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India is one of the important pulse producing
countries in the world. Though India is one of
the largest pulse producing countries in the
world, about 2-3 million tons of pulses are
imported annually to meet the domestic
consumption requirement. The current per
capita availability of pulses of 80 gm/capita/day
as recommended by FAO is very low which
could not meet per capita requirement.
Therefore, it is necessary that the agricultural
scientists should keep the strategy for increasing
the production of pulses to meet the protein
requirement of increasing population of the
country (Subbulakshmiet al., 2009).They are
valued for protein rich food, feed and fodder and
therefore, have been rightly described as unique
jewels of Indian crop husbandry by
Swaminathan (1981).

Potassium is involved in many physiological
process such as photosynthesis (Vyas et al.,
2001), photosynthetic translocation (Tiwari et
al., 1998), protein and starch synthesis, water
energy relations (Rao and Rao 2004) and it also
improves the water use efficiency (Singh et al.,

1997) through its influence on maintenance of
turgor potential (William, 1999). 

Therefore the present study was conducted
during 2015-16 to study the effect of application
of graded levels of potassium on growth, yield
and nutrient uptake by Black gram to achieve
balance in the use of N, P and K nutrients.

Material and Methods

The experiment was laid out in Randomised
Block Design (RBD) with 6 treatments T1 -
Absolute control (No fertilizer), T2 - RDF Only
(25:50:00N, P2O5, K2O kg ha-1), T3 - (RDF  +
15 kg K2O ha-1), T4 -  (RDF + 30 kg K2O
ha-1), T5 - (RDF + 45 kg K2O ha-1), T6 - ( RDF
+ 60 kg K2O ha-1) and replicated four timesat
Experimental farm of College of Agriculture,
Badnapur. The black gram (variety BDU-1) was
sown on 22th June 2015 by adopting 30 cm x
10 cm spacing and was harvested on 2nd

September 2015 at maturity. 

Soil and plant sample collection : Black
gram plant samples (5 plants from each
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Response of Black Gram to Graded Levels of Potassium for
Drought Condition 
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Abstract
A field experiment was conducted in kharif season 2015-16 using black gram as a test crop to study the

response of black gram to graded levels of potassium under drought condition with  long dry spell in the Month
of July and August. The results emerged out clearly indicated that various growth parameters like plant height,
number of pods, number of nodules, fresh weight of nodules, total biomass production and dry matter and
seed yield was increased due to application of potassium. It was inferred from the results that application of 25
kg N, 50 kg P2O5, or 30 kg K2O per hectare found superior over only N and P application i.e. RDF (25:50:00
N, P2O5 and K2O kg ha-1). The K application showed synergistic effects on other nutrients (N, P) uptake. Soil
fertility was also found to be improved due to application of potassium to black gram. 

Key words : Graded levels of potassium, black gram, N, P, K concentration and uptake.



observation unit of treatment plot) were
uprooted at crop growth stage i.e. Flowering
and harvesting stage  for chemical analysis. At
the same time,soil samples from each plot
were also collected to study the soil nutrient
content.

Dry matter plant-1 : Five plants uprooted
from the observation unit for recording the dry
matter weight. After removing the roots, plant
samples were kept in well labelled brown paper
bag. First the samples are dried in shade and
after that kept in oven at 65°C ± 2°C, and then
weight of dry matter was taken and expressed
on per plant basis.

Seed yield : The plants from each net plot
were harvested and seeds were separated by
threshing, after sun drying the pods seed yields
obtained in each net plot were weighted (kg) and
futher it was calculated on the hectare basis (kg
ha-1).

Soil analysis : Surface soil samples (0-30
cm) were collected from different plots of the
layout and were thoroughly mixed, air dried and
ground with wooden mortar and pestle and
passed through 2 mm sieve. The sieved sample
was stored in bag with proper labelling. The

methods given below adopted for analysis of
physico-chemical properties of soil. 

Soil reaction (pH) : It was determined in
(1: 2.5) Soil: Water Suspension using digital pH
meter (Jackson, 1973). 

Electrical conductivity (EC) : It was
estimated in (1: 2.5).

Soil : Water suspension using direct read
type conductivity meter (Jackson, 1973). 

Organic carbon : Walkley and Black’s wet
digestion method was used for the
determination of organic carbon from soil
(Jackson, 1973). 

Free calcium carbonate : It was
determined by rapid titration method as
suggested by Piper (1966).

Available soil nitrogen : It was
determined by using alkaline potassium
permanganate method as described by Subbiah
and Asija (1956).

