field in Vertisol on soil pH, EC and
Organic Carbon

Treatment pH EC Organic 
details (dS carbon 

m-1) (g kg-1)

T1 - Farmers Practice 7.40 0.59 4.08
(2.5 bag DAP ha-1)

T2 - 30:60:00 NPK + ZnSO4 7.60 0.65 4.71
T3 - 30:60:30 NPK + ZnSO4 7.90 0.67 5.13
T4 - 30:60:45 NPK + ZnSO4 8.08 0.68 5.34
T5 - 30:60:60 NPK + ZnSO4 8.10 0.72 5.50
Mean 7.82 0.66 4.95
SE± 0.10 0.026 0.08
CD at 5% 0.31 0.077 0.23

Table 4. Response of potassium to soybean crop on farmers field in Vertisol on soil Available N, P, K, S and Zn

Treatment Available Available Available Available DTPA 
details N P2O5 K2O S extractable 

(kg ha-1) (kg ha-1) (kg ha-1) (kg ha-1) Zn (mg kg-1)

T1 - Farmers Practice (2.5 bag DAP ha-1) 171.50 9.27 622.00 8.00 0.58
T2 - 30:60:00 NPK + ZnSO4 178.50 10.11 649.75 8.92 0.68
T3 - 30:60:30 NPK + ZnSO4 184.00 10.18 668.75 9.53 0.69
T4 - 30:60:45 NPK + ZnSO4 195.00 10.98 695.00 9.99 0.73
T5 - 30:60:60 NPK + ZnSO4 199.50 12.05 728.50 10.18 0.75
Mean 185.00 10.52 672.80 9.32 0.69
SE± 3.578 0.235 8.407 0.248 0.020
CD at 5% 10.297 0.676 24.192 0.715 0.058



nitrogen and potassium. Similar results have also
been reported by Meena et al. (2013).

Available Phosphorus in soil : The data
presented in Table 4 indicated that, the
availability of phosphorous varied from 9.27 to
12.05 at harvest stage of the crop. The available
P2O5 values at harvest stage were found to be
significant. The treatment T5 (30:60:60 NPK +
ZnSO4 kg ha-1) recorded the highest P
availability and significantly superior over all
other treatments. Similar results have also been
reported by Meena et al. (2013).

Available Potassium in soil : The data
presented in Table 4 revealed that, the
availability of potassium varied from 622 to
728.50 kg ha-1 at harvest stage of the crop. The
treatment T5 (30:60:60 NPK + ZnSO4 kg ha-1)
showed maximum K2O availability. Followed by
T4 (30:60:45 NPK + ZnSO4 kg ha-1) and T3
(30:60:30 NPK + ZnSO4 kg ha-1) and
significantly superior over all other treatments.

The application of higher levels of K showed
an increasing tendency of K accumulation.
Application of RDF and potassium resulted in
higher productivity of green gram and the
buildup of available K and relatively lower mining
of K from non-exchangeable pool. The high
content of K2O is due to the presence of K rich
minerals in Vertisols and associated soils of
Marathwada region (Vineetha and Malewar,
2009). Balanced nutrition, particularly balancing
of N and K nutrition and tapping into the
synergistic effect between N and K, is important
in crop production to improve nutrient use
efficiency (Kurhade et al., 2015). Dhule et al.
(2014) also observed higher available potassium
with the application of 50 kg K2O ha-1 along
with recommended N and P2O5. The similar
result were observed by Prasad et al. (2000),
Tariq and Shah (2002).

Available S : The data presented in Table
4 revealed that, the sulphur status at harvest

stage was ranged from 8.00 to 10.18 kg ha-1.
The treatment differences were noticed
significant change. The highest availability of S
in soil was observed in treatment T5 (30:60:60
NPK + ZnSO4 ha-1) which was followed by T4
(30:60:45 NPK + ZnSO4 ha-1) and T3
(30:60:30 NPK + ZnSO4 ha-1) and significantly
superior over treatment T1 (Farmers Practice)
and T2 (30:60:00 NPK + ZnSO4). 

DTPA extractable Zn The data presented in
Table 4 revealed that, the DTPA extractable Zn
was ranged between 0.58 to 0.75 mg kg-1. The
maximum (0.75 mg kg-1) Zn in soil was recorded
in the treatment T5 followed by T4 and T3 and
these treatments were at par with each other
and significantly superior over T1 and T2. The
similar results have also been observed by Tariq
et al. (2002).

Response of potassium to soybean
crop on farmers field in Vertisol on
different forms of K in soil.

Exchangeable K : The data presented in
Table 5 revealed that, the exchangeable
potassium content in surface soils varied from
94 to 193 mg kg-1 with mean value 149.00 mg
kg-1. Higher status of exchangeable K (193.00
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Table 5. Response of potassium to soybean crop on
farmers field in Vertisol on Exchangeable K,  Non-
Exchangeable K and Lattice K in soil (mg kg-1)

Treatment Exchang Non-Ex- Lat-
details -eable chang- tice 

K eable K 
(mg K (mg (mg
kg-1) kg-1) kg-1)

T1 - Farmers Practice 94 621 4213
(2.5 bag DAP ha-1)

T2 - 30:60:00 NPK + ZnSO4 125 655 4490
T3 - 30:60:30 NPK + ZnSO4 156 763 5438
T4 - 30:60:45 NPK + ZnSO4 175 836 5900
T5 - 30:60:60 NPK + ZnSO4 193 870 6201
Mean 149 749 5348
SE± 4.74 6.53 63.59
CD at 5% 14.79 18.81 182.97



mg kg-1) found in treatment T5 (30:60:60 NPK
+ ZnSO4) followed by T4 (30:60:45 NPK +
ZnSO4) and T3 (30:60:30 NPK + ZnSO4). 

The variation in exchangeable potassium
content among the soils of different cropping
system may be attributed to differential release
of potassium from non exchangeable and lattice
potassium as well as variation in labiled pool due
to potassium fertilization. The similar results
have also been observed by Babar et al. (2007)
and Singh et al. (2006).

Non- Exchangeable K The data presented in
Table 5 revealed that, the Non-exchangeable
potassium content in surface soils varied from
621 to 870 mg kg-1 with mean value 749 mg
kg-1. Higher status of Non-exchangeable K (870
mg kg-1) found in treatment T5 (30:60:60 NPK
+ ZnSO4) followed by T4 (30:60:45 NPK +
ZnSO4) and T3 (30:60:30 NPK + ZnSO4). The
variation in exchangeable potassium content
among the soils of different cropping system
may be attributed to differential release of non
exchangeable potassium. The similar results
have also been observed by Babar et al. (2007)
and Singh et al. (2006).

Lattice K in soil The data presented in Table
5 revealed that, the lattice potassium content in
surface soils varied from 4213 to 6201 mg
kg-1 with mean value 5348 mg kg-1. Higher
status of lattice K (6201 mg kg-1) found in T5
(30:60:60 NPK + ZnSO4) followed by T4
(30:60:45 NPK + ZnSO4) and T3 (30:60:30
NPK + ZnSO4) significantly superior over all
other treatments. The similar results have also
been observed by Babar et al. (2007) and Singh
et al. (2006).
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