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Abstract
The field experiment was conducted during kharif season of 2016-2017 on vertisol at Oilseed Research

Station, Latur to study the effect of integrated application of organic and inorganic fertilizers on growth and
yield attributes of sunflower. The experimental field was levelled and well drained. The soil was clayey in
texture, low in available nitrogen (124.77 kg ha-1), medium in phosphorus (9.45 kg ha-1) and rich in available
potassium (428.03 kg ha-1) and alkaline in reaction (8.0 pH). The experiment was laid out in a Randomized
Block Design with nine treatments replicated three times. The Result indicated that the treatment (T2)
recorded significantly higher growth and yield attributes. 

Key words : Sunflower, FYM, fertilizer, soybean residue.

The cultivated sunflower (Helianthus
annuus L.) is an annual oilseed plant of
composite family. Sunflower has long and
varied history as an economic plant, but the
time and place of its first cultivation in the world
is uncertain. The crop has spread to Europe
during 16th century and later to former USSR
wherein the crop got domesticated. Sunflower
as a cultivated plant was re-introduced to North
America from Europe in the late 19th century.
After the Second World War, the introduction
of Russian varieties into Europe and Americas
had a decisive impact on the development of
sunflower as a commercial oilseed crop.
Sunflower oil on commercial scale was first
produced in Russia between 1830 and 1840.

Sunflower is one of the fastest growing
oilseeds in India. India has the fourth largest
area under sunflower (18.12 million ha.)
(Anonymous 2014-15) in the world. Karnataka
is the largest sunflower producing state in the
country. It accounts for more than half of the
total area under the crop and 43 % of the total
output. Andhra Pradesh is the second largest
sunflower producing state. About a quarter of

the total area under sunflower and 34 % output
is in Andhra Pradesh. Maharashtra rank third in
sunflower area as well as in production. 

The present level of fertilizer production in
India is not enough to meet the total plant
nutrient requirement. The continuous use of
high level of chemical fertilizers is adversely
affecting the sustainability of agriculture
production and causing environmental
pollution. In coming decades a major issue in
designing sustainable agriculture system will be
the management of soil organic matter and the
rational use of organic input such as animal
manure, crop residues and green manure.
However, since organic manure cannot meet
the total nutrient needs of modern agriculture.
Integrated use of nutrient from fertilizer and
organic manure sources seems to be need of
the time. The basic concept underlying the
integrated nutrient management system (INM)
nevertheless is the maintenance of yield stability
in most agro ecoregions through correction of
marginal deficiency of secondary nutrients and
micronutrients enhancing efficiency of applied
nutrients and providing favourable soil physical



conditions. The interaction of organic sources
of nutrients in integrated nutrient supply and
management have provided superior to the use
of its each component separately.

Integrated and balanced use of nutrients
through inorganic and organic sources of
fertilizer is per-requisite to sustain soil fertility,
supply of nutrients to optimum level and to
produce maximum crop yield with minimum
inputs. The farm yard manure (FYM) contain all
the essential plant nutrients and gives steady
supply of these nutrients during entire crop
period, leading to better growth and
development of yield attributes, the higher
values of growth and yield attributes
consequently resulted in increased seed and
straw yields. 

The beneficial effect of farm yard manure
(FYM), Soybean residue in improving soil
fertility as well as production is well than other
the nutrient sources. it also supplies plant
growth promoting substances, humus forming
microbes and N fixing microbes in the soil
which is very much essential for sustaining the
soil health as well as its yield potential. Farm
yard manure (FYM) contain 0.5 % N, 0.2 % P
and 0.5 % K which has very crucial importance

in sustaining the soil health as well as yield
potential for achieving the self sufficiency in
sunflower production in India.

Material and methods

The field experiment was conducted during
2016-2017 on vertisol at Oilseeds Research
Station, Latur to study the influence of
integrated nutrient management on growth and
yield of sunflower (Helianthus annuus L.). The
topography of experimental field was uniform
and leveled. The soil was clayey in texture, low
in available nitrogen (124.77 kg ha-1), medium
in phosphorus (9.45 kg ha-1) and very high in
available potassium (428.03 kg ha-1) and
alkaline in nature having soil pH 8.0. The
adequate amount of rainfall during period of
experiment was sufficient for significant for
growth and development of sunflower crop
which result in significantly higher yield. Overall
the thermo-aero-hydro-dynamic properties
during crop season were also favorable for
physiological activities of crop and its
phenophysic development. The experiment
was laid out in a Randomized Block Design with
nine treatments replicated thrice. T1 -100 %
RDF + SR @ 5 t ha-1, T2 -100 % RDF + FYM
@ 5 t ha-1, T3 -100 %  RDF + SR @ 2.5 t  +

Dambale et al.6

Table 1. Growth attributes of sunflower as influenced by different treatments at various crop growth stages

Treatments Plant- Dry Leaf area Relative 
AH matter- index at growth rate 

AH 75 DAS at 46-60

T1 - 100 % RDF + SR @ 5 t ha-1 185.27 126.07 3.15 0.047
T2 - 100 % RDF + FYM @ 5 t ha-1 193.67 132.67 3.47 0.051
T3 - 100 %  RDF + SR @ 2.5 t + FYM @2.5 t ha-1 191.11 130.00 3.21 0.048
T4 - 75 % RDF + SR @ 5 t ha-1 173.67 96.00 2.59 0.038
T5 - 75 % RDF + FYM @ 5 t ha-1 183.37 112.17 3.01 0.041
T6 - 75 % RDF + SR @ 2.5 t + FYM @ 2.5  t ha-1 176.87 99.13 2.99 0.042
T7 - Soybean residue @ 5 t ha-1 164.73 90.64 1.90 0.038
T8 - FYM @ 5 t ha-1 172.23 95.55 1.99 0.035
T9 - SR @ 2.5 t + FYM @ 2.5 t ha-1 168.93 93.00 1.96 0.037
SEm± 6.23 4.77 - -
C.D. at 5% 18.66 14.31 - -
General mean 178.87 108.36 2.69 0.041



FYM @ 2.5 t ha-1, T4-75 % RDF + SR @ 5 t
ha-1, T5-75 % RDF + FYM @ 5 t ha-1, T6-75
% RDF + SR @ 2.5 t + FYM @ 2.5 t ha-1, T7-
SR @ 5 t ha-1, T8-FYM @ 5 t ha-1 and T9-SR
@ 2.5 t + FYM @ 2.5 t ha-1. The gross and net
plot size of each experimental unit was 5.4 m x
4.5 m and 4.2 m x 3.9 m respectively. the
sowing was done by dibbling method on 23
July 2016.  The recommended cultural
practices and plant protection measures were
also taken as per the recommendation.       

Result and Discussion 

Growth parameter : The data on plant
height, dry matter production, leaf area index,
relative growth rate are presented in Table 1.
and was significantly influenced due to the
integrated application of organi and inorganic
sources of nutrients at various growth stages.

The effect of different treatments on plant
height was found to be significant and the
higher plant height was recorded with the
integrated application of T2 - 100 % RDF +
FYM @ 5 t ha-1, which was found at par with
T1 - 100 % RDF + SR @ 5 t ha-1, T3 - 100 %
RDF + SR @ 2.5 t  + FYM @ 2.5 t ha-1, T5 -

75 % RDF + FYM @ 5 t ha-1, T6 - 75 % RDF
+ SR @ 2.5 t + FYM @ 2.5 t ha-1,  and
significantly superior over rest of the
treatments. The increase in growth attributes
may be due to better uptake and translocation
of plant nutrients to growing plants, adequate
supply of nutrients resulted in higher
production of photosynthate and their
translocation to sink, which ultimately increased
the plant growth and growth attributes. A
similar kind of result was reported by
Nanjundappa et al., (2001).

Data in respect of periodical accumulation
of mean total dry matter per plant (g) amongst
the various plant parts as affected by various
treatments. The application of 100 % RDF +
FYM @ 5 t ha-1 (T2) recorded significantly
higher total dry matter per plant at harvest
i.e.132.67 respectively of sunflower which was
at par with application of 100 % RDF + SR @
5 t ha-1 (T1), 100 % RDF + FYM @ 5 t ha-1 (T3)
and was found significantly superior over the
rest of the treatments. significantly superior
over rest of treatments. Similar results were
observed by Nanjundappa et al., (2001).

The data on Leaf area index (LAI) as
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Table 2. Number of filled seeds (%), Seed yield (kg ha-1), Stalk yield (kg ha-1) and oil yield (kg ha-1) of sunflower as influenced
by various treatments at harvest

Treatments Seed yield No. of filled Stalk yield Oil yield
(kg ha-1) seed plant-1 (kg ha-1) (kg ha-1)

(%)

T1 - 100 % RDF + SR @ 5 t ha-1 1700 86.13 5201 615
T2 - 100 % RDF + FYM @ 5 t ha-1 1866 89.78 5345 697
T3 - 100 %  RDF + SR @ 2.5 t + FYM @ 2.5 t ha-1 1766 87.80 5243 652
T4 - 75 % RDF + SR @ 5 t ha-1 1320 79.97 4399 448
T5 - 75 % RDF + FYM @ 5 t ha-1 1521 84.26 4978 543
T6 - 75 % RDF + SR @ 2.5 t + FYM @ 2.5  t ha-1 1411 81.88 4648 487
T7 - SR @ 5 t ha-1 710 68.52 2498 227
T8 - FYM @ 5 t ha-1 860 77.35 2905 288
T9 - SR @ 2.5 t + FYM @ 2.5 t ha-1 831 72.32 2888 273
SEm± 80 3.85 311 24
C.D. at 5% 240 11.54 931 70
General mean 1332 80.89 4234 470



influenced by different treatments at various
growth stages. The leaf area index was
influenced significantly by the application of
100 % RDF + FYM @ 5 t ha-1 (T2) recorded
higher magnitude of LAI i.e. 3.47 over the rest
of the treatments at all crop growth stages.

The data on mean of RGR (g g-1 day-1)
obtainded at various growth stages of crop was
influenced by different treatments. The studies
showed that the RGR values of relative growth
rate were increased continuously up to 60 days.
The maximum values of RGR were 0.041 g-1

g-1 day between 46-60 days.

The values of RGR indicated that the
application of 100 % RDF + FYM @ 5 t ha-1

(T2) was found to be effective in increasing the
RGR for dry matter at 46-60 DAS.

Yield parameter : The yield contributory
parameter viz. number of filled seed (%), seed
yield (kg ha-1), stalk yield (kg ha-1), oil yield (kg
ha-1) were significantly influenced with the
integrated application of different treatments.

The mean number of filled seeds plant-1 (%)
was recorded significantly higher with
integrated application of T2 - 100 % RDF +
FYM @ 5 t ha-1, and this treatment was found
at par with application of T1 - 100 % RDF +
SR @ 5 t ha-1, T3 - 100 %  RDF + SR @ 2.5 t
+ FYM @ 2.5 t ha-1, T4 - 75 % RDF + SR @ 5
t ha-1, T5 - 75 % RDF + FYM @ 5 t ha-1, T6 -
75 % RDF + SR @ 2.5 t + FYM @ 2.5 t ha-1,
and significantly superior over rest of the
treatments. These finding corroborative with
those of Sumit and Koteswara (2006).

The higher seed yield (1866 kg ha-1) was
produced with the application of 100 % RDF +
FYM @ 5 t ha-1 (T2) which was found at par
with application of 100 % RDF + SR @ 5 t
ha-1 (T1), 100 % RDF + SR @ 2.5 t + FYM @

2.5 t ha-1 (T3) and significantly superior over
rest of the treatments. These finding were in
confirmative with those reported by
Nanjundappa et al., (2001).

The data on stalk yield was influenced
significantly due to different treatments the
application of 100 % RDF + FYM @ 5 t ha-1

(T2) recorded the highest straw yield (5345 kg
ha-1) was found at par with application of
100% RDF + SR @ 5 t ha-1 (T1), 100 % RDF
+ SR @ 2.5 t + FYM @ 2.5 t ha-1 (T3), 75 %
RDF + FYM @ 5 t ha-1 (T5) and 75 % RDF +
SR 2.5 t ha-1 + FYM @ 2.5 t ha-1 (T6) which
was found significantly superior ove rest of all
treatments.

The oil yield of sunflower was significantly
influenced due to different treatments. The
highest oil yield (697 kg ha-1) of sunflower was
recorded with application of 100 % RDF +
FYM @ 5 t ha-1 (T2) which was found at par
with application of 100 % RDF + SR @ 2.5 t
ha-1 + FYM @ 2.5 t ha-1 (T3) and significantly
superior over the rest of the treatments. These
results are in confirmative with the findings of
Shrikant Chitale et al., (2004).
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Rice (Oryza sativa L.) is life for most of the
people living in Asia. India is the world's second
largest rice producer and consumer next to
China. Total area under rice in India is 45.05
million hectares with annual production of
103.27 million tonnes, Though production is
large, the per hectare yield is very poor i.e.
2.29 t ha-1 as compared to other rice growing
countries like Egypt (6.45 t ha-1), USA (5.63 t
ha-1), Japan (4.73 t ha-1) and China (4.74 t ha-

1). In Maharashtra, rice is cultivated over an
area of 15.16 lakh hectares and an annual
production of about 28.78 lakh tonnes with a
productivity of 1902 kg ha-1 . In Konkan, rice
is cultivated over an area of 4.20 lakh hectares

with an annual production of about 10.07 lakh
tones with average productivity of 2.40 tones
ha-1 (Anonymous, 2013a). Dry direct seeded
rice differs from transplanted rice in terms of
crop establishment as well as subsequent crop
management practices. Direct seeding offers
certain advantages i.e., saves labour, faster and
easier planting helps in timely sowing, less
drudgery, early crop maturity by 7-10 days, less
water requirements, high tolerance water deficit
often higher yield, low production cost and less
methane emission. Nambiar and Abrol, 1989
reported that the puddling practices involve
excessive tillage which, results not only in high
energy consumption, but also deterioration in
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Abstract
From the two years research experiment conducted on "Effect of methods of tillage, land configurations

and sources of nutrients on the performance of direct seeded rice (Oryza sativa L.)" was laid out in split-split
plot design comprising 30 treatment combinations replicated thrice. The treatment flatbed (L1) gave
significantly the higher net monetary returns over rest of raised bed treatment. The yield contributing
characters were observed to be significantly more and significantly more number of unfilled grain panicle-1 in
treatment KAB with applying micronutrients (N3) recorded higher values followed by treatment of Modified
KAB in combination with micronutrients (N4) which was at par with each other but significantly superior over
rest of the treatments. Significantly the higher grain yield was found in treatment of KAB+ soil application of
micronutrients (N3) followed by treatment of application of modified KAB in combination with micronutrients
(N4) which were at par with each other but was observed to be significantly superior than the treatment of
recommended dose of fertilizer (N1) and recommended dose of fertilizer + soil application of micronutrients
(N2). Higher gross monetary returns were obtained by the treatment of N3 followed by the treatment N4
which were at par with each other but significantly superior over rest of the treatments. In the year 2014
treatment N4 was followed by treatment N2, N1 and N0 in descending order of significance while in the year
2015 treatments N2 and N1 were found to be at par with each other but significantly superior over  treatment
N0. Net monetary returns of rice were significantly affected due to different sources of nutrient during both
the years of study. The treatment N3 gave significantly the highest net monetary returns but treatment N3
was at par with treatment N4 in the year 2015.The highest B: C ratio of 1.52 and 1.56 were recorded by
the treatment combination T1L1N3 i.e. conservation tillage with flat bed and application of KAB + along with
soil application of Zinc sulphate 25 kg ha-1 and Copper sulphate 5 kg ha-1 over rest of treatment
combinations. 

Key words : Tillage, land configuration, nutrients, quality and economics.



rice transplanting puddling decreases the soil
aggregates and pore size, thereby restricting
germination and rooting of the succeeding crop
(Anonymous, 2013).

Direct sowing in the form of drilling is a
quicker, easier, less soil movement and
economical method which needs specific seed
rate for optimum plant population taking into
consideration local agro-ecological conditions.
Paddy cultivation causes methane emission due
to presence of biomass and water at the base of
the crop. Direct seeding significantly reduces
methane emission and offers an opportunity for
farmers to earn from Carbon Credits. In recent
years, conventional rice production
technologies have been leading to deterioration
of soil health and declining farm profitability
due to high inputs of water and labor.
Conservation agriculture (CA) based resource-
conserving technologies i.e. zero-tillage (ZT),
raised-bed planting and direct-seeded rice (DSR)
has shown promise as alternatives to
conventional production technologies to
overcome these problems. Use of correct tillage
methods may contribute to higher profits, crop
yields, soil improvement and protection, weed
control and optimum use of water resources
since tillage has a direct impact on soil and
water quality. Crop residues of previous crops if
left on soil surface as mulch can suppress weeds
in DSR through multiple mechanisms,
including, creating a physical hindrance to
emerging weeds or by releasing allele chemicals
in the soil. 

Zero tillage or reduce tillage establishment
has therefore growing significance due to
receding water table rising costs of labour for
transplantation of paddy and adverse effects of
puddling on the soil health. Conservation tillage
is a set of practice that leaves crop residues on
the surface which increases water infiltration
and reduces erosion. It is a practice used in
conventional agriculture to reduce the effects of

tillage on soil erosion. Surface mulch helps
reduce water losses from the soil by
evaporation and also helps moderate soil
temperature. A cover crop or previous crop
residue help reduce weed infestation through
competition and not allowing weed seeds the
light often needed for its germination. Mulch
also helps with recycling of nutrients, especially
when legume cover crops are used, through the
association with below-ground biological agents
and by providing food for microbial
populations. Bed planting refers to a cropping
system where the crop is grown on beds and
the irrigation water is applied in furrows
between the beds. This is common practice for
row crops, but not for small grain crops such as
wheat and rice. The conventional flat system of
planting in rice with flood irrigation is a
common practice in the Indo Gangetic Plains. 

Therefore, it would be better if all the three
major plant nutrients are used in the briquette
form through the deep placement of briquettes
containing N, P and K i.e. Urea-DAP, Urea-
Godavari (14:35:14) and SSP-Suphala
(15:15:15) briquettes in rice plants to use
efficiently the applied nutrients by controlling
their rate and duration of bioavailability and
reducing their losses and nutrient use efficiency
and uptake is increased. Accordingly, Konkan
Annapurna Briquettes (KAB) developed by Dr.
B.S.K.K.V., Dapoli by using Urea Godavari
(14:35:14) in 1.5:1 ratio (1.5 Urea + 1 kg of
14:35:14 Godavari fertilizer) of 33.2:14:5.6 %
NPK i.e. 56.14 N: 23.8 P: 9.52 K Kg ha-1

used for rice crop. Copper (Cu) is involved in
carbon assimilation and nitrogen metabolism
having important function in plant metabolism
as well as in utilization of ammoniac nitrogen by
plants and regulates respiration in plants. Cu is
involved in lignin biosynthesis which not only
provides strength to cell walls but also prevents
wilting, leaf chlorosis, stunted growth and stem
and twig dieback are common deficiency
symptoms of Cu.

Patil et al.10



Materials and Methods

Two years research experiment was
conducted during Kharif season of 2014 and
2015 to investigate the, "Effect of methods of
tillage, land configurations and sources of
nutrients on the performance of direct seeded
rice (Oryza sativa L.)" at Agronomy Farm,
College of Agriculture, Dapoli, Dist. Ratnagiri
(M.S.). The soil of the experimental plot was
clay loam in texture, moderately acidic in
reaction, high in organic carbon content. In
respect of micronutrients the soil was deficient

in available zinc and copper content during the
experimentation. The field experiment was laid
out in split-split plot design comprising 30
treatment combinations replicated thrice. Main
plot treatment consisted of three tillage
methods i.e. Zero tillage (crop harvest at
ground level) (T0), Conservation tillage (stubble
mulch) (T1) and Conventional tillage (T2). The
sub plot treatment consisted of Land
configuration i.e. flatbed (L1) and raised bed
(L2) while, sub-sub plot treatment comprised of
five sources of nutrients, Absolute control (no

Journal of Agriculture Research and Technology 11

Table 1. Effect of tillage methods, land configurations and sources of nutrient on growth and yield attributing characters of
rice at harvest as influenced by different treatments during Kharif 2014 and 2015 (Pooled mean)

Treatment Plant No. of Dry matter No. of Panicle Wt. of 1000 
height tillers per accumu- panicles length filled grain 
(cm) 0.5 (m) lation at at grains/ wt. (g)
at length at (g) at harvest harvest panicle
harvest harvest harvest

A. Tillage methods (T) :
T0 : Zero tillage 63.74 31.65 53.48 27.09 20.04 9.87 27.76
T1 : Conservation tillage 70.34 34.84 58.64 29.59 21.68 10.99 29.34
T2 : Conventional tillage 73.72 37.78 60.37 31.17 22.58 11.57 29.99
S.Em. ± 1.10 0.79 1.15 0.46 0.34 0.23 0.22
C.D. at 5 % 4.30 3.09 4.53 1.78 1.32 0.88 0.85

B. Land Configurations (L) :
L1 : Flat Bed 71.17 35.96 58.59 29.92 21.90 11.21 29.61
L2 : Raised Bed 67.36 33.56 56.41 28.70 20.97 10.42 28.45
S.Em. ± 0.91 0.65 0.36 0.35 0.23 0.23 0.08
C.D. at 5% 3.13 2.23 1.24 1.20 0.77 0.81 0.26

C. Sources of Nutrients (N) :
N0 : Absolute control 62.80 30.89 51.16 26.22 18.33 9.57 27.27
N1 : RDF 67.50 33.15 55.05 28.22 21.15 10.44 28.78
N2 : RDF with soil application of micro 68.57 34.48 57.45 29.14 21.71 10.73 29.01
N3 : KAB with application of micro. 74.67 38.32 62.99 32.58 23.25 11.85 30.20
N4 : Modified KAB in combination 72.79 36.96 60.82 31.79 22.73 11.46 29.90

with micronutrients
S.Em. ± 1.22 0.61 1.13 0.62 0.26 0.28 0.13
C.D. at 5% 3.46 1.73 3.22 1.78 0.73 0.79 0.37

D. Interaction effect :
T x L N.S. N.S. N.S. N.S. N.S. N.S. N.S.
T x N N.S. N.S. N.S. N.S. Sig. N.S. Sig.
L x N N.S. N.S. N.S. N.S. N.S. N.S. Sig.
T x L x N N.S. N.S. N.S. N.S. N.S. N.S. N.S.
General mean 69.26 33.00 57.50 32.28 21.43 10.81 29.03



fertilizers) (N0), recommended dose of fertilizer
(100:50:50 NPK kg ha-1) (N1), Konkan
Annapoorna Briquettes (56:24:10 NPK kg
ha-1) (N2), Konkan Annapoorna Briquettes
(56:24:10 NPK kg ha-1) with soil application of
Zinc sulphate @ 25 kg ha-1 and Copper
sulphate @ 5 kg ha-1 (N3) and Modified Konkan
Annapoorna Briquettes (46:20:8:8:1.5  N:P:K
: Zn :Cu Kg ha-1) (N4).

The gross and net plot size of each
treatment was 3.60 x 5.70 m and 3.15 x 5.40
m, respectively. Rice crop was directly sown at
22.5 cm spacing. While, flat bed consists of 16
Lines and raised bed consists of 12 lines, which
was directly sown by drilling with the help of
drum seeder. The crop was fertilized with 100
kg N, 50 kg P2O5 and 50 kg K2O ha-1 in (N1)
RDF treatment. At the time of sowing of rice
seed, 40 kg N dose and full dose of P2O5 and
K2O was applied as basal dose. Top dressing of
40 kg N dose was applied at 30 days after
sowing and 20 kg at 50 days after sowing (at
panicle initiation). In N2 treatment Konkan
Annapoorna Briquettes @ 175.00 kg ha-1 was
applied. In N3 treatment Konkan Annapoorna
Briquettes @ 175.00 kg ha-1 in combination of
Zinc sulphate @ 25 kg and 5 kg Copper
sulphate ha-1 was applied 14 days after direct
seeding of rice seed with manual labour.
Breeder seeds of rice variety Ratnagiri-1 (R-1)
were obtained from Department of Agronomy.
It is semi dwarf (100-105 cm), with dark green
foliage and good tillering ability and moderately
resistant to blast and neck blast. These seeds
were treated with fungicide Thirum @ 3 g kg-1

seeds.

Results and Discussion

Effect of methods of tillage : From the
data presented in Table 1 it was observed that,
height of the plant increased with the
advancement in age of crop and numerically
maximum height was observed in conventional

tillage with flat bed at initial 20 DAS during
both the years of investigation. Treatment
conventional tillage (T2) recorded higher plant
height of rice crop followed by conservation
tillage (T1) which was at par with each other but
recorded significantly superior over treatment
zero tillage (T0) at all the stages of growth
except 20 DAS which might be due to more
loose soil which might have facilitated more
access to nutrients by roots which helped in
establishing plant well, provided good
conditions for germination and initial crop
growth. These results are in agreement with
those of Gangwar et al. (2008), Sahrawat et al.
(2010) and Chendge (2012).

From the data presented in Table 1 it was
observed that, however, treatment conventional
tillage (T2) recorded higher number of tillers per
0.5 m length followed by treatment
conservation tillage (T1) which were at par with
each other but significantly superior over
treatment zero tillage (T0) during both the years
at 40, 60 ,80 DAS and at harvest. It might be
due to efficient utilization of nutrients at active
tillering stage and availability of sufficient
amount of light, water etc. in a comparatively
larger net area for offshoot production. These
results are in agreement with those of Singh
and Pillai (1996) and Arya et al. (2005). 

Yield is a function of growth and yield
attributes. From the data presented in Table 1 it
was observed that, high production of total dry
matter was first prerequisite for high yield. It is
observed that the different tillage methods
exhibit significant effect at all crop growth
stages except at 20 DAS. The dry matter
accumulation per 0.25 m length was highest in
treatment conventional tillage (T2), followed by
treatment conservation tillage (T1) which was at
par with each other but found significantly
superior over zero tillage (T0) at all the growth
stages except at 20 DAS of rice crop during
both years of study. Similar results were also

Patil et al.12



reported by Tomar et al. (2006), Mishra and
Singh (2007) and Singh and Venkateswarlu
(2009).

From the data presented in Table 1 it was
observed that, Conventional tillage (T2)
recorded higher values of  length of panicle,
number of filled grains per panicle, weight of
filled grains/panicle, 1000 grain weight (g)
followed by treatment conservation tillage (T1)
which was observed to be at par with each
other but recorded significantly superior over
treatment zero tillage (T0).However,
significantly higher number of unfilled grains

per panicle of rice was observed in treatment of
zero tillage (T0) followed by conservation tillage
(T1) and conventional tillage (T2) in the year
2014 and 2015 (Table 21 and 22) during both
the years of experimentation. These results are
in close confirmation with the results reported
by Javaid et al. (2012).

From the data presented in Table 2 it was
observed that, significantly the highest grain
yield of 44.41, 41.78 and 43.09 q ha-1 during
the years 2014, 2015 and in pooled analysis
respectively, was recorded by treatment
conventional tillage (T2) followed by treatment
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Table 2. Mean grain, straw yield as influenced by different treatments of rice during the year 2014 and 2015 and in pooled
data

Treatment Grain yield (q ha-1) Straw yield (q ha-1)
–––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––
2014 2015 Pooled 2014 2015 Pooled

mean mean

A.  Tillage methods (T) :
T0 : Zero tillage 36.25 33.41 34.83 43.30 37.03 40.17
T1 : Conservation tillage 41.85 41.68 41.77 49.35 45.15 47.25
T2 : Conventional tillage 44.41 41.78 43.10 52.07 45.88 48.98
S.Em. ± 1.13 1.11 1.12 1.44 1.56 1.50
C.D. at 5% 4.44 4.35 4.40 5.66 6.12 5.89

B.  Land Configurations (L) : D.
L1 : Flat Bed 43.6 41.74 42.67 51.51 45.88 48.70
L2 : Raised Bed 38.08 36.16 37.12 44.97 39.5 42.24
S.Em. ± 0.76 0.77 0.77 1.1 1.16 1.13
C.D. at 5% 2.63 2.65 2.64 4.12 4.03 4.08

C.  Sources of nutrient (N) : F.
N0 : Absolute control 28.34 28.1 28.22 33.86 30.61 32.24
N1 : RDF 39.2 37.44 38.32 45.7 40.85 43.28
N2 : RDF with soil application of micronutrients 41.6 39.65 40.63 48.71 43.33 46.02
N3 : KAB with application of micronutrients 48.48 45.85 47.17 57.47 50.21 53.84
N4 : Modified KAB in combination with micron 46.57 43.73 45.15 55.44 48.44 51.94
S.Em. ± 0.95 0.93 0.94 1.12 1.06 1.09
C.D. at 5% 2.69 2.65 2.67 3.19 3.00 3.10

D.  Interaction effect
T x L N.S. N.S. Sig. N.S. N.S. Sig.
T x N Sig. Sig. Sig. Sig. Sig. Sig.
L x N N.S. N.S. N.S. N.S. N.S. N.S.
T x L x N N.S. N.S. N.S. N.S. N.S. N.S.
General mean 40.84 38.95 39.90 48.24 42.69 45.46



conservation tillage (T1) which was at par with
each other but found significantly superior over
treatment zero tillage (T0). Increase in grain
yield under conventional tillage was to the tune
of 6.11, 0.24 and 3.18 per cent over
conservation tillage and 22.51, 25.05 and
23.72 per cent over zero tillage during the
years 2014, 2015 and in pooled data,
respectively. Similar trend was also observed in
straw yield during both the years of
experimentation and in pooled analysis. It may
be due to more availability of nutrients and soil
moisture for the longer period reduces
percolation losses of irrigation water in rice

production. The increased yield attributes might
be due to increased growth and development
parameters which ultimately resulted in
increased grain. These results corroborated the
findings of Singh and Singh (1993), Singh and
Pillai (1996), Bhatt et al. (2004) and Hussain et
al. (2013). 

From the data presented in Table 3 it was
observed that In respect of quality parameters,
protein content of grain and straw the
treatment conventional tillage (T2) recorded
higher protein content which was followed by
treatment conservation tillage (T1) which were

Patil et al.14

Table 3. Effect of methods of tillage, land configurations and sources of nutrient on the quality of grain and straw as
influenced by different treatments of rice during the year 2014 and 2015 and in pooled data

Treatment Protein content Grain (%) Protein content Straw (%)
–––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––
2014 2015 Pooled 2014 2015 Pooled

mean mean

A.  Tillage methods (T) :
T0 : Zero tillage 5.89 5.91 5.90 2.28 2.19 2.24
T1 : Conservation tillage 6.67 6.58 6.63 2.38 2.37 2.38
T2 : Conventional tillage 7.17 7.07 7.12 2.52 2.46 2.49
S.Em. ± 0.15 0.14 0.15 0.03 0.03 0.03
C. D. at 5% 0.57 0.55 0.56 0.11 0.10 0.11

B.  Land Configurations (L) : D.
L1 : Flat Bed 6.69 6.61 6.65 2.41 2.35 2.38
L2 : Raised Bed 6.47 6.42 6.45 2.34 2.31 2.33
S.Em. ± 0.09 0.09 0.09 0.013 0.016 0.015
C.D. at 5% NS NS N.S. NS NS N.S.

C.  Sources of nutrient (N) : F.
N0 : Absolute control 5.41 5.34 5.38 1.88 1.85 1.87
N1 : RDF 6.23 6.16 6.20 2.19 2.20 2.20
N2 : RDF with soil application of micronutrients 6.41 6.46 6.44 2.31 2.27 2.29
N3 : KAB with application of micronutrients 7.52 7.40 7.46 2.94 2.73 2.84
N4 : Modified KAB in combination with micron 7.32 7.23 7.28 2.65 2.66 2.66
S.Em. ± 0.17 0.13 0.15 0.027 0.040 0.03
C.D. at 5% 0.36 0.36 0.36 0.08 0.11 0.10

D. Interaction effect
T x L NS NS NS NS NS NS
T x N NS NS NS NS NS NS
L x N NS NS NS NS NS NS
T x L x N NS NS NS NS NS NS
General mean 6.58 6.52 6.55 2.39 2.34 2.37
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at par with each other but found significantly
superior over treatment zero tillage (T0) during
both the years. These results are in close
confirmation with the results reported by
Kumar et al.  (2007).

In case of economics, it was observed that
treatment conventional tillage (T2) recorded
higher gross monetary returns and total cost of
cultivation which were at par with conservation
tillage (T1) but recorded significantly superior
over treatment zero tillage (T0). Significantly the
maximum net return and benefit cost ratio was
recorded by conservation tillage followed by
conventional tillage. The increase in net returns
and benefit cost ratio under conservation tillage
method were mainly due to lower cost of
cultivation in direct seeded rice. Similar findings
were also reported by Hussain et al. (2013).

Effect of land configuration : Plant
population per 0.5 m length at 20 DAS and at
harvest in all the treatments did not differ
significantly due to land configuration
treatments under study. But when this plant
count was converted on ha basis significantly
less plant population in case of raised beds was
observed. This was happened due to opening
of 30 cm wide furrow between adjacent beds
which caused 25 per cent reduction in plant
population as compared to flat beds. 

From the data presented in Table 1 it was
observed that, it is seen from the data that
though a remarkable influence of land
configuration on the growth characters of rice
crop was not observed during earlier growth
period, a marked effect was observed during
later growth period which coincided with grand
growth stage. During this stage, growth and
development parameters of rice viz., plant
height, number of tillers per 0.5 m length and
dry matter accumulation (g) per 0.25 m length
showed significant differences due to land
configuration in direct seeded rice during both

years of experimentation. The treatment
flatbed recorded significantly more plant height,
number of tillers per 0.5 m length and dry
matter accumulation per 0.25 m length of rice
over raised bed at all crop growth stages except
at initial 20 DAS during both the years. The
higher tiller production is due to better
inducement of root growth for anchorage. It
leads to better nutrient and water uptake and
ultimately leads to higher number of tillers.

From the data presented in Table 1 it was
observed that, in flat bed plant population of
rice seedlings is more so dry matter
accumulation is also higher as compared with
raised bed, it might be due to better absorption
of nutrients as a result of more foraging roots
which ultimately led to higher dry matter
accumulation also there is less weed
competition for flat beds under high rainfall
condition which increased photosynthetic
capacity of plant there by increasing the
biological yield in terms of dry matter
production. Similar findings were reported by
Shelar (2014).

From the data presented in Table 1 it was
observed that, the treatment flatbed recorded
significantly the more number of panicle per
0.5 m length, highest length of panicle (g),
highest number of filled grains per panicle, least
number of unfilled grains per panicle, higher
weight of filled grain per panicle and the higher
1000 grain weight than the raised bed
treatment at all the growth stages of crop
growth during the both year of investigation.
These results are in agreement with the results
reported by Singh and Kumar (2011) and
Shelar (2014).

From the data presented in Table 1 it was
observed that the grain yield of rice is a function
of yield attributes of an individual plant viz.,
number of panicles, length of panicle, number
of filled grains panicle-1, and test weight and
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ultimately the grain yield obtained from the
plant. The increased yield attributes might be
due to increased growth and development
parameters which ultimately resulted in
increased grain yield. Among land
configurations, flat bed sowing produced more
number of panicles than raised bed sowing. It
might be due to the reason that each individual
tiller enjoyed uniform supply of nutrients due to
ample availability of space, light and aeration,
The present results are in consonance with
those of Singh et al. (1996) and Kumar et al.
(2005). 

From the data presented in Table 2 it was
observed that, it is revealed from the data that
the flat bed treatment recorded significantly
more grain yield of 43.60, 41.74 and 42.67 q
ha-1 during both the years and at par in pooled
analysis respectively. Increased in grain yield
due to treatment flatbed was to the tune of 4.85
per cent over raised bed (L2). Similar trend was
also observed with straw yield during both the
years of experimentation and in pooled
analysis. The results are in confirmation with
the results reported by Walia et al. (2012) and
Sanjay et al. (2014).  

From the data presented in Table 4 it was
observed that, from economic analysis,
significantly maximum gross monetary returns
were obtained under flatbed (L1) than the
treatment of raised bed (L2) during both years
of study. While, in respect to cost of cultivation
of rice were found to be non-significant during
both the years of investigation. The treatment
raised bed (L2) recorded the higher cost of
cultivation and net monetary returns during
both years of investigation. The treatment
flatbed (L1) gave the highest benefit cost ratio
which was followed by treatment of raised bed
(L2) during both years of study. These results
are in agreement with those of Singh et al.,
(2006) and Jadhav et al., (2010).

Effect of sources of nutrient : Nutrients

play very vital role in physiology of crop and
essential for the transformation of
carbohydrates and regulate consumption of
sugars and play important role in enzyme
activation. Therefore it is well emphasized that
application of macronutrients along with
micronutrients in recommended dose of
application rates, significantly improved overall
growth of the crop in terms of dry matter
production per plant by virtue of its impact on
morphological and photosynthetic components
along with accumulation of nutrients. 

From the data presented in Table 1 it was
observed that, among various sources of
nutrient treatment KAB with applying
micronutrients (N3) recorded higher plant
height followed by treatment of Modified KAB
(N4) which was found to be at par with each
other but significantly superior over rest of the
treatments. Similarly treatment recommended
dose of fertilizers along with micronutrients (N2)
recorded higher plant height followed by
treatment RDF (N1) which was found to be at
par with each other but significantly superior
over treatment absolute control (N0) at all the
stages of crop growth except 20 DAS during
both the years.

The enhancement in growth parameters
could be due to the better and proper
nourishment of the crop when fertilized
through the briquettes. In case of application of
Urea-DAP briquettes, it was placed deeply (5-
6cm) in reduced zone of soil layer so that it
slowly get released essential plant nutrient into
soil, mostly under puddled condition under rice
crop. So, the maximum height under KAB
briquettes was recorded due to maximum
amount of nitrogen availability as compare to
other treatments. Similar results were also
obtained by Pillai (2004) and Bulbule et al.
(2005).

Significantly more number of tillers per 0.5
m length were recorded in treatment KAB with
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applying micronutrients (N3) were significantly
influenced at 40, 60, 80 DAS and at harvest
but was observed to be non significant from 20
DAS. Treatment KAB with applying
micronutrients (N3) recorded higher plant
height followed by treatment Modified KAB
(N4) which were at par with each other but
significantly superior over rest of the
treatments. However, treatment N0 recorded
significantly the lowest number of tillers per 0.5
m length at all the growth stages except 20
DAS in both the years of experimentation.
Absorption of more nutrients in the treatment
KAB briquettes resulted into vigorous growth
through more number of leaves at all growth
stages of crop. The highest number of tillers
due to application KAB briquettes ultimately
resulted into higher photosynthetic activity, the
synthesis of higher amount of photosynthate by
rice at all the crop growth stages. These results
are in conformity with Virendra Kumar and
Ladha (2011), 

The dry matter accumulation (g) per 0.25 m
length was significantly influenced by the
various treatments. High production of total dry
matter is the first prerequisite for high yield.
Treatment KAB with soil application of
micronutrients (N3) recorded higher mean dry
matter accumulation per 0.25 m length and
significantly superior over N0 and N1 was at par
with treatment application of modified KAB in
combination with micronutrients (N4) and N2.
Similar trend was found in pooled result. These
findings are in close confirmation with the
findings of Solunke et al. (2006), Gill and Walia
(2013).

Whereas, significantly the highest number of
panicle per 0.5 m length, length of panicle,
number of filled grains panicle-1, weight of filled
grain panicle-1, number of unfilled grains
panicle-1 and 1000 grain weight was recorded
in treatment N3 and significantly superior over
N0 and N1 and at par with treatment at N4.

Higher dry matter might be ultimately resulted
into more transformations in the sink resulting
into significantly higher yield attributes during
both the years of experiment. These results are
in the line with those reported by Gill (2013).

From the data presented in Table 2 it was
observed that, significantly the highest grain
yield was found in treatment of KAB + soil
application of micronutrients (N3) was
significantly superior over all treatments except
treatment application of modified KAB in
combination with micronutrients (N4).
Treatment N3 and N4 was found to be at par
with each other which were at par with each
other, The increase in grain yield of rice may be
accounted for significant improvement in yield
attributes which finally converted into grain
yield. Similar results were reported by
Talashilkar et al. (2000), Dhane et al. (2002)
and Bulbule et al. (2008).

From the data presented in Table 3 it was
observed that, similar trend was recorded for
protein content in both years and pooled
analysis. This increase in protein content could
be attributed to increased concentration of
nitrogen in grain and straw of rice under these
fertilizer sources which augmented the
synthesis of proteins and their content in grain
and straw of rice. Similar results were also
recorded by Singh and Namdeo (2004).

From the data presented in Table 4 it was
observed that, the economics of different
sources of nutrient showed that, higher gross
monetary returns and cost of cultivation were
obtained by the treatment of N3 followed by the
treatment N4 which were at par with each
other but significantly superior over rest of the
treatments. These increased economic
parameters were due to significant
improvement in grain and straw yield of rice.
Similar results were also reported by Bulbule et
al. (2006). In case of benefit cost ratio

Patil et al.18



treatment significantly maximum benefit: cost
ratio were obtained by the treatment KAB +
soil application of micronutrients (N3) followed
by application of modified KAB in combination
with micronutrients (N4), recommended dose of
fertilizers along with micronutrients (N2) and
RDF (N1) and significantly lowest benefit cost
ratio in direct seeded rice was recorded in
treatment absolute control (N0) during both the
years of experimentation. 

Conclusion

For obtaining higher growth parameter and
yield, maximum net monetary returns and
benefit cost ratio from direct seeded rice it is be
grown by conventional tillage method on flat
bed system with use of KAB @175 kg ha-1 in
combination with soil application of zinc
sulphate 25 kg ha-1 and copper sulphate @ 5
kg ha-1. Therefore, it can be concluded that
direct seeded rice should be grown by adopting
conservation tillage method on flat bed system
along with the use of Konkan Annapurna
Briquettes @ 175 kg ha-1 in combination with
soil application of zinc sulphate @ 25 kg ha-1

and copper sulphate @ 5 kg ha-1.

References
Anonymous. 2013. Area and production of rice in

India.www.indiastat .com.

Anonymous. 2013a. Fourth advance estimation of rice.
Directorate of Agriculture, Pune.

Awan, T. H., Ali, I., Safdar, M. E., Ashraf, M. M. and
Yakub, M. 2007. Economic effect of different plant
establishment techniques on rice (Oryza sativa L.)
production. Agric. Res.45(1):73-80.

Brar, H. S. and Bhullar M. S. 2013. Nutrient uptake by
direct seeded rice and associated weeds as influenced
by sowing date, variety and weed control.Indian J.
Agric. Res.47(4): 353 - 358.

Bulbule, A. V., Durgude, A. G., Patil, V. S. and Kulkarni R.
V. 2008. Fertilization of lowland transplanted rice
through briquettes. Crop Res. J. 35(1 and 2):1-5.

Bulbule, A. V., Patil, V. S. and Jangle, G. D. 2005. Efficient
fertilizer management through deep placement as
briquette for lowland rainfed transplanted rice. J.

Maharashtra agric. Univ. 30(3): 259-262.

Bulbule, A. V., Patil, V. S., Jangle, G. D and Purkar J. K.
2006. Efficient Management of Nitrogenous Fertilizer
in Lowland Rainfed Transplanted Rice under Rainfed
Rice Ecosystem. Agril. Sci. Digest. 26 (1).

Choudhury, B. U. and Singh, A. K. 2007. Performance of
rice (Oryza sativa) planted on raised-bed under
different soil-moisture tensions. Indian J. Agron. 52
(4): 305-310.

Gangwar, K. S., Chaudhary, V. P., Gangwar, B. and
Pandey, D. K. 2009. Effect of crop establishment and
tillage practices in rice-based cropping systems. Indian
Journal of Agricultural Sciences.79(5): 334-339.

Kumar, V., Yadav, A. and Malik, R. K. 2005. Effect of
planting methods and herbicides in transplanted
rice.In: Proc. Acceleration of Resource Conservation
Technologies in Rice-wheat Systems of the Indo-
GangeticPlains.CCS Haryana Agricultural University,
Hisar. June 1-2, 2005.

Mohanty, T. R.,Maity, S. K. and Roul, P. K. 2004.
Response of rice to establishment methods and
nutrient management practices in medium land.Oryza.
51(2):136-142.

Nambiar, K. K. M. and Abrol, I. P. 1989. Long term
fertilizer experiments in India: An overview. Fertilizer
News. 34:11-20.

Saharawat, Y. S., Singh, S., Malik, R. K., Ladha, J. K.,
Gathala, M., Jat, M.L.and Kumar, V. 2010. Evaluation
of alternative tillage and crop establishment methods
in rice-wheat rotation in North Western Indo- Gangetic
Plains. Field Crop. Res. 260-267.

Shelar, S. K. 2014. Effect of methods of sowing and weed
control on the performance of direct seeded rice in
Konkan region. M.Sc. (Agri.) thesis (unpublished), Dr.
BSKKV, Dapoli, India.

Singh, G. and Kumar, V. 2011. Effect of various tillage
practices and establishment methods on productivity
of rice (Oryza sativa) - wheat (Triticum astivum)
cropping system. Journal of Indian Soc. Soil Sci.
46(1): 106-110.

Singh, K. K., Jat, S. K. and Sharma, S. K. 2005.
Improving productivity and profitability of rice (Oryza
sativa L.) - wheat (Triticum aestivum) cropping
system through tillage and planting management.
Indian J. Agric. Sci. 75: 396-99.

Singh, R. K. and Namdeo, K. N. 2004. Effect of fertility
levels and herbicides on growth, yield and nutrient
uptake of direct-seeded rice (Oryza sativa). Indian J.
Agron. 49 (1): 34-36.

Virender Kumar and Jaggdish K. Ladha. 2011. Direct
seeding of rice: recent developments and future
research needs. Advances in Agron.111: 297-301.

Journal of Agriculture Research and Technology 19

______________



Materials and Methods

Field experiments were conducted during
Kharif season in 2013-14 at Zonal Agricultural
Research Station, Igatpuri (Maharashtra) for
Studies on the effect of transplanting time (4) of
different paddy varieties (4) in relation to
climate change. The experiment was conducted
in split plot design with main plot as 4
transplanting time and 4 rice variety as subplot
treatments with 16 treatment combinations
with common recommended fertilizer dose with
three replications. The grossplot size was 4.50
x 3.00 m2, 3.90 x 2.40 m2 with clay loam soil
and spacing maintained as 15-25 x 15-25 cm. 

The treatment details are as fallows

A)  Main plot : Transplanting time (4),
T1 - MW-25 (3rd week of June), T2 - MW-28
(2nd week of July), T3 - MW-30 (4th week of

July) and T4 - MW-32 (2nd week of August).

B)  Sub plot - Varieties (4), V1 -
Indrayani (Midlate),  V2 - Phule Samrudhi
(Midlate), V3 - LK-248 (Late) and V4 -
PhuleRadha (Early).

Results and Discussions

From the data presented in table 1, it is
observed that there was a significant difference
due to various times of transplanting and paddy
varieties.
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Abstract
Due to heavy rainfall rice cultivation in western ghat zone is common practice. Soil fertility deterioration

owing to excessive removal of nutrients under intensive cropping and their inadequate replenishment through
fertilizers and manures is considered one of the major causes of fatigue in crop production and productivity
growth rates. To get maximum returns, fertilizers must be applied in balanced quantity at right time and place
to minimize nutrient losses and reduce hazards of fertilizer related environmental problems. Enhancing
nutrient use efficiency will be a key word for sustained agricultural production in the years to come. Site
specific nutrient management (SSNM) is one of the most effective ways to enhance nutrient efficiency and
arrest the ever widening deficiencies of plant nutrients in soils. The recommendations of fertilizers for crops
are based on trials conducted at research stations. But the recommendations are however extrapolated to
other locations with environmental conditions that may differ from those under which the primary data were
generated (Doberman et al., 1999).Therefore, it is necessary toeffect of transplanting time of  different paddy
varieties in relation to climate change. The main objective of this experiment was to find out the suitable
transplanting date of paddy in relation to climate change and to find out the suitable rice varieties for particular
transplanting date under Western Ghat Zone.

Key words : Climate change, transplanting, varieties.

Treatment Date of Date of 
nursery trans-
sowing planting

T1 - 25 MW(3rd week of June) 07.06.2013 28.6.2013

T2 - 28MW (2nd week of July) 17.06.2013 13.07.2013

T3 - 30 MW (4th week of July) 30.06.2013 26.07.2013

T4 - 32 MW (2nd week of August) 15.07.2013 08.08.2013



a) Effect of transplanting time :
Ancillary and yield data presented in table 1
reveals that the treatment T1 - 25 MW i-e

transplanting of paddy seedlings in 3rd week of
June, T2 - 28 MW i-e transplanting of paddy
seedlings 2nd week of July and T3 - 30 MW i-e
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Table 1. Mean number of panicles plant-1, mean number of grains panicle-1, grain and straw yield (q ha-1) of paddy as
affected by different treatments

Treatments No. of panicles No. of grains Grain yield Straw yield
plant-1 panicle-1 (q ha-1) (q ha-1)

A)  Transplanting time (Main)
T1 - 25 MW (3rd week of June) 15 199 52.12 46.91
T2 - 28MW (2nd week of July) 13 170 50.03 45.03
T3 - 30 MW (4th week of July) 11 163 45.53 40.97
T4 - 32 MW (2nd week of August) 10 152 40.73 36.66
S.E.± 0.31 3.81 0.92 0.83
C.D. at 5 % 1.07 13.19 3.19 2.87

B)  Varieties (Sub plot)
V1 - Indrayani (Midlate) 15 193 55.80 50.22
V2 - PhuleSamrudhi (Midlate) 14 183 52.83 47.54
V3 - LK 248 (Late) 11 166 43.06 38.75
V4 - PhuleRadha (Early) 10 144 36.73 33.06
S.E.± 0.25 3.73 0.98 0.88
C.D. at 5 % 0.72 10.88 2.86 2.57

B)  Interaction (A x B)
S.E.± 0.49 7.46 1.96 1.76
C.D. at 5 % 1.44 21.76 5.71 5.14
General mean 12 171 47.10 42.39
C.V. % 6.96 7.54 7.20 7.20

Table 2. Mean number of panicles plant-1, mean number of grains spikelet-1 of paddy as affected by interaction of  different
treatments

Treatment Mean number of panicles plant-1 and Mean
mean number of grains per spikelet varieties

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
V1 - V2 - V3 - V4 -
Indrayani Phule Samrudhi LK 248 Phule Radha

T1 - 25 MW (3rd week of June) 18 (203) 16 (197) 13 (192) 12 (180) 15 (193)
T2 - 28MW (2nd week of July) 15(202) 14 (186) 12 (175) 11 (170) 13 (183)
T3 - 30 MW (4th week of July) 13 (199) 11 (164) 11 (161) 10 (140) 11 (166)
T4 - 32 MW (2nd week of Aug.) 12 (194) 13 (136) 10 (126) 7 (120) 11 (144)
Mean 15(199) 14(170) 11(163) 10 (152) 12 (171)

Mean number Mean number 
of panicles of grains

S.E.± 0.53 7.49
C.D. at 5 % 1.16 16.21

*Figures in the parenthesis indicates mean number of grains per spikelet



transplanting of paddy seedlings in 4th week of
Julywere found significantly superior over
treatment T4 - 32 MW i-e transplanting of
paddy seedlings in 2nd week of Augustfor the
characters number of panicles plant-1, no of
grains panicle-1, grain and straw yield.
However, for straw yield the treatment T1 - 25
MW i-e transplanting of paddy seedlings in 3rd

week of June, T2 - 28 MW i-e transplanting of
paddy seedlings 2nd week of July and T3 - 30
MW i-e transplanting of paddy seedlings in 4th

week of Julyfound significantly superior over
the rest of the treatment regarding grain yield
of paddy the treatment T1 and T2 were found
highest than rest of the treatments. 

Grain yield was significantly increased under
earlier sowing (T1 and T2) over later sowing.
The differences between T1 and T2 were at par.
In case of varieties V1 - Indrayani (55.80 q
ha-1) and V2 - Phule Samrudhi (52.83 q ha-1)
gave significantly higher yield over rest of the
varieties. The treatment T1 - 25 MW i-e
transplanting of paddy in 3rd week of June
produced significantly highest mean number of
panicles per plant (15), number of grains per
panicle (199) and grain yield of (55.80 q ha-1)
next followed by treatment T2 - 28 MW i-e

transplanting of paddy seedlings 2nd week of
July (52.83 q ha-1) which was at par with T1.
Treatment T4 - 32 MW i-e transplanting of
paddy produced least mean number of panicles
plant-1 (10), mean number of grains spikelet-1

(152) and grain yield of paddy (40.73 q
ha-1).The higher straw yield of paddy (46.91 q
ha-1) gave by treatment T1 - 25 MW (3rd week
of June) significantly followed by treatment T2 -
28 MW (2nd week of July) (45.03 q ha-1).

b) Effect of Varieties : The data
presented in Table 1 revealed that the mid late
variety Indrayani (V1) and Phule Samrudhi (V2)
showed significant superior over early variety
Phule Radha (V4) and LK 248 in respect of
number of panicles per plant, number of grains
per panicle, grain and straw yield (q ha-1).  

c) Effect of Interaction : The interaction
effects of various treatments under study were
significant for the characters number of
panicles per plant, number of grains per
panicle, grain and straw yield (q ha-1). The study
revealed that transplanting of mid late varieties
under normal condition (25 MW and 28 MW)
i-e 3rd week of June or 2nd week of July shows
better performance.
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Table 3. Mean grain and straw yield (q ha-1) of paddy as affected by interaction of different treatments

Treatment Grain and straw yield of paddy (q ha-1) varieties Mean
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
V1 - V2 - V3 - V4 -
Indrayani Phule Samrudhi LK 248 Phule Radha

T1 - 25 MW (3rd week of June) 63.65 (57.29) 61.42(55.28) 50.34(45.31) 47.79(43.01) 55.80(50.22)

T2 - 28 MW (2nd week of July) 60.90(54.81) 55.85(50.27) 52.21(46.99) 42.34(38.11) 52.83(47.54)

T3 - 30 MW (4th week of July) 45.17(40.65) 43.68(39.32) 43.30(38.97) 40.08(36.07) 43.06(38.75)

T4 - 32 MW (2nd week of Aug) 38.77(34.90) 39.18(35.27) 36.26(32.63) 32.72(29.45) 36.73(33.06)

Mean 52.12(46.91) 50.03(45.03) 45.53(40.97) 40.73(36.66) 47.10(42.39)

Grain yield Straw yield 
(q ha-1) (q ha-1)

S.E.± 7.50 1.74

C.D. at 5 % 16.21 3.73

*Figures in the parenthesis indicates mean straw yield (q ha-1).



Conclusion

The study revealed that transplanting of mid
late varieties under normal condition (25 MW
and 28 MW) i-e 3rd week of June or 2nd week
of July shows better performance with mid late
variety Indrayani (V1) and Phule Samrudhi (V2)
showed significant superior over early variety

Phule Radha (V4) and LK 248.
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Abstract
Indian agriculture is mostly rainfed (around 60% of arable land) and monsoon plays a major role not only

in agriculture but also in allied day to day activities. Weekly rainfall analysis of a region is very much important
for crop planning and analyzing the probability of occurrence of dry and wet periods. This will act as bench
mark for crop planning as well as sustainable agricultural management. In the present study, Markov chain
probability model was used to calculate the chances of occurrences of dry and wet spells for Akola using 45
years (1970 to 2014) weekly rainfall data. The average annual rainfall of Akola was found to be 760 ±
205.95 mm and coefficient of variation (CV) was 27.88% which is higher than threshold limit that indicates
the erratic distribution of rainfall. Initial, conditional and consecutive dry and wet week probabilities showed
that, chances of occurrence of a week getting dry is high during 1st - 23rd and 41th to 52nd and chances of
occurrence of a week getting wet is high from 24th week onwards upto 40th week. Chances of occurrence
of wet week of more than 30% at the beginning of Kharif season indicates that summer ploughing and initial
seed bed preparations shall be taken up in the 20th - 22nd SMW. During rabi season CV is more than
threshold limit of 150%, that indicates low amount of rainfall during this period. The chances of occurrence
of high consecutive dry week after 42th SMW, provides information about the need for supplementary
irrigations and moisture conservation practices to be taken up.

Key words : Rainfall probability analysis, dry and wet spell, crop planning.

______________

Most water resources planning program and
agriculture particularly crop production are
dependent on the availability or non- availability
of rainfall. The greatest risk in agriculture
production is attributed to the variability of
seasonal rainfall and the uncertainty in the
amount and its distribution in a given season.
The temporal and spatial distribution of rainfall

is important for crop planning especially for
rainfed agriculture (Reddi and Reddy, 2004).
The knowledge of distribution of dry spells and
amount of rainfall during wet spells is very
much essential for successful management of
agriculture. One of the main reasons for crop
failures, the occurrence of dry spells during the
growing season. It is also important to know



the chances of occurrence of dry spells during
the critical stages of the crops for deciding the
sowing date, cropping pattern and planning for
protective irrigation and intercultural
operations. The information of amount of
rainfall during wet spell is useful for storage
purpose based on the magnitude of dry spells
and drought severity. Also the crop
development is severely affected if dry spells
coincide with the sensitive phonological stage
of the crop and it is sometimes beneficial, if it
coincide with ripening stage. Tomar et al.
(2001) analysed dry and wet spells at
Chhindwara in Madhya Pradesh, and suggested
sowing of short duration varieties in kharif
season for enhancing production. Gupta et al.
(1975) suggested that the rainfall at 80 per cent
probability could safely be taken as assured
rainfall, while 50 per cent probability is the
medium limit for taking risk. In this regard, an
attempt has been made to understand the
rainfall climatology by analyzing the temporal
and spatial rainfall distribution and its
probability of occurrence of dry and wet spell
and their distribution by analyzing rainfall data
of Akola, Maharashtra.

Materials and Methods

Akola is situated at latitude 200 42' North
and longitude 770 07' East. It is at an altitude
of 305 m above sea level. The region is
classified as hot moist semi- arid climate with
medium and deep clay black soil, medium to
high water holding capacity and length of
growing period of 120-150 days. Daily rainfall
data were collected from the Department of
Agronomy, Dr. PDKV, Akola for a period of 45
years (1970-2014). Average annual rainfall is
about 787.34 mm with 122 rainy days. About
91% of the total annual rainfall was received in
the southwest monsoon season (Jun-Sep).
About 7% of the total annual rainfall was
received during winter season and rest was
received during summer season. Assessment of

dry and wet spell has been carried out using
weekly rainfall data based on Markov chain
probability model. A week is considered as a
dry week when rainfall is less than 20 mm in
that period and when rainfall is more than 20
mm it is a wet week (Pandharinath, 1991). 

Markov chain probability model has been
found suitable to describe the long-term
frequency behavior of wet or dry spells. Markov
chain probability model assumes that the
probability of rainfall occurring on any week
depends on whether the previous week was wet
or dry. Rainfall amount is involved only in the
definition of occurrence or non-occurrence of
rain. In the first order Markov chain the
probability of an event that would occur on any
single day depends only on the conditions
during the preceding day and is independent of
events of further preceding days. The model
calculates the initial probabilities of getting a dry
spell / wet spell in a given standard
meteorological week. The calculation of
conditional probabilities provides the
information on the dry spell followed by dry
spell or wet spell vice-versa. The calculation of
initial and conditional probabilities are given
below;

I. Initial Rainfall Probability (%): Initial
rainfall probability of getting less than 20 mm
rainfall of week as,

FD
PD = ––––––––––

N

II. Conditional Rainfall Probability (%) :
Conditional rainfall probability (%) of getting
less than 20 mm rainfall during next week also
when there was rainfall of > 20 mm during this
week (x)

FW
PW = ––––––––––

N
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III. Consecutive Dry and Wet Week
Probabilities: Probability of 2 consecutive dry
weeks starting with the week as,

FW/W                         FD/D
PW/W = –––––––––,    PD/D = –––––––––,

FW                              FD

PW/D = 1 – PD/D,  PD/W = 1 – PW/W

Where, PD - Probability of the week being
dry, Pw - Probability of the week being wet, N -
Number of years, FD - Number of dry weeks, Fw
- Number of wet weeks, PD/D - Probability
(conditional) of a dry week preceded by a dry
week, PW/W -Probability (conditional) of a wet
week preceded by a wet week, PW/D-
Probability (conditional) of a wet week preceded
by a dry week, PD/W - Probability (conditional)
of a dry week preceded by a wet week, 2D -
Probability of 2 consecutive dry, 2W -
Probability of 2 consecutive wet weeks. On the
basis of this criterion, each week was
categorized as a dry week and wet week and
respective probabilities were calculated. The
incomplete gamma distribution (IGD) was used
to derive expected weekly rainfall at different
probability levels (Lamba et al., 1990 and Jat
et al., 2010).The data was analyzed by using
'Weathercock v 3.1' software developed by
Central Research Institute for Dry land
Agriculture (CRIDA).

Results and Discussion

Rainfall characteristics : The mean
annual rainfall at Akola was found to be 760
±205.95 mm, out of 45 years (1970-2014).
The rainfall varied from 367.40 mm (lowest in
2003) to 1336.6 (highest in 1988) with
standard deviation (SD) of 205.95 mm and
coefficient of variance (CV) is 27.88%. The
normal annual rainfall of Akola was 700-900
mm. The result observed that 60% years
recorded as above normal rainfall and 40%
years recorded below normal rainfall.

The highest mean monthly rainfall was
received during July was 204.08 mm followed
by August (199.58 mm), June (150.25 mm)
and September (122.62 mm). The minimum
rainfall 3.65 mm was received in the month of
April, it was followed by February is 8.18 mm.

The weekly mean rainfall, rainy days and
coefficient of variation were computed and
tabulate in Table 1. The maximum weekly
rainfall in the 32th week and was recorded as
59.98 mm, followed by 30th week was 52.67
mm. Thirty four weeks (65 per cent) received a
rainfall less than the average weekly rainfall of
15 mm. The maximum number of weekly rainy
days, more than 2 days per week was recorded
from 26th to 35th week. The coefficient of
variation (CV) in percentage is an indicative of
dependability of rainfall. The threshold levels
for CV for any interpretation are < 25, < 50, <
100 and < 150 per cent for annual, seasonal,
monthly and weekly rainfall respectively
(Manorama et al., 2007). If the CV is within the
threshold limit of variability, it is considered that
the rainfall is highly dependable and vice-versa.
At Akola, CV of annual rainfall was found to be
27.88% which is higher than threshold limit, so
it indicates that the mean annual rainfall
amount is not highly dependable. The threshold
limit of weekly rainfall is less than 150% and
the average weekly rainfall CV for Akola station
was found to be 252%, which shows not
dependable rainfall for weekly period at Akola
station.

Initial, conditional probabilities and
consecutive dry and wet week
probabilities of rainfall : Average weekly
initial and conditional probabilities of dry and
wet spell and consecutive dry and wet spells at
Akola station (1970-2014), is presented in
Table 2. Markov chain modeling of wet/dry
spells and probability analysis of rainwater
availability was made in the study area. From
the Table 2, it is observed that initial probability
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shows higher chances of occurrence of dry
week during 1st to 23rd week, and the
probability of dry week decreases after 24th

week onwards. Subsequently chances of
occurrence of a week getting wet are high from
24th to 40th week. Parallel patterns are
observed for conditional probabilities and
consecutive dry and wet week probabilities. The
conditional probability of dry week preceded by
another dry week was observed in the range of
92% to 100% in 1st to 22nd and 44th to 52nd

weeks. Subsequently wet week preceded by
another wet week was found to be 60% to 45%
in 21th to 41th week. The chances of
occurrence of wet week preceded by another
wet week are high during rainy season.
Chances of occurrence of wet week preceded
by another dry week (PWD) are very limited
whereas chances of occurrence of dry week
preceded by another wet week (PDW) are very
high throughout the year. From the result it is
revealed that only rainy season conserved the
moisture in soil, while rest of the period show
dry spell at Akola station. So there is need to
improve the storage capacity of an area to
harvest more amount of water for future use as
protective irrigation during dry spell or moisture
stress period during critical growth stage of the
crop.

Rainfall at various probability levels 90%,
75%, 50%, 25% and 10% was workout for
Akola station (1970-2014) using incomplete
gamma distribution and is represented in Fig 1.
The results revealed that, the expected weekly
rainfall at 10% probability level ranged between
7.30 mm (44th week) to 145.10 mm (32rd

week) and at 90% probability level, it varied
from 0.1 mm to 5.2 mm. At 75% probability
level, the weekly expected rainfall was found to
be between 0.9 to 15.20 mm which is an
indication of deficit rainfall during rainy season
weeks which in turn indicates high risk for
growing dryland crops which are likely to suffer
by frequent dry spells.
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Table 1. Weekly rainfall, rainy days and coefficient of
variation of rainfall at Akola (1970-2014)

SMW Average Rainy CV of 
rainfall day rainfall 
(mm) (%)

1 2.67 0.24 276.89
2 2.94 0.20 294.45
3 0.62 0.09 408.09
4 1.21 0.13 342.47
5 2.83 0.20 425.37
6 3.28 0.22 291.64
7 0.18 0.02 358.20
8 2.41 0.22 218.59
9 4.52 0.36 300.08
10 4.82 0.33 328.78
11 2.30 0.27 344.45
12 0.63 0.09 365.21
13 1.26 0.16 362.42
14 2.16 0.16 299.55
15 0.33 0.07 444.69
16 0.54 0.07 345.61
17 0.51 0.09 306.66
18 0.75 0.09 358.37
19 1.25 0.18 332.10
20 2.65 0.27 235.60
21 3.47 0.27 249.72
22 6.31 0.58 121.66
23 16.77 1.18 145.83
24 47.64 1.93 99.70
25 40.54 1.91 125.43
26 42.82 2.27 102.30
27 41.06 2.33 99.37
28 41.30 2.42 106.93
29 47.13 2.47 105.97
30 52.67 2.73 109.27
31 48.73 2.62 98.59
32 59.98 2.69 103.74
33 36.23 2.00 104.36
34 42.88 2.09 119.90
35 39.85 2.33 95.40
36 38.98 1.78 111.53
37 21.98 1.18 158.75
38 24.66 1.49 117.61
39 25.56 1.29 146.29
40 24.79 1.07 158.87
41 12.19 0.69 231.04
42 5.47 0.47 241.42
43 6.81 0.29 331.97
44 2.06 0.22 258.30
45 2.65 0.27 393.75
46 5.15 0.27 323.58
47 6.89 0.20 325.52
48 4.98 0.31 363.52
49 1.65 0.24 362.39
50 1.45 0.22 368.10
51 1.50 0.27 411.68
52 3.25 0.33 305.84
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Table 2. Initial and conditional probability of weekly wet/dry spell at Akola (1970-2014)

SMW Initial Conditional Probability of consecutive 2 
probabilities (%) probabilities (%) dry and wet weeks (%)
––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––
P(D) P(W) P(D/D) P(W/W) P(W/D) P(D/W) P (2D) P (2W)

1 90.9 9.1 92.3 20.0 7.7 80.0 82.0 2.3
2 88.9 11.1 90.2 25.0 9.8 75.0 84.4 0.0
3 95.6 4.4 95.0 0.0 5.0 100.0 93.3 2.2
4 95.6 4.4 97.7 50.0 2.3 50.0 88.9 0.0
5 93.3 6.7 93.0 0.0 7.0 100.0 84.4 2.2
6 88.9 11.1 90.5 33.3 9.5 66.7 88.9 0.0
7 100.0 0.0 100.0 0.0 0.0 100.0 88.9 0.0
8 88.9 11.1 88.9 0.0 11.1 0.0 77.8 0.0
9 88.9 11.1 87.5 0.0 12.5 100.0 80.0 4.4
10 86.7 13.3 90.0 40.0 10.0 60.0 82.2 0.0
11 95.6 4.4 94.9 0.0 5.1 100.0 93.3 0.0
12 97.8 2.2 97.7 0.0 2.3 100.0 91.1 0.0
13 93.3 6.7 93.2 0.0 6.8 100.0 88.9 2.2
14 93.3 6.7 95.2 33.3 4.8 66.7 93.3 0.0
15 100.0 0.0 100.0 0.0 0.0 100.0 100.0 0.0
16 100.0 0.0 100.0 0.0 0.0 0.0 100.0 0.0
17 100.0 0.0 100.0 0.0 0.0 0.0 97.8 0.0
18 97.8 2.2 97.8 0.0 2.2 0.0 93.3 0.0
19 95.6 4.4 95.5 0.0 4.6 100.0 84.4 0.0
20 88.9 11.1 88.4 0.0 11.6 100.0 82.2 6.7
21 86.7 13.3 92.5 60.0 7.5 40.0 75.6 6.7
22 82.2 17.8 87.2 50.0 12.8 50.0 53.3 15.6
23 55.6 44.4 64.9 87.5 35.1 12.5 22.2 37.8
24 28.9 71.1 40.0 85.0 60.0 15.0 13.3 48.9
25 35.6 64.4 46.2 68.8 53.9 31.3 6.7 48.9
26 22.2 77.8 18.8 75.9 81.3 24.1 11.1 55.6
27 33.3 66.7 50.0 71.4 50.0 28.6 6.7 46.7
28 26.7 73.3 20.0 70.0 80.0 30.0 2.2 60.0
29 15.6 84.4 8.3 81.8 91.7 18.2 8.9 68.9
30 24.4 75.6 57.1 81.6 42.9 18.4 11.1 55.6
31 31.1 68.9 45.5 73.5 54.6 26.5 8.9 57.8
32 20.0 80.0 28.6 83.9 71.4 16.1 8.9 55.6
33 33.3 66.7 44.4 69.4 55.6 30.6 11.1 44.4
34 33.3 66.7 33.3 66.7 66.7 33.3 17.8 48.9
35 35.6 64.4 53.3 73.3 46.7 26.7 17.8 37.8
36 44.4 55.6 50.0 58.6 50.0 41.4 31.1 26.7
37 60.0 40.0 70.0 48.0 30.0 52.0 37.8 24.4
38 53.3 46.7 63.0 61.1 37.0 38.9 35.6 28.9
39 53.3 46.7 66.7 61.9 33.3 38.1 28.9 20.0
40 55.6 44.4 54.2 42.9 45.8 57.1 46.7 20.0
41 71.1 28.9 84.0 45.0 16.0 55.0 60.0 4.4
42 84.4 15.6 84.4 15.4 15.6 84.6 75.6 0.0
43 91.1 8.9 89.5 0.0 10.5 100.0 84.4 2.2
44 91.1 8.9 92.7 25.0 7.3 75.0 84.4 0.0
45 93.3 6.7 92.7 0.0 7.3 100.0 80.0 0.0
46 86.7 13.3 85.7 0.0 14.3 100.0 80.0 2.2
47 91.1 8.9 92.3 16.7 7.7 83.3 86.7 4.4
48 91.1 8.9 95.1 50.0 4.9 50.0 86.7 2.2
49 93.3 6.7 95.1 25.0 4.9 75.0 91.1 2.2
50 95.6 4.4 97.6 33.3 2.4 66.7 93.3 2.2
51 95.6 4.4 97.7 50.0 2.3 50.0 86.7 2.2
52 88.9 11.1 90.7 50.0 9.3 50.0 0.0 0.0



Crop planning and management :
Proper planning of agricultural crops and water
management requires the knowledge of
chances of occurrence of wet and dry spells
during rainy season. The major crops grown in
the Akola is cotton, soybean, pigeon pea,
green gram and black gram during kharif
season and chickpea, safflower and sunflower
during rabi season. Optimum time for sowing
of kharif season crops would be 23rd to 26th

weeks (first and second fortnight of June) with
average weekly rainfall of 9.10, 29.30, 23.80
and 27.90 mm, respectively at 50% probability
level. Threshold limit of 20 mm per week at
more than 50% of initial probability during the
rainy season is adequate for crop activities like
land preparation and the conditional probability
of occurrence of rainfall at 20 mm per week
above 50% is the right week for
sowing/planting (Senthilvelen et al., 2012).
Kharif season crop duration is varying between
120-140 days for high yielding varieties. This
analysis clearly indicates that the rainfall
received during June could be utilized for land
preparation and sowing of long duration
rainfed crops. Land preparation and sowing is
done in the month of June/July which falls in
the 23rd - 26th SMW. Summer ploughing and
initial seed bed preparations shall be taken up
by utilizing pre-monsoon rain during 20th -
22nd SMW (14th May - 3rd June). During the
kharif season, the co-efficient of variation of
rainfall ranges from 99.37% to 145.85%. The
CV is less than threshold limit of 150 percent
at the beginning of kharif season which
indicates higher dependability of rainfall during
this period. Hence, agricultural operations like
planting/sowing can be undertaken successfully
during this period. Higher variability of CV
during later part of kharif season reflects the
higher variability of rainfall during this period.
Therefore successful growing of rainfed crops
during this period is very limited.

Major crops cultivated during rabi season
are chickpea, safflower and sunflower. Rabi
corps are sown in 41th to 44th SMW during
which the average rainfall ranges between
6.81-12.19 mm. During this period, chances
of occurrence of wet week are less than 40%
and consecutive wet weeks are lower. The CV
of rainfall during the sowing period of rabi crop
varies from 231.04% to 392.75%, which is
more than threshold limit of 150 percent. This
indicates the higher undependability of rainfall
during rabi period. Hence, supplementary
irrigation facility is needed for agricultural
operations like planting/sowing of crop
successfully during rabi period. Since, winter
rainfall is uncertain and erratic; growing of high
value rabi crops without supplementary
irrigation would be highly risky. The chances of
occurrence of high consecutive dry week after
42th SMW, provides information about the
need for supplementary irrigation and moisture
conservation practices to be taken up. Even in
the happening of mid-season dry spells,
mulching and other water conservation
practices will help in reducing soil evaporation
and conserve moisture in top layers of the soil. 

Conclusions

The study of rainfall probability analysis
indicated the chances of occurrences of dry and
wet weeks for appropriate crop planning and
water management for Akola region. The
average annual rainfall of Akola was found to
be 760 ± 205.95 mm with coefficient of
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Fig 1. Weekly rainfall (mm) of different
probabilities levels at Akola (1970-
2014)



variation (CV) of 27.88%, which is higher than
threshold limit indicating the erratic distribution
of rainfall. Land preparation and sowing
operations could be taken up between 23rd -
26th weeks for rainy season crop cultivation.
Harvesting runoff water and moisture
conservation measures need to be practiced
during rainy season for better water
management. Supplementary irrigation
practices need to be adopted during rabi
season.
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India is self sufficient in food grain
production, which has substantially increased
from 50.82 million tonnes in 1950-51 to
253.16 million tonnes in 2015-16. By 2020,
India has to increase productivity above 340
million tonnes food grains in view of population
growth, agricultural scientists and technologists
have to take the efforts to double the
productivity of available resources like water,
land etc. with less and less resources being
available for cultivation of crops and
diminishing number of available farmers. One
of the most promising avenues of boosting crop
production is to increase the intensity of
cropping. Sequence cropping is gaining

importance in Indian agriculture. Rotation and
sequence cropping plays an important role in
cropping sequence  research. Different
cropping sequences with various suitable
grains, legume, fodder, oilseed, vegetable and
other high value and remunerating crops in
proper sequence give higher crop productivity
and also economic returns. It is the need of the
hour to conduct the experiments as per the soil
test as well as yield targeting equation studies in
different cropping sequences in maize based
vegetable sequences by using different fertilizer
levels. With this view the present study has
been undertaken on different maize based
vegetables cropping sequences in respect to
integrated nutrient management on medium
deep soils in Scarcity Zone of Maharashtra.

To increase the production and profitability
of maize based cropping sequences an effort
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Abstract
A field experiment was carried out to study productivity and economics of the maize based vegetable

cropping sequences (maize-onion, maize-garlic and maize-potato) under different nutrient management
treatments at Mahatma Phule Krushi Vidyapeeth, Rahuri (MS) during 2014-15 and 2015-16. The yield target
of 100 q ha-1 was achieved in kharif maize by application of fertilizer dose as per STCR equation with FYM
with less than 10 per cent variation (+ 5.22 %) on pooled basis. Similarly, maize-garlic cropping sequence
recorded significantly maximum gross monetary returns (Rs 682099, Rs 789731 and Rs 735915 ha-1),
net monetary returns (Rs 480265, Rs 581281 and Rs 530773 ha-1) than maize-onion and maize-potato
cropping sequences during both the years and on pooled mean.  However, maize-onion cropping sequence
registered maximum B:C ratio (3.80, 4.08 and 3.94) during both years and on pooled mean, respectively
than maize-garlic and maize-potato cropping sequences. On the basis of two years of experiment, it could be
concluded that, application of fertilizer as per soil test crop response (STCR) equation (100 q       ha-1) with
FYM to kharif maize followed by 100 per cent general recommended dose of fertilizer (GRDF) to garlic during
rabi season found most profitable proposition to achieve maximum yield and monetary benefits in maize-rabi
garlic cropping sequence.
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was made to carry out an experiment for
two consecutive years with "Nutrient
management in maize based vegetable
cropping sequences".