Available soil phosphorous :
Phosphorous from soil was extracted by 0.5 M
sodium bicarbonate at a constant pH 8.5 and
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Table 1. Soil Properties of the experimental plot

Treatments pH EC Organic CaCO3
(dSm-1) carbon (g 

(g kg-1) kg-1)

Initial
Before Sowing 7.82 0.286 5.3 53.40

After harvest
T1 - Absolute control (No fertilizer) 7.60 0.269 5.45 53.21
T2 - RDF Only (25:50:00 N,  P2O5 and K2O kg  ha-1) 7.61 0.266 5.52 53.20
T3 - RDF+ 15 Kg  K2O ha-1 7.63 0.265 5.74 53.08
T4 - RDF+ 30 Kg  K2O ha-1 7.73 0.266 5.83 52.92
T5 - RDF+ 45 Kg  K2O ha-1 7.72 0.267 5.95 52.69
T6 - RDF+ 60 Kg  K2O ha-1 7.74 0.271 6.01 52.60
Grand mean 7.69 0.267 5.73 52.95
SEm± 0.06 0.002 0.08 1.01
CD at 5% NS NS 0.24 NS



measured colorimetrically at 420 nm as
described by Olsen (Olsen et al., 1954).

Available soil potassium : It was
determined by using neutral normal ammonium
acetate as an extractant using flame photometer
(Jackson, 1973).

Plant analysis : For the determination of
nutrient contents in plant samples, the samples
were collected at different growth stages of the
crop. First of all the fresh plants were washed
with tap water and roots were discarded.
Preparation of plants samples are carried out
first by sun drying and then oven drying. The
dried samples were grind in electrically operated
stainless steel grinder to maximum fineness. The
grind plant materials were stored in the paper
bags and used for further chemical analysis.

Digestion : 0.5 g of fine powdered plant
sample was taken in 100 ml conical flask.5 ml
concentrated nitric acid added to it and kept for
over night. On the next day, 10 ml of diacid
mixture (HNO3 and HClO4 in 9:4) was added
and digested in hot plate as described by Piper
(1966). After digestion, known volume was
prepared with glass distilled water and filtered.
The same extract was used for the estimation of
P, K.

Analysis for quality parameters : 

Protein content : The nitrogen content
from the grain samples was estimated by
Microkjeldhals method (A.O.A.C. 1975) and N
content was multiplied by 6.25 to get percent
crude protein.

Uptake of nutrients : Nutrient uptake i.e.
uptake of N, P, K was calculated by considering
grain and dry matter yield at harvest in particular
treatment plot in relation concentration of the
particular nutrient in respective treatment plot
using the formula.

Nutrient concentration % x 
(dry matter yield (kg ha-1)

Uptake (kg ha-1) = ––––––––––––––––––––––––
100

Result and Discussion

Effect of graded levels of potassium on
soil properties : As per data presented in
Table 1, the soil was alkaline in reaction (pH
1:2.5= 7.82), safe in soluble salt concentration
(EC1:2.5= 0.286 dSm-1) and medium in
organic content (5.3 g kg-1). However, there was
increase in organic carbon due to application of
the treatment. The free CaCO3 content was
53.40 g per kg. At harvest, pH, EC, and

Journal of Agriculture Research and Technology 439

Table 2. Effect of gradedlevels of potassium on Dry matter, economic yield and protein content

Treatments Dry Economic Protein
matter  yield (%)
(kg ha-1) (kg ha-1)     

T1 - Absolute control (No fertilizer) 1497.02 712.63 18.94
T2 - RDF Only (25:50:00 N,  P2O5 and K2O kg  ha-1) 1604.96 960.86 19.55
T3 - RDF+ 15 Kg  K2O ha-1 1702.71 1005.01 20.09
T4 - RDF+ 30 Kg  K2O ha-1 1811.04 1141.68 20.97
T5 - RDF+ 45 Kg  K2O ha-1 1829.91 1147.89 21.02
T6 - RDF+ 60 Kg  K2Oha-1 1836.44 1156 21.08
Grand mean 1713.68 1020.68 20.27
SEm± 62.30 40.24 0.32
CD at 5% 187.76 121.26 0.97
CV% 7.27 7.88 3.17



CaCO3 were not influenced significantly due to
application of various levels of graded
potassium. The organic carbon content was
varied inconsistently due to the application of
the fertilizers. The mean calcium carbonate after
harvest of crop was 52.95 g kg-1 which was
found to be decreased by 0.84 %, that seems to
be very negligible. It was obvious that the
primary soil properties like pH, EC, OC,
CaCO3, content could not change significantly
due to one crop season, as black soils are
buffered.