Materials and Methods

A field experiment was carried out during
2014-15 and 2015-16 at Mahatma Phule
Krishi Vidyapeeth, Rahuri (Maharashtra) on
clay loam soil with low in available nitrogen
(156.80 kg ha-1), medium in phosphorus
(17.09 kg ha-1) and high in available potassium
(492.80 kg ha-1) and the soil was moderately
alkaline in reaction (pH 8.02 ). 

The treatment consisted of three cropping
sequences viz., C1 - maize-onion, C2 - maize-
garlic and C3 - maize-potato with four nutrient
management treatments viz., T1 - 100%
general recommended dose of fertilizer, T2 -
100% recommended dose of fertilizer as per
soil test, T3 - Fertilizer dose as per Soil Test
Crop Response yield equation for 100 q ha-1

targeted yield without FYM, T4 - Fertilizer dose
as per Soil Test Crop Response yield equation
for 100 q ha-1 targeted yield with FYM as main
plot treatment whereas three fertilizer levels
viz., F1 - 75% general recommended dose of
fertilizer, F2 - 100% general recommended
dose of fertilizer and  F3 - 125% general
recommended dose of fertilizer as sub plot
treatments. The experiment was laid out in
randomized block design in kharif season in
nine replications and strip plot design in rabi
season with three replications. Maize- NK-
6240, onion- N 2-4-1, galic- Phule baswant
and potato- Kufri jyoti cultivars were used
during kharif and rabi seasons respectively.
Both the year's crop seasons were favourable to
grow the kharif and rabi crops. The
recommended package of practices adopted to
grow the crops and fertilizers were applied as
per treatments.

Results and Discussion

Productivity of kharif maize :
Application of fertilizer dose as per STCR
equation with FYM recorded maximum and
significantly higher grain yield (92.44, 97.12
and 94.78 q ha-1) than rest of the treatments
during first, second year and pooled mean. The
yield target of 100 q ha-1 was achieved by
STCR equation with FYM by less than 10 per
cent variation (+ 5.22). The fertilizer dose as
per STCR equation without FYM was found
second best treatment  (84.11, 88.42 and
86.26 q   ha-1) during both years and on pooled
mean (Table 1). This might be because of the
balanced nutrition through STCR equation with
FYM and benefits occurring from the integrated
use of FYM might be attributed to better supply
of nutrients gives highest grain yield due to
better translocation of photosynthates from
source to sink. These results are in accordance
with those obtained by Suresh Naik et al.
(2012), Ravikumar (2009) and Veeresh (2010). 

Productivity of rabi crops

Onion : Data presented in Table 1.
indicated that, application of fertilizer dose as
per STCR equation with FYM to kharif maize
registered maximum and significantly higher
yield of onion bulb (46.10, 47.06 and 46.58 t
ha-1) than rest of the nutrient management
treatments during both the years and on
pooled mean. However, it was at par with the
treatment application of fertilizer dose as per
STCR equation without FYM to kharif maize
during second year and also on pooled mean. 

Application of 125 per cent general
recommended dose of fertilizer to rabi onion
registered significantly higher yield of onion
bulb (44.70, 45.97 and 45.33 t ha-1)  than 100
and 75 per cent general recommended dose of
fertilizer during both years and on pooled
mean. However, it was at par with 100 per cent
general recommended dose of fertilizer to rabi
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onion during both years and also on pooled
mean. This might be because of the residual
effect of preceding crop maintaining soil
organic matter, major and micronutrients and
graded levels of fertilizers to onion during rabi
season had a great impact which increases the
uptake of these nutrients and accelerating the
physiological activities in crop for improving
growth attributes. Similarly it also increased the
translocation of photosynthates towards the
size of (polar and equatorial diameter) and
weight of bulb. These results are in conformity
with those reported by Konde (2002) and Jat et
al., (2011).

Garlic : Application of fertilizer dose as per
STCR equation with FYM to kharif maize
registered significantly higher yield of garlic bulb
(13.22, 14.21 and 13.72 t ha-1) than rest of
the nutrient management treatments during

both the years and  on pooled mean. The
treatment, fertilizer dose as per soil test
registered significantly minimum yield of garlic
bulb (10.85, 11.28 and 11.07 t ha-1) during
both the years and on pooled mean.

Application of 125 per cent general
recommended dose of fertilizer to garlic
registered significantly higher yield of garlic bulb
(12.53, 13.27 and 12.90 t ha-1) than 100 and
75 per cent general recommended dose of
fertilizer during both the years and on pooled
mean. However, it was at par with 100 per cent
general recommended dose of fertilizer to garlic
during both the years and on pooled mean.
This indicates that growing of garlic crop after
maize gave higher yield only after increasing
fertilizer levels & might be because of the
residual effect of preceding crop maintaining
soil organic matter, major and micronutrients
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Table 1. Yield of component crops in different cropping sequences as influenced by different treatments

Treat- Maize grain yield Onion bulb yield Garlic bulb yield Potato tuber yield
ment (q ha-1) (t ha-1) (t ha-1) (t ha-1)

–––––––––––––––––––––– ––––––––––––––––––––––– ––––––––––––––––––––––– –––––––––––––––––––––
2014- 2015- Pooled 2014- 2015- Pooled 2014- 2015- Pooled 2014- 2015- Pooled 
15 16 mean 15 16 mean 15 16 mean 15 16 mean

Nutrient management
T1 75.23 80.01 77.62 44.83 45.63 45.23 12.09 12.94 12.52 31.01 32.28 31.64
T2 68.11 71.52 69.81 40.67 42.46 41.57 10.85 11.28 11.07 28.95 30.16 29.56
T3 84.11 88.42 86.26 42.44 43.80 43.12 11.11 11.93 11.52 29.65 30.86 30.26
T4 92.44 97.12 94.78 46.10 47.06 46.58 13.22 14.21 13.72 31.66 32.96 32.31
S.Em.± 2.01 1.75 1.88 0.27 0.45 0.45 0.24 0.16 0.26 0.23 0.12 0.22
C.D. at 5% 5.97 5.20 5.60 0.93 1.56 1.40 0.86 0.58 0.80 0.80 0.42 0.70

Fertilizer levels
F1 - - - 41.83 42.96 42.39 10.72 11.52 11.12 29.19 30.39 29.79
F2 - - - 44.01 45.29 44.65 12.20 12.99 12.59 30.63 31.95 31.29
F3 - - - 44.70 45.97 45.33 12.53 13.27 12.90 31.13 32.37 31.75
S.Em.± - - - 0.30 0.26 0.33 0.20 0.15 0.22 0.20 0.16 0.22
C.D. at 5% - - - 0.88 0.77 0.97 0.62 0.46 0.64 0.60 0.50 0.65
General mean 79.97 84.27 82.12 43.51 44.74 44.12 11.82 12.59 12.21 30.32 31.57 30.95

T1 - General recommended dose of fertilizer, T2 - Fertilizer dose as per soil test,
T3 - Fertilizer dose as per STCR eqn (100 q ha-1), T4 - Fertilizer dose as per STCR eqn  (100 q ha-1) + FYM,
F1 - 75% General recommended dose of fertilize, F2 - 100% General recommended dose of fertilize, 
F3 - 125% General recommended dose of fertilizer



had a great impact which increases the uptake
of these nutrients and accelerating the
physiological activities in crop for improving
growth attributes and also increased the
translocation of photosynthates towards the
size and weight of bulb. These results are in
conformity with those reported by  Jat et al.,
(2011).

Potato : Application of fertilizer dose as
per STCR equation with FYM to kharif maize
registered maximum and significantly higher
tuber yield of potato i.e., 31.66, 32.96 and
32.31 t ha-1 during first, second year and on
pooled mean during both the years of the
experiment than  rest of the treatments.
However, it was at par with the treatment

general recommended dose of fertilizer to
kharif maize during first year and on pooled
mean also. 

Application of 125 per cent general
recommended dose of fertilizer to potato
registered significantly higher tuber yield of
potato 31.13, 32.37 and 31.75 t ha-1 during
first, second year and on pooled mean,
respectively, during both the years. However, it
was at par with 100 per cent general
recommended dose of fertilizer to potato during
both the years and also on pooled mean. This
might be because of leaf area index increased
with increase in fertilizer doses leading to
increased light interception which ultimately
resulted in increased total tuber yield (Verma
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Table 2. Economics of different cropping sequences as influenced by different treatments

Treatment Gross monetary returns Net monetary returns B:C 
(Rs ha-1) (Rs ha-1) ratio

–––––––––––––––––––––––– –––––––––––––––––––––––– –––––––––––––––––––––
2014- 2015- Pooled 2014- 2015- Pooled 2014- 2015- Pooled 
15 16 mean 15 16 mean 15 16 mean

A. Cropping sequences
C1 - Maize-onion 500550 554139 527344 364928 412828 388878 3.80 4.08 3.94
C2 - Maize-garlic 682099 789731 735915 480265 581281 530773 3.46 3.90 3.68
C3 - Maize-potato 471134 524877 498006 325073 373012 349042 3.31 3.56 3.43
S.Em. ± 3637 1164 3307 3637 1164 3307 - - -
C.D. at 5% 14279 4571 10784 14279 4571 10784 - - -

B. Nutrient management
T1 - GRDF 594679 674608 634643 425302 499078 462190 3.54 3.85 3.70
T2 - AST 538558 607205 572882 381393 443888 412640 3.47 3.76 3.61
T3 - STCR eqn  (100 q ha-1) 576760 658130 617445 407028 482245 444637 3.44 3.76 3.60
T4 - STCR eqn (100 q ha-1) + FYM 655301 747798 701549 476663 563008 519835 4.07 4.58 4.32
S.Em. ± 3431 3584 4297 3431 3584 4297 - - -
C.D. at 5% 10194 10650 12325 10194 10650 12325 - - -

C. Fertilizer levels
F1 - 75% GRDF 550819 626553 588686 389353 458935 424144 3.53 3.89 3.71
F2 - 100% GRDF 603584 686114 644849 434856 511234 473045 3.71 4.07 3.89
F3 - 125% GRDF 619571 703138 661354 443581 520996 482288 3.64 4.00 3.82
S.Em. ± 3872 3019 4252 3872 3019 4252 - - -
C.D. at 5% 11010 8586 11937 11010 8586 11937 - - -
General mean 591324 671935 631630 422596 497055 459826 3.63 3.99 3.81

Market price - 2014-15: Maize-1150 /-  (Rs q-1), onion-850/-  (Rs q-1), garlic-4700/- (Rs q-1), potato-1025/-  (Rs q-1)
2015-16: Maize-1250 /- (Rs q-1), onion-925/- (Rs q-1), garlic-5200/- (Rs q-1), potato-1100/- (Rs q-1)



et al., 1997 and Kumar et al., 2002). Sandhu
et al., (2013) reported increasing trend was
noticed in respect of total tuber yield with
increasing fertilizer doses applied. Increasing
NPK levels from 180:34.9:100 to 270:52.4:
150 kg ha-1 increased yield of large -sized
tubers significantly. This might be due to more
bulking of processing grade tubers to large sized
tubers, hence yield of large and total tubers
improved significantly (Singh et al., 2013).

Economics : Among the cropping
sequences, maize-garlic cropping sequence
obtained significantly maximum gross monetary
returns (Rs 682099, Rs 789731 and Rs
735915) and net returns (Rs 480265, Rs
581281 and Rs 530773) than maize-onion
and maize-potato cropping sequences during
both the years and on pooled mean. Whereas,
maize-onion cropping sequence obtained
highest B:C ratio (3.80, 4.08 and 3.94) than
maize-garlic and maize-potato cropping
sequences during both years and on pooled
mean also.

Application of fertilizer as per STCR
equation with FYM to kharif maize obtained
significantly maximum gross monetary returns
(Rs 655301, Rs 747798 and Rs 701549) and
net returns (Rs 476663, Rs 563008  and
Rs 519835)  than  rest of the treatments during
first year, second year and on pooled mean.
Whereas, application of fertilizer as per STCR
equation with FYM to kharif maize obtained
maximum B:C ratio (4.07, 4.58 and 4.32) than
rest of treatments. The treatment, general
recommended dose of fertilizer to kharif maize
obtained second rank in case of B:C ratio
(3.54, 3.85 and 3.70) during first year, second
year and also on pooled mean also.

Application of 125 per cent general
recommended dose of fertilizer to succeeding
crops during rabi season obtained significantly
maximum gross monetary returns (Rs 619571,

Rs 703138 and  Rs 661354) and net returns
(Rs 443581, Rs 520996 and  Rs 482288)
than rest of the treatments during first year,
second year and on pooled mean. However, it
was at par with the treatment 100 per cent
general recommended dose of fertilizer to rabi
crops under net monetary returns (Rs 434856
and Rs 473045) during first year and on pooled
mean, respectively. Application of fertilizer as
per 100 per cent general recommended dose
of fertilizer to succeeding rabi crops obtained
maximum B:C ratio (3.71, 4.07 and 3.89) than
rest of treatments. These results are in
conformity with those reported by Walia et
al.,(2010).

On the basis of two years of experiment, it
could be concluded that, application of fertilizer
as per soil test crop response (STCR) equation
(100 q ha-1) with FYM to kharif maize followed
by 100 per cent general recommended dose of
fertilizer (GRDF) to garlic during rabi season
found most profitable proposition to achieve
maximum yield and monetary benefits in maize-
rabi garlic cropping sequence.
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Abstract
The present investigation has been undertaken to estimate the growth and instability in area, production

and productivity of green gram in Marathwada region of Maharashtra. For these purpose secondary data were
collected from various government publications for the period 2000-01 to 2014-15. The period of study was
divided into three period i.e. Period-I (2000-01 to 2004-05), Period-II (2005-06 to 2009-10), Period-III
(2010-11 to 2014-15) and Overall period. The estimation of growth rate was done by Compound growth
rate method and instability was carried out by coefficient of variation method as well as by Cuddy Della Valle
index and Coppock's instability index. It has been observed that the growth trend of area under green gram
was significantly declined (-5.06%) throughout period of study. At an overall period the production growth
trend (-4.59%) was also found to be negative and non-significant, only Latur (3.51%) and Osmanabad (1.39%)
district was achieved positive but non-significant growth in green gram production. The Growth trends of
green gram productivity (0.59%) were positive but non-significant throughout the period of study. The study
concluded that the growth of area, production and productivity of green gram were showed decreasing trends.
The results of instability showed that the area, production and productivity of green gram was failed to achieve
the stability in Marathwada region.

Key words : Growth, trnds, instability, green gram.

______________

Greengram or Mung having botanical name
Vigna radiata which belongs to family Fabaceae
or leguminoceae, native to the Indian
subcontinent is one of the most wholesome and
important among pulses in India. It is widely

cultivated throughout the Asia, including India,
Pakistan, Bangladesh, Sri Lanka and Thailand.
In India, Rajasthan (30.81 %), Maharashtra
(19.51 %), Karnataka (15.35 %), Andhra
Pradesh (12.79 %), Orissa (7.41 %), Tamil



Nadu (4.97 %) and Uttar Pradesh (2.09 %) are
the major states in greengram production.
(Source:www.agropedia.com). Its popularity
stems not just from its medicinal and nutritional
properties, but also from its adaptability to
drought conditions. The nitrogen fixing bacteria
in the plant's root help to replenish the nitrogen
content of the soil, which makes it a valuable
inter-crop in rice and sugar cane cultivation.
The seeds are rich in calcium, phosphorous,
magnesium, potassium, folate and other B
Vitamins. They also contain appreciable
amount of Vitamin C. Chinese medicine uses
greengram as a remedy for Oedema, fever,
headache and generalized anxiety, and as a
diuretic. It is also a folk remedy for arsenic
poisoning and other mineral toxins.

In India during 2014-15 area under
greengram was 23.38 lakh hectares,
production was 9.58 lakh tonnes and
productivity was 410 kg/ha
(Source:www.agricoop.com). In Maharashtra
agriculture sector contributes major share in
their income and have great impact on the
increase or decrease of per capital income. In
Maharashtra during 2014-15 area under
greengram was 3.152 lakh hectares with
annual production of 0.843 lakh tonnes with an
average productivity of 268 kg/ha. In
Marathwada region during 2014-15 area under
greengram was 1.576 lakh hectares with an
annual production of 0.298 lakh tonnes with an
average productivity of 185 kg ha-1.
(Source:www.mahaagri.gov.in).

The area under pulses has declined sharply
since 1990 till date. The same trend is found in
the state of Maharashtra as well as in India. This
is the major cause of continuous price rise of
pulses in India. The demand is continuously
rising due to increasing population pressure. To
bridge the gap between demand and supply of
pulses, there is an urgent need to raise the
production and productivity of pulses in

Maharashtra. The production can be increased
either by bringing more area under cultivation
or by increasing yield through adaption of
improved pulse production technology or by
combining both. Maharashtra State has made
appreciable increase in the productivity of
pulses during last decade. For this reason, the
present study was undertaken to estimate the
growth and instability in area, production and
productivity of greengram.

Materials and Methods

The secondary data on area, production and
productivity of greengram in Marathwada
region, were collected from various
government publications and issues of epitome
of agriculture and district socio-economic
review. The data pertained to the period of 15
years i.e. from 2000-01 to 2014-15.

Analytival Techniques

Data were analyzed by employing
techniques like growth analysis, correlation and
regression analysis, tabular analysis, function
analysis, frequency and percentage analysis.

1. Estimation of growth rates 

After collection of time series data (from
year 2000 to 2015) the linear and compound
growth rates were workout to the growth of
green gram. The compound growth rates of
area, production and productivity of green
gram crop was worked out by using exponential
function of the form,

Y = A.Bt

By taking logarithm of both sides, the
equation takes the linear form: Log Y = Log A
+ t Log B

On writing Log A = a, Log B= b,

Log Y = y then,

The equation becomes y = a + bt
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Where, y = dependent variable (Area,
production and productivity) t = Time/ year
(independent variable), a = intercept and b =
Regression coefficient of y on x

From the estimated function the compound
growth rate (CGR) was worked out by CGR =
(Antilog b-1) x 100

2.1.1  Instability Analysis 

To measure the degree of instability in area,
production and productivity of greengram crop
coefficient of variation and coefficient of
instability was computed with the help of
following formula.

Standard 
Deviation

Coefficient of Variation (%) = ––––––––––x 100
Mean

Coefficient of instability was another
measure of instability besides coefficient of
variation. The coefficient of variation measures
the absolute variation while coefficient of
instability measures the variation around the
trend. It was a close approximation of the
average year-to-year percentage variation
adjusted for trend. Thus the variations around
the trend are more pronounced than the
absolute variation.

2.1.2 Coppock's Instability Index

To measure the coefficient of instability,
Coppock's instability Index will be estimated
below:

Delta M =

V Log =

Coppock's Index = [Anti Log ( )-1] x 100

Where, Xt = Area, production or
productivity of crop in year't', N = Number of
years, M = The arithmetic mean of the

difference between the Log of X1 and Xt-1, Xt-
2 etc. and V Log = Log arithmetic variance of
the series.

2.1.3 Cuddy and Della Valle Instability
Index

The Instability Index developed by Cuddy
and Della was also be used for estimating
instability index. Yield instability was measured
in relative terms by the Cuddy-Della Valle index,
which is commonly used as measures of
instability in time-series data. Since the simple
coefficient of variation over estimates the level
of instability in time-series data characterized by
long-term trends, the Cuddy-Della Valle index
corrects the coefficient of variation as follows.

CV = (CV*).[(1-R2)1/2]

Where, CV = Cuddy-Della Valle index of
Instability, CV* = Coefficient of variation
without trend adjusted data and R2 =
Coefficient of multiple determination from time
trend regression adjusted by the number of
degree of freedom.

Cvt = Net measure - Index of Instability =
CV.

1) Fit Y = a + bt 

2) If the trend is significant then CV was
multiplied by square root of unexplained
variable. 

3) Gives index of instability 

Rresults and Discussion

1. Growth in area under greengram
crop in Marathwada region of
Maharashtra state 

Compound growth rates of area under
greengram in Marathwada region was analyzed
and is presented in Table 4.1. The results
revealed that inconsistent growth in area under

Journal of Agriculture Research and Technology 37



greengram in Aurangabad district resulted in
negative trend in area to the tune of -12.54 per
cent, -8.35 per cent, -19.73 per cent and -
13.41 per cent during Period-I, Period-II,
Period-III and Overall. At an overall period the
growth was significant decline in the area. In
Jalna district during Period-III the area under
greengram was shown positive trend to the
tune of 1.83 per cent which means that the
area was increased in Period-III but in Period-I,
Period-II and Overall period the growth of area
was declined. During Period-I and overall
period the area was significantly declined to the
tune of -4.99 per cent and -5.75 per cent
respectively. In Beed district inconsistent
growth in area under the crop. However the
area under greengram could not achieve
positive trend during period of study. In Period-
I and overall period the growth of area was
significantly declined. In Latur district the
growth of area in Period-I was achieved positive
trend but in Period-II, Period-III and overall
period inconsistent growth in area resulted in
declining area under greengram. The growth of
area in overall period was significant at 5 per
cent level. In Osmanabad district during Period-
I the growth of area under greengram was
positively significant to the tune of 6.71 while
in Period-II, Period-III and overall period the
growth was declined to the tune of -9.83 per
cent, -3.84 per cent and -2.84 per cent. In
Nanded district the growth of area under crop
was inconsistent which could not achieve
positive trend during period of study. During
Period-III and overall period the area was
significantly declined to the tune of -8.07 per
cent and -2.80 per cent respectively. The
growth of area in Parbhani district was achieved
positive trend during Period-I and Period-II to
the tune of 1.76 per cent and 1.40 per cent
respectively which indicated that during that
period the area under greengram was increased
after that area was declined in position. During
overall period of study the area was significantly

declined to the tune of -6.32 per cent. In
Hingoli district the growth of area was non-
significantly declined throughout the studied
period. From the table it is observed that in
Marathwada region the growth of area under
greengram was declined which could not
achieved positive trend. In Period-I and overall
period the area was significantly declined to the
tune of -3.01per cent and -5.06 per cent
respectively. Similar types of results were also
reported by Mathur and Henry (2005), Saima
et al. (2012) and Rani et al. (2012).

2. Growth in production of
greengram crop in Marathwada region of
Maharashtra state

Compound growth rates of production of
greengram in Marathwada region was analyzed
and is presented in Table 4.2. The results
revealed that in Aurangabad district growth of
production was non-significantly increased in
Period-I to the tune of 4.11 per cent but in
Period-II, Period-III and overall it did not
achieve positive trend. At overall period the
production was significantly declined (-12.42
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Table 1. Growth rates of area under greengram in
Marathwada region

Name of Period-I Period-II Period-III Overall
District Period

Aurangabad -12.54 -8.35 -19.73 -13.41**
Jalna -4.99** -6.96 1.83 -5.75**
Beed -16.74** -6.27 -15.05 -10.01**
Latur 0.29 -23.52 -12.88 -5.35*
Osmanabad 6.71* -9.83 -3.84 -2.84*
Nanded -5.08 -1.01 -8.07* -2.80**
Parbhani 1.76 1.40 -5.33 -6.32**
Hingoli -7.66 -10.99 -0.97 -2.06
Marathwada -3.01* -5.77 -5.25 -5.06**

* Significant at 5 %, ** Significant at 1 %
Period-I = 2000-01 to 2004-05
Period-II = 2005-06 to 2009-10
Period-III = 2010-11 to 2014-15
Overall Period = 2000-01 to 2014-15



%). In Jalna district inconsistent growth in
production of greengram resulted declined in
production throughout period of study. During
Period-I the growth of production was
increased in Beed, Latur, Osmanabad, Nanded
and Parbhani district to the tune of 16.34 per
cent, 15.88 per cent, 30.85 per cent, 8.98 per
cent and 21.93 per cent respectively. During
Period-II and Period-III in all districts the
production could not achieved the positive
trend which indicated that during that period
the growth of production was declined. During
overall period in Beed district the growth of
production was significantly declined (-11.53
%). At the same period the production was
achieved non-significant positive trend in Latur
and Osmanabad district to the tune of 3.51 per
cent and 1.39 per cent respectively. In Nanded,
Parbhani and Hingoli district the growth of
production was declined to the tune of -4.53
per cent, -3.49 per cent and -4.87 per cent
respectively. As regards to Marathwada region
the growth of production was non-significantly
increased (9.47%) during Period-I. In Period-II,
Period-III and overall period production could
not achieved positive trend resulted in declined
production of greengram to the tune of -18.05
per cent, -25.14 per cent and -4.59 per cent
respectively and the growth of production was
non-significant. Similar results were also quoted
by Mathur and Henry (2005), Tuteja (2011),
Saima et al. (2012) and Rani et al. (2012).

3. Growth in productivity of
greengram crop in Marathwada region of
Maharashtra state

Compound growth rates of productivity of
greengram in Marathwada region was analyzed
and is presented in Table 4.3. The results
revealed that in Aurangabad district growth of
productivity was positive during Period-I and
Overall period to the tune of 19.21 per cent
and 1.07 per cent respectively which indicated
that the growth of productivity was increased

during that period. In Period-II and Period-III
the growth of productivity was declined and
non-significant. During Period-I all districts of
Marathwada region was achieved positive trend
in growth of productivity which indicated that
the growth of productivity was increased to the
tune of 3.56 per cent, 39.98 per cent, 15.63
per cent, 22.54 per cent, 14.70 per cent,
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Table 2. Production growth rates of greengram in
Marathwada region

Name of Period-I Period-II Period-III Overall
District Period

Aurangabad 4.11 -19.18 -37.19 -12.42**
Jalna -1.54 -28.01 -22.11 -9.85*
Beed 16.34 -24.17 -31.48 -11.53**
Latur 15.88 -41.41 -18.74 3.51
Osmanabad 30.85 -20.86 -17.32 1.39
Nanded 8.98 -16.25 -29.79 -4.53
Parbhani 21.93 -3.01 -26.30 -3.49
Hingoli -0.76 -25.59 -26.73 -4.87
Marathwada 9.47 -18.05 -25.14 -4.59

* Significant at 5 %, ** Significant at 1 %
Period-I = 2000-01 to 2004-05
Period-II = 2005-06 to 2009-10
Period-III = 2010-11 to 2014-15
Overall Period = 2000-01 to 2014-15

Table 3. Productivity growth rates of greengram in
Marathwada region

Name of Period-I Period-II Period-III Overall
District Period

Aurangabad 19.21 -12.17 -21.52 1.07
Jalna 3.56 -22.47 -23.67 -4.34
Beed 39.98 -18.91 -18.62 -1.50
Latur 15.63 -22.30 -6.63 9.41
Osmanabad 22.54 -12.44 -14.29 4.31
Nanded 14.70 -15.37 -23.57 -1.78
Parbhani 19.73 -4.33 -22.20 3.00
Hingoli 7.12 -16.58 -25.83 -2.89
Marathwada 17.30 -15.28 -19.05 0.59

Period-I= 2000-01 to 2004-05
Period-II= 2005-06 to 2009-10
Period-III= 2010-11 to 2014-15
Overall Period= 2000-01 to 2014-15



19.73 per cent and 7.12 per cent respectively.
During Period-II and Period-III the growth of
productivity was non-significantly declined in all
districts. During Overall Period the productivity
was shown positive trend in Latur, Osmanabad
and Parbhani district to the tune of 9.41 per
cent, 4.31 per cent and 3.00 per cent
respectively which indicated that the growth of
productivity was increased in that districts. At
same period in Jalna, Beed, Nanded and
Hingoli district the productivity could not
achieved positive trend and the growth of
productivity in all districts was non-significant.
As regards to Marathwada region the table
revealed that inconsistent growth in
productivity of greengram resulted in declining
productivity during Period-II and Period-III to
the tune of -15.28 per cent and -19.05 per
cent respectively. In Period-I and overall period
the productivity growth (17.30%) and (0.59%)
respectively was non-significantly increased.
These findings were consisting with results
reported by Mathur and Henry (2005) and
Tuteja (2011).

4. Instability in area, production and
productivity of greengram crop in
Marathwada region

4.1 Coefficient of variation of area
under greengram in Marathwada region

The coefficient of variation of area under
greengram in Marathwada region was
calculated and is presented in Table 4.4. It was
observed from the table that during Period-I the
highest coefficient of variation of area under
greengram was recorded for Beed district i.e.
29.18 per cent followed by Aurangabad
(27.12%) and Hingoli (18.97%). While the
lowest degree of variation was recorded for
Parbhani district i.e. 3.92 per cent followed by
Latur (4.38%) and Jalna (8.40%). As regards to
Marathwada region the coefficient of variation
was 5.36 per cent. In Period-II the variability

was increased in all districts except Aurangabad
district than Period-I. During this period the
degree of variation of Latur district was 46.75
per cent which was highest degree of variation
in that period followed by Beed district
(40.96%) and Hingoli (27.38%). Lowest degree
of variation was recorded in Nanded district i.e.
11.43 per cent followed by Aurangabad district
(23.29%) and Jalna (24.48%). In this period
degree of variation of Marathwada region was
increased to 21.18 per cent. During Period-III
the variability in Aurangabad district was 90.36
per cent which was highest variability
throughout study period and lowest variability
was recorded in Parbhani (12.71%). The
coefficient of variation of area under greengram
was increased in Jalna, Beed and Nanded
district to 34.19 per cent, 69.36 per cent and
14.75 per cent respectively. In Latur,
Osmanabad and Hingoli the coefficient of
variation was 31.98 per cent, 15.86 per cent
and 13.48 per cent respectively which was less
than Period-II. As regards to Marathwada
region the variability was decreased to 17.90
per cent from 21.18 per cent. At an overall
period the highest degree of variation was
recorded in Aurangabad district i.e. 60.06 per
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Table 4. Coefficient of variation of area under greengram
in Marathwada region

Name of Period-I Period-II Period-III Overall
District Period

Aurangabad 27.12 23.29 90.36 60.06
Jalna 8.40 24.48 34.19 33.03
Beed 29.18 40.96 69.36 54.09
Latur 4.38 46.75 31.98 33.27
Osmanabad 10.82 26.07 15.86 20.84
Nanded 10.73 11.43 14.75 15.54
Parbhani 3.92 27.24 12.71 33.64
Hingoli 18.97 27.38 13.48 22.17
Marathwada 5.36 21.18 17.90 26.35

Period-I = 2000-01 to 2004-05
Period-II = 2005-06 to 2009-10
Period-III = 2010-11 to 2014-15
Overall Period = 2000-01 to 2014-15



cent followed by Beed (54.09%) and Parbhani
(33.64%). While lowest variation was recorded
in Nanded district i.e. 15.54 per cent followed
by Osmanabad (20.84%) and Hingoli
(22.17%). As regards to Marathwada region the
degree of variation was 26.35 per cent. The
variation of area in Aurangabad, Jalna, Beed,
Latur and Parbhani was higher than the
variation of whole Marathwada region. It is
concluded from above discussion that the area
under greengram crop in all districts of
Marathwada region was unstable during the
period of study. Similar results were also quoted
by Bondhare et al. (2014) regarding instability
in area.

4.2 Coefficient of variation of
production of greengram in Marathwada
region

The coefficient of variation of production of
greengram in Marathwada region was
calculated and is presented in Table 4.5. It was
observed from the table that during Period-I the
highest coefficient of variation of production of
greengram was recorded in Latur district
(67.20%) followed by Osmanabad (56.41%)
and Parbhani (55.14%). While lowest degree of
variation was recorded in Jalna (27.46%)
followed by Hingoli (42.06%) and Nanded
(43.37%). As regards to Marathwada region the
degree of variation was 39.72 per cent. The
variation in production of all districts except
Jalna was higher than the variation recorded of
Marathwada region. During Period-II the
degree of variation in production recorded in all
districts except Nanded was increased than the
Period-I. The variability of Marathwada region
was increased to 51.69 per cent. During this
period the highest variation was recorded in
Latur (90.50%) while lowest was recorded in
Nanded district (34.54%). The degree of
variation recorded in Aurangabad district during
Period-III was 136.67 per cent which was

highest during the period of study followed by
Beed (114.24%). While lowest variation was
recorded in Latur district (42.90%). As regards
to Marathwada region the variability in
production was reduced to 49.58 per cent.
During overall period the highest degree of
variation was recorded in Beed district i.e.
76.77 per cent followed by Latur (68.74%) and
Aurangabad (68.29%). While lowest variation
was found to be in Nanded district (51.01%)
followed by Hingoli (53.20%) and Jalna
(54.61%). As regards to Marathwada region the
coefficient of variation was 46.78 per cent. It is
concluded from above discussion that
production of greengram in all districts of
Marathwada region was unstable during the
period of study. Similar results were also quoted
by Saima et al. (2012), Rani et al. (2012),
Rahman et al. (2013), Pichad and Wagh
(2014) and Bondhare et al. (2014) regarding
instability in production than area.

4.3 Coefficient of variation of
productivity of greengram in
Marathwada region

The degree of variation of productivity of
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Table 5. Coefficient of variation of production of
greengram in Marathwada region

Name of Period-I Period-II Period-III Overall
District Period

Aurangabad 44.11 51.54 136.67 68.29
Jalna 27.46 55.89 72.23 54.61
Beed 53.38 58.76 114.24 76.77
Latur 67.20 90.50 42.90 68.74
Osmanabad 56.41 78.53 44.99 56.30
Nanded 43.37 34.54 47.63 51.01
Parbhani 55.14 70.79 48.95 57.27
Hingoli 42.06 77.04 50.19 53.20
Marathwada 39.72 51.69 49.58 46.78

Period-I = 2000-01 to 2004-05
Period-II = 2005-06 to 2009-10
Period-III = 2010-11 to 2014-15
Overall Period = 2000-01 to 2014-15



greengram in Marathwada region was
calculated and is presented in Table 4.6. It is
revealed from the table that during Period-I
highest degree of variation of productivity in
greengram was found to be in Latur district i.e.
68.94 per cent followed by Beed (56.25%) and
Parbhani (52.08%). While the lowest variability
was recorded in Jalna (29.89%) followed by
Hingoli (32.83%) and Nanded (38.82%). As
consideration of Marathwada region the
variability was 39.39 per cent. During Period-II
the coefficient of variation was found to be
decreased in Aurangabad (31.38%), Beed
(36.29%), Latur (64.17%), Nanded (34.69%)
and Parbhani district (44.35%). At this same
period the highest variability was found in
Osmanabad (66.97%) and lowest was found in
Aurangabad district. The variability of
Marathwada region was decreased to 33.22
per cent. During Period-III the variability
recorded in Latur (28.32%), Osmanabad
(44.35%), Parbhani (38.35%) and Hingoli
district (44.20%) was decreased than Period-II
while in remaining districts the percentage of
variation was found to be increased. In this
period highest variation was recorded in Jalna
district (63.81%) and lowest were recorded in
Latur district. As regards of Marathwada region
the percentage of variation was 37.67 per cent.
As compared to Marathwada region only Latur
district was found to less variability and the
variability of remaining districts was higher. At
an overall period the highest percentage of
variation was recorded in Latur district
(70.24%) followed by Osmanabad (54.01%).
While lowest were found in Hingoli district
(41.01%) followed by Parbhani (44.32%). As
regards of Marathwada region the variability
was 36.22 per cent. It is concluded from the
above discussion that productivity of greengram
in all districts of Marathwada region was
unstable during the period of study. These
results are in accordance to those of Singh
(2009), Saima et al. (2012), Rani et al. (2012),

Pichad and Wagh (2014) and Bondhare et al.
(2014) regarding instability in productivity.

4.4 Coppock's Instability Index of
area under greengram

The instability of area under greengram in
Marathwada region was calculated by
Coppock's instability index and is presented in
Table 4.7. It is revealed from the table that
during Period-I the highest instability in area
was observed in Hingoli district (22.30%)
followed by Aurangabad (19.33%) while lowest
instability was observed in Jalna (3.55%)
followed by Parbhani (4.47%) and Osmanabad
(5.68%). As consideration of Marathwada
region the instability of area was 3.65 per cent.
During this period the instability of area was
comparatively low which means there was
stability in area under greengram. The
instability was observed increase in during
Period-II and Period-III. During Period-II highest
instability found to be in Latur district (84.59%)
followed by Beed (54.53%) and lowest
instability was recorded in Nanded (20.58%)
followed by Aurangabad district (28.31%). In
Parbhani, Jalna and Osmanabad district the

Kanade et al.42

Table 6. Coefficient of variation of productivity of
greengram in Marathwada region

Name of Period-I Period-II Period-III Overall
District Period

Aurangabad 49.16 31.38 59.65 47.17
Jalna 29.89 45.15 63.81 45.16
Beed 56.25 36.29 47.00 47.76
Latur 68.94 64.17 28.32 70.24
Osmanabad 51.98 66.97 44.35 54.01
Nanded 38.82 34.69 40.27 44.71
Parbhani 52.08 44.35 38.35 44.32
Hingoli 32.83 54.39 44.20 41.01
Marathwada 39.39 33.22 37.67 36.22

Period-I = 2000-01 to 2004-05
Period-II = 2005-06 to 2009-10
Period-III = 2010-11 to 2014-15
Overall Period = 2000-01 to 2014-15



instability was increased to 38.84 per cent,
54.53 per cent and 43.07 per cent
respectively. As regards to Marathwada region
the instability of area was increased to 30.17
per cent. In this period there was no stability in
area under greengram. During Period-III the
instability in area under greengram was
decreased in Jalna, Latur, Osmanabad,
Nanded, Parbhani and Hingoli district to the
tune of 51.33 per cent, 26.76 per cent, 21.36
per cent, 9.50 per cent, 11.68 per cent and
21.08 per cent respectively. During this period
the highest instability of area was observed in
Aurangabad district i.e. 123.53 per cent which
was highest instability throughout the studied
period. While lowest instability observed in
Nanded district (9.50%) during Period-III. As
regards to Marathwada region the instability
was 20.66 per cent. During overall period of
study the highest instability observed in Beed
district (70.05%) followed by Aurangabad
(67.31%) and Latur (56.80%) while lowest
instability found to be in Nanded district
(14.93%) followed by Osmanabad (28.60%)
and Hingoli (29.96%). As regards to
Marathwada region the instability was 23.27
per cent. It was concluded from the above
discussion that there was no stability of area
under greengram in Marathwada region.

4.5 Coppock's Instability Index of
production of greengram

The instability in production of greengram
in Marathwada region was calculated by
Coppock's instability index and is presented in
Table 4.8. It is revealed from the table that
during Period-I the highest instability in
production was observed in Latur district
(200.63%) followed by Osmanabad (171.14%)
while lowest instability was observed in Jalna
district (56.79%) followed by Hingoli (68.37%).
As regards to Marathwada region the instability
was 72.52 per cent which mean that all the
districts of Marathwada region failed to achieve

the stability in Period-I. During Period-II the
instability of production in Osmanabad district
was 322.16 per cent which was highest
instability throughout the studied period. The
instability of Latur, Jalna and Hingoli was
290.89 per cent, 250.30 per cent and 194.17
per cent respectively. Lowest instability was
found to be in Nanded district (56.15%)
followed by Aurangabad (76.43%). As regards
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Table 7. Instability in area under greengram by Coppock's
Instability Index

Name of Period-I Period-II Period-III Overall
District Period

Aurangabad 19.33 28.31 123.53 67.31
Jalna 3.55 54.53 51.33 40.11
Beed 15.06 80.71 93.22 70.05
Latur 7.23 84.59 26.76 56.80
Osmanabad 5.68 43.07 21.36 28.60
Nanded 11.63 20.58 9.50 14.93
Parbhani 4.47 38.84 11.68 30.63
Hingoli 22.30 40.59 21.08 29.96
Marathwada 3.65 30.17 20.66 23.27

Period-I= 2000-01 to 2004-05
Period-II= 2005-06 to 2009-10
Period-III= 2010-11 to 2014-15
Overall Period = 2000-01 to 2014-15

Table 8. Instability in production of greengram by
Coppock's Instability Index

Name of Period-I Period-II Period-III Overall
District Period

Aurangabad 92.65 76.43 232.63 160.43
Jalna 56.79 250.30 250.96 180.40
Beed 151.81 136.55 158.27 168.77
Latur 200.63 290.89 69.61 267.80
Osmanabad 171.14 322.16 114.08 193.51
Nanded 84.98 56.15 80.48 105.79
Parbhani 89.23 132.22 65.55 113.93
Hingoli 68.37 194.17 102.93 130.72
Marathwada 72.52 82.51 61.31 93.61

Period-I = 2000-01 to 2004-05
Period-II = 2005-06 to 2009-10
Period-III = 2010-11 to 2014-15
Overall Period = 2000-01 to 2014-15



to Marathwada region the instability was
increased to 82.51 per cent. During Period-III
the highest instability was recorded in Jalna
followed by Aurangabad and Beed district to
the tune of 250.96 per cent, 232.63 per cent
and 158.27 per cent respectively. While lowest
instability was recorded in Parbhani district
(65.55%). The instability of Marathwada region
was decreased to 61.31 per cent. During
overall period of study the highest instability
was observed in Latur district (267.80%)
followed by Osmanabad district (193.51%)
while lowest instability was recorded in Nanded
(105.79%) followed by Parbhani (113.93%).
The instability recorded for Marathwada region
was 93.61 per cent. Thus, the above discussion
was concluded that there was no stability in
production of greengram in Marathwada region
throughout the studied period.

4.6 Coppock's Instability Index of
productivity of greengram

The coefficient of instability in productivity
of greengram in Marathwada region was
calculated by Coppock's instability index and is
presented in Table 4.9. It is revealed from the
table that during Period-I the highest coefficient
of instability was observed in Latur district
followed by Osmanabad and Beed to the tune
of 223.73 per cent, 168.80 per cent and
135.99 per cent respectively. While least
instability was observed in Hingoli district
(53.58%) followed by Jalna (61.66%). As
regards to Marathwada region the instability
was 67.31 per cent. During Period-II the
coefficient of instability of Osmanabad was
244.86 per cent which was highest in this
period followed by Latur (152.17%). The
instability of Aurangabad, Beed, Latur and
Nanded was decreased in this period. The
instability of Marathwada region was decreased
to 44.05 per cent. During Period-III the
instability of Jalna district was 262.24 per cent
which was highest instability throughout the

studied period followed by Aurangabad
(173.53%) and lowest instability was recorded
in Latur district (52.15%). The instability of
Marathwada region was increased to 71.60 per
cent. The coefficient of instability in
productivity of greengram during overall period
of study of Latur, Osmanabad, Nanded,
Parbhani and Hingoli was 176.62 per cent,
167.95 per cent, 95.92 per cent, 89.06 per
cent and 85.53 per cent respectively. As
regards to Marathwada region the instability
was 74.12 per cent. Thus, above discussion
was concluded that there was no stability in
productivity of greengram in Marathwada
region.

4.7 Instability in area under
greengram by Cuddy Della Valle Index

The instability of area under greengram in
Marathwada region was calculated by Cuddy
Della Valle index and is presented in Table
4.10. It is revealed from the table that during
Period-I the least variability was observed in
Jalna district (2.57%) followed by Parbhani
(3.23%) while highest variability was observed
in Hingoli (16.46%) followed by Aurangabad
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Table 9. Instability in productivity of greengram by
Coppock's Instability Index

Name of Period-I Period-II Period-III Overall
District Period

Aurangabad 79.05 42.25 173.53 109.85
Jalna 61.66 124.60 262.24 148.74
Beed 135.99 35.39 108.05 102.76
Latur 223.73 152.17 52.15 176.62
Osmanabad 168.80 244.86 126.94 167.95
Nanded 70.11 62.59 69.52 95.92
Parbhani 82.16 83.63 62.12 89.06
Hingoli 53.58 115.51 68.20 85.53
Marathwada 67.31 44.05 71.60 74.12

Period-I = 2000-01 to 2004-05
Period-II = 2005-06 to 2009-10
Period-III = 2010-11 to 2014-15
Overall Period = 2000-01 to 2014-15



(15.32%). As regards to Marathwada region the
variability in area was 2.83 per cent which
means that during this period there was stability
in area under greengram in Marathwada
region. During Period-II and Period-III the
instability in all districts was increased. During
Period-III the instability in Marathwada region
was increased to 17.66 per cent. During overall
period of study the least variability was observed
in Nanded district (9.81%) followed by
Osmanabad (17.43%). While highest instability
was observed in Beed district (33.67%). As
regards to Marathwada region the instability
was 13.57 per cent. The above discussion
concluded that the Marathwada region was
failed to achieve stability in area under
greengram.

4.8 Instability in production of
greengram by Cuddy Della Valle Index

The coefficient of instability in production of
greengram in Marathwada region was
calculated by Cuddy Della Valle index and is
presented in Table 4.11. It is revealed from the
table that during Period-I and Period-II higher
instability in production of greengram. The
instability regarding Marathwada region was
46.57 per cent. No one any district of
Marathwada region was achieved the stability in
production during this period. During Period-III
the highest instability was observed in
Aurangabad district (119.33%) followed by
Jalna (100.74%). Least variability was found to
be in Parbhani district (31.65%). As regards to
Marathwada region the instability in production
was decreased to 31.48 per cent. At an overall
period of study the least instability was observed
in Jalna district (46.57%) while highest
instability was observed in Parbhani (57.10%).
The instability in production of Marathwada
region was 43.95 per cent.

Thus, it is concluded from the above
discussion that all districts of Marathwada

region was failed to achieve the stability in
production of greengram.

4.9 Instability in productivity of
greengram by Cuddy Della Valle Index

The instability of productivity of greengram
in Marathwada region was calculated by Cuddy
Della Valle index and is presented in Table
4.12. It is revealed from the table that during
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Table 10. Instability in area under greengram by Cuddy
Della Valle Index

Name of Period-I Period-II Period-III Overall
District Period

Aurangabad 15.32 21.84 - 30.58
Jalna 2.57 25.85 - 23.33
Beed 8.84 - - 33.67
Latur 5.03 35.29 22.43 27.22
Osmanabad 4.49 23.92 - 17.43
Nanded 8.72 - 6.80 9.81
Parbhani 3.23 - 9.95 18.76
Hingoli 16.46 24.07 - 21.10
Marathwada 2.83 - 17.66 13.57

Period-I = 2000-01 to 2004-05
Period-II = 2005-06 to 2009-10
Period-III = 2010-11 to 2014-15
Overall Period = 2000-01 to 2014-15

Table 11. Instability in production of greengram by Cuddy
Della Valle Index

Name of Period-I Period-II Period-III Overall
District Period

Aurangabad - 48.46 119.33 54.23
Jalna - 52.67 - 46.57
Beed - 52.94 100.74 61.03
Latur - 69.06 35.52 -
Osmanabad 52.33 - 42.27 -
Nanded - 29.56 33.26 49.39
Parbhani 53.7 - 31.65 57.10
Hingoli - 71.61 43.08 51.88
Marathwada - 46.57 31.48 43.95

Period-I = 2000-01 to 2004-05
Period-II = 2005-06 to 2009-10
Period-III = 2010-11 to 2014-15
Overall Period = 2000-01 to 2014-15



Period-I the least instability was observed in
Jalna district i.e. 33.97 per cent while highest
instability was observed in Latur district
(76.18%) followed by Parbhani (50.73%). As
regards to Marathwada region the instability
was 36.28 per cent. During Period-II and
Period-III the instability was decreased. The
instability in productivity of Marathwada was
24.71 per cent and 30.54 per cent during
Period-II and Period-III respectively. During
Period-III the least instability was observed in
Parbhani (28.32%) followed by Nanded
(31.59%) while highest instability was observed
in Jalna district (63.45%) which was highest
throughout the studied period. At an overall
period of study the least instability was observed
in Hingoli district (40.96%) while highest
instability was observed in Latur (63.85%)
followed by Osmanabad (53.46%).

Thus, from the above discussion it is
concluded that all districts of Marathwada
region was failed to achieve the stability in
productivity of greengram.

Conclusions

It is observed that in Marathwada region the
growth of area under greengram was declined
which could not achieved positive trend during
period of study. In Period-I and overall period
the area was significantly declined. In
Marathwada region the growth of greengram
production was non-significantly increased
during Period-I. In Period-II, Period-III and
overall period production could not achieved
positive trend resulted in non-significantly
declined production of greengram. The result
revealed that inconsistent growth in
productivity of greengram resulted in declining
productivity during Period-II and Period-III. In
Period-I and overall period the productivity
growth was non-significantly increased. It is
concluded by calculating coefficient of variation
that the area, production and productivity of

greengram crop in all districts of Marathwada
region was unstable during the period of study.
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Name of Period-I Period-II Period-III Overall
District Period

Aurangabad 47.00 29.80 57.31 -
Jalna 33.97 39.67 63.45 44.24
Beed 44.07 20.88 42.69 -
Latur 76.18 57.95 - 63.85
Osmanabad - - - 53.46
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Parbhani 50.73 - 28.32 44.20
Hingoli 36.11 52.51 33.61 40.96
Marathwada 36.28 24.71 30.54 -
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Period-II= 2005-06 to 2009-10
Period-III= 2010-11 to 2014-15
Overall Period = 2000-01 to 2014-15
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A common practice for estimating
evapotranspiration from a well-watered
agricultural crop is to first estimate reference
crop evapotranspiration (ETr) from a standard
surface and then to apply an appropriate crop
coefficient, which accounts for the difference
between the standard surface and crop
evapotranspiration. Thus, indirect methods
based on climatological data are used for ETr
estimation.

Crop evapotranspiration differs distinctly
from reference evapotranspiration as the
ground cover, canopy properties and
aerodynamic resistance of the crop are different
from grass. Differences in leaf anatomy,
stomatal characteristics, aerodynamic
properties and even albedo cause crop
evapotranspiration to differ from reference
evapotranspiration under the same climatic
conditions. Consequently, different crops will
have different crop coefficient. The crop

coefficient integrates the effect of
characteristics that distinguish a typical field
crop from the grass reference, which has a
constant appearance and a complete ground
cover. Consequently, different crops will have
different crop coefficient. The changing
characteristics of the crop over the growing
season also affect the crop coefficient (Allen et
al., 1998).

Many scientists have studied the reliability of
the Penman-Monteith method for estimation
ETr. The Penman-Monteith method was ranked
as the best method under all climatic conditions.
Evapotranspiration is a complex and nonlinear
phenomenon because it depends on several
interacting climatological factors, such as
temperature, humidity, wind speed, radiation,
type and growth stage of the crop, etc. Artificial
neural networks (ANNs) are effective tools to
model nonlinear systems. A neural network
model is a mathematical construct whose
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Abstract
The study has been undertaken to investigate the utility of artificial neural networks (ANNs) forcomparison

of weekly values of pomegranate evapotranspiration (ETp) estimated by ETr and Kc approach and that of
estimated by ANNs for 1st to 5th year pomegranate orchards. Feed forwardnetwork has been used for
prediction of ETr using resilient back-propagation method.For the purpose of this study, the meteorological
data of 25 years from 1983 to 2007 were used as input. For training of ETp, crop coefficientvalues were
also taken as input to the networksalong with meteorological parameters.The results revealed that, the values
of correlation coefficient between estimated ETp using crop coefficient approach and ANN estimated ETp
which are 0.998, 0.999, 0.9999, 1 and 1 for 1st year to 5th year pomegranate orchards, respectively and
the value of MSE 0.0021, 0.0128, 0.0628, 0.0043 and 0.0001 for 1st year to 5th year pomegranate
orchards, respectively. Based on comparison, it can be concluded that the ANN model is suitable for
prediction of ETp.

Key words : Artificial Neural Network, Pomegranate Evapotranspiration, Backpropagation
method, mean square error (MSE).



architecture is essentially analogous to the
human brain. Basically, the highly
interconnected processing elements, arranged
in layers are similar to the arrangement of
neurons in the brain. ANNs have found
successful applications in the areas of science,
engineering, industry, business, economics and
agriculture. Studies on ANN application include
rainfall-runoff relationship (Hsu Kuo-tin et al.,
1993); water table depth simulation (Yang et.
al., 1996); Pesticide concentrations in
agriculture soils (Yang et al., 1997); soil water
content at a given depth prediction (Altendrof
et al., 1999); land drainage design (Shukla et
al., 1996); hydraulic roughness coefficients
estimation for overland flow (Lopez et al.,
2002); forecasting of reference evapotran-
spiration (Trajkovic et al., 2003); daily flows
modelling (Rajurkar et al., 2004). It is evident
from the literature, the study hasbeen carried
out to utilize input-outputmapping capability of
ANN in the predictionof ET.

The present study describes the utility
ofartificial neural networks (ANNs) for
comparative study between the ANN estimated
values of pomegranate evapotranspiration
(ETp) and that ofestimated values of ETp by ETr
and Kc approach for 1st to 5th year of
pomegranate orchard.

Artificial Neural Networks

An Artificial Neural Network (ANN) is a
flexible mathematical structure, which is
capable of identifying complex nonlinear
relationships between input and output data
sets. ANN models have been found useful and
efficient, particularly in problems for which the
characteristics of the processes are difficult to
describe using physical equations. The model
may require significantly less input data than a
similar conventional mathematical model, since
variables that remain fixed from one simulation
to another do not need to be considered as
inputs. The network topology consists of a set

of nodes (neurons) connected by links and
usually organized in a number of layers. ANNs
are inspired by the biological nervous system
and based on computational "brain metaphor".
ANN derives the computing power through
massively parallel-distributed structure and has
ability to learn then generalize. These two
information processing capability make it
amenable for solving complex problems that
are intractable by existing methodologies. 

Materials and Method

Study area : The study carried out for
Solapur district of Maharashtra which is under
water scarcity zone having Latitude 17°40'N,
Longitude 75°54'E and Altitude 484 m above
mean sea level.

Data collection : Meteorological data of
25 years (1983-2007) : Daily parameters (i.e.
maximum temperature (Tmax, °C) and
minimum temperature (Tmin, °C), maximum
relative humidity (RHmax, %) and minimum
relative humidity (RHmin, %), pan evaporation
(Epan, mm), wind speed (WS, km hr-1) at height
of 2.0 m, sun shine hours (SSHr, hr), rainfall (R,
mm)) etc. collected from Indian meteorological
department, Pune and crop coefficient (kc)
values collected from unpublished PhD thesis
submitted at MPUAT, Udaipur.

Estimation of reference crop evapotra-
nspiration : The most common FAO-56
Penman-Monteith equation was used for the
estimating ETr for the present study. 

Crop coefficient (kc) : The week wise
crop coefficient values (1st, 2nd, 3rd, 4th, and
5th years orchard) used for different
phenological stages i.e. new leaf initiation, crop
development, crop maturity and crop
harvesting (Meshram, 2010).

Pomegranate evapotranspiration
(ETp) : The weekly values of ETr and kc (1st,
2nd, 3rd, 4th, and 5th years orchard) used to
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obtain weekly values of Pomegranate
evapotranspiration (ETp) by equation,

ETp = ETr * Kc                           . . . (2)

Where, ETp = Pomegranate
evapotranspiration (mm/day), ETr = Reference
crop evapotranspiration (mm/day) and Kc =
Crop coefficient of pomegranate

Artifician neural network
methodology: During training of ETr, daily
meteorological parameters were taken as input
to the network and PM estimated ETr as
output. But fortraining of ETp, crop coefficient
values werealso considered as input along
withmeteorological parameters, as crop
coefficientsare of1st to 5th year orchard. The
networks were trained with estimated ETpusing
crop coefficient approach. One of the problems
that occur during neuralnetwork training is
called overfitting. The erroron the training set is
driven to a very smallvalue, but when new data
is presented to thenetwork the error is large.
One of the majoradvantages of neural networks
is their ability togeneralize.

During training, the ANNs provides
informationon mean square error with each
epoch (iteration). Reference evapotranspiration
(ETr) and crop coefficient (kc) values at different
stages have been taken as input to network and
pomegranate evapotranspiration (ETp)
estimated using crop coefficient approach
method for pomegranate, was considered as
output of the network. The graphs have been
drawn of error variation with each epoch of
training, comparison between estimated values
of ETp using crop coefficient approach method
and ANN estimated ETp. The regression
analysis between these two has also been
made.

Results and Discussion

The main purpose of the study is to estimate

ETp with ANN and Kc approach. Feed forward
network has been used for prediction of ETp
using resilient backpropagation method. During
training of ETr, crop coefficient also need to be
considered along with meteorological
parameters and the values of Kc values changes
for the 1st to 5th year's orchards.

Pomegranate Evapotranspiration
(ETp) Estimated using Crop
CoefficientApproach

1st year : ANN estimated ETp compared
with Kc approach estimated ETp for 1st year
pomegranate orchard. The comparative study
along with differences in these two are shown
in Figure 1 and regression analysis between
ANN estimated ETp and that of by Kc
approach Estimated is shown in Figure 2. At
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Fig. 1. Comparison between pomegranate
ETp (1st year)by Penman Monteith
method and ANNtechnique

Fig. 2. Regression analysis between
pomegranate ETp (1st year) by Penman
Monteith method and ANN technique



the final point of training, the solution has been
found after 35 epochs with mean square error
0.0021 using 52 data sets for the study. The
regression analysis between predicted and
actual values of pomegranate evapotran-
spiration (ETp) has been done. The coefficient
of correlation was found 0.998. The equation
of best fitted line is y = (0.983) x + 0.129.

2nd year : ANN estimated ETp compared
with Kc approach estimated ETp for 2nd year
pomegranate orchard. The comparative study
along with differences in these two are shown
in Figure 3 and regression analysis between
ANN estimated ETp and that of by Kc
approach Estimated is shown in Figure 4. At
the final point of training, the solution has been
found after 37 epochs with mean square
error0.0123 using 52 data sets for the study.

The regression analysis between predicted and
actual values of pomegranate evapotran-
spiration (ETp) has been done. The coefficient
of correlation was found 0.999. The equation
of best fitted line is y = (0.991) x + 0.129.

3rd year : ANN estimated ETp compared
with Kc approach estimated ETp for 3rd year
pomegranate orchard. The comparative study
along with differences in these two are shown
in Figure 5 and regression analysis between
ANN estimated ETp and that of by Kc
approach Estimated is shown in Figure 6. At
the final point of training, the solution has been
found after 137 epochs with mean square error
0.0628 using 52 data sets for the study. The
regression analysis between predicted and
actual values of pomegranate evapotran-
spiration (ETp) has been done. The coefficient
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Fig. 3. Comparison between pomegranate
ETp (2nd year) by Penman Monteith
method and ANN technique

Fig. 4. Regression analysis between pome-
granate ETp (2nd year) by Penman
Monteith method and ANN technique

Fig. 5. Comparison between pomegranate
ETp (3rd year) by Penman Monteith
method and ANN technique

Fig. 6. Regression analysis between pome-
granate ETp (3rd year) by Penman
Monteith method and ANN technique



of correlation was found 0.9999. The equation
of best fitted line is y = (0.996) x + 0.098.

4th year : ANN estimated ETp compared
with Kc approach estimated ETp for 4th year
pomegranate orchard. The comparative study
along with differences in these two are shown
in Figure 7 and regression analysis between
ANN estimated ETp and that of by Kc
approach Estimated is shown in Figure 8. At
the final point of training, the solution has been
found after 26 epochs with mean square error
0.0043 using 52 data sets for the study. The
regression analysis between predicted and
actual values of pomegranate evapotran-
spiration (ETp) has been done. The coefficient
of correlation was found 1.000. The
equation of best fitted line is y = (0.999) x +
0.016.

5th year : ANN estimated ETp compared
with Kc approach estimated ETp for 5th year
pomegranate orchard. The comparative study
along with differences in these two are shown
in Figure 9 and regression analysis between
ANN estimated ETp and that of by Kc
approach Estimated is shown in Figure 10. At
the final point of training, the solution has been
found after 267epochs with mean square error
0.0001 using 52 data sets for the study. The
regression analysis between predicted and
actual values of pomegranate evapotran-
spiration (ETp) has been done. The coefficient
of correlation was found 1.000. The equation
of best fitted line is y = (1) x + 0.007.

The comparisons of various approaches in
respect to number of data sets, number of
neurons in hidden layer, epochs for final
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Fig. 7. Comparison between pomegranate
ETp (4th year) by Penman Monteith
method and ANN technique

Fig. 8. Regression analysis between pome-
granate ETp (4th year) by Penman
Monteith method and ANN technique

Fig. 9. Comparison between pomegranate
ETp (5th year) by Penman Monteith
method and ANN technique

Fig.10.Regression analysis between pome-
granate ETp (5th year) by Penman
Monteith method and ANN technique



solution, standard error of estimate, mean
square error and correlation coefficient for 1st

to 5th year of pomegranate approach have
been shown in the Table 1 - 5.

Conclusions

The results revealed the comparative study
of ANN estimated ETp and ETp estimated
using crop coefficient approach with Feed
forward network for prediction of ETp using
resilientbackpropagation method. For training
of ETp, crop coefficientvalues were also taken
as input to the networksalong with
meteorological parameters.

The values of correlation coefficient
between estimated ETp using crop coefficient
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Table 1. Comparison of pomegranate evapotranspiration
(ETp) estimated by crop coefficient approach (1st

year) and ANN technique for different neurons in
hidden layer

No. of No. of Epochs  Mean Coeffic- 
data neurons  for square ient of
sets in hidden final error corre-

layer solution lation

52 1 23 0.0300 0.9916
52 2 11 0.0206 0.9941
52 3 18 0.0072 0.9988
52 4 35 0.0021 0.9993
52 5 49 0.0028 0.9928
52 6 1 16.39 0.2317

Table 2. Comparison of pomegranate evapotranspiration
(ETp) estimated by crop coefficient approach
(2nd year) and ANN technique for different
neurons in hidden layer

No. of No. of Epochs  Mean Coeffic- 
data neurons  for square ient of
sets in hidden final error corre-

layer solution lation

52 1 144 0.7291 0.9968
52 2 37 0.0128 0.9996
52 3 1 66.506 0.7859
52 4 15 24.071 0.8962
52 5 66 0.3235 0.9972
52 6 37 0.3161 0.9988

Table 3. Comparison of pomegranate evapotranspiration
(ETp) estimated by crop coefficient approach (3rd

year) and ANN technique for different neurons in
hidden layer

No. of No. of Epochs  Mean Coeffic- 
data neurons  for square ient of
sets in hidden final error corre-

layer solution lation

52 1 13 2.086 0.9917
52 2 177 0.3410 0.9986
52 3 90 0.2040 0.9998
52 4 17 0.4072 0.9997
52 5 137 0.0628 0.9999
52 6 27 0.3520 0.9998

Table 4. Comparison of pomegranate evapotranspiration
(ETp) estimated by crop coefficient approach (4th

year) and ANN technique for different neurons in
hidden layer

No. of No. of Epochs  Mean Coeffic- 
data neurons  for square ient of
sets in hidden final error corre-

layer solution lation

52 1 114 0.8040 0.9947
52 2 83 4.9123 0.9957
52 3 19 0.2490 0.9995
52 4 130 1.4575 0.9963
52 5 26 0.0043 0.9999
52 6 7 990.48 0.5823

Table 5. Comparison of pomegranate evapotranspiration
(ETp) estimated by crop coefficient approach (5th

year) and ANN technique for different neurons in
hidden layer

No. of No. of Epochs  Mean Coeffic- 
data neurons  for square ient of
sets in hidden final error corre-

layer solution lation

52 1 15 0.8179 0.99352
52 2 17 0.5327 0.99861
52 3 74 0.0602 0.99982
52 4 44 0.0211 0.9995
52 5 46 0.0045 0.99995
52 6 267 0.0001 0.99999



approach and ANN estimated ETp which are
0.998, 0.999, 0.9999, 1 and 1 for 1st year to
5th year pomegranate orchards, respectively
and MSE are 0.0021, 0.0128, 0.0628,
0.0043 and 0.0001 for 1st year to 5th year
pomegranate orchards, respectively. ANN has
been proved suitable for estimation of
pomegranate evapotranspiration.
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Irrigation regimes/water stress is the major
growth limiting factor in rainfall dependent
agriculture regions. The effect of water stress
displayed in the crop canopy can be effectively
monitored by the field based observations. This
study focus on the relationship between the
different irrigation levels and spectral signature
of the wheat crop measured in the Hyper-
spectral mode during different growth stage.
Wheat (Triticum aestivum L.) is one of the
most versatile cereal crops having wider growth
adaptability under varied agro-climatic
conditions and also has the highest yield
potential among the cereals. It is the important
cereal crop in India after rice.

Monitoring crop growth response to water
availability at farm level and regional scale are

essential for potential crop yield assessment.
The continuous retrieval of biophysical
information on crops from the multispectral
satellite data has constraints in spatial, spectral
and temporal data. Broad band multispectral
data records very few spectral variations and
most of band information are redundant
(Thenkabail et al., 2000). Spectral
characteristics of plants are influenced by
canopy structure, size, greenness and leaf water
content which were not prominently captured
by multispectral data. The continuous narrow
band spectral information of hyperspectral data
can able to differentiate the spectrally similar
object conditions from the crop canopy (Bajwa
et al., 2004; Genc et al., 2013).

The spectral characteristics of crop are
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Abstract
The research experiment conducted on clayey soil of the instructional farm of Department of Irrigation

and Drainage Engineering, Mahatma Phule Krishi Vidyapeeth, Rahuri, Maharashtra, during Rabi season of
2016-017 to study the effect of different irrigation regimes on spectral reflectance and Normalized Difference
Vegetation Index (NDVI) values of Wheat (Triticum aestivum L.) (var. Netravati). The irrigations were provided
every seven day based on cumulative crop evapotranspiration (ETc) of wheat crop over these seven days. The
crop was subjected to six different irrigation regimes i.e. I1 -120% ETc, I2 -100% ETc, I3 - 80% ETc, I4 - 60%
ETc, I5 - 40% ETc and I6 - 0% ETc. The experiment was laid out in a four replication with randomized block
design with 4 x 3 m sub-plot area.  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. Study revealed that spectral reflectance increased from 3.42 to 5.74%, 5.76
to 9.44% and 5.13 to 8.30% in blue, green and IR wavebands, respectively when irrigation regimes
decreased from 120% to 0% ETc. The spectral reflectances in NIR waveband decreased from 49.51 to
38.44% with decrease in irrigation regimes from 120% to 0% ETc. The NDVI values increases with increases
in irrigation regimes from 0% to 120% ETc. The analysis of spectral reflectances showed that, the irrigation
levels could be quantified by using spectral reflectances, especially in IR and NIR regions. The overall analysis
of the results indicated that the spectral reflectance information can be used to assess the water regime
conditions of wheat, and accordingly schedule the irrigations.

Key words : Different irrigation levels, spectral reflectance, NDVI and Wheat.



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 environ-
mental 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
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
wheat are presented and analysed. The study is
also focusing on identification of spectral band
for wheat crop under water stress condition.

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 Rabi season of 2016 to
study the effect of different irrigation levels on
spectral reflectance and NDVI of wheat.

Geographically the farm lies at 74° 38' 00" E
longitudes and 19° 20' 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 °C and 10.10 to 22.9
°C, 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 regimes of irrigations i.e. I1 -
120% ETc, I2 - 100% ETc, I3 - 80% ETc, I4 -
60% ETc, I5 - 40% ETc and I6 - 0% ETc with
four replications. The size of each treatment
plot was 4 x 3 m.  A one meter wide space was
provided between two plots. The wheat crop
was sown at the spacing 22.5 cm on 23
November, 2016. Pre sowing irrigation of 50
mm was applied after sowing of the crop to
ensure the uniform germination of the wheat.
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 irrigation regime treatment
considering the rainfall and crop
evapotranspiration (ETc) of wheat over these
seven days. The desired quantity was applied
directly at the plot.
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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 wheat plots
with the SVC HR-1024i spectroradiometer 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
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Table 1. Monthly average values of metrological variables during the study period 

Month Tmax Tmin RHmax RHmin BSSH Wind Total 
(ºC) (ºC) (%) (%) (Hrs) speed rainfall

(mm hr-1) (mm)

November 29.71 11.45 57.47 30.83 9.01 0.51 0.00
December 29.22 10.48 56.71 33.00 8.83 0.67 0.00
January 29.06 11.24 62.00 34.03 8.88 0.85 0.00
February 32.90 13.57 51.57 24.68 10.03 1.49 0.00
March 35.07 15.90 40.00 17.07 9.16 1.95 0.00

Blue (450-520 nm)

Fig. 1. Spectral reflectance of wheat in blue, green, red (IR) and near-infrared (NIR) wavebands over
the growth period for each water stress treatment (I1-I6)

Red (630-690 nm)

Green (520-600 nm)

Near-Infrared (760-900 nm)



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 Normalized Difference
Vegetation Index (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). 

Results and Discussion

Irrigation scheduling : The water to be
applied under different irrigation regimes based
on cumulative crop evapotranspiration (ETc) of
wheat crop over these seven days. The water
applied, effective rainfall and seasonal water
applied for the year 2016 are presented in
Table 2. The amount of seasonal water use in
I1 - 120% ETc, I2 - 100% ETc, I3 - 80% ETc, I4
- 60% ETc, I5 - 40% ETc and I6 - 0% ETc
treatments were 444, 487, 329, 272, 215 and
100, respectively.

Spectral reflectance : Spectral
reflectance values of wheat obtained by
spectroradiometer during the experimentation
are shown in Figure1. The average reflectance
values in blue, green, red and near-infrared
wavebands for the I1 treatment were 3.42,
5.76, 5.13 and 49.91respectively, for the I2
treatment 3.81, 6.35, 5.52 and 47.23
respectively, for the I3 treatment 4.09, 6.81,
5.84 and 44.30 respectively, for the I4

treatment 4.40, 7.38, 6.45 and 43.32
respectively, for the I5 treatment 5.01, 8.22,
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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)

I1 (120% ETc) 444 - 444
I2 (100% ETc) 387 - 387
I3 (80% ETc) 329 - 329
I4 (60% ETc) 272 - 272
I5 (40% ETc) 215 - 215
I6 (0% ETc) 50 - 50

Table 3. Average reflectance values of blue, green, red
and near-infrared wavelengths and Normalized
Difference Vegetation Index (NDVI) for wheat

Treatments Reflections (%) NDVI
––––––––––––––––––––––––––––
Blue Green Red NIR
(450- (520- (630- (730-
520 600 690 900
nm) nm) nm) nm)

I1 (120% ETc) 3.42 5.76 5.13 49.91 0.81
I2 (100% ETc) 3.81 6.35 5.52 47.23 0.79
I3 (80% ETc) 4.09 6.81 5.84 44.30 0.77
I4 (60% ETc) 4.40 7.38 6.45 43.32 0.74
I5 (40% ETc) 5.01 8.22 7.28 41.65 0.70
I6 (0% ETc) 5.74 9.44 8.30 38.44 0.64

Fig. 2. Time series of Normalized Difference
Vegetation Index (NDVI) values during
the study period for each water stress
treatment (I1-I6)



7.28 and 41.65 respectively and for I6
treatment 5.74, 9.44, 8.30 and 38.44
respectively. It was found that the spectral
reflectance increased from 3.42 to 5.74%,
5.76 to 9.44% and 5.13 to 8.30% in blue,
green and IR wavebands, respectively when
irrigation regimes decreased from 120% to 0%
ETc while for near-infrared waveband, the
spectral reflectance values decrease with
decrease in irrigation regimes from 120% to
0% ETc. The reflectance values of non irrigated
treatment (I6-0% ETc) 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
treatments.

Estimation of Normalized Difference
Vegetation Index (NDVI) : The average
reflectance values of blue, green, red and near-
infrared wavelength are presented in Table 3.
The seasonal average NDVI values of the I1 -
120% ETc, I2 - 100% ETc, I3 - 80% ETc, I4 -
60% ETc, I5 - 40% ETc and I6 - 0% ETc were
found 0.81 0.79 0.77 0.74, 0.70 and 0.64
respectively.  The NDVI values decreased with
decreasing irrigation levels (Figure 2).

Conclusions

This investigation showed that in blue, green
and red wavebands, the spectral reflectances
increased when irrigation regimes decreased
from 120% to 0% ETc. In Near-Infrared
waveband the spectral reflectances decreased
when irrigation regimes decreased from 120%
to 0% ETc. The NDVI values estimated from
the spectral reflectance in IR and NIR region
decreased with decreased in irrigation regimes.
Analysis of the data further indicated that it is
possible to use remotely sensed data to develop
maps of water stress conditions of wheat. This
experiment results could also be helpful for
other crops having identical crop geometry in
their crop stress monitoring studies.
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Pearl millet (Pennisetum glaucum (L) R.
Br.) is world's sixth and India's fourth important
cereal food crop after rice, wheat and maize. It
is commonly known as pearl millet, cat tail,
spiked or bulrush millet and locally known as
Bajara. Pearl millet is not only a quick growing
short duration crop, but also a high tillering,
drought and heat tolerant and well adapted to
different soil types. Because of its propensity
for high dry matter production at high
temperature, it has made a mark in tropics and
sub-tropics.  The crop improvement work in
this crop was initiated in India from 1920, but
the real breakthrough made when the first and
most widely used cytoplasmic male sterile line,
Tift 23 was released (Burton, 1965) which
permitted commercial hybrids to be developed
in India. With the production and extensive
testing of single crosses with Tift 23 A, Indian
breeders were able to announce the release of
first `HB-1'commercial hybrid in 1965 (Athwal,
1965). Then after newly several cytoplasmic
genetic male sterility sources viz., A1, A4, A5,

available in pearl millet have facilitated the
production and release of a number of
hybrids. 

Materials and Methods 

The experimental material for the present
investigation consisted of 4 maintainers, 5
restorers 20 F1's and 2 checks viz., AHB 1666
and MAHABEEJ-JB. The test entries were
sown under rainfed condition at Experimental
Farm, Department of Agricultural Botany,
College of Agriculture, Latur during kharif
2016 in a randomized block design with three
replications. The plot size was 3.0 x 1.0 m2.
The rows were spaced at 50 cm apart with
intra-row spacing of 15 cm. A fertilizer dose of
60 kg N + 30 kg P2O5 + 30 kg K2O ha-1 was
applied at the time of sowing. Recommended
package of practices for pearl millet cultivation
were followed. Data were recorded on
randomly selected five competitive plants from
each genotype per replication for the ten
characters. Computation of heterosis was
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Abstract
Twenty pearl millet hybrids were evaluated along with two checks (AHB 1666 and MAHABEEJ-JB) in a

Randomized Block Design, with three replications for identification of superior hybrids based on standard
heterosis. The magnitude of standard heterosis varied from cross to cross for all the characters studied. High
standard heterosis was observed for plant height, number of tillers per plant, number of effective tillers
plant-1, 1000 seed weight and grain yield plant-1; While moderate to low heterosis over standard checks was
found for days to maturity, days to 50% flowering, fodder yield plant-1, ear head length. The highest positive
standard heterosis for grain yield per plant was 28.46 %. Heterosis for grain yield might have resulted from
heterosis for its component traits, mainly, number effective tiller plant-1, ear head girth and seed weight. The
crosses viz., MS 92888 x R 177, MS 95111 x R 189 and MS 93333 x R 177 were promising on the basis
of standard heterosis.
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estimated for all the characters as per
procedure suggested by Rai  (1995).

Results and Discussion

The analysis of variance was worked out to
assess the variation in the parental lines and
crosses for ten characters. The analysis of
variance (Table 1) revealed that the mean sum
of square due to treatments was significant for
all the characters indicating the existence of
sufficient variability for grain yield and yield
contributing characters in the experimental
material. 

Early flowering is desirable for early
maturity, and therefore negative heterosis is
considered desirable for days to 50% flowering.
All the hybrids exhibited negative heterosis over
both standard checks AHB 1666 and
MAHABEEJ-JB. Standard heterosis ranged
from -0.96 per cent (MS 93333 x R189) to -
12.50 per cent (MS 95111 x R 169) over
standard check AHB 1666 and -2.02% (MS
93333 x R 156) to -8.08% (MS 95111 x R
169) over MAHABEEJ-JB (Table 3). The
hybrid MS 95111 x R 169 (-12.50%), MS
95111 x AIB -157 (-10.58%) and MS 92888 x
AIB -157 (-9.62%) which manifested negative
heterosis over best check AHB 1666 were
categorized as early flowering hybrids. The
negative heterosis for days to flowering in pearl
millet was also observed by Anilkumar et al.,
(2013), Bachkar et al. (2014) and Patel et al.,
(2016). 

The range of heterosis for days to maturity
was ranged from -0.57 per cent (MS 94444 x
R 189) to - 6.60 per cent (MS 93333 x R 177)
over standard check AHB 1666 and -3.58 per
cent (MS 93333 x R 156) to -10.95 % (MS
93333 x R 177) over standard check
MAHABEEJ-JB.The hybrid MS 93333 x R
177 showed highest and significant negative
standard heterosis over the checks AHB 1666
and MAHABEEJ-JB and were categorized as

early maturing hybrids. Similar results of
heterosis for early maturity in pearl millet were
observed by Jethva et al., (2012).

For plant height, standard heterosis ranged
from 13.27 per cent (MS 92888 x R 169) to
66.02 per cent (MS 93333 x R 177) over the
check, AHB 1666 and it ranged from -3.05 per
cent (MS 92888 x R 169) to 42.10 per cent
(MS 93333 x R 177) over the check,
MAHABEEJ-JB. All hybrids showed positive
heterosis over the check AHB 1666. The
hybrids MS 93333 x AIB -157 (50.22%), MS
94444 x R 169 (47.18 %) and MS 95111 x R
189 (47.12%) showed positive and significant
standard heterosis over standard check AHB
1666. The one hybrids MS 92888 x R 169
showed negative standard heterosis over the
check MAHABEEJ-JB. Positive heterosis for
this trait was also observed by Salagarkar and
wali (2016).

Positive heterosis for total number of tillers
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Table 1. Analysis of variance for yield and yield
contributing traits in pearl millet

Characters Source of variation
––––––––––––––––––––––––––––
Repli- Treat- Error
cation ment
MSS MSS MSS
d.f. d.f. d.f.
(1) (30) (30)

Days to 50 per 1.032 9.182** 4.76
cent flowering
Days to maturity 0.284 15.607** 3.13
Plant height (cm) 55.575 2013.36** 64.09
Total number of 0.052 0.506** 0.214
tillers plant-1

Number of effective 0.0009 0.134** 0.014
tillers plant-1

1000 seed weight (gm) 0.323 2.470** 0.632
Ear head  girth (cm) 111.729 3.538** 2.25
Ear head length (cm) 26.403 7.098** 3.23
Fodder yield plant-1 (gm) 31.996 143.50** 18.449
Grain yield plant-1 (gm) 14.160 41.565** 6.903

*, ** Significant at 5 and 1 per cent level, respectively.



per plant is desirable.  All the hybrids MS
92888 x R 156 and MS 92888 x R 169
expressed highest positive standard heterosis

over both the checks AHB 1666 and
MAHABEEJ-JB. The hybrids MS 94444 x R
189 and MS 92888 x R 189 expressed
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Table 2. Three top ranking heterotic crosses along with mean performance and range of standard heterosis for various
characters in Pearl millet

Characters Range of standard Best crosses Mean Heterosis (%) over
heterosis standard checks

–––––––––––––––––––––––––––––– ––––––––––––––––––
AHB MAHA- AHB MAHA-
1666 BEEJ-RB 1666 BEEJ-RB

Days to 50%  flowering 0.96 to -12.50 -2.02 to -8.08 MS 95111 x R 169 45.5 -12.50** -8.08

MS 95111 x AIB -157 56.5 -10.58* -6.06

MS 92888 x AIB -157 47 -9.62* -5.05

Days to maturity -0.57 to -6.60 -3.58 to -10.95 MS 92888 x AIB -157 82.1 -6.60** -10.95**

MS 94444 x R 169 83.3 -5.23* -9.65*

MS 95111 x R 169 83.7 -4.78* -9.22**

Plant height 13.27 to 66.02 -3.05 to 42.10 MS 93333 x R 177  265.3 66.02** 42.10**

MS 93333 x AIB -157 240.05 50.22** 28.58**

MS 94444 x R 169 235.2 47.18** 25.98**

Total number of tillers -2.94 to 55.88 -3.05 to 42.10 MS 92888 x R 169 5.3 55.88** 47.22

plant-1 MS 93333 x R 156 5.1 50.00** 41.67

MS 93333 x R 177 4.7 38.24** 30.56

Number of effective tillers -15.38 to 57.69 -21.43 to 46.43 MS 93333 x R 156 2.05 57.69** 46.43

plant-1 MS 94444 x R 177 1.9 46.15** 35.71

MS 95111 x R 177 1.8 38.46** 30.56

1000 seed weight -8.94 to 30.16 -16.71 to 19.05 MS 94444 x R 189 13.25 30.16** 19.05

MS 92888 x R 177 13.07 28.29** 17.43

MS 92888 x AIB -157 12.42 22.00* 11.59

Ear head girth -22.77 to 21.78 -18.75 to 28.13 MS 92888 x R 177 13.53 21.78 28.13

MS 94444 x R 156 13.22 18.99 28.19

MS 95111 x R 177 13.09 17.82 23.96

Ear head length -11.04 to 19.60 -8.67 to 22.77 MS 92888 x R 169 26.33 19.60* 22.77

MS 93333 x AIB -157 25.59 16.24 19.32

MS 94444 x R 177 24.93 9.15 12.05

Fodder yield plant-1 -25.66 to 9.93 -27.88 to 6.65 MS 92888 x R 177 102.77 9.33* 6.65

MS 95111 x R 156 100.53 7.52 4.32

MS 95111 x R 189 100.08 7.05 3.85

Grain yield plant-1 -14.60 to 28.46 -16.52 to 25.58 MS 92888 x R 177 53.37 28.46** 25.58**

MS 95111 x R 189 53.33 28.37** 25.48**

MS 93333 x R 177 51.58 24.15** 21.36**

*, ** Significant at 5 and 1 per cent level, respectively.



negative standard heterosis over the checks
MAHABEEJ-JB. The hybrids MS 92888 x R
169, MS 93333 x R 156, MS 93333 x R 177
and MS 93333 x R189 exhibited highest and
significant positive standard heterosis over the
checks AHB 1666. Heterosis for this trait were
also reported by the earlier workers Jethva et
al. (2012) and Bachkar et al. (2014).

For number of effective tillers per plant, four
hybrids viz., MS 93333 x R 156, MS 94444 x
R 177, MS 95111 x R 177, MS 93333 x R
189, MS 93333 x R 177, MS 94444 x R 156
and MS 95111 x R 156 Showed significant
and positive standard heterosis over the
standard check AHB 1666, while none of the
cross showed significant and positive standard
heterosis over the check MAHABEEJ-JB.
These results are in similar with the earlier
results reported by Anilkumar et al., (2013),
Patel et al., (2016), Salagarkar  and wali
(2016).

Standard heterosis for 1000-grain weight
(g), ranged from -8.94 % and -16.71 % (MS
94444 x R 177) to 30.16 % and 19.05 % (MS
94444 x R 189) over checks AHB 1666 and
MAHABEEJ-JB, respectively. All hybrids
except MS 93333 x R 169 and MS 94444 x R
169 showed positive standard heterosis over
the checks, RHRBH 9808 and AHB 1666.
Medium to low magnitude of heterosis for this
trait was reported by Bachkar et al. (2014) and
Patel et al. (2016).

For ear head girth (cm), standard heterosis
ranged from -22.77 per cent and -18.75 per
cent (MS 93333 x AIB -157) to 21.78 per cent
and 28.13 per cent (MS 92888 x R 177) over
the checks AHB 1666 and MAHABEEJ-JB,
respectively (Table 3). None of the cross
exhibited significant positive heterosis over both
the checks AHB-1666 and MAHABEEJ-RB for
ear head girth. Heterosis for ear head girth was
also reported by Jetva et al., (2012).

The standard heterosis for ear head length
ranged from -11.04 per cent and -8.67 (MS
93333 x R 169) to 19.60 per cent and 22.77
per cent (MS 92888 x R 169) over the check
AHB 1666 and MAHABEEJ-JB, respectively
(Table 3).Only the cross MS 92888 x R 169
(19.60%) showed significant positive heterosis
over standard check AHB-1666.Wher as none
of the cross showed significantly positive
heterosis over check MAHABEEJ-RB.
Heterosis for ear head length (cm) was also
reported by Anilkumar et al., (2013) and
Bachkar et al. (2014).

For fodder yield plant-1 (g), standard
heterosis over the checks AHB 1666 and
MAHABEEJ-RB ranged from -25.66 per cent
and -27.88 per cent () to 9.93 per cent and
6.65 % per cent (), respectively. The significant
heterosis over standard check AHB-1666 was
observed in the cross MS 92888 x R 177
(9.93%). Heterosis for fodder yield per plant
was also reported by   Patel et al., (2016)  

The standard heterosis for grain yield per
plant ranged from -14.60 per cent and -16.52
per cent (MS 95111 x R 177) to 28.46 per
cent and 25.58 per cent (MS 92888 x R 177)
over the checks AHB 1666 and MAHABEEJ-
RB, respectively. The highest significant
positive heterosis over both the checks AHB-
1666 and MAHABEEJ-RB was recorded by the
cross MS 92888 x R 177 (28.46 and 25.58 %)
followed by MS 95111 x R 189 (28.37 and
25.48%), MS 93333 x R 177 (24.15 and
21.36%) and MS 94444 x AIB157 (22.96 and
20.20%) for grain yield plant-1. Heterosis for
Grain yield plant-1 was also reported by
Anilkumar et al., (2013), Bachkar et al. (2014)
and Patel et al., (2016). 

The degree of Standard heterosis varied
considerably for grain yield and its components.
Yield is a 'super character', built up by a number
of subcomponents. Yield is a character of
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economic importance, for which considerable
magnitude of heterosis was registered in five
crosses viz., MS 92888 x R 177, MS 95111 x
R 189, MS 93333 x R 177, MS 94444 x AIB
-157, MS 94444 x R 156, MS 92888 x R 156
and MS 95111 x AIB -157 which exhibited
significant standard heterosis for grain yield
plant-1 in the desirable direction. These crosses
have immense practical value and could be
exploited on commercial basis for rainfed
condition after evaluating their performance on
multilocations.
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The total number of operational land
holding in India is 138.35 million with an
average size of 1.15 ha (Anonymous, 2011)
out of which 85 percent are in marginal (less
than 1 ha) and small farm categories (less than
2 ha). Marginal farming in hilly areas is usually
not the focus of national production in terms of
quantity, as most of their production is for
family consumption; however these farming
systems are playing a key role in ensuring
household food security. Due to their small
scale structure, the marginal farming systems
have potential to outperform the large farming
systems in terms of farming productivity when

the access to productive assets is not
constrained. One of the most constraining
factors in hilly areas has been the acute water
scarcity during dry spells and dry seasons in
absence of any water storages. 

Usually, in the conventional model of water
resources development the rain-runoff water is
deviated away from the hills, mountain and sub-
mountain communities towards downstream
cities and agricultural areas which results in
acute water shortage post rainy season. There
is potential in the hilly areas to harvest
rainwater for irrigation purposes because of
availability of suitable landscape. Rainwater
harvesting is preferable because of the
potentiality of increased production, early
recovery cost, low construction cost, high
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Abstract
The conventional water resource development model has resulted in the deviation of runoff water away

from the hills and mountains communities towards downstream agricultural and urban population.
Consequently, the rainfed marginal farming systems in hilly areas are lacking the required water resources due
to which the acute water shortage during dry spells and dry seasons results in low yields or crop failure.
Providing on-farm rain-runoff water harvesting storages can work like an insurance mechanism increasing the
resilience of marginal farmers in hilly areas against the variability of climate and rainfall, allowing them to
secure at least one wet season and one dry season crop and an average size animal herd. Investigations were
conducted under the RKVY project on "Rain-Runoff Water Harvesting Storage Tanks for Smallholder
Farming Systems", M.P.K.V., Rahuri in the hilly watershed at Gadakwadi near Pune (India) to select
appropriate Water System Innovations (WSIs) for marginal farming systems. The hydrological potential of
various rainwater harvesting systems is estimated in the study area. The diversion type farm ponds diverting
water from the rivulets are suitable for adaption in midland areas. The elevation difference between the pond
and lowland farms allowed irrigation using the gravity pressure. The rooftop rainwater harvesting system in
conjunction with gravity drip irrigation kit and treadle pump is suitable for irrigating vegetable garden of size
0.2 ha in dry season securing household nutrition. The WSIs are adequate to meet the annual water demand
of marginal farming system. The assessment conducted in the study area indicated that after adaption of WSIs
the farming productivity and profitability will be improved doubling the income of marginal farmers.
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benefit-cost ratio, and easy to use and
maintenance (Domènech et al., 2012; Goel
and Kumar, 2005; Oweis and Hachum, 2006;
Sultana et al., 2005). By constructing small
water reservoirs in upstream midland areas,
rainwater can be harvested to irrigate the
lowland areas by gravity flow. This strategy can
work like an insurance mechanism increasing
the resilience of mountain farmers against the
variability of the rainfall regimes, securing at
least one wet season and one dry season crop
along with an average size animal herd.
Moreover, farmers will be encouraged to invest
more in agricultural inputs and equipment to
improve their farming productivity.

Consequently, investigations are conducted
in the hilly watershed at Gadakwadi near Pune
(India) under the RKVY project on "Rain-Runoff
Water Harvesting Storage Tanks for
Smallholder Farming Systems", M.P.K.V.,
Rahuri to select appropriate Water System
Innovations (WSIs) for marginal farming
systems. The aim of this study is to highlight the
important role of small water storage structures
in marginal and smallholders' livelihoods
improvement. Accordingly, the water needs of
marginal farming systems towards sustainable
crop and livestock production were estimated.
The hydrological potential of water harvesting
structures in hilly watershed and their feasibility
in meeting the water demand of marginal hill
farming system were assessed. 

Characteristics of hilly marginal
farming systems : The lives and livelihoods of
farmers in hilly areas are affected by the same
socio-economic changes that affect farmers in
the rest of the world, although impacts are
often more profound, owing to the increased
vulnerability and reduced resilience of hilly
farming. These farming systems operate with
low external inputs, considering that the
marginal farmers often do not have the means,
in terms of physical access or finance, to invest

in external inputs such as fertilizer, plant and
animal protection chemicals and farm
machinery. The agricultural and livestock
productivity is extremely low. Limited
availability of land with low productivity and
increasing population pressure are the elements
that contribute in increased distress. As a result
there is widespread poverty, around 40 per
cent of marginal farmers population is food
insecure, with half of them suffering from
chronic nutrition deficiency. 

The RKVY program : The Rashtriya
Krishi Vikas Yojana programme namely Rain
Runoff Water Harvesting Storages for
Smallholder Farming Systems is operated by
M.P.K.V., Rahuri in hilly watershed zone near
Pune in Maharashtra. The aim of this
programme is to highlight the important role of
small water storage structures in food security
and smallholder's livelihoods improvement. It
also aims to propose a set of principles, appro-
aches and measures for the planning, design,
construction, and management of small storage
structures in light of gathered experience and of
the work conducted under the project. 

The action plan of the programme includes: 

• Construction of rain-runoff water harvesting
storages for smallholder farming systems
practiced in highland, midland and lowland
zone of hilly watershed.

• Adapt suitable irrigation and cultivation
methods for efficient use of harvested water
(gravity irrigation, zero-electricity pumps,
pitcher irrigation, gravity feed drip kit, key-
hole garden, tower garden, home garden).

• Achieve diversification in cropping pattern
and livestock system maximizing the net
benefits for smallholder farmers.

Suitability of Gadakwadi watershed
for rain-runoff water harvesting :
Gadakwadi watershed is one of the study areas
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selected for implementation of RKVY program
(Fig.1 and Fig.6). Gadakwadi is an
underdeveloped and remote village situated in
Rajgurunager tahsil in Pune District. The total
geographical area of the watershed is 1.5 km2.
Having hilly terrain, this watershed is a narrow
north-south strip running through the hilly flank
of mountain ranges. The ridgeline surrounding
the watershed has altitude ranging from 630 m
to 690 m. The ridgeline in the watershed
characteristically represents huge table land
with rocky terrain moderately covered with
shallow soils and seasonal grasses. In rainy
season these vast table land/ highland areas
generate large quantities of runoff water which
is delivered through rivulets in the low lying
areas/ lowlands eroding the soils of productive
farms. 

The average annual rainfall in the watershed

is 700 mm. The distribution of rainfall over the
rainy season is as given in Fig.2. The soils are
mainly brown to black with varied depth and
texture. Total number of households in the
village are 151 accounting for the population of
650 farmers as per Census 2011. The literacy
rate is 75.65% compared to 82.34% of
Maharashtra. The total cultivable land in
Gadakwadi is 100 ha. Agriculture is the main
activity in the watershed, accounting for
occupation of 99 % families. Only 1% partly
depend upon other sources of income, mainly
from jobs in the nearby Pune city. The
watershed consists of smallholder farmers,
most of them are below poverty line. Drinking
water is the problem of topmost priority in
summer. The average annual income per
household is approximately Rs.26,323/- which
is slightly more than a dollar per day. Farming
and livestock keeping is adapted more as a
lifestyle than as a source of income so there is
lack of adoption of modern techniques/
technologies for increasing production. The
farmers cultivate rainfed bajra, fodder crops in
Kharif season and vegetables such as onion,
caultiflower, cabbage and fanugreek are
cultivated in rabi season as second crop by
some farmers. 

Water storages for supplementary/
protective irrigation are unavailable. The rainy
season starts in June. The crops are generally
sown in the first week of June. The watershed
has 28 irrigation wells. The water is available in
wells from mid July to the end of November.
Statistically one dry spell occurs before mid July
during which the crop suffer through water
stress as water is not available in wells for
protective irrigation. Similarly, in rabi season
the water level in irrigation wells decline
significantly as the large quantum of
groundwater flow towards the downstream
aquifer. The irrigation using groundwater
becomes time consuming and difficult as the
well water takes long time to recuperate. By the
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Fig. 1. Location Map of Gadakwadi
Watershed

Fig. 2. Rainfall and runoff distribution pattern
in study area



end of December water completely disappears
from the irrigation wells. 

The farming in Gadakwadi needs small
water storage structures that can harvest runoff
from the rivulets after start of rainy season.
These structures will also act as detention ponds
further reducing the erosion of lowland farms
due to the water discharged by rivulets. After
the rainy season the same structures can be
used for storing the water pumped from
irrigation wells, so that after the groundwater
vanishes from the wells at least one or two
protective irrigation will be made available in
December. Also in summer the farmers can
purchase water tankers the water from which
can be emptied and stored in these storage
structures.

Assessment of water demand of
marginal farmers : Surveys were conducted
to understand the water needs of marginal
farming systems in Gadakawadi towards
sustainable crop and livestock production. The
marginal farmer is defined  as the farmer
cultivating agricultural land up to 1 hectare (2.5
acres). The marginal farmers in Gadakwadi
require water mainly for the household use,
watering of livestock, two protective irrigation
in rainy season and four irrigations for second
crop in rabi season. The water requirement of
marginal farmers is estimated and is given
below:

• Domestic water for a household of 6
members @15 lpd for 180 days total
16,200 litres.

• Watering 5 cows + 10 goats animals for
180 days, total 50,400 litres

• Two protective irrigations for staple crop
using sprinkler irrigation method for 2.5
acre, total 96,000 lits (48,000 lits /
irrigation)

• Drip irrigation for 2 acre vegetable, 1
growing season (Rabi), total 4,50,000 litres

• Total water requirement of marginal farming
system 6,12,600 litres 

Rainwater Harvesting for Marginal Farming
System : In order to satisfy the water demand of
612.6 cu.m. per marginal farmer different rain-
runoff water harvesting cum irrigation system
suitable in bio-physical set up of hilly watershed
in Gadakwadi  zone are studied. The following
structures are proposed for construction in
Gadakwadi. 

1. Diversion Farm Pond in midland areas
(altitude 630-660m)

2. Rooftop rainwater harvesting system in
lowland areas (altitude 600m)

Details of Proposed Technology : 

Farm pond irrigation system : Diversion
farm pond lined with HDPE geomembrane
plastic paper and having inlet-outlet system are
selected to construct. The location for
construction is selected in midlands besides the
rivulet. In rainy season the water is diverted
from rivulets in this farm pond (Fig.3).
Diversion channels with stone pitching,
sedimentation basin and silt trap will be
provided at the inlet to avoid siltation of pond.
While selecting the locations for diversion farm
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Fig. 3. Diversion Farm Pond (under
construction) in midland area in
Gadakwadi Watershed



pond sufficient elevation difference is kept
between the pond and the farms in lowland
areas so that the water from pond can be
utilized for irrigation using only the gravity
pressure. Additionally, the farm pond will have
an irrigation outlet which will be operated on
the principle of gravity. The irrigation outlet will
be connected to the distribution pipeline for
applying water to the lowland farms by gravity.
Drip irrigation system is provided to each
farmer on 1 acre land for efficient utilization of
harvested water. 

Rooftop Rainwater Harvesting
System: Most of the households in the
selected micro-watershed have roofs made up
of clay tiles or metal sheets. The rooftop
rainwater harvesting system is designed and will
be provided suitably for the households. Four
interconnected tanks are constructed in situ to

store 20 cu.m. harvested rain water (Fig.4).The
water will be used mainly for irrigating the
vegetable garden in rabi season. Gravity drip
irrigation system or drip kits consisting of small
water storage tank (200 lit) installed on M.S.
stand is used for irrigating the vegetable garden
(Fig.5). Treadle pump is provided for pumping
water from the Ferro-crete tanks in to the raised
tank of drip kit. Moreover, simple techniques
such as key hole vegetable garden, tower
garden, pitcher irrigation, are adopted where
use of grey water is made possible.

The water harvesting potential of each
structure is estimated (Table 1). As per the
water need and potential of water harvesting
system the size of diversion farm pond and
rooftop RWH system is decided. Diversion farm
pond of size 20 x 20 x 3 m satisfies the water
need of marginal farming system, while rooftop
rainwater harvesting system of 20000 liters
capacity is sufficient to grow vegetable garden
in rabi season. The control measures like
spreading PET bottles on surface of pond water
for reducing evaporation is taken to reduce
evaporation losses by 40 per cent from the
farm pond (Simon et al., 2015).

Gram Sabha was conducted in Gadakwadi
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Fig. 4. Rooftop rainwater harvesting system
with interconnected ferro-crete tanks

Fig. 5. Drip kit with treadle (foot) pump for
vegetable garden

Fig. 6. Sites selected for Diversion Farm
Ponds in midlands if Gadakwadi
Watershed



and eight marginal farmers were selected to
experiment the impacts of WSIs selected under
this RKVY project (Fig.6). The impact of WSIs
such as diversion farm pond, drip irrigation
system on 2 acre land, Rooftop RWH system,
gravity feed Drip kit and treadle pump on the
livelihood of marginal farmers is studied. The
cropping pattern of the farmers is improved
(Table 2). All farmers are being trained (in 06

training programme) in using the harvested
water efficiently. Market linkages are being
developed for selling the farm produce. It is
expected that the income of each farmer will be
increased by Rs.3,00,000/- per annum (90 %
confidence level) and the cost of RWH cum
irrigation systems can be recovered in 2 to 3
years (Table 3).
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Table 1. Water harvesting potential of various systems in Gadakwadi

System Micro- Runoff Rain- Runoff Water Size of Storage Evp. losses, Ultimate 
Catch- coeffi- fall, poten- need, struct- capacity, litres, with hydrolo-
ment cient M tial, litres ure, litres control gical 
area litres m measures potential, 

litres

Diversion 2 ha 0.3 0.69 42,00,000 6,12,600 20 x 20 x 3 11,50,000 3,60,000 7,90,000
Farm Pond

Rooftop 50 m2 0.8 0.69 28,000 - 4 Ferro- 20,000 - 20,000
RWH system crete tanks 

each of 
5000 lits 
capacity

Table 2. Comparison of cropping pattern between sites with and without harvested rainwater irrigation system in the three
crop seasons of the year

Without rainwater harvesting facility With rainwater harvesting facility

Summer Rabi Kharif Summer Rabi Kharif

Fallow Fodder crops:
Hy. Napier
Lucerne, Maie
fodder

Staple Crops:
Bajra, Tur Maize
(Sweet Corn) 

Fodder crops:
Hy. Napier
Lucerne, Maize
fodder

Vegetable crops:
Vegetable garden
1000 m2

Fodder crops:
Hy. Napier Lucerne
Maize fodder

Horticultural
Crop:
Pomegranate

Staple Crops:
Wheat 

Lentil crops:
Gram, Tur , Green
Gram, Black Gram

Vegetable crops:
Potato, Onion, 
Brinjal, Cabbage,
Fenugreek
Vegetable garden
1000 m2

Fodder crops:
Hy. Napier Lucerne
Maize fodder

Horticultural
Crop:
Pomegranate 

Staple Crops:
Bajra, Maize (sweet 
corn) 
Oilseed crops:
Groundnut

Fodder crops:
Hy. Napier Lucerne
Maize fodder

Horticultural
Crop:
Pomegranate



Conclusions 

The diversion farm pond along with drip
irrigation system and rooftop RWH along with
gravity drip irrigation kit and treadle pump are
suitable for adaption in Gadakwadi watershed.
The on-farm water storage, diversion farm
pond has potential to provide two protective
irrigations during dry spell, four irrigations in
dry season and in addition satisfy the water
needs of average size animal herd and
household. The rooftop rainwater harvesting
system is useful for the farmers to grow a

vegetable garden for the nutrition security of
household. From this study it is inferred that
during each rainfall event the generated peak
runoff can be utilized by the farmers for filling
diversion farm ponds, and storage tanks of
RWH system. The study shows that in hilly
watersheds there is high potential for rainwater
harvesting during rainy season and subsequent
use of harvested water for gravity-flow lowland
irrigation. This improved water supply system
can facilitate double to triple cropping system
for lowland and permanent horticultural crops
in midlands and highlands. Up scaling of these
WSIs practices can bring several hilly
watersheds in Maharashtra under sustaining
cultivation in marginal farming systems
improving the livelihood of 65% farmers in the
State. 
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Table 3. Yield and economic performance of grain and
horticultural crops produced under irrigation with
harvested rainwater

Crop Yield Net profit
(t ha-1) (Rs. ha-1)

(mm)

Bajra 2.1 21,000
Maize 2.3 23,000
Wheat 2,3 34,500
Gram 2.13 80,000
Tur 2.03 81,200
Gr. Gram 1.9 76,000
Black gram 1.8 72,000
Pea 1.8 72,000
Potato 26 2,60,000
Onion 2.5 35,207
Tomato 50 39,000
Fenugreek 60000 bundles 55,000
Brinjal 60 70,000
Cabbage 75 1,73,500
Cauliflower 32000 flowers 1,08,500
Pomegranate 5 5,00,000
Average size 5 cows 4,21,500
Animal herd 10 goats 50,000

Source:
http://www.tnau.ac.in/horcbe/tnpfp/economics.pdf

______________



Sorghum is one of the major cereal crop of
the semiarid tropics. It is the fifth most
important cereal crop of the world. Grain
sorghum is a major dry land crop and one of
the most important dietary sources of calories
for the world's population. Sorghum is the main
staple diet of the people of Maharashtra,
Karnataka and Andhra Pradesh. Maharashtra is
first in terms of area and production. In India,

the productivity of rabi sorghum is very low,
and highly variable from year to year mainly
due to post flowering drought but rabi sorghum
is highly valued because of its good grain and
fodder quality. This crop is usually affected by
water stress at both pre and post-flowering
stages of development and has the most
adverse effect on yield (Kebede et al., 2001).
Drought tolerance is defined as the relative yield
of a genotype compared with other genotypes
subjected to same drought stress (Hall, 1993).
Drought tolerance depends on the plant
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Abstract
The present study was conducted to assess genetic variability, heritability and genetic advance for grain

yield and drought associated traits in thirty seven genotypes of rabi sorghum along with three checks (M-35-
1, Phule Suchitra and CSV-22 R). The experiment was laid out in randomized block design in three
replications at Sorghum Research Station, V.N.M.K.V., Parbhani during rabi 2015. The results revealed
highly significant differences among all the treatments for all the characters under study indicating presence
of sufficient amount of variability. Significantly high grain yield was recorded by SLV 168 (36.44 g plant-1)
and RSV 1786 32.41 (g plant-1). Genotypes SLV 168, RSV 1345, RSV 1516, SLV 181, SLV 182 and BJR
4951 exhibited significantly high values for drought parameters viz., chlorophyll content, relative water
content, transpiration index, root shoot ratio, total biological yield, panicle dry weight plant-1 and total dry
weight plant-1.  The values for variances revealed that although the phenotypic variance was greater than
genotypic variance, the difference between them was of lower magnitude. The traits panicle dry weight
(22.64 and 24.72), total dry weight (21.82 and 22.17) and grain yield plant-1 (20.37 and 21.97) recorded
high GCV and PCV. Whereas the traits third leaf area, flag leaf area, relative water content, transpiration
index, stomatal count, harvest index and biological yield plant-1 recorded moderate GCV and PCV. High
heritability accompanied with genetic advance was observed for the traits third leaf area (99.20 and 93.59),
flag leaf area (99.50 and 46.36) and total dry weight (96.84 and 46.63) suggesting additive gene control in
the inheritance of these characters and scope for selection of these characters is effective. While traits days
to 50 per cent flowering, panicle dry weight, chlorophyll content, transpiration index, stomatal count, harvest
index and grain yield plant-1 recorded high heritability and low genetic advance suggesting the variability for
these characters is governed by non- additive gene action and scope for improving these characters through
phenotypic selection is limited. Genotypes SLV 168, RSV 1345, SV 1516, RSV1772, SLV181, SLV 182,
BJR 4951, BJR 40813 and SLV 193 exhibiting high and desirable values for most of the drought parameters
viz., early flowering, third and flag leaf area, panicle dry weight, total dry weight, biological yield, harvest index
and grain yield plant-1 may be selected as donor for future drought tolerant breeding or evaluate in multi
location trials for yield under stress condition.

Key words : Sorghum, GCV, PCV, Heritability, Germplasm, Variability.
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developmental stage at the onset of the stress
condition, which may happen in sorghum
during the early vegetative seedling stage,
during panicle development and in post-
flowering, in the period between grain filling
and physiological maturity. Drought tolerance
in sorghum is a complex trait influenced by
many genes coding for various traits
contributing towards tolerance (Tesfamichael et
al., 2015). Identification of superior cultivars/
lines for drought tolerance is important from
the point of view of stabilizing the production.
This is especially true for rabi sorghum as it is
grown primarily under receding soil moisture
regimes of the post monsoon period. 

The presence of significant genetic
variability among sorghum genotypes suggests
an opportunity for improvement of grain yield
and drought tolerance through hybridization of
genotypes related to divergent groups and
subsequent selection from the segregating
generations. Success for breeding under
drought stress depends on understanding of
genetic basis of drought tolerance in crop plants
based on various morpho-physiological traits to
evolve superior genotype (Mitra, 2001).
Considering the above points the present
investigation was aimed to assess the genetic
variability, heritability and genetic advance in
post rainy sorghum genotypes.

Materials and Methods

This study was conducted at Sorghum
Research Station V.N.M.K.V., Parbhani during
rabi 2015. The breeding materials used in this
study comprised of thirty seven genotypes
along with three checks viz., M-35-1, CSV-22R
and Phule suchitra. The experimental material
was cultivated in randomized block design with
three replications. Each genotype had single
row of 3 m length with 45 cm row to row and
15 cm plant to plant spacing. The
recommended cultural practices were adopted

for raising the healthy crop. The observations
were recorded for 13 different characters on
five randomly selected plants of each genotype
in each replication. The data were recorded on
following parameters viz., days to 50 per cent
flowering, third leaf area, flag leaf area, panicle
dry weight, total dry weight, chlorophyll
content, relative water content, transpiration
index, root:shoot ratio, stomatal count, harvest
index, biological yield plant-1 and grain yield
plant-1. Leaves, stem and panicle were
separated from five randomly selected plants
from each entry, were sun dried and weighed
by electronic balance to record the total dry
weight. The replication wise mean values of the
genotypes were subjected to analysis. The
genotypic and phenotypic coefficients of
variation were calculated according to Burton
(1952). Heritability was estimated according to
the method suggested by Allard (1960) and
genetic advance was estimated according to
Johnson et al., (1955).

Results and Discussion

The analysis of variance for thirteen
quantitative characters is given in Table 2. The
variance between all the characters was
significant at both 1 per cent and 5 per cent
level of significance indicating presence of
sufficient amount of variability in all the
characters studied. Wide range of variability was
observed in respect of all the characters under
study. This indicated ample scope for
exploitation of all the above characters.
Potdukhe et al. (1994) observed similar results
for plant height, days to 50 per cent flowering
and grain yield per plant. Umakanth et al.
(2002) observed similar results for plant height
and days to 50 per cent flowering.

Mean performance of the genotypes for
grain yield and drought associated parameters
presented in Table 1 showed that the genotypes
SLV168 (36.44) and RSV 1786 (32.41)

Kalpande et al.72



exhibited significantly high grain yield per plant
(g) over all the checks M-35-1 (23.48), Phule
suchitra (27.40) and CSV 22R (29.60). While
the genotypes SSRK 13-4, SLV 182, RSV
1785 and RSV 1345 recorded at par yield with
all the checks. Assefa et al., (2010) reported
that drought tolerance is ultimately reflected in
terms of grain yield under stress condition.
Genotypes BRJ 40183, RSV 1345, RSV
1542, SSRK-13-1 and RSV 1850 recorded
earliest days to 50 per cent flowering from 63
days (BRJ 40813) to 69 days (RSV 1850).
Breeding for early rabi sorghum verities and
hybrids assume great significance in view of the
crop grown under rain fed situation to
overcome terminal drought stress (Prabhakar et
al., 2013) 

Entry SLV 168 showed significantly
promising performance for most of the drought
parameters viz., panicle dry weight (14.06 g)
total dry weight (130.52 g plant-1), chlorophyll
content (57.62) relative water content (86.36%)
transpiration index (0.99), stomata count
(17.55), biological yield plant-1 (101.17),
harvest index (36.04%) and grain yield plant-1

(36.44 g).  Significantly promising performance
for most of the drought parameters viz., panicle
dry weight, total dry weight, chlorophyll
content, relative water content, biological yield
per plant, harvest index and grain yield per
plant along with early flowering was also noted
in genotypes RSV 1345, RSV 1516,
RSV1772, SLV181, SLV 182, BJR 4951,
BJR 40813 and SLV 193. Physiological traits
such as chlorophyll content, prevention of fatal
relative water content and high cell membrane
stability are well defined component of
adaptation to water deficit in sorghum (Prema
Chandra et al., 1989). For third leaf area SLV
190 showed highest value followed by SLV
184, SLV 181, SLV-182 and BRJ 29914 while
genotypes SSRK 13-10, SSRK 13-8 and SSRK
13-17 exhibited lowest third leaf area. Flag leaf
area was found significantly high in SLV 181,
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check Phule Suchitra and RSV1542.
Mohammad et al., (2009) and Tsuji et al.,
(2003) reported that drought tolerance in
sorghum is associated with small leaf area
however in drought condition optimum flag leaf
area is important for photosynthetic activity.
Patil et al., (2013) also noted association of
chlorophyll content, relative water content,
stomata count and grain yield in drought
tolerance.

Results of genotypic and phenotypic
coefficient of variances along with heritability in
broad sence and expected genetic advance are
given in Table 2. In general, the estimates of
PCV were higher than those for GCV for all the
traits however the differences between these
parameters were of lower magnitude suggesting
lower influence of environment in expression of
these characters. Similar results were reported
by Wankhede et al., (1985). Moderate to high
estimates of GCV were observed for third leaf
area (16.88), flag leaf area (10.18), panicle dry
weight (22.64), total dry weight (21.82),
relative water content (11.14), transpiration
index (10.79), stomatal count (10.93),
biological yield plant-1 (17.09), harvest index

(13.56) and grain yield per plant (20.37). While
low estimates of GCV were observed for days
to 50 per cent flowering (5.01), chlorophyll
content (8.53), and root:shoot ratio (9.88).
Similar trend was observed for phenotypic
coefficient of variance except for root: shoot
ratio (11.09).

Veerbhadhiran and Kennedy (2001) also
reported high GCV and PCV for grain yield
plant-1. Khandelwal et al. (2015) reported high
GCV and PCV for total dry weight and grain
yield plant-1. Potadukhe et al. (1994) and
Nimbalkar et al. (1988) reported low GCV and
PCV for days to 50 per cent flowering. 

The genotypic coefficient of variation alone
does not indicate the proportion of total
heritable variation. The heritability estimates
are better indicators in this respect. High
estimates of heritability were observed for flag
leaf area (99.50), third leaf area(99.20), days to
50 per cent flowering (93.23), panicle dry
weight (83.89), total dry weight (96.84),
chlorophyll content (79.98), relative water
content (94.78), transpiration index (78.33),
root: shoot ratio (79.39), stomatal count

Kalpande et al.74

Table 2. Genetic variability parameters for thirteen characters studied in rabi sorghum

Characters Range GCV (%) PCV (%) h2 b.s. GA
–––––––––––––––––––––––– (%)
minimum maximum

Days to 50 % flowering 63.66 81.00 5.01 5.19 93.23 7.34
Third leaf area (cm2) 164.38 389.19 16.88 16.95 99.20 93.59
Flag leaf area (cm2) 153.91 255.38 10.18 10.20 99.50 46.36
Panicle dry weight (g) 6.16 15.06 22.64 24.72 83.89 4.07
Total dry weight (g) 59.66 146.08 21.82 22.17 96.84 46.63
Chlorophyll content 39.96 57.62 8.53 9.54 79.98 7.53
Relative water content 57.72 88.62 11.14 11.44 94.78 17.06
Transpiration index 0.89 1.55 10.79 12.19 78.33 0.22
Root:Shoot ratio (%) 47.65 72.42 9.88 11.09 79.39 10.92
Stomatal count 16.05 25.59 10.93 12.57 75.52 3.84
Biological yield (g plant-1) 46.41 101.17 17.09 17.97 90.46 24.80
Harvest index 24.11 40.03 13.56 14.73 84.79 7.89
Grain yield (g plant-1) 14.84 36.44 20.37 21.97 85.99 8.80



Journal of Agriculture Research and Technology 75
Ta

bl
e 

3
.

T
he

 M
ea

n 
pe

rf
or

m
an

ce
s 

of
 p

ro
m

is
in

g 
po

st
 r

ai
ny

 S
or

gh
um

 g
en

ot
yp

es
 f

or
 d

ro
ug

ht
 a

ss
oc

ia
te

d 
ch

ar
ac

te
rs

G
en

ot
yp

es
D

ay
s 

to
T
hi

rd
Fl

ag
P
an

ic
le

To
ta

l
C

hl
or

o-
R

el
at

iv
e

Tr
an

sp
i-

R
oo

t:
S
to

m
-

B
io

lo
-

H
ar

-
G

ra
in

5
0
%

le
af

le
af

dr
y

dr
y

p
hy

ll 
w

at
er

ra
ti
on

 
sh

oo
t

at
al

 
gi

ca
l 

ve
st

 
yi

el
d

fl
ow

e-
ar

ea
ar

ea
w

ei
gh

t
w

ei
gh

t
co

nt
en

t
co

nt
en

t
in

de
x

ra
ti
o

co
un

t
yi

el
d 

in
de

x
(g

 
ri

ng
(c

m
2
)

(c
m

2
)

(g
)

(g
)

(%
)

(g
 

(%
)

p
la

nt
-1

)
p
la

nt
-1

)

R
SV

 1
34

5
65

.6
6

26
6.

06
22

3.
31

14
.6

6
13

9.
40

55
.0

2
74

.2
6

1.
19

59
.9

5
16

.8
6

90
.6

2
28

.7
5

26
.0

9

R
SV

 1
54

2
67

.3
3

26
6.

68
25

1.
28

11
.1

3
12

6.
33

43
.5

9
63

.8
0

1.
38

61
.6

1
16

.8
9

76
.4

6
29

.6
9

22
.7

1

R
SV

 1
77

2
72

.6
6

31
7.

46
23

7.
26

7.
43

90
.4

7
54

.8
8

83
.8

6
1.

04
64

.4
4

18
.4

7
77

.2
2

30
.5

2
23

.5
4

R
SV

 1
78

5
73

.6
6

22
7.

91
21

4.
24

11
.0

0
14

6.
08

44
.0

4
61

.0
3

1.
15

60
.2

3
18

.0
8

94
.3

6
30

.6
3

28
.9

1

R
SV

 1
78

6
72

.6
6

32
3.

69
24

5.
12

12
.3

3
11

6.
04

51
.8

0
83

.0
8

1.
20

67
.2

0
19

.4
2

81
.0

7
40

.0
3

32
.4

1

R
SV

 1
85

0
69

.3
3

26
7.

28
22

0.
88

11
.3

3
11

7.
70

47
.9

4
88

.2
2

1.
19

58
.8

0
19

.9
0

62
.8

6
38

.9
6

24
.5

1

SL
V

 1
68

81
.0

0
32

2.
23

22
4.

51
14

.0
6

13
0.

52
57

.6
2

86
.3

6
0.

99
56

.6
5

17
.5

5
10

1.
17

36
.0

4
36

.4
4

SL
V

 1
81

78
.3

3
32

7.
57

25
5.

38
15

.0
6

13
3.

51
54

.8
9

72
.3

7
0.

96
61

.3
0

16
.0

5
79

.5
6

26
.9

9
21

.4
8

SL
V

 1
84

72
.3

3
33

4.
10

23
3.

00
10

.1
0

11
7.

20
39

.9
6

84
.0

5
1.

13
49

.6
7

17
.5

1
76

.6
1

29
.3

6
22

.4
9

SL
V

 1
90

73
.6

6
38

9.
19

21
4.

39
8.

40
12

2.
90

43
.8

8
68

.2
8

1.
00

58
.6

2
18

.6
9

78
.1

9
27

.0
9

21
.1

6

B
R

J 
40

81
3

63
.6

6
24

2.
11

22
1.

33
8.

03
79

.8
8

50
.6

2
76

.2
0

0.
96

63
.1

2
17

.1
2

55
.3

8
33

.7
2

18
.6

8

B
R

J 
49

51
71

.3
3

21
4.

44
20

0.
83

9.
50

99
.0

9
47

.2
0

83
.5

1
0.

96
61

.3
1

17
.3

2
54

.6
6

35
.3

8
19

.3
2

SS
R

K
 1

3-
1

66
.3

3
25

7.
90

21
4.

65
8.

66
88

.7
8

50
.0

9
79

.5
6

1.
06

59
.8

0
16

.8
2

56
.8

0
28

.9
9

16
.4

7

SS
R

K
 1

3-
4

72
.3

3
27

5.
29

23
4.

76
8.

00
91

.1
1

51
.8

6
81

.0
4

1.
17

48
.8

9
21

.4
0

76
.3

5
38

.0
4

29
.0

9

SS
R

K
 1

3-
8

74
.6

6
18

1.
88

16
9.

72
7.

50
85

.9
3

49
.0

9
65

.9
8

1.
02

59
.2

1
20

.7
3

85
.8

0
24

.1
1

20
.6

9

SS
R

K
 1

3-
10

78
.3

3
16

4.
38

15
3.

91
8.

16
78

.6
5

43
.7

2
76

.6
9

1.
22

53
.1

1
18

.1
5

46
.4

1
31

.9
2

14
.8

4

M
-3

5-
1(

C
)

74
.0

0
23

3.
55

21
3.

32
9.

96
11

8.
30

47
.6

2
87

.3
4

1.
16

66
.3

3
20

.0
2

83
.8

1
28

.0
2

23
.4

8

C
SV

-2
2R

 (C
)

75
.3

3
27

2.
85

24
6.

82
11

.6
6

12
7.

66
51

.4
5

85
.7

4
1.

09
68

.9
9

24
.1

1
91

.2
5

32
.4

3
29

.6
0

P
hu

le
 s

uc
hi

tr
a 

(C
)

74
.6

6
28

0.
90

25
4.

65
11

.6
6

12
7.

86
52

.9
2

86
.7

2
1.

14
60

.3
2

22
.5

0
82

.1
4

33
.3

8
27

.4
0

M
ea

n
73

.7
0

27
0.

11
22

1.
63

9.
54

10
5.

41
47

.9
0

76
.3

7
1.

14
60

.1
6

19
.6

4
74

.0
6

30
.6

8
22

.6
3

SE
±

0.
57

2.
36

0.
92

0.
54

2.
39

1.
18

1.
15

0.
03

1.
74

0.
70

2.
37

1.
01

1.
07

C
D

 a
t 

5%
1.

61
6.

66
2.

59
1.

53
6.

75
3.

32
3.

24
0.

10
4.

92
1.

98
6.

68
2.

86
3.

02



(75.52), biological yield plant-1 (90.46), harvest
index (84.79) and grain yield plant-1 (85.99).
While stay green score (22.68) recorded low
heritability. The estimates of high genetic
advance were observed for third leaf area
(93.59), flag leaf area (46.36) total dry weight
(46.63) and biological yield per plant (24.80).
The traits relative water content (17.06) and
root: shoot ratio (10.92) exhibited moderate
values.  Whereas low estimates of genetic
advance were recorded by days to 50 per cent
flowering (7.34) chlorophyll content (7.53),
transpiration index (0.22), panicle dry weight
(4.07), stomatal count (3.84) and grain yield
per plant (8.80). 

High estimates of heritability accompanied
with high genetic advance for the traits flag leaf
area, third leaf area, total dry weight, and
biological yield per plant indicates, additive
gene action and thus selection for these
characters is effective. Arun Kumar (2013) also
observed high values of heritability and genetic
advance as percent of mean for grain yield per
plant. These results are also in agreement with
Rao et al., 1996 Ambekar et al. (2000) and
Chittapur and Biradar (2015).

The traits days to 50 per cent flowering,
panicle dry weight, chlorophyll content,
transpiration index, stomatal count, harvest
index and grain yield per plant recorded high
heritability and low genetic advance suggesting
the variability for these characters is governed
by non-additive gene action indicating the
limited scope for improving these characters
through phenotypic selection. Similar results
were reported by Shinde et al. (1979) and
Dhutmal et al. (2015). If the heritability is due
to additive effect, it would be associated with
high genetic gain and if with non additive,
genetic gain will be low (Panse 1957).

From present study it is evident that, the
characters flag leaf area, third leaf area, total

dry weight, and biological yield per plant
showing high values for GCV, PCV, heritability
and moderate to high genetic advance were
considered most important and selection for
these characters could be more effective for
improving drought tolerance in rabi sorghum.
Genotypes SLV 168, RSV 1345, RSV 1516,
RSV1772, SLV181, SLV 182, BJR 4951,
BJR 40813 and SLV 193 exhibiting high and
desirable values for most of the drought
parameters viz., early flowering, third and flag
leaf area, panicle dry weight, total dry weight,
biological yield, harvest index and grain yield
per plant may be selected as donor for future
drought tolerant breeding or evaluate in multi
location trials for yield under stress condition.
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The knowledge of amount of rainfall,
number of rainy days and its distribution over
the cropping season are important for timely
preparation of seed bed, selection of crop
varieties, choice of cropping pattern. The stable
rainfall period indicates assured rainfall period
for given period (Naitam et al., 2013). Crop
planning is an important task on the part of the
cultivators in non-irrigated land especially in dry
land situations.

In rainfed areas, crop planning is solely
dependent on onset of effective monsoon,
amount of rainfall and its distribution pattern.
The rainfall pattern decides the cultivation of
crops, their varieties, adoption of cultural
operations and harvesting of excess rain water

of any region (Baweja et al., 2011). Generally
yields may suffer significantly with either a late
onset or early cessation of the growing season,
as well as with a high frequency of damaging
dry spells within the growing season (Bello et
al., 2010). Weekly rainfall analysis of
Kandhamal district during the period of 1965
to 2010 were taken for analysis purpose, the
analysis is very much important for crop
planning and analyzing the probability of
occurrence of dry and wet periods. This will act
as bench mark for crop planning as well as
sustainable agricultural management of
Kandhamal district which comes under the
agro-climatic zone of East-coast hill region (Kar
et al., 2014).
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Abstract
Rainfall is the most important natural hydrologic event and is a unique phenomenon varying both in space

and time. For the optimum development of water resources and for selection of crops and cropping
sequences, basic knowledge of rainfall distribution is of vital importance.  Rain water is the most vital and a
critical input for agricultural production in rainfed farming. This analysis is very much important for crop
planning and analyzing rainfall variability in Darwha, Pusad and Arni talukas of Yavatmal district. The study
was carried out in Darwha, Pusad and Arni talukas of Yavatmal district namely Darwha, Pusad and Arni by
analysing 18 years monthly rainfall data (1998-2015). On the basis of monthly CV values seasonal rainfall
variability was carried out and stable rainfall period was estimated. The potential evapotranspiration was
computed using monthly temperature data according to the concept of Thornthwaite and Mather empirical
formula. The length of growing period (LGP) was estimated by using the reference method of graphical
representation stated in FAO's Soils Bulletin 76-AGRO-ECOLOGICAL ZONING Guidelines. The seasonal
rainfall analysis of western part of the district indicated that the average seasonal rainfall was within the range
of 700 mm to 938 mm. The stable rainfall period in Darwha, Pusad and Arni talukas of Yavatmal district was
found to be 104, 106 and 57 days respectively. The length of growing period is the total of Moist I, Humid
and Moist II period, which were estimated for the study area and was found to vary between 11 to 15 days,
100 to 112 days and 14 to 18 days respectively. Using this information of LGP better selection of crops and
their varieties for area under study can be decided so that assured sustainable crop production can be achieved
in rainfed area.

Key words : Rainfall variability, Length of growing period, Crop planning.



The main concern of an agriculturist is the
start, end and length of the rainy season, the
distribution of rainfall amounts throughout the
year and the risk of dry spells. These
parameters have been observed to affect the
growing season. Variations in agricultural
production have been related to deviation from
normal seasonal climate best described by the
term "growing period" (Edoga et al., 2007).
The length of the "growing season" or "growing
period" (LGS or LGP) is defined as the total
period in days during a year when precipitation
exceeds half the potential evapotranspiration.
The length of stable rainfall period indicates the
period during which crops will not suffer from
moisture stress.  

Materials and Methods

Study area : The present study was
conducted for three western talukas viz.,
Darwha, Pusad and Arni Yavatmal district of
Maharashtra state. Yavatmal district is one of
the eleven districts of Vidarbha region of
Maharashtra.

Rainfall analysis : The monthly rainfall
data for the period of 1998-2015 (18 years)
was used for this study. The required rainfall
data is downloaded from the official website
web-portal of government of Maharashtra
http://www.maharain.gov.

Estimation of seasonal average
rainfall : The long term average (normal)
seasonal rainfall was estimated by the formula
sum of rainfall available for year to the total
number of year.

Stable rainfall period : The stable rainfall
period for given station is described as period of
assured rain over the area or it may be defined
as period of low variability for given station
(Naitam et al., (2015). To estimate the length
of stable rainfall period in days, a graphical
interpretation technique was introduced. The

CV values for all study months were plotted in
line graph form for each station. A line graph
of coefficient of variation of monthly rainfall
was plotted against corresponding month at
each station (Fig.2). By drawing a horizontal
line at threshold level coefficient of variation
(CV) for the most stable rainfall month among
different rainfall periods(60 % for August at
Darwha station) as followed by Naitam et al.,
(2015).

The potential evapotranspiration was
computed using monthly temperature data
according to the concept of Thornthwaite and
Mather empirical formula (Gudulas et al.,
2013).

Computation of potential evapotran-
spiration (PET)

PET = 1.6 x (10 x T/I)a

Where, PET = Potential evapotran-
spiration, mm, T=  Monthly mean temperature,
(°C) and a =  It is cubic function of heat index

n=12

I = Σ (Tn/5)1.514 (I = heat index) 
n=1

Estimation of length of growing period
(LGP) : The length of the "growing season" or
"growing period" (LGS or LGP) is defined as the
total period in days during a year when
precipitation exceeds half the potential
evapotranspiration. The reference method to
estimate the LGP using graph technique was
adopted from FAO's Soils Bulletin 76-AGRO-
ECOLOGICAL ZONING Guidelines (1996).
The concept of length of growing period is
depicted graphically in Fig.1.

Moist-1 period : The beginning of the
growing period occurs when precipitation (P)
line graph cross the half PET value i.e. 'B' it
ends when reaches to PET value i.e. 'BH'.
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Humid : This is the period during which
precipitation exceeds PET i.e. at 'BH'. The
humid period begin at 'BH' and end at 'EH'. The
length in days from 'BH' to 'EH' is humid
period.

Moist-2 period : The end of the growing
period occurs at the point where the
precipitation curve goes below the value of PET
and up to ½ PET curves. Period from 'EH' to
'ER' is moist-2 period.

Results and Discussion

Rainfall analysis was carried out for Darwha,
Pusad and Arni talukas in Yavatmal district with
the availability of long term rainfall data of 18
years. The average seasonal rainfall clearly
indicates a variation of 700 to 938 mm in
Darwha (814 mm), Pusad (938.1 mm) and Arni
(702.4 mm) talukas of Yavatmal district. The

average seasonal rainfall in study area varies
with increasing trend towards the western side.

The stable rainfall period of talukas in
Yavatmal district indicates variation between
103 to 106 days. The stable rainfall period for
Darwha, Pusad and Arni taluka was found to be
104, 106 and 57 days respectively.

The graphical presentation of estimation of
stable rainfall period for Darwha, Pusad and
Arni talukas is given in fig. 2, 3 and 4
respectively. The length of stable rainfall period
indicates the period during which crops will not
suffer from moisture stress and also indicates
the duration of assured rainfall.

The beginning date, end date and total
duration date of stable rainfall period was
calculated from the figures 2, 3 and 4 drawn for
each talukas of Yavatmal district namely
Darwha, Pusad and Arni respectively and are
depicted in Table 1.

The monthly rainfall, PET and half of PET
plotted on graph paper for Darwha, Pusad and
Arni talukas is shown in Fig 5, 6 and 7
respectively. From these graphs the length of
growing period was calculated and is presented
in Table 2.
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Fig. 1. Graphical representation of the
concept of Length of Growing period

Fig. 2. Estimation of stable rainfall period at
Darwha Taluka



From Table 2, it is revealed that the length
of growing period Darwha, Pusad and Arni
talukas of Yavatmal district ranges from 133 to
151 days which provides useful information for
crop planning in Yavatmal district. The length
growing period depends on the type of soil
interacting with a given quantity on rainfall.

Therefore, at a given location, the amount and
distribution of rainfall, moisture storage
capacity and the rate of Evapotranspiration
determines the length and characteristics of the
growing period. Soil moisture reserves have the
ability a extend the growing period by as much
as one to three months spending upon the soil
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Fig. 3. Estimation of stable rainfall period at
Pusad taluka

Fig. 4. Estimation of stable rainfall period at
Arni taluka

Table 1. Duration of stable rainfall period at different study station

Station First phase Second phase Total
name ––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––– days

Begaining End Period Begaining End Period
date date date date

Darwha 16-Jun 27-Sep 106 104
Pusad 17-Jun 16-Jul 25 17-Jul 30-Sep 78 106
Arni 27-Jun 4-Jul 8 29-Jul 15-Sept 49 57

Fig. 5,6,7 Estimation of length of growing period at Darwha, Pusad and Arni taluka of Yavatmal
district



texture and depth. The growing period is the
period of the year when both moisture and
temperature conditions are favourable for crop
growth.

Summary and Conclusions

The complete dependency of Indian
agriculture on monsoon rainfall with limited
development of irrigation facilities enhances the
need for judicious use of rainwater and
adoption of effective rainwater management
strategy to minimize drought risk. Ideally, crop
cultivation should be carried in areas with
assured rainfall with low variability; however,
subsistence farming can be found in a wide
range of environmental conditions from very
suitable to marginal lands. Crop planning is an
important task on the part of the cultivators in
non-irrigated area especially in dryland
situations since rainfall during monsoon period
is non-uniform and very uncertain. The length
of growing period depends on the type of soil
interacting with a given quantity on rainfall. The
growing period is the period of the year when
both moisture and temperature conditions are
favourable for crop growth.

From the study it is concluded that seasonal
average rainfall varied in the range 700 mm to
938 mm. Stable rainfall period was estimated
on the basis of monthly coefficient of variation
(at 60% for August) for Darwha, Pusad and
Arni talukas of Yavatmal district. Stable rainfall
period for the above talukas in Yavatmal district
varied in the range 57 to106 days. The trend of

length of growing period was increasing
towards western side of Yavatmal district. Total
length of growing period indicates increasing
trend towards west to east part of Yavatmal
district. LGP analysis provides useful
information for selecting crop, and to study the
effects of climate variability and other drivers of
change on vegetation and crop suitability.

This study represents real situation of
cropping pattern in Yavatmal district and helps
the planners and agricultural scientists for
agricultural planning at taluka level. The
predominant crops are cotton, sorghum,
pigeon pea and soybean in kharif season and
wheat, chickpea and groundnut in Rabi season.
Cotton and sorghum mostly grown in western
side talukas of Yavatmal district i.e. Darwha,
Pusad and Arni.
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Abstract
The present study was carried out for analyzing the rainfall under changing climatic scenario for better

planning of farming practices in Western Maharashtra Plain Zone. Daily rainfall data (1994-2013) for Pune
station was analysed to estimate the averages of weekly, monthly, seasonal and annual rainfall and its
variability. Probability analysis showed that occurrence of probable rainfall was of 448.1 mm, 68.1 mm, 10.5
mm  and  600.8 mm respectively for the Kharif, Rabi, summer and annual at 76% confidence level, the
occurrence of rainy days was found to be 41, 33, 4 and 1 day for the annual, Kharif, Rabi and summer
season, respectively. The highest rainfall of 1376.2 mm is recorded in the month of July 2013. The rainfall
was assured during standard meteorological Week 24 to 27 and 32 to 40. Occurence of dry spell is also seen
indicated the need of construction of water harvesting structures for life saving irrigation for the survival of
crops. Keeping in view the rainfall pattern and its distribution in the area, suggestions have been made to
modify the microclimate with respect to crop planning to increase the quality and productivity under rainfed
conditions. Different cropping strategies are suggested such as selection of early maturing varieties, change
in crops, cropping pattern, rainwateraharvestingatechniques

Key words : Climate change, profitability analysis, crop planning.

______________

The weather and its variability are well
known to the farming community and have
great impact on crop production. The greatest
risk to crop yields in Indian agriculture is
attributed to the variability of seasonal rainfall

and the uncertainty in the amount and its
distribution in a given season. Hence, rainfall is
one of the prime meteorological factors which
control the water balance of a particular area.
India have nearly 65 per cent of the cultivable
area has under rainfed agriculture. The
productivity of the these area is very low and1. Head 2. M.Tech. Student.



uncertain due to total dependency on monsoon
as compared to irrigated agriculture. About 29
per cent of the geographical area receives high
annual rainfall (>1125 mm), 36 per cent
receives medium annual rainfall (750-1125
mm), 22 per cent receives low annual rainfall
(350-750 mm) and 13 per cent receives very
low annual rainfall of < 350 mm (Singh, 1990).
The amount of rainfall and its distribution is
very important characteristics that affect the
agricultural productivity in the rainfed regions
(Subash et al., 2012). Rainfall being the only
source of moisture for crops in rainfed farming,
its prediction for occurrence over period of time
based on past records is very important for crop
planning using any reliable methods (Bouman
and Young 2001; Mishra, et al., 2003;
Srivastava, et al., 2004; and Burns, et al.,
2007). Rainfall analysis with respect to amount
of rainfall received, spatial and temporal
distribution, onset of effective monsoon, rainy
days analysis, prediction of occurrence of dry
spells within monsoon, and changing pattern of
all the rainfall characteristics in view of climate
change are of paramount importance for
planning, developing and modifying the crop
management practices for sustainable
production system in rainfed areas of the
country. Probability analysis is one of the
reliable tools for predicting the rainfall
behaviour and has been used extensively by
many researchers for successful crop planning
(Panigrahi & Panda, 2002; Mukesh, et al.,
2011; Jakhar et al., 2011; Subudhi et al.,
2012). Maharashtra is third largest state of
country with immense potential of agriculture.
State receives variable rainfall during all seasons
in all different parts. There are large variations
in the quantity of rainfall received within state.
In view of above, the present study was carried
out to study rainfall and rainy days variability
pattern, probability analysis of rainfall and rainy
days and suggesting crop planning for Pune
taluka. 

Materials and Methods

Pune station is located at 18°31' N latitude
and 73°51' E longitudes. Rainfall zone for Pune
station is Western Maharashtra low rainfall
region. The daily rainfall data of 20 years
(1994-2013) for Pune station was collected
from Indian Meteorological Department (IMD).
The collected daily rainfall data then converted
into weekly, monthly, seasonally viz., kharif
(June-September), Rabi (October-January) and
summer (February - May) and annual rainfall
distribution patterns were critically examined
and simple statistics such as mean, standard
deviation and coefficient of variation of rainfalls
and rainy day estimated. The probability
analysis was performed using Weibull plotting
method (Chow, 1964), which is as follows:

P= [m/ (n+1)] * 100

Where, P is the plotting position (%), m is
the rank of data and n is the total number of
record years.

The recurrence intervals were calculated
using the following relationship T= 1/P in
which T is the return period (years).

Result and Discussion

The highest and lowest values of annual
rainfall are 1978.9 mm and 424.7 mm,
recorded during year 2013 and 2002
respectively and it is also seen that highest and
lowest values of rainy days are 75 and 35,
recorded in year 2005 and 2002 respectively.
The highest seasonal rainfall 1921.1 mm
recorded during Kharif (June-September)
season of 2013 and 2012 recorded the lowest
rainfall at 369.4 mm which is 261 per cent and
50 per cent of average seasonal rainfall (734.9
mm). The highest number of days 65 in 2005
and lowest rainy days 28 in 1995 are recorded.
During Rabi (October-January), the area
experienced highest rainfall of 281.8 mm in
2009 and lowest seasonal rainfall of 13.6 mm
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in 2002 which is 215 per cent and 10 per cent
of average seasonal rainfall (131.2 mm)
respectively. Rabi (October-January) season
experienced highest rainy days 13 in year 1997
and lowest 1 in year 2002. Whereas summer
(February - May) season received highest rainfall
72.3 mm in year 2004 and lowest 2.8 mm in
year 2013 which is 268 per cent and nearly 10
per cent of average seasonal rainfall (27 mm).
Summer (February - May) season recorded
highest number of rainy days of 5 during 2005
and lowest 1 in year 2012. The highest value of
monthly rainfall 1376.2 mm is recorded in the
month of July 2013. The data on variability of
weekly rainfall during the year 1994-2013 at
Pune reveals that the highest weekly rainfall of
430.3 mm is recorded during 27th standard
meteorological Week (2-8, July) of 2013 year.
It is observed that Kharif (June-September)
season received mean rainfall 734.9 mm which
constituents 82.3 per cent mean rainfall of
years with coefficient of variation 50.2. Mean
rainfall of Rabi and summer (February - May)
season in 20 years are 131.2 mm and 27.1
mm. It is 14.7 per cent and 3 per cent of mean
rainfall of years with 65.0 and 78.8 per cent
coefficient of variation. It is observed that in
standard meteorological week 1 to 23; mean
rainfall was very low ranging from 0 to 13.93
mm. Also these weeks depicted high
coefficients of variation. Standard
meteorological week 24 and 25 recorded mean
rainfall of 65.7 mm and 30.76 mm along with
coefficients of variation 94.9 per cent and 96.5
per cent. Rainfall received in standard
meteorological weeks 25 to 41 ranging 12
between 70.25 mm and 26.55 mm with higher
coefficients of variation. Fig. 1 depicts the
weekly rainfall and rainy days pattern along
with coefficients of variation for all 53 standard
meteorological week.

Using Weibull's formula probability of
occurrence of rainfall and rainy days for annual
and seasonal was calculated (Table1).

Probability of occurrence of 1098.9 mm
rainfall is 25 per cent, means after every 4 year
this event will happen. For 50 per cent and 75
per cent probability chances, rainfall
occurrence of annual rainfall is 608.8 mm and
788.4 mm respectively. At 76 per cent
confidence interval amount of rainfall to be
received is 600.8 mm. It is observed that at 25
per cent, 50 per cent and 75 per cent
occurrence of rainy days are 57, 48 and 42. At
76 per cent probability rainy days are 41
annually. The least availability of rainy days is
35. For Kharif season at 25 per cent, 50 per
cent and 75 per cent probability chances values
of rainfall are 938.5 mm, 632.8 mm and
454.0 mm. whereas for 76 per cent probability
chances value of rainfall is 448.1 mm with
return period of 1.32 year. Probability
distribution for rainy days at 25 per cent, 50
per cent and 75 per cent probability occurrence
of rainy days are 47, 39 and 34 days .For 76
per cent probability it is 33days. For Rabi
season Analysis shows that rainfall amount for
respective probabilities chances are 179.3 mm,
110 mm and 69.5 mm for 25 per cent, 50 per
cent and 75 per cent. At 76 per cent
probability value is 68.1 mm. Expected
occurrence of rainy days in Rabi season at 25
per cent, 50 per cent and 75 per cent
probability chances of occurrences rainy days
are 9, 6 and 4. With 76 per cent probability
occurrence of rainy days is also 4. Least rainy
day observed is 1. Probability analysis of rainfall
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Fig. 1. Variation in weekly rainfall, rainy days
and coefficient of variation



for summer (February - May) season is direct
that the rainfall for probability chances of 25
per cent, 50 per cent and 75 per cent are 38.8
mm, 21.1 mm and 10.8 mm. For 76 per cent
probability respective rainfall is 10.5 mm.
Expected rainy days for probability of 25 per
cent, 50 per cent and 75 per cent are 3, 2
and1. Also at 76 per cent probability there is
availability of only 1 day.

Summary and Conclusions

Kharif (June-September) season is the best
for cropping with good rainfall of 448 mm in
33 days. While in Rabi (October-January)
farmers need to select less water consumptive
crops because only 68 mm rainfall is possible in
4 days. Alternate arrangement for
supplementary irrigation must be ensured by
considering soil moisture condition. In summer
(February - May) only 10mm of rainfall is

available in one day. So cropping is not
possible without irrigation. Farmers are advised
to start sowing in month of June from second
and complete in third week. Also rainfall
received during month of July in first decade
was well but in next decade it has became very
erratic showing much high coefficient of
variation. Means after sowing of crops in June
farmers need to keep attention on dry spell
occurring in July to survive crops. Removal of
monsoon starts from month of October. It gets
completely removed in month of November, so
sowing of Rabi crops should be carried out in
first fortnight to 3rd week of October. Weekly
rainfall analysis reveals that standard
meteorological Week 1 to 15 received very less
rainfall with higher values of co-efficient of
variation. Standard meteorological Week 4, 6,
7 and 13 were without any rainfall and rainy
days. Standard meteorological Week 16, 17,
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Table 1. Probability of occurrence by Weibull's plotting of seasonal and annual rainfall and rainy days

Rainfall (mm) Rainy days(nos.)

Rank P T Kharif Rabi Summer Annual Kharif Rabi Summer Annual

1 4.8 21.0 1921.1 281.8 72.3 1978.9 65 13 5 75
2 9.5 10.5 1168.5 265.3 64.1 1338.2 59 12 5 71
3 14.3 7.0 1132.3 261 62.7 1267.4 59 12 5 67
4 19.0 5.3 955.5 221.5 55.4 1249.8 51 11 4 63
5 23.8 4.2 839.8 206.7 34.9 1044.4 46 10 3 58
6 28.6 3.5 819.1 195 30.8 1025.8 44 9 3 54
7 33.3 3.0 806.9 162 29 996.5 44 8 2 54
8 38.1 2.6 773 147.4 26.7 966.2 44 8 2 52
9 42.9 2.3 740 146.8 24.8 913.3 42 7 2 52
10 47.6 2.1 710.7 129.1 24.7 865.3 39 7 2 51
11 52.4 1.9 677.4 110.4 24.7 817.3 38 7 2 48
12 57.1 1.8 643.2 107 24.2 812.1 38 7 2 44
13 61.9 1.6 615.5 92 21.5 758.9 36 6 1 44
14 66.7 1.5 483.6 75.1 11.8 724.4 34 5 1 42
15 71.4 1.4 468 64.4 8.5 631 33 5 1 42
16 76.2 1.3 420.8 55 7.2 558.4 33 3 1 42
17 81.0 1.2 387.9 54.8 6.8 523.4 32 3 1 41
18 85.7 1.2 386.9 21.9 4.4 509.9 32 3 1 40
19 90.5 1.1 379.3 13.7 4 458.8 31 3 1 38
20 95.2 1.1 369.4 13.6 2.8 424.7 28 1 1 35
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Table 2. Possible cropping strategy : For Kharif (June-September)

Early season
drought
(delayed onset)

Normal Crop /
Cropping system

Normal Crop /
Cropping system

Agronomic
measures

Remarks on
Implementation

Delay by 2
weeks
June 4th week

Low land Paddy Indrayani, Pavana,
Phule
Samrudhi

Staggered planting in
nurseries for timely
availability of
seedlings

Seed Source:
MPKV, Rahuri, College
of
Agriculture, Pune,
Kolhapur, Dhule, NSC,
MSSC, Private Co.,
Distributors. The self
help groups should be
involved

Green gram Kopargoan -

Soybean Jawahar Soybean -

Groundnut JL-24, JL-501, JL-
286

Hoeing and weeding

Pearl millet Shraddha, Saburi,
Shanti

As above

Delay by 4
weeks
July 2nd week

Low land Paddy Indrayani, Pavana,
Phule Samrudhi

Staggered planting in
nurseries for timely
availability of seedlings

Groundnut JL-24, JL-501, JL-
286, Groundnut +
Pigeon pea (6:2)

Hoeing and weeding
Protective irrigation

Pigeon pea Vipula, BDN-708,
ICPL-87

Hoeing and weeding
at 20 DAS. Opening
of conservation
furrows after every
two rows

Soybean JS-335, JS-9305 Hoeing and weeding
at 30 DAS

Pearl millet Shraddha, Saburi,
Shanti

Hoeing and weeding
in sunflower at 20
DAS
Hoeing and weeding
at 20 DAS
Opening of
conservation furrows
after every two rows

Groundnut Sunflower (Bhanu) Hoeing and weeding
in sunflower at 20
DAS

Sorghum Resowing if needed Intercultivation,
weeding and hoeing

Pearl millet As above As above

Seed Source:
MPKV, Rahuri, College
of Agriculture, Pune,
Kolhapur, Dhule, NSC,
MSSC, Private Co.,
Distributors. The self
help groups should be
involved

Delay by 6
weeks
July 4th week

Low land Paddy Indrayani, Pavana,
Phule Samrudhi

Staggered planting in
nurseries for timely
availability of seedlings

Seed Source:
MPKV, Rahuri,
College of Agriculture,
Pune , Kolhapur,
Dhule, NSC, MSSC,
Private Co.,
Distributors. The self
help groups should be
involved

Early season
drought
(Normal onset)
followed by 15-20
days dry spell after
sowing leading to
poor germination

Low land Paddy - Seedlings by Dapog
method for resowing
if needed

For hoeing, prefer slit
and entire blade hoe.
Can be popularized
through Govt.
programmes



18 recorded mean weakly rainfall 2.47, 2.97,
4.63 mm respectively. But this rainfall record
showed more co-efficient of variation. From
standard meteorological Week 23 (7th June)
monsoon starts in Maharashtra as per IMD
(Indian Meteorological Department). Standard
meteorological Week 23 recorded 36.70 mm
as mean rainfall with co-efficient of variation
123.5 per cent over last 20 years.It was
observed that rainfall was assured during
standard meteorological Week 24 to 27. From
standard meteorological Week 28 it becomes
much erratic up to standard meteorological
Week 31. From standard meteorological Week
32 to 40 rainfall is regular. The removal of
monsoon starts from standard meteorological
Week 39. There was complete removal of
monsoon from standard meteorological Week
44. Farmers are advised to select short day
varieties which will adopt short of rainfall and
yield economically. If irrigation facilities are
available then one should plan as per water
requirement of crops sown. 

References 
Barman D., Jakhar, P., Hombe Gowda, H. C. and Naik, B.

S. 2011. Probability analysis of rainfall characteristics
of semiliguda in Karaput, Orissa. Indian Journal of Soil
ConservationVol. 39, No. 1, pp 9-13. 

Bouman, B. A. M. and Young, T. P. 2001. Field water
management to save water and increase its
productivity in irrigated low land rice. Agric. Water
Manage., 49(1): 11-30. 

Burns, D. A., Klaus, J. and Mc Hale, M. R. 2007. Recent
climate trends and implication for water resources in

the catskill mountain region, New York, USA. J.
Hydrol, 336 (1-2): 155-170.                                   

Chow, V. T. 1964. Hand book of applied hydrology.
McGraw-Hill Book Co, New Delhi.  

Jajoria, D. K., Sharma, S. K., Narolia, G. P. and Dotaniya,
M. L. 2015. Rainfall Variability: A Tool for Crop
Planning of Udaipur Region of India Natl. Acad. Sci.
Lett. 38(2): 95-98.

Kar, G. 2002. Rainfall probability analysis for sustainable
production strategies in coastal Orissa. Journal of
Agrometerology 4(2): 181-185.  

Kavi, P. S. 1992. Raipur rainfall characteristics in relation
to crop planning. Karnataka J. of Agric. Sci. 5(4):
362-366.

Mahale, D. and Dhane, S. S. 2003. Rainfall analysis in
relation to paddy crop in coastal saline soils  at
Panval. Journal of Agrometerology 5(1): 89-92.

Mishra, P. K., Khare, D. and Mandol, A. 2003. Probability
and statistical analysis of rainfall for crop planning in
command area. Agriculture for sustainable
development 1:45-52/Article.

Mukesh, C., Kumar, D., Singh, D., Roy, N. and Singh, D.
K. 2011. Analysis of rainfall for crop planning in
Jhansi district of Bundelkhand zone of Uttar Pradesh.
Ind. J. Soil Cons., 39(1): 20-26.

Panigrahi, B. 1998. Probability analysis of short duration
rainfall for crop planning in coastal Orissa. Indian
Journal of Soil Conservation 26(2):147-152.

Panigrahi, B. and Panda, S. N. 2002. Dry spell probability
by Markov chain and its application to crop planning
in Kharagpur. Ind. J. Soil Cons, 30(1): 95-100.

Parminder Kaur Baweja. 2011. Rainfall variability and
probability for crop planning in Solan, Himachal
Pradesh. Journal of Farm Sciences 1(1): 75-88.

Rana, R. S. and Thakur, D. R. 1998. Rainfall analysis for
crop planning in Kullu Vally, Himachal Pradesh, Indian
Journal of Soil Conservation 26(2): 144-146.

Bansod and Nilvarna88

Table 2. Contd...

Early season
drought
(delayed onset)

Normal Crop /
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measures
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Implementation
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Pearl millet - -
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Abstract
The climatic factors are largely uncontrolled, the variables that influence crop production must be

quantitatively evaluated if we want to explain adequately the effects of any climatic variable on cotton growth
stages. Cotton (Gossypium hirsutum L.) is a major row crop grown primarily for fiber and seed. The study
was carried out during 2015-2016 at Department of Agricultural Meteorology, College of Agriculture,
VasantraoNaik Marathwada KrishiVidyapeeth, Parbhani at 19° 16' N latitude; 76° 47' E Longitude and 409
meters above mean sea level (MSL) The historical weather data, seed cotton yield and phenological data of
hybrid NHH-44 cotton variety from 1998 to 2010 was analysed. Seed cotton yield correlated with weather
parameters at each phenophase showed highly negative correlation with BSS at P7 and P8, minimum
temperature at P3 stage and rainfall at P9 stage where as positive correlation with maximum temperature at
P5 and P8 stage, rainfall at P1 stage and minimum temperature at P8 stage with seed cotton yield. The
Regression model explain 48 percent variation in seed cotton yield due to weather parameters at different
phenophases of NHH-44 hybrid.

Key words : Weather data, Phenological data, Seed cotton yield, Correlation, multiple
regression equation.

______________

Cotton is the world's most important fiber
crop and the second most important oil seed
crop. The primary product of the cotton plant
is lint that covers the seeds within the boll.

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 °C, to ensure healthy
and uniform stands (Oosterhuis, 2001). Many
factors, such as length of the growing season,
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climate (including solar radiation, temperature,
light, wind, rainfall, dew), cultivar, availability of
nutrients and soil moisture, pests and cultural
practices affect cotton growth (Sawan, 2012).
There are various management practices that
should be followed to help mitigate some of the
environmental risks associated with growing of
cotton. Linear regression models (Wanjura and
Barker, 1985; Muhidong, 1996; Pan, 2003)
were built to explain effects of climatic factors
on mature cotton fiber length and strength. In
India, some studies (Parthasarathy et al. 1992;
Kumar et al. 2011) have used the simplest way
of linear model wherein the meteorological
factors are directly included in a linear fashion.
The present attempt is based on the correlation
regression technique. The study involves seven
weather parameters (maximum and minimum
temperature, morning and evening relative
humidity, sunshine hours, precipitation and
number of rainy days on weekly basis) for
developing the three different statistical models
for predicting NHH - 44 hybrid seed cotton
yield for Parbhanidistrict.

Materials and Methods

Parbhani district is situated in the Godawari
drainage basin in the central part of the India.
The area is lying on the central part of
Marathwada region in Maharashtra.
Climatologically it comes under semi-arid, sub-
tropical region and agro climatologically is
identified as plain zone of Maharashtra. The
geographic location of the VNMKV, Parbhani is
19° 16' N latitude; 76° 47' E Longitude; 409
meters above mean sea level (MSL) in
Marathwada division of Maharashtra state.
Agroclimatically Parbhani comes under assured
rainfall zone. It has an average rainfall of 963
mm. The soil comes under order vertisol clay in
texture medium to deep black (Inceptisol-75% /
Vertisol-25). The major soils of the district are
derived from "Deccan trap" rock (basalt) which
is rich in iron, lime and magnesium (Gajbe et

al., 1976).The total surface area occupied by
the Parbhani district is 6511.58 km2.
Phenological and corresponding seed cotton
yield data of cotton crop was collected from
Department of Agricultural Meteorology,
V.N.M.K.V., Parbhani. This data was obtained
from 1998 to 2010 for NHH-44 hybrid as per
availability.

Statistical and economic analysis has been
carried out using Statistical Package for social
Sciences (IBM-SPSS). Karl Pearson's coefficient
between weather parameters viz., maximum
temperature, minimum temperature, rainfall
and sunshine hours was worked out. The data
were suitably illustrated with graphs and figures
at appropriate places.The statistical correlation
coefficients between seed cotton yield and
climatic variables namely rainfall, temperatures
and bright sunshine hours according to
phenophases was worked out using Pearson's
coefficient formula given by;

Where, r = correlation coefficient, x =
weather parameter, y = cotton yield, n =
number of years

The regression analysis was done to obtain
a regression equation based on the
phenological phases with weather parameter of
the crop. The regression equation will used to
predict seed cotton yield. Thus influence of
independent variable was worked out by using
the equation :

Y= a + b1X1P1 + b2X2P2 +……. + bnXnPn

Where, Y =  Dependent variable, X =
Independent variable (weather parameter), P =
Independent variable (Phenophases), b = Partial
regression coefficient, a   = Constant and n =
Total number of variables
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Results and Discussion

The year wise phenophases of cotton crop
variety (NHH-44) and weather parameters
(rainfall, maximum temperature, minimum
temperature and bright sunshine hours) were
correlated with seed cotton yield for Parbhani
district. Tables are arranged according to the
phenological stages with weather parameters of
Cotton crop along with seed cotton yield
observed during year 1998 - 2010 (As per data
available). Out of all the periods, the sensitive
periods of statistical and phenological
significance were selected for Parbhani district.

Rainfall was positively correlated with seed
cotton yield at P1 (0.291*) stage in respect of
NHH-44 cultivar while P9 (-0.375**) stage was
highly negatively correlated and remaining
stages of cotton crop were positively correlated
except P5 stage. However, the relationship was
not significant. (Table 1)  

Maximum temperature was positively
correlated with seed cotton yield at P5 (0.291*)
and P8 (0.296*) stage in respect of NHH-44
cultivar and remaining stages of cotton crop
were positively not significant except P6 and P9
stage had negative relationship (Table 1 ).   

Minimum temperature was positively
correlated with cotton seed yield at P8 (0.344*)

stage in respect of NHH-44 cultivar and P9
(-0.305*) stage was negatively correlated and
highly negatively correlated at P3 (-0.387**)
stage remaining stages of cotton crop had been
negatively not significant except P7 stage had
positive relationship  (Table 1).  

BSS had been highly negatively correlated
with seed cotton yield at P7 and P8 stages
(0.484**) and (0.382**), respectively also
negatively correlated at P6 stage (-0.288*) in
respect of NHH-44 cultivar and remaining
stages of cotton crop were negatively or
positively not significant or vice-versa (Table 1).
Similar result was reported by Sawan Zakira
(2012).

Emmanual and Johnson (2013) reported
that minimum temperature exhibited negative
correlation and was found to be statistically
significant at planting to leaf development
stage.

It means that rainfall at P9 stage, bright
sunshine hours at P7 and P8 stage and
minimum temperature at P3 stage are most
importantseed cotton yield contributing
weather parameters in Cotton crop. The
variation in productivity might be due to
changing cropped area under crop as well as
due to the seasonal weather conditions.
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Table 1. Correlation co-efficient exhibited by weather parameters prevailed in different phenophases with seed cotton yield
(NHH-44) of Parbhani district during 1998-2010

NHH-44 (1998-2010)

Parameters P1 P2 P3 P4 P5 P6 P7 P8 P9

Rainfall 0.291* 0.128 0.149 0.155 -0.215 0.210 0.214 0.201 -0.375**
T.max 0.202 0.243 0.123 0.129 0.289* -0.103 0.112 0.296* -0.150
T.min -0.137 -0.024 -0.378** -0.176 -0.076 -0.015 0.057 0.344* -0.305*
BSS -0.125 -0.270 -0.098 -0.003 0.040 -0.288* -0.484** -0.382** -0.140

* = Significant at 5% level, ** = Significant at 1% level 
P1 - Sowing to emergence, P2 - Emergence to Seedling, P3 - Seedling stage to square formation, P4 - Square formation to
flowering, P5 - Flowering to Boll formation, P6 - Boll formation to boll bursting, P7 - Boll bursting to 1st picking, P8 - 1st

picking to 2nd picking, P9 - 2nd picking to 3rd picking



The resultant multiple regression equation
was derived and expressed as 

Y = 2458.925 - 176.344 X1 P7 - 81.455
X2 P3 - 11.150 X3 P9 + 58.674 X4 P5

R2 = 0.48

Where, Y = Dependant variable (Seed
Cotton Yield), X1 P7 = BSS at boll bursting to
1st picking, X2 P3 = Minimum temperature at
seedling stage to square formation, X3 P9 =
Rainfall at 2nd picking to 3rd picking, X4 P5 =
Maximum temperature at flowering to boll
formation and R2 = Regression Coefficient.

The equation indicated that weather
parameters such as minimum temperature at
seedling stage to square formation stage, Bright
sunshine hours at boll bursting to 1st picking
stage and Rainfall at 2nd picking to 3rd picking
stage showed  negatively significant relation-
ship, while maximum temperature at flowering
to boll formation stage showed positively
significant effect on seedcotton yield. The
regression equation obtained showed R2 value
= 0.48. This implies that about 48 per cent of
variation in seed cotton yield with weather
parameters such as minimum temperature,

maximum temperature, rainfall and bright
sunshine hours at different phenophases.
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Table 2. Regression equation for different phenophases
and seed cotton yield of hybrid NHH-44 in
Parbhani district during1998-2010

Pheno- Parameters Regression R2

phases coefficients

P7 BSS (hrs) -176.344 0.48
P3 Tmin (°C) -81.455
P9 RF (mm) -11.150
P5 Tmax (°C) 58.674

P3 = Seedling stage to square formation, P5 = Flowering to
Boll formation, P7 = Boll bursting to 1st picking, P9 = 2nd

picking to 3rd picking

______________



Sorghum is a C4 crop. It is potentially more
efficient in carbon assimilation at high
temperature and drought conditions as
compared to C3 crops.  Sorghum is drought
tolerant and heat tolerant adapted to grow in
hot, arid or semiarid areas. Sorghum is the fifth
most important cereal crop next to rice, wheat,
maize and barley. It is the staple food of the
poor and the food insecure people, living
mainly in the semi-arid and tropical regions (Ali
et al., 2009 and Bibi et al., 2010). Global
climate changes, particularly the increase in
temperature, pose a challenge to crop
production across the world.Temperature
affects the growth of plant in numerous ways

from germination to maturity by influencing
various physiological processes. Heat stress is
one of the abiotic constraints responsible for
accumulation of reactive oxygen species (ROS),
which are detrimental to plant cells causing
damage to DNA, proteins, lipids. Increased
temperature affects yield and yield contributing
traits. The reduction in panicle length, number
of spikelet's, seed set percentage are strongly
correlated with seed yield. There are few
adaptation strategies available to cope up with
elevated temperature at the developmental
stages. The foliar application of plant growth
regulators is one of the technique to mitigate
the effect of elevated temperatures on plant
growth.  In view of this the field experiment was
carried out to see the effect of elevated
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Abstract
Global climate changes, particularly the increase in temperature cause a challenge to crop production

across the world. The elevated temperature hampered the physiological, biochemical processes of plant which
leads to reduction in yield. There are few adaptation strategies available to cope up with elevated temperature
at the developmental stages. The foliar application of plant growth regulators is one of the technique to
mitigate the effect of elevated temperatures on plant growth. Sorghum is a drought tolerant crop. The
experiment was laid out in randomized block design (RBD) with three replications. The spacing was kept at
45 x 15 cm. The sowing was done in the month of October and another sowing was done in the month of
January. Two dates of sowing was adopted in such a way that one set would caught in heat stress for flowering
and seed setting may take place in heat stress. The treatments were foliar application with Salicylic acid (800
ppm) (F2), Salicylic acid (400 ppm) (F3), Ascorbic acid (10 ppm) + Citric acid (1.3%) (F4), α - tocopherol (150
ppm) (F5), KCl 1% (F6), Brassinolides (0.3 ppm) (F7) alongwith Control (F1). The data revealed that the seed
yield and quality parameters was significantly influenced due to temperatures and foliar application of
chemicals (PGR). Foliar application of PGRs had significant effect on seed yield and quality of sorghum
irrespective of temperature during different sowings. Panicle length (16.71 cm), no. of spikelets (1604.00),
no. of filled spikelets (1381.33), seed set (85.97%), seed yield plant-1 (43.47 g), seed yield plot-1 (388.52 kg),
seed yield ha-1 (1942.60 kg), germination (85.33%), root shoot length (31.66 cm), dry matter content (0.187
g), vigour index I (2744.67) and vigour index II (15.80) were significantly higher in foliar application of salicylic
acid (800 ppm) . 

Key words :  Mitigate, ROS, salicylic acid, sorghum, germination, vigour index.

1. Seed Research Officer, 2. Sr. Res. Asstt. and 3.
Chief Scientist (Seeds).



temperature on sorghum during rabi 2015-16
at Seed Technology Research Unit Farm,
Mahatma Phule Krishi Vidyapeeth, Rahuri.

Materials and Methods

Fresh seed of Swati variety was collected
from Sorghum Improvement Project, MPKV,
Rahuri. A field experiment was carried out
during rabi 2015-16 at Seed Technology
Research Unit Farm, Mahatma Phule Krishi
Vidyapeeth, Rahuri. The experiment was laid
out in randomized block design (RBD) with
three replications. The spacing was 45 x 15
cm. The sowing was done in the month of
October and another sowing was done in the
month of January. Two dates of sowing was
adopted in such a way that one set would
caught in heat stress for flowering and seed
setting may take place in heat stress. During the
month of December 2015 the range of
maximum temperature was 29.0 to 33°C
while, in the month of March 2016 the range
of maximum temperature was 34.5 to 39°C. It
was observed that the temperature elevated by
5.5 to 6.0°C during the flowering period with
January sowing. The treatments were foliar
application with Salicylic acid (800 ppm) (F2),
Salicylic acid (400 ppm) (F3), Ascorbic acid (10
ppm) + Citric acid (1.3%) (F4), α - tocopherol
(150 ppm) (F5), KCl 1% (F6), Brassinolides (0.3
ppm) (F7) along with Control (F1). All
recommended crop management packages of
practices were followed to raise the crop. Foliar
application of PGRs were applied twice at
preflowering and post flowering stages. The
observations were recorded on five randomly
selected plants in each replication. The data
was statistically analyzed with methods
suggested by Panse and Sukhatme (1985).

Results and discussion

The data on effect of temperature during
normal sowing and sowing under elevated
temperature and foliar application of PGRs on

seed yield and quality parameters of Sorghum
are presented in Table 1 and 2. The data
revealed that the seed yield and quality
parameters were significantly influenced due to
temperatures and foliar application of
chemicals (PGR). During the month of
December 2015 the range of maximum
temperature was 29.0 to 33°C while, in the
month of March 2016 the range of maximum
temperature was 34.5 to 39°C. It was observed
that the temperature elevated by 5.5 to 6.0°C
during the flowering period with January
sowing.

A) Effect of temperature: (Normal sowing
and sowing under elevated temperature)

Chlorophyll Stability Index :
Temperature during normal sowing and sowing
under elevated temperature had significant
effect on chlorophyll stability index irrespective
of PGR spraying. The chlorophyll stability index
was lower in normal sowing date both at
preflowering (0.071) and post flowering
(0.137) stages. In the present investigation CSI
values are higher under elevated temperature
(1.78 at pre flowering stage and 0.273 at post
flowering stage.) Ulemale et al. (2013) reported
that CSI was minimum under moisture stress
condition in all chickpea genotypes. Yadava et
al. (1991) evaluated fodder sorghum genotypes
for drought tolerance and observed lower rate
of CSI in sorghum genotypes. The average
temperature at the time of flowering was 29 to
33°C during normal sowing and 34.5 to 39 °C
at sowing under elevated temperature. It was
observed that the temperature elevated by 5.5
to 6.0°C during the flowering period of January
sowing.  De Silva et al. (1979) reported that
reduction in chlorophyll content under water
stress and high temperature stresses was due to
loss of chloroplast membrane integrity, which
was associated with enhanced activity of acid
phosphates localized on the chlorophyll
membrane.
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Table 1. Effect of normal and sowing under elevated temperature and PGR foliar application on seed yield and quality
parameters of Sorghum

Treatments CSI CSI Panicle No. of No. of Seed Seed 
at pre at post length spikelets filled set yield-1

flowering flowering (cm) panicle-1 spikelets (%) plant 
stage stage panicle-1 (g)

Sowing dates
15th October (S1) 0.071 0.137 16.99 1313.58 1115.66 84.42 43.05

15th January (S2) 0.166 0.230 14.27 1173.47 894.28 75.04 32.98

SE ± 0.004 0.006 0.13 16.60 13.74 0.51 0.45

CD at 5% 0.012 0.017 0.39 48.53 40.16 1.51 1.33

Foliar application
Control  (F1) 0.178 0.273 14.14 951.16 653.83 68.05 32.12

Spray with Salicylic acid (800 ppm) (F2) 0.070 0.113 16.71 1604.00 1381.33 85.97 43.47

Spray with Salicylic acid (400 ppm) (F3) 0.090 0.169 16.49 1358.25 1119.83 82.29 39.87

Spray with Ascorbic acid (10 ppm) + 0.082 0.151 15.81 1461.00 1224.00 83.80 41.92
Citric acid (1.3%) (F4)

Spray with α tocopherol (150 ppm) (F5) 0.117 0.183 15.86 1268.53 1041.83 81.95 37.42

Spray with KCL 1% (F6) 0.164 0.220 15.41 999.08 781.33 78.23 35.54

Spray with Brassiloides (0. 3ppm) (F7) 0.130 0.173 14.99 1062.68 832.66 77.83 35.80

SE ± 0.007 0.011 0.25 31.06 25.70 0.96 0.85

CD at 5% 0.022 0.032 0.73 90.80 75.13 2.82 2.49

Table 1. Contd.

Treatments Seed Germination Root Dry Vigour Vigour 
yield (%) shoot matter index I index II
kg ha-1 length content 
(kg) (cm) (g)

Sowing dates
15th October (S1) 1842.01 83.79 (66.56) 32.86 0.179 2759.92 15.08

15th January (S2) 915.10 78.40 (62.34) 22.99 0.157 1803.65 12.36

SE ± 32.35 0.45 0.60 0.003 51.16 0.24

CD at 5% 94.55 1. 32 1.74 0.008 148.97 0.70

Foliar application
Control (F1) 992. 30 78.00 (62.03) 24.50 0.141 1916.67 10.97

Spray with Salicylic acid (800 ppm) (F2) 1942.60 85.33 (68.26) 31.66 0.183 2744.67 15.80

Spray with Salicylic acid (400 ppm) (F3) 1319.37 80.67 (63.92) 29.99 0.187 2426.10 15.08

Spray with Ascorbic acid (10 ppm) + Citric acid (1.3%) (F4) 1673.40 82.83 (65.76) 28.75 0.176 2391.83 14.60

Spray with α tocopherol (150 ppm) (F5) 1397.75 77.25 (61.50) 29.66 0.161 2299.17 12.43

Spray with KCL 1% (F6) 1087.15 79.17 (62.88) 24.51 0.170 1948. 31 13.48

Spray with Brassiloides (0.3ppm) (F7) 1237.33 84.42 (66.99) 26.41 0.162 2245.75 13.65

SE ± 60.52 0.85 1.11 0.005 95.71 0.45

CD at 5% 176.89 2.47 3.25 0.014 278.70 1. 31

Figures in parenthesis are Arc sin transformed values



Seed yield and yield contributing
traits: Temperature during normal sowing and
sowing under elevated temperature had
significant effect on seed yield and yield
contributing traits of sorghum irrespective of
PGR spraying. Panicle length (16.99 cm) no. of
spikelet's plant-1 (1313.58), no. of filled
spikelets (1115.66), seed set  (84.42%), seed
yield plant-1 (43.05 g), seed yield plot-1

(368.40 kg) and seed yield  ha-1 (1842.02 kg),
were significantly higher at normal sowing (15th

October sowing date) as compared to sowing
under elevated temperature. The reduction in
yield and yield contributing traits under elevated
temperature might be due to various factors
such as decreased rate of photosynthesis
(Flexas et al., 2004), disturbed assimilate
partitioning (Farooq et al., 2009) Temperature
is a very important primary factor affecting the
rate of plant growth and development. Warmer
temperature during plant growth would greatly
affect crop productivity. Elevated temperature
may causes increase in oxidative stress, affect
fertility of flowers and leads to poor seed set.
Elevated temperature leads to the production of
reactive oxygen species (ROS) in plants which
are highly reactive and toxic and causes
damage to proteins, lipids, carbohydrates and
DNA which ultimately results in oxidative stress.
ROS are group of free radicals, reactive
molecules and ions that are derived from O2.
The most common ROS includes singlet
oxygen (¹O2), superoxide radicals (O2), H2O2
(Hydrogen peroxide) and hydroxyl radicals
(.OH). Enhanced level of ROS can alter intrinsic
membrane properties like fluidity, ion
transport, loss of enzymatic activity, protein
cross linking, inhibition of protein synthesis,
DNA damage and ultimately cell death.
Increase in temperature may cause 2.5 to 10
per cent decline in grain yield.  

Seed quality parameters : Temperature
during normal sowing and sowing under

elevated temperature had significant effect on
seed quality parameters of sorghum irrespective
of PGR spraying. germination (83.79%), root
shoot length (32.86 cm), dry matter content
(0.179 g), vigour index I (2759.92) and vigour
index II (15.08) were significantly higher at
normal sowing (15th October sowing date) as
compared to sowing under elevated
temperature. Hampton et al., (2013) reported
that environmental changes lead to the loss of
seed quality particularly seed vigour and seed
germination. Quality seed is an important
aspect in crop production. Global climate
change have influenced on crop yield but will
these changes affect seed quality is an
important issue. High temperature stress before
developing seeds reach physiological maturity
can reduce germination by inhibiting the ability
of the plant to supply the assimilates necessary
to synthesize the storage compounds required
for germination. High temperature during seed
filling frequently disrupt normal seed
development which increases the proportion of
seeds that are shrivelled, abnormal and are of
lower quality which leads to poor germination
and seed vigour (Spears et al., 1997). 

B)  Effect foliar application of PGRs :

Chlorophyll Stability Index : Foliar
application of PGRs had significant effect on
chlorophyll stability index in sorghum. After
spraying of salicylic acid (800 ppm) the CSI
values were lower (0.70 at pre flowering stage
and 0.113 at post flowering stage). Yadava and
Bhatt (1989) indicated that relatively more
drought tolerant oat varieties recorded the
lower values of CSI. CSI could be successfully
used for rapidly screening of germplasm/
cultivars for drought tolerance. 

Seed yield and yield contributing
traits: Foliar application of PGRs had
significant effect on seed yield and yield
contributing traits of Sorghum irrespective of
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Table 2. Interaction effects normal and sowing under elevated temperature and PGR foliar application on seed yield and
quality parameters of Sorghum

Treatments CSI CSI Panicle No. of No. of Seed Seed 
at pre at post length spikelets filled set yield-1

flowering flowering (cm) panicle-1 spikelets (%) plant 
stage stage panicle-1 (g)

S1F1 0.109 0.166 15.74 1035.67 796.33 77.09 36.18

S1F2 0.050 0.092 17.66 1646.33 1487.67 90.40 49.15

S1F3 0.060 0.144 17.49 1440.50 1224.33 85.04 44.81

S1F4 0.055 0.110 17.25 1469.33 1313.33 89.53 48.49

S1F5 0.065 0.144 17.00 1341.07 1144.33 85.37 42.04

S1F6 0.087 0.153 16.85 1036.83 846.00 81.99 40.44

S1F7 0.072 0.147 16.98 1225.37 997.67 81.52 40.30

S2F1 0.247 0.380 12.54 866.67 511.33 59.00 28.07

S2F2 0.089 0.134 15.77 1561.67 1275.00 81.55 37.79

S2F3 0.119 0.194 15.51 1276.00 1015.33 79.56 34.93

S2F4 0.108 0.192 14.37 1452.67 1134.67 78.07 35.36

S2F5 0.169 0.222 14.72 1196.00 939.33 78.54 32.80

S2F6 0.241 0.286 13.96 961.33 716.67 74.47 30.65

S2F7 0.189 0.199 13.01 900.00 667.68 74.15 31.32

SE ± 0.010 0.016 0.355 43.93 36.35 1.37 1.209

CD at 5% 0.030 0.046 NS 128.42 NS 4.00 NS

Table 2. Contd.

Treatments Seed yield Germination Root shoot Dry matter Vigour Vigour 
kg ha-1 (%) length content index I index II
(kg) (cm) (g)

S1F1 1449.47 79.33 (62.95) 29.50 0.153 2342.17 12.10

S1F2 2555.73 93.00 (74.73) 37.33 0.209 3472.67 19.50

S1F3 1769.82 82.00 (64.89) 35.50 0.201 2909.67 16.50

S1F4 2236.80 84.33 (66.72) 33.50 0.180 2823.17 15.13

S1F5 1850.70 78.50 (62.36) 34.50 0.163 2707.83 12.83

S1F6 1460.67 81.67 (64.65) 28.70 0.181 2342.30 14.80

S1F7 1570.90 87.67 (69.64) 31.00 0.167 2721.67 14.67

S2F1 535.12 76.67 (61.11) 19.50 0.129 1491.17 9.83

S2F2 1329.47 77.67 (61.80) 26.00 0.156 2016.67 12.10

S2F3 868.90 79.33 (62.95) 24.83 0.172 1942.53 13.67

S2F4 1110.00 81.33 (64.43) 24.00 0.173 1960.50 14.07

S2F5 944.80 76.00 (60.65) 24.83 0.158 1890.50 12.03

S2F6 713.63 76.67 (61.11) 20.33 0.159 1554.33 12.17

S2F7 903.77 81.17 (64.33) 21.83 0.156 1769.83 12.63

SE ± 85.58 1.20 1.581 0.007 135. 36 0.635

CD at 5% 250.16 3.50 NS 0.020 NS 1.85

Figures in parenthesis are Arc sin transformed values



temperature during different sowings. Panicle
length (16.71 cm), no. of spikelets (1604.00),
no. of filled spikelets (1381.33), seed set
(85.97 %), seed yield plant-1 (43.47 g), seed
yield plot-1 (388.52 kg), seed yield ha-1

(1942.60 kg) were significantly higher in foliar
application of salicylic acid (800 ppm) followed
by ascorbic acid (10 ppm) + citric acid (1.3%)
irrespective of sowing time.  Hays et al., (2007)
reported that heat stress after anthesis  has
detrimental effect on wheat grain yield by
hastening maturity, triggering premature
senescence, shortening grain filling duration,
reducing net assimilates. Foliar application of
salicylic acid @800 ppm  found most effective
in enhancing yield and yield components under
high temperature condition. Salicylic acid is a
natural occurring plant hormone that influences
various physiological and biochemical functions
in plant. Khan (2003) that application of
salicylic acid enhanced photosynthetic rate, leaf
area and plant dry matter production which
leads to increase in yield and yield components.  

Seed quality parameters : Foliar
application of PGRs had significant effect on
seed quality parameters viz; germination, root
shoot length, vigour index I & II. of Sorghum
irrespective of temperature during different
sowings. Germination (85.33%), root shoot
length (31.66 cm), dry matter content (0.187
g), vigour index I (2744.67) and vigour index II
(15.80) were significantly higher in foliar
application of salicylic acid (800 ppm)
irrespective of sowing time.  Salicylic acid
significantly improves Arabidopsis seed
germination and seedling establishment under
different  abiotic stress conditions (Rajjou et al.,
2006, Alonso- Ramirez et al., 2009). 

C)  Interaction effect :

The interaction effect of temperature during
normal sowing and sowing under elevated
temperature and foliar application of PGRs
had significant effect on seed yield and seed

quality parameters. Number of spikelets plant-1

(1646.33), seed set (90.40%), seed yield
plot-1 (511.14 kg) and seed yield ha-1 (2555.74
kg) were significantly higher in foliar application
of salicylic acid (800 ppm) at normal sowing. At
elevated temperature the panicle length (12.54
cm), no. of spikelets (866.67), no. of filled
spikelets (511.33), seed set (59.00%), seed
yield plant-1 (28.07 g), seed yield plot-1

(107.02 kg), seed yield ha-1 (535.12 kg),
germination (76.67%), root shoot length
(19.50 cm), vigour index I (1491.17) and
vigour index II (9.83) were significantly lower in
control than the PGRs sprayings. The effect of
elevated temperature could be mitigated with
the spray of  salicylic acid (800 ppm), which
could increase the panicle length (25.8 %), no.
of spikelets (80.2%), no. of filled spikelets
(149.4%), seed set (38.2%), seed yield plant-1

(34.6%), seed yield plot-1 (148.5%), seed yield
ha-1 (148.5%), germination (1.30%), root
shoot length (33.3%), dry matter content
(20.9%), vigour index I (35.2%) and vigour
index II (23.1%) as compared to control at
elevated temperature sowing.

Conclusion

Under the late sowing seed yield and seed
quality parameters decreased. Decreased seed
yield due to affecting growth and development
processes, lowering the yield component
potential and affecting the activity of key
enzymes. Foliar application of salicylic acid
found most effective to reduce the effect of
temperature. Because salicylic acid is a key
regulator of plant cell by inhibiting reactive
oxygen species, it regulates gene expression
that might participate in seed germination and
senescence regulation.  
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Rainfed agriculture is a complex, diverse
and risk prone eco-system that occupies near
about 70 percent of total cultivable land (180.5
mha) in India. The country receives ample
annual rainfall of 1100 mm; however its spatial
and temporal distribution makes the rainfed

agriculture a risky proposition to the farmers.
The rainwater harvesting and its recycling is the
suitable option to reduce rainfall risk
substantially and to stabilize the crop
production from rainfed agriculture. This
concept was previously adopted as water
conservation strategy for arid and semi-arid
areas, but recently it has been extended to sub-
humid and humid regions too because of erratic
and uneven rainfall distribution. Rainwater
harvesting has been practiced for centuries ago
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Abstract
Although our country receives ample annual rainfall of 1100 mm, its spatial and temporal distribution

makes the rainfed agriculture a risky proposition to the farmers. The concept of rainwater harvesting and its
recycling is the better option to the farmers under rainfed agriculture to reduce rainfall risk and to stabilize the
crop production. This concept has been practiced since long time and considerable work has been reported
on farm reservoirs/or farm ponds but not much work has been done on the methodology for its optimum
design. Present study deals with developing and application of runoff simulation model for deciding optimal
storage capacity of rainwater harvesting storage (RWHS) tanks for supplementary irrigations to the kharif
crops in small agricultural watersheds falling under Sub-montane zone of Maharashtra. The simulation model
incorporates inflow simulation using HEC-HMS model, crop-water demand model and optimization model
based on Linear Programming (LP) optimization technique in the framework of Implicit Stochastic
Optimization (ISO) strategy. The inflow simulation model simulates daily inflow using soil moisture accounting
(SMA) process of HEC-HMS, whereas the crop-water demand model decides the day and depth of
supplementary irrigations based on daily soil-water deficit and optimization model optimizes the active storage
capacity of RWHS tanks. The calibration and validation of inflow simulation model was done using gauged
daily data of 16 years (1991-2008 except 1997 and 2002). The study reveals that model simulates near about
23.43% of total seasonal rainfall as total runoff after satisfying all losses like canopy interception and surface
depression (10.64%), soil ET (19.38%) and percolation to upper GW layer (46.55%). The storage capacity
of RWHS was optimized for individual years based on daily-simulated runoff and daily crop-water demand
using LP optimization technique. It varies from year to year depending on rainfall amount, its distribution,
inflow generated, crop-water demand and storage dependent losses. Based on minimum surplus and
minimum deficit using Implicit Stochastic Optimization (ISO) strategy, the storage capacity 60.30 ha-cm for
small agricultural watersheds admeasuring near about 12.0 ha area was found to be optimal. It was
economically optimal in view of construction cost for construction due to minimum surplus and safe for kharif
crops due to minimum deficit. The simulation model so developed will be of great use to the designers,
planners and even NGOs for deciding optimal storage capacity RWHS in similar other ungauged watersheds
in the Sub-montane zone. 
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and considerable work has been reported on-
farm-scale reservoirs/or farm ponds
(Srivastava, 1992), but not much work has been
done on the methodology for its optimum
design (Srivastava, 2001; Shinde et al., 2004
and Roy, 2009). 

Most of the on-farm reservoirs (OFRs) are
designed on thumb rule due to limited
information on stochastic nature of storage
availability and irrigation requirements of
rainfed crops at critical growth stages. These
estimates tend to be conservative resulting in
either larger or smaller sizes than required
(Palmer et al. 1982 b). An over designed OFR
can meet the supplemental irrigation needs of
the crops but it may not be economical,
whereas an under designed OFR though
economical, but may not be able to meet the
irrigation needs of the crops at all times. The
OFRs constructed under National Watershed
Development Programme (NWDP) by the
government/non-government organizations
(NGOs) in India are based on fixed percentage
of field area as OFR size, which are not optimal
one (Roy et al. 2009). These facts are also
supported by Panigrahi and Panda (2003) for
supplemental irrigation in sub-humid region of
India. 

The simulation studies carried out by Verma
and Sarma (1990); Srivastava (1996 a, 1996b
and 2001); Ambast and Sen (1998); Panigrahi
et al. (2001); Pangrahi and Panda (2003) and
Shinde et al. (2005, 2011) for deciding optimal
size of RWHS structure are based on crop-
water and field water balance. These works are
based on a single crop or a particular cropping
system with a particular irrigation management
practice and soil type in particular region. Roy
et al. (2009) developed the user-friendly
software, which is flexible enough to use for
any cropping systems, irrigation management
practices, soil types etc; however the

methodologies so far developed are based on
field scale and not on watershed scale. Present
paper therefore deals with development of
simulation model and its application to small
agricultural watershed under Sub-montane
Zone of Maharashtra for deciding the optimum
storage capacity of rainwater harvesting storage
(RWHS) tanks. The simulation model
incorporates inflow simulation model using
HEC-HMS, crop-water demand model and
optimization model based on linear
programming (LP) technique in the frame work
of Implicit Stochastic Optimization (ISO)
concept. The model optimizes both storage
capacity of RWHS tanks and cropped area to
be brought under supplementary irrigations.
The simulation model optimizes the storage
capacity of RWHS using daily inflow, daily
crop-water demand and storage dependent
losses. The model will be of great use to the
planners, designers, extension agencies and
non-government organizations (NGOs) for
deciding optimum storage capacity of RWHS
tanks in similar ungauged watersheds in the
Sub-montane Zone of Maharashtra. 

Method and model development 

The step-by-step procedure for formulation
of simulation model is described as below:

Inflow simulation using HEC-HMS
model : The inflow simulation model was
formulated using soil moisture accounting
(SMA) process (Benett, 1998), Clark transform
(Clark, 1945) and recession baseflow methods
(Chow et al., 1988) of HEC-HMS model (v
3.1.0), which is a physically based semi-
distributed model developed by U.S. Army
Corps of Engineers (USACE-HEC, 2006). The
SMA process is the precipitation loss method
used for detailed accounting of soil moisture
movement and storage of water through
canopy vegetation, soil surface, soil profile and

Journal of Agriculture Research and Technology 101



two groundwater layers (Fleming and Neary,
2004). Only upper GW layer was considered
for shallow subsurface flow, whereas the lower
GW layer, representing more extensive aquifer
and hydraulically connected to stream, was
omitted for small watershed. 

Optimization of model parameters :
There are 14 parameters and 5 initial storage
conditions identified for the SMA process of
HEC-HMS model. Model parameters such as
storage capacities of upper soil and tension
zones, soil infiltration rate, time of
concentration (tc), storage coefficient (R) and
recession constant (k) were derived from the
event based modeling and from watershed
physiographic and soil-water characteristics
(Chunale, 2013). Six model parameters viz.
storage capacities of canopy vegetation and
surface depression, percolation rates of soil and
upper GW layer, storage capacity and storage
coefficient of upper GW layer that that cannot
be estimated or determined by direct method
were optimized using observed rainfall-runoff
data (1991-2008 except years 1997 and

2002). The optimum model parameters were
decided based on Implicit Stochastic
Optimization (ISO) strategy. 

Crop-water demand model : Crop-water
demand model decides the day and depth of
supplementary irrigation based on daily soil-
water deficit using soil-water budgeting
equation (Allen et al., 1998).

Dc = Dp + ETc - P - Irr - U+ SRO + DP  ...(1)

Where, Dc = soil-water deficit (net irrigation
requirement) in the root zone on the current
day, mm; Dp = soil water deficit on the
previous day, mm; ETc = crop evapo-
transpiration rate for the current day, mm.

ETc = Kc*ETr                                 …(2)

Where, ETr = reference crop evapo-
transpiration, mm/day estimated from
Penman-Monteith method (Allen et al., 1998);
Kc=stage wise crop coefficient as per
Doorenbos and Kassam (1979); P = gross
precipitation for the current day, mm; Irr = net
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Table 1. Model parameters of SMA process of HEC-HMS optimized for individual years  (1991-2008)

Year Canopy Surface Soil GW1 GW1 GW1 PEV PEPF
capacity capacity perco. perco. storage storage % %
mm mm mm h-1 mm h-1 mm coeff., h

1991 1.00 1.50 1.60 1.40 22.50 2.00 -15.89 -4.04
1992 0.92 0.90 0.90 0.90 20.10 2.35 +9.93 +8.10
1993 0.90 1.05 0.90 0.90 20.15 2.35 +7.02 +7.39
1994 0.86 0.85 0.93 0.92 20.50 2.00 +6.90 +7.89
1995 0.75 0.85 1.19 1.00 20.00 2.00 -3.18 +3.34
1996 0.83 0.93 1.52 1.15 22.10 2.00 -8.66 -2.43
1998 1.20 1.20 1.50 1.20 23.20 2.00 -15.53 -3.73
1999 1.25 1.10 1.30 1.00 22.50 2.00 +6.67 +2.06
2000 1.50 1.10 1.55 1.35 22.50 2.00 -16.24 -3.31
2001 1.30 1.45 1.30 1.05 22.00 2.00 -10.34 -2.95
2003 1.40 1.43 1.35 1.15 22.20 2.00 -10.03 -3.37
2004 0.95 1.02 0.95 0.96 20.00 2.30 +6.70 +6.89
2005 1.80 1.90 1.36 1.39 23.90 2.50 -18.45 -6.48
2006 1.15 1.15 0.90 1.20 22.40 2.00 +6.04 +6.33
2007 1.23 1.22 0.97 0.80 22.60 2.00 +2.45 +2.51
2008 0.90 0.85 0.90 0.80 20.80 2.15 +9.75 +8.30



irrigation on the current day, mm; U = upward
flux of shallow ground water into the root zone,
mm; SRO=surface runoff, mm and DP = deep
percolation or drainage, mm.

The variable U was taken as zero, as the
water table in many field situation is
significantly deeper than the root zone,
whereas other variables SRO and DP were
accounted by setting Dc equal to zero,
whenever water addition (P and Irr) to the root
zone is greater than Dp + ETc. The eq. (1) was
simplified as:

Dc= Dp + ETc - P- Irr                      ...(3)

The managed allowed depletion (MAD)
was considered 50 percent of available water
capacity of root zone (AWC). The model
decides the day and depth of supplementary
irrigation to ith crop on tth day, when the soil-
water deficit (Dc) > depth of available water in
the root zone (dMAD).

MAD *AWC*Drz
dMAD =  ––––––––––––––––––             ...(4)

100

n

Dt = Σ Ai * IRit / Ef fn                    ...(5)
t = 1

Where, Ai is the area under ith crop, ha; IRit
is soil-water deficit or irrigation requirement
(cm) of ith crop on tth day and Effn is the
irrigation efficiency, %. Daily crop-water
demand (Dt) for pre-specified crop-mix of unit
area was worked out using eqn. (2).

Optimization model based on LP
technique : Optimization model was
formulated using Linear Programming (LP)
Technique for daily inflow, daily crop-water
demand and daily storage dependent losses
such as evaporation and seepage (Vedula and
Mujumdar, 2005). The objective function (Z)
was considered as to minimize the storage

capacity (K) of RWHS tank subjected to
following storage continuity constraints and
non-negativity restrictions.  

(1- at - θt St + Q-Rt-E0 = (1+at+ θt )St+1 for
all t ...(6)

Storage in each period is bound by the
capacity, K.

St < K for all t;                          ... (7)

Additional constraint Rt > Dt for all t was
incorporated to ensure fulfillment of crop-
demand (Dt) in every period (t) and to take care
of spill, if any during excess flow. 

St and Rt > 0 for all t                     ... (8)

Where, K = Storage capacity of RWHS,
cum; St  = storage, cum on tth day; Qt,= daily
inflow on tth day, cum/day; Rt = daily release
on tth day, cum/day; and Dt = daily crop-water
demand on tth day, cum; at = a*et/2, cum/day;
a = surface area per unit active storage or slope
of straight line; et = evaporation rate in period,
t, mm; Eo = fixed evaporation loss from dead
storage, cum; = Ao*et; A0 = water surface area
at the top of dead storage level, sqm; θt =
seepage factor in period, t; ST+1= S1, where, T
is the last period in the sequence.
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Table 2. Overall seasonal water budget of Shenda park
watershed

Water budget Contribution Percentage 
parameters mm (%)

Rainfall 1053.00 --
Initial loss 112.05 10.64
Soil infiltration 795.37 75.53
Soil percolation 591.31 56.15
Soil evapo-transpiration 204.07 19.38
Upper GW storage 56.51 05.37
Upper GW percolation 77.75 07.38
Upper GW lateral flow 355.94 33.78
Excess rains 145.59 13.83
Interflow 101.10 09.60
Total runoff 246.69 23.43



Evaporation (E0 and θt) and seepage (θt)
losses were worked out on the basis of storage
area (A) per unit active storage of reservoir (S)
using power-fit relationship as A = pSq. The
seepage factor (θt) was considered daily basis as
suggested by Stone and Boyd (1989) in Unified
Soil Classification System (USCS). The model
optimizes the storage capacity of RWHS tanks
and cropped area to be brought under
supplementary irrigations for individual years
(Fig. 1). The cropped area (Ai) was varied till the
release component (Rt) from RWHS nearly
equal to crop-water demand (Dt). It was run on
daily basis during kharif season from 20-25
May to 31 December. 

Model application : The simulation model
so formulated (Fig. 1) was applied to small
agricultural watershed (12.1 ha) at Zonal
Agricultural Watershed, Shenda park farm,
Kolhapur. The watershed represents typical
agro-climatic situation of Sub-montane Zone of

Maharashtra. It is gauged watershed with
observed rainfall-runoff data (1991-2008). The
land slopes ranges from 5.5 to 8.5 percent with
reddish brown to medium black soils tending
towards lateritic in nature with varying depth
and texture due to geological and climatic
changes. The cropping pattern is mainly
dominated by kharif crops viz., paddy,
groundnut, soybean, finger millet, maize,
sorghum etc. 

Data acquisition : The relevant data on
soil and topography (L.S. No. 594/A, 594/B
and 603) along with daily rainfall-runoff for 16
years (1991-2008 except 1997 and 2002 for
want of consistent data) were obtained from
ZARS., Kolhapur. 

Analysis of results  

Optimization of model parameters :
Six model parameters identified for SMA
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Table 3. Storage capacity of RWHS structure and cropped area optimized for individual years using LP model (1991-2008)

Year Rain Inflow Eo Release components Storage Cropped 
mm (Qt),  ha- ––––––––––––––––––––––––––––––––– capacity area 

ha-cm cm Crop Spill, Total (K) (Ai)
demand ha-cm release ha-cm ha
(Dt), (Rt), 
ha-cm ha-cm

1991 1259.4 382.05 8.77 123.65 218.50 342.15 58.94 6.00
1992 866.9 145.59 6.59 41.10 56.90 98.00 47.51 2.00
1993 1379.4 376.00 11.41 67.55 257.45 325.00 69.20 3.00
1994 1596.0 390.52 10.17 58.60 279.57 38.17 63.94 3.00
1995 984.3 230.60 7.36 76.50 116.01 192.51 52.41 3.00
1996 1027.6 292.08 11.92 73.05 160.77 233.82 42.79 3.20
1998 1508.8 227.87 14.73 35.35 129.97 165.32 67.81 3.20
1999 1169.3 351.04 8.72 54.65 245.97 300.62 77.94 3.00
2000 844.7 232.85 12.76 53.15 120.18 173.33 43.38 2.60
2001 744.8 164.71 11.29 29.15 72.93 102.08 49.97 2.50
2003 572.5 54.84 9.32 25.80 2.68 28.48 30.01 1.50
2004 1026.3 268.82 12.18 102.30 108.65 210.95 60.30 4.00
2005 1913.9 777.01 9.43 144.00 601.11 745.11 58.34 6.00
2006 1463.7 314.27 8.01 71.50 212.20 283.70 66.15 3.60
2007 1093.3 309.05 10.35 61.75 169.50 231.25 65.90 3.50
2008 1192.8 258.70 12.21 107.25 76.39 183.64 65.59 5.50
Mean 1165.2 298.50 10.33 70.33 16.80 247.13 57.51 3.50



process of HEC-HMS were optimized using
observed rainfall-runoff data for individual years
(1991-2008). These parameters were found
varying from year to year. The storage
capacities of canopy vegetation and surface
depression vary from 0.75 to 1.80 mm and
0.85 to 1.90 mm, respectively. The
percolation rates of soil and upper GW layer
varies from 0.90 to 1.55 mm h-1 and 0.80 to
1.39 mm h-1, respectively, whereas the storage
capacity and storage coefficient of upper GW
layer vary from 20.00 to 23.90 mm and 2.00
to 2.50 h; respectively (Table 1). The possible
reason for the variation may be due to linear
structure of SMA algorithm used for simulating
rainfall-runoff process; which is non-linear in
nature. The optimum parameters viz. canopy
capacity = 1.23 mm, surface capacity = 1.22
mm, percolation rates of both soil and upper
groundwater (GW) layer = 1.00 and 0.80 mm
h-1 and storage capacity and storage coefficient
of upper GW layer = 22.60 mm and 2.00 h,

respectively for year 2007 based on Implicit
Stochastic Optimization were used for inflow
simulation model (Table 1). 

Inflow simulation : The seasonal water
budget simulated by the model (Table 2) reveals
that the total rainwater generated from the
watershed in the form of surface and sub-
surface runoff (interflow) was found to be 23.43
percent of total seasonal rains after satisfying all
the losses like canopy interception (10.64 %),
soil ET (19.38 %), and percolation to upper
GW layer (46.55 %).

Optimized storage capacity (K) and
cropped area (Ai) : The storage capacity of
RWHS structure (K) optimized for individual 16
years (1991-2008) using LP optimization
technique varies from year to year depending
on rainfall amount, its distribution, inflow
pattern and crop-water demand. It varies from
minimum of 3000.6 cum during year 2003 to
maximum of 7794.3 cum during year 1999,
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Table 4. Optimal size of RWHS based on ISO strategy (1991-2008)

Year Storage Surplus/deficit in water storage for different cropped area, ha-cm
capacity –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
(K),  ha-cm 1.00 ha 2.00 ha 3.00 ha 4.00 ha 5.00 ha 6.00 ha

1991 58.94 23.91 16.81 7.42 -2.78 -13.73 -24.77
1992 47.51 25.13 17.10 7.29 -4.77 -17.91 -32.07
1993 69.20 35.28 27.52 17.89 5.51 -8.96 -23.95
1994 63.94 32.69 28.33 22.79 16.32 8.94 -0.07
1995 52.41 23.23 11.19 -1.84 -17.00 -34.35 -53.08
1996 42.79 19.48 11.95 2.53 -8.77 -21.89 -36.20
1998 67.81 31.72 23.54 12.95 1.02 -12.88 -27.14
1999 77.94 37.48 26.45 12.98 -3.06 -20.67 -40.06
2000 43.34 22.22 17.47 10.35 -1.91 -8.42 -20.33
2001 49.97 26.68 19.71 10.28 -1.57 -13.70 -26.38
2003 30.01 4.50 -7.98 -24.82 -45.62 -67.07 -89.86
2004 60.30 31.67 24.31 14.40 0.46 -14.10 -31.48
2005 58.34 31.65 28.15 23.85 17.93 10.93 3.09
2006 66.15 34.13 26.62 16.08 3.37 -10.08 -25.52
2007 65.90 33.84 25.73 18.40 5.14 -7.98 -22.53
2008 65.59 32.99 27.46 20.57 11.39 0.45 -10.83
Mean 57.51 27.91 20.27 10.69 -1.28 -14.46 -28.82

N. B. Negative sign indicates deficit



whereas the cropped area to be brought under
supplementary irrigation also varies from
minimum of 1.50 ha during year 2003 to
maximum 6.00 ha during years 1991 and
2005. The additional constraint for release
component (Rt > Dt for all t) considered in LP
technique ensures complete fulfillment of crop-
water demand (Dt) and takes care of spill, if any
during the period of excess inflow (Table 3). 

Optimal storage capacity of RWHS :
The storage capacity (K) optimized for
individual years was tested with the inflow
scenarios, crop-water demand and climatic
parameters of other years based on Implicit
Stochastic Optimization (ISO). The storage
capacity of 60.30 ha-cm based on minimum
surplus and deficit was found to be optimal in
view of economical cost based on minimum
surplus (0.46 ha-cm) and safe for kharif crops

in view of any ill effects due to minimum water
deficit (Table 4). The storage capacities
optimized more and less than 60.30 ha-cm are
not optimal one because of maximum surplus
and maximum deficit. The storage capacity
58.34 ha-cm optimized for the year 2005 was
based on excessive rains (1913.9 mm) and
hence not considered as optimal one. 

Conclusion

The simulation model is of deterministic in
nature and can be successfully applied to the
small agricultural watershed for deciding the
optimum storage capacity of RWHS tanks in
small watershed for supplementary irrigations.
The storage capacity of 60.30 ha-cm is the
optimum for small agricultural watershed under
Sub-montane Zone situation of Maharashtra,
India. It is economical in view of construction
cost and safe in view of any ill effects due to any
storage deficit. Implicit stochastic optimization
(ISO) is the better strategy to take in to account
the uncertainty associated with past data of
other years. The model can be applied to
similar ungauged watersheds in the Sub-
montane Zone of Maharashtra. 
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The modelling of hydrological processes is
an important activity for water resources
management, especially now, when the climate
change is one of the major challenges of our
century, with strong influence on hydrological
processes dynamics. A rainfall-runoff model is a
mathematical representation describing the
rainfall-runoff relations of a catchment area,
drainage basin or watershed. More precisely, it
produces the surface runoff hydrograph as a
response to a rainfall as an input. Rainfall-
runoff models are classified as deterministic,

stochastic, conceptual, theoretical, black box,
continuous, event, complete, routing or
simplified (Linsley, 1982).Many hydrologic
models are available; varying in nature,
complexity and purpose (Shoemaker et al.,
1997). The widely known rainfall-runoff models
identified are the rational method (Mcpherson,
1969), Soil Conservation Services (SCS) Curve
Number method (Maidment, 1993), and Green-
Ampt method (Green and Ampt, 1911).
According to the spatial description of the
watershed process, hydrologic models can be
classified as lumped or distributed. In a
distributed model the spatial variability of
vegetation, soil, topography, etc. is taken into
account, while in a lumped model the spatial
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Water Availability Estimation in Context of Climate Change
Using MIKE Models
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Abstract
The MIKE 11 Rainfall-Runoff model is a hydrological model that simulates the rainfall-runoff processes

occurring at the catchment scale. This paper describes the application of NAM (Nedbor Afstromnings Model),
to investigate its performance and suitability in Wadaj catchment situated on Meena river tributary of Ghod
River in Maharashtra. The coefficient of determination for the model calibration was found to be 0.683,
indicating good agreement between the observed and simulated runoff in terms of timing, rate volume and
shape of hydrograph. The correlation coefficient obtained during the calibration was 0.83 and Nash-Sutcliffe
coefficient was 0.68 which indicates a good match. The total water balance error found to be 0.1% which is
within acceptable limits. Further model was validated for the period of 2010 to 2011 using model parameters
obtained during calibration process. MIKE ZERO Climate Change Module was used to study the impact of
climate change on runoff generated by MIKE 11 NAM. The MIKE 11 NAM model was calibrated for period
of 2002 to 2009 which is used as baseline scenario. The different fifty five combinations of GCM and CO2
emission scenarios were validated and compared with baseline scenario. The selected combination were used
to generate three climate change scenarios. The GCM model CNRM-CM3 (CNCM3) was used with
combination of CO2 emission scenarios SRA1B, SRA2, SRB1. The climate change scenarios were generated
for year of 2020's, 2050's and 2080's. The climate change scenario with CNCM3- SRA1B combination
showed increasing trend of accumulated runoff by 2.73%, 13.07% and 17.74% for 2020's, 2050's and
2080's, respectively. The trend of delta change values for precipitation, evaporation and temperature is
illustrated in the table. 

Key words : Runoff, MIKE 11 NAM, MIKE ZERO, climate change, GCM (Global Circulation
Model) etc.
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variability of watershed characteristics is
ignored. The MIKE 11 NAM model, the HEC-
HMS model, the RORB model, the XP-RAFTS
model, the Tank model, and the Sacramento
model are the examples of the lumped
hydrologic model.

The objective of this study is to estimate the
rainfall runoff discharges of Wadaj Catchment
using MIKE11 NAM model and to study the
climate change impact on future water
availability. The long term simulation (2002-
2009) was carried out based on the available
rainfall and evaporation data. The calibration
and validation procedures of the model were
carried out to provide a satisfactory estimation.

Material and Methods

Study area : The study area is the Wadaj
basin which falls under Junner Tehsil of Pune,
Maharashtra. The basin extends between
19°08'52" to 19°14'94"N latitude and
73°38'98" to 73°52'12" E longitude. The total
area of the basin is 134 km2. Wadaj dam is fed
by river Meena which is a left bank tributary of
the Ghod River and it is part of Kukadi canal
irrigation project.

Rainfall-runoff modeling (MIKE 11
NAM model) : MIKE11 NAM is a rainfall-
runoff model that is part of the MIKE 11
module developed by Danish Hydraulic Institute
(DHI), Denmark. MIKE 11 software is meant
for simulation of flows, water quality and
sediment transport in river, irrigation systems,
channels and other water bodies. The NAM
(Nedbor Afstromnings Model) is deterministic,
lumped and conceptual rainfall-runoff model
(DHI 2003). This can either be applied
independently or used to represent one or more
contributing catchments that generate lateral
inflows to a river network. NAM simulates the
rainfall-runoff process by continuously
accounting for water content in four different

and mutually interrelated storages that
represent different physical elements of a
catchment. These mutually interrelated storages
include snow storage, surface storage, lower or
root zone storage and groundwater storage.
NAM is prepared with nine parameters,
representing surface zone, root zone and
ground water storage.

Input data : The basic meteorological data
requirements are precipitation time series,
potential evapotranspiration time series and
temperature time series. The daily rainfall data
of two nearby rain-gauge stations namely
Pimpalgaonjoga and Aundhe for the period of
ten years i.e. from 2002 to 2011 was used for
the modeling. As there is no any raingauge
station fall under study area, the TRMM three-
hourly rainfall data was downloaded from
NASA Giovanni website for the same period.
The Gauge-discharge data of Wadaj site and
evaporation data of Pimpalgaonjoga station
was used for the rainfall runoff modeling. The
total data period was divided into two parts; i.e.
2002 to 2009 for the calibration and 2010 to
2011 for validation purpose. Prior to
simulation data set was prepared as timeseries
of dfso format in MIKE Zero. Both graphical
and numerical performance measures applied
in calibration process. The graphical evaluation
includes comparison of simulated and observed
hydrograph, and comparison of simulated and
observed accumulated runoff. The numerical
performance measures include overall water
balance error and a measure of overall shape of
hydrograph based on coefficient of
determination, correlation coefficient and
Nash-Sutcliffe efficiency index.

Global Circulation Models (GCM) in
MIKE Zero Climate model : GCM results
reported by IPCC are air temperature and
precipitation as well as air temperature and
precipitation anomalies that are defined as
deviations from the reference values taken as
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the average over the period 1961-1990. The
anomaly predictions are in the form of absolute
changes. The data are spatially and temporally
varied. The former is covered through the use
of gridded values whereas the later is
represented by an average value per month.
Further, the data are a function of the
projection year. The data are given as average
values for a number of 20-year time spans. The
time spans are 2011-2030, 2046-2065,
2080-2099 and 2180-2199

Emission scenario : The IPCC has
defined a number of emission scenarios that
have been used as input to the GCMs. Results
of the three most common scenarios have been
included in the MIKE software. The three
scenarios are listed below with a short
description as defined by the IPCC:

• SRA1B: A future world of very rapid
economic growth, global population that
peaks in mid-century and declines
thereafter, and rapid introduction of new
and more efficient technologies, with the
development balanced across energy
sources. 

• SRA2: A very heterogeneous world with
continuously increasing global population
and regionally oriented economic growth
that is more fragmented and slower than in
other story-lines.

• SRB1: A convergent world with the same
global population as in the SRA1B storyline
but with rapid changes in economic
structures toward a service and information
economy, with reductions in material
intensity, and the introduction of clean and
resource-efficient technologies.

Based on a comparison reports by IPCC
"Climate Change 2007: The Physical Science
Basis. Contribution of Working Group I to the
Fourth Assessment Report of the

Intergovernmental Panel on Climate Change"
and report on "Climate Change Scenarios for
South Asia and Central Himalayan region
based on GCM Ensemble by Department of
Hydrology and Meteorology Kathmandu Ne-
pal, Out of twenty two GCM models available in
MIKE Zero Climate Change module the
following one Global Circulation Model (GCM)
was tested for different emission scenarios for
the rainfall- runoff model.

CNRM-CM3 (CNCM3) : Agency: Centre
National de Recherches Météorologiques,
France

Climate change study usingMIKE
ZERO : MIKE ZERO Climate Change Module
was used to study the impact of climate change
on runoff generated by MIKE 11 NAM. The
MIKE 11 NAM model was calibrated for period
of 2002 to 2009 which is used as baseline
scenario. The different fifty five combinations
of GCM and CO2 emission scenarios were
validated and compared with baseline scenario.
The selected combination were used to
generate 3 climate change scenarios CC1, CC2
and CC3 respectively. The GCM model
CNRM-CM3 (CNCM3) was used with
combination of CO2 emission scenarios SRB1,
SRA1B and SRA2. 

1. Climate change scenario 1- CC1
GCM model used- CNRM-CM3 (CNCM3)
Emission Scenario- SRB1

2. Climate Change Scenario 2- CC2
GCM model used- CNRM-CM3 (CNCM3)
Emission Scenario- SRA1B

3. Climate Change Scenario 3- CC3
GCM model used- CNRM-CM3 (CNCM3)
Emission Scenario- SRA2

The climate change scenarios were
generated for year of 2020's, 2050's and
2080's.
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Results and Discussion

The MIKE11 NAM model was setup for the
Wadaj catchment of Meena River with all input
information and calibrated for the period of
2002 to June 2009 to obtain the set of best fit
model parameters which could simulate runoff
with high degree of agreement with
observed runoff. The statistics of various
components of hydrological cycle, like runoff,
actual evapotranspiration, ground water
recharge, overland flow, inter flow and base
flow simulated during model calibration
are given in Table 1 in the form of water
balance.

Model calibration : The calibrated results
of observed and simulated runoff are shown in
Figure 1. The correlation coefficient during the
calibration was 0.84 and Nash-Sutcliffe
coefficient was 0.68 which indicates a good

match. The total water balance error observed
during calibration was 0.1% which is within
acceptable limits.

Model validation : The model was
validated for two years Dec 2010 to Jan 2011.
The correlation coefficient observed during the
calibration was 0.81 and Nash-Sutcliffe
coefficient was 0.650 which indicates a good
match. The total water balance error observed
during calibration was 0.6% which was within
acceptable limits

Delta change values : Change (Delta) in
precipitation, evaporation and temperature
values for the corresponding GCM has been
illustrated in Table 2.

Referring the Table 2, the delta values of
precipitation CC1 have no change in all years.
Also for evaporation there is very small
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Table 1. NAM model parameters

Catchment Umax Lmax CQOF CKIF CK1 CK2 TOF TIF TG CKBF

Wadaj 15 200 0.8 800 15 40 0.8 0.85 0.7 2000

Fig. 1. Comparison of observed and simulated runoff during model calibration (coefficient of
determination = 0.683)
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Fig. 2. Comparison of observed and simulated runoff during model validation (coefficient of
determination = 0.65)

Table 2. Delta values for different variables in the GCM model

Year Scenario Delta change values for different emission scenario
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec.

2020's CC1 Precipitation 1 1 1 1 1 1 1 1 1 1 1 1
Evaporation 1.07 1.04 1.05 1.05 1.03 1.04 1.03 1.03 1.04 1.04 1.04 1.04
Temperature 1.55 0.99 1.42 1.62 0.93 1.34 0.74 0.83 1.06 1.15 0.98 0.95

CC2 Precipitation 1.02 1.19 1.31 2.39 1.24 0.99 1.05 1.03 0.99 1.26 0.92 1.69
Evaporation 1.04 1.03 1.04 1.04 1.02 1.04 1.03 1.03 1.03 1.04 1.03 1.03
Temperature 0.87 0.83 1.24 1.26 0.77 1.33 0.88 0.93 0.99 1.06 0.70 0.74

CC3 Precipitation 0.73 1.41 0.57 2.26 2.22 0.85 0.94 1.03 1.00 1.18 0.92 1.16
Evaporation 1.02 1.03 1.04 1.03 1.00 1.04 1.03 1.03 1.03 1.04 1.03 1.02
Temperature 0.55 0.81 1.17 0.98 0.13 1.36 0.88 0.84 0.98 1.03 0.71 0.42

2050's CC1 Precipitation 1 1 1 1 1 1 1 1 1 1 1 1
Evaporation 1.07 1.06 1.07 1.07 1.04 1.08 1.04 1.05 1.05 1.06 1.06 1.07
Temperature 1.72 1.55 2.15 2.21 1.39 2.47 1.25 1.36 1.44 1.74 1.45 1.57

CC2 Precipitation 0.77 0.91 1.26 1.73 1.81 0.91 1.13 1.17 1.07 1.34 1.16 1.56
Evaporation 1.09 1.10 1.10 1.09 1.05 1.07 1.06 1.06 1.08 1.08 1.07 1.09
Temperature 2.08 2.50 3.09 2.89 1.77 2.31 1.76 1.62 2.19 2.27 1.98 2.25

CC3 Precipitation 0.72 0.65 1.37 2.23 1.31 0.89 1.02 1.00 0.98 1.15 1.03 1.29
Evaporation 1.09 1.11 1.11 1.08 1.06 1.08 1.06 1.06 1.07 1.07 1.06 1.08
Temperature 2.01 2.75 3.22 2.71 2.07 2.71 1.79 1.73 1.97 2.09 1.68 1.92

2080's CC1 Precipitation 1 1 1 1 1 1 1 1 1 1 1 1
Evaporation 1.09 1.10 1.10 1.08 1.05 1.08 1.06 1.05 1.06 1.07 1.06 1.08
Temperature 2.14 2.59 3.00 2.66 1.91 2.49 1.69 1.55 1.71 2.01 1.69 1.89

CC2 Precipitation 0.91 0.80 1.58 1.77 2.36 1.11 1.17 1.08 1.18 1.37 1.20 1.56
Evaporation 1.14 1.15 1.15 1.12 1.08 1.10 1.08 1.09 1.10 1.11 1.10 1.13
Temperature 3.23 3.81 4.51 4.14 2.85 3.13 2.38 2.50 2.85 3.01 2.59 3.09

CC3 Precipitation 0.63 0.74 0.93 1.96 2.30 1.00 1.06 1.10 1.07 1.23 1.39 1.12
Evaporation 1.18 1.19 1.19 1.14 1.10 1.12 1.11 1.11 1.12 1.13 1.11 1.15
Temperature 4.28 4.82 5.69 4.48 3.57 3.98 3.20 3.09 3.46 3.55 2.92 3.50



variation for all the scenarios in all years. But
for temperature no common trend found in
their seasonal variation. Also for a particular
scenario, the variation in the delta values for
different variables is also random.

Climate change impact on water
availability : The GCM model CNRM-CM3
(CNCM3) was used with combination of CO2
emission scenarios SRB1, SRA1B and SRA2.
The climate change scenarios were generated
for year of 2020's, 2050's and 2080's.

The scenario CC2 is giving higher runoff
values among all the scenarios. In 2020's the
scenario CC2 showed increase in accumulated
runoff by 3.8% while scenario CC1 and CC3
showed decrease in runoff by 1 and 5.5%
respectively.In 2050's, scenario CC2 Showed
increase in accumulated runoff by 13.08%
while scenario CC1 and CC3 showed decrease
in runoff by 1.5 and 3.3% respectively. Also in
2080's, scenario CC2 and CC3 are giving
higher runoff values than the scenario CC1.
CC2 and CC3 Shows increase in accumulated
runoff by 17.7% and 7.5 % respectively while
scenario CC1 showed decrease in runoff by
1.75%.

Conclusions

The model was seen performing well to
simulate runoff in good agreement with
observed runoff in terms of timing, rate, volume
and shape of hydrograph. The rainfall runoff
model thus developed seems to be capable of
predicting runoff for extended time period in
Wadaj basin. The delta values of precipitation
and evaporation for different scenarios have no
considerable change in their seasonal variation.
But for temperature it is increasing and have no
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Fig. 3. Comparison plot of accumulated runoff
with baseline scenario in 2020s

Fig. 4. Comparison plot of accumulated
runoff with baseline scenario in
2050s

Fig. 5. Comparison plot of accumulated runoff
with baseline scenario in 2080



common trend in their seasonal variation. The
GCM model CNRM-CM3 (CNCM3) is giving
proximity values for three emission scenarios.
So the results obtained from CC2 (CNRM-CM3
with SRA1B) can used for future climate
change scenario to take appropriate decisions.
The results states that accumulated runoff at
Wadaj is increasing by 3.8 to 17.7 % from the
current  scenario. The model was found
efficient in generating runoff using rainfall data
and it could be the important tool in water
resources management and planning of the
Wadaj basin.
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Wheat (Triticum aestivum L.) is grown
across a wide range of environment around the
world. In fact it has broadest adoption of all the
cereal crop species. Among the world crops,
wheat is prominent both in regard to its
antiquity and its importance as food of
mankind, providing food calories and protein to
the population; hence, more land is devoted
worldwide for production of wheat than to any
other commercial crops.  In India, it is second

important food crop next to rice and
contributes to the total food grain production of
a country to the extent of about 25%. The area
under wheat crop in India is 25 million ha with
production of 70.8 million tons per annum with
the average productivity of 26.7 q ha-1. The
crop production is 24.9 lakh tones with average
productivity of 13.2 q ha-1 in Maharashtra
(FAO 2013). The low productivity of wheat in
Maharashtra is due to short favorable growing
period, high temp, with low humidity and short
cool spell during its growing period. The other
reasons are most of area is under rainfed, late
sowing period, insufficient irrigation and
fertilizer and inadequate plant population .
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Abstract
A field experiment was conducted for three years during 2011-2014 in medium deep clay soils at the

Research Farm of Mahatma Phule Krishi Vidyapeeth, Rahuri (Maharashtra), India to find out the response of
drip fertigation on yield, water use and economics of wheat. The experiment comprised of nine treatments
replicated thrice with randomized block design. The results indicated that the application of water soluble
fertilizers significantly enhanced the yield of wheat.  The treatment T2 i.e. drip with 100% fertigation and 3
foliar sprays (39.37 q ha-1) showed 32.31%  increase in yield over conventional irrigation and fertilization
method. However, it was on par with 100% and 80% fertigation treatments. The drip irrigation with
conventional method of fertilization (T6) resulted into 10.86 % increase in yield with 55.00% water saving as
compared to conventional method of irrigation and fertilization(29.07 q ha-1). Maximum water of 425.1 mm
was used in conventional irrigation as compared to 205.3 mm in drip irrigation. The nutrient availability was
more in treatments where fertilizers were applied as per growth stages (12 splits) through fertigation as
compared to surface irrigation with conventional fertilizers.  The 100% fertigation with three foliar sprays
recorded maximum availability of NPK (164.0, 21.7 and 613.7 kg ha-1, respectively) at harvest and it was
significantly superior over all other treatments except treatment T1. The uptake of nutrients was also relatively
more in fertigated treatments than rest of the treatments.  The 100% fertigation with three foliar sprays
recorded maximum NPK uptake (127.3, 30.1 and 121.0 kg ha-1, respectively) at harvest and it was
significantly superior over all other treatments except treatment T1 i.e. 100% fertigation.  On the basis of the
results obtained, it can be concluded that the 100% fertigation in 12 weekly splits as per schedule with three
foliar sprays of 17: 44:00 at 30, 45 and 60 DAS was the best treatment for maximum yield, efficient water
and nutrient use of wheat cultivated in  medium deep soils of Western Maharashtra.

Key words :Drip fertigation, water soluble fertilizers, yield, nutrient availability and
uptake,  wheat.
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Drip irrigation, which is the most popular
and widely adopted micro-irrigation technique,
has a distinct characteristics that allows water
soluble fertilizer (WSF) application i.e.
fertigation which is not shared by any other
conventional irrigation method. The fertigation
allows applying the nutrient exactly and
uniformly to the wetted root volume, where the
active roots are concentrated (Yadav et al. 193
and Kharrou et al. 2011). It remarkably
increases the nutrient use efficiency, reduces
the cultivation costs and minimizes groundwater
pollution caused by the leaching of nutrients. It
also avoids ammonia volatilizing from soil
surface. Fertigation allows adapting the amount
and concentration of the applied nutrients in
order to meet the actual nutritional requirement
of the crop throughout the growing season.
Other advantages of the fertigation are the
saving of energy and labour, the flexibility in
time of application (nutrients can be applied to
the soil when crop or soil conditions would
otherwise prohibit entry into the field with
conventional equipment), convenient use of
micronutrients which are otherwise very
difficult to apply accurately to the soil, and the
supply of nutrient can be more carefully
regulated and monitored (Patil, 1999). Patel
and Upadhyay (1993) reported that grain
weight per plant increased with increase in
levels of fertilizer.  Jabran et al. (2011) reported
that fertile tillers and number of spikelets per
spike were maximum in the plots fertigated at
grain development stage. Drip fertigation keeps
crop foliage dry thus avoiding leaf burn and
delayed development of plant pathogens. It
helps in achieving higher productivity and
enhancing the quality of product. Fertigation
also permits nutrients application during rainy
season when the soil is in wet condition without
disturbing soil surface. In irrigated crops, high
level of management techniques and skills
related to water and nutrients application are
required for achieving higher yields and better

crop quality. Hence, the research project an
entitled "Wheat yield, water and nutrient use
under drip irrigation and fertigation " was
undertaken.

Material and  Methods

The field experiment was conducted for
three years (2011 to 2014) at Research farm of
Interfaculty Department of Irrigation Water
Management, Mahatma Phule Krishi
Vidyapeeth Rahuri. Agro-climatically, the area
falls under the scarcity zone of Maharashtra
with annual average rainfall of 520 mm which
is mostly erratic and uncertain in nature.  The
soil was clayey in texture having 80 cm depth
and alkaline in reaction with pH as 8.10. The
available nitrogen, phosphorus and potassium
was 160.0, 20.70 and 615.0 kg ha-1,
respectively. The soil was well drained with
moisture content at field capacity, permanent
wilting point and available water content as
39.8, 18.2 and 21.60 per cent, respectively.
The experiment comprised of nine treatments
replicated thrice with randomized block design
as drip with 100% fertigation (T1), drip with
100%  fertigation and three foliar sprays of
17:44:0 at 30, 45 and 60 days after sowing
(DAS)  (T2), drip with 80% fertigation (T3), drip
with 60% fertigation (T4), drip with 100%
conventional fertilizers (CF) of which N and K
through drip (fertigation) and P through soil
(T5), drip with 100% conventional fertilizers
applied as basal dose through soil (T6), drip
with no fertilizers (T7),  surface irrigation with
CF (T8) and surface irrigation and CF and three
foliar sprays  (T9).

In conventional practice of fertilizer
application (T6, T8 and T9),  50% N, full dose
of P2O5 and full dose of K2O was applied as a
basal dose through soil, whereas remaining
50% N was applied on 21 DAS.  In fertigation
treatments (T1 to T4) the fertilizers were applied
in 12 splits apportioned as per crop growth
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stages as given in Table 1.  In N and K
fertigation (T5), the entire N and K was applied
through urea and muriate of potash (MOP) in
12 weekly splits as given below in Table 1 and
whole P was applied as basal through soil.  The
recommended dose of fertilizer for wheat was
applied (120: 60: 40, N: P2O5: K2O kg ha-1).
The fertigation was done using water soluble
fertilizers viz., urea (46:0:0), urea phosphate
(17:44:0) and MOP (0:0:60).Whereas, in
conventional methods, urea, single super
phosphate and muriate of potash were used.

Under drip irrigation system, single lateral
per six rows of wheat with 4 lph inline drippers
at 0.50 m was provided. The spacing between
two rows of wheat was 15cm and spacing
between two adjacent laterals was 1.20m.  The
seeds of wheat var. Trimbak were sown during
2nd week of November 2011, 2012 and last
week of November 2013 and harvesting was
completed during the 2nd week of march 2012,
2013 and last week of march 2014,
respectively. The schedule of fertigation was
maintained as per treatments.  In drip
fertigation, the fertilizers were applied along
with irrigation water using automized fertijet
system (Galcol, Israel). The drip irrigation
system was operated at every alternate day to
meet crop water requirement estimated using
climatological approach as given by Allen et al.
1998 (FAO, 1956).  The average emission
uniformity of drip irrigation system was
estimated as 90 per cent.  In conventional
method of irrigation, 67 mm depth of irrigation
was applied at 75 mm cumulative pan
evaporation.

The plant samples were collected at harvest
of wheat crop.  Plant samples were air dried in
shade, oven dried at 65°C, ground in a whilley
mill having stainless steel blades to pass through
40 mm mesh sieve and digested with H2SO4
and H2O2 (1:1) as per the standard procedure
given by Parkinson and Allen (1975).  Nutrient

uptake was calculated by determining the N, P
and K concentration in relation to dry matter
production, i.e. the nutrient uptake was worked
out by multiplying the yield with nutrient
content and dividing by 100.  The soil samples
were collected at harvest for nutrient availability
status. The soil samples were air dried,
processed and analysed for available NPK
content in soil (Page et al. 1982). The statistical
analysis was performed by using analysis of
variance (ANOVA) for randomized block design
as per Panse and Sukhatme (1985). 

The nutrient use efficiency (NUE) was
computed using following relation,

kg yield ha-1 kg yield ha-1

in treatment    –     in control
NUE (kg = ––––––––––––––––––––––––––––––
grain kg-1 ) N dose (kg ha-1)

Results and Discussion

Yield of wheat : The wheat grain yield
data (Table 2) pooled over three years (2011-
2014) found to be ranged from 18.37 to 39.47
q ha-1. The maximum grain yield was obtained
in treatment T2 i.e. drip with 100% fertigation
with three foliar sprays 39.47 q ha-1, but it was
at par with treatment T1 (37.74 q ha-1)  and
was 32.31% more than conventional method
of irrigation and fertilizer application (T8). The
drip irrigation with conventional fertilizer (T6)
produced 10.86% more yield than surface
irrigation with conventional fertilizer application
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Table 1. Per cent nutrients applied in 12 weekly splits

Days after %  nutrients
planting –––––––––––––––––––––––––––––

Nitro-  Phos- Potas- 
gen phorus sium

1-21  (3 weeks) 25 30 24
22-43 (3 weeks) 47 20 48
44-63 (3 weeks) 20 35 16
64-84 (3 weeks) 8 15 12
Total 100 100 100



(29.07 q ha-1). The better performance of drip
irrigation over surface irrigation was due to the
application of right quantity of water at right
time and at right place which resulted in
appropriate moisture content in root zone. This
supports the work of Kumar and Pandey (2008)
that optimum moisture content in soil
promoted the physiological process and
increased the growth of wheat crop. The grain
yield obtained under 60% fertigation (30.93 q
ha-1) was at par with drip with 100% CF (29.07
q ha-1) indicated that fertigation using WSF can
save fertilizers upto 40 % with increase in yield.
Jarban  et al. (2011) also reported the increase
in wheat yield  under fertigation.  The minimum
yield of 18.37 q ha-1 was observed in no
fertilizer treatment.

Water use : The drip method recorded
lowest water use of 205.3 mm as compared
425.1 mm in surface method (Table 2). Thus,
saving of water to the extent of 55.0% was
recorded due to drip method with 10.86%
increase in yield. The treatment of 100%
fertigation with three foliar sprays resulted into
32.31% increase in yield with 55.0% water
saving over surface irrigation with CF (T8). In
drip, the water is applied directly in root zone

which increases water application efficiency
and decreases water losses through percolation,
infiltration and evaporation thereby it saves
large quantity of water as compared to
conventional method of irrigation (Wadatkar et
al., 2002).

Nutrient availability (NPK) in soil : The
data regarding NPK availability in soil (pooled
over 3 years) at harvest of wheat is presented in
Table 3. The significantly maximum nutrient
availability in soil was observed in treatment T2
i.e. 100% fertigation with three foliar sprays
(164.0: 21.7 and 613.7 kg ha-1 NPK,
respectively). However, it was at par with T1
(100% fertigation).  The sources of fertilizer
also resulted into moderate change in NPK
availability in the root zone soil of wheat.  The
water soluble fertilizers resulted into more
availability of NPK in soil as compared to
conventional fertilizers. As more quantum of
water was available just beneath the dripper, the
corresponding increase in nutrient availability
was observed in drip as compared to
conventional water application method. This
has inferred a direct association between
nutrient availability and presence of in-situ
irrigation water. These results are in close
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Table 2. Yield and water use of wheat as influenced by different treatments (pooled means of 3 years)

Treatments Grain Straw Total WUE Water %
yield yield water saving increase
(q ha-1) (q ha-1) applied (%) in 

(mm) yield

DI with 100% Fertigation 37.74 62.51 205.3 18.63 55.0 26.53
DI with 100% Fertigation WSF + 3 foliar spray 39.47 65.73 205.3 19.27 55.0 32.31
DI with 80% Fertigation 36.02 60.38 205.3 18.03 55.0 19.64
DI with 60% Fertigation 30.93 52.00 205.3 15.03 55.0 04.25
DI with 100% CF (N and K drip, P thro soil) 34.38 59.59 205.3 17.23 55.0 19.73
DI with 100% CF (NPK thro soil) 32.59 58.42 205.3 16.53 55.0 10.86
DI with  0% RD of  WSF 18.37 37.91 205.3 11.43 55.0 -37.05
Surface with 100% CF 29.07 53.83 425.1 7.43 - -
Surface with 100% CF + 3 foliar spray 30.39 56.43 425.1 7.83 - 5.86
S.E.± 0.96 2.15 - 0.51 - -
C.D. at 5% 2.87 6.45 - 1.53 - -



conformity with those reported by Sathya et al.
(2008). Nalina et al. (2009) reported increased
nutrient availability under fertigation of water
soluble fertilizers than conventional method.

Nutrient uptake : The pooled data of
nutrient uptake over three years (2011- 2014)
revealed that the uptake of nutrients (NPK)
influenced significantly due to different
treatments (Table 3). The significantly
maximum total NPK uptake was observed in
100% fertigation with three foliar sprays
(127.3, 30.1 and 121.0 kg ha-1 NPK uptake,
respectively) at harvest over surface irrigation
with conventional fertilizer.  However, it was at
par with T1 (100% fertigation). The fertigation
resulted into more concentration of readily
available nutrients in soil and optimum
availability of water in soil increased nutrient
uptake. The application of water soluble
fertilizer in 12 splits as per growth stages
resulted into improvement in NPK uptake
during all growth stages.  The NPK uptake in
conventional method was lowest because of
non-availability of optimum moisture at all
growth stages. (Sahane, 2000).

Nutrient use efficiency (NUE) : The

higher nutrient use efficiency was observed in
fertigation treatments as compared to surface
irrigation with conventional fertilizer (Table 3).
The maximum nutrient use efficiency under
drip fertigation (10.03 kg yield kg-1 nutrient
applied) was observed in T3 (80% fertigtion)
whereas the lowest nutrient use efficiency (4.86
kg yield kg-1 nutrient applied) was observed in
T8 (SI with 100% CF). The higher nutrient use
efficiency  under  drip fertigation with water
soluble fertilizer over conventional practice
could be attributed to the regular application of
nutrients (12 splits) combined with irrigation
water in the active root zone of the crop that
would have resulted into enhanced production
and minimum loss of nutrients from root zone.
The substantial increase in NUE under drip
irrigation over conventional fertilizer
application was also reported by Bharambe et
al. (1997) in hybrid cotton. 

Conclusion

The yield of wheat (39.47 q ha-1) was found
maximum in treatment T2 i.e 100% fertigation
with three foliar sprays but it was at par with T1
treatment.  The drip fertigation resulted into
32.31% increase in yield and 55.0% water
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Table 3. Nutrient availability in soil and nutrient uptake (kg ha-1) by wheat at harvest (pooled means of 3 years)

Treatments Nutrient availability Nutrient uptake Nutrient use 
(kg ha-1) (kg ha-1) efficiency (kg

––––––––––––––––––––––– ––––––––––––––––––––––– yield kg-1)
N P K N P K

DI with 100% Fertigation 162.3 20.9 612.3 123.2 27.3 115.3 8.80
DI with 100% Fertigation WSF + 3 foliar spray 164.0 21.7 613.7 127.3 30.1 121.0 8.85
DI with 80% Fertigation 158.0 18.3 607.0 119.4 26.5 112.4 10.03
DI with 60% Fertigation 150.0 16.83 601.7 104.8 21.1 99.1 9.51
DI with 100% CF (N and K drip, P thro soil) 159.3 20.2 611.0 114.5 25.2 109.6 7.28
DI with 100% CF (NPK thro soil) 155.7 18.4 607.7 112.6 23.6 108.0 6.46
DI with  0% RD of  WSF 142.7 14.8 596.0 92.1 17.8 89.7 -
Surface with 100% CF 152.0 17.0 606.0 106.1 21.8 99.4 4.86
Surface with 100% CF + 3 foliar spray 153.7 17.4 607.7 110.3 23.5 103.5 5.04
S.E.± 0.67 0.54 1.14 2.92 1.32 3.01
C.D. at 5% 2.00 1.64 3.43 8.77 3.95 9.02



saving over surface irrigation. The nutrient
availability and uptake was found to be
improved under drip fertigation as compared to
conventional fertilizer application. On the basis
of the results obtained, it can be concluded that
100 per cent fertigation in 12 weekly splits as
per schedule (Table 1) and application of three
foliar sprays of urea phosphate at 30, 45 and
60 DAP (T2) is the best treatment for improved
yield, nutrient and water use  of wheat  (var.
Trimbak) cultivated in medium deep soils of
Western Maharashtra. 
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Tomato (Solanum lycopersicum L.) is one
of the most widely grown vegetable in India and
belongs to the family Solanaceae. It is cultivated
in almost all parts of India and occupying an
area of about 8.82 lakh hectares with
production of about 187.35 Lakh Tones. It is
grown in Uttar Pradesh, Orissa, Andhra
Pradesh, Maharashtra, Madhya Pradesh and
Assam (Choudhary and Kundal 2015). In

Maharashtra tomato is cultivated in area of
about 0.5 lakh hectares with production of 12
Million Tones, with average productivity 24 MT
ha-1 (Anonymous,  2015).  The methods of
nutrient application play an important role in
supplying the nutrients to the plants because
the efficacy of fertilizer applied in soil being low
due to various losses and fixations of nutrients
(Ya-dan et al., 2017). 

Fertigation is technique of supplying
dissolved nutrients to crops through an
irrigation system. It allows frequent, uniform
and precise application of nutrients through
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Effect of Different P Sources on Yield, Water Use and
Economics of Hybrid Tomato (Lycoperscion esculentum)
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Abstract
A field study was conducted at experimental farm of Interfaculty Department of Irrigation Water

Management, Post Graduate Institute, M.P.K.V., Rahuri, Maharashtra, India during Rabi season of   2015-
16.  The experiment was laid out in randomized block design (RBD) with seven treatments replicated thrice.
The treatments comprised of drip irrigation (DI) with no fertilizer (T1); surface irrigation (SI) with 100%
recommended dose of fertilizer (RDF) through conventional fertilizer (CF) i.e. urea, single super phosphate
and muriate of potash (T2); SI with 100% RDF through  urea, 24:24:0 (conventional fertilizer grade ) and
muriate of potash (T3); DI with 80%  RD of fertigation through 24:24:0 with urea and SOP as per schedule
(T4); DI with 80% of RD of fertigation  through 19:19:19 with urea and SOP as per schedule (T5);  DI with
80% of RD of fertigation  through 13:40:13 with urea and SOP as per schedule (T6) and DI with 80% of RD
of fertigation through 12:61:0 with urea and SOP as per schedule (T7). The results indicated that the
application of water soluble P fertilizers significantly enhanced the yield of tomato. The significantly higher
yield of tomato was obtained in 80% RD of fertigation through 24:24:00 (T4, 65.01 t ha-1); however, it was
at par with 80% RD of fertigation through 12:61:00 (T7, 63.08 t ha-1) and 80% RD of fertigation through
13:40:13 (T6, 62.92 t ha-1). The drip method used lowest water use of 436.0  mm as compared  with 900.0
mm  in surface irrigation  method  thus resulted in 51.5%  water  saving. The maximum water use efficiency
of 149.1 kg ha-1 mm was recorded in DI with 80% RD of fertgation  through 24:24:00 (T4) and lowest WUE
of 49.2 kg ha-1 mm in SI with 100% CF (T2).  In terms of economics, the treatment T7 (DI with 80% RD of
fertigation through 12:61:00) was profitable with more net seasonal income (Rs. 172268 ha-1), B:C ratio
(2.20), net extra income over control (Rs. 58803 ha-1) and maximum water productivity as Rs. 395 per mm
of water used.  On the basis of the results obtained, it can be concluded that drip irrigation with 80% RD of
fertigation through 12:61:00 in 18 weekly splits as per schedule was the best treatment for higher yield, water
use and economics of tomato (var. Abhinav) cultivated in silty clay loam soils of western Maharashtra.

Key words :  Tomato, P sources, drip fertigation, yield, water use and economics.
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drip directly into the zone of maximum root
activity as per need of crop which results into
higher yield, fertilizer saving, higher fertilizer
use efficiency over conventional method of
fertilizer application (Shaymaa et al., 2009 and
Pawar et al., 2013b). Different fertigation
intervals to tomato crop proved superior over
surface irrigation with straight fertilizers by
recording maximum values of all growth
attributing characters (Pawar et al.,2013a).
Pan et al., 1999 reported in the comparison of
conventional drip irrigation and fertilization
with drip fertigation, the fertigated tomatoes
produced a red fruit yield of 72 t ha-1 while
those under conventional irrigation and
fertilization yielded only 44 t ha-1. Fruit yield
was significantly increased in drip irrigation by
12.5% as compared to furrow irrigation
(Singandhupe et al., 2002). The present
investigation was undertaken to study the effect
of different water soluble P fertilizer sources on
yield, water use and economics of tomato over
conventional method of irrigation and
fertigation.  

Material and Methods

The field experiment was conducted during
2015-2016 at research farm of Inter Faculty
Department of Irrigation Water Management,
Mahatma Phule Krishi Vidyapeeth, Rahuri.
Agroclimatically, the area falls under semi-arid
and sub-tropical zone of Maharashtra with
annual rainfall of 520 mm which is mostly
erratic and uncertain in nature (Dastane 1972).
The experimental plot was uniform and leveled
with well drained, medium black soil alkaline in
nature with pH 7.9 and electrical conductivity
was 0.28 dS m-1.  The soil texture was silty clay
loam with 1.32 Mg m-3 bulk density.  The
initial status of soil was low in available N
(173.0 kg ha-1), medium in available P (16.70
kg ha-1) and high in available K (333.0 kg ha-1).
The field experiment was laid out in
randomized block design (RBD) with seven

treatments replicated thrice. The treatment
details were as follows: drip irrigation (DI) with
no fertilizer (T1); surface irrigation(SI) with
100% recommended dose of fertilizer (RDF)
through conventional fertilizer (CF) i.e. urea,
single super phosphate  and muriate of potash
(T2); SI with 100% RDF through  urea, 24:24:0
(conventional fertilizer grade ) and muriate of
potash (T3); DI with 80% RD of fertigation
through 24:24:0 with urea and SOP as per
schedule (T4); DI with 80% of RD of fertigation
through 19:19:19 with urea and SOP as per
schedule (T5);  DI with 80% of RD of fertigation
through 13:40:13 with urea and SOP as per
schedule (T6) and DI with 80% of RD of
fertigation through 12:61:0 with urea and SOP
as per schedule (T7). 

The recommended dose of fertilizer for
tomato was 300:150:150 N: P2O5:K2O kg
ha-1.  In treatment T2 and T3, 50 % nitrogen
and 100% dose of phosphorus and potassium
was applied as a basal dose and 50% nitrogen
was applied in 3 splits of 20 days interval after
transplanting. In fertigation  treatments (T4 to
T7) water soluble fertilizers were applied as per
schedule (Table 1).

The tomato seedlings (variety-Abhinav) of
21 days old were transplanted on 23 Dec.
2015 with spacing of 1.05 x 0.45 m. The
statistical analysis was performed by using
analysis of variance (ANOVA) for randomized
block design as per Panse and Sukhatme,
1967. The net quantity of water requirement
emitter-1 at every alternate day was calculated
by following formula (Allen et al., 1998).

V = ETc x S1 x S2 x Wa

Where,V, Volume of water per two days in
litters; S1, spacing between dripper (m); S2,
Spacing between laterals (m); Wa,Wetted area. 

The total cost of cultivation was worked out
by adding the system cost and operational cost
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of respective treatment. The net seasonal
income was worked out by subtracting the cost
of production from the gross returns for each
treatment. The total net income (Rs ha-1) as
influenced by different treatments where
additional area was considered and calculated
by adding the corresponding values of the
seasonal net income and additional net income. 

Benefit: cost ratio was calculated for each
treatment by using following equation.

Gross income (Rs ha-1)
Benefit:cost = –––––––––––––––––––––––––––  
ratio             Total cost of cultivation (Rs. ha-1)

The net extra income over control (Rs ha-1)
as influenced by different treatments of P
sources  were calculated by subtracting the
corresponding value of the net seasonal income
from the value of net seasonal income of
control treatment. The water productivity (Rs
ha-1 mm-1) as influenced by different treatment
was calculated by division of corresponding
values of the net seasonal income with water
used (Pawar et al. 2013b).

Result and Discussion

Yield and growth contributing
characters : The data regarding yield of
tomato in tones ha-1 was found to be influenced
significantly by fertigation treatments (Table 2).
The treatment of 80% RD of fertigation
through 24:24:0 (T4) recorded significantly
higher yield (65.01 t ha-1) as compared to other

treatments.  However, it was at par with T7
(63.08 t ha-1) and T6 (62.92 t ha-1). The
tomato yield obtained under T5 i.e. 80% RD of
fertigation through 19:19:00 was 59.21 t ha-1

which was significantly superior over T2 (44.30
t ha-1).  It indicated that fertigation using WSF
can save fertilizer dose up to 20% with increase
in yield up to 33.66 per cent. These results are
in close conformation with  Mahajan and Singh
(2006) and Rumpel (2003).  Mane et al. (2015)
observed that the increase in yield was recorded
due to fertigation when compared with
conventional method of fertilizer application.  

Fertigation through drip dominated over the
conventional fertilizer application treatments in
regards to plant height, number of branches
plant-1. The significantly highest plant height
and  number of branches plant-1 were recorded
in T4 (101.3 and 8.9, respectively), however, it
was at par with T7 and T6.  The lowest plant
height and  number of branches plant-1 was
observed in T1 (86.6 and 8.9). Yield and
growth contributing characters were improved
in drip fertigation  treatments as compared to
surface irrigation with conventional fertilizer
through soil. This might be due to more
availability of nutrients under drip than that of
straight fertilizer application through soil in
surface irrigation.  Ezuddin et al. (1986)
reported significant increase in plant height and
number of branches per plant with the increase
in levels of NPK application.

Water use : The conventional method of
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Table 1. Fertilizer schedules for tomato and proportion of nutrients applied in 18 weekly splits

Days after Nitrogen (N) Phosphorus (P) Potassium (K)
transplanting –––––––––––––––––––– –––––––––––––––––––––––– ––––––––––––––––––

% Kg % Kg % Kg

1-28 ( 4 weeks) 15 45 20 30 15 22.5
29-56 (4 weeks) 40 120 35 52.5 30 45
57-84 (4 weeks) 30 90 35 52.5 35 52.5
85-126 (6 weeks) 15 45 10 15 20 30
Total 100 300 100 150 100 150



irrigation used maximum amount of water (900
mm) as compared to drip irrigation (436.0
mm). Hence, saving of water to the extent of
51.5% was possible due to drip irrigation
method with 33.6% increase in yield in
conventional fertilizer with drip irrigation. The
DI with 80% RD of fertigation through
24:24:00 (T4) recorded 46.75% increase in
yield over surface irrigation with 51.5% water
saving. The maximum water use efficiency
(Table 3) of 149.1 kg ha-1 mm was recorded in
80% RD of fertgation  through 24:24:00 (T4)
and lowest WUE of 49.2 kg ha-1 mm in SI with
100% CF (T2).

Economics : The data regarding the cost of
cultivation, net seasonal income, total net
income, B:C ratio and net extra income over
control of tomato as influenced by different
fertigation treatments are presented in Table 4.

Cost of cultivation : The seasonal cost of
drip fertigation treatments observed higher than
surface irrigated treatment due to higher cost of
installation of drip systems. Result showed that
the higher cost of cultivation in WSF than CF
because of higher market cost of WSF. The
highest cost of cultivation was observed in
treatment T5 (Rs. 1,65,224) followed by T4
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Table 2. Yield  (t ha-1)  and growth contributing characters of tomato

Treatments Yield Plant No. of 
(t ha-1) height branches

(cm) plant-1

DI with no fertilizer 29.45 86.6 7.0
SI with 100% RDF through CF (SSP) 44.30 89.0 8.0
SI with 100% RDF through CF (24:24:00) 47.22 92.3 8.3
DI with 80% RD of fertigation (24:24:00) 65.01 101.3 8.9
DI with 80% RD of fertigation (19:19:00) 59.21 97.0 8.5
DI with  80% RD of fertigation (13:40:13) 62.92 98.8 8.6
DI with  80% RD of fertigation (12:61:00) 63.08 99.5 8.7
SE ± 0.74 2.03 0.17
CD at 5% 2.20 6.10 0.50

Where, DI- Drip irrigation; CF-Conventional fertilizers;  SI- Surface irrigation.

Table 3. Water use by tomato as influenced by different treatments.

Treatments Total WUE Water % 
water (kg ha-1- saving increase 
applied mm) (%) yield  over
(mm) T2

T1 - DI with no fertilizer 436 67.5 51.50 -
T2 - SI with 100% RDF through CF (SSP) 900 49.2 51.50 -
T3 - SI with 100% RDF through CF (24:24:00) 900 52.5 51.50 6.60
T4 - DI with 80% RD of fertigation (24:24:00) 436 149.1 51.50 46.75
T5 - DI with 80% RD of fertigation (19:19:00) 436 135.8 51.50 33.66
T6 - DI with  80% RD of fertigation (13:40:13) 436 144.3 51.50 42.03
T7 - DI with  80% RD of fertigation (12:61:00) 436 144.7 51.50 42.40

Where,  DI- Drip irrigation; CF- Conventional fertilizers; SI- Surface irrigation.



(Rs. 1,56,706) and lowest cost of cultivation
was  observed in T1 (Rs. 97,712) as the cost
water soluble fertilizers was more than of
conventional fertilizers.

Net seasonal income : The data
regarding the net seasonal income indicated
maximum value (Rs. 1,72,268) ha-1 in
treatment T7 due to the higher fruit yield
followed by treatment T6 (Rs. 1,69,108).
Treatment T1 gave the lowest yield of fruit
hence the net seasonal income was also lowest
as (Rs. 49,538) and rate of tomato was Rs.
5,000 ton-1 for all treatments (Table 4).
Fertigation gave more net seasonal income
than conventional fertilizer application
treatments. These results are in close
conformity with the results of Pawar et al.
(2013b).

Total net income : The additional area
(1.02 ha) that can be brought under irrigation
due to water saving by drip irrigation was taken
into consideration while determining the total
net income. Drip irrigation with 80% RD of
fertigation through 12:61:00 (T7) recorded
highest total net income of  Rs. 3,47,144 as
compared to surface irrigation with CF Rs.
1,10,767 followed by T6 (Rs. 3,40,776).  It
was highest in T7 due to increased fruit yield.
The lowest value Rs. 99,826 was observed in
treatment T1 (DI with no fertilizer).

B:C ratio : The B:C ratio was improved
under fertigation treatments as compared to
surface irrigation with CF. All treatments
recorded B:C ratio between 1.51 to 2.20.
Maximum B:C ratio was recorded in treatment
T7 (80 % RD of fertigation through 12:61:00)
i.e. 2.20 followed by  T6 (2.16).  The lower B:C
ratio (1.51) was observed in T1. 

Net extra income over control : The net
extra income over control was highest in
treatment T7 (Rs. 58,803) followed by T6 (Rs.
55,643) and T4 (Rs. 54,879). The lowest value
of net extra income over control was recorded
in treatment T1 (Rs. -6392). All fertigation
treatments gave more net extra income over
control than conventional fertilizer application
treatments.

Water productivity : The maximum value
of water productivity was recorded in T7 (80%
RD of fertigation through 12:61:00) i.e. 395
Rs ha-1 mm  water used.  It was followed by T6
(388 Rs  ha-1 mm) and T4 (386 Rs  ha-1

mm-1). The minimum water productivity was
recorded for T1 i.e. 114 Rs.  ha-1 mm  water
used.

Conclusions

The significantly maximum yield of tomato
was obtained in treatment T4 over other
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Table 4. Economics of tomato as influenced by different treatments.

Treatments Seasonal Net Total B:C Net extra Water 
cost of seasonal net ratio income product-
cultivation income income over ivity
(Rs. ha-1) (Rs. ha-1) (Rs. ha-1) control (Rs ha-1

(Rs. ha-1) -mm)

T1 - DI with no fertilizer 97712 49538 99826 1.51 -63927 114
T2 - SI with 100% RDF through CF (SSP) 108035 113465 110767 2.05 0 126
T3 - SI with 100% RDF through CF (24:24:00) 114085 122015 119114 2.07 8550 136
T4 - DI with 80% RD of fertigation (24:24:00) 156706 168344 339237 2.07 54879 386
T5 - DI with 80% RD of fertigation (19:19:00) 165224 140826 314459 1.91 27281 323
T6 - DI with  80% RD of fertigation (13:40:13) 145492 169108 340776 2.16 55643 388
T7 - DI with  80% RD of fertigation (12:61:00) 143132 172268 347144 2.20 58803 395



treatments.  However, it was at par with T7 and
T6. The drip irrigation with 80% RD of
fertigation through 24:24:00 resulted into
46.75% increase in yield with 51.50% water
saving as compared to surface irrigation. The
DI with 80% fertigation through 12:61:00
recorded significantly higher net seasonal
income, total net income, net extra income
over surface and net profit mm-1 of water  as
compared surface irrigation with CF and other
treatments.

On the basis of the results obtained, it can
be concluded that drip irrigation with 80% RD
of fertigation through 12:61:00 in 18 splits at
weekly interval (Table 1) is necessary for
achieving higher yield, maximum monetary
benefits and water productivity of tomato (var.
Abhinav) under silty clay loam soils of western
Maharashtra.
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Evapotranspiration (ETo) plays an important
role in irrigation scheduling. It is a complex and
non-linear process depending on several
hydrologicalfactors. Methods for measuring
evapotranspiration are based on
micrometeorological techniques (aerodynamic
method, eddy covariance etc.) or using
lysimeters. The lysimeter methods is the direct
method used for measuring evapotranspiration
which requires complex and costly instruments.
These methods is generally recommended only
for specific research purposes (Allen et
al.1998). The ETo is commonly estimated by
indirect methods i.e. either physically-based
equations (e.g. Penman, Penman-Monteith
model etc.) or empirical relationships between
meteorological variables (e.g. Hargreaves,
Hargreaves-Samani, Blaney- Criddle model

etc.) (Doorenbos and Pruitt, 1977; Jensen et
al., 1990; Smith et al., 1992; Kumar et al.,
2008).Amongst the several existing reference
evapotranspiration estimation methods,
Penman-Monteith FAO-56 (PM) method (Allen
et al., 1998) is widely being used as the
accurate and standardized method for
estimation of ETo because of its several
advantages over other indirect methods.These
methods were developed to estimate reference
crop evapotranspiration from climatological
data under different climatic conditions
involving equations ranging from the most
complex energy balance methods which
requires detailed climatological data (Allen et
al., 1989) to simpler methods requiring less
data (Hargreaves and Samani, 1982; Samani,
1985). The input variables required for PM
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Abstract
Estimation of evapotranspiration and future needs of water requirement in agriculture is becoming critical

under changing climate. The location specific data on climatic parameters required for accurate estimation of
evapotranspiration is usually not available in India. Hence a study was undertaken to estimate the reference
evapotranspiration (ETo) with minimum weather parameters for historical weather data of 42 years (1971-
2012) for Parbhani and compared with estimates obtained using well established FAO Penman-Monteith
method. The climate based estimation methods used in the study include Hargreaves-Samani, FAO 24- E-
Pan, Priestly Taylor and Turc. The different Artificial Neural Network architectures were formulated using
combinations of input climatic variables and were trained using Neural Network tool of MATLAB software.
Performances of these methods were evaluated using various statistical parameters viz.,mean absolute error,
mean standard error, root mean square error, coefficient of determination, coefficient of correlation and the
model efficiency. Results revealed  that for ETo estimation, FAO Penman-Monteith method is the best indirect
method if all data on all climatic variables is available. The ANN architecture 2-5-1 with minimum and
maximum air temperature gives fairly accurate estimates of daily ETo whereas ANN architecture 3-6-1 using
minimum and maximum air temperature, and wind speed as input parameter is the best alternative for daily
estimation of ETo. It is observed that ANN (2-5-1) topology can be used to estimate fairly accurate ETo when
data pertaining to climatic parameters is insufficient to apply standard ETo estimation methods. 
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method of ETo estimation may not be easily
available at a given location and especially in
developing countries  where difficulties are
often faced in collecting accurate data on all
necessary climatic variables. Similarly,data of
automatic weather stations are commonly used
in developed countries  which rarely used in
developing countries. In such circumstances,
one may be forced to use data from the nearest
station which in fact is far away, with
completely different hydro- meteorological
settings (Jain et al., 2008). The all parameter
data availability is a major limitation for
application of PM method. Therefore, it is
necessary to develop techniques that can be
employed to estimate ETo accurately for
situations where some of the values of potential
climatic variable are not available. 

Artificial neural networks (ANN) a modern
data-driven technique which may be well suited
for this purpose, since ANNs have been proven
as efficient in approximating functions to an
arbitrary degree of accuracy (Sudheer et al.,
2003). Applications of ANNs to hydrology are
rapidly gaining popularity because of their
power and potential in mapping nonlinear
system data (Jain et al., 2008).Hence, artificial
neural network models (ANN) have been used
in various diverse fields for estimation and
forecasting of complex nonlinear time series,
including the forecasting and modeling of
rainfall and evapotranspiration. Therefore
ANNs are effective tools for the modeling of
nonlinear systems that require fewer inputs
than conventional methods. Hence, this study
was aimed to develop ANN models for
Parbhani station to estimate ETo as per
availability of weather parameters.

Materials and Methods

The study was carried at Department of
Irrigation and Drainage Engineering, College of
Agricultural Engineering and Technology,

VNMKV, Parbahni (M.S.), India. Forty six years
daily meteorological data for the period 1971
to 2016 in respect of  maximum and minimum
temperature (Tmax/Tmin, °C);  maximum and
minimum relative humidity (RHmax ,RHmin,
%); wind speed (WS, ms-1) at height of 2.0 m
and sun shine hours (SSHr, hr) was collected
from Indian Metrological Department
recognized weather station at University head
quarter. Penman-Monteith FAO-56 (PM)
method was used to estimate the ETo being as
a standardized method and accordingly
different  ANN models were trained and
tested.The brief description of Penman-
Monteith FAO-56 (PM) and  ANN models used
in the present study to estimate ETo using daily
climatological data is presented here;

Penman-Monteith (FAO-56) method :
Following equation is used for estimation of
ETousing FAO 56 Penman Monteith Method;

where, ETo - potential evapotranspiration
(mm day-1), Rn - net radiation at the crop
surface (MJ m-2 day-1), G - soil heat flux density
(MJ m-2 day-1), T - mean daily air temperature
at 2 m height (°C), u2 - wind speed at 2 m
height (m s-1), es - saturation vapour pressure
(kPa), ea - actualvapour pressure (kPa), es - ea -
saturation vapour pressure deficit (kPa), Δ -
slope of vapour pressure curve (kPa °C-1), and
γ - psychrometric constant (kPa °C-1).

Artificial Neural Network : Amongst the
different data driven models, Artificial Neural
Network (ANN) is commonly used for modeling
complex non-linear phenomenon.Therefore,
the daily ETo using Penman Monteith FAO-56
method was estimated by Decision Support
System for evapotranspiration (DSS_ET)
software developed by Indian Institute of
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Technology , Kharagpur (WB). Artificial Neural
Network model was constituted with ETo
determined with Penman Monteith FAO-56
model as a desired output, while the input
parameters included six climatological
parameters (maximum temperature, minimum
temperature, maximum relative humidity,
minimum relative humidity wind speed and sun
shine hours) that influences evapotranspiration.
Various ANN architectures were formulated by
excluding input parameters one by one on the
basis of easy availability, so as to obtain the best
possible combination of minimum input
parameters that gives fairly accurate estimate of
ETo. Hence, a trial and error procedure was
used to finalize the input variables to the ANN
model. Due to the lack of availability of data the
input parameters which are required for
Penman Monteith Method (FAO 56) in various
combinations were used as inputs to develop
weekly ETo estimation using ANN for Parbhani
station. Eight categories of ANN models were
formulated by varying the inputs in the input
layers using week wise average daily values of
climatological parameters for Parbhani The
details of inputs for ANN model development
are given below;

1) ANN model-A with Two neurons in the
input layers (Minimum Temperature and
Maximum Temperature )

2) ANN model-B with Three neurons in the
input layers (Minimum Temperature,
Maximum Temperature and Wind speed )

3) ANN model-C with Three neurons in the
input layers (Minimum Temperature,
Maximum Temperature and Sunshine
hours)

4) ANN model-D with Four neurons in the
input layers (Minimum Temperature,
Maximum Temperature , Minimum relative
humidity and  Maximum relative humidity)

5) ANN model-E with Four neurons in the
input layers (Minimum Temperature,
Maximum Temperature ,Wind speed and
Sunshine hours)

6) ANN model-F with Five  neurons in the
input layers (Minimum Temperature,
Maximum Temperature , Minimum relative
humidity and  Maximum relative humidity
and Wind speed)

7) ANN model-G with Five neurons in the
input layers (Minimum Temperature,
Maximum Temperature, Minimum relative
humidity,  Maximum relative humidity and
Sunshine hours)

8) ANN model-H with Six neurons in the
input layers (Minimum Temperature,
Maximum Temperature , Minimum relative
humidity, Maximum relative humidity , Wind
speed and Sunshine hours)

The architectures with only one hidden layer
were adopted in this study based on the fact
that an ANN with only one hidden layer is
enough to represent the nonlinear relationship
between the climatic elements and the
corresponding evapotranspiration (Kumar et
al., 2002; Arca et al., 2004). To obtain the
best ANN architecture, the ANN models A to H
were examined. The multilayer perceptron
(MLP) artificial neural networks are quite
popular, hence they were used in this study.The
number of hidden units were varied as i + 1, i
+ 2, 1+n where i is the number of input nodes.
A multi input single output network were
trained using Feedforward back propagation
neural network with  Levenberg-Marquardt
algorithm and hyperbolic tan activation
function (Tansigmoid). The stopping criteria for
the training were the mean square error MSE
(0.01).  In ANN modeling, selection of input
variables is an important issue. To avoid
overtraining and under training, split sampling
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method was used. The available data was split
in three separate data sets: (1) the training set,
(2) the cross-validation set, and  (3) the testing
set. These data sets were then used for
respective operation. The size of training set,
validation set and testing set was 65, 20 and 15
per cent of total data set, respectively.

Model Performance : Model
performance was judged on the basis of various
statistical parameters such as Mean Absolute
Error (MAE), Mean Square Error (MSE), Root
Mean Square Error (MSE), correlation
coefficient (R), Coefficient of determination
(R2) and Model Efficiency (ME) as given by
following equations ;

a) Mean Absolute Error (MAE) : It
measures the average absolute deviation of
forecasted values from original ones. It is also
termed as the mean absolute deviation (MAD)
which shows the magnitude of overall error,
occurred due to forecasting.

Where, n is total number of observations
used for computing, Oi is actual value of
variable and Pi is forecasted value of variable.

a) Mean Square Error : The Mean
square error (MSE) of an estimator, quantifies
the difference between an estimated and the
true value of the quantity. This measures the
average of the square of the 'error'. The error is
the amount by which an estimator differs from
a desired estimate. The MSE is determined
using;

An MSE of zero, meaning that the estimator
'Pi' predicts observation of the parameter 'Oi'

with perfect accuracy, is the ideal and forms the
basis for least square method of regression
analysis. While particular values of MSE other
than zero are meaningless in and of themselves,
they may be used for comparative purpose
only. The unbiased model with the smallest
MSE is generally interpreted as the best
explaining the variability in the observation.

b) Root Mean Square Error : The root
mean square deviation (RMSD) or root mean
square error (RMSE) is a measure of the
differences between values predicted by a
model and observed values. RMSE is a good
measure of accuracy. These individual
differences are also called residuals, and the
RMSE serves to aggregate them into asingle
measure of predictive power. RMSE was
calculated by using following equation:

c) Coefficient of Correlation : The
value of the coefficient of correlation was
determined by using following formula:

The value of the coefficient of correlation
obtained by the above formula shall always lie
between -1 to +1. When r = +1, it means there
is perfect positive correlation between the
variables. When r = -1, it means there is perfect
negative correlation between the variables.
When r = 0, it means there is no relationship
between the two variables.

d) Coefficient of Determination :
Coefficient of determination (r2) will give some
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information about the goodness of fit of a
model. It is determined by using following
formula:

In regression, coefficient of determination
(R2) is a statistical measure of how well the
regression line approximates the real data
points. An r2 of 1.0 indicates that the
regression line perfectly fit the data.

e) Model Efficiency : Where, Pi and Qi
are the predicted and observed values,
respectively; and n is the total number of
observations.

Results and Discussion 

In order to find out the best ANN
architecture yielding accurate to fairly accurate
estimation of reference evapotranspiration with
limited to maximum climatic data, the optimum
number of nodes in hidden layer for each ANN
architecture were decided by trial and error
method. The performance of these ANN
topologies were judged by statistical indices.
The reference evapotranspiration (ETo)
estimates provided by topologies for test data

were compared with the estimates provided by
the PM method. The statistical analysis of the
performance is summarized in Table 1.

From table 1, it is observed that ANN - A
model strategy having only two inputs (i.e.
Tmin and Tmax), and 2-5-1 architecture (2, 5
and 1 nodes in input hidden and output layer,
respectively) was enough for training the
network. This architecture resulted in lowest
MAE(0.03), MSE (1.67), RMSE (1.29), highest
correlation co-efficient (0.90) & Coefficient of
determination (R2=0.82) and model efficiency
was 96%. Therefore, in ANN-A model strategy,
with 2-5-1 architecture was selected for
validation. 

The statistical performances for ANN - A to
ANN-H model with different architecture were
selected (Table 1). Amongst the three inputs
strategies, ANN -B model having only three
inputs (i.e. Tmin, Tmax and wind Speed), with
3-6-1 architecture  and ANN-C model (inputs,
Tmin, Tmax and sunshine hours),  with
architecture 3-9-1 were enough for training the
networks. The four inputs strategy ANN -D
(inputs, Tmin, Tmax, Rhmin and Rhmax )and
ANN-E (inputs, Tmin, Tmax, wind speed and
sunshine hours) models with architecture 4-15-
1 and 4-8-1 respectively recorded good
statistical performances and were enough for
training the networks. The model architecture
5-10-1 (inputs, Tmin, Tmax,  Rhmin, Rhmax
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Table 1. Statistical performance of different ANN Models with selected Architecture for Parbhani station

ANN Model Model MAE MSE RMSE R R^2 EC
architecture

ANN Model-A  (TT) 2-5-1 0.0300 1.67 1.29 0.90 0.82 0.96
ANN Model-B  (TTW) 3-6-1 0.0018 0.52 0.72 0.97 0.94 0.99
ANN Model-C   (TTS) 3-9-1 0.0020 1.61 1.26 0.91 0.83 0.96
ANN Model-D (TTRR) 4-15-1 0.0001 0.94 0.97 0.94 0.90 0.98
ANN Model-E  (TTWS) 4-8-1 0.0018 0.43 0.65 0.97 0.95 0.99
ANN Model-F  TTRRW) 5-10-1 0.0016 0.01 0.12 0.99 0.99 0.99
ANN Model-G  (TTRRS) 5-13-1 0.0079 1.10 1.05 0.94 0.88 0.97
ANN Model-H  (TTRRWS) 6-11-1 0.0014 0.01 0.12 0.99 0.99 0.99



and wind speed) and 5-13-1 (inputs, Tmin,
Tmax,  Rhmin, Rhmax and sunshine hours)
were selected for ANN -F and ANN-G  amongst
the  five input strategies. 

Finally, in six input strategy where all six

inputs were provided (which are required for
PM method) to train neural network. It is
observed that ANN H (inputs, Tmin, Tmax,
Rhmin, Rhmax, wind speed and sunshine
hours) model strategy the model architecture 6-
11-1 resulted in lowest MAE (0.0014), MSE

Awari et al.132

ANN Model A(2-5-1) ANN Model B (3-6-1) ANN Model C (3-9-1)

ANN Model D (4-15-1) ANN Model E(4-8-1) ANN Model F (5-10-1)

ANN Model F (5-13-1) ANN Model H (6-11-1)

Fig.1. Graphical performance of different ANN models



(0.01), RMSE (0.12) and highest correlation co-
efficient (0.99), Coefficient of determination
(R2=0.99) and model efficiency 0.99%.
Therefore, in ANN-H model strategy, the
model with 6-11-1 architecture was selected for
validation.

Results revealed that model efficiencies
under different ANN strategies ranged from 96
to 99% with mean absolute error 0.03 to
0.001 and correlation coefficient 0.90 to
0.99. This indicates that ANN models can
estimate ETo with accuracy ranging from 90 to
99%. With the use of less data, one can
estimate the ETo upto 90% accuracy. It is also
revealed that wind speed is an influencing factor
for ETo estimation. The strategy where wind
speed (is included as input) estimated with
higher accuracy.

The coefficient of correlation estimated by
MATLAB while training and validation is
presented graphically in Fig. 1. 

Overall climatic inputs  parameters, ANN
Model B which required climatic parameters
viz.; Tmin, Tmax, wind speed recorded model
efficiency as 99 % with MAE 0.0018 whereas
the inputs required for PM method (FAO 56)
ANN strategy ANN -H model (inputs, Tmin,
Tmax, Rhmin, Rhmax, wind speed and
sunshine hours) recorded the highest model
efficiency (99%) and lowest MAE (0.0014).
This indicates that using less climatic
parameters, it is possible to estimate ETo using
ANN-A and ANN-B model for Prabhani station. 

Conclusion

When data on all climatic parameters
available Penman-Monteith (P-M) (FAO-56)
method is the best for indirect estimation of
evapotranspiration. Whereas, ANN Model B
which require climatic parameters viz.;  Tmin,
Tmax and wind speed yields accurate results

followed by ANN model A which required
Tmin, Tmax  give fairly accurate results under
constraints of limited climatic parameter data.
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The best rooting medium for sugarcane
crop should be less than 1 m deep in loam to
clay loam soils (Blackburn,1984).Further,
favourable soil pH range for good cane growth
would be 6-8 (Hunsigi,1993). Higher soil pH
cause deficiencies of many nutrients to
sugarcane crop and hamper crop yield. In
clayey soils due to inadequate drainage
conditions cane root and stem growth is poorer
and as a result reduce cane yield.Soil organic
carbon (SOC) is very stable but is very reactive
and a large quantity can be lost through
changes in agricultural land use particularly
from ploughing, erosion, fallowing,

deforestation as well as different management
practices (Yang et al., 2003).   The decline in
soil organic matter would invite the multiple
nutrient deficiencies in soil and a decline of two
third of initial level would represent a serious
suppression of nutrient availability.Sulphur is
essential for maximum crop yield and quality
and often ranks behind nitrogen, phosphorus
and potassium in importance (Jeschke and
Diedrick, 2010). It plays an important role in
sugarcane plant's metabolism and is required
for amino acids, proteins, vitamins,
photosynthesis process and N uptake
(Campbell et al. 2013). Further, it increases the
juice quality, CCS% and cane yield. It is
estimated that about 1 million tones S is being
mined year-1 in Indian agriculture. Sulphur is
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Abstract
The spatial variation of pH, organic carbon and available sulpher from majorsugarcane growing surface

soils (0-20 cm) of south Gujarat (about 15.7 lakhs ha) wasevaluated and their GIS- based maps were prepared
for better management planning of thesesoils to enhance sugarcane yield. Four hundred fifty (450) GPS -
based representative surfacesoil samples were collected from major sugarcane growing areas encompassing
jurisdictionareas of 15 co-op sugar industries in seven districts (Valsad, Navsari, Surat, Bharuch,
Tapi,Narmada and Vadodara) of south Gujarat.The result revealedthat soil reaction varied widely form slightly
acidicto very alkaline in the entire area. However, > 69 per cent soils exhibited moderately to very strongly
alkaline in reaction, while > 97 per cent soils indicated their normal status with respect to EC. SOC and
availablesulpher displayed very low to high status in soils of all sugar industries. In case of SOC, about 44 and
32% soils exhibited low and medium status respectively, while with respect toavailable sulpher, > 50 and 34%
soils showed low and medium status respectively. CEC ofmajor soils were of higher range (> 40. Organic
carbon was significantly and highly positively correlated with soil pH (0.13**), EC (0.14**), CEC (0.52**),
clay+silt (0.20**) and available Sulpher (0.28**). Available sulphur was found to corelate positively and
significantly with soil EC (0.63**), CEC (0.21**), and with 'silt + clay' (0.10*) of soil, while soil CEC correlated
positively and significantly with 'clay+silt' (0.32**), pH (0.30**) and EC (0.21**). The overall results suggested
that addition of organic matter / manure, compost/ bio-compost and / or gypsum or S-bearing fertilizer or
S- solubilizing microbes in requisitequantity would required to combat problems arising out of high pH, low
status of organiccarbon and sulfur for possible improvement in soil health , sugarcane yield and quality.

Key words : Spatial Variation, pH, SOC, Available S, GIS mapping, sugarcane soils.
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Director of Research, VNMKV, Parbhani.



now thus considered an essential part of
balanced fertilization and is placed as fourth
major nutrient, after NPK.  The response of
sugarcane to sulphur application in terms of
yield and quality had been reported by several
workers (Gosnell and Long, 1969, Sakal et al.
2002, Tiwari, 2006). Besides, on high pH
soils, deficiencies of several nutrients including
phosphorus (P), iron (Fe) and zinc (Zn) might
occur even though they are abundant in the
soil, since they are tied up in unavailable forms.
GIS mapping of SOC and available sulpher
would help in generating spatial data in map -
form based on laboratory generated data for
wider use. Recent information on variation of
soil pH, SOC and available S status for the
above sugarcane growing areas are not
available and hence is of immense importance
to generate data for better management
planning of sugarcane growing soils in order to
improve sugarcane yield and sustain soil health.

South Gujarat comes under "South Gujarat
heavy rainfall" and "South Gujarat agro-climatic
zone" of Gujarat. South Gujarat heavy rainfall
agro-climatic zone receives an annual average
rainfall of about 1500 mm, while the South
Gujarat agro-climatic zone (area between rivers
Ambica and Narmada) receives an annual
rainfall varying from 1000-1500 mm. The
moisture regime is Usticand the soil
temperature regime is Hyperthermic. Climate is
characterized by fairly hot summer, moderately
cool winter and warm monsoon. The annual
maximum temperature is oscillated between
43.50C during summer and 7.20C in winter.
Temperature rises to its maximum level during
the months of March-April and the lowest in
the month of December-January. Deep black
soil with few patches of coastal alluvial, laterite
and medium black soils (shallow to moderately
deep and deep to very deep) with heavy
texture, predominantly clay cover major area.
The overall pattern of relief is normal in the

plains and subnormal in the coastal plains of
South Gujarat with dendrite and sub-dendrite
drainage pattern. Major crops grown in this
area are sugarcane, paddy, cotton, vegetables
and horticultural corps (mango and sapota). 

Materials and Methods

Based on information available in Regional
Sugarcane Research Station, NAU, Navsari
and our preliminary survey data, 450
georeference-based (using GPS - Garmin etrex
30. 450) representative surface soil (0-20 cm)
samples (30 samples from each of jurisdiction
area of 15 sugar industriesof South Gujarat) i.e.
Valsad, Navsari, Surat, Bharuch, Tapi,
Narmada and Vadodara district encompassing
the jurisdiction area of 15 Co-op. sugar
industries namely,  1) Valsad (Dist. Valsad), 2)
Gandevi (Dist. Navsari), 3) Maroli ( Dist.
Navsari), 4) Chalthan (Dist. Surat), 5) Kamrej
(Dist. Surat), 6) Sayan (Dist. Surat), 7) Pandvai
(Dist. Bharuch),  8) Vatariya (Dist. Bharuch),  9)
Vodadara (Dist. Vodadara), 10) Narmada  (Dist.
Narmada), 11) Bardoli (Dist. Surat), 12) Madhi
(Dist. Surat),  13) Vyara  (Dist. Tapi),  14)
Copper (Dist. Tapi), 15) Mahua (Dist. Surat)
were collected following standard procedure.
Total area of study is about 15.7 lakhs
haconsidered under the present research
study.Samples were air- dried, processed and
analyzed following standard procedure. Soil
particle size distributions were done following
international pipette method (Piper, 1966). Soil
pH and ECwere measured in 1:2.5 soils: water
suspension by using glass electrode electric pH-
meterand electrical conductivity meter
respectively (Gupta, 2007). Soil organic carbon
(SOC) was determined following Walkley and
Black rapid titration method (Walkley and
Black, 1934) and available sulphur was
determined by using 0.15 per cent CaCl2
solution (Willams and Steinbergs, 1959).
Exchangeable Na+ and K+ were determined
flame photometrically by using neutral normal
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ammonium acetate extractant. Exchangeable
Ca++ and Mg++ were determined using neutral
normal ammonium acetate extractant by
EDTA-titration versenate method (Jackson,
1973). CECCation exchange capacity of soil
was evaluated by subtracting summation of
these water soluble bases from summation of
ammonium acetate extract (pH 7.0) bases
(Black et al. 1965). The simple correlations,
among soil properties studied, were workout as
per standard method given by Panse and
Sukhatme (1967) using software (SAAS 9.2).
The present investigation was carried out with
an objective to evaluate SOC, available sulphur
status along with some other soil characteristics
of surface soils from sugarcane growing areas
of South Gujarat and mapping SOC and
available S status by using GIS for wider
application.Based on results, some suggestions
were made keeping in view the necessity of
sustenance of soil health / quality as well as
possible higher sugarcane yield and quality.

Results and discussion

pH, EC, CEC and Clay+silt  status of
surface soils : Range, mean and standard
deviation ofpH, EC, CEC and Clay+silt status
of surface soils from jurisdiction area of all the
fifteen sugarcane industries of South Gujarat
are presented in Table1.

Soil pH : 450 soil samples from entire
jurisdiction area when considered together, it
was observed that overall soil pH ranged from
6.06 to 9.53 i.e. from slightly acidic to very
strongly alkaline with overall mean value of
8.09. Wide range of soil pH in sugarcane
grown soils, was also obtained by Pujar et al.
(2010), Patel et al. (2012) , Haroon (2013) and
Dhan and Selassie (2013).It was observed that
major (> 69 percent) soils were "moderately to
very strongly alkaline" in reaction. In case of
overall categorization, only 1.33 percent (06)
samples from valsad and vyara sugar industries

area came under "slightly acidic group", 8.89
percent (40) samples from Valsad, Gandevi,
Chalthan, Kamrej, Vatariya, Narmada, Madhi,
Vyara, Copper and Mahua belonged to
"neutral" group , while 20.00  (90), 48.44
(218), 20.44 (92) and 0.89 percent (4) soil
samples respectively belonged to "mildly
alkaline", "moderately alkaline", "strongly
alkaline" and "very strongly alkaline" in
reaction. >50 percent soils of study area
indicated their state within favorable pH range
of 6 to 8 for good cane growth as suggested by
Hunsigi (1993). Following were Sugarcane
industries having number of soils with
"moderately to very strongly alkaline" reaction
in decending order: Maroli>Pandwai>Sayan =
Narmada = Copper >Gandevi>Kamrej>
Chalthan = Vatariya>Madhi = Valsad>Vyara>
Mahua. Significantly the highest mean soil pH
(8.47) was associated with Maroli sugar industry
which remained at par with four sugar
industries (Sayan, Vadodara, Narmada and
Bardoli.Soils of Vyara sugar industry recorded
the lowest one (7.56). However, average soil
pH for the entire sugarcane growing area was
recorded 8.09 i.e. moderately alkaline. These
results of wide range of soil pH were in good
agreement with Dhage et al. (2000), Talukdar
et al. (2009), Pujar et al. (2010), Chaudhary et
al. (2012) and Vijayakumar and Haroon (2013)
for sugarcane growing soils. 

Soil EC : Soil salinity (EC) from entire
jurisdiction area of fifteen sugar industries  was
observed to vary from 0.10 to 1.86 dS m-1 i.e.
from low to medium soil salinity with (S.D.
0.23) mean of 0.38 dS m-1. > 97 % (437)
samples exhibited low (< 1 dS m-1) soil salinity
status i.e. normal as of now and only about 3%
(13) samples belonged to medium salinity
status. As the soil salinity of almost all the soils
were within threshold limit of EC< 2 dS m-1

(Mehrad, 1968), there would not be any
adverse effect on sugarcane growthdue to soil
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salinity. Soil EC corroborated with those
reported by Ghuge (2002), Waiker et al. (2004)
and andDhan and Selassie (2013) in sugarcane
growing soils of Maharashtra and other area.
Relatively higher soil salinity at some villages
under sugarcane crop was perhaps due to use
of high saline ground water or due to the
excessive irrigation of surface / canal water as
reported by Kadam et al. (1983a). Significantly
the highest mean soil salinity (EC of 0.52 dS m-

1) was associated with Chalthan sugar industry
which  remained at par with two sugar
industries (Maroli and Sayan), whereas
significantly the lowest one  (0.28 dS m-1) was
obtained in the Narmadar sugar industry area.
However, the average soil salinity for the entire
sugarcane growing area was only 0.38 dS m-1

(S.D. 0.08 dS m-1). 

CEC : The results revealed that CEC varied
widely from 15.74 to 63.45 cmol (p+) kg ha-1

(S.D. 16.42) with over all mean value of 45.62
cmol (p+) kg ha-1i.e.the major soils depicted
higher value of CEC for entire jurisdiction area

of sugarcane industries of South Gujarat. As
suggested by Blackburn (1984) soils with CEC
> 15 cmol (P+) kg-1 could be considered  good
for sugarcane crop cultivation, almost all the
soils were found to fulfill the criteria. The results
were supported by Dhan and Selassie (2013)
for major sugarcane grown soils of Ethopia,
whereby they obtained higher range of CEC
from 33.5 to 61.3 cmol (p+) kg-1. When the
entire range of soil CEC partioned into various
range, it was found that about 58 percent (260)
samples recorded CEC in between 41.00 and
50.00 cmol (p+) kg-1, > 20 percent (91)
samples exhibited CEC from 31.00 - 40.00, 20
per cent (90) samples belonged to CEC >
50.00 cmol (p+) kg-1 and hardly 2 percent (9)
soils belonged to CEC < 30.00 cmol (p+) kg-1.
These results indicated that major soils were
rich in 2:1 type expanding type of clay.
However, dominance of illite clay mineral can
not be ruled out in some soils with CEC of
around 20.00 cmol (p+) kg-1. Percentage soils
possessing CEC between 41.00 and 50.00
cmol (p+) kg-1 in jouridiction area of Valsad,
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Table 1. pH, EC, Clay + Silt and CEC in soils of jurisdiction area of various sugar industries

Sugar pH EC(ds m-1) Clay + Silt (%) CEC [ C mol (P+) kg ha-1]
Industries (mean)/S.D. (mean)/S.D. (mean)/S.D. (mean)/S.D.

Valsad 6.06-9.04 (7.64)/0.81 0.17-1.71 (0.44)/0.31 56.68-65.84 (61.08)/2.27 28.57-47.18 (40.08)/4.03
Gandevi 7.16-9.49 (8.19)/0.48 0.17-1.80 (0.50)/0.38 58.2-73.48 (65.88)/3.63 34.94-62.97 (45.97)/7.75
Maroli 7.90-8.90 (8.46)/0.24 0.23-1.12 (0.47)/0.20 60.75-77.55 (69.76)/4.27 43.95-58.50 (50.87)/3.81
Chalthan 7.35-8.85 (7.98)/0.43 0.18-1.86 (0.55)/0.42 62.43-74.59 (68.20)/3.68 39.52-55.36 (48.77)/4.53
Kamrej 7.32-8.86 (8.07)/0.29 0.27-1.32 (0.43)/0.19 60.27-70.52 (65.06)/2.79 29.49-57.79 (47.00)/6.05
Sayan 7.59-9.33 (8.33)/0.43 0.24-1.60 (0.51)/0.27 61.06-69.58 (65.81)/2.24 39.13-56.06 (50.58)/3.73
Pandwai 7.52-8.84 (8.30)/0.32 0.10-1.11 (0.36)/0.22 63.2-78.64 (69.06)/4.08 28.20-56.14 (44.67)/8.28
Vatariya 7.12-8.78 (8.01)/0.48 0.11-0.96 (0.35)/0.17 60.3-70.55 (65.68)/2.55 15.74-51.32 (40.06)/7.08
Vadodara 7.67-9.53 (8.45)/0.36 0.14-0.72 (0.33)/0.11 60.35-73.5 (67.57)/3.44 36.80-55.11 (48.09)/3.75
Narmada 7.12-8.92 (8.25)/0.37 0.11-0.49 (0.28)/0.11 53.63-68.34 (61.66)5.81 24.92-45.54 (36.90)/4.39
Bardoli 7.40-8.88 (8.31)/0.30 0.25-0.52 (0.35)/0.07 62.05-78.68 (71.31)/4.43 39.09-63.45 (48.74)/5.21
Madhi 6.75-8.71 (7.84)/0.57 0.20-1.30 (0.39)/0.21 58.29-72.68 (66.56)/3.42 34.81-53.65 (45.95)/4.37
Vyara. 6.38-8.50 (7.55)/0.61 0.12-0.77 (0.30)/0.15 58.64-70.42 (64.80)/2.83 36.53-51.27 (44.55)/3.76
Copper 7.15-8.87 (8.14)/0.31 0.10-0.62 (0.32)/0.12 58.1-70.54 (63.13)/3.05 36.05-55.44 (45.49)/4.52
Mahua 7.30-8.61 (7.85)/0.45 0.22-0.52 (0.34)/0.07 60.58-78.61 (68.38)/4.59 38.45-63.37 (44.98)/4.37
As a whole 6.06-9.53 (8.09)/0.28 0.10-1.86 (0.38)/0.23 61.07-71.37 ( 66.26 )/2.9 15.74- 63.45 (45.62)/16.42

C.V. for means = 3.44 C.Vfor means =0.21 C.Vfor means = 4.38 C.Vfor means =  8.71



Gandevi, Maroli, Chalthan, Kamrej, Sayan,
Pandwai, Vatariya, Vadodara, Narmada,
Bardoli, Madhi, Vyara, Copper and Mahua
sugar factories , were respectively about 43,
87, 100, 93, 87, 93, 70, 50, 97, 13, 97, 87,
83, 87 and 90. However, the per cent
distribution in ascending order with respect to
sugar industries was: Narmada <Valsad<
Vatariya<Pandvai<Gandevi<Vyara< Copper =
Madhi = Kamrej<Mahua<Chalthan = Sayan<
Vadodara = Bardoli<Maroli. Soils of Maroli
sugar industry significantly showed the highest
mean soil CEC (50.85 cmol (p+) kg-1) being at
par with three sugar industries (Chalthan,
Sayan and Bardoli) , whereas the lowest one
(37.01 cmol (p+) kg-1) was found in jurisdiction
area of Narmada sugar industry which was the
only industrial area showing mean soil CEC <
40 cmol (p+) kg-1. Average soil CEC for entire
sugarcane grown area was noted to be 45.57
cmol (p+) kg-1 indicating dominance of 2:1
type expanding clay minerals in major areas. 

Clay + silt per cent : 'Clay + silt' in
combination was considered as total final
fraction from soil which for soils of jurisdiction
areas of different sugar factories are presented
in Table. The results revealed that Clay + silt
percentage varied to certain extent in soils of
different factories.The lowest value of Clay +
silt percentage was noted in soil (Rajpardi
village) of Narmada sugar factory, while the
highest of the same was noted in soil (Tejpur
village) of Bardoli sugar factory. When soils
among different sugarcane industries area were
considered, it was observed that the highest
mean finer fraction i.e. 'clay + silt' content
(71.37%) was associated with Bardoli sugar
industry, whereas the lowest one (61.07%) was
obtained in Valsad sugar industry area and the
highest mean finer fraction was significantly
higher over those of rest of the sugar industries.
This fact indicated that soils of Bardoli sugar
industry area would show superiority to some
extent to others in respect of surface area and

exchangeable sites. In case of entire sugarcane
areas mean 'clay + silt' content was 66.26%
with S.D. of 2.90 percent.

SOC : It was observed that SOC ranged
from 1.95 to 12.60 g kg-1 (S.D. 2.14) i.e. from
very low to high status with mean value of 5.50
g kg-1 for entire jurisdiction area of fifteen sugar
industries. Nearly 44 per cent (197) samples
depicted low organic carbon status, while
32.00 (144) and 24.22 per cent (109) samples
belonged to medium and high status
respectively. The variation of SOC from place
to place under study area might be ascribed to
addition of varying quantity of organic matters
/ manures / biocomposts by the farmers in
plant  and ratoonsufarcane  and also due to
difference in rate of decomposition of added
organic matter. Similar ranges of SOC for
sugarcane grown soils were reported by Pujar
et al, (2010) from Karnataka, Vijaykumar and
Haroon (2013) fromTamilnadu. It was further
observed that about 53, 23, 30, 17, 20, 23,
20, 40, 70, 80, 13, 80, 77, 67 and 43 percent
soil samples, respectively from Valsad, Gandevi,
Maroli, Chalthan, Kamrej, Sayan, Pandwai,
Vatariya, Vadodara, Narmada, Bardoli, Madhi,
Vyara, Copper and Mahua sugar industries area
came under low status of SOC i.e. with low
productivity potential according to Zhang et al.
(2003) and Andrews et al. (2004). Per cent of
soils with medium SOC status in the
corresponding industry area were 10, 33, 30,
17, 60, 47, 33, 33, 20, 13, 67, 17, 13, 33
and 53, respectively. As SOC plays a crucial
role in sustaining soil quality, agricultural
production and environmental quality, soils with
low SOC status not only would exhibit low
productivity potential, poor quality, but also
might create low status of available N, P and
sulphur nutrients. Thus, application of more
organic manure would be helpful for sustaining
the soil physical quality, soil nitrogen status and
in alleviating the deficiency of other nutrients
for sustaining sugarcane productivity. Another
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alternative for achieving higher status of SOC
would practice of conservation agriculture. The
ascending order of sugar industries with respect
to percent soils with low SOC were:
Bardoli>Chalthan>Kamrej = Pandvai>Sayan =
Gandevi>Maroli>Vatariya>Mahua>Valsad>
Copper > Vadodara >Vyara>Madhi =
Narmada. Only few soil samples from six
industries i.e. Copper, Madhi, Mahua,
Narmada, Vyara, Vadodara exhibited high SOC
status. Thus improving SOC status through
incorporation of organic matters/ manures in
major areas to achieve higher sugarcane yield
and environmental stability would be of
paramount importance. Overall, nearly 76
percent soil samples were either low or medium
status in SOC. These results were well
supported by Sharma et al. (2008), Patel et al.
(2012) and Vijaykumar and Haroon (2013) for
soils of sugarcane growing area and other soils.
Significantlythe highest mean SOC (7.13 g
kg-1) was associated with Chalthan sugar
industry remaining at par with three sugar
industries (Gandevi, Maroli and Pandwai),
whereas the lowest one (3.75 g kg-1) was
obtained in the jurisdiction area of Narmadar
sugar industry. However, when the entire
sugarcane growing area was considered as a
whole, the average SOC value came down to
5.50 g kg-1with standard deviation of 1.03
which indicated the major soils would require
urgent attention to improve SOC status.

Available S status : It was observed that
available sulphur ranged from 0.78 to 129.75
ppm (S.D. 5.12) i.e. from low to high with
mean value of 13.87 ppm in soils from the
entire jurisdiction area of fifteen sugar
industries. Considering 10.00 ppm as critical
level of available sulphur (Hariram and Dwivedi,
1994) it was observed that about 51 percent
(228) surface samples came under low status
group, 34 percent (155) samples belonged to
medium and only about 15 per cent (67)
samples were of high category. Variation in
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addition of sulphur bearing fertilizers/
amandement like, super phosphates (Sharma
et al. 2008) and gypsum, enriched compost/
biocompost or ground water irrigation
containing sufficient amount of sulphur might
be the reasons for high variation available soil
sulphur in place to place, though the variation
of sulphur content in soils also had large
bearing on varying cropping systems and
parent materials (Aggarwal and Nayyar, l998).
According to Basumatary and Das (2012)
organic carbon was the most dominant factor
governing the sulphur availability index
followed by clay. Results of wide range of
available sulphur of the present study were
supported by Chouhan et al. (2012) for soils of
Madhya Pradesh, whereby they showed sulphur
deficiency to the tune of 38.6 percent,
Kaleeswari (2012) for soils of Tamilnadu and
Athokpam et al. (2013) for soils of Senapati
district of Manipur. As sulfur plays an important
role in the plant's metabolism, synthesis of
amino acids, proteins and photosynthesis, and
sugarcane exhibits luxury consumption and
removes a considerable quantity of S (Ali,
1986) from the soil, additional application of
sulphur might profoundly effect on sugarcane
yield and qaulity, as was earlier reported by
Campbell et al. (2013). Thus, soils having
sulphur status below critical level are required to
be replenished/improved through addition of
requsite quantity of organic/inorganic
fertilizers, sulphonated compost and
biocomposts or gypsum or sulphur solubilizing
microbes to meet the demand of S in sugarcane
crop. As organic matter plays a major role
(Kaur and Jalali, 2008) in generating different
forms of sulphur including available S in soils,
more addition of organic matters /manure
would be an alternative measure to meet the
demand of sulphur in sugarcane crop as well as
to improve the soil quality. Sugar industries
when arranged in ascending order based on
percent soils with "low available sulphur" status,

the order was as follows: Kamrej (13) >Sayan
(23) >Chalthan (27) >Mahua (47) = Vyara (47)
= Vatariya (47) = Maroli (47) > Vadodara (53)
= Gandevi (53) = Pandvai (53) >Madhi (60) =
Valsad (60) > Copper (70) >Bardoli (73) >
Narmada (87). Similarly, for "medium available
sulphur" the order was as follows: Narmada (7)
>Bardoli (10) >Vatariya (17) >Chalthan (23)
>Pandvai (27) = Valsad (27) > Copper (30)
>Madhi (37) = Maroli (37) > Vadodara (40) =
Gandevi (40) >Mahua (50) = Vyara (50) =
Sayan (50) >Kamrej (73). The overall result
reveled that about 85 percent soils having
either low or medium status of available sulphur
from the entire sugarcane growing areas of
south Gujarat would need sulphur management
as described above. 

GIS based digitized mapping : 

Soil pH : Spatially distributed digitized map
of soil pH for the entire sugarcane grown area
of about 15.7 lakh ha. The figure revealed that
soils with "moderate alkalinity" covered the
major area (1002505 ha) followed by area
under mild alkaline (318921 ha) strongly
alkaline (228884 ha), neutral (21662 ha), very
strongly alkaline (914 ha) and slightly alkaline
(644 ha) class. Thus, soils (Fig.2 ) under "very
strongly alkaline class" encompassing the area
of Chhattral and other adjoining villages
(Vadodara sugar industrial area) and under
"strongly alkaline class" covering the area of
upper northern part of Jalalporetaluka (Maroli
sugar industrial area), southern part of olpad,
east-Chorasi, southern Hansot, patches of
Jhagadiya, Karjan and major part of Sinor,
Dabhoi, Nandodtaluka need special measures
for mitigation / reduction / management of soil
alkalinity to maintain good soil health and
achieving possible higher  yield of sugarcane
crop. However, such majors would be also
necessary   for soils coming under "moderate
alkaline" reaction ( Vansda, Chikhli, Gandevi,
western Valsad, Navsari, Mahua, Valod,
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Bardoli, Palsana, Kamrej, Mangrol, Valia,
Ankleswer, Jhagadia, Bahruch, Amodtaluka
and  Dharampur, Vyara, Mandvi, Songad,
Umarpada, central Mangrol area) depending
upon site specific degree of alkalinity  for
maintaining good soil health and sustaining
crop yield. 

SOC : Spatially distributed digitized map of
SOC revealed that areas under low, medium
and high SOC class were about 655339,
837786 and 80333 ha respectively.  Areas
under  low SOC covering  part of Valsad,
Vyara, Valod, Bardoli, Mandvi, Songad,
Umarpada, Jhagadia, Nandod, Sinor and
Karjantaluka  need urgently special attention
for improvement/management of SOC
through addition of more organic matter/
biocompost/compost etc. to maintain good soil
health for achiving possible higher yield of
sugarcane crop. Because, with the increase in
SOC through manure applications, the
immediate and potential availability of
micronutrient cations would be improved.
However, area coming under medium SOC
comprising of Dharampur, Chikhli, Bansda,
Ankleswar, Bahruch, Vagra and Amodtalukas,
excepting some patches of high SOC in
Gandevi, Navsari, Jalalpor, Kamrej, Chorasi,
Palsana, Kamrej, Olpad, Hansot and
Valiatalukas also require improvement in  SOC
to certain extent depending upon site.

Availaable sulphur : Spatially distributed
digitized map of soil available sulphur for the
entire sugarcane grown area of about 15.7 lakh
ha of south Gujarat, major areas of soil was
found to exhibit medium (about 694016 ha)
status of available sulpher followed by low status
(about 574306 ha) as of today and only
305057 ha area was observed under high
status of available sulphur. Area under low
status covering part of Pardi, Valsad, Chikhli,
Gandevi, Bansda, Vyara, Valod, Bardoli,
Mandvi, Songad, Umarpada, Hansot,

Jhagadia, Nandod, Sinor and Karjan area,
highly need management of sulphur through
organic or  inorganic supplementation so as to
improve quality of sugarcane juice as well as
yield. Delineation of available sulphur with the
help of GIS was also done by Kaleeswari (2012)
for Tamilnadu and Pulakeshi (2012) for
Karnataka states. 

Conclusion

The results clearly indicated that soils under
"very strongly alkaline class" encompassing the
area of Chhattral and other adjoining villages
(Vadodara sugar industrial area) and under
"strongly alkaline class" covering the upper
northern part of Jalalporetaluka (Maroli sugar
industrial area), southern part of olpad, east-
Chorasi, southern Hansot, patches of
Jhagadiya, Karjan and major part of Sinor,
Dabhoi, Nandodtaluka need application of
gypsum in requisite quantity as  measure  for
mitigation/reduction/management of soil
alkalinity to maintain soil health and also to
enhance possible yield of sugarcane crop.
Areas  under  low SOC covering  part of
Valsad, Vyara, Valod, Bardoli, Mandvi, Songad,
Umarpada, Jhagadia, Nandod, Sinor and
Karjantaluka  urgently need more application
organic matter/biocompost/compost etc. to
maintain soil health and for possible higher
yield of sugarcane crop. Area under low status
of available S covering part of Pardi, Valsad,
Chikhli, Gandevi, Bansda, Vyara, Valod,
Bardoli, Mandvi, Songad, Umarpada, Hansot,
Jhagadia, Nandod, Sinor and Karjan area,
highly need management of sulphur either
through organic or  inorganic supplimentation
so as to improve quality of sugarcane juice as
well as yield.
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More than half of the solar energy absorbed
by land surfaces is currently used to evaporate
water (Trenberth et al., 2009). Climate change
is expected to intensify the hydrological cycle
and to alter evapotranspiration (Huntington,
2006), with implications for ecosystem services
and feedback to regional and global climate.
Global land ET returns about 60% of annual
land precipitation to the atmosphere (Oki and
Kanae, 2006). The recent climatologically
studies found that the global surface air
temperature increased by 0.76°C from year
1850 to year 2005. Moreover, the linear
warming trend over the last 50 years is
recorded by 0.13°C per decade (IPCC, 2007b).

Changes in ET are of great importance
because this is not only one of the components
of the hydrological cycle in a region (Wang and
Dickinson, 2012), but also has a direct impact
on agricultural suitability (de la Casa and
Ovando, 2014). Regarding the global trends,

the recent studies found that the Arab region
experienced an uneven increase in surface air
temperature ranged from 0.2 to 2 °C occurred
from 1970 to 2004 (IPCC, 2007a).

Keeping in view the importance and need of
study of climate change with aim to evaluate
change in atmospheric demand of water in
terms of evapotranspiration, the study was
carried out. 

Materials and Methods

The meteorological station namely Akola
was selected for study which represents the
Western Vidarbha. Akola is situated in
subtropical zone (Agro climatic zone VII) at
20°40' N latitude and 77°02' E longitude at an
altitude of 307.415 m above mean sea level.
The average annual rainfall is 750 mm.

Meteorological data viz., maximum
temperature (Tmax), minimum temperature
(Tmin), morning relative humidity (RHI),
evening relative humidity (RHII), wind speed
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(WS) and bright sunshine hours (BSH) were
collected from Agricultural Meteorological
Observatory Dr. PDKV, Akola for the period of
1971-2007  (37 years). Other parameters like
geographic location viz., latitude, longitude and
altitude are also obtained. 

Determination of Reference
Evapotranspiration (ETo) : Monthly
reference evapotranspiration for Akola was
calculated using FAO-56 Penman-Monteith
model expressed as:

Where, ETo= Reference evapotranspiration
(mm day-1), Δ = Slope of saturation vapour
pressure curve (kPa °C-1), T = Mean air
temperature (°C), γ = Psychrometric constant
(kPa °C-1), Rn = Net radiation at the crop
surface (MJ m-2 day-1), G = Soil heat flux
density (MJ m-2 day-1), u2 = Wind speed at 2.0
m height (ms-1), ea = Actual vapour pressure
(kPa), es = Saturation vapour pressure (kPa), es-
ea = Saturation vapour pressure deficit (kPa). 

Estimated ETo were analyzed statistically for
determining average, standard deviation,
coefficient of variation, skewness and kurtosis
from which its variability was tested. The trends
of this parameter were analyzed by using
moving average technique and forming
regression equation. Ten, seven and five years
moving averages of this parameter were carried
out and plotted to check the trends existed in
the parameter. Similarly linear equation was
developed for the trend line to quantify the
variation.

Results and Discussion

Monthly data of 37 years were used for
analysis and the water demand of agronomical
crops was also estimated in terms of reference
evapotranspiration by using the standard
method of Penman-Monteith. Particularly the
study has examined the various statistical
characteristics of the ETo, estimated moving
averages and established the graphs to analyze
the trends of its changing patterns.

Reference evapotranspiration : Table 1
shows statistical characteristics of mean
monthly reference evapotranspiration,
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Table 1. Statistical characteristics of mean monthly reference evapotranspiration

Month Mean Standard Coefficient Coefficient Coefficient 
(mm day-1) deviation of variation of of 

(mm day-1) (%) skewness kurtosis

January 3.63 0.53 14.65 0.02 0.67
February 4.68 0.58 12.49 0.02 0.81
March 6.12 0.75 12.26 0.00 0.91
April 7.99 1.15 14.43 -1.64 4.08
May 10.25 1.25 12.23 -0.25 -0.27
June 7.66 1.12 14.66 -0.03 -0.96
July 4.79 0.70 14.65 0.78 0.06
August 4.02 0.45 11.27 0.56 0.01
September 4.57 0.71 15.50 0.04 -0.80
October 4.32 0.49 11.36 0.39 0.09
November 3.70 0.44 11.84 -0.46 -0.02
December 3.26 0.46 14.24 -0.04 0.81
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Fig. 1. Ten years moving average trends in mean monthly evapotranspiration

Fig. 2. Seven years moving average trends in mean monthly evapotranspiration



estimated using standard Penman-Monteith
model, for the period of 37 years. It is seen
from Table 1 that the mean monthly reference
evapotranspiration varies from 3.26 mm day-1

to 10.25 mm day-1. The coefficient of variation
ranges between 11.27 to 15.50%, which
indicate high variations in monthly reference
evapotranspiration throughout the year. Table
1 indicated that monthly reference
evapotranspiration series mostly positively
skewed, whereas kurtosis was found in the
range of -0.96 to 4.08.

Ten years moving average of monthly
reference evapotranspiration were estimated
and plotted month wise as shown in Fig. 1. It is
seen that monthly reference evapotranspiration
showed the slightly decreasing linear trend for
all the months and the maximum rate of
decrease was found to be very low as 0.077
mm day-1. The coefficients of determination

(R2) were found to be statistically significant for
all the months.

From Fig. 2, it is observed that the seven
years moving average of monthly reference
evapotranspiration showed nearly decreasing
trend for all the month and the maximum rate
of decrease was found to be very low as 0.079
mm/day. The coefficients of determination (R2)
were found to be statistically significant for all
the months of the year.

Five years (Fig. 3) moving average of mean
monthly reference evapotranspiration showed
linear decreasing trend for all the months and
the maximum rate of decrease was found to be
very low as 0.08 mm day-1. The coefficients of
determination were found to be statistically
significant for all the months of the year. 

It may be concluded that there was variation
in monthly reference evapotranspiration and
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Fig. 3. Five years moving average trends in mean monthly evapotranspiration



showed slightly linear decreasing trend for all
the months of the year. These results may be
due to accumulated effect of other weather
parameters. It indicates that the water
requirement of crops, although at very low rate,
is linearly decreasing with significance.

It is concluded from results that mean
monthly reference evapotranspiration showed
slightly decreasing trend at Akola for almost all
the months of the year.
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Two thirds of cultivated area in India is
under rainfed farming which is often influenced
by aberrant weather conditions leading to
variations in productivity of rainfed crops.
Anantapuramu region in southern part of
Andhra Pradesh is the driest part of the state,
climatically classified as arid zone with aridity
index of -73.8.  It receives an annual
precipitation of 570   mm against the
atmospheric water demand (PET) of 2128 mm.
The rainfall is low and highly variable both
spatially and temporally.   Even the wettest
month of September which receives about 25%
of annual precipitation goes dry.  In spite of
such precarious conditions, the area under
groundnut is increasing and at present it is
being cultivated in an extent of 8.5 lakh ha.
However, the productivity of the crop is

fluctuating and highly dictated by the rainfall
during crop growth period. Highest productivity
(1328 kg ha-1) was recorded in 1996 and
lowest yield (67 kg ha-1) was recorded in 2006.
Presently, over 70% of the cultivated area is
under groundnut due to its commercial value
and declining demand to millets. Further, it is a
valuable source of fodder for live stock during
dry years or in case of crop failures. A critical
analysis of the long  term weather vis-à-vis
groundnut production is essential to understand
the production constraints and opportunities
for yield enhancement both  through
intensification  and  diversification  in  the
district.  This  also  helps  in understanding
causes for recurrent crop losses and distress
among farming community. The frequent
failure of monsoonal rains during these critical
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Abstract
A detailed spatial and temporal analysis was carriedout using the observations recorded in 16 years

(2001-2016) on the yield data of groundnut and rainfall and its distribution observed in 53 out of 63 mandals
of Ananthapuramu district in Andhra Pradesh.The mandal-wise rainfall during 16 years ranged from 42.7 mm
at Raptadu received in 2014 to 898.5 mm at Bukkapatnam received in 2001. The mean pod yield ranged
from 214.4 kg ha-1 at Kambadur mandal to 638.4 kg ha-1 at Guntakal mandal, while the coefficient of
variation in yield ranged from 51.3% at Kanekal mandal to 114.5% at Settur mandal. The results indicated
that there was a significantly high temporal variation of 85% in the yields of groundnut attained at different
mandals. The spatial variation was 55.3% during the 16 years. An assessment of the 53 mandals based on
the mean rainfall (350 mm) and coefficient of variation (45%) of rainfall indicated that 22 mandals received
relatively higher rainfall (> 350 mm) with lower variation (< 45%); followed by 16 mandals with lower rainfall
(< 350 mm) and lower variation (< 45%); 9 mandals with higher rainfall (> 350 mm) and higher variation
(> 45%); and 6 mandals with lower rainfall (< 350 mm) and higher variation (> 45%) during the study period.
The results also showed that the temporal variation in rainfall distribution has a remarkable influence on the
June sown groundnut compared to the spatial variation in the July sown crop. We conclude that the temporal
distribution of the amount of rainfall during the pod maturity stage would significantly influence the yield
attained under early sown (June) groundnutsince the harvesting would be invariably influenced by the North-
East monsoon rainfallreceived due to the cyclonic weather at different mandals in the district.
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periods is the crux of the crop failures in the
district.

Materials and Methods

The major crop of Ananthapuramu district
is groundnut and its yields are mainly dictated
by the rainfall which is uncertain and highly
variable. An attempt was made to analyze both
the spatial and temporal variation in rainfall
distribution for realizing effective information
on influence of the variable rainfall on
groundnut yields of Ananthapuramu district.
The data pertaining to the rainfall distribution
and groundnut yields of 53 mandals of
Ananthapuramu district for the years 2001 to
2016 were collected from Directorate
Economics and Statistics of Andhra Pradesh
and analyzed for estimating the spatial and
temporal variability in rainfall situation and its
influence on groundnut yields. 

Simple techniques of statistical methods
were used to calculate the spatial and temporal
variation in rainfall distribution and groundnut
yields. The variation was measured in terms of
coefficient of variation, expressed in
percentage. The coefficient of variation was
calculate in following steps using statistical
methods given by Gomez and Gomez (1984).

Step 1. the mean is calculated from -the
formula 

Where, X Bar is the mean of population and
n is the population size

Step 2. Standard deviation is calculated
using the formula

Where, σ is the standard deviation for a
population, XBar is the mean for the
population and N is the population size

Step 3. Coefficient of Variation is calculated
using the formula

Standard deviation
CV = (–––––––––––––––––– x 100) %

Mean

Where, CV is the coefficient of variation

The temporal and spatial variations for
rainfall distribution were worked out for
different phenophases of groundnut grown
under early as well as normal sown conditions.
The temporal and spatial variations for
groundnut yield were also worked out for 53
mandals of the Ananthapuramu district.

Results and Discussion 

Mean annual rainfall : The mandal-wise
rainfall during 16 years ranged from 42.7 mm
at Raptadu received in 2014 to 898.5 mm at
Bukkapatnam received in 2001. However, the
mean rainfall during the crop growing period in
the last 16 years was in the range of 231.3 mm
at Chenne Kothapalli mandal to 461.0 mm at
Kadiri mandal with coefficient of variation of
13.5% over years. The coefficient of variation
of rainfall was in the range of 33.3% at
Nallamada mandal to 57.6% at Agalimandal.

Pod yield : The mean pod yield ranged
from 214.4 kg ha-1 at Kambadurmandal to
638.4 kg ha-1 at Guntakal mandal, while the
coefficient of variation in yield ranged from
51.3% at Kanekal mandal to 114.5% at
Setturmandal. The results reveal that (Table 1).
Kanekal and Vidapanakal mandals have shown
least temporal variation for pod yield compared
to the rest of the mandals. Hindupur, Rolla,
Gooty, Bommanahal, Agali and Lepakshi
mandals of Ananthapuramu district showed
relatively lesser temporal variation (< 70%) in
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groundnut pod yields. Whereas, Beluguppa,
Gorantla, Kalyandurg, Kambadur, Mudigubba,
Nallamada, Ramagiri, Settur and Tadimarri
mandals of Ananthapuramu district expressed
higher degree of temporal variation (> 100%)
with respect to pod yield. The Ananthapuramu
district has recorded mean temporal variation
of 85 per cent with mean pod yield of 350 kg
ha-1 for the period 2001-2016.

The results presented in table.2 showed
that maximum spatial variation in pod yield was
recorded during the year 2006 and least was
recorded in the year 2007. The mean spatial

variation for the period 2001 - 2016 with
respect to mean pod yield of 417.8 kg ha-1 for
entire Ananthapuramu district was 53 per cent.
The results from table1 and table 2 clearly
indicate that the pod yield was greatly
influenced by temporal variation (85%)
compared to the spatial variation (53%) which
might be due to greater variability in annual
rainfall distribution during different growth
stages of groundnut and adopted time of
sowing.

Temporal distribution of rainfall : The
adopted time of sowing for groundnut in
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Table 1. Temporal variation in groundnut yields (kg ha-1) in Anantapur district (2001- 2016)

Mandal Mean pod SD CV% Mandal Mean pod SD CV%
yield yield 
(kg ha-1) (kg ha-1)

Agali 355.8 238.0 66.9 Kundurpi 273.9 239.4 87.4
Amadagur 439.8 417.8 95.0 Lepakshi 467.1 317.4 68.0
Amarapuram 319.8 275.8 86.3 Madakasira 350.6 299.9 85.5
Anantapur 365.2 287.5 78.7 Mudigubba 442.9 462.0 104.3
Atmakur 295.9 246.9 83.4 N.P. Kunta 398.6 367.2 92.1
B.K.Samudram 432.9 332.0 76.7 Nallacheruvu 420.5 341.9 81.3
Bathalapalli 406.9 298.9 73.5 Nallamada 554.9 574.8 103.6
Beluguppa 334.1 361.8 108.3 OD Cheruvu 449.6 412.4 91.7
Bommanahal 544.8 377.2 69.2 Pamidi 481.1 453.5 94.3
Bramhasamudram 334.9 301.4 90.0 Parigi 306.0 234.4 76.6
Bukkapatnam 465.7 451.3 96.9 Penukonda 306.2 232.1 75.8
CK Palli 482.4 454.8 94.3 Putlur 523.0 379.0 72.5
Dharmavaram 417.6 323.3 77.4 Puttaparthi 474.2 400.4 84.4
Gandlapenta 416.3 345.3 82.9 Ramagiri 286.3 286.3 100.0
Gooty 636.0 433.4 68.1 Rapthadu 315.8 300.7 95.2
Gorantla 423.7 451.9 106.7 Rayadurg 433.7 329.3 75.9
Gudibanda 259.4 225.5 86.9 Rolla 329.0 201.0 61.1
Gummagatta 482.1 427.9 88.8 Settur 307.7 352.2 114.5
Guntakal 638.4 504.2 79.0 Singanamala 482.5 424.3 87.9
Hindupur 441.2 266.6 60.4 Tadimarri 363.0 386.0 106.3
Kadiri 536.5 420.9 78.5 Tadipatri 582.3 460.6 79.1
Kalyandurg 293.1 310.1 105.8 Talupula 483.8 451.8 93.4
Kambadur 214.4 230.5 107.5 Tanakal 464.8 438.5 94.3
Kanaganapalli 278.0 229.7 82.6 Uravakonda 456.9 384.9 84.2
Kanekal 438.2 224.9 51.3 Vajrakarur 482.7 395.4 81.9
Kothacheruvu 473.8 383.4 80.9 Vidapanakal 618.6 327.6 53.0
Kudair 360.1 306.5 85.1 District Mean 417.8 350.6 85.0



Anantapuraum district is from June to July,
which depends upon the onset of monsoon
continuity of initial rains. The results pertaining
to the temporal variation in rainfall distribution
during different phenophases of groundnut
sown in the month of June presented in table
4. reveal that the variation in rainfall
distribution was ranged between 59.6 and
117.9 per cent during the period from sowing
to end of flowering stage with mean variation of
88.9 per cent and mean rainfall of 50.1 mm.
The variation was ranged between 57.4 and
95.5 per cent during pegging stage. The district
received mean rainfall of 57.2 mm with 77.1
per cent variation during this critical stage.
During the pod development stage, the crop
received mean rainfall of 175.3 mm with
temporal variation of 61.6 per cent. The
temporal variation ranged from 40.1 to 96 per
cent across the district during this critical stage
of pod development. During pod maturity, the
early sown crop received 48 mm of mean
rainfall with variation of 96.9 per cent. It is also
observed that Ananthapuramu district received
mean rainfall of 330.6 mm with 43.4 per cent
temporal variation during the entire crop
growth period of early sown groundnut.The
influence of moisture stress due to dryspells
during crop growth period is well documented
(Ramesh Babu et al., 1984; Nageswara Rao et
al., 1985;  Krishna Murthy et al., 2002;
Reddy, T. Y. 2003).

The variation in rainfall distribution for July
sown crop in Ananthapuramu district was
ranged between 45.9 and 106.2 per cent
during the period from sowing to end of
flowering stage with mean temporal variation of
73.4 per cent and mean rainfall of 71.8 mm
(Table 4.). This variation was ranged between
55.7 and 114.4 per cent during the subsequent
stage of pegging. The crop received mean
rainfall of 100.8 mm with 84.8 per cent
variation due to this adopted time of sowing.
During the pod development stage, the July

sown crop received mean rainfall of 151.3 mm
with temporal variation of 74.5 per cent. The
temporal variation ranged from 53 to 99.2 per
cent across district during this corresponding
stage of pod development. All through the
stage of pod maturity, the crop received 48.6
mm of mean rainfall with variation of 98.6 per
cent. It is also evident from the current studies
that Ananthapuramu district received mean
rainfall of 363.1 mm with 43.1 per cent
temporal variation during the entire crop
growth period July sown groundnut. Maruti
Sankar et al., (2010) reported that
sustainability of groundnut pod yield with
application of improved practices could be
measured by considering the effects of rainfall
and its distribution, apart from land degradation
as measured by the soil fertility of N, P, and K
nutrients over years.

Spatial distribution of rainfall : The
early sowing of crop receives 50.1 mm of
rainfall with 69.6 per cent spatial variation
during the period from sowing to end of
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Table 2. Spatial variation in groundnut yield (kg ha-1) in
Anantapuramu district (2001- 2016)

Year Mean SD CV%

2001 440.1 244.7 55.6
2002 312.9 159.9 51.1
2003 286.5 161.5 56.4
2004 675.8 262.9 38.9
2005 672.7 484.4 72.0
2006 140.1 126.2 90.1
2007 1225.4 330.6 27.0
2008 75.7 48.6 64.2
2009 217.5 96.9 44.5
2010 543.0 350.2 64.5
2011 206.3 119.9 58.1
2012 381.9 188.4 49.3
2013 396.8 240.1 60.5
2014 241.2 119.7 49.6
2015 667.0 249.1 37.4
2016 201.9 132.2 65.5
Mean 417.8 207.2 55.3



flowering (Table. 3). The variation in spatial
distribution of rainfall during the pegging stage
was maximum during the year 2009. The
district received 57.2 mm of mean rainfall with
spatial variation of 63.8 per cent during this
critical stage. The variation in spatial distribu-
tion of rainfall was 42.6 per cent during the
critical stage of pod filling and the crop received
175.3 mm of mean rainfall in the district. The
mean rainfall in the district during the stage of
pod maturity is 48 mm with variation of 83.7
per cent in spatial distribution.  The district
received 330.6 mm of mean rainfall with 29.6
per cent variation in spatial distribution during
the entire crop growth period of early June
sown crop. Padmalatha et al., (2006) reported
diurnal variation in temperature and minimum
temperature during pod filling phase determine
the groundnut productivity.

The July sown groundnut crop received
71.8 mm of rainfall with 58.1 per cent spatial
variation during the period from sowing to end
of flowering (Table. 3). During the pegging
stage of crop, the district received 100.8 mm of
rainfall with 63.3 per cent variation in spatial
distribution due this adopted time of sowing.
The variation in spatial distribution of rainfall
was 44.4 per cent during the critical stage of
pod filling and the crop received 151.3 mm of
mean rainfall in the district. The mean rainfall
in the district during the stage of pod maturity
was 48.6 mm with variation of 90.7 per cent in
spatial distribution.  The district received 363.1
mm of mean rainfall with 28.8 per cent
variation in spatial distribution during the entire
crop growth period of July sown crop. Gadgil
et al., (1998) also reported that pod yield of
various groundnut cultivars and germplasm

Journal of Agriculture Research and Technology 153

Table 3. Spatial variation in rainfall distribution during different phenophases of groundnut sown in the month of June  and
July (2001-2016)

Year June July
–––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––––

Pod Entire crop Pod Entire crop
development growth period development growth period

––––––––––––––––––– –––––––––––––––––––– ––––––––––––––––––––– –––––––––––––––––––
Mean CV% Mean CV% Mean CV% Mean CV%
rainfall rainfall rainfall rainfall
(mm) (mm) (mm) (mm)

2001 265.7 35.9 126.8 52.0 449.4 22.6 559.9 52.0
2002 66.6 62.8 68.0 48.3 153.1 35.7 222.9 48.3
2003 86.1 61.7 49.5 57.2 155.3 41.5 322.2 57.2
2004 110.0 39.8 46.7 62.0 242.7 33.7 280.6 62.0
2005 220.7 27.3 70.6 63.6 147.5 42.0 603.6 63.6
2006 94.8 49.0 30.2 81.1 106.9 46.1 234.1 81.1
2007 264.7 35.7 8.1 182.1 205.4 40.1 462.9 182.1
2008 268.1 35.3 63.2 76.6 99.1 60.3 488.7 76.6
2009 296.0 40.4 54.8 91.7 198.2 50.8 370.6 91.7
2010 217.1 34.3 12.4 109.8 88.3 54.2 447.1 109.8
2011 120.8 52.3 44.1 83.1 61.4 61.7 307.6 83.1
2012 169.1 34.1 55.0 77.1 107.0 50.1 386.2 77.1
2013 259.0 43.2 16.5 133.3 150.6 56.2 387.8 133.3
2014 87.1 43.1 26.3 72.5 59.3 42.3 201.4 72.5
2015 224.2 31.0 89.0 43.9 152.8 31.9 371.4 43.9
2016 55.1 55.9 7.0 104.8 44.4 40.6 161.8 104.8
Mean 175.3 42.6 48.0 83.7 151.3 44.4 363.1 83.7
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Table 4. Temporal variation in rainfall distribution in Ananthapuramu district during different phenophases of groundnut
sown in the month of June and July (2001- 2016)

Name of mandal June July
––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––

Pod Entire crop Pod Entire crop 
development growth period development growth period

––––––––––––––––– –––––––––––––––––– ––––––––––––––––– ––––––––––––––––––––
Mean CV% Mean CV% Mean CV% Mean CV%

Agali 209.7 73.5 358.2 50.5 150.3 56.2 393.5 57.6
Amadagur 167.3 47.2 317.8 44.5 150.0 53.0 359.0 44.9
Amarapuram 157.3 58.0 293.5 43.1 131.0 63.7 325.5 45.7
Anantapur 190.5 56.4 342.5 44.9 154.2 59.2 366.4 34.7
Atmakur 175.9 64.5 309.1 46.2 148.8 94.4 318.1 46.2
Bathalapalle 153.9 56.1 291.7 44.4 117.2 60.5 311.6 41.6
Beluguppa 171.1 73.3 306.4 52.8 140.9 89.3 328.8 48.6
Bukkarayasamudram 183.8 60.2 325.8 44.9 150.5 82.7 347.8 42.0
Bommanahal 189.4 62.8 315.6 54.9 156.2 96.3 355.8 45.2
Brahmasamudram 147.2 69.5 263.3 46.4 128.1 85.9 293.6 43.0
Bukkapatnam 221.0 48.7 404.2 44.7 201.3 86.7 441.3 45.8
Chennekothapalle 117.9 63.7 209.6 43.7 93.4 76.8 231.3 43.2
Dharmavaram 180.3 56.1 349.9 38.5 159.7 86.5 390.5 41.8
Gandlapenta 131.7 43.9 319.5 42.0 149.7 75.0 370.8 52.1
Gooty 200.7 56.3 391.7 41.0 168.2 65.7 399.0 39.8
Gorantla 194.8 71.8 383.7 38.7 175.1 74.6 422.7 39.5
Gudibanda 164.8 70.3 304.6 46.0 130.3 64.6 333.4 43.5
Gummagatta 120.6 75.6 219.1 54.4 103.9 93.2 263.1 43.1
Guntakal 184.7 52.1 403.3 32.8 184.9 80.1 422.2 39.0
Hindupur 187.0 56.9 338.4 42.6 167.6 73.5 392.6 43.9
Kadiri 183.0 54.8 398.4 39.1 182.4 60.5 461.0 44.2
Kalyandrug 195.5 60.5 366.4 40.7 157.6 77.2 411.3 39.8
Kambadur 141.0 79.4 235.5 54.4 113.2 80.8 294.2 41.6
Kanaganapalle 173.6 66.5 283.2 53.7 131.9 82.6 314.4 44.0
Kanekal 198.2 67.7 341.9 45.6 152.4 87.7 371.3 46.8
Kothacheruvu 208.1 54.5 396.1 37.5 183.2 83.7 431.4 40.6
Kudair 181.9 52.9 305.9 40.8 126.6 83.6 312.0 38.0
Kunurpi 167.1 59.8 311.0 38.2 134.6 67.6 350.1 34.8
Lepakshi 212.4 61.6 384.1 39.2 173.5 73.2 441.6 41.2
Madakasira 183.4 75.0 334.0 48.3 157.2 70.6 376.0 44.3
Mudigubba 185.1 49.8 371.1 33.1 164.9 60.8 423.6 39.7
Nallacheruvu 163.2 44.8 333.2 39.5 165.4 77.2 383.7 49.8
Nallamada 179.2 61.3 365.6 32.1 154.3 66.0 416.1 33.3
Nambulipulikunta 133.2 55.9 305.8 33.2 129.1 77.1 340.1 52.8
Rolla 165.6 62.8 323.9 37.9 146.1 63.9 361.1 39.9
Singanamala 157.2 67.8 291.6 50.7 128.5 77.1 302.5 44.5
Settur 177.0 69.6 313.6 42.0 132.7 80.8 349.8 36.0
Rayadurg 157.5 70.9 306.8 48.0 144.8 82.7 340.6 42.9
Raptadu 121.0 96.0 333.8 48.4 123.7 99.2 294.8 54.3
Ramagiri 189.5 68.8 341.0 48.8 161.2 70.3 372.6 43.9
Puttaparthi 199.3 53.3 362.9 47.1 173.7 96.4 401.4 51.5
Putlur 195.5 47.6 360.1 41.1 170.1 66.1 376.1 38.4



accessions was adversely affected by the rains
that had occurred continuously for a period of
about 20 days encompassing flowering,
pegging and initial pod initiation stages, causing
a substantial loss of yield due to a low number
and reduced size of mature pods.

The results also showed that the temporal
variation in rainfall distribution has a
remarkable influence on the June sown
groundnut compared to the spatial variation in
the July sown crop. We conclude that the
temporal distribution of the amount of rainfall
during the pod maturity stage would
significantly influence the yield attained under
early sown (June) groundnut since the
harvesting would be invariably influenced by the
North-East monsoon rainfall received due to the
cyclonic weather at different mandals in the
district.
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Penukonda 239.5 75.8 425.1 44.9 223.7 64.0 460.7 47.0
Parigi 187.3 68.4 323.3 51.4 160.8 72.5 379.7 46.7
Pamidi 186.7 58.6 331.4 44.8 146.6 77.5 339.9 47.1
Obuladevaracheruvu 138.5 44.1 298.4 33.2 146.8 57.1 344.5 37.1
Tadimarri 155.9 56.8 285.9 43.9 107.4 54.8 301.4 35.6
Tadpatri 197.4 53.6 368.4 39.1 167.7 71.4 369.6 34.1
Talupula 137.5 40.1 323.7 25.1 151.5 65.4 375.1 34.9
Tanakal 173.3 59.2 331.5 33.2 164.4 56.4 373.7 38.0
Uravakonda 187.5 74.6 334.8 52.8 157.2 94.1 368.3 49.7
Vajrakarur 171.1 68.9 322.2 48.5 153.2 68.6 344.1 49.1
Vidapanakal 200.6 63.4 363.6 45.2 173.5 64.8 392.0 41.2
Mean 175.3 61.6 330.6 43.4 151.3 74.5 363.1 43.1

Table 4. Contd.

Name of mandal June July
––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––

Pod Entire crop Pod Entire crop 
development growth period development growth period

––––––––––––––––– –––––––––––––––––– ––––––––––––––––– ––––––––––––––––––––
Mean CV% Mean CV% Mean CV% Mean CV%

______________



Rainfall is the most important natural
hydrologic event varying both in space and time
and lack of it plays an important role in many
of the agricultural and non-agricultural
operations. For selection of crops, cropping
sequences, planning of agriculture operations
and optimum development of water resources
in a given region, basic knowledge of rainfall
distribution during weeks, seasons and years is
of vital importance. According to Vairavan et
al. (2002) to minimize risk, the climatological
data of a location becomes very important to
provide necessary information. The amount of
rainfall and its distribution is very important
characteristics that affect the agricultural
productivity in the rainfed regions (Subash et al.
2012). Among the various soil tracks in India
dry farming region face the greatest drought

hazard and characterized by low and uncertain
crop yields (Khardiwar et al. 2013). Amongst
different climatological parameters, rainfall data
is only monitored regularly at taluka level and
can be used to study spatial and erratic nature
of monsoon rainfall of the region.

Balogun (1972) discussed three widely used
methods of expressing rainfall variability and
showed that use of coefficient of variability is
most advisable when explaining the spatial
variability of rainfall. The important
characteristics of rainfall influencing agricultural
production from rainfed areas are the date of
onset of effective monsoon, the duration of dry
spells, the time of occurrence of dry spell and
number of rainy days. Droughts, resulting from
scanty and ill-distributed rainfall form one of the
serious natural calamities, which frequently
inflict one part or the other of the country.
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Abstract
The study of rainfall variability and critical dry spell (CDS) analysis was undertaken in different talukas of

Amravati district using weekly rainfall for 1976-2005 and daily rainfall for 1998 to 2009 respectively. The
decadal variation of seasonal and weekly rainfall at taluka level clearly indicated a remarkable change in rainfall
pattern in the study area. The effect of dry spell severity on rainfed crop productivity was studied using
Spearman rank correlation coefficient which correlates crop yield and dry spell severity. The effective
monsoon generally starts from 10th to 22nd June with probable earliest and latest starts from 31st May to
12th June and 21st June to 6th July respectively and it withdraws from 21st September to 2nd October in
different talukas of Amravati district. The first CDS of 17-19 days duration occurs from June 24 to July 21
(25-29 SMW) in Amravati district, which sometimes occurs immediately after the onset of effective monsoon.
The second and third CDSs of 16-25 and 18-22 days duration, respectively occurs from 16 - 21 August (33-
34 SMW) and 11-20 September (37-38 SMW) that often overlap the vegetative and reproductive phases of
crop growth. A very good correlation was observed between dry spell severity and crop productivity of
soybean, tur, udid and mung crops. Suitable crop planning coupled with in-situ rainwater conservation
practices and harvesting of runoff in farm ponds needs to be adopted to overcome the impact of dry spell due
to rainfall variability.

Key words : Rainfall variability, Critical dry spell, Crop productivity, Dry spell correlation.
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Agricultural drought is a situation when the
rainfall and soil moisture are inadequate to
meet the water requirement of crops for their
healthy growth and maturity. The crop growth
under rainfed condition mostly depends on
duration of dry spells and its time of occurrence
in relation critical growth stages which
ultimately decides the crop productivity. This
study of rainfall variability in one of the drought
affected district of western Vidarbha was
undertaken at taluka level to characterize the
effect of resulting dry spell events and its
correlation with rainfed crop productivity.

Materials and Methods

The rainfall pattern of 10 taluka places in
Amravati district was studied considering the
variation in number of years receiving annual
rainfall in different rainfall ranges during 30
years (1976 to 2005) and decadal variation of
monsoon seasonal and weekly rainfall amounts
during same 30 year period along with
corresponding coefficient of variations (Deka
and Nath, 2000). In this study, monsoon
season rainfall was considered from 23rd to
39th standard meteorological week (SMW). The
coefficient of variation used to explain the
spatial variability of rainfall is estimated as:

σ
CV = –––– x 100

x–

Where, CV-Coefficient of variation, per
cent, ?  - Standard deviation and x– - Mean

Daily rainfall data for 12 years from 1998 to
2009 was obtained from the website of
Maharashtra State Government (http://www.
mahaagri.gov.in/raifall) and daily pan
evaporation data for the same period obtained
from Agro-meteorological Observatory,
Department of Agronomy, Dr. P.D.K.V., Akola
was used for dry spell analysis of the study area.
The daily rainfall data of different taluka places

in Amravati district was analyzed to determine
the dates of onset of effective monsoon (OEM)
and dry spells in different years using the
criterion suggested by Ashok Raj (1979). The
critical dry spells were decided by considering
the dry spell duration limit of 11 days for this
region according to Pawade (1982). The
withdrawal of monsoon was decided as the end
of last wet spell in last week of September,
which may sometimes extend up to middle of
October.

The effect of critical dry spells on crop
productivity in rainfed area and their
correlations was studied using Spearman rank
correlation coefficient (r). The spearman rank
correlation coefficient correlates the two
variables by comparing the difference of each
set of rank values of the said variables. The
years of study period (1989-2009) were sorted
according to dry spell severity viz., number of
dry spell events, time of occurrence and length
of critical dry spell duration and each year was
given a rank from highly severe dry spell year to
lower one or normal year. The year wise
rainfed crop yield obtained from State
Agriculture Department for each taluka station
was sorted in ascending order of magnitude and
given a rank from lowest to highest yield values.
The Spearman rank correlation coefficient (r)
value according to Chandel (1965) was
determined using the following relation each for
crop.

Where,  d - The difference in statistical rank
of the corresponding variables. N - Number of
values compared in the data set for a crop at
given taluka station.

Correlations coefficient (r) between dry spell
severity and yield of crop for any station can
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range between -1 and 1. A positive correlation
indicates a direct relationship between two
variables and negative correlation indicates an
inverse relationship.

Results and Discussion

Frequency distribution of annual
rainfall years : The frequency distribution of
years receiving annual rainfall in different
rainfall ranges at different taluka stations in
Amravati district as presented in Table 1 reveals
that during 39.2 per cent years on an average
received annual rainfall in moderate rainfall
range (400 to 750 mm) followed by 30.1 per
cent and 19.9 per cent years respectively
receiving annual rainfall in moderately high
rainfall range (750 to 1000 mm) and high
rainfall range (more than 1500 mm). From
Table 1, it is also revealed that Anjangaon Surji
and Daryapur are the only taluka stations
receiving annual rainfall in low category (less
than 400 mm) for 20.0 and 13.8 per cent
years followed by Warud and Dharni stations
(3.3 per cent years). Taluka wise frequency
distribution of annual rainfall years (Table 1)
clearly indicates that Anjangaon Surji, Chandur
Bazar, Daryapur and Morshi talukas received
moderate rainfall (400 to 750 mm) nearly for
50 to 60 per cent years followed by remaining
talukas (Amravati, Achalpur, Warud and
Chandur Railway) receiving same range of
rainfall for 35 to 40 per cent years except for
Chickhaldara and Dharni talukas (having 3.3%
years).

Similarly, moderately high rainfall (750 to
1000 mm) was observed for 20 to 40 per cent
years at all the taluka places except for
Anjangaon Surji and Chickhaldara and high
rainfall (1000 to 1500 mm) was observed for
33 to 50 per cent years at Dharni and
Chickhaldara talukas followed by 24 to 27 per
cent years at Amravati and Achalpur talukas
and 13 to 18 per cent years at Warud, Chandur

Railway and Morshi talukas. Annual rainfall of
very high category (more than 1500 mm) was
only observed at Chickhaldara and Dharni
talukas for 50 per cent and 10 per cent years
respectively. 

The above results of frequency distribution
of annual rainfall years at different taluka
stations indicated that all most all taluka stations
in Amravati district received rainfall in
moderate, moderately high and high rainfall
category for 40 to 60 per cent, 20 to 40 per
cent and 13 to 27 per cent years respectively
while Chickhaldara and Dharni talukas received
rainfall in  moderately high, high and  very high
category  for 30 to 40 per cent,  33 to 50 per
cent and 10 to 50 per cent years respectively,
which clearly shows a considerable variation in
the annual rainfall pattern of the drought
affected talukas in Amravati district. Since the
annual rainfall at Chickhaldara and Dharni
talukas in Amravati district is in moderately high
to very high rainfall range for 97 to 100 per
cent years, both the talukas are grouped
separately under a moderately high rainfall
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Table 1. Frequency distribution of years (%) at different
taluka stations in Amravati district according to
annual rainfall (mm) received during 1976 to
2005

Taluka Per cent years receiving annual 
rainfall (mm) in different ranges

–––––––––––––––––––––––––––––––––––
<400 400- 750- 1000- >1500

750 1000 1500

Amravati 0.0 40.0 33.3 26.7 0.0
Achalpur 0.0 34.5 37.9 24.1 3.4
Anjangaon Surji 20.0 60.0 16.7 3.3 0.0
Chandur Bazar 0.0 60.0 30.0 10.0 0.0
Chandur Railway 0.0 40.0 43.3 16.7 0.0
Chikhaldara 0.0 3.3 13.3 33.3 50.0
Daryapur 13.8 62.1 20.7 3.4 0.0
Dharni 3.3 6.7 30.0 50.0 10.0
Morshi 0.0 50.0 36.7 13.3 0.0
Warud 3.3 35.7 39.3 17.9 3.6
Average 4.1 39.2 30.1 19.9 6.7



zone while remaining talukas in the district are
considered under assured rainfall zone
prevailing in Vidarbha region according to Patil
et al. (2003). 

Decadal behavior of seasonal rainfall :
The variation in monsoon seasonal rainfall at
different taluka places in Amravati district was
studied by comparing the mean seasonal
rainfall for 30 years period (1976 to 2005) and
corresponding period rainfall coefficient of
variations (CV) over that of mean decadal
seasonal rainfall and corresponding period
rainfall CV received during three different
decades namely 1976 to 1985, 1986 to 1995
and 1996 to 2005. This decadal variation of
mean seasonal rainfall during 30 years period
at different taluka places was quantified by
expressing the changes in decadal mean rainfall
as per cent of 30 years mean seasonal rainfall
and is presented in Table 2.

The 30 year seasonal mean rainfall at
different talukas in Amravati district (Table 2)
varied from 521.7 to 1306.8 mm with the
coefficient of variation in the range of 25.9 to

31.6 per cent. The mean seasonal rainfall
received during different decades was found to
be in the range of 523.5 to 1433.9 mm, 484.3
to 1308.6 mm and 557.4 to 1177.8 mm
during 1976 to 1985, 1986 to 1995 and 1996
to 2005, respectively at different taluka
stations. The above results of decadal variation
of mean seasonal rainfall over 30 years mean
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Table 2. Decadal behavior of average monsoon seasonal rainfall in different talukas of drought affected Amravati district
(1976-2005)

Taluka place 30 yr. Decadal mean seasonal Decadal mean seasonal 
seasonal rainfall, mm rainfall as % of 30 yr. mean
mean, mm ––––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––

1976 - 1986 - 1996 - 1976 - 1986 - 1996 -
1985 1995 2005 1985 1995 2005

Amravati 744.6 (27.4)* 761.8 (26.6)+ 764.6 (33.5)+ 707.3 (22.6)+ 102.3 102.7 95.0
Achalpur 792.8 (30.0) 899 (18.0) 863.5 (34.2) 616 (20.7) 113.4 108.9 77.7
Anjangaon Surji 521.7 (29.4) 523.5 (32.6) 484.3 (32.0) 557.4 (25.1) 100.3 92.8 106.8
Chandur Baz. 617.9 (27.9) 635.1 (25.1) 622.4 (38.6) 596.1 (18.3) 102.8 100.7 96.5
Chandur Rly. 709.2 (29.6) 771.9 (18.9) 711.3 (41.2) 644.2 (24.8) 108.8 100.3 90.8
Chikhaldara 1306.8 (30.7) 1433.9 (16.8) 1308.6 (43.7) 1177.8 (26.4) 109.7 100.1 90.1
Daryapur 567.6 (29.6) 616.4 (21.4) 473.1 (37.2) 613.3 (27.3) 108.6 83.4 108.1
Dharni 990 (30.8) 1045.2 (25.9) 1080 (35.2) 844.8 (25.0) 105.6 109.1 85.3
Morshi 655.3 (25.9) 707.4 (23.9) 626 (33.6) 632.4 (19.7) 108.0 95.5 96.5
Warud 738 (36.3) 837.3 (24.0) 798.3 (44.9) 578.3 (23.7) 113.5 108.2 78.4

* Figure in parenthesis is coefficient of variation of 30 year seasonal rainfall.
+ Figure in parenthesis is coefficient of variation of decadal seasonal (June to Sept.) rainfall

Table 3. Coefficient of variation of decadal weekly rainfall
during monsoon season at different taluka
stations in drought affected Amravati district

Taluka 30 year Decadal weekly 
weekly rainfall c. v., %
rainfall ––––––––––––––––––––––––
c. v., % 1976 - 1986 - 1996 -

1985 1995 2005

Amravati 124.6 121.7 121.0 130.8
Achalpur 124.0 124.6 113.4 130.8
Anjangaon Surji 126.1 117.2 130.8 129.8
Chandur Bazar 120.4 118.1 115.8 128.2
Chandur Railway 123.7 120.0 129.1 120.8
Chikhaldara 114.2 105.0 123.2 114.0
Daryapur 123.1 110.8 109.5 138.6
Dharni 118.1 115.8 114.8 123.3
Morshi 114.6 109.5 116.9 118.1
Warud 117.7 116.2 109.4 119.8



seasonal rainfall at different taluka places clearly
reveals that the seasonal rainfall was maximum
in the range of 102.8 to 113.5 per cent during
1975 to 1985 at 7 taluka stations, followed by
2 taluka stations (102.7 to 109.1 %) during
1986 to 1995 and at 1 taluka station (106.8 %)
during the recent decade of 1996 to 2005.
These result of changes in decadal mean
seasonal rainfall with reducing number of
talukas in succeeding decades as shown in
Table 2 indicates a reduction up to  96.5 to
77.7 per cent in the quantity of decadal
seasonal rainfall at 7 taluka places during 1996-
2005. The highest reduction in decadal mean
seasonal rainfall to the tune of 22.3 per cent
was observed during 1996 to 2005 at 7 taluka
stations (Table 2), while the same was up to
16.6 per cent at 3 taluka stations during 1986
to 1995. This trend of reduction in decadal
means seasonal rainfall at more than 70 per
cent talukas under study during 1996 to 2005
over earlier to decades (1976 to 1985 and
1986 to 1995) clearly indicates the noticeable
change in the monsoon seasonal rainfall
pattern at taluka level.

The range of coefficient of variation of
decadal seasonal rainfall during 1976 to 1985,

1986 to 1995 and 1996 to 2005 period was
found to be 16.8 to 32.6 per cent, 32.0 to
44.9 per cent and 19.7 to 27.3 per cent,
respectively (Table 2). The coefficient of
variation (CV) of decadal mean seasonal rainfall
at different taluka stations indicated high values
at 9 talukas during 1986 to 1995 and at only
one taluka during 1976 to 1985, while the CV
was lowest at 6 taluka stations during 1996 to
2005 followed by 4 taluka stations during 1976
to 1985. These results of lowest CV values of
decadal mean seasonal rainfall during 1996 to
2005 at maximum 6 taluka stations along with
lowest amount of seasonal mean rainfall
(varying between 77.7 to 96.5% of 30 year
mean rainfall) at 7 taluka stations clearly
indicates that the seasonal rainfall during the
recent decade (1996 to 2005) was consistently
low over large extent of area in Amravati
district resulting to agrarian crises in drought
affected Amravati district. 

Decadal behavior of weekly rainfall :
Weekly rainfall during June to September
month in different talukas of the drought
affected Amravati district shows a deviation of
114.6 to 126.1 per cent in coefficient of
variation for 30 year seasonal weekly rainfall
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Table 4. Normal dates of onset and withdrawal of effective monsoon for different talukas in Amravati district

Taluka Mean date Probable dates of OEM Mean Period
of OEM (P=0.68) withdrawal 

–––––––––––––––––––––––– date of 
Earliest Latest OEM

Amravati 10 June (11 days*) 31 May 21 June 22 Sept. 95-113 (Mean 105 days)
Achalpur 22 June (11 days*) 11 June 3 July 23 Sept. 91-97 (Mean 94 days)
Anjangaon Surji 20 June (12 days*) 10 June 4 July 27 Sept. 96-101(Mean 98 days) 
Chandur Bazar 22 June (10 days*) 12 June 2 July 26 Sept. 93-102 (Mean 97 days)
Chandur Railway 17 June (07 days*) 10 June 24 June 2 Oct. 100-116 (Mean 108 days)
Chikhaldara 16 June (09 days*) 7 June 25 June 21 Sept. 90-106 (Mean 98 days)
Daryapur 22 June (14 days*) 8 June 6 July 22 Sept. 90-96 (Mean 93 days)
Dharni 16 June (10 days*) 6 June 26 June 21 Sept. 91-105 (Mean 98 days)
Morshi 19 June (07 days*) 12 June 26 June 30 Sept. 100-108 (Mean 104 days)
Warud 20 June (09 days*) 11 June 29 June 27 Sept. 97-102 (Mean 100 days)

* Indicates standard deviation



(Table 3). The decadal coefficient of variation of
weekly rainfall during monsoon season at
different talukas as presented in Table 3 shows
highest CV values for 7 taluka stations during
1996-2005 decade followed by 3 taluka
stations during 1986-1995 decade which
clearly indicates the large variation in weekly
rainfall received during the recent decade (1996
to 2005) in maximum area of Amravati district
followed by 1986 to 1995 decade over 1976
to 1985 decade.

The above results of highest coefficient of
variation of weekly rainfall over large area (70%
talukas) under study during 1996-2005 decade
clearly indicated the most erratic distribution of
weekly rainfall in the recent decade having
lowest decadal seasonal rainfall (Table 2)
compared to remaining two decades (1976 to
1985 and 1986 to 1995). The decadal changes
in coefficient of variation values of seasonal and
weekly rainfall (Table 2 and 3) shows a reverse
trend of lowest CV and highest CV values
respectively during minimum seasonal rainfall
receiving decade of 1996-2005 (at 7 talukas)
producing consistent water stress condition
over maximum rainfed area of Amravati
district. The decadal variation of seasonal and
weekly rainfall at taluka level in Amravati district
clearly indicates a remarkable change in rainfall

pattern in recent decade (1996-2005) over
earlier decade (1976-1985 and 1986-1995
decades) which may be the indication of
noticeable effect of climate change on rainfall
pattern at taluka level in Amravati district
(Satpute and Wanjari, 2012).

Onset and withdrawal of effective
monsoon  : The results of daily rainfall
analysis carried out for determining onset and
withdrawal of effective monsoon at different
taluka places in Amravati district is presented in
Table 4. The onset of effective monsoon
generally occurs during 10th to 22nd June with
a variation of 9 to 12 days at all most all the
taluka places except for Daryapur where it was
14 days. The earliest probable dates of onset of
effective monsoon in Amravati district was
found in between 31st May to 12th June while
delayed onset of monsoon was found in
between 21st June to 6th July. Very late onset
of effective monsoon was observed at
Daryapur, Anjangaon Surji and Achalpur
talukas in Amravati district. The mean
withdrawal date of effective monsoon at
different taluka places in the district was found
to vary between 21st September to 2nd October
resulting to the mean duration of monsoon
period of 98 to 105 days which is sufficient for
growing Kharif crops satisfactorily and Rabi
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Table 5. Occurrence of critical dry spells (CDS) in different talukas of Amravati district (1998-2009)

Taluka CDS I CDS II CDS III No. of
–––––––––––––––––––– ––––––––––––––––––––– –––––––––––––––––––––– CDS
Date Period Date Period Date Period

Amravati - - 19 Aug. 19 20 Sept. 19 2
Achalpur 12 July 17 21 Aug. 18 16 Sept. 20 3
Anjangaon Surji 16 July 18 16 Aug. 17 13 Sept. 21 3
Chandur Bazar - - 18 Aug. 16 11 Sept. 22 2
Chandur Railway 17 July 19 17 Aug. 18 13 Sept. 21 3
Chikhaldara 15 July 19 - - 18 Sept. 18 2
Daryapur 21 July 19 19 Aug. 18 14 Sept. 19 3
Dharni - - 21 Aug. 25 20 Sept. 20 2
Morshi 24 June 18 21 Aug. 19 18 Sept. 19 3
Warud 19 July 17 19 Aug. 19 16 Sept. 20 3



crops with residual soil moisture. This
information can be used for crop planning of
the region.

Dry spell analysis and its correlation
with crop productivity : The average date
and duration of critical dry spell (CDS)
occurrence at different taluka places in
Amravati district as presented in Table 5 reveals
that 2 to 3 CDS normally occurs in all most all
the talukas. The dry spell analysis at individual
taluka station during the study period revealed
that first critical dry spell occur mostly in the
month of July but sometimes it almost begin
after the onset of monsoon in most of the
places except for Amravati, Chandur Bazar and
Dharni. First CDS of 17 to 19 days duration
normally occurs from June 24 to July 21 (25 to
29 SMW) resulting to resowing of crops or
affecting growth in germination phase. The
second CDS of 16 to 25 days duration
normally occurs in every taluka except
Chikhaldara from 16 to 21 August (33 to 34
SMW) coinciding with vegetative and flowering
growth stages. The third CDS of 18 to 22 days
duration normally starts from 11 to 20
September (37 to 38 SMW) in all the talukas
that overlaps grain filling and maturity phase of
crop growth. During severe drought years, the

dry spells of 24 to 30 days duration were
observed at most of the talukas creating serious
moisture stress condition to rainfed crops. 

The productivity rate of different rainfed
crops like soybean, mung, udid, tur and cotton
for the study period of 1998-2009 showed
considerable variation at different taluka places
and to verify the significance of prevailing dry
spells on crop productivity, Spearman rank
correlation coefficient was estimated by ranking
the year having more number of long duration
severe dry spells to the years with less severe
dry spells by giving due consideration to time of
occurrence of critical dry spell, the correlation
between dry spell severity and productivity of
different rainfed crops at each taluka station
was estimated and presented in Table 6. 

The results of Spearman rank correlation
for different crops at various taluka places
clearly indicates that soybean crop shows highly
positive correlation between dry spell severities
and crop productivity at all taluka stations
followed by tur, udid and mung crops except for
cotton crop. The cotton crop shows negative
correlation with dry spell year which indicates
that the productivity of cotton crop improves
with prevailing dry spell in deep clay soils
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Table 6. Taluka wise Spearman rank correlation coefficient between dry spell severity and different rainfed crop yields in
Amravati district (1998-2009)

Talikas Mung Udid Soybean Tur Cotton lint
–––––––––––––– –––––––––––––– –––––––––––––– –––––––––––––––– ––––––––––––––
+ve -ve +ve -ve +ve -ve +ve -ve +ve -ve

Amravati -0.05 -0.26 0.17 -0.21 -0.71

Achalpur 0.16 0.26 0.52 0.19 -0.19

Anjangaon S. -0.14 -0.21 0.27 0.31 -0.04

Chandur Bz. 0.31 0.80 0.42 0.29 -0.14

Chandur Rly. 0.21 0.32 0.47 -0.06 -0.48

Chikhaldara -0.30 0.77 0.12 -0.12 0.44

Daryapur 0.40 0.43 0.48 0.15 -0.31

Dharni 1.00 -0.10 0.42 -0.73 -0.30

Morshi -0.21 -0.46 0.38 0.31 -0.29

Warud NA NA NA NA 0.62 0.50 -0.12



existing in all the talukas producing favorable
environment condition for good crop stand
except for Chikhaldara where cotton
productivity reduces in dry spell years.  The
positive values of correlation coefficient for
soybean, mung, udid and tur crop at different
taluka places indicates significant effect of dry
spells in reducing the productivity of rainfed
crops which can be prevented to some extent
by proper crop planning, adopting suitable in-
situ rain water conservation measures and
harvesting runoff in farm ponds for providing
protective irrigation.

Conclusion

The frequency distribution of annual rainfall
for 30 years (1976-2005) at different taluka
stations in Amravati district indicated that
Chikhaldara and Dharni taluka comes under
moderately high rainfall zone while other 8
talukas remains under assured rainfall zone.
The decadal rainfall variation study showed a
reduction in monsoon rainfall in general in the
recent decade (1996-2005) in most of the
taluka places in Amravati district. The decadal
variation of seasonal and weekly rainfall at
taluka level clearly indicated a remarkable
change in rainfall pattern of drought affected
region during the decade of 1996-2005 over
earlier two decades (1976-85 and 1986-95).
The long duration dry spells occurred at
maximum talukas 2 to 3 times in most of the
years in recent decade and afterwards (1998-
2009) resulting to considerable reduction in
agricultural productivity and uncertainty in
rainfed agricultural production. Highly

significant correlation of productivity of
different rainfed crops and dry spell severity
clearly indicated the climate change impact on
rainfall distribution during 1998-2009 in
different drought affected talukas of Amravati
district of Vidarbha region in Maharashtra state. 
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Mulching is the process or practice of
covering the soil/ground to make more
favorable conditions for plant growth,
development and efficient crop production.
When compared to other mulches, plastic
mulches are impermeable to water; it therefore
prevents direct evaporation of moisture from
the soil and thus limits the water losses and also
improves the aerial environment around the
plants which facilitate the plant growth and
yield (Singh and Kamal, 2012). In this manner,
it plays a positive role in water conservation.
Plastic mulches are used in many horticultural
crops to suppress weed growth, conserve soil
moisture and to alter temperature in the
rhizosphere, the area of soil that immediately
surrounds and is affected by a plant's roots.
Traditionally, plastic mulches are black and
white. Black plastic mulch is often used to
warm soil early in the season. White plastic

mulches can be used to establish crops in the
summer, when a reduced soil temperature
might be beneficial. Coextruded white on black
plastic mulch helps cool the soil and silver or
aluminum patterns that are reflected back into
the canopies of various crops from these
mulches affect plant growth and development
in different ways. Some colours like yellow
attract certain insects like green pea aphids and
cucumber beetles. Such plastic mulches might
be used in a field to grow "catch crops" to pull
insects away from other crops. Blue-colour
mulches have been shown to increase zucchini
and honeydew yields. More research needs to
be conducted to determine the effects of these
colours on plant growth, yields, earliness and
pest resistance. 

Drip irrigation has been used extensively for
vegetable and fruit crops for saving water and
fertilizer and improving quality of products.
Similarly, mulching has been used quite a bit for
moisture conservation. A combination of drip
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Abstract
The field experiment was carried out at Research-cum-Demonstration Farm of Precision Farming

Development Centre (PFDC), Mahatma Phule Krishi Vidyapeeth, Rahuri, Maharashtra during January to
April, 2016 on tomato (Lycopersicon esculentum L., var. Phule Raja) in a split plot design with two
replications. The main plot treatment consisted of four irrigation levels 0.85, 0.70, 0.55 and 0.40 ETc and
the sub plot treatments consisted of five colour polyethylene mulches (silver-black, white-black, yellow-black,
red-black and pervious plastic mulch), one sugarcane trash mulch and bare soil (no mulch) as control. It was
observed that the irrigation levels of 70% ETC with white-black plastic mulch resulted into maximum fruit yield
of tomato (64.75 t ha-1), which was significantly superior over rest of the treatments except that of silver-
black plastic mulch. The water use efficiency of tomato production was also found maximum (2.23 t ha-1

cm-1) due to  white-black plastic mulch with 0.70 ETc irrigation level where the water requirement was 28.99
cm and gross benefit: cost ratio was also maximum (2.46).
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irrigation with plastic mulches was found to
improve moisture conservation and crop
production quality. 

In several studies at different locations, it
was found that drip irrigation increased total
and marketable yields of tomatoes compared
with unirrigated plots by 16 and 28 per cent
whereas mulching increased the total and
marketable yields by about 24% and 20%
respectively.

Similarly, drip irrigation generally gave
higher crop yields ranging from 40 to 53 per
cent and water saving of 28-54 per cent. The
mulching generally increased the total and
marketable yields in all the years including the
early yield in one year.

Sign et al. (2009) reported that the
reflective silver or aluminum mulches also
provide cooler soil temperatures. They tend to
repel aphids, which can serve as vectors for
various viral diseases. Shrivastava et al. (1994)
studied the effect of drip irrigation and
mulching on tomato using three moisture
regimes at 0.4, 0.6 and 0.8 of pan evaporation
combined with no mulch, black plastic and
sugarcane trash mulch. Highest yield of 51
tones ha-1 and 44 per cent saving in irrigation
water were obtained by using the combination
of trickle irrigation at 0.4 level of pan
evaporation and polyethylene mulch. This
treatment also gave the maximum yield of 163
kg ha-1 per mm of water applied with reduced
weed infestation by 95 per cent increased the
yield by 53 per cent, over surface flooding
without mulch. Occasion and Smajstrla (1996)
studied the effect of amount of water
application and mulches for three years on
irrigated tomatoes by applying water at 0.00,
0.25, 0.50, 0.75, and 1.00 times pan
evaporation in one application per day and
observed that fruit yield was doubled with drip
irrigation. The total yield was found highest

with irrigation quantities of 0.75 and 1.00
times pan evaporation. The present experiment
was carried out to study the effect of colour
plastic mulch with drip irrigation on the growth
yield and water use efficiency of tomato in
summer season. 

Materials and Methods

The field experiment was carried out at the
Research-cum-Demonstration Farm of
Precision Farming Development Centre, Dr.
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Table 1. Plant height (cm) of  tomato at harvest as affected
by treatments

Colour Drip irrigation level
plastic mulch ––––––––––––––––––––––––––––––––

I1 I2 I3 I4
(0.85 (0.70 (0.55 (0.40
ETc) ETc) ETc) ETc)

M1 (Silver-black) 141.26 151.36 132.46 125.91
M2 (White-black) 146.60 157.10 135.10 127.26
M3 (Yellow-black) 123.15 129.37 117.26 109.50
M4 (Red-black) 134.30 140.51 126.10 112.00
M5 (Blue-black) 127.31 131.27 116.30 111.50
M6 (Pervious black) 140.00 144.00 127.20 122.00
M7 (Sugarcane trash) 121.90 131.25 107.10 90.00
M8 (no mulch) 95.04 98.40 85.76 83.02
Interaction S.E.m± = 8.91, C.D. at 5% = 1.84

Table 2. Number of branches of tomato plant as
influenced by different treatments

Colour Drip irrigation level
plastic mulch ––––––––––––––––––––––––––––––––

I1 I2 I3 I4
(0.85 (0.70 (0.55 (0.40
ETc) ETc) ETc) ETc)

M1 (Silver-black) 15.00 15.50 14.23 13.72
M2 (White-black) 16.40 17.50 16.60 15.98
M3 (Yellow-black) 14.00 14.50 12.62 11.00
M4 (Red-black) 12.50 15.00 11.50 10.50
M5 (Blue-black) 13.00 13.50 12.10 11.50
M6 (Pervious black) 14.94 15.50 14.00 10.77
M7 (Sugarcane trash) 11.00 13.50 10.94 13.00
M8 (no mulch) 10.50 11.00 11.50 9.0
Interaction S.E.m ± = 0.60, C.D. at 5%= 1.79



Annasaheb Shinde College of Agricultural
Engineering and Technology, Mahatma Phule
Krishi Vidyapeeth, Rahuri during January,
2016 to April, 2016.

The field experiment was laid out in split
plot design, which comprised of 32 treatments
(main plot treatments consisted of four
irrigation levels i.e. 0.85 ETc (I1), 0.70 ETc (I2),
0.55 ETc (I3) and 0.40 ETc (I4) and sub plot
treatments consisted six colour polyethylene
mulch Silver-black (M1), white-black (M2),
Yellow-black (M3), red-black (M4), blue-black
(M5) and pervious black (M6) with sugarcane
trash (M7) and no mulch (M8) as control) with
two replications. The dimensions of individual
treatment plot were 5.40 x 4.80 m2. Twenty
one days old seedlings of tomato (Cv. Phule
Raja) were transplanted at 60 x 45 cm spacing
by making holes of 5 cm diameter on the film
and on bare ground. Lateral drip lines having
emitters at 40 cm distance with a discharge rate
of 2.10 lit ha-1 were placed in each row of
plants.  

All plastic mulches were 25 micron in
thickness, 5.40 m in length and 1.20 m in
width. The soil of the experimental field was
clay type. The field capacity, permanent wilting
point, bulk density was 38.14%, 21.14% and
1.16 gm cm-3, respectively. Data were
recorded on plant height, number of branches
and pest and disease incidence, TSS, fruit
weight and early marketable yield using
standard  methods.

Results and Discussion

Biometric observations

Plant height : The maximum plant height
(157.10 cm) was observed at final harvesting
due to 70% ETc with white-black plastic mulch
(I2 x M2), which was significantly superior over
remaining treatments (Table 1). The minimum

plant height (83.02 cm) was observed due to
40% ETc with control treatment (I4 x M8). 

Number of branches plant-1 : Data
regarding number of branches plant-1 as
influenced by the irrigation regimes and colour
plastic mulches are represented in Table 2. The
maximum number of branches (17.5) was
observed with 70% ETc with white-black plastic
mulch (I2 x M2), which was significantly
superior over other treatments except that of
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Table 3. Effect of colour plastic mulches and drip
irrigation levels on average weight of tomato (g)

Colour Drip irrigation level
plastic mulch ––––––––––––––––––––––––––––––––

I1 I2 I3 I4
(0.85 (0.70 (0.55 (0.40
ETc) ETc) ETc) ETc)

M1 (Silver-black) 70.10 73.10 67.07 65.13
M2 (White-black) 72.56 75.63 69.93 67.76
M3 (Yellow-black) 66.30 69.31 63.78 61.59
M4 (Red-black) 68.07 71.29 65.42 63.56
M5 (Blue-black) 67.00 70.14 64.55 62.40
M6 (Pervious black) 69.50 72.30 66.50 64.00
M7 (Sugarcane trash) 60.05 62.65 57.33 54.79
M8 (no mulch) 56.61 59.27 54.11 51.60
Interaction S.E.m ± = 2.50, C.D. at 5% = NS

Table 4. Effect of different colour plastic mulches and drip
irrigation levels on yield (t ha-1) of tomato 

Colour Drip irrigation level
plastic mulch ––––––––––––––––––––––––––––––––

I1 I2 I3 I4
(0.85 (0.70 (0.55 (0.40
ETc) ETc) ETc) ETc)

M1 (Silver-black) 57.63 60.39 52.17 51.00
M2 (White-black) 61.42 64.75 58.29 52.36
M3 (Yellow-black) 57.35 55.27 46.32 47.27
M4 (Red-black) 55.53 58.31 52.20 48.17
M5 (Blue-black) 54.55 54.63 53.00 46.00
M6 (Pervious black) 52.46 59.54 47.42 48.32
M7 (Sugarcane trash) 50.44 52.17 45.52 45.20
M8 (no mulch) 44.30 45.52 43.10 34.00
Interaction S.E m ± = 1.36, C.D. at 5%= 4.43



M2 x I1, M2 x I3 and M2 x I4. The minimum
number of branches (9.0) was observed in  40%
ETc with no mulch treatment (I4 x M8) i.e.
control. 

Average weight of tomato fruit : The
average weight of tomato fruit as affected by
different treatments are reported in Table 3.
The maximum and significantly superior weight

of a tomato fruit (75.63 g) was observed in 70%
ETc with white-black mulch (I2 x T2). The
minimum average weight of fruit was observed
in control treatment (I4 x T8) i.e  51.60 g
which was significantly inferior over others.

Yield of tomato : The data regarding yield
of tomato as influenced by the irrigation
regimes and colour plastic mulches are reported
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Table 5. Seasonal water requirement, water use efficiency and B:C ratio of tomato

Treatment Yield Water Effective Seasonal water Water use B:C
(t ha-1) applied rainfall requirement efficiency ratio

(cm) (cm) (cm) (t ha-1-cm-1)

I1M1 - 85% ETc (Silver black PM) 57.63 33.97 1.01 34.98 1.65 2.02
I1M2 - 85% ETc (White black PM) 61.41 33.97 1.01 34.98 1.76 2.23
I1M3 - 85% ETc (Yellow black PM) 57.35 33.97 1.01 34.98 1.64 1.57
I1M4 - 85% ETc (Red black PM) 55.53 33.97 1.01 34.98 1.59 1.82
I1M5 - 85% ETc (Blue black PM) 54.55 33.97 1.01 34.98 1.56 1.64
I1M6 - 85% ETc (Pervious mulch) 52.455 33.97 1.01 34.98 1.50 1.51
I1M7 - 85% ETc (Sugarcane trash) 50.44 33.97 1.01 34.98 1.44 1.66
I1M8 - 85% ETc (Control treatment) 44.29 33.97 1.01 34.98 1.27 1.37
I2M1 - 70% ETc (Silver black PM) 60.39 27.98 1.01 28.99 2.08 2.42
I2M2 - 70% ETc (White black PM) 64.75 27.98 1.01 28.99 2.23 2.46
I2M3 - 70% ETc (Yellow black PM) 55.27 27.98 1.01 28.99 1.91 1.80
I2M4 - 70% ETc (Red black PM) 58.31 27.98 1.01 28.99 2.01 2.22
I2M5 - 70% ETc (Blue black PM) 54.62 27.98 1.01 28.99 1.88 1.82
I2M6 - 70% ETc (Pervious mulch) 59.54 27.98 1.01 28.99 2.05 1.68
I2M7 - 70% ETc (Sugarcane trash) 52.17 27.98 1.01 28.99 1.80 1.95
I2M8 - 70% ETc (Control treatment) 45.51 27.98 1.01 28.99 1.57 1.44
I3M1 - 55% ETc (Silver black PM) 52.17 21.98 1.01 22.99 2.27 1.63
I3M2 - 55% ETc (White black PM) 58.28 21.98 1.01 22.99 2.54 1.81
I3M3 - 55% ETc (Yellow black PM) 46.32 21.98 1.01 22.99 2.01 1.24
I3M4 - 55% ETc (Red black PM) 52.19 21.98 1.01 22.99 2.27 1.47
I3M5 - 55% ETc (Blue black PM) 53.00 21.98 1.01 22.99 2.31 1.49
I3M6 - 55% ETc (Pervious mulch) 47.41 21.98 1.01 22.99 2.06 1.11
I3M7 - 55% ETc (Sugarcane trash) 45.52 21.98 1.01 22.99 1.98 1.46
I3M8 - 55% ETc (Control treatment) 43.10 21.98 1.01 22.99 1.87 1.18
I4M1 - 40% ETc (Silver black PM) 51.00 15.98 1.01 16.99 3.00 1.31
I4M2 - 40% ETc (White black PM) 52.35 15.98 1.01 16.99 3.08 1.48
I4M3 - 40% ETc (Yellow black PM) 47.27 15.98 1.01 16.99 2.78 1.07
I4M4 - 40% ETc (Red black PM) 48.17 15.98 1.01 16.99 2.84 1.26
I4M5 - 40% ETc (Blue black PM) 46.00 15.98 1.01 16.99 2.71 1.02
I4M6 - 40% ETc (Pervious mulch) 48.32 15.98 1.01 16.99 2.84 0.96
I4T7 - 40% ETc (Sugarcane trash) 45.20 15.98 1.01 16.99 2.66 1.24
I4T8 - 40% ETc (Control treatment) 34.00 15.98 1.01 16.99 2.00 0.93



in Table 4. The maximum yield of tomato
(64.75 t ha-1) was observed in 70% ETc with
white-black plastic mulch (I2 x M2), which was
significantly superior over the remaining
treatments. except M2 x I1 and M1 x I2. The
minimum yield of tomato (34.00 t ha-1) was
observed in 40% ETc with no mulch (control)
treatment (I4 x M8).

Water use efficiency : The water use
efficiency was calculated presented in Table in
5. From the data presented in Table 5, it
revealed that the WUE ranged from 1.27 to
3.08 t ha-1-cm-1 due to different treatments. It
was revealed that the maximum WUE (3.08 t
ha-1cm-1) was reported in white black plastic
mulch (I4M2) whereas the lowest water use
efficiency (1.27 t ha-1 cm-1) was obtained  in no
mulch treatment with 85 ETc level of drip
irrigation. 

B:C ratio : The B:C ratio of tomato
production under different treatments was
observed in between 0.93 and 2.46. The
maximum B:C ratio was noticed in the
treatment of white-black plastic mulch with drip
irrigation level of 70% ETc. However, the
lowest B:C ratio was in no mulch (control)
treatment with drip irrigation level of 40% ETc.

Conclusion

The study revealed that the adoption level
through drip irrigation of white-black plastic
mulch with 70% ETc in tomato cultivation
increased the yield (64.75 t ha-1) by 40.00%
over no mulch with 70% ETc, followed by
white-black mulch with 85% ETc (61.41 t ha-1).
The water requirement under white-black
plastic mulch at 70% ETc was 28.99 cm with
maximum water use efficiency of 2.23 t ha-1

cm-1 and maximum B:C ratio of 2.46.
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Bt cotton (Gossypium hirsutum L.) has a
pride of place among the cultivated plants that
satisfy the material need of man because next
to food, clothing is the prime need of life.
Cotton plays a key role in the national as well
as farmer's economy in terms of both
employment generation and foreign exchange

earnings. Amongst the leading cotton growing
countries in the world, India ranks first in area
with 12.0 million hectares, which is about 34
per cent of world's total, but in production it
contributes 40.0 million bales (170 kg each)
next to China. (Anonymous, 2015).
Maharashtra leads the nation in respect of area
as it occupies nearly 4.19 million hectares.
Water is very crucial input in agriculture and
hence its efficient utilization is of prime need
today in agriculture. Though, the drip irrigation
saves almost 40 to 60 per cent of irrigation
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Abstract
A experiment was carried out to study the effect of deficit irrigation, fertigation and planting techniques

on yield contributing characters, seed cotton yield and economics of Bt cotton at Mahatma Phule Krishi
Vidyapeeth, Rahuri (M.S.) during 2014 and 2015. The treatment comprising four irrigation regimes (I1 - 0.6
ETc, I2 - 0.8 ETc, I3 - 1.0 ETc and I4 - Surface irrigation (Control) and two planting techniques (P1 - 90 cm
x 90 cm and P2 - 150 x 60 cm) as main plot treatments and three levels of fertigation (F1 -100% GRDF, F2
-100% GRDF + MgSO4 (20 kg ha-1) and F3 - 100% GRDF + MgSO4 (20 kg ha-1) + ZnSO4 (25 kg ha-1)
and foliar spray of 1% Fe SO4 (at flowering and boll development) + Boron @ 0.5 % (at flowering and boll
development) as sub plot treatment. The data revealed that maximum and significantly higher seed cotton
yield (31.90, 34.58 and 33.24 q ha-1), net monetary returns (Rs. 45896, Rs. 55781 and Rs. 50838 ha-1)
and B:C ratio (1.48 and 1.57) were recorded in 1.0 ETc irrigation regime and at par with 0.8 ETc irrigation
regime than rest of  irrigation methods during both years and on pooled mean. Planting of Bt cotton at 90 x
90 cm was exhibited significantly higher seed cotton yield (31.20, 34.53 and 32.86 q ha-1), net monetary
returns (Rs. 43438, Rs. 57782 and Rs. 50610 ha-1) and B:C ratio (1.46 and 1.61) than 150 x 60 cm
planting during both the years and on pooled mean basis. While in case of fertigation treatment, F3 treatment
recorded significantly maximum seed cotton yield (31.20, 31.56 and 31.34 q ha-1) and obtained significantly
higher net monetary returns  (Rs. 46005, Rs. 46807 and Rs. 46406 ha-1)  than other treatments during the
both  years and on pooled mean. Maximum water use efficiency was obtained with 0.6 ETc irrigation regime
(6.98 and 7.00 kg ha-1-cm) followed by 0.8 ETc irrigation regime during both the years of the
experimentation. Based on two years of experimentation it could be concluded that planting of Bt cotton at
90 x 90 cm with scheduling of defict irrigation at 0.8 ETc and fertigation of 100 per cent GRDF upto 100
days (12 equal splits) + 20 kg MgSO4 ha-1 and 25 kg ZnSO4 ha-1 upto flowering at weekly interval (9 equal
splits) + foliar spray of Fe (1.0%) and Boron (0.5%) at flowering and boll development stages found suitable
to achieve higher seed cotton yield, monetary benefit in Bt cotton.

Key words : Irrigation regimes, fertigation, planting techniques, seed cotton yield and
economics of Bt cotton.
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water, but still there is scope for more precise
use of irrigation water hence, the concept of
deficit irrigation emerged for use of limited
water resources more efficiently for increasing
the productivity of crops. Deficit irrigation is a
watering strategy that can be applied by
different types of irrigation application
methods. The correct application of deficit
irrigation requires thorough understanding of
the yield response to water (crop sensitivity to
drought stress) and of the economic impact of
reductions in harvest. In regions where water
resources are restrictive it can be more
profitable for a farmer to maximize crop water
productivity instead of maximizing the harvest
per unit land. The saved water can be used for
other purposes or to irrigate extra units of land.

Fertigation is the injection of fertilizers, soil
amendments and other water-soluble products
into an irrigation system. Fertigation is
practiced extensively in commercial agriculture
and horticulture. Through fertigation nutrients
can be applied in correct doses and at
appropriate stage of plant growth. In addition it
improves fertilizer use efficiency, hastens the
maturity of crop and improves the quality of
produce. The best known method for
maximization of yield and for improvement in
quality is the application of balanced and
judicious doses of fertilizers by means of
fertigation.

Materials and Methods

The experiment was conducted at Post
Graduate Instructional Farm, Mahatma Phule
Krishi Vidyapeeth, Rahuri (M. S.) during 2014
and 2015. The topography of the experimental
field was fairly uniform, leveled and well
drained. The soil of the experimental field was
silty clay in texture. It was low in available
nitrogen (175.61 kg ha-1), medium in
phosphorus (20.66 kg ha-1) and high in
potassium (448.11 kg ha-1) with slightly
alkaline in reaction (pH 8.10). The experiment

was laid out in split plot design with three
replications. Total twenty four treatment
combinations comprising four irrigation
regimes (I1 - 0.6 ETc, I2 - 0.8 ETc, I3 - 1.0 ETc
and I4 - Surface irrigation (Control) and two
planting techniques (P1 - 90 x 90 cm and  P2 -
150 x 60 cm  as main plot treatments and
three nutrient management through fertigation
(F1 - 100% GRDF, F2 - 100% GRDF + MgSO4
(20 kg ha-1) and F3 -100% GRDF + MgSO4
(20 kg ha-1) + ZnSO4 (25 kg ha-1) and foliar
spray of 1% FeSO4 (at flowering and boll
development) + Boron @ 0.5% (at flowering
and boll development)  as sub plot treatments.
The surface irrigation with recommended dose
of fertilizer was taken as control treatment.
Fertigation was started at 10 days after sowing
and scheduled at weekly interval in 12 equal
splits upto boll development stage. In treatment
F2 and F3, MgSO4 @ 20 kg ha-1 and ZnSO4 @
25 kg ha-1 was applied at weekly interval in 9
equal splits upto flowering, where as in control
treatment, it was applied at sowing as a basal
dose. In drip method, irrigation was applied at
every alternate day based on pan evaporation
data and in surface irrigation method irrigation
was applied at 75 mm CPE with 7.5 cm of
irrigation depth at each irrigation turn. 

Results and Discussion

Effect of irrigation regimes : Among the
irrigation regimes, irrigation at 1.0 ETc found
superior to registered significantly higher
growth attributes viz., plant height (136.85 cm
and 139.81cm), number of monopodial
branches  plant-1 (1.93 and 1.67), number of
sympodial branches  plant-1 (20.37 and
18.43), and dry matter plant-1 (617.97 and
655.75g)  and yield contributing characters viz.,
number of picked bolls  plant-1 (60.86 and
68.50), seed cotton weight boll -1 (4.31 and
3.82g), seed cotton weight  plant-1 (289.62
and 316.05g) , than rest of the deficit irrigation
regimes and surface irrigation.
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The 1.0 ETc irrigation regime recorded
significantly higher growth attributes because it
create favourable environment at root
rhizosphere for increasing the soil moisture and
nutrient absorbtion which leads to increase the
cell elongation and multiplications. Optimum
supply of moisture and nutrients also results in
maximum photosynthetic rate and stomatal
conductance which ultimately reflected on
healthy and vigorous plant growth.

The deficit irrigation (0.6 ETc) registered
minimum plant height (106.22 cm and 112.16

cm), number of sympodial branches (16.26 and
16.18), and dry matter plant-1 (501.12 and
527.95g). The inadequate availability of
irrigation water at all the crop growth stages
forced the crop to remain always at moisture
stress condition. The continuous stress situation
decreases the enzymatic activities as well as all
the physiological process, finally reflected
adverse effect on growth attributes of the crop
(Table 1). These results are in confirmity with
those reported by Dagdelen et al. (2009),
Bhalerao et al. (2011) and Wiggins et al.
(2014). 
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Table 1. Growth contributing characters of Bt cotton as influenced by different treatments

Treatment Planr height No. of monopodial No. of sympodial Dry matter 
(cm) branches branches plant-1 (g)

–––––––––––––– ––––––––––––––––––– ––––––––––––––––– –––––––––––––––
2014 2015 2014 2015 2014 2015 2014 2015

I - Irrigation regimes
I1 - 0.6 Etc 106.22 112.16 1.77 1.50 16.26 16.18 501.12 527.95
I2 - 0.8 Etc 120.17 120.16 1.90 1.63 19.20 17.46 578.33 635.54
I3 - 1.0 Etc 136.85 136.81 1.93 1.67 20.37 18.43 617.97 655.75
I4 - Surface irrig. (Control ) 117.42 124.59 1.86 1.59 17.78 16.24 539.60 551.80
S.Em (±) 0.72 2.09 0.04 0.04 0.39 0.09 11.95 11.11
CD at 5% 2.49 7.24 N.S. N.S. 1.21 0.32 41.35 38.45

P - Planting techniques
P1 - 90 x 90 cm 126.56 129.33 1.89 1.62 19.63 18.03 596.35 627.69
P2 - 150 x 60 cm 113.77 117.53 1.84 1.57 17.17 16.63 522.15 557.84
S.Em (±) 0.45 1.51 0.03 0.03 0.29 0.07 6.23 7.47
CD at 5% 1.47 4.91 N.S. N.S. 0.93 0.23 20.30 24.35

F - Fertigation (Nutrient management)
F1 - 100%  GRDF 111.39 116.46 1.81 1.54 15.48 14.88 487.47 527.35
F2 - 100% GRDF+ 20 kg MgSO4 120.08 122.28 1.87 1.60 18.88 17.28 555.65 583.83

ha-1

F3 - 100% GRDF + 20 Kg MgSO4 + 129.02 131.54 1.92 1.65 20.85 19.82 634.63 667.11
25 kg ZnSO4 + foliar spray of 
Fe (1%) and B (0.5%)

S.Em (±) 0.51 1.85 0.04 0.04 0.14 0.10 5.22 9.59
CD at 5% 1.46 5.33 N.S. N.S. 0.39 0.29 15.05 27.62

Interactions (I x P x F)
I x P N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
I x F N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
P x F N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
I x P x F N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
General mean 120.16 123.43 1.86 1.60 18.40 17.33 559.25 592.76



Yield is a function of growth and yield
attributes plant-1. These attributes were at
higher magnitude under 1.0 ETc irrigation
regime through drip. In 1.0 ETc irrigation
regime soil remains always at field capacity
which enhanced all the growth attributes of the
crop resulted in maximum absorbed PAR
accompanied with higher rate of
photosynthesis reflected in efficient
translocation of photosynthates towards
reproductive parts helped in increase in yield
attributing characters. Whereas, in deficit
irrigation i.e. 0.6 ETc irrigation regime
obtained significantly minimum yield attributes
because under stress condition the relative
water content in the leaves was decreased
drastically and the stomata remains partially
closed which inhibit the entry of carbon dioxide
in the leaf tissue ultimately the rate of
photosynthesis was reduced and thereby the
reproductive organs were not supplied
significant amount of photosynthates for their
growth and development. The results are in
confirmity with those reported by Singh et al.
(2010) and Aladak et al. (2012).

Maximum and significantly higher seed
cotton yield was recorded in 1.0 ETc irrigation
regime (31.90, 34.58 and 33.24 q ha-1) and at
par with 0.8 ETc irrigation regime (29.79,
31.78 and 30.78 q ha-1) during both the years
and on pooled mean basis. The yield increased
was 45.72 per cent higher over 0.6 ETc
irrigation regime and 30.71 per cent over
surface irrigation method. Under deficit
irrigation 0.8 ETc irrigation regime found most
suitable irrigation regime compared to 0.6 ETc
irrigation regime as it recorded almost identical
yield of 1.0 ETc irrigation. This indicate that
there was saving of 20 per cent of irrigation
water over 1.0 ETc irrigation regime. These
results are supported by Dateshwa et al. (2010)
and Sampathkumaret al. (2012).

Scheduling of irrigation at 0.6 ETc through

drip recorded maximum water use efficiency
(6.98 and 7.00 kg ha-1-mm) followed by 0.8
ETc (6.94 and 6.98 kg ha-1- mm) and 1.0 ETc
(5.95 and 6.28 kg ha-1-mm). This might be
because of deep root system of cotton extract
moisture from higher depth of soil and fulfilled
crop water requirement even under deficit
irrigation. This indicates that Bt cotton
responded to deficit irrigation and produce
higher yield with minimum quantity of irrigation
water. These results are in the line of Ilhe and
Tumbare (2015) 

The scheduling of irrigation at 1.0 ETc
irrigation regime obtained maximum gross
monetary returns (Rs. 141321, Rs. 152669
and Rs. 146995 ha-1), net monetary returns
(Rs. 45896, Rs. 55781 and Rs. 50838 ha-1)
and B:C ratio (1.48 and 1.57) than 0.6 and 0.8
ETc irrigation regimes through drip and surface
irrigation method during both years and on
pooled mean. This is because of maximum seed
cotton yield was recorded by 1.0 ETc irrigation
regime than rest of the irrigation regimes and
surface irrigation methods. These results are in
agreement with those reported by Asadi et al.
(2012) and Sampatkumar et al. (2012). 

Effect of planting techniques : Planting
technique of 90 x 90 cm exhibited significantly
higher plant height (126.56 cm and 129.33
cm) and number of sympodial branches plant-1

(19.63 and 18.03) at last picking and dry
matter plant-1 (596.35 and 627.69 g) than 150
x 60 cm  planting technique. This might be due
to higher plants per unit area in 90 x 90 cm
planting utilized the added inputs (nutrients) and
natural resources (space, water, sunlight) more
efficiently for increasing the growth attributes of
crop compared to 150 x 60 cm. In wider
spacing i.e. 150 x 60 cm there was a
competition for moisture and nutrients because
of close spacing in inter plant (60 cm) resulted
in inadequate availability of growth factors
which adversely affect the growth attributes of
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crop. These results are in confirmity with those
reported by Pendharkar et al. (2010) and
Bharathi et al. (2012). 

The yield attributes in Bt cotton viz., number
of picked bolls plant-1, seed cotton weight
plant-1, were found maximum with 90 x 90 cm
planting technique. This is because of square
method of planting i.e. 90 x 90 cm each plant
obtained even space from all sides which helps
to increase the availability of moisture and

nutrients as well as interception of  maximum
solar radiation as result of this photosynthetic
rate and stomatal activities were increased and
that enhanced the translocation of
photosynthates towards the reproductive
organs i.e. yield attributes. While, at 150 cm x
60 cm planting technique due to uneven space
available to each plant (more space between
two rows and close between two plants) there
was more competition for natural resources
which affect the growth attributes as well as

Journal of Agriculture Research and Technology 173

Table 2. Yield contributing characters and seed cotton yield and water use efficiency as influenced by different treatments

Treatment No. of picked Seed cotton Seed cotton Seed cotton yield WUE (kg
bolls plant-1 wt. boll-1(g) wt. plant-1 (g) (q ha-1) ha-1mm-1)
–––––––––––––– –––––––––––– –––––––––––––– –––––––––––––––––––––– –––––––––––––
2014 2015 2014 2015 2014 2015 2014 2015  Pooled 2014 2015

mean

I - Irrigation regimes 
I1 - 0.6 Etc 44.27 43.38 4.09 3.36 190.44 163.18 22.48 23.15 22.81 6.98 7.00
I2 - 0.8 Etc 53.65 58.80 4.19 3.73 240.18 260.78 29.79 31.78 30.78 6.94 6.98
I3 - 1.0 Etc 60.86 68.50 4.31 3.82 289.62 316.05 31.90 34.58 33.24 5.95 6.28
I4 - Surface irrig. (Control ) 50.58 49.63 4.14 3.42 222.85 203.88 24.74 26.12 25.43 2.75 2.92
S.Em (±) 0.50 1.30 0.03 0.03 3.23 5.81 0.83 0.91 1.07
CD at 5% 1.74 4.50 0.10 0.11 11.19 20.12 2.89 3.15 3.29

P - Planting techniques
P1 - 90 x 90 cm 58.29 64.78 4.12 3.50 258.57 270.97 31.20 34.53 32.86 5.71 6.23
P2 - 150 x 60 cm 46.39 45.38 4.25 3.67 212.98 200.97 23.26 23.29 23.27 4.25 4.20
S.Em (±) 0.62 0.44 0.04 0.02 4.00 1.96 0.57 0.62 0.73
CD at 5% 2.01 1.44 0.12 0.05 13.06 6.38 1.86 2.01 2.18

F - Fertigation (Nutrient management)
F1 - 100%  GRDF 45.31 52.27 4.09 3.51 197.69 220.60 23.18 26.67 24.93 4.24 4.81
F2 - 100% GRDF + 20 kg 52.43 55.09 4.16 3.59 235.81 235.66 27.30 28.49 27.90 4.99 5.14

MgSO4 ha-1

F3 - 100% GRDF +  59.28 57.87 4.29 3.65 273.82 251.65 31.20 31.56 31.34 5.71 5.69
20 Kg MgSO4 +
25 kg ZnSO4 + 
foliar spray of  
Fe (1%) and B  (0.5%)

S.Em (±) 0.43 0.76 0.02 0.02 2.63 3.23 0.36 0.40 0.47 - -
CD at 5% 1.24 2.19 0.06 0.05 7.57 9.30 1.05 1.15 1.32 - -

Interactions (I x P x F)
I x P N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. - -
I x F N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. - -
P x F N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. - -
I x P x F N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. - -
General mean 52.34 55.08 4.18 3.58 235.77 235.97 27.23 28.91 28.07 - -



yield attributes of crop. The results are in
confirmity with  Aruna and Reddy (2009) and
Reddy and Kumar (2010). 

Data pertaining to seed cotton weight boll-1

of Bt cotton was found maximum at 150 cm x
60 cm planting technique. This is because
wider row to row spacing increasing the
interception of solar radiation as well as reduces
the competition for above ground resources
which enhance the uptake of moisture and

nutrients for growth and development crop.
The higher interception of solar radiation
increases the photosynthetic rate and
translocation of photosynthates towards
reproductive organs. These results are in
agreement with those reported by Jat et al.
(2014) and Bharathi   et al. (2012). 

Planting of Bt cotton at 90 x 90 cm
exhibited significantly higher seed cotton yield
(31.20, 34.53 and 32.86 q ha-1) than 150 x
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Table 3. Economics of Bt cotton as influenced by different treatments

Treatment Gross monetary returns Cost of cultiva- Net monetary returns B:C
(Rs. ha-1) tion (Rs. ha-1) (Rs. ha-1) ratio

––––––––––––––––––––––––– ––––––––––––––– ––––––––––––––––––––––– –––––––––––––
2014 2015  Pooled 2014 2015  2014 2015  Pooled 2014 2015  

mean mean

I - Irrigation regimes
I1 - 0.6 Etc 99003 101910 100456 92838 93738 6165 8172 7168 1.06 1.08
I2 - 0.8 Etc 130000 139658 134829 94188 95426 35812 44232 40022 1.38 1.46
I3 - 1.0 Etc 141321 152669 146995 95426 96888 45896 55781 50838 1.48 1.57
I4 - Surface irrig. (Control ) 109303 115127 112215 78045 78607 31258 36520 33889 1.39 1.44
S.Em (±) 3474 4017 4599 - - 3474 4017 4599 - -
CD at 5% 12023 13899 14172 - - 12023 13899 14172 - -

P - Planting techniques
P1 - 90 x 90 cm 137081 152100 144590 93643 94318 43438 57782 50610 1.46 1.61
P2 - 150 x 60 cm 102733 102582 102657 86605 88012 16128 14571 15349 1.19 1.16
S.Em (±) 2389 2724 3137 - - 2389 2724 3137 - -
CD at 5% 7790 8883 9406 - - 7790 8883 9406 - -

F - Fertigation (Nutrient management)
F1 - 100%  GRDF 102448 117478 109963 89439 90480 13009 26999 20004 1.14 1.29
F2 - 100% GRDF+ 20 kg 120093 125524 122808 89759 90800 30334 34724 32529 1.33 1.37

MgSO4 ha-1

F3 - 100% GRDF +  137179 139021 138100 91174 92215 46005 46807 46406 1.50 1.50
20 Kg MgSO4 +
25 kg ZnSO4 + 
foliar spray of 
Fe (1%) and B (0.5%)

S.Em (±) 1484 1762 1995 - - 1484 1762 1995 - -
CD at 5% 4275 5077 5637 - - 4275 5077 5637 - -

Interactions (I x P x F)
I x P N.S. Sig. N.S. - - N.S. N.S. N.S. N.S. N.S.
I x F N.S. N.S. N.S. - - N.S. N.S. N.S. N.S. N.S.
P x F N.S. N.S. N.S. - - N.S. N.S. N.S. N.S. N.S.
I x P x F N.S. N.S. N.S. - - N.S. N.S. N.S. N.S. N.S.
General mean 119907 127341 123624 90124 91165 29783 36176 32980 1.33 1.39



60 cm planting technique during both the years
and on pooled mean. The yield obtained with
90 x 90 cm planting was 41.10 per higher than
150 cm x 60 cm planting technique. These
results are in confirmity with the results
reported by Bhalerao et al. (2008), Buttar and
Singh (2010) and Devraj et al. (2011).

The maximum water use efficiency (5.71
and 6.23 kg ha-1 mm-1) was obtained in 90 cm
x 90 cm planting technique than 150 cm x 60
cm planting technique during both the years.
The seed cotton yield was more in 90 cm x 90
cm planting technique, this reflected on
maximum water use efficiency. Similar results
were reported by Shukla  et al. (2013)

The planting technique of 90 cm x 90 cm
obtained maximum gross monetary returns (Rs.
144590 ha-1) and net monetary returns (Rs.
50610 ha-1) than 150 x 60 cm planting
technique because of higher seed cotton.
Similar results were reported by  Bhalerao et al.
(2012) and Singh et al. (2013).

Effect of fertigation : Fertigation of
100% GRDF upto 100 days + 20 kg MgSO4
ha-1 and 25 kg ZnSO4 ha-1 upto flowering at
weekly interval + foliar spray of Fe (1.0%) and
B (0.5%) at flowering and boll development
stages registered significantly higher growth
attributes viz., plant height (129.02 cm and
131.54 cm), number of sympodial branches
plant-1 (20.85 and 19.82) and dry matter
plant-1 (634.63 and 667.11 g) This might be
due to application of fertilizers in 12 equal splits
at weekly interval upto boll development stage
increase the use efficiency of added nutrients
which fulfilled the nutritional requirement of
crop, moreover foliar nutrition of iron and
boron at appropriate stages which provides
balance nutrition. Zinc is necessary for the
synthesis of tryptophan and thus involved in
auxin synthesis which helps in elongation of
cells and increase plant height. Increasing of

micronutrient contents in leaves might have
increased the production of metabolites
synthesized and thus the plant had the chance
to bear more fruiting branches. Similarly,
continuous application of fertilizers upto boll
development stage improve the physiological
activities like photosynthetic rate, CO2
concentration, stomatal conductance and
transpiration rate which helps to accelerate the
growth attributes in Bt cotton. These results in
agreement with those reported by Aruna
(2011) and Bhalerao et al. (2011). 

Fertigation of 100% GRDF upto 100 days +
20 kg MgSO4 ha-1 and 25 kg ZnSO4 ha-1 upto
flowering at weekly interval + foliar spray of Fe
(1.0%) and B (0.5%) at flowering and boll
development stages registered significantly
higher number of picked bolls plant-1 (59.28
and 57.87), seed cotton weight boll-1 (4.29 and
3.65 g) and  seed cotton weight plant-1 (273.82
and 251.65 g) during the both years.  This
might be because of frequent application of
nutrients in 12 equal splits as per the
requirement of crop increase the use efficiency
of added nutrients thereby increase the
physiological activities which translocate more
photosynthates towards reproductive organs
resulted in increase the yield attributes of Bt
cotton. The reverse trend was noticed with
fertigation of 100% GRDF alone because of
limiting micro nutrients. These results in
agreement with those reported by Yadav et al.
(2014). 

Yield is the function of biomass
accumulation and nutrient uptake by crop. The
enhancement of seed cotton yield (31.20 q
ha-1, 31.56 q ha-1and 31.34 q ha-1) was
observed in fertigation of 100% GRDF upto
100 days + 20 kg MgSO4 ha-1 and 25 kg
ZnSO4 ha-1 upto flowering at weekly interval +
foliar spray of Fe (1.0%) and B (0.5%) at
flowering and boll development stages might be
due to crop fulfill the nutritional requirement
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through fertigation of N, P and K at weekly
interval in 12 equal splits upto 100 days and
fertigation of MgSO4 and ZnSO4 in 9 equal
splits at weekly interval upto 70 DAP along
with foliar nutrition of Iron and Boron because
of this plant remains physiologically more
active resulted in  luxurious growth of crop
which increases the biomass accumulation.
Foliar application of boron accelerates the
translocation of nitrogen, increase protein
synthesis and stimulates fruiting. These
activities are finally increase the yield attributes
and seed cotton yield. These results are in
confirmity with the results reported by
Arivalagan et al. (2014) and Waikar et al.
(2015). 

Fertigation of 100% GRDF upto 100 days +
20 kg MgSO4 ha-1 and 25 kg ZnSO4 ha-1 upto
flowering at weekly interval + foliar spray of Fe
(1.0%) and B (0.5%) at flowering and boll
development stages recorded maximum water
use efficiency (5.71 and 5.69 kg ha-1 mm-1)
during the both years because of higher seed
cotton yield to rest of fertigation treatments by
using the same quantity of irrigation water.
These results are in accordance with those
reported by Yadav et al. (2014) and Jaykumar
et al. (2015).

Fertigation of 100% GRDF upto 100 days +
20 kg MgSO4 ha-1 and 25 kg ZnSO4 ha-1

upto flowering at weekly interval + foliar spray
of Fe (1.0%) and B (0.5%) at flowering and boll
development stages obtained significantly
maximum gross monetary returns  (Rs. 137179
ha-1 and Rs. 139021 ha-1), net monetary
returns (Rs. 46005 ha-1 and Rs. 46807 ha-1)
and B:C ratio (1.50 and 1.50) during the both
years. This might be due to application of major
nutrients (NPK) in 12 equal splits at weekly
interval upto 100 days and micronutrients (Mg
and Zn) in 9 equal splits at weekly interval upto
70 days along with foliar nutrition of Fe and B,
enhanced the growth and yield attributes

resulted in increase the seed cotton yield and
plant biomass of Bt cotton which obtained
maximum monetary returns. Whereas
minimum gross monetary returns (Rs. 102448
ha-1 and Rs. 117478 ha-1), net monetary
returns (Rs.13009 and Rs. 26999 ha-1) and
B:C ratio (1.14 and 1.29)  were obtained under
fertigation treatment 100% GRDF alone during
both the years because lowest seed cotton yield.
These results are in the line of Hadole (2013)
and Rajendran and Arunvenkatesh (2014). 
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Sorghum is an important food and fodder
crop of dry land agriculture in the developing
countries that provides food to millions of
people and feed for farm animals. Insect pests
are the major biotic constraints for production
and productivity of sorghum causing economic
losses. More than 150 species of insects have
been recorded as pests of sorghum, of which
sorghum shoot fly, Atherigona soccata
(Rondani) is an important pest. Insect pests
cause nearly 32% of the total loss to the actual
produce in India. Sorghum shoot fly is an
important seedling pest and attacks sorghum
crop up to 30 days from sowing leading to
losses estimated as 5% in India, but infestation
at times may be over 90%. Adult females lays
white, elongated, cigar shaped eggs   singly on
the abaxial leaf blade of sorghum seedling  On
emergence , the neonate larva crawls to the
plant whorl and continues to move
downward between the folds of the young
leaves. After reaching the base of the
meristem, the larva cuts growing point resulting

in drying of central shoot known as dead
hearts. 

Host plant resistance is one of the most
effective means of keeping shoot fly population
below economic threshold levels, as it does not
involve any cost input by the farmers. A
number of genotypes with resistance to shoot
fly have been identified, but the levels of
resistance to shoot fly are low to moderate.
Plant resistance to sorghum shoot fly appears
to be complex character and depends on the
interplay of the number of componential
characters, which finally sum up in the
expression of resistance to shoot fly. So, it is
important to identify genotypes with different
mechanisms to increase the levels and diversity
the bases of resistance to this pest. Therefore,
the present studies were carried out on a
diverse array of sorghum genotypes to identify
morphological and biochemical plant
characteristics influencing resistance to
Atherigona soccata (Rondani).
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Abstract
The field experiment was conducted during rabi season for three consecutive years during 2013 to 2016

at the All India Coordinated Sorghum Improvement Project, Mahatma Phule Krishi Vidyapeeth, Rahuri ,
Maharashtra. Twenty sorghum genotypes with different levels of resistance to A. Soccata were evaluated to
identify lines with diverse mechanism of resistance. There was significant variation in leaf surface wetness,
leaf glossiness, trichome density, seedling vigor. Sorghum genotypes with high trichome density, total phenols
and high enzyme activity showed resistance to shoot fly. Sorghum genotypes with high amounts of total
sugars, soluble proteins, more leaf surface wetness and higher seedling vigor and glossiness scale were
susceptible to shoot fly. Highly significant and positive correlation existed between shoot fly incidence and leaf
glossiness and seedling vigour and there was a highly significant negative correlation with trichome density.

Key words : Sorghum bicolor, Sorghum Shoot fly, Atherigona soccata, morphological
characters, biochemical characters.



Materials and Methods

The experiments were conducted in
statistically randomized block design (RBD) with
three replications on the farm of All India Co-
ordinated Sorghum Improvement Project,
M.P.K.V., Rahuri. Fifteen sorghum genotypes
along with  two susceptible (Swarna and DJ
6514) ,two resistant checks (RSE 03 and IS
18551) and one local check (Phule Vasudha)
were planted during rabi season for three
consecutive years from 2013-14 to 2015-16.
Each genotype was sown in plot size 2.70 x 4.0
m. Normal agronomic practices were followed
for raising the sorghum crop, and no
insecticides were applied in experimental plots.
Data were recorded on number of eggs at 14
DAE and plant with dead hearts at 28 DAE.
Data were recorded on plant morphological
traits such as leaf glossiness, seedling vigor, leaf
surface wetness and trichome density at 12
DAE at 1 to 5 scales. Evaluation of glossiness
was performed according to scale given by
Dubois et al. in 1956. Seedling vigor was
evaluated on 1 to 5 scale according to Dhillon
et al. (2005).The leaf glossiness was evaluated
on a 1-5 rating at 12 DAE in the early morning
hrs when there was maximum refection of light
from the leaf surface. (1= highly glossy, light
green, shining, narrow and erect leaves; and 5=
non glossy, dark green, dull, broad and
dropping leaves). To record trichome density
and leaf surface wetness, procedure given by
Gomashe et al. (2010) was followed.

Biochemical analysis for total sugars, total
phenols, soluble proteins and enzyme activity
studies of the seedling was done at 14 days
after emergence. The total sugars, soluble
protein and total phenols from the seedling
were estimated by methods suggested by K.
Jayanthi et al. (2002), Kumar and Khanna
(1982) and Kamatkar et al. (2003) respectively.
The enzyme extraction was done by following
the procedure given by Nwanze et al. 1992

and enzyme activity was expressed as change in
absorbance per minute per gram fresh weight
(ΔO.D. min-1 g-1). The correlation studies were
undertaken to find out the correlation of the
morphological as well as biochemical attributes
with shoot fly incidence.  

Results and Discussion

Morphological characters evaluated for
shoot fly resistance are given in Table 1. The
leaf glossiness of RSV 1188 (1.3), RSV 1201
(1.3), RSV 1454 (1.3) was comparable to
resistant checks IS 18551 (1.0) and RSE 03
(0.8). Susceptible genotypes Swarna and DJ
6514 were non- glossy and recorded leaf
glossiness score 3.3 and 3.5 respectively. The
seedling of DJ 6514 and Swarna were less
vigorous as compared to IS 18551. Genotype
RSV 1188, RSE 03 and IS 18551 showed
greater number of trichomes i.e. 12.5, 12.00
and 16.1 respectively. While susceptible check
DJ 6514 is non trichomed and Swarna (2.6 no
mm2) showed few trichomes on leaf surface.
Glossy vigorous genotype showed higher
growth rate than non glossy genotype. Same
results were observed by Padmaja et al. (2014).
Among the tested genotypes RSV 1188
recorded leaf surface wetness which was similar
to RSE 03 (1.1) and IS 18551(1.5). Susceptible
genotype Swarna (2.6) and DJ 6514 (3.4)
recorded higher leaf surface wetness. Cultivars
with high transpiration rate were preferred for
oviposition. Leaf surface wetness has been
reported to be associated with susceptibility.
These results are in conformity with  Sharma
and Nwanze (1997) Number of eggs per five
plants was recorded at 14 DAE. Susceptible
genotypes Swarna (9.4) and DJ 6514(13.5)
recorded more number of eggs as compared to
resistant check RSE 03(2.6) and IS 18551(3.4).
There were significant differences among the
genotypes for dead heart formation. RSV 1188
(33.33% DH) was as good as resistant
genotype IS 18551  (32.22% DH ) and RSE 03
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(35.08% DH) for A. Soccata dead hearts,
whereas, the dead hearts formation was greater
in genotype DJ 6514 (92.22% DH) and
Swarna (85.06% DH).

Biochemical components responsible for
shoot fly resistance are presented in Table 2.
The data recorded for the total sugar, the
minimum sugar content was recorded in
genotype, RSE 03 (0.74 mg g-1 fresh weight),
However, it was at par with the genotype, RSV
1188 (0.76) & IS 18551 (0.79 mg g-1 fresh
weight). The maximum sugar content was
recorded in susceptible check Swarna and DJ
6514 (2.09 & 2.59 mg g-1 fresh weight).
Susceptible check had the highest total sugar
content whereas resistant genotype had lowest

total sugar content. The maximum amount of
total phenol was recorded in genotype, IS
18551 (5.48) while lower phenol content was
observed in susceptible genotypes DJ 6514
(3.26 mg g-1 fresh weight) and Swarna (3.34
mg g-1 fresh weight). Biochemical analysis for
total phenol indicated that higher phenol
content in plant increased resistance to shoot
fly by influencing the biology and establishment
of shoot fly and played important role in the
antibiosis mechanism. Phenols are one of the
most important groups of plant defense
chemicals responsible for antifeedant or
antibiotic effects on the insects. These results
are in conformity with Sharma et al. (1997).
Lower protein content is desirable in a
genotype in resisting the infestation by shoot
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Table 1. Morphological characters of 20 sorghum genotypes evaluated for resistance to sorghum shoot fly. (Pooled mean of
three years data   2013-14, 2014-15 and 2015-16)

Gentotype Leaf Seedling Trichome Growth Leaf Eggs/5 DH % Grain 
glossi- vigor density rate surface plant at at 28 yield 
ness (1-5) (no mm-2) (cm day-1) wetness 14 DAE DAE (g/5 
(1-5) (1-5) plant-1)

RSV 1426 2.7 2.0 7.9 1.2 3.0 6.0 45.28 176.0
RSV 1472 2.0 2.0 6.5 1.1 2.5 9.5 49.50 146.0
RSV 1199 2.3 1.7 5.5 1.1 2.5 14.00 60.00 169.7
RSV1201 1.3 1.7 7.5 1.2 3.5 8.0 68.28 151.3
RSV 1454 1.3 2.3 3.5 1.4 2.5 11.5 70.00 161.0
RSV 1557 2.7 3.3 6.0 0.9 2.0 5.0 46.56 147.7
RSV 1572 3.7 2.7 7.5 0.8 3.5 4.0 45.00 162.7
RSV 1525 2.7 2.0 5.5 1.5 4.5 9.0 58.60 181.0
RSV 1338 1.5 1.8 5.3 1.1 1.9 6.8 48.25 187.5
RSV 1410 2.5 2.5 5.3 1.1 1.9 3.8 56.60 132.5
RSV 1707 2.3 1.8 5.6 1.2 1.9 5.3 45.25 180.5
RSV 1596 2.8 3.0 4.1 1.0 1.1 7.9 39.35 160.5
RSV 1003 1.8 1.8 4.9 1.2 2.6 5.6 42.22 110.5
RSV 1188 1.3 1.0 12.5 1.4 1.1 3.4 33.33 194.5
RSV 1090 2.8 2.3 6.4 1.0 2.6 9.0 76.35 173.8
RSE 03 (RC) 0.8 1.5 12.0 1.6 1.1 2.6 35.08 171.5
IS 18551(RC) 1.0 1.3 16.1 1.4 1.5 3.4 32.22 82.50
Swarna (SC) 3.3 3.0 2.6 0.8 2.6 9.4 85.06 87.80
P.Vasudha(LC) 1.3 1.4 6.4 1.6 1.9 4.9 35.00 195.80
DJ 6514(SC) 3.5 3.7 0.0 0.5 3.4 13.5 92.22 15.2
SE ± 0.7 5.7 0.5 0.1 0.3 0.5 6.2 43.5
CD at 5% 2.0 16.2 1.4 0.1 0.9 1.4 18.3 176.0



fly. The deficiency of plant nutrients or the
presence of antinutritional factors in sorghum
genotype might adversely affect the
development and survival of shoot fly larvae.
The resistant entries viz.; RSV 1188, RSE 03,
IS 18551 exhibited significantly lower soluble
protein as compared to susceptible check,
Swarna and DJ 6514 (2.39 and 2.72 mg g-1

fresh weight respectively) (Figure 1). From the
enzyme activity studies, it was observed that
peroxidase and polyphenol oxidase activity in
the affected resistant and susceptible genotypes
were higher when compared with healthy
plants respectively. Resistant genotype
exhibited higher level of peroxidase and
polyphenol oxidase activity as compared to

susceptible genotype. The resistant genotype
RSV 1188, RSE 03 and IS 18551 exhibited
higher polyphenol oxidase activity (0.78, 0.78
and 0.86 healthy plants) and (0.93, 0.96 and
0.91 affected plants). Susceptible check
Swarna (0.29 and 0.38 in healthy and affected
plants) and DJ 6514 (0.21 and 0.28 in healthy
and affected plants) exhibited lower polyphenol
oxidase enzyme activity (Figure 2). The same
trend was also followed in case of peroxidase
enzyme activity. These results are in proximity
with Swain and Hills (1959). 

The values of simple correlation coefficient
(r) of different morphological and biochemical
plant characters with per cent dead hearts at 28
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Table 2. Biochemical characters in seedling stage in different genotypes of Sorghum (Pooled mean of three years data
2013-14, 2014-15 and 2015-16)

Genotype Total sugar Total Soluble Avg. Polyphenol oxidase Avg. Peroxidase 
(mg g-1 phenols protein (ΔO.D. min-1 g-1) (ΔO.D. min-1 g-1)
fresh (mg g-1 (mg g-1  –––––––––––––––––––––––– –––––––––––––––––––––––
weight) fresh fresh Healthy Affected Healthy Affected

weight) weight) plants plants plants plants

RSV 1426 0.81 4.34 1.10 0.72 0.83 1.10 1.78
RSV 1472 2.02 3.57 2.02 0.30 0.48 1.14 1.40
RSV 1199 1.56 4.72 2.60 0.22 0.32 0.89 1.20
RSV 1201 1.54 4.71 2.38 0.70 0.72 1.19 1.58
RSV 1454 1.31 4.54 2.08 0.32 0.48 0.92 1.22
RSV 1557 2.20 4.38 1.58 0.35 0.59 0.87 1.30
RSV 1572 1.17 3.74 2.00 0.32 0.38 1.16 1.78
RSV 1525 1.30 3.55 1.72 0.26 0.48 1.10 1.38
RSV 1338 1.35 4.63 2.20 0.66 0.77 1.19 1.31
RSV  1410 1.92 4.63 2.68 0.41 0.57 0.92 1.18
RSV 1707 0.83 4.55 1.77 0.43 0.48 0.84 1.25
RSV 1596 2.02 4.44 2.69 0.38 0.49 1.13 1.59
RSV 1003 1.12 4.20 2.12 0.44 0.53 0.84 1.17
RSV 1188 0.76 5.40 1.16 0.78 0.93 1.18 1.82
RSV 1090 2.24 5.02 1.90 0.38 0.42 0.89 1.51
RSE03 (RC) 0.74 5.39 1.10 0.78 0.96 1.22 1.73
IS 18551 (RC) 0.79 5.48 1.18 0.86 0.91 1.16 1.55
Swarna (SC) 2.09 3.34 2.39 0.29 0.38 0.77 0.87
P.Vasudha (LC) 1.08 4.83 1.30 0.46 0.69 1.09 1.44
DJ 6514(SC) 2.59 3.26 2.72 0.21 0.28 0.85 0.87
SE ± 0.078 0.110 0.062 0.021 0.034 0.059 0.044
CD at 5% 0.226 0.320 0.179 0.064 0.099 0.171 0.126



DAE are presented in Table-3. There was
highly significant positive correlation of leaf
glossiness (0.584*) and seedling vigor (0.570*)
with shoot fly incidence. Seedling vigor gives an
idea about the growth rate during early stages,
critical period for shoot fly incidence. It is
expected that resistant cultivars have high
seedling vigor which enables them to grow fast
and have relatively shorter period of susceptible
stage than slow growing susceptible cultivars.
However, there was significant and negative
correlation of trichome density (-0.610*) with
per cent dead hearts due to shoot fly. Leaf
surface wetness (0.557*) and eggs per plant at
14 DAE had significant and positive correlation
with dead hearts due to shoot fly. There was
positive correlation of total sugar (0.228) and
soluble protein (0.281) with percent dead
hearts. However, total phenols (-0.531*) had
significant and negative correlation with dead
hearts formation.  The polyphenol oxidase and
peroxidase activity in seedling were significant
and negatively correlated with shoot fly dead
hearts.

From the above investigation it can be
concluded that the contribution of biochemical
factors was comparatively lower than that of
morphological characters in imparting

resistance to shoot fly. Sorghum genotypes
exhibiting morphological characters such as
higher trichomes, glossy leaf trait, higher
seedling vigor, higher growth rate and lower
leaf surface wetness were highly resistant to
shoot fly. While biochemical studies revealed
that higher enzyme activity and total phenols
imparted resistance in sorghum genotypes.
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Table 3. Correlation of different morphological and
biochemical characters with % DH due to
A.soccata

Characters 'r' with % 
dead hearts 
at 28 DAE

Leaf Glossiness 0.584*
Seedling vigor 0.570*
Trichome density (mm2) -0.610**
Leaf surface wetness 0.557*
Eggs /plant at 14 DAE 0.751**
Total sugar 0.228
Total phenol -0.531*
Soluble protein 0.281
Polyphenol oxidase activity (Healthy) -0.515*
Polyphenol oxidase activity (Affected) -0.496
Peroxidase activity (Healthy) -0.550*
Peroxidase activity (Affected ) -0.650**

DAE = Days after emergence, * = Significant at 5%
'r' = Correlation coefficient, ** = Significant at 1%

Fig. 1. Biochemical attributes responsible for shooty resistance in sorghum genotypes



These morphological and biochemical
characters can be used as marker traits in shoot
fly resistance breeding programme to broaden
the genetic base and increase the levels of
resistance to sorghum shoot fly. 
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Rainfall intensity is an important parameter
in the rational method which is used for
determination of design rate of runoff. This
runoff is used for designing soil and water
conservation structures. The rainfall intensity in
this equation depends on the rainfall duration
and rainfall frequency. As the rainfall frequency
increases, the rainfall intensity increases and as
the rainfall duration increases the rainfall
intensity decreases. Thus there is definite
relationship between rainfall intensity-duration
and frequency for a particular location. This
relationship in the form of equation and
nomograph can be developed with the analysis
of rainfall charts for maximum number of year. 

Since the relationship between rainfall
intensity duration and return period is specific

for a particular location and mainly depend
upon the physical characteristic of rainfall, the
relationship developed for one particular
location cannot be superimposed on the other.
Among other factors, the amount of runoff is
determined by rainfall intensity, duration and
amount. Farm terraces, culverts, bridges, and
flood control structures are designed on the
basis of safely conveying from rain storms of
specified frequency, intensity and
duration.Hence it is necessary to develop such
relationship for small units in order that their
reliability and applicability have greater
practical significance. 

Material and Methods

Study Area : In the  present study The
details of data collected  for Aurangabad is
located in Godavari basin  at 75023' E
longitude are 19053' N latitude. Climatically

J. Agric. Res. Technol., 43 (1) : 184-188 (2018)

Development of Rainfall Intensity Nomographfor Aurangabad
Station, Maharashtra (India)

D. P. Mavale1, M. S. Pendke2 and V. N. Barai3

Department of Soil and Water Conservation Engineering, 
Mahatma PhuleKrishiVidyapeeth, Rahuri - 413 722 (India)

E-mail: dpmavale@gmail.com

Abstract
It is necessary to know the maximum flood that a structure will have to handle during its life period for

economic design. Rainfall intensity-duration-frequency relationship provides valuable information for the use
of design engineers or hydrologists, in designing runoff controlling structures for moderating flood control
projects. Inadequacy of such information will lead to wrong assumption and unjustified use of factor resulting
in heavy expenditure. This study was confined to Aurangabad (Marathwada region, Maharashtra). Rainfall
charts of 25years were analyzed in the form of annual maximum series of the selected duration viz.; 5, 10,
15, 30 minutes and 1, 2, 3, 6, 12 and 24 hrs. Rainfall intensity duration and return period equation was
developed for Aurangabad station (assured rainfall zone). The values of "a" and "b" were determined by using
graphical method and the values of "K" and "d" by least square method. The values of the constants K, a, b
and d were found be 9.596, 0.1541, 1.05, 1.0117 respectively. The nomograph was developed for
Aurangabad station from IFD relationship. The percent deviation in rainfall intensity values observed
frommathematical and corresponding nomographic solutions is in the range of 2.9 to 13.6 percent, which
lies within the accepted limit.

Key words : Rainfall charts, Return period, Nomograph, IFD relationship.

1.Research scholar (Dept. of SWCE., MPKV, Rahuri),
2. Senior Scientist (Dryland Agriculture Research Station,
VNMKV, Parbhani) 3. Assistant Professor (Dept. of
SWCE., MPKV, Rahuri)



the area falls under dry, rain scarcity and rain
shaded zone. The Annual rainfall is in range
500 to 700 mm.

Collection and preparation of data for
analysis : Raingauge charts of 25 years (1986
to 2010) were collected from Command Area
Development Authority, Aurangabad. The
automatic rainfall records of Aurangabad were
analyzed in the form of annual maximum series
of various durations viz. 5, 10, 15, 30, 45
minutes, 1, 2, 3, 6, 12 and 24 hours to obtain
the annual maximum values ofstorms giving
peak intensities for analysis, used for
development of Nomograph.

Development of the Nomograph : In
order to linearize the frequency distribution, use
of probability paper is made, Hazen (1914)
suggested the use of probability paper for
linearization of normal distribution. The
linearization makes the extrapolation or
comparison easy. Ram Babuet al. (1979),
Ranade and Gupta (1988) used the log normal
probability paper for frequency analysis.
Frequency lines were plotted by using
'computing method' developed by Ogrosky
andMockus (1957) and use of annual maximum
value to obtain independent events which are
essential in hydrologic frequency analysis was
made. For reliable results, the adequacy of the
length of available record was then determined
for the study area.

Various equations that were found to
represent the Rainfall intensity- duration-return
period relationship in India and abroad, are
summarized and discussed by Raghunathet.al.
(1969). However most satisfactory general
equation is of the form as given in equation 1
was referred in this study.

KTa

I = ––––––––––––––––                         (1)
(t + b) d

Where, I = rainfall intensity, cm hr-1, T=
Return period, year, t = Duration, hour, K and
b = Derived constants and a and d = derived
exponent.

The maximum depth of rainfall for various
durations was worked out by using "Original
trace method" Ram Babu et al. (1979). The
plotting positions were obtained by using the
'computing method' suggested by Ogrosky and
Mockus (1957). The rainfall intensity-duration
and return period equation was developed
using steps Ram Babu et al. (1979). 

The values of rainfall intensities for all
durations were plotted on Y- axis and values of
return period on X- axis on log- log paper. The
geometric mean slope for the set of frequency
lines was determined. The geometric mean
slope of the lines represents the exponent 'a' in
the intensity-duration-frequency relationship. A
line representing the geometric mean slope was
drawn at the base of a graph of frequency
distribution lines passing through the origin.
The solid lines parallel to this geometric mean
slope line were drawn against the dotted lines
for different durations. So as to cut the Y axis
against 1- year return period. The values of one
year rainfall intensities for different durations
were plotted on Y axis against selected duration
on X- axis of log-log paper. The points so
plotted are not fall in a straight line. All the
points were  marked to fall in one straight line,
in the way that suitable constant 'b' is to be
added to all the values of durations. After
adding this constant in the values of durations
the points were aligned into a straight line. The
constants 'K' and 'd' are determined by least
square method. In this method the values of
one year rainfall intensities for selected
durations are used.  A nomograph is an
alignment chart consisting of a set of suitably
graduated parallel scales was developed
adopting the procedure suggested by Luzzadar
(1964).
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Results and Discussion

Data analysis : The highest rainfall
intensities observed were 182.5, 135.6,
118.2, 80.9, 74.4, 58.6, 45.6, 38.3, 21.3,
11.2 and 6.0 mm h-1 for the selected eleven
durations of 0.08, 0.16, 0.25, 0.5, 0.75, 1, 2,
3, 6, 12 and 24 hours respectively. The highest
intensity of rainfall observed during 1986 to
2011 was 182.5 mm h-1 for 5 min duration
during the year 1999 and the lowest intensity
was 2.6 mm h-1 for 24 hour duration during
1993 as in Table 1.

Development of the Nomograph : The
stepwise procedure followed for the

development of nomograph. The adequacy of
length of record was found 17 yearshence the
length of record considered for analysis was
adequate.Accordingly further procedure was
followed for the development of rainfall
intensity duration return period
relationship.Based on the 25 years maximum
rainfall intensity data for varying duration, a
relationship between rainfall intensity-duration-
return period was developed for Aurangabad
station. This relationship is given in equation 2.

9.595T0.1541

I = ––––––––––––––––––––––––             (2)
(t+1.05)1.012
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Table 1. Observed maximum annual rainfall intensities for various durations at Auranagbad

Year Durations, h
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
0.08 0.16 0.25 0.5 0.75 1.0 2.0 3.0 6.0 12.0 24.0
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Rainfall intensity,  mm h-1

1986 172.8 106.4 79.6 55.30 33 35 20 17.9 10.7 5.4 5.4
1987 117.3 114.0 94.6 76.80 6.58 54.5 31.4 25.8 17.8 9.2 9.2
1988 78.1 52.6 46.9 32.10 28.5 25.5 14.1 11.2 6.7 3.3 3.3
1989 162.5 130.0 116.5 75.50 66.8 54.5 45.1 38.3 20.3 10.3 10.3
1990 94.8 70.9 69.8 59.60 56.5 54.3 28.5 21.3 11.6 6.2 6.2
1991 123.9 97.5 88.3 55.50 45.6 39.1 24.5 23.8 14 7.2 7.2
1992 144.0 101.4 73.2 68.60 55.5 51.9 31.5 23 13.3 7.0 7.0
1993 127.8 75.2 59.5 39.20 35.5 27.6 19.2 12.1 5.2 2.6 2.6
1994 123.6 73.5 73.5 74.50 65.5 50.9 26.5 19.8 9.9 4.8 4.8
1995 135.2 86.5 69.2 46.20 38 32.6 24.2 15.5 9.3 4.6 4.6
1996 110.5 95.5 80.5 76.50 58.5 49.5 33.2 24.6 11.2 6.2 6.2
1997 142.8 89.2 78.5 68.50 49.8 43.5 22.6 16.7 7.6 3.8 3.8
1998 83.5 79.6 72.8 69.30 65.4 56.5 36.1 26.3 14.6 7.2 7.2
1999 182.5 105.5 82.5 59.20 43.2 38.5 21.4 19.9 11.7 5.2 5.2
2000 123.6 115.6 95.2 80.90 48.6 58.6 32.8 29 16.8 8.9 8.9
2001 174.5 98.5 68.5 49.80 30.2 46 26.9 19.9 11.5 6.3 6.3
2002 155.5 100.5 79.2 58.50 74.4 26.5 16.5 9.9 6.5 2.9 2.9
2003 83.5 62.5 56.5 32.70 57.5 29.2 16.9 12.2 7.2 3.5 3.5
2004 164.8 135.6 118.2 80.50 47.6 56.2 45.6 36.3 21.3 11.2 11.2
2005 95.2 72.5 70.2 64.20 48.6 54.6 29.9 20.1 11.9 6.5 6.5
2006 105.7 115.5 85.6 50.80 45.8 43.3 26.1 16.9 8.6 6.1 6.1
2007 129.2 98.5 82.8 79.30 66.5 46.2 24.2 15.2 7.6 6.9 6.9
2008 128.5 99.2 90.5 58.60 46.2 40.2 26.5 24 14.2 7.3 7.3
2009 146.5 104.5 76.8 69.60 63.5 52.6 34.5 22.8 13.9 7.2 7.2
2010 120.5 100.2 72.7 60.30 55.6 51.2 29.8 22.7 12.8 7.0 7.0



The alignment chart (nomograph) with three
parallel scales indicating three variables viz.
rainfall intensity, duration and return period, so
graduated that a line which joins values on any
two scales intersects the third scale at a point
which satisfies the derived IDF relationship
equation 2. The developed nomograph for
Aurangabad is shown in Fig. 1. 

By using the equation (2) the intensity for
duration, t upto 24 hours and the return period,
T upto 100 years can be determined. Per cent

deviation of rainfall intensity values estimated
from nomograph Fig.1 and those calculated
from corresponding mathematical equations (1)
for various durations for 10, 25, 50 years
return period are given in Table 2.

The data revealed that the maximum
deviation in the values of intensities obtained
from mathematical relationship of intensity-
duration-return period equation and
corresponding nomographic solutions is in the
range of 2.9 to 13.6%. Which is less than the
accepted range of 20 percent.Thus the
nomograph developed in the study can be used
for obtaining the solutions of rainfall intensity-
duration-return period relationship. Such handy
tool will be of use for designers as well as field
workers engaged in soil and water conservation
for computing peak runoff rate using rational
formula.  
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Fig. 1. Nomograph for solving intensity-
duration-return period equation at
Aurangabad
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Biopotential of Local Isolates of Trichoderma spp. Against
Fusarium Wilt Disease of Pigeon pea (Cajanus cajan L.)
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Abstract
Pigeon pea (Cajanus cajan (L.) is one of the most important pulse crops in the semi-arid tropics. The

largest producer of pigeonpea in the world is India, but main constraints in boosting the yield of the crop, are
susceptibility to diseases and insects. Fusarium wilt (Fusarium udum Butler) is an important soil borne
disease, which causes significant yield losses in susceptible cultivars throughout the pigeon pea growing areas.
In the present study, evaluation of the antagonistic activity of isolates of Trichoderma by direct confrontation
method was used. Twenty five promising isolates of Trichoderma spp. were obtained from different farmers'
field of Pune District. Isolations were carried out on Trichoderma Selective Medium. These different isolates
of Trichoderma were in vitro confronted to Fusarium udum. Efficacy of isolates of Trichoderma inhibited
growth of the Fusarium udum as compared to control. At 9 days after incubation, minimum growth was
observed in isolate 8 (16.66 mm) followed by Isolate 15 (18.33 mm). The highest inhibition was observed in
Isolate 8 (81.48%) followed by Isolates 15 (79.63%), 5 (76.66%) and 2 (75.93%).The growth of Trichoderma
isolates was significantly different in all isolates at all the observation periods.

Key words : Fusarium udum, Trichoderma spp, dual culture, inhibition of growth.
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Pigeon pea (Cajanus cajan (L.) is one of the
most important pulse crops in the semi-arid
tropics. The largest producer of pigeon pea in
the world is India, but main constraints in

boosting the yield of the crop, are susceptibility
to diseases and insects. Fusarium wilt
(Fusarium udum Butler) is an important soil
borne disease, which causes significant yield
losses in susceptible cultivars throughout the
pigeon pea growing areas. Biological control of
phytopathogens by microorganisms is a
method of plant disease management. It has
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been used as an alternative in the fight against
pathogens in plants (Baker et al.1996).         

Biological control is a promising tool to
maintain current level of agricultural production
while reducing the release of polluting chemical
pesticides to the environment. Trichoderma
spp. actively suppresses the growth of plant
pathogens. The bio-control activity of
Trichoderma is of immense importance not
only to agriculture and its crops but also the
environment as it does not accumulate in the
food chain and thus does no harm to the plants,
animals and humans. The genus Trichoderma
includes the most common saprophytic fungi in
the rhizosphere and occurs worldwide and are
commonly associated with roots, soil, and plant
debris (Howell et al., 2003). Several
Trichoderma spp. reduce the incidence of soil
borne plant pathogenic fungi under natural
conditions (Benitez et al., 2004). Recently
there have been numerous attempts to use
Trichoderma spp. against soil borne
pathogens. In the present study attempt has
been made to isolate local Trichoderma isolates
from different fields of farmers in Pune region
and evaluate their efficacy in in vitro to find out
effective isolate to be advocated against this
disease. 

Materials and Methods

Isolation : The soil samples were collected
from seven Tehsil's of different fields of farmers
of Pune District during 2016-17. Isolations of
Trichoderma spp. were carried out by dilution
and pour plate method on Trichoderma
selective medium under aseptic condition. The
plates were incubated in the laboratory at 25 ±
1°C temperature. Growth of fungus on these
plates was watched daily. Soon as growth was
noticed, the fungal colony was transferred on
Potato Dextrose Agar (PDA) medium slants.
The isolated fungi were purified by hyphal tip
method described by Dohroo and Sharma,

(1992). Isolated fungal organisms i.e
Trichoderma isolates were identified based on
colony characters (Gams and Bisset, 1998) for
confirmation.

Fungal pathogen : Fungal pathogen
Fusarium udum was obtained from Plant
Pathology Section, College of Agriculture,
Pune-05.

Dual culture technique : The
antagonistic potential of Trichoderma isolates
were assessed against Fusarium udum by dual
culture technique on Potato Dextrose Agar
(PDA) medium as per procedure described by
Stack et al., (1986). 

For this, 20 ml of sterilized and cooled
medium (PDA) was poured in each petri plate
allowed to solidify. Cut discs of pathogen and
Trichoderma isolates with the help of cork
borer. A 5 mm disc of pathogens was placed at
one end of the medium with the help of
sterilized inoculating needle. Just opposite to it,
5 mm disc of Trichoderma isolate was placed.
Control i.e. without inoculation of the
Trichoderma isolates fungus were maintained.
Petri plates were incubated at 25 ±1 ºC
temperature. 

Observation on per cent inhibition and
colony radius of pathogen and Trichoderma
were recorded after 6 and 9 days after
inoculation. The Per cent inhibition of the
pathogen were calculated by using following
formula (Vincent, 1947).

C - T
I = –––––––––––– x 100

C

Where, I - Per cent inhibition of fungal
growth, C - Growth or colony diameter (mm) of
the fungus in control plate and T- Growth or
colony diameter (mm) of the fungus in
treatment plate.
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Statistical analysis : The data obtained
from different observations was statistically
analyzed following Completely Randomized
Block Design (CRD) as per procedure
suggested by Panse and Sukhatme (1969).

Results and Discussion

Results presented in Table.1 indicated that
different twenty five isolates of Trichoderma

have significantly influenced growth of
Fusarium udum at all the observation periods.

Perusal of results from Table 1, the results
indicated that growth in all the isolates of
Trichoderma significantly reduced growth of
Fusarium udum than control. At 6 days after
incubation, Isolates 4, 12, 14 and 24 which
was on par with control. Minimum growth was
observed in Isolate 8 (13.33 mm) which was on
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Table 1. Influenced Trichoderma isolates on Fusarium udum

Growth of Fusarium Growth of Trichoderma
udum (mm) isolates (mm)

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––
Trichoderma 6 DAI* 9 DAI* Per cent 6 DAI* 9 DAI*
isolate No. inhibition

Isolate -1 14.66 24.00 73.33 61.66 66.00

Isolate -2 14.00 21.66 75.93 67.66 68.33

Isolate -3 17.33 27.66 69.26 64.33 62.33

Isolate -4 34.66 67.00 25.55 16.00 23.00

Isolate -5 16.00 21.00 76.66 68.00 69.00

Isolate -6 19.66 30.66 65.93 64.00 59.33

Isolate -7 16.00 23.33 74.07 57.00 66.66

Isolate -8 13.33 16.66 81.48 72.33 73.33

Isolate -9 30.66 51.66 42.60 14.66 38.33

Isolate -10 26.00 24.00 73.33 55.00 66.00

Isolate -11 25.33 44.33 50.74 36.33 45.66

Isolate -12 35.00 43.00 52.22 23.33 47.00

Isolate -13 16.66 29.00 67.77 39.33 61.00

Isolate -14 35.33 53.00 41.11 27.33 37.00

Isolate -15 14.00 18.33 79.63 72.00 71.66

Isolate -16 33.33 60.00 33.33 16.00 30.00

Isolate -17 24.00 30.00 66.66 56.33 60.00

Isolate -18 18.00 24.00 73.33 60.33 66.00

Isolate -19 26.00 30.00 66.66 49.33 60.00

Isolate -20 31.33 51.66 42.60 16.66 38.33

Isolate -21 29.33 62.33 30.74 23.66 27.66

Isolate -22 28.33 42.33 52.96 37.33 47.66

Isolate -23 18.00 25.66 71.48 60.66 64.33

Isolate -24 36.00 45.33 49.63 43.33 44.66

Isolate -25 24.00 31.00 65.55 41.66 59.00

Control 37.00 90.00 - - -

S.E.± 0.71 0.61 - 0.57 0.61

C.D. 0.01 2.66 2.29 - 2.15 2.29

DAI - Days After Incubation, *- Mean of three replications



par with Isolates 15, 2 and 1. Rest of the
isolates ranged between 16.00 to 33.33 mm as
compared to the growth of pathogen in control
(37.00 mm). 

At 9 days after incubation, minimum growth
was observed in isolate 8 (16.66 mm) followed
by Isolate 15 (18.33 mm). Isolates 5, 2, 7, 18,
10, 1, 23, 3, 13, 19 and 17 had growth ranged
between 20.00 to 30.00 mm. The growth of
pathogen in control was 90.00 mm. Rest of the
isolates ranged 30.66 to 67.00 mm. Isolates of
Trichoderma have effectively inhibited growth
of Fusarium udum as compared to control.
Inhibition of growth varied from 25.55 to
81.48 per cent in different isolates of
Trichoderma (Plate 1). The highest inhibition
was observed in Isolate 8 (81.48 per cent)
followed by Isolates 15 (79.63 per cent), 5
(76.66 per cent) and 2 (75.93 per cent). 

The growth of Trichoderma isolates
significantly different in different isolates at all
the observations (Table 1). At 6 days after
incubation, maximum growth was observed in
Isolate 8 (72.33 mm) which was significantly
superior over all the isolates. It was followed by
the Isolates 10, 17, 7, 18, 23, 1, 6, 3, 2 and 5
had growth ranged between 55.00 to 68.00
mm. Rest of the isolates ranged between 14.66
to 49.33 mm. 

At 9 days after incubation, maximum
growth was observed in Isolate 8 (73.33 mm)
which was significantly superior over all the
isolates. It was followed by the Isolate 15
(71.66 mm). Isolates 11, 12, 22, 25, 6, 19,
17, 13, 3, 23, 18, 10, 1, 7, 2 and 5 had
growth ranged between 44.66 to 69.00 mm.
Rest of the isolates showed growth in the range
23.00 to 44.66 mm. 

The results showed that the interaction
between these two fungi appears to increase
defensive and offensive mechanisms of each.
Indeed, the reason for the inhibition zone

between the two organizations made it clear
that Trichoderma and Fusarium are secreted
metabolites. It is evident from aforesaid results
that local isolates of Trichoderma had
inhibitory effect against the pathogen. Similar
results have been reported by Somani (1980),
Mukhopadhyay et al., (1989) and Jana (2004).
It is also evident from the results that few
Trichoderma isolates were fast growing while
others had moderate growth. In this context
mechanism of action of Trichoderma isolates
can be antibiosis and competition as suggested
(Papavizas and Lumseden, 1980 and Cook and
Baker, 1983) also mentioned that Trichoderma
isolates inhibit fungal pathogen by way of
antibiosis and competition mechanism which
support finding of present study.
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Climate change is a change in the statistical
distribution of weather when that change lasts
for an extended period of time (i.e. decades to
millions of years). Climate change  may refer to
a change in average conditions. Climate change
is caused by factors such as biotic processes,
variations in solar radiation received by earth,
plate tectonics and volcanic eruptions. Certain
human activities have been identified as
primary causes of ongoing climate change,
often referred to as global warming. Climate
change and agriculture are interrelated

processes, both of which take place on a global
scale. Climate change affects agriculture in a
number of ways, including through changes in
average temperatures, rainfall and climate
extremes (e.g. heat waves), changes in pests
and diseases, changes in atmospheric carbon
dioxide and ground level ozone concentrations,
changes in the nutritional quality of some foods
and changes in sea level. Future climate change
will likely negatively affect crop production in
low latitudes may be positive or negative.
Climate change will probably increase the risk
of food and economic insecurity for some
vulnerable groups, such as the poor. Agriculture
contributes to climate change by (1)
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Abstract
For the implementation of intervention for entrepreneurial skills for coping with climate change, thirty

school dropouts young farm men and women from AICRP-Home Science operational village Daithana, Dist.
Parbhani were purposely selected in the age range between 20-30 years (15 females and 15 males). Their
pre test was assessed by using standardized scales. The need based intervention on entrepreneurial skills
development was planned for them and it was implemented for the period of 2 yrs. (2014-2016). For
providing intervention Yuva Counselling Centre was established at operational village Daithana. Further the
government vocational institutes  linkages were planned and decided to enroll willing  rural women and men
for the vocational training to empower rural women and men for economic gain. Among thirty enrolled
sample,  ten of them has taken  10 days intensive professional vocational training on " Office files, box files,
paper bags and envelop making" by SBH-Rural Self Employment Training Institute (RSETI) Parbhani in
collaboration with AICRP-HDFS component, VNMKV Parbhani. After completion of the vocational training,
these trainees were regularly guided by the AICRP-HDFS research staff. The received supply orders of office
files, paper bags and envelops from Govt. & NGO's of Parbhani were supplied in time by successfully trained
ten trainees for economic gain. The post test was carried to study the effects of implemented intervention for
coping with climate change. The market linkages developed with various institutions of Parbhani city and the
receipt generated by the young women and men. Total Rs 45,625 /- ( Forty-five thousand six hundred twenty-
five rupees only) receipt generated by supplying various items ordered by different government and non
government institutions. The implemented intervention found to have significant improvement in enrolled
rural school dropouts farm young men and women's entrepreneurial skills which directly reflects their
successful entrepreneur development and economic gain. 

Key words : Rural young  farm men and women, coping with climate change, entrepreneur
skill development.



anthropogenic emissions of greenhouse gases
(GHGs) and (2) by the conversion of non-
agricultural  land (e.g. forests) into agriculture
land. Agriculture, forestry and land -use change
contributed around 20 to 25 % to global annual
emissions in 2010 and by capacity building of
farmers by starting allied agriculture business
for economic gain, entrepreneurship
development is necessary. Development of the
society is directly related with the income
generation capacity of its members. With
agriculture as the key income generation
activity the entrepreneurship based on farm
and home can directly affect the income of a
major chunk of our population. The growth of
modernization processes such as
industrialization, technical change; urbanization
and migration further encourage it. Entre-
preneurship on small scale is the only solution
to the problems of unemployment and proper
utilization of both human and non human
resources and improving the living conditions of
the poor masses Kuratko and Richard (2001).
Enlight of these facts the present study was
conducted with the following objectives

1. To enroll rural  school dropouts young
women and men for providing intervention
for improving family environment and
entrepreneurial skills development

2. To assess family environment of selected
young women and men

3. To provide intervention for improving
family environment of selected young
women and men 

4. To impart need based vocational trainings
for developing entrepreneurial skills among
enrolled young women and men

5. To assess the effects of intervention on
family environment and entrepreneurial
skills development of selected young women
and men

Materials  and  Methods

For the implementation of intervention for
improving family for coping with climate
change environment of rural young men and
women as well as developing entrepreneurial
skills, thirty rural school dropouts young men
and women  in the age range between 20-30
years (15 females and 15 males) from
operational village Daithana, district Parbhani
were purposely selected after seeking their
willingness to participate in this intervention.
The socio economic status of the selected
sample was assessed by administering revised
SES scale developed by Kuppuswamy and their
family environment was assessed by
administering family environment scale
developed by Dr. Harpreet Bhatia and Dr. N.K
Chadha. After completion of assessment, the
need based intervention on family environment
and entrepreneurial skills development was
planned for them and it was implemented for
the period of  2 yrs. (2014-2016).    

For providing intervention, Yuva
Counselling Centre was established at
community hall with the help of Grampanchyat
of operational village Daithana. The
intervention was executed regularly for 3-4
hours weekly once by the investigators. Further,
some experts also were invited to give special
training for developing entrepreneurial skills in
selected young women and men. To improve
family environment of the selected sample, the
provided intervention included various types of
lectures, workshops and counseling sessions on
the various aspects like personal health and
hygiene, nutrition, general knowledge,
interpersonal relationships, communication
skills, decision making, personality
development and raising human development
index. 

To develop entrepreneurial skills in rural
young women and men, education
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programmes such as importance of self
identity, SWOT analysis, developing leadership
qualities, decision making,  building confidence,
importance of follow up in entrepreneurial
development, developing risk taking ability,
economic independence etc were organized at
Counseling centre by AICRP-HDFS research
staff as well as by the experts from various
fields. The special vocational trainings  for these
selected young women and men were
organized with the help of Professors/
Scientists of VNMKV Parbhani and officers of
different government and non government
institutions of Parbhani city. In addition to these
trainings and educational programmes linkages
were developed with the government
vocational institutes to strengthen income
generation activities  of enrolled young women
and men.  Out of 30, as 10 participants  (5
males and 5 females) were found to have keen
interest in  initiating entrepreneurial activities,
need based intensive residential training for a
period of 10 days was specially organized for
them in the collaboration with SBH-Rural Self
Employment Training Institute (RSETI)
Parbhani on preparation of office  files, box
files,  office file pad, envelops, paper bags etc.
Besides these lectures on banking, developing
marketing skills and linkages, account keeping
etc. also were imparted to empower them in
the area of entrepreneurship. 

After completion of the vocational training
these trainees were regularly guided and
monitored by the AICRP-HDFS research staff
in preparing refined office files, envelops and
paper bags, account keeping and for
developing market linkages with government
and non government institutions. After taking
lots of efforts, linkages were developed with
Municipal Cooperation office, Grahak Bhandar
VNMKV, Krishi Bazaar Samiti, SBH-RSEIT
and various small shops and NGO's of Parbhani
city. The supply orders which were received by
these institutions were completed within

stipulated time and the same were delivered to
them successfully by the trained ten rural young
women and men. 

The post test was carried out after successful
completion of the intervention. Thus, the
collected data were pooled, statistically
analysed, tabulated and discussed to study the
effects of implemented intervention.

Result and Discussion

Table 1 indicates that all the selected sample
rural school dropouts young men and women
belonged to low socio economic status.  Sixty
per cent of them belonged to joint and medium
size families and all of them were in the age
range between 20-30 yrs.

Table 2 depicts the comparison between
mean scores of family environment of pre and
post tests of rural school dropouts young
women and men. Prior to the implementation
of need based intervention on relationships
dimensions, mean score was recorded to be
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Table 1. Background information of the selected rural
school dropouts young women and men

Background variables Percentages of the 
respondents n=30

Gender
Female 50 (15)
Male 50 (15)

Age  range 
20-30 100 (30)

Type of family
Nuclear 60 (18)
Joint 40 (12)

Sizes of  family
Small (1-4) 13.3 (4)
Medium (5-8) 60 (18 )
Large (>9) 26.6 (8)

SES
Low 100 (30)

Figures in parenthesis indicate percentages



158.16 + 8.08, after receiving intervention on
various aspects of it like  togetherness,
expressiveness, reducing conflicts and
accepting and caring behavior, the mean score
raised to 174.4 + 9.05.  After implementation
of the intervention, highly significant
improvement was observed with regard to the
relationship dimension of their family
environment. The similar trend of results were
recorded in case of personal growth dimensions
and discipline dimensions.

Table 3 indicates information about the
vocational training conducted in collaboration
with SBH-Rural Self Employment Training
Institute (RSETI) Parbhani for development of
entrepreneurial skills to cope up with climate

change. The duration of residential vocational
training was 10 days on preparation of office
files, box files, office file pad, envelops, paper
bags etc. 

Table 4 shows the market linkages
developed with various institutions of Parbhani
city and the receipt generated by the young
women and men. Total Rs 45,625/- (Forty-five
thousand six hundred twenty- five rupees only)
receipt was generated by supplying various
items ordered by  different government and
non government institutions.

Information about the profit gained by the
trainees after supplying various items to
different government and non government
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Table 2. Comparison between the mean scores of family environment of pre and post tests of  selected rural school dropouts
young  women and men (n=30)

Dimensions Pre test Post test t'
Mean ± SD Mean ± SD values

Relationship Dimensions
Togetherness 43.06 ±3.57 46.86 ±4.22 3.76**
Expressiveness 28.43 ±4.86 35.96 ±4.41 6.28**
Conflict 43.36 ±5.44 45.73 ±3.72 1.74NS
Acceptance and Caring 43.46 ±4.28 46.06 ±5.52 2.03NS
Total 158.16 ± 174 ±9.05 7.33**
Personal Growth Dimensions 
Independence/ Liberty 31.46 ±4.05 35.58 ±3.31 4.26**
Recreational Orientation 28.43 ±3.59 3.02 ±3.69 1.88NS
Total 59.9 ±6.53 65.73 ±5.41 3.76**
Discipline  Dimensions
Organization 5.5 ±1.50 7.96 ±1.21 7.02**
Self Control 13.83 ±2.16 14.36 ±2.45 1.06NS
Total 19.33 ±2.96 22.33 ±2.84 4.05**
Overall 237.83 ±12.44 262 ±10.04 8.46**

**- Significant at 0.01 level, NS - Non significant

Table 3. Information about the vocational training conducted in collaboration with SBH- (RSETI) Parbhani for development
of entrepreneurial skills

Name of the Linkage Duration No. of 
Vocational Training Beneficiaries

Preparation of office files, office pads, envelops SBH- Rural Self Employment 10 days   10
and paper bags Training Institute, RSETI Parbhani (Residential)



institutions was shown in table 5.  Initially 

Rs 10,000/- (Ten thousand rupees only)
was invested by the group of 10 trainees and
total receipt generated was Rs 45, 625/-
(Forty-five thousand six hundred & twenty-five
rupees only).  The net profit of the group was
Rs. 35,626/- (Thirty- five thousand six hundred
& twenty-six rupees only) where as the
individual profit gained by them was Rs 3,562/-
(Three thousand five hundred sixty two rupees
only). As micro-enterprise Development
Related to Agriculture and Allied Agricultural
Activities: Rural women and men  have been
performing agricultural operations and have
been very actively participating in seed
selection, seed treatment and vegetable
growing. They can be trained and motivated to
adopt micro-enterprises in which her skill and
patience can be exploited. Ali (1997) in his
paper on post harvest processing of agricultural
produce stated that value addition includes
processes like sorting, grading, cutting, seeding,
shelling and quality packaging etc. Growing of
organic vegetables, flowers, oilseeds and seed
production are some of the areas beside taking
up mushroom growing and  bee-keeping. Some
more areas can be like dehydration of fruits and

vegetables, canning or bottling of pickles,
chutneys, jams, squashes, dairy and other
products which are ready to eat well as well as
office file, file pad, envelops and paper bag
making may be the secondary source of
economic gain. Hence this area needs to be
exploited for microenterprise development in
rural women and men 

Conclusion

The implemented intervention found to
have significant improvement in enrolled  rural
school dropouts  farm young men and women's
entrepreneurial skills which directly reflects
their successful entrepreneur development  and
economic gain.  As present scenario of  climate
change, there is no assurance of production in
farm field so it is better to develop secondary
income source by developing allied business.
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Table 4. Market linkages developed with various institutions of Parbhani and the receipt generated by the selected rural
young women and men (n=10)

Name of the institutions Particulars about supply orders Receipt 
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– generated 
Office Files Office File Envelops Paper Bags (Rs)
(Rs 16/-) Pads (Rs 125/100 (Rs 30/60 

(Rs 15/each) envelops) each bag)

SBH- Rural  Self Employment 100 50 2000 10 5, 450/-
Training Institute, RSETI Parbhani
Municipal Corporation office 200 500 500 100 17, 325/-
VNMKV Grahak Bhandar 100 - 4000 - 6, 600/-
Krishi Bazar Samiti 500 100 1000 - 10, 250/-
Small Shops 50 - 1000 10 Kg News 2, 350/-

paper bags
NGO's 150 - 1000 3, 650/-
Total Rs 45, 625/-

Table 5. Information about the profit gained by the
trainees after supplying various items to different
Government and Non Government Institutions
(n=10)

Investment Receipt Total Individual 
(Rs.) Generated Profit Profit 

(Rs.) (Rs.) (Rs.)

10, 000/- 45, 625/- 35, 625/- 3, 562/-
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Effect of Hormones in Controlling Flower Drop in Pigeonpea
[Cajanus cajan (L.) Mill sp.]

C. Sudha Rani and C. Sudhakar
Agricultural Research Station, (PJTSAU), Tandur - 501 141, Telangana state, (India)

Abstract
The study was carried out on Pigeonpea (Cajanus cajan) with phyto-hormonal sprays in Vertisols (Black-

cotton soils) at Agricultural Research Station, Tandur, revealed that foliar spray of Mepiquat Chloride thrice
@ 2000 ppm (at flower bud initiation stage, 10 days after FBIS and at 50% flowering) T5 recorded highest
Pigeonpea seed yield 1940 kg ha-1 but it is on par with Mepiquat Chloride spray twice @ 2000 ppm (at flower
bud initiation stage and 10 days after FBIS)T4 (1859 kg ha-1). The increased Pigeonpea yields are mainly
because of its increased growth (plant height and primary branches) and increased pod retention after
pollination of flowers. T5 recorded the highest percent of pod retention (69.4%) finally contributing for yield
increase. There was 41.7% increase in pod retention over no spray (control) in Mepiquat Chloride spray
treatment thrice @ 2000 ppm (at flower bud initiation stage, 10 days after FBIS and at 50% flowering).

Key words : Pigeonpea, phyto-hormones, mepiquat chloride and NAA.
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Pigeonpea [Cajanus cajan (L.) Millsp.] is
one of the major grain legume crops of the
tropics and sub-tropics. Pigeonpea occupies
6.5 per cent of the world's total pulse area and
contributes 5.7 per cent to the total pulse
production. India is the largest producer of
pigeonpea accounting to about 64 per cent of
total world production. Among the total pulses,
pigeonpea, a protein rich staple food,  accounts
for 14.5 per cent in area and 15.5 per cent in
productivity.  In India it ranks second in area
and 91% of the world Pigeonpea is produced in
India. Yield of pigeonpea remains low due to

high level of flower abscission (70-96%). It has
a problem of pre-mature abscission of flowers
and fruits leading to a much-reduced realization
of sink potential (Saxena et al., 2006, Tekale et
al., 2009). Therefore, the low yield in
pigeonpea is due to excessive vegetative
growth, indeterminate growth habit, poor
source-sink relationship, poor pod set resulting
from high flower and pod drops. So, it is very
necessary to compensate the high degree of
flower abscission in pigeonpea and increase the
pod yield.



Chandrasekhar and Bangarusamy (2003)
revealed that foliar application of growth
regulating chemicals gave higher grain yield in
greengram. They linked the increase in yield
with increased dry matter production and
efficient assimilate translocation to the
developing sink leading to increased number of
clusters and flowers per plant that ultimately
resulted in higher grain yield.

In Pigeonpea flower drop was a severe
problem resulting in poor reproductive
efficiency in Southern Telangana zone of
Telangana state for the past few years due to
sudden change in climatic conditions like
temperature and Relative humidity. Since the
Pigeonpea is a photosensitive crop it is not
possible to change the time of sowing. Flower
abscission in pigeonpea is known to be as high
as 70-80%, but unlike other pulses weight of
early and later pod set is same. Therefore low
yields in pigeonpea are due to poor pod set
resulting from high flower and pod drops.
Hence we need to find control measures for
flower drop. Phyto- hormones are known play
a predominant role in regulating flower drop
and enhancing the yield potential of the plant.
Hence use of phyto-hormones is the best
alternative to control the flower drop. Based on
this the above experiment was planned.

Materials and Methods

The field experiment was conducted on
deep Vertisols at Agricultural Research Station,
Tandur, Vikarabad (Dist.), Telangana state
during Kharif season from 2014-16. The trial
was laid out in RBD design with three
replications comprised of twelve treatments.
The soil of the experimental site was having PH
8.10, with low available nitrogen (187.20 kg
ha-1), medium in available P (16.80 kg ha-1)
and high in available K (330.20 kg ha-1), with
gross plot size was 10 x 6m and the seeds were
dibbled in the plot manually. The treatments

comprised of T1 - Foliar spray at flower bud
initiation stage (FBIS) with Mepiquat Chloride
(Chamathkar) @ 2000 ppm, T2 - Foliar spray
at 10 days after FBIS with Mepiquat Chloride @
2000 ppm, T3 - Foliar spray at 50% flowering
with Mepiquat Chloride @ 2000 ppm, T4 - T1
+ T2, T5 - T1 + T2 + T3, T6 - Foliar spray at
flower bud initiation stage with NAA @ 20
ppm, T7 - Foliar spray at 10 days FBIS with
NAA @ 20 ppm, T8 - Foliar spray at 50%
flowering with NAA @ 20 ppm, T9 - T6 + T7,
T10 - T6 + T7 + T8 and T11 - Water spray at
10 days after FBIS and T12 - Control

The land was ploughed once followed by
harrowing thrice and was bought to fine tilth
and the experiment was laid in 10 x 6 m2 plot
size in RBD design. Pigeonpea seeds of variety
ICPL 67119 (Asha) were dibbled at 100cm x
25 cm. The seeds were treated with Rhizobium
and then dibbled at 5 cm depth and covered
with soil. Crop was managed as per the
treatment. The recommended dose of fertilizers
(20: 50:10 Kg N, P2O5 and K2O ha-1) were
applied as basal common to all the treatments
evenly. The hormonal sprays were done as per
the treatment.

Results and Discussion

Plant height : Plant height is an important
factor for good plant growth and ultimately
yield. The data on plant height at different
growth stages indicated that plant height
increased with crop age and changes in plant
height with treatments were apparent at all the
growth stages. At flowering stage, the
maximum plant height (186 cm) was obtained
by foliar application of Mepiquat chloride 2000
ppm thrice i.e. at FBIS, 10days after FBIS and
50% flowering followed by foliar application of
Mepiquat chloride 2000 ppm twice i.e. at FBIS,
10 days after FBIS (182 cm)  and lowest
plant height (162 cm) was obtained in control
plants.
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Number of branches : The analysis of the
results (Table 1) indicate that even though there
is no significant difference among the
treatments maximum number of branches were
reported in T4 and T5 which have direct
influence on the number of fruiting points. The
fruiting points will have direct effect on pod
setting and finally on the yield.

Seed yield : Pooled analysis of the results
(Table 1) indicated that the foliar spray of
Mepiquat Chloride @ 2000 ppm thrice at
flower bud initiation stage, 10 days after FBIS
and at 50% flowering recorded highest seed
yield 1940 kg ha-1 but it is on par with T4
(Mepiquat Chloride @ 2000 ppm twice at
flower bud initiation stage, 10 days after FBIS)
1859 kg ha-1. When compared to NAA @20

ppm spray, foliar spray of Mepiquat Chloride @
2000 ppm treatments recorded significantly
highest seed yield at harvest. The water spray
treatment at 10 days after FBIS recorded 1557
kgha-1whereas the control treatment recorded
the lowest seed yield.  Our results are in close
agreement with results of Ganapathy et al
(2008). Their results showed that an increase in
seed yield of pulses with foliar application of
growth hormones could be attributed to
reduced flower drop and an increased fruit set
percentage. Seed yield is determined mainly by
number of flowers plant-1, the pod set per cent,
the number of seeds pod-1 and seed size. Most
of the yield components show direct influence
on grain yield. In legume crops, many flowers
are produced, but only a few set pods. The
enhanced pod set percentage and seed weight
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Table 1. Effect of phyto-hormones on Pigeonpea seed yield, growth and flower drop (Pooled analysis of three year

Treatments Seed Har- Plant No. of Pod set % increase 100 
yield vest height at bran- percen- in pod seed
(kg index harvest ches tage retention weight
ha-1) (cm) over 

control

T1 - Foliar spray with mepiquat chloride @ 2000 1453 24.1 180 30.8 58.3 53.4 10.01

ppm at flower bud initiation stage

T2 - Foliar spray with mepiquat chloride @ 2000  1613 24.5 176 31.7 60.2 58.4 10.03
ppm at 10 days after flower bud initiation stage

T3 - Foliar spray with mepiquat chloride @ 2000  1583 24.8 173 32.2 58.0 52.6 10.15
ppm at 50% flowering

T4 - T1 + T2 1859 25.2 182 33.9 68.2 79.5 10.18

T5 - T1 + T2 + T3 1940 26.8 186 35.0 69.4 82.6 10.18

T6 - Foliar spray with NAA @ 20 ppm at flower   1431 23.0 171 27.6 54.4 43.2 10.1
bud initiation stage

T7 - Foliar spray with NAA @ 20 ppm at 10 days   1600 22.8 175 29.2 59.7 57.1 10.12
after flower bud initiation stage

T8 - Foliar spray with NAA @ 20 ppm at    1579 23.1 170 30.5 57.8 52.1 10.15
50% flowering

T9 - T6 + T7 1720 23.8 169 31.2 64.2 69.0 10.16

T10 - T6 + T7 + T8 1798 24.9 170 32.0 66.8 75.8 10.12

T11 - Water spray at 10 days after 1557 23.0 165 25.3 50.3 32.4 10.02
flower bud initiation stage

T12 - Control 1315 20.8 160 23.2 38.0 10.01

SE(m)± 84 0.41 7.1 0.74 0.53

C.D. (0.05%) 241 NS NS NS NS



plant-1 in treated plants could be attributed to
enhanced flower retention which might have
been caused by improved dry matter
partitioning towards reproductive parts of
plant.Similarly, Kumar et al. (2013) found that
the foliar application of nutrients (2% DAP and
2% urea phosphate) at flower initiation and pod
formation stages of crop growth in soybean
caused significantly higher number of pods per
plant, number of seeds per pod and higher
grain yield. Supply of all nutrients at flower
initiation and pod formation stages of crop
growth might have caused efficient trans-
location of photosynthates from source to sink. 

HI : Harvest index is the measure of how
effectively the photosynthates were transferred
from source to the sink. HI was significantly
enhanced by different treatments over controls
but non-significant differences were observed
amongst the treatments. Maximum per cent
increase in harvest index was registered with T5
(Mepiquat chloride @ 2000 ppm spray at FBIS,
ten days after FBIS and 50% flowering stage)
which was as high as 21.0 per cent over control
followed by T4 (Mepiquat chloride @2000 ppm
spray at FBIS, ten days after FBIS) which
recorded 19 per cent  high over the control.
T10 Foliar spray of NAA 20 ppm (at FBIS, ten
days after FBIS and 50% flowering stage)
registered the next best harvest index of 24.90
(Table 1). 

Flower drop : Pre-mature abscission of
flowers (flower drop) is one of the most serious
problems in pigeonpea. Flower drop can
drastically influence the number of pods and
ultimately affect the yield of plant. Growth
regulators increased the number of flowers as
well as their retention. Minimum pod set
percentage was noticed in controls i.e. 38 per
cent. All the treatments of hormonal sprays
reduced the rate of flower abscission (Table 1).

However, rate of flower abscission was

significantly different among the different
treatments. Maximum pod set percentage
(69.4) was registered with T5 (Mepiquat
chloride @2000 ppm spray at FBIS, ten days
after FBIS and 50% flowering stage) which is
82.6% high over the control (38% pod set)
followed by T4 (68.2% pod set). T10 (NAA  @
20 ppm at FBIS, ten days after FBIS and 50%
flowering stage) recorded 66.8 of  pod set
percentage which is 75.8 percent higher over
the control. Of the two hormones Mepiquat
chloride was found to be the best in increasing
the pod set percent among the treatments
finally having positive effect on seed yield.

100 seed weight : There is no significant
difference between the treatments with regard
to 100 seed weight. From this we can conclude
that hormonal sprays have no influence on 100
seed weight. It could be concluded that,
spraying of Mepiquat chloride @ 2000 ppm
(Chamathkar) at flower bud initiation stage,
10days after FBIS helps in controlling flower
drop in Redgram crop to harvest higher yields
(18-20 q ha-1)
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Effect of Different Weather Conditions on Performance of
Soybean (Glycine max L.)
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Abstract
A field investigation was conducted at Experimental Farm of Department of Agricultural Meteorology,

Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani during kharif season of 2014 to study the
performance of soybean (Glycine max L.) under different weather conditions. Result revealed that the yield
contributing characters viz. pods plant-1, weight of pods plant-1 (g), weight of grains plant-1 (g), 1000 grain
weight (g) and yield of soybean in terms of seed, straw and biological yield (kg ha-1) was found significantly
superior when sowing was done in D2 (MW 27) followed by treatment D3 (MW 29). In case of different
varieties under study, variety V3 (MAUS 158) showed superiority over V2 (MAUS 71) and V1 (JS 335)
regarding these yield contributing characters and yield of soybean.

Key words : Soybean, yield contributing characters, yield.

Soybean belongs to genus Glycine which is
a member of family Leguminoceae, subfamily
Papilonaceae. It is universal truth that soybean
being legume crop fix atmospheric nitrogen
into soil and its importance is increasing day by
day because of high yield potential, oil and
higher protein contain. It also add about 32 to
35 Qt ha-1 of crop residue at the time of
harvesting which not only enriches the soil
fertility but also maintain the soil physical
condition. Soybean being a rich source of
protein (40-42%) and oil (20%) acquired an
importance in human diet as well as cattle feed. 

The agro climatic conditions of kharif
season are found suitable to soybean as
commercial crop. However, climatic conditions
may create adverse effect on seed production of
different soybean varieties in kharifseason. The
grain yields are generally greater from earlier
planted soybean due to longer duration of
vegetative and reproductive stages (Chen and
Wiatrak, 2010). Delayed planting date and
unfavourable environmental conditions have a
negative effect on soybean growth

development and yield. Delayed sowing
generally shifts reproductive growth into less
favourable conditions with shorter days, lower
radiation and temperatures. (Egli and Bruening,
2002). To overcome the serious problem of less
yield, production and productivity, it became
essential to ascertain whether the sowing of
soybean can be done in monsoon season by
testing newly developed varieties of different
duration for seed yield during proper time of
sowing.

Material and Methods

The field selected for experiment is uniform
with typical black cotton soil having medium
fertility and fairly good drainage. In
Marathwada region Parbhani comes under
tropical climate. Climate of Parbhani district is
characterized by hot and dry in summer and
cold in winter. Agro climatically it is classified as
assured rainfall zone. The average annual
precipitation of last 35 years was 960.7 mm.
July is wetted month of the year covering about
27.4 per cent of annual rainfall. The field



experiment was laid out in a split plot design
with three replications. The main plot
treatments comprised four date of sowing viz.
D1 - 25 MW (Meteorological Week), D2 - 27
MW, D3 - 29 MW and D4 - 31 MW whereas the
sub plot consist of three varieties viz., V1 - JS
335, V2 - MAUS 71 and V3 - MAUS 158. All
experimental plots were given basal dose of
30:60:30 kg ha-1 N:P2O5:K2O.

Results and Discussion

Yield contributing characters and yield
(kg ha-1) : The data regarding yield
contributing characters and yield of soybean (kg
ha-1) is shown in Table 1.

Effect of Date of Sowing : Yield
contributing characters viz., pods plant-1,
weight of pods plant-1 (g), weight of grains
plant-1 (g), 1000 grain weight (g) and yield of
soybean in terms of seed, straw and biological
yield (kg ha-1) was found significantly superior

when sowing was done in D2 (MW 27) followed
by treatment D3 (MW 29). 

Effect of Varieties : In case of different
varieties under study, variety V3(MAUS 158)
showed superiority over V2(MAUS 71) and
V1(JS 335) regarding these yield contributing
characters and yield of soybean.

Interaction effect : Different yield
contributing charachters were not significantly
affected due to the interaction effects between
date of sowing and varieties under study. 

It is seen from the result that all growth
parameters recorded significantly higher values
when sown at D2 (27MW).This might be due to
well distributed rainfall observed during the crop
growing period of D2 (27 MW). Whereas, the
lowest plant height was observed in fourth
sowing date D4 (31 MW) due to moisture stress
observed in delayed sowing and resulting into
reduced plant growth, which is finally reflected

Table 1. Yield contributing characters of soybean at harvest and yield of soybean as influenced by different treatments

Treatment Pods Wt. of Wt. of 1000 Seed Straw Biological 
plant-1 pods seeds grain yield yield yield

plant-1 plant-1 wt. (kg ha-1) (kg ha-1) (kg ha-1)
(g) (g) (g)

Date of sowing
D1 - MW 25 36.4 8.3 5.6 87.4 1021.3 2025.6 3046.9
D2 - MW 27 37.4 9.4 6.3 88.6 1071.6 2147.4 3219.0
D3 - MW 29 36.7 8.6 5.8 87.8 1055.1 2116.6 3171.7
D4 - MW 31 31.2 7.1 4.4 80.0 800 1698.8 2498.8
S. E. 1.42 0.23 0.14 0.90 23.84 40.76 52.08
C.D.  4.34 0.71 0.42 2.70 71.37 122.04 155.9

Varieties
V1 - JS 335 31.1 7.4 5.3 82.2 937.5 1874.5 2845.4
V2 - MAUS 71 35.5 8.3 5.5 85.8 988.83 1999.3 2988.2
V3 - MAUS 158 39.1 9.2 5.8 89.7 1034.6 2117.4 3118.7
S. E. 1.19 0.20 0.11 1.29 24.75 30.46 40.29
C.D.  3.56 0.62 0.34 3.86 74.09 91.19 120.62

Interaction
S. E. 2.38 0.41 0.23 2.58 49.50 60.93 80.59
C.D.  NS NS NS NS NS NS NS
G. Mean 35.4 8.3 5.5 85.9 987.0 1997.1 2984.1
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into stunted growth and development of plants.
Similar results were also observed by Singh et
al. (2010) and Anil Kumar et al. (2008).
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Soybean (Glycine max (L.) Merrill.) is an
important grain legume, belong to family

Leguminaceas, sub-family Fabaceae and genus
Glycine. Being legume crop, it fix and utilize

Investigations on Effect of Agrochemicals on Microbial
Dynamics in Soil and Rhizobium-Legume Symbiosis in
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Abstract
Soybean (Glycine max (CL.) Merrill) is an important legume belong to family Leguminaceae, sub-family

Fabaceae and genus Glycine. Being legume crop, it fix and utilize atmospheric nitrogen and improve soil
fertility. Agrochemicals are potential threat for soil microorganisms and in the long term may alter their
productive, protective and adaptive capacities (Soulas and Lors, 1999). The global drive for sustainable
agricultural systems involves optimizing agricultural resources to satisfy human needs and at the same time
maintaining the quality of environment and sustaining natural resources. Considering the serious effect of
Agrochemicals the present investigation was planned at the Department of Plant Pathology, VNMKV,
Parbhani. The result in connection with efficiency of different agrochemicals on nodule count per plant, dry
weight of nodule,root length, shoot length and vigour index in soybean had temporarily effect and it was
recovered at 50 DAS (days after spraying). Seed inoculation with Rhizobium @ 25 g kg-1 seed had increased
effect from 30DAS to 50 DAS. The result with regard to bacterial population in soybean field were
significantly influenced by bioinoculant  i.e. Rhizobium. The bacterial population were inhibited by herbicides
Alachlor in soybean and fungicide i.e. Thiram and Carbendazim and insecticide Endosulfan in soybean. After
30 DAS  spraying of chemicals the bacterial population were restored. With regards to Rhizobium population,
the bioinoculants were significantly influenced the population in soybean field. The herbicides, fungicides and
insecticide were significantly decreased bioinoculant population, maximum inhibition was observed in
Carbendazim treated plot at 30 DAS. The result with regards to Rhizobium, bacterial and fungalpopulation
were influenced by bioinoculant Rhizobium in field. While population were inhibited by alachlor, thiram,
carbendazim and endosulfan in soybean field. The Rhizobium bacterial and fungal population were restored
after 30DAS.

Key words : Glycine max, soybean, Rhizobium, DAS (Days After Sowing).



atmospheric nitrogen and improve soil fertility.
Its importance is increasing day by day due to
high nutritive value. It is truly a wonder crop, as
its vast multiplicity uses as food, fodder,
industrial products and residues in soil. It is self
pollinated short day plant.

Agrochemicals are a potential threat for soil
microorganisms and in the long term may alter
their productive, protective and adaptive
capacities. Due to increased use of chemicals in
agriculture, the cost of production is increasing
day by day.The residual effect of some
chemicals is highly toxic, which directly or
indirectly affect human welfare. We must be
aware about effect of chemicals and its quality.
Now time has come to study quantitative and
qualitative study of chemicals and its beneficial
and harmful effects. Therefore, this study was
undertaken in soybean ecology with following
objective.

1. To study the effect of agrochemicals on
Fungal, Bacterial and Rhizobium- Nitrifying
bacterial Population 

2. To study the effect of agro chemicals on
number of nodules, dry weight of nodules,
root length, shoot length and vigour index in
soybean.

Materials and Method

A field experiment was conducted on field of
DWSRC, M.A.U. Parbhani during Kharif
season of 2010-11 in randomized block design
replicated three timeswith seventreatments and
spacing: 30cm x 10 cm (row x plant). The soil
samples were collected from rhizo-sphere for all
the microbial and Physiological characters of
plant at3 stages of cropSoybean Variety:
JS335 at 30 DAS, 50 DAS and at
harvest.Total number of Fungi, Bacteria and
Rhizobium were counted on the selective media
by means of the serial dilution technique and
pour plate method (Salle, 1995.).

Total numberof nodule per plant and nodule
dry matter,root length, shoot length and vigour
index in soybean were calculated by selecting
randomly five plants from each plot. 

Experimental details

Treatment details : T1 - Seed treatment with
Rhizobium @ 25 g kg-1 seed, T2 - Seed
incoualtion with Thiram @ 3g kg-1 seed, T3 -
Premergence spray of Alachlor 2 kg ha-1, T4 -
Premergence spapry of Alachlor 4 kg ha-1, T5
- Spraying of Carbendazim (Bavistin) @ 0.1%,
T6 - Spraying of Endosulfan 35 EC 0.1% and
T7 Control.

Observations

1 Total soil Bacterial count (cfu g-1 of soil)

2 Total soil Fungal count (cfu g-1 of soil)

3 Total Rhizobium count from rhizosphere soil
nodule-1 (cfu g-1 of soil)

4 Total nodules count, dry weight of
nodules. 

5 Physioloigcal and biochemical properties of
soil

Time of observations

1 At vegetative growth stage (30 DAS)

2 At flowering stage (50 DAS)

3. At harvest

Calculation of total viable count:

After appropriate incubation period 

Observation regarding number of seeds
germinated was recorded at 10th days after
placement of seeds.The germination
percentage was calculated by using following
formula.
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No.of seeds 
germinated  

Germination (%) = ––––––––––––––––– x  100
Total No. of seeds 

placed for germination

Result and Discussion

The result regarding bacterial papulation at
30 DAS in various treatment indicated that in
T7 (control plot ) showed maximum bacterial
count (21.6 x 106) which was significantly
superior over rest of the treatment and was at
par with T6,  i.e. Endosulfan spray @ 0.1%
(21.5 x 106). The data regarding fungal
population at 30 DAS in treatment T7 (control
plot) showed maximum fungal count i.e.15 x
103 which was significantly superior and was
at par with T2 i.e. Thiram @ 3 g Kg-1 which
showedfungal population i.e. 13.6 x 103 and
followed by T5 (Carbendazim) showed fungal
count of i.e. 13.5 x 103. The significant lowest
fungal count i.e. 8 x 103 was observed in
Endosulfan spray i.e. in treatment T6.  The data
in connection with Rhizobium population of soil
30 DAS revealed that T1 (Seed inoculation with
Rhizobium @ 25 g kg-1) indicated maximum
Rhizobium count (29.3 x 106) and was at par
with treatment T4 and T7, where the

Rhizobium Population was  27 x 106 in both
the treatment.

In present investigation, the soil samples
treated with  agrochemicals and bioinoculant ie.
Rhizobium treated plots of soybeanshowed that
bacterial population at 50 DAS in seed
treatment with Rhizobium and control plot not
much showed any adverse effect while
carbendazim spray @ 0.1% had reduced
bacterial population. While highest
bacterialcount (48.0 x 106) was observed in
control plot followed by Rhizobium treated plot
(42.6 x 106) at the time of harvest in all the
treatments. Donderski. et al. (1992 ) studied
the effects of Atrazine on soil microorganism
population dynamics. The Atrazine resulted
indecline the population density of bacteria
actinomycetes and fungi to minimum at 14
days after treatment but thereafter raised in all
plots accepts that treated with 5 kg ha-1. In
regards to fungal population the highest count
was observed in control plot at 30 DAS, 50
DAS and at harvest.

At the time of disease occurance (50 DAS)
in carbendazim @ 0.1% treated plot the fungal
population was (47.33 x 103)   while it was

Table 1. Effect of agrochemicals on Fungal, Bacterial and Rhizobium- Nitrifying bacterial Population of rhizospheric soil in
soybean

Treatment Fungal count Bacterial count Rhizobium count 
(cfu x 103) (cfu x 106) (cfu x 106)

–––––––––––––––––– –––––––––––––––––– ––––––––––––––––––
30 50 At 30 50 At 30 50 At
DAS DAS har- DAS DAS har- DAS DAS har-

vest vest vest

T1 - Seed inoculationwith Rhizobium @ 25 g kg-1 seed 11.7 40.3 25.3 10.0 34.6 42.6 29.3 23.6 42.3
T2 - Seed treatmentwith Thiram @ 3 g kg-1 seed 13.6 40.3 27.6 13.0 29.3 40.33 22.0 19.0 33.3
T3 - Pre-emergence spray of Alachlor 2 kg ha-1 10.2 32.6 22.6 16.3 28.3 36.6 26.3 22.3 35.3
T4 - Pre-emergence spapry of Alachlor 4 kg ha-1 8.7 33.0 30.3 17.6 23.6 42.6 27.0 27.3 37.3
T5 - Spraying of Carbendazim @ 0.1% 13.5 47.3 37.6 10.3 15.3 42.33 18.6 23.0 25.3
T6 - Endosulfan spray @ 0.1% 8.0 41.3 33.6 21.5 18.3 40.00 18.6 27.0 25.0
T7 - Control 15.0 52.3 44.6 21.6 34.6 48.0 27.0 32.3 37.0
SE± 1.06 3.3 3.6 2.4 3.47 2.97 4.24 3.7 4.1
CD at 5% 3.28 10.1 11.2 7.6 10.6 9.1 13.0 11.5 12.7
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reduced 21% at the time of harvest. In regard
to Rhizobium population at thetime of harvest,
there was definitely recovered the total
Rhizobium population in control and
treatments plots. Seed treatment with
Rhizobium decrease 19% Rhizobium popula-
tion at 50 DAS followed by 14%  reduction in
seed treatment with Thiram at 50 DAS, but
later on it recovered at harvesting time, while
50 DAS  pre-emergence spray of Alachlor @ 2
kg ha-1 had 16% reduced Rhizobium
population while in T4 at harvest it recovered.

Nodule has an inherent capacity to fix
atmospheric nitrogen as it is rich source of
Bacteroids. With regards to all seven

treatments, the nodule count per plantand dry
weight of nodules (g plant-1) was maximum in
seed treatment with Rhizobium @ 25 gm kg-1

of seed followed by nodule count per plant in
the application of pre emergence spray of
Alachlor @ 2 kg ka-1. Whereas,lowest count
was observed in the pre -emergence spray of
Alachlor @ 4 kg ha-1 followed by nodule count
per plant in the application of Carbendazim
spray @ 0.1% at 50 DAS. At the time of
harvest nodule count in seed treatment with
Thiram @ 3 gm kg-1 of seed recorded highest
count than the other chemical treatments. 

The present investigation on efficiency of
agrochemicals onnodule count per plant and

Table 2. Effect of agrochemicals on Yield and yield attributing characteristics of soybean

Treatment No. of nodules plant-1 Dry wt. nodules (g plant-1)
––––––––––––––––––––––––––– –––––––––––––––––––––––––––
30 50 At 30 50 At
DAS DAS harvest DAS DAS harvest

T1 - Seed inoculationwith Rhizobium @ 25 g kg-1 seed 6.00 31.6 21.6 0.65 37.2 0.21
T2 - Seed treatmentwith Thiram @ 3 g kg-1 seed 5.26 32.0 17.5 0.26 15.0 0.18
T3 - Pre-emergence spray of Alachlor 2 kg ha-1 5.06 25.6 7.5 0.32 24.5 0.19
T4 - Pre-emergence spapry of Alachlor 4 kg ha-1 4.26 28.4 10.3 0.33 24.4 0.15
T5 - Spraying of Carbendazim @ 0.1% 4.53 24.4 16.5 0.31 24.5 0.12
T6 - Endosulfan spray @ 0.1% 5.13 31.0 11.3 0.41 28.8 0.14
T7 - Control 5.33 41.3 9.5 0.25 42.4 0.13
SE± 0.96 4.5 1.9 0.04 3.6 0.01
CD at 5% 2.94 1.4 5.7 0.14 11.0 0.05

Table 3. Effect of agro-chemicals on germination, root and shoot length and vigour index of soybean

Treat- Germi- Shoot length (cm) Root length (cm) Vigour index
ment nation ––––––––––––––––––––––––––– –––––––––––––––––––––––––– –––––––––––––––––––––––––––––––

30 50 At 30 50 At 30 50 At
DAS DAS harvest DAS DAS harvest DAS DAS harvest

T1 83 15.36 18.56 22.45 30.5 41.81 52.23 3806.38 5010.71 6206.74
T2 76 13.65 17.46 20.91 29.5 28.51 46.29 3279.4 4845 5076.8
T3 76 10.27 14.16 20.54 27.7 35.46 42.5 2885.72 3771.12 4791.04
T4 73 12.4 16.43 16.40 28.9 35.15 44.38 3014.9 3765.34 4436.94
T5 71.33 13.7 16.51 19.51 30.3 40.92 39.65 3138.52 4096.4 4219.88
T6 71.33 14.5 18.66 21.46 22.46 41.18 39.65 2636.35 4268.38 4337.57
T7 80.66 11.6 15.10 17.31 22.63 30.51 34.61 2760.99 3678.90 4591.16
SE± 0.72 0.10 0.20 0.14 0.18 0.22 0.18
CD at 5% 2.27 0.33 0.62 0.43 0.58 0.70 0.55
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dry weight of nodules (g plant-1) clearly
observed that inoculation with Rhizobium @  25
g kg-1 seed in soybeanexhibited positive effect
at 50DAS and more in control plot (T7)
followed by rest of the treatments.The findings
of present investigations are more or less
similar as that of earlier workers by Mishra and
Chandra Bhanu (2006) reported that the
herbicide could affect root nodulation and also
change effectiveness of Rhizobium especially
after long term exposureto residues of
persistent herbicides.

The data presented in Table 2 clearly
indicated that the inoculation of Rhizobium has
resulted about maximum increase in test weight
i.e. 14.25 g which was followed by
carbendazim ie. 14.07g. Minimum test weight
recorded in control T7 i.e. 12.01 g. The result
obtained in present investigation are in full
agreement with those reported in the  past
Wange i.e. (1997) reported microbial
inoculation increased number of pods, bunches,
test weight and yield. The result with regard to
the plant height yield and test weight of
soybean influenced by Rhizobium inoculations
have brought about the significant increase in
plant height, test weight and yield.

The data presented in Table 3 clearly
indicated that seed inoculation with Rhizobium
(T1) recorded maximum seed germination i.e
83% which was followed by seed germination
in treatment T7 (control plot) i.e. 80.66%.
Minimum seed germination was recorded in T5
(spraying of Carbendazim) @ 0.1% i.e. 71.33%
whereas, the seed inoculation with Rhizobium
(T1) indicated the maximum soot length, i.e.
15.36 cm at 30 DAS, 18.56 cm at 50 DAS
and 22.45 cm at harvest which is followed by
T6 i.e. 14.5 cm at 30 DAS, 18.55 cm at 50
DAS and 21.45 cm at harvest and Thiram
13.65 cm at 30 DAS, 17.46 cm at 50 DAS
and 20.51 cm at harvest. Minimum shoot
length was observed in treatment T3 i.e. 10.27

cm 30 DAS, 14.16 cm 50 DAS and 20.54 cm
at harvest. Data regarding root length showed
that seed inoculation with Rhizobium (T1)
recorded  maximum root length i.e 30.5 cm at
30 DAS, 41.81 cm at 50 DAS and 52.33 cm
at harvest, followed by T5 (carbendazim) 30.3
cm at 30 DAS, 40.92 cm at 50 DAS and
39.65 cm at harvest. Minimum root length was
observed in control treatment T7 i.e. 22.63 cm
at 30 DAS, 30.51 cm at 50 DAS and 39.61cm
at harvest. The data observed  regarding vigour
index clearly indicated that the inoculation of
Rhizobium has brought about maximum
increase in vigour index 3806.38 at 30 DAS,
5010.71 at 50 DAS and 6206.74 at harvest
and followed by T2 (Thiram @ 3 g kg-1) i.e.
3279.4 at 30 DAS, 4845 at 50 DAS and
5076.8 at harvest. Minimum vigour index was
recorded with treatment T6 2636.35 at 30
DAS, 4268.38 at 50 DAS and 433757 at
harvest.
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Cucumber (Cucumis sativus L.) is one of
the most common and popular vegetables of
the family cucurbitaceae, with a chromosome
number 2n=14. It is an ideal summer vegetable
crop chiefly grown for its edible tender fruits,
preferred as salad, pickles, dessert fruit and as a
cooked vegetable. It is thought to be one of the
oldest vegetables cultivated by man and
indigenous to India and has been cultivated for
over 3000 years in India, De Candole et al.
(1882). Cucumber is the fourth most important
vegetable after tomato, cabbage and onion in

Asia, the second most important vegetable crop
after tomato in Western Europe. The F1
hybrids offer several advantages like earliness,
high yield, improved quality, uniformity, wider
adaptability and also help in deployment of
dominant genes for resistance to diseases and
pests (Riggs, 1988).The investigation was taken
with the objectives to find out the most suitable
hybrid in terms of growth, fruit traits and yield
of cucumber for commercial cultivation in
Kharif season under Konkan agro climatic
condition.

Materials and Methods

The experiment was conducted at the farm
of Department of Horticulture, College of
Agriculture, Dapoli, Dist. Ratnagiri, during the
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Abstract
An experiment on, "Effect of climate change variability and adaptation on F1 hybrids of cucumber under

Konkan agroclimatic condition" was undertaken to exploit the potentiality of gynoecious hybrids with different
levels of fertilizers at Department of Horticulture, College of Agriculture, Dapoli during two Kharif seasons of
the year 2012 and 2013. Konkan area receiving annual rainfall of 3000 mm annually with hot and humid
climatic condition. In view to study effect of heavy rainfall and hot and humid climate and their correlation on
cucumber hybrids and fertilizer levels growth,yield and yield characters along with pest and disease incidence.
Nine cucumber hybrids were evaluated for growth, yield and fruit traits along with one variety 'Sheetal' under
investigation. investigation was undertaken with a view to study the F1 hybrids of cucumber for incidence of
powdery mildew, downy mildew and virus diseases under field conditions during Kharif 2012 and 2013
seasons, to study the performance of selected hybrids against diseases during four seasons under open
field.The study revealed that the hybrid 'Gypsy' recorded highest vine length (7.90 m), while highest number
of branches per vine (5.89) in 'Dynasty'. Hybrid, 'Shivneri' recorded lowest number of days to first male flowers
(28.47) while female flowers (32.75) per vine in Padmini. Hybrid 'Malini' recorded highest fruit weight
(198.31g), fruit length (20.68 cm), fruit diameter (5.16 cm), thickness of flesh (1.52 cm). Hybrid 'Snow white'
recorded lowest intermodal length (7.00 cm) and highest number of fruits per vine (30.28), fruit yield (4.94
kg vine-1 and 36.58 t ha-1) and B:C ratio 1:4.58. Hybrid 'Snow white' followed by 'Malini' was found superior
based on the overall performance of different cucumber hybrids for growth, yield, fruit characters and
economic returns for cultivation of cucumber under Konkan agro climatic conditions of Maharashtra.
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year 2012 and 2013 in Kharif season. There
were twenty cucumber hybrids viz., Gypsy,
Padmini, Sakshi, Shivani, Snow white,
Dynasty, Shivneri, Nandini, Malini and Sheetal
is a released variety from Dr. BSKKV, Dapoli,
which were sown for raising rainy season
cucumber crop. All the hybrids were sown on
15th June, 2012 and 12th June, 2013   by the
raised bed method with spacing of 0.9 m and
1.5 m plant to plant and row to row,
respectively. The uniform recommended
management practices were followed for the
experimental plots. The experiment was laid
out in split plot design with two replications.
Observations on various characters namely,
length of vine (cm), number of branches,
internodal length (cm), days to first appearance
of male and female flower, nodal position of
first male and female flower appears, fruit
diameter (cm), fruit length (cm), fruit weight (g),
flesh thickness (cm), total number of fruits
vine-1, days to first fruit harvest, fruit yield (kg
plant-1), fruit yield tonnes hectare-1.

Results and Discussion

The data presented in Table 1 regarding
pooled analysis showed that the significantly
longest length of vine was recorded in the
treatment T1 (7.90 m) and the lowest vine
length was observed in control T10 (3.62 m)
(Table 1). Generally, the main vine length was
highest in rainy than in summer season. This
was due to hybrid vigour character and
favorable climatic condition. Warm and humid
climate, cloudy weather and heavy rainfall
might have leads to highest plant vigour during
rainy season than summer season. The
variation in vine length might have been due to
specific genetic makeup of different hybrids,
inherent properties, environment factor,
hormonal factor and vigour of the crop. Similar
results have been reported by Solanki and Seth
(1980) and Patel et al. (2013) in cucumber.
Highest numbers of branches was observed in

the hybrid Dynasty (5.89) followed by Gypsy
(5.58) and Shivneri and Malini (5.42) while, the
minimum number of branches recorded in
treatment (3.81) in Cv.  Sheetal. The variation
in number of branches vine-1 might have been
due to its own genetic makeup and also due to
vine length, internodal length, hormonal factor
and environmental factor confirming to reports
of Sharma and Bhattarai (2006) in cucumber.
Longest internodal length was produced by the
treatment Sheetal (9.69 cm) while the shortest
in hybrid Snow white (7.00 cm). Internodal
length is an important component deciding the
number of fruits vine-1. Shorter the internodal
length, highest the number of fruits vine-1 are
expected to be accommodated per unit length.
Sharma et al., 2001 reported positive
association of this trait with number of fruits
vine-1 and fruit yield vine-1. An increasing trend
in internodal length with advancement of age
might be attributed with increase in the length
of vine, number of branches and due to cell
development and elongation. Similar trends
were observed by Chezhyian (1975) in
watermelon. Minimum days to first appearance
of male flower were observed in Shivneri
(28.47 days) followed by Gypsy (30.36 days)
and Malini (30.69 days). Maximum days to first
appearance of male flower were found in
Sheetal(43.58 days). The days of first
appearance of male flower plays an important
role in deciding the earliness or lateness of crop
in general. Minimum days to first appearances
of female flower were observed with Padmini
(32.75 days) followed by Nandini (33.28) and
Shivneri (33.36 days). Maximum days were
recorded to first appearance of female flower
with Sheetal (45.19 days). The number of days
from sowing to first appearance of female
flower is an important character that indicates
earliness or lateness of the crop in general. The
early female flower appearance help in the
occurrence of early flush of the crop which is
advantageous for market to fetch the highest
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price. The variation in first appearance of male
and female flower might have been due to
internodal length, number of internodes,
genetic nature, environmental factor and vigour
of the crop. Similar results have been reported
by Sahni et al. (1987) in ridge gourd, Badgurjar
and More (2004), Bairagi et al. (2005) and
Patel et al. (2013) in cucumber. Lowest node
number at which first male flower appears were
observed in (2.44 node) in hybrid Gypsy and
Shivneri respectively followed by Malini
(2.50node) while, the highest node number at
which first male flower appeared was noticed
with Sheetal (5.17 node).Shortest node number
at which first female flower appears were
observed in (3.75 node) in Shivneri while the
longest node number at which first female
flower appeared was noticed with Sheetal (9.47
node).The lowest node number to female
flower appearance is a desirable character
showing the earliness of cucumber crop
(Seshadri, 1993).First female flower appeared
at the node was exhibited significant difference
due to cucumber hybrids in both rainy seasons.
The variation in node number at which first

male and female flower appears might have
been due to specific genetic makeup of different
hybrids and prevailing environmental
conditions. Similar results have been reported
by Bairagi et al., (2005), Sharma and Bhattarai
(2006) and Patel et al., (2013) in cucumber.

It is evident from the data presented in in
Table 2, showed that length of fruit in different
hybrids showed statistically significant
differences. Longest  length  of  fruit  was
recorded  in  treatment Malini (20.68 cm)
followed by Dynasty (19.27) and Nandini
(19.23) while, smallest length  of  fruit  was
noticed with Shivani (14.39 cm). The variation
in length of fruit in different varieties under
study could be attributed to the genotypic
variation, and genotypic and environmental
interaction. The variation in fruit length might
have been due to genetic nature, environmental
factor and vigour of the crop Ahmed et al.,
(2004) and Rastogi et al., (1990) and Patel et
al. (2013) have also reported similar findings in
cucumber. Highest diameter of fruit was
recorded in hybrid (5.16 cm) in Malini followed
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Table 1. Variation in growth and flowering characters as affected by different hybrids of cucumber (Cucumis sativus L.)
during Kharif season (pooled)

Hybrids Vine No. of Inter- Days to Days to Nodal Nodal 
length bran- nodal first first position position 
(cm) ches length appearance appearance of first of first 

vine-1 (cm) of male of female male female 
flower flower flower flower

Gypsy 7.90 5.58 8.24 30.36 34.19 2.44 4.89

Padmini 5.74 5.03 7.36 30.72 32.75 2.81 4.08

Sakshi 6.91 5.22 7.23 30.78 33.39 3.31 4.75

Shivani 5.07 4.00 8.62 32.33 35.78 3.44 5.42

Snow white 6.24 5.06 7.00 31.39 34.00 3.17 4.61

Dynasty 6.83 5.89 7.94 30.89 34.22 2.72 5.03

Shivneri 5.40 5.42 7.65 28.47 33.36 2.44 3.75

Nandini 5.51 4.39 7.46 30.86 33.28 2.86 4.81

Malini 6.03 5.42 7.63 30.69 35.28 2.50 4.67

Cv. Sheetal 3.62 3.81 9.69 43.58 45.19 5.17 9.47

SEm± 0.03 0.16 0.14 0.25 0.53 0.06 0.13

C.D. at 5% 0.08 0.45 0.42 0.73 1.54 0.16 0.39



by Padmini (5.10 cm) and Dynasty (5.00 cm)
while, lowest diameter of fruit was obtained by
Shivani(4.40 cm). Increasing in fruit yield is
mostly influenced by fruit diameter. The fruit
diameter will be high then automatically fruit
yield will be also high. The highest fruit
diameter and highest fruit length result in to
highest fruit weight. The variation in fruit
diameter might have been due to genetic
nature, environmental factor and vigour of the
crop. Sahni et al., (1987), Ahmed et al.,
(2004), Badgurjar (2004), Rastogi et al.,
(1990) and Patel et al., (2013) and many other
workers have also reported similar findings in
cucumber. Highest thickness of flesh was
recorded in (1.52 cm) in hybrid Malini followed
by Dynasty (1.51 cm) and Padmini (1.50 cm)
while, while lowest thickness of flesh was noted
in Shivani (1.32 cm) during summer and kharif
season respectively. The highest fruit diameter
and fruit length result in highest fruit weight.
Hybrid Malini (198.31 g) showed significantly
highest fruit weight followed by Dynasty
(196.28) and Padmini (182.25 g) and the
lowest fruit weight was found in hybrid
Shivani(136.78 g). The highest fruit weight in
hybrid Malini might be due to its hybrid vigour

and adaptability to Konkan agro climatic
condition confirming to findings of Kallo et al.
(1983), Nag et al. (2012) in bottle gourd and
Patel et al. (2013) in cucumber. Maximum
number of fruits vine-1 was produced by hybrid
Snow white (30.28) followed by Nandini
(27.53) and Padmini (182.25 g) while,
minimum number of fruits was noticed in
Sheetal (8.06). The number of fruits vine-1 is
one of the major factors for deciding the yield
of the crop. The variation in number of fruits
vine-1 might have been due to early flowering at
lowest and almost at every node, sex ratio, fruit
set per cent age, genetic nature and their
response to varying environmental conditions.
Variation in number of fruits vine-1 was also
reported by Patel et al., (2013) in cucumber,
Srivastava and Srivastava (1976) in bitter gourd
and Nag et al., (2012) in ivy gourd. A day to
first harvest is one of the important criteria for
fetching better price in markets for getting
highest profit. Minimum number of days
required to first fruit harvest was noticed in
hybrid Snow white (46.67 days) and maximum
number of days (59.94 days) required to first
fruit harvest in Sheetal. Variation in number of
days required for first harvest (earliness) could
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Table 2. Variation in fruit, yield and yield contributing characters as affected by different hybrids of cucumber (Cucumis
sativus L.) during Kharif season (pooled)

Hybrids Length Dia- Thick- Fruit No. of Days to Yield Yield
of fruit meter ness weight fruits first vine-1 (t ha-1)
(cm) of fruit of flesh (g) vine-1 fruit (kg)

(cm) (cm) harvest

Gypsy 15.92 4.51 1.41 159.97 26.25 48.94 4.16 30.82
Padmini 17.69 4.92 1.42 182.25 26.39 47.11 4.78 35.44
Sakshi 15.55 4.91 1.41 163.25 26.58 46.83 4.31 31.94
Shivani 14.39 4.40 1.32 136.78 18.69 50.03 2.56 18.97
Snow white 16.33 4.96 1.43 163.94 30.28 46.67 4.94 36.58
Dynasty 19.27 5.00 1.51 196.28 22.39 48.33 4.37 32.34
Shivneri 16.13 4.81 1.38 154.53 20.94 47.22 3.20 23.69
Nandini 19.23 5.10 1.50 176.28 27.53 47.14 4.78 35.42
Malini 20.68 5.16 1.52 198.31 22.11 50.00 4.36 32.26
Cv. Sheetal 14.76 4.76 1.43 168.31 8.06 59.94 1.36 10.05
SEm± 0.33 0.05 0.01 4.29 0.61 0.39 0.10 0.74
C.D. at 5% 0.96 0.14 0.04 12.54 1.80 1.14 0.29 2.16



be attributed to genetical make up of hybrids,
hormonal factor and vigour of the crop as well
as interaction with soil and climactic factors.
Significantly the highest average yield vine-1

were produced by hybrid Snow white (4.94 kg)
followed by Nandini (4.78) and Padmini (4.78
g) respectively while, lowest average yield
vine-1 was recorded in Sheetal (1.36 kg). The
variation in fruit yield vine-1 (kg) might have
been due to fruit set percentage, fruit length,
number of fruits vine-1, fruit weight, fruit
diameter, genetic nature, environmental factor
and vigour of the crop. These results are in
close conformity with findings of Sharma and
Bhattarai (2006) and Patel et al., (2013) in
cucumber. Srivastava and Srivastava (1976) in
bitter gourd. Significantly the highest yield ha-1

were produced by hybrid Snow white (36.58 t
ha-1) followed by Padmini (35.44 t ha-1) and
Nandini (35.42 t ha-1) while lowest average
yield ha-1 was recorded in Sheetal (10.05 t
ha-1). The cucumber hybrids yielded 3 to 4 fold
increase in yield over variety.  The variation in
fruit yield ha-1 (t) might have been due to fruit
set percentage, fruit length, fruit weight, fruit
diameter, genetic nature, environmental factor
and vigour of the crop. The significant variation
in fruit yield might have been due to number of
fruits vine-1 and yield vine-1. Similar results
have also been reported by Rastogi et al.,
(1990), Yadav et al., (2012) and Patel et al.,
(2013) in cucumber. Sahni et al., (1987) in
ridge gourd.
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Sunflower (Helianthus annuus L.) is known
as "Surayphul" locally. It is one of the important
oilseed crops in the world which ranks third in
area after soybean and groundnut. It is one of
the four major important oilseed crops
(soybean, peanut, rapeseed and sunflower)
globally. It is grown on over 23.31 million
hectares worldwide, with a production of 29.90
million tones.( Shirshikar, 2005 and Skoric D,
et al., 2007)  . Sunflower seeds contain 40% oil
content of high quality with low cholesterol
contained fat and soluble vitamins A, B, E and
K. It is quiet good for health of heart patients,
as reported by Evertt et al. and Goasal et al.
Due to its wide adoptability , it is cultivated in all
the major crop growing areas and seasons.

Low yield of sunflower may be attributed to
several reasons such as occasional adverse
climatic conditions, poor agronomic methods
of cultivation, non-availability of improved seed,
prevalence of diseases and damage caused by
pests. In India, more than fifty insect species
have been reported infesting sunflower crop of
which some are like leaf defoliators,
grasshopper, termites, various sucking insects
like jassids, thrips, white fly and bugs etc. Insect
pests of sunflower are broadly classified as
seedling pests, sucking pests, soil insects,
defoliators and inflorescence pests (Basappa
and  Santha, 2005). Different insect pests
cause various level of damage to the sunflower
crop whitefly and jassid together can cause up
to 44% loss of yield in Sindh, Pakistan (Lohar,
1987). Likewise, defoliating insect pests can
reduce average yield of sunflower by 267.2 kg
ha-1 whereas Helicoverpa alone can cause 120
kg ha-1 loss of seed in India (Panchabhavi and
Karishnamoorhty, 1978). Whiteflies under
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Abstract
An experiment to study  the incidence of  white fly on sunflower and their relation to weather parameter

was carried out in non replicated design during Kharif 2001 to 2012, observations on pest incidence were
recorded in the experiment as per the standards, weather parameter recorded in meteorological observatory
at oilseeds research station, Latur, were used. Year wise data on pest incidence and weather parameter
recorded on weekly basis was averaged for entire period.  The weather-pest interaction in sunflower for
whiteflies was analysed by adopting correlation and regression studies. Long term climatic trends and extreme
climatic event influencing white fly was also studied. Results of Correlation studies revealed that, Overall mean
population of whiteflies was significant and negatively correlated with maximum It is also evident from mean
peak incidence of pest that the population of whiteflies was at peak in 37th MW. When the mean weather
parameters of 36th week were maximum temperature (29.4°C), minimum temperature (20.4°C),
precipitation (45 mm), relative humidity I (84.60%) and humidity II (74.49%). Therefore it can be concluded
that increase in the maximum temperature is causing significant reduction in whitefly population .

Key words : Pest incidence, whiteflies, weather parameter.
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favourable conditions also pose severe threat to
the crop. Several species of thrips are
associated with the crop, which cause direct
damage to plant; however, these also cause
enormous losses indirectly as vector of viral
diseases, especially in the transmission of
sunflower necrosis virus (Chander, 2002).
Whiteflies and thrips are piercing-sucking
insects that cause major damage to this crop.
These insects transfer viral diseases from the
infected to uninfected plants and are associated
with serious losses in the yield. Early detection
of these damaging insects is very important
because symptoms of feeding often go
unnoticed until serious damage is done as
suggested by Parker et al., 1993, Daughtrey et
al., 1997,  Gupta et al., 1997, Labonne et al.,
1998, Liu, 2000 and Fueutes and  Salazar,
2003.  Thus, population monitoring is useful to
detect insect problems in crops and to
determine whether control measures have been
effective, Milligan et al., 1988.

Therefore present study was designed to
determine the relationship between whitefly
and weather parameters  along with their peak
population period. The study was also aimed to
find out the effect of abiotic factors on
population fluctuation of whitefly.

Materials and Methods 

Sunflower, variety Morden, was sown on
experimental field at Oilseeds Research Station
,Latur during 2001 to  2012. Experiment was
laid out in Randomized Block Design (RBD)
with three replications with a plot size of 9.6 x
9.9 m2. The row to row and plant to plant
distance was kept at 60 cm and 30 cm,
respectively. Fertilizer applications and
agronomic practices were used according to
standard recommendations. After fifteen days
of germinations, data for the whitefly were
recorded on weekly basis till harvest of the
crop. Whitefly population count was made from

upper, middle and lower leaves of the plants.
Total of 15 plants were observed 

Meteorological data, was taken from the
Automatic weather station, Oilseeds Research
Station, Latur, Maharashtra, India. Simple
correlation was worked out between mean
whitefly  population and weather factors
(Temperature min and maximum ,Relative
humidity morning and evening and Rainfall)
and their natural enemies. After observing
result multiple regression analysis was done to
formulate exact equation to estimate whitefly
infestation. 

Results and Discussion

Population : Bemisia tabaci is a
polyphagous insect pest feeding on a number
of economically important crops. Its infestation
on sunflower crop has been reported in Israel
(Melamed- Madjar et al., 1989), India (Sethi et
al., 1978) and Pakistan (Aslam et al., 2000;
Kakakhel et al., 2000). In the present study,
B.tabaci infestation occurred throughout the
crop season and its population continuously
increased until harvest of the crop. B. tabaci is
an important polyphagous insect pest and a
vector of about 111 plant viruses (Mugiira et
al., 2008). It causes crop losses in hundreds of
millions of US dollars each year in diverse
agricultural systems (Menn, 1996). After
sunflower harvest, it moves to cotton crop and
spread cotton leaf curl Virus. It is a main pest
that should be controlled on sunflower before it
moves to cotton.  

Population Fluctuation over the years
2001-2012 : Whitefly maximum population
(7.00, 11.10, 3.60, 12.80, 2.60, 5.20, 13.20,
3.40, 5.05, 1.70, 22.60 and 6.80 whiteflies
plant-1) were recorded during 38, 37, 35, 36,
37, 37, 36, 39, 37, 35, 41 and 35 Slandered
metrological week during 2001-2012
respectively. Hence the overall incidence of
pests was moderate during 2001-2012. Peak
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Table 1. Mean population of whitefly and corresponding weather parameters, 2001-2012

SMW Mean Whitefly Population
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Mean

35 2.80 0.00 3.60 12.40 2.20 0.40 12.60 3.20 4.00 1.70 1.00 6.80 4.35
36 2.20 0.00 3.53 12.80 2.40 4.20 13.20 2.00 3.50 1.50 1.00 6.60 4.61
37 3.20 11.10 3.00 8.40 2.60 5.20 11.40 0.20 5.05 1.00 1.00 2.60 4.69
38 7.00 9.70 4.80 5.20 2.20 1.20 5.20 2.80 3.95 0.50 1.80 3.20 3.69
39 3.80 6.30 4.20 2.20 1.00 0.70 2.00 3.40 1.45 0.60 8.60 3.80 3.11
40 6.40 3.70 2.10 0.00 0.00 0.80 1.20 3.20 4.10 0.00 10.40 4.20 2.70
41 3.00 5.00 1.20 0.00 0.00 0.00 1.80 3.40 1.65 0.00 22.60 2.80 3.50

SMW Temperature Maximum
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Mean

35 30.6 28.8 29.4 28.9 29 30.28 33.71 33.2 27.4 27.5 27.2 29.50 29.5
36 31.5 28.4 29.1 29.5 30.2 31.75 33.57 32.9 27.2 28.2 26.8 26.20 29.4
37 32.3 28.7 29.8 28.9 30.5 32 32.42 31.2 27.1 27.4 27.8 26.00 29.3
38 32.7 30.2 30.4 29.6 30.1 30.35 33.21 31.4 32 27.8 28 27.40 30.0
39 33.4 30.6 31.6 30.6 27.8 28.5 35.92 31.7 32.7 28 28 28.10 30.3
40 31.5 32.4 29.5 30.3 28.8 30.5 35.5 31.2 31.8 28.5 29.3 29.60 30.7
41 30.3 33.7 33.3 31.3 31.6 30.7 30.7 31.9 27.7 30.5 29.9 27.50 30.8

SMW Temperature Minmum
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Mean

35 19.8 20.1 21.6 22.9 22.1 20.71 20.42 18.8 19.4 15.3 20.7 21.20 20.29
36 19.4 20.3 20.2 21.6 21.8 20.2 22.07 19.7 19.9 17.7 20.4 20.30 20.38
37 21.2 20.1 19.9 21.5 21.8 21 19.35 21 21 14.7 21.3 21.10 20.25
38 20 19 19.1 22.4 21.9 21.7 20.78 22.3 21.6 14.6 21 20.90 20.48
39 19.8 20 19.3 23.1 20.9 21.7 20.92 22.2 20.3 14.7 20.9 20.40 20.40
40 20 20.2 20.5 22.4 20.7 21 20.42 22.3 20.6 14.7 21.3 20.60 20.43
41 19.9 18.5 18.8 22.4 21.3 20.2 18.42 18.7 20.5 14.1 20.3 20.40 19.42

SMW Relative humidity Morning
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Mean

35 92 88 81.1 82 89.5 84.28 71.71 70 80 91 88 71 81.51
36 93 84.9 77.7 86.9 90.4 83.85 80.85 80 86 86 87 87 84.60
37 91 87 67.8 79.1 90.7 77.14 77.71 82 87 86 81 86 81.95
38 91 81 77.6 64.7 88.1 89.57 79.85 89 82 84 79 80 81.35
39 92 85 72.8 75 89.42 85.28 85.71 84 79 85 79 74 81.29
40 93 76 81.7 77.3 91 85.7 86.57 79 80 80 79 70 80.57
41 95 69 73.3 73.8 87.2 86.8 58 59 86 69 71 86 74.46

SMW Relative humidity evening
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Mean

35 91 64 59.8 71 84.7 74.85 72.28 70 76 76 75 65 71.69
36 89 61 64.5 76.3 85.7 74.71 81.14 80 69 79 78 70 74.49
37 89 63 62.5 72.7 85.2 76.7 77.7 82 67 76 70 77 73.62
38 89 57 55.4 65.7 85 86.8 78.42 87 75 70 70 74 73.12
39 76 56 57.7 71.3 88.8 80.4 85.57 84 51 76 61 61 70.25
40 91 44 42.7 76.4 87.2 71.5 85.85 78 55 58 55 50 63.97
41 91 33 33.4 73.7 87.1 71.8 59.472 59 74 49 54 73 60.68



period of maximum number of 22.6 whiteflies
plant-1 were recorded during 41st SMW in the
year 2011 and mean peak  infestation i.e. 4.69
whiteflies plant-1 was observed in 37 SMW.
Over the years 37th SMW week was found
most congenial for the whiteflies. (Table 1 and
2).

Correlation matrix : The correlation
matrix revealed that the  whitefly population,
has a significant and negative correlation of
population with maximum temperature.
Weather parameters as minimum temperature,
rainfall, relative humidity morning and relative
humidity evening exhibited positive correlation
with whitefly population  but was non
significant (Table 3). The present findings are in
partial agreement with those of Wahla et. al.
(1996), found that the changes in temperature
fluctuation, were positively correlated to the
population dynamics of sucking pest insects as
against those in the minimum temperature as
well as that in the relative humidity, which were

negatively correlated to it. Muhammad et al.
(2016) who reported that Whitefly was
recorded minimum in 1st week of January and
the highest in 3rd week of April, while predator,
Geocoris was initially found very low during 1st

week of January, but increased in 2nd and 3rd

week of April. The temperature and humidity
varied during different dates and significantly
affected the abundance of insect population
and Basit et al. (2016), reported that
temperature had a significant positive
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SMW Rainfall
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Mean

35 5.1 88.30 182.40 21.10 38.00 0.20 20.00 0.00 108.5 176.5 181.40 9.00 75.04
36 0.8 30.80 0.00 58.70 21.60 0.00 112.20 80.00 36.00 29.60 62.10 59.00 44.55
37 0 25.60 0.00 49.50 6.00 73.60 28.00 81.8 108.0041.90 3.60 88.00 46.00
38 18.4 0.00 6.10 6.30 89.20 21.00 87.00 299 0.00 23.60 0.00 21.00 50.36
39 4.6 20.00 45.00 35.50 18.00 117.0 185.8 47.6 0.00 54.60 9.50 2.00 48.64
40 58.2 18.50 49.00 123.50 122.20 22.20 93.00 7.10 35.00 14.00 34.50 0.00 47.18
41 55.6 0.00 0.00 47.50 0.00 51.30 0.00 0.00 92.50 0.00 0.00 153.20 31.32

Table 1. Contd.

Table 2. Peak incidence of major pests in Sunflower (2003-2012)

Parameter 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Mean

Peak population 7.00 11.10 4.80 12.80 2.60 5.20 13.20 4.40 5.05 5.50 22.60 6.80 8.42
First app (SMW) 35 35 34.0 31.0 33.0 35.0 33.0 33.0 35.0 32.0 37.0 32.0 34
Peak (SMW) 38 37 38.0 36.0 37.0 37.0 36.0 34.0 37.0 32.0 41.0 35.0 37
Sowing week (SMW) 32 32 30.0 28.0 29.0 31.0 31.0 30.0 29.0 30.0 35.0 29.0 31
Crop age at first 21 21 28.0 21.0 28.0 28.0 14.0 21.0 42.0 14.0 14.0 21.0 23
Crop age at peak 24.0 35.0 56.0 56.0 56.0 42.0 35.0 28.0 56.0 14.0 42.0 42.0 41

Table 3. Correlation between, whitefly population and
various meteorological parameters (Pooled data
over 2001 and 2012)

Weather parameter Whitefly Significance 
at 5%

Maximum temperature (°C) -4.84 Significant
Minimum temperature (°C) 0.07 Non Significant
Morning relative humidity (%) 0.594 Non Significant
Evening relative humidity (%) 1.095 Non Significant
Rainfall (mm) 2.101 Non Significant

T table Value at 5% 2.571



correlation with B. tabaci, N. inconspicuous
and Empoasca spp, suggested increased in
temperature also increased their population. In
conclusion, B. tabaci, Empoasca spp and N.
inconspicuous are major pests of sunflower
which should be controlled by exploiting of
spiders and lady beetles.

Cumulative effect of abiotic factors on
Whitefly population : From the correlation
study, it was apparent that among  the
meteorological parameters maximum
temperature responsible for multiplication and
growth of the whitefly in sunflower crop but
some of the other parameter also contributed in
growth and development of whitefly . This
could be expected because under natural
conditions, no environmental factor acts/reacts
in isolation, rather it acts in combination with
other environmental factors. So, stepwise
regression analysis between whitefly
populations and meteorological parameters
was performed to evaluate the cumulative effect
of different meteorological parameters on
whitefly multiplication and development (Table
4). It was evident that maximum temperature
exerted 82 per cent effect on the population
fluctuation of whitefly. The effect increased to
98.4,98.6 and 98.8 per cent when the effect of
minimum temperature, RH and Rainfall was
included. Our findings are in partial agreement
with those of  Tajwar et al. (2016)Temperature
and humidity varied during different dates and
time, and played an important role in

increasing thrips, whitefly and Geocoris
population. 
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Sunflower (Helianthus annuus L.) holds
great promise as an oil seed crop because of it
is also a crop of choice for farmers due to its
wider adaptability, high yield potential, shorter
duration and profitability. wild adaptability to
different agro-climatic regions and soil types.
Due to that this crop play's very important role
in contingency crop planning also, sunflower
can play an important role in meeting out the
shortage of edible oil in country. Among
different conservation measures, land
configurations is an important practice for crop
production. The main objectives of land
configurations are moisture conservation in dry
spells of monsoon and to provide drainage
facilities during heavy rainfall period,

preventing and control of soil and run-off
losses, check on evaporation of water, increase
moisture status of soil and controls fluctuation
of soil temperature. discourage weeds is
another water conservation practice in India.
The combination of different land
configurations with different fertilizer levels,
improves water use efficiency and grain yield.
This provides a more suitable environment for
seedling establishment and growth than
traditional method. Sunflower is considered as
exhaustive crop that's why adequate and
balanced fertilizer is must for obtaining good
yield. Therefore, for wide spread adoption and
exploitation of high yield potential of the
hybrid, Under dryland conditions, response to
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Abstract
An agronomical investigation to study the "Effect of land configuration and fertilizer levels on growth, yield

and quality of sunflower" was carried out at experimental farm of oilseeds, research station, latur during
Kharif season 2015. The experimental field was fairly leveled. The soil was clayey in texture, slightly alkaline
in reaction, low in available nitrogen, medium in available phosphorus, rich in available potash. The present
experiment was laid out in the split plot design with three replications. Treatment consisted of twelve
treatment combinations of land configuration (flat bed sowing at 60 x 30cm., flat bed with paired row planting
at 45 x 40 cm., ridges and furrow at 60 x 30 cm. and broad bed and furrow), in main plot and three fertilizer
levels' (75% RDF, 100% RDF and 125% RDF), in sub plot. Each experimental unit was 4.8 x 4.2 m2 and
4.8 x 4.2 m2 in gross and net plot sizes were different by treatment which was for M1 and M2 3.6 x 3.6 m2.
And for M3 and M4 was 2.4 x 3.6 m2 , the sub treatment combinations were allotted to different main plots
randomly. The distance between 2 plots was 1.0 m. and the distance between two replications was 1.0 m.
The crop was sown on 22nd August 2015, by hand dibbling. Whole dose of P and K and 50% N was applied
at time of sowing and 50% N was applied at 30 DAS. The land configuration treatment opening of ridges
and furrow was recorded significantly higher number of functional leaves, stem girth at 60, 75 and at harvest,
test weight, seed yield per plant, dry matter, leaf area, number of filled seeds, seed yield, stalk yield, and oil
yield kg ha-1, yield kg ha-1,GMR, NMR and BC Ratio over rest of the land configurations. Application of 100
per cent RDF recorded higher number of filled seeds, seed yield, test weight and seed yield kg ha-1,GMR,
NMR and BC Ratio 125 per cent RDF was recorded higher plant height, number of leaves, stem girth, leaf
area and dry matter and application of 100 per cent RDF recorded more oil yield kg ha-1 and 75 per cent
RDF was recorded higher number of unfilled seeds.

Key words : Sunflower, land configuration, fertilizer levels, quality, economics.



the applied fertilizers varies with the available
soil moisture. Hence, efficient soil moisture
conservation is the key for successful crop
production under this situation. Application of
fertilizers having nutrients viz., nitrogen,
phosphorous and potash can increase
sunflower growth and yield substantially (Reddy
et al., 2007).

Materials and Methods

The experimental field was fairly leveled.
The experimental plot was low in available
nitrogen, low in available phosphorus, high in
available potassium and alkaline in reaction.
The present experiment was laid out in the split
plot design with three replications. Treatment
consisted of twelve treatment combinations of
land configuration (flat bed, ridges and furrow,
flat bed sowing at 60 x 30 cm., flat bed with

paired row planting at 45 x 40 cm.) in main
plot and fertilizer levels (75% RDF, 100% RDF
and 125% RDF), in sub plot. The each
experimental unit was 4.8 x 4.2 m2 in gross
and 3.6 x 3.6 m2 net size in gross and net
respectively for ridges and furrow and flat bed
sowing at 60 x 30 cm. and 2.4 x 3.6 m2 for flat
bed with paired row planting and broad bed
furrow planting  respectively. The distance
between two main plots was 1.0 m. and the
distance between two replications was 1 m.
The crop was sown on 22nd August 2015, by
hand dibbling. Whole dose of P and K and 50%
N was applied at the time of sowing and 50%
N was applied at 30 DAS. Mean emergence
count was recorded from each net plot on 15th
day after sowing. Biometric observations on
various characters viz., plant height, number of
functional leaves, stem girth was recorded at

Table 1. Number of filled, unfilled seeds plant-1, Seed yield (plant-1) and test weight (g), as influenced by different treatments

Treatments Filled Unfilled Seed Test
seeds seeds yield weight

plant-1 (g)
(g)

Land configurations (M)
M1 - Flat bed sowing at 60 x 30 cm 730.89 194.78 27.26 45.03
M2 - Ridges and furrow at 60 x 30 cm 780.67 179.67 38.77 47.63
M3 - Flatbed with paired row planting at 45 x 40 cm 737.22 185.89 30.07 47.03
M4 - Broad Bed Furrow  with paired row planting at 45 x 40 cm 753.67 168.67 36.44 47.28
S.E. 9.99 6.43 0.40 2.75
C.D. 29.94 NS NS NS

Fertilizer levels (S)
S1 - 75% RDF 727.75 189.67 29.53 44.53
S2 - 100% RDF 780.92 177.17 35.59 49.58
S3 - 125% RDF 743.17 179.92 34.29 46.12
S.E. 15.87 3.9 1.17 1.51
C.D. 48.92 12.02 NS 4.64

Interactions
M x S
S.E. 12.7 4.16 3.32 1.78
C.D. NS NS NS NS
C.V. 6.34 6.42 10.63 9.66
General Mean 750.61 182.25 33.14 46.74
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various stages of crop growth. Similarly, studies
on dry matter accumulation were taken up at
various stages and the size of sample was only
one plant at all stages. Post harvest studies were
also undertaken, which includes the number of
filled seeds per plant, number of unfilled seeds
plant-1, test weight, oil content and harvest
index.

Results and discussion

The mean initial plant count and final plant
stand were not influenced significantly by
different treatments. The height of plant was
not influenced significantly by land
configuration treatments. Application of 125
per cent RDF recorded taller plant than 75 per
cent RDF and 100 per cent RDF. The AGR
(cm. day-1) for plant height was increased upto
45 DAS and afterward decreased upto harvest.
Opening of ridges and furrow recorded more

number of functional leaves than flat bed
sowing at 60 x 30 cm., flat bed with paired row
planting at 45 x 40 cm. and broad bed furrow
and increase in fertilizer doses increases
functional leaves. Ridges and furrow treatment
recorded more leaf area than flat bed sowing at
60 x 30 cm., flat bed with paired row planting
at 45 x 40 cm. and broad bed furrow. The oil
yield influenced significantly by various
treatments. The ridges and furrow recorded
more oil yield kg ha-1 than flat bed and broad
bed furrow due to higher seed yield per hectare.
Similar results was reported by ozer et al.
(2004) The application 100 per cent RDF
recorded more oil yield than 75 per cent RDF
and 125 per cent RDF as a result of higher oil
per cent. Increase in fertilizer doses increases
leaf area. Mean leaf area index (LAI) increased
upto 75 days. Broad bed furrow observed
greater stem girth than flat bed sowing at 60 x

Table 2. Economics (Rs. ha-1) of sunflower crop cultivation as influenced by different treatments

Treatments Seed Economics B:C
yield –––––––––––––––––––––––––– ratio
(kg ha-1) GMR CC NMR

Land configurations (M)
M1 - Flat bed sowing at 60 x 30 cm 939 35682 24503 11179 1.46

M2 - Ridges and furrow at 60 x 30 cm 1393 52934 26003 26931 2.04

M3 - Flatbed with paired row planting at 45 x 40 cm 1045 39710 24109 15601 1.65

M4 - Broad Bed Furrow  with paired row planting at 45 x 40 cm 1276 48488 25609 22879 1.89

S.E. 48 1823 - 1823 0.07

C.D. 144 5457 - 5457 0.21

Fertilizer levels (S)
S1 - 75% RDF 1054 40052 23855 16197 1.68

S2 - 100% RDF 1232 46816 25056 21760 1.87

S3 - 125% RDF 1204 45752 26257 19495 1.74

S.E. 34 1307 - 1307 0.05

C.D. 103 3912 - 3912 0.16

Interactions
M x S

S.E. 69 2613 - 2613 0.1

C.D. NS NS - NS NS

C.V. 10 10 - 24 10

General Mean 1163 44194 - 19151 1.76
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30 cm., flat bed with paired row planting at 45
x 40 cm, and ridges and furrow up to 45 DAS
and application of 100 per cent RDF were
observed higher stem girth. The head diameter
was influenced significantly by land
configuration and fertilizer levels treatments,
100 % RDF recorded more head diameter than
other fertilizer levels. The total dry matter per
plant was recorded maximum in ridges and
furrow treatments than broad bed furrow, flat
bed sowing at 60 x 30 cm, flat bed with paired
row planting at 45 x 40 cm. and increase in
fertilizer levels increase dry matter production.
Fertilizer levels increases; increase in plant
height from seedling stage. Plant height was
significantly affected by fertilizer levels at 45,
60, 75 days and at harvest. 125 per cent RDF
was recorded significantly superior plant height
over 75 per cent RDF and at par with 100 per
cent RDF. Byomkesh et al., (2014) reported
that increasing plant height with increase in
levels of NPK. Fertilizer applied at 100 per cent
RDF recorded higher seed yield per plant and
test weight than 75 per cent RDF and 125 per
cent RDF. These results are confirmated with
kadasiddappa et al. (2013).

Application of 100 per cent RDF recorded
more number of filled seeds per plant than 75
and 125 per cent RDF and opening of ridges
and furrow recorded higher number of filled
seed than flat bed sowing at 60 x 30 cm, flat
bed with paired row planting at 45 x 40 cm.
and broad bed furrow and application 75 per
cent RDF recorded more number of unfilled
seeds plant-1 than 100 per cent RDF and 125

per cent RDF. The application of 100 per cent
RDF was recorded more seed yield than 75 per
cent RDF and 125 per cent RDF. The
application of 100 per cent RDF recorded
higher test weight than other fertilizer levels.

The opening of ridges and furrow recorded
more stalk yield than others treatments.
Application of 100 per cent RDF recorded
more stalk yield. Ridges and furrow treatments
recorded more oil yield kg ha-1 than flat bed
sowing at 60 x 30 cm., flat bed with paired row
planting at 45 x 40 cm. and broad bed furrow
and fertilizer doses of 100 per cent recorded
more oil yield than 75 per cent and 125 per
cent RDF. Application of 125% RDF recorded
more cost of cultivation than other. 100 per
cent RDF recorded more gross and net
monetary returns and benefit cost ratio than
other treatments.
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Sugarcane (Saccharum officinarum) is one
of the most important cash crop in the country
and sugar industry is the largest Agro based
industry next to textiles located in Rural India.
However the productivity of sugarcane is low.
Sugarcane is grown in Maharashtra over an
area of 1029600 ha reaching a production
level of 91538000 tons with the productivity of
89 ton/ha. In Marathwada region area under
sugarcane production is higher in Latur district.
Sugarcane is grown in Latur over an area of
46400 ha reaching a production level of
2354600 tonnes with the productivity of 51
ton/ha. (Department of Agriculture, Govt. of
Maharashtra 2014-15) Cane belongs to family
Gramineae. Cane juice is used for making white
sugar, brown sugar, jaggery and ethanol. The
main byproducts of sugar industry are bagasse
and molasses. Sugarcane accounts for 80 per
cent of sugar production.

Bio-fertilizers, more commonly known as
microbial inoculants, are artificially multiplied

cultures of certain soil organisms that can
improve soil fertility and crop productivity.A
Bio-fertilizer is a substance which contains
living microorganisms, when applied to seed,
plant surfaces or soil, colonizes the rhizosphere
or the interior of the plant and promotes
growth by increasing the supply or availability
of primary nutrients to the host plant. Use of
bio-fertilizers is one of the important
components of integrated nutrient
management, as they are cost effective and
renewable source of plant nutrients to
supplement the chemical fertilizers for
sustainable agriculture. Several microorganisms
and their association with crop plants are being
exploited in the production of bio-fertilizers.

Objectives

1) To know the knowledge of Sugarcane
growers towards bio-fertilizers

2) To study the relationship between profile of
Sugarcane growers with their knowledge
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Abstract
The present study was conducted with specific objectives to study the "Knowledge of Sugarcane growers

towards Bio-fertilizers". For the study, Latur district was selected purposively as from Marathwada region.
Three talukas viz., Latur, Ausa and Nilanga were selected from district purposively and four villages from each
talukas were selected purposively on the basis of area and production of sugarcane. Thus constituting the total
sample size 120 respondents. Ex-post Facto research design was used for the study. 40.00 per cent of the
respondents had high level of knowledge while, 33.33 per cent of them had medium level and 26.67 per
cent of the respondents had low level of knowledge about Bio-fertilizers.Independent variables viz., Farming
experience, education, land holding, annual income, social participation, extension contact, sources of
information, economic motivation and risk orientation were positively and highly significantly related with the
level of knowledge of sugarcane growers, While Innovativeness were positively and significantly related with
the level of knowledge.
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Materials and Methods

The study was conducted in Latur district of
Marathwada region of Maharashtra state. Out
of ten talukas of Latur district, Latur, Ausa and
Nilanga were selected purposively based on the
maximum area under sugarcane. Four villages
from each talukas were selected purposively
based on the maximum area under sugarcane
crop. Thus twelve villages from three talukas
were selected for this study. From each of the
selected village Ten Sugarcane growers were
selected randomly on the basis of use of bio-
fertilizers. Thus a total of 120 respondents were
selected as sample for this study. The Ex-post
facto research design was used in the present
study. The data were collected through
personal interview method. The farmer was
contacted personally at their home during their
leisure time.

Results and Discussion

Knowledge is one of the most important
variables in adoption of advanced technology in
farming. It is reported from Table 1 that, 40.00
per cent of the respondents had high level of
knowledge while, 33.33 per cent of them had
medium level and 26.67 per cent of the
respondents had low level of knowledge.

Knowledge is an important variable which
determines the use and application of bio-
fertilizers in sugarcane crop. It was observed
from Table 2 that, 95.00 per cent of the
growers had knowledge about the use of bio-
fertilizers, followed by 85.00 per cent of the
growers were having knowledge about
recommended bio-fertilizers, while 68.33 per
cent of the growers had knowledge regarding
recommended quantity of bio-fertilizers. 

It was also noticed that, 62.50 per cent of
the growers were aware about recommended
time for treatment while, 81.67 per cent of the
growers had knowledge about methods of

Table 1. Distribution of the respondents according to their
level of knowledge about bio-fertilizer (N=120)

Knowledge level Frequency Per cent

Low 32 26.67
Medium 40 33.33
High 48 40.00
Total 120 100.00

Table 2. Distribution of respondents according to their
practice wise knowledge about bio-fertilizer (N =
120)

Practices Knowledge Level
–––––––––––––––––––––
Frequency Per cent

Use of bio-fertilizers 114 95.00
Recommended bio-fertilizers 102 85.00
Recommended quantity 82 68.33
ofbio-fertilizers
Recommended time  75 62.50
for treatment
Methods of treatment 98 81.67
Nutrient availability 94 78.33
Soil fertility and productivity 96 80.00
Consideration of expiry 86 71.67
date of bio-fertilizers
Incompatibility of bio-fertilizers 80 66.67
and chemical fertilizers
Availability of bio-fertilizers 90 75.00

Table 3. Distribution of respondents according to their
relationship between profile with the knowledge

Independent variable Correlation 
coefficient ('r')

Farming experience 0.342**
Education 0.482**
Land holding 0.499**
Annual income 0.598**
Social participation 0.323**
Extension contact 0.339**
Sources of information 0.299**
Innovativeness 0.219*
Economic motivation 0.580**
Risk orientation 0.568**

Note: ** Significant at 0.01 %  level of probability
* Significant at 0.05 % level of probability
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treatment, followed by 78.33 per cent of the
growers had knowledge about nutrient
availability while, 80.00 per cent of the growers
had knowledge about increase the soil fertility
and productivity, followed by 71.67 per cent of
the growers had knowledge about consideration
of expiry date of bio-fertilizers. About 66.67
per cent of the growers had knowledge about
incompatibility of bio-fertilizers and chemical
fertilizers while, 75.00 per cent of the growers
had knowledge about availability of bio-
fertilizers.

It is observed from Table 3 that, the results
of correlation coefficient (r) showed that the
independent variables namely farming
experience education, land holding, annual
income, social participation, extension contact,
sources of information, economic motivation
and risk orientation were positively and highly
significantly related with the level of knowledge,
while innovativeness is positively and
significantly related with the level of knowledge.
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Soybean (Glycine max L.) is known as
Chinese pea and Manchurian bean which
belongs to the family fabaceae, subfamily
fabiodeae. Soybean is the major oil seed crop in
the world, accounting for nearly 50 per cent of
the total oil seeds acreage as well as production.
It ranks third in vegetable oil economy in India,
after groundnut and rapeseed.

Soybean has not only gained the vital
importance in Indian agriculture, but also plays
a decisive role in oil economy of India. Soybean
seed contains 20 per cent oil and 40-42 per
cent protein. The oil is used for frozen desserts,
cookie, confections, ice-cream coating and
coffee whiteners. Industrial uses of oil are in
soap, paints, resins and drying oil. A number of
protein-rich products, soy-milk, soy-paneer,
soy-sauce and soy-flour can be produced from
seeds. Soybean is preferred especially by
vegetarians on account of its richness in
protein, fat, carbohydrates, mineral, salts and

vitamins (thiamine and riboflavin). Its sprouting
grain contains considerable amount of vitamin
C. Vitamin A is in the form of precursor of
carotene. Soybean being the richest, cheapest
and easiest source of best quality protein, fat
and having a vast multiplicity of uses as food
and industrial products called as a wonder crop
(Balasubramaniyan and Palaniappan, 2012).

In India, soybean is grown over an area of
93.03 lakh ha with a production of 101.28
lakh tonnes and with an average productivity of
1089 kg ha-1. Madhya Pradesh, Utter Pradesh
and Maharashtra are the major soybean
producing states in India. In Maharashtra, it is
grown over an area of 26.03 lakh ha with total
production of 27.54 lakh tonnes with average
productivity of 1058 kg ha-1. (Anonymous,
2011).

The combined application of chemical
fertilizers, FYM and biofertilizers in soybean
resulted in higher yield and yield contributing
charactersviz., number of pods plant-1, seeds
pod-1 and 100 seed weight. The quality of
soybean was also improved with integrated
nutrient management. (Singh and Rai, 2004).
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Abstract
The field experiment was conducted during kharif 2014 at the Agronomy Farm, College of Agriculture,

Kolhapur on sandy clay loam soil with the combined application of chemical fertilizers, FYM and biofertilizers
in soybean resulted increased the yield attributes and yield. Treatment 100 per cent GRDF recorded
significantly higher number of pods plant-1 (44.20), weight of pods plant-1 (35.14 g), number of seeds
pod-1 (2.86), seed yield plant-1 (16.80 g),100 seed weight (13.25 g) and soybean seed yield (29.22 q ha-1)
and straw yield (36.01 q ha-1) it was followed by treatment 75 per cent RDF+ vermicompost 2.5 t ha-1. 
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There is scope for increasing the
productivity of soybean by adapting the
improved package of practices. Among these
management practices, nutritional
management is one of the important aspects.
By considering this view, the experiment
entitled, "Effect of organic and inorganic
nutrients on growth and yield of soybean
(Glycine max L.)" was planned the details
regarding the material used and the methods
followed during the course of the present
investigation at Post Graduate Research Farm,
Agronomy section, College of Agriculture,
Kolhapur during kharif, 2014.

Materials and Methods

The soil of the experimental field was sandy
clay laom in texture, medium in available
nitrogen (207.31 kg ha-1), phosphorus (23.55
kg ha-1) and fairly rich in available potassium
(287.40 kg ha-1) with pH 7.72. Total seven
treatments viz., T1 :  No fertilizers,   T2 :  50%
RDF + FYM 5 t ha-1, T3 : 50% RDF+
vermicompost 2.5 t ha-1, T4 : 75% RDF +
FYM 5 t ha-1, T5 : 75% RDF + vermicompost
2.5 t ha-1, T6 : FYM 5 t ha-1 + vermicompost
2.5 t ha-1, T7 : 100% GRDF in RBD with three

replications.The variety KS 103 (Kolhapur
Soybean) was sown 30 cm spacing in row
proportion as per treatments in second week of
June. The seed rate under sole cropping was
maintained at 70 kg ha-1. The package of
practices recommended for crops were adopted
for different organic and inorganic nutrient
combination.

Results and Discussions

Post harvest observations : The results
in respect of mean number of pods plant-1,
weight of pods plant-1, number of seeds
pods-1, 100 seed weight and seed yield plant-1

as influenced by various organic and inorganic
nutrient management treatments were recorded
at harvest and presented in Table 1.

1. Number of pods plant-1 : The data of
mean number of pods plant-1 at harvest as
influenced by different treatments were
recorded at harvest and mean number of pods
plant-1 was 36.17.

Effect of treatments : Mean number of
pods plant-1 was significantly affected by
various treatments under study at harvest.

Table 1. Mean number of pods plant-1, weight of pods plant-1, number of seeds pod-1, seed yield plant-1 and 100 seed
weight of soybean as influenced by different treatments at harvest

Treatment No. of Wt. of No. of Seed 100 
pods pods  seeds yield seed 
plant-1 plant-1 pod-1 plant-1 weight 

(g) (g) (g)

T1 : No fertilizers (Absolute control) 20.42 22.87 2.24 5.77 11.82
T2 : 50% RDF + FYM 5 t ha-1 32.67 30.18 2.56 10.12 12.05
T3 : 50% RDF + V.C. 2.5 t ha-1 37.43 32.56 2.60 11.96 12.30
T4 : 75% RDF + FYM 5 t ha-1 41.13 33.11 2.63 13.73 12.70
T5 : 75% RDF + V.C. 2.5 t ha-1 41.43 34.59 2.76 14.80 12.80
T6 : FYM 5 t ha-1 + V.C. 2.5 t ha-1 35.93 28.92 2.54 10.98 12.00
T7 : 100% GRDF 44.20 35.14 2.86 16.80 13.25
'F' test Sig. Sig. Sig. Sig. Sig.
S.E. ± 2.57 1.52 0.06 0.65 0.29
C.D. at 5% 7.94 4.68 0.18 2.01 0.90
General mean 36.17 31.05 2.59 12.01 12.42
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Among the organic and inorganic treatment
combinations, 100% GRDF recorded
significantly highest mean number of pods
plant-1 (44.20) at harvest than rest of
treatments and it was on par with 75% RDF +
vermicompost 2.5 t ha-1 (41.43) and 75% RDF
+ FYM 5 t ha-1 (41.13) and 50% RDF +
vermicompost  2.5 t ha-1 (37.43).

However, Absolute control (20.42), 50%
RDF + FYM 5 t ha-1 (32.67) and FYM 5 t ha-1

+ vermicompost 2.5 t ha-1 (35.93) recorded
significantly lowest mean number of pods
plant-1 at harvest as compared to other
treatments.

All fertilizer management treatments
recorded significantly highest mean number of
pods plant-1 as compared to Absolute control
(20.42). Similar resultswere reported by Shinde
et al. (2009). 

2. Weight of pods plant-1 : The data of
mean weight of pods plant-1at harvest as
influenced by different treatments were
recorded at harvest and the mean weight of
pods plant-1 was 31.05 g.

Effect of treatments : Mean weight of
pods plant-1was significantly affected due to
various treatments at harvest.

Among the organic and inorganic treatment
combinations, 100% GRDF recorded
significantly higher mean weight of pods
plant-1 (35.14 g) at harvest than rest of
treatments and it was on par with 75% RDF +
vermicompost 2.5 t ha-1 (34.59 g), 75 % RDF
+ FYM 5 t ha-1 (33.11 g)and 50% RDF +
vermicompost 2.5 t ha-1 (32.56 g).

However, treatment Absolute control
(22.87 g) recorded significantly lowest mean
number of pods plant-1 at harvest as compared
to other treatments under study.

All fertilizer management treatments
recorded significantly higher mean weight of
pods plant-1as compared to treatment Absolute
control. Similar resultswere reported by Singh
and Rai (2004) and Shinde et al. (2009). 

3. Mean number of seeds pod-1 : The
data of meannumber of seeds pod-1 at harvest
as influenced by different treatments were
recorded at harvest and meannumbers of seeds
pod-1 was 2.59.

Effect of treatments : Meannumbers of
seeds pod-1 were significantly influenced by
various treatments.

Among the organic and inorganic treatment
combinations, 100% GRDF recorded
significantly higher meannumber of seeds
pod-1 (2.86) than rest of treatments and it was
on par with treatment, 75% RDF +
vermicompost 2.5 t ha-1 (2.76).

However, Absolute control (2.24) recorded
significantly lowest meannumber of seeds pod-1

at harvest as compared to other treatments
under study.

All fertilizer management treatments
recorded significantly higher meannumber of

Table 2. Mean seed yield and straw yield  of soybean as
influenced by different treatments

Treatment Seed Straw
yield yield
(q ha-1) (q ha-1)

T1 : No fertilizers (Absolute control) 8.21 9.46
T2 : 50% RDF + FYM 5 t ha-1 24.74 26.31
T3 : 50% RDF + V.C. 2.5 t ha-1 25.89 30.20
T4 : 75% RDF + FYM 5 t ha-1 26.42 33.61
T5 : 75% RDF + V.C. 2.5 t ha-1 28.88 35.21
T6 : FYM 5 t ha-1 + V.C. 2.5 t ha-1 24.52 26.73
T7 : 100% GRDF 29.22 36.01
'F' test Sig. Sig.
S.E.± 1.08 0.93
C.D. at 5% 3.35 2.88
General mean 24.02 28.21
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seeds pod-1 as compared to Absolute control.
Similar results were reported byPaliwal et al.
(2011).

4. Seed yield plant-1 : The data of mean
seed yield plant-1 at harvest as affected by
different treatments were recorded at harvest
andthe mean seed yield plant-1 was 12.01g.

Effect of treatments : The mean seed
yield plant-1 was significantly influenced by
various treatments.

Among the organic and inorganic treatment
combinations, 100% GRDF recorded
significantly higher meanseedyield plant-1

(16.80 g) than rest of treatments and it was on
par with 75% RDF + vermicompost 2.5 t ha-1

(14.80 g).

However, Absolute control (5.77 g)
recorded significantly lowest mean seedyield
plant-1 as compared to other treatments.

All fertilizer management treatments
recorded significantly higher mean seedyield
plant-1 as compared to Absolute control.
Similar results were reported byVirkar and
Tumbare (2011) and Waghmare et al. (2012). 

5. 100 seed weight : The data on mean
100 seed weight as influenced by different
treatments were recorded at harvest and mean
100 seed weight was 12.42 g.

Effect of treatments : Mean 100 seed
weight was significantly affected due to various
treatments.

Among the organic and inorganic treatment
combinations, 100% GRDF recorded
significantly higher mean 100 seed weight
(13.25 g) than rest of treatments and it was on
par with 75 % RDF + vermicompost 2.5 t ha-1

(12.80 g) and 75% RDF + FYM 5 t ha-1

(12.70 g).

However, treatments Absolute control
(11.82 g), 50% RDF + FYM 5 t ha-1 (12.05 g),
50% RDF + vermicompost 2.5 t ha-1 (12.30 g)
and FYM 5 t ha-1 + vermicompost 2.5 t ha-1

(12 g) recorded significantly lowest mean 100
seed weight as compared to other treatments.

All fertilizers management treatments
recorded significantly higher mean 100 seed
weight as compared to Absolute control.
Similar resultswere reported by Paliwal et al.
(2011).

Seed yield and straw yield (q ha-1) :
The data on mean seed yield and straw yield of
soybean as affected by different treatments
were recorded at harvest and mean seed yield
(24.02 q ha-1) and straw yield (36.01 q ha-1). 

Effect of treatments : The mean seed
yield and straw yield of soybean was
significantly influenced by different treatments.
Application of 100% GRDF recorded
significantly higher seed yield (29.22 q ha-1)
and straw yield (36.01 q ha-1) of soybean over
rest of treatments and it was on par with 75%
RDF + vermicompost 2.5 t ha-1 (28.88 and
35.21  q ha-1), 75% RDF + FYM 5 t ha-1

(26.42 and 33.61 q ha-1) and 50% RDF +
vermicompost 2.5 t ha-1 (25.89 and 30.20 q
ha-1). 

However, treatment Absolute control
(8.21and 9.46 q ha-1) recorded significantly
lowest mean seed yield of soybean as compared
to other treatments under study. 50% RDF +
FYM 5 t ha-1 (24.74 and 26.31 q ha-1) and
FYM 5 t ha-1 + vermicompost 2.5 t ha-1

(24.52 and 26.73 q ha-1) which indicate role of
integrated nutrient management in increasing
seed yield of soybean. Higher seed yield was
obtained with application of 100% GRDF
which might be due to significantly
improvement in growth and yield attributes
resulting into higher seed yield of soybean.
Similar results were reported by Bandyopadhy
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et al. (2004), Waghmareet al. (2012) Singh
and Rai (2004), Shinde et al. (2009) and Devi
et al. (2013).
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