Effect of graded levels of potassium on
Dry matter, economic yield and protein
content : From the data in Table 3, it is reveled
that the highest dry matter, yield and Protein
content was obtained by the application of RDF
+ 60 kg K2O ha-1 (T6)  followed by RDF + 45
kg K2O ha-1 (T5) and RDF + 30 kg K2O ha-1

(T4) which were at par with each other.

The mean dry matter was found to be
highest due to application of RDF + 60 kg K2O
ha-1 (T6) (1189.12,1836.44 kg ha-1) which was
significantly higher than other treatments at all
growth stages .At these stages, RDF + 45 kg
K2O ha-1 (T5) (1185.87,1829.91 kg ha-1) and
RDF + 30 kg K2O ha-1 (T4) (1178.45, 1811.04

kg ha-1) were found to be at par. This is due to
effect of K nutrition on cell elongation, turger
potential in leaves. Such results were also
observed in soybean plants as by Mengal and
Arneke (1982).

It was observed that, the application of
potassium  increased the grain yield of black
gram with RDF + 60 kg K2O ha-1 (T6) over
control (No fertilizer) by 62.23% and grain yield
was increased over RDF only (no application of
K) by 20.31%. The positive effect of K on crop
yield might also be due to its requirement in
carbohydrate synthesis and translocation of
photosynthesis and also may be due to improved
yield attributing characters, shoot growth and
nodulation. Similar observations were reported
by, Patiland Dhonde (2009) in green gram and
Asghar (1994) in black gram.

The highest protein content 21.08% was
recorded by application of  RDF + 60 kg K2O
ha-1 (T6), followed by RDF + 45 kg K2O ha-1

(T5, 21.02 %) and RDF + 30 kg K2O ha-1 (T4;
20.97%). Potassium involved in physiological
and biochemical functions of plant growth i.e.
enzyme activation and protein synthesis and its
application in legumes might have improved the
nitrogen use efficiency which leads to increase
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Table 3. Effect of graded levels of potassium on N, P, K uptake

Treatments N uptake (kg ha-1) P uptake (kg ha-1) K uptake (kg ha-1)
–––––––––––––––––––––––– ––––––––––––––––––––––– ––––––––––––––––––––––
Flowe- Harv- Seed Flowe- Harv- Seed Flowe- Harv- Seed
ring est ring est ring est

T1 - Absolute control (No fertilizer) 14.85 18.14 21.91 1.73 2.15 3.22 11.48 11.86 5.82
T2 - RDF Only (25:50:00 N,  17.28 18.70 30.03 2.07 2.33 4.44 13.26 12.32 7.97

P2O5 and K2O kg  ha-1)
T3 - RDF+ 15 Kg  K2O  ha-1 18.72 20.14 32.29 2.33 2.47 4.72 14.52 13.28 8.46
T4 - RDF+ 30 Kg  K2O  ha-1 21.35 21.75 38.35 2.77 2.85 5.49 16.66 14.53 9.84
T5 - RDF+ 45 Kg  K2O  ha-1 21.83 22.06 38.52 2.85 2.88 5.51 16.72 14.85 9.87
T6 - RDF+ 60 Kg  K2O  ha-1 21.92 22.40 38.98 2.83 3.12 5.69 16.94 14.84 9.95
Grand mean 19.32 20.53 33.30 2.43 2.63 4.84 14.93 13.61 8.65
SEm± 0.76 0.94 1.28 0.10 0.09 0.19 0.64 0.60 0.33
CD at 5% 2.30 2.82 3.86 0.31 0.28 0.58 1.94 1.80 1.00 
CV% 7.90 9.11 8.33 8.47 7.12 7.98 8.61 8.78 7.67



the protein content of the crop. Kurhadeet al.,
(2014) showed that seed protein content was
maximum in case of RDF + 40 kg K2O ha-1

(22.16%).

Effect of graded levels of potassium on
nutrient uptake by black gram : From the
data presented in Table 5, among the
treatments, application of RDF + 60 kg K2O
ha-1 (T6) recorded significantly higher uptake of
N, P, K in flowering, plant at harvest  and seed.
This was followed by RDF + 45 kg K2O ha-1

(T5) and RDF + 30 kg K2O ha-1 (T4). T6
treatment were at par with T5 and T4 at
flowering  andat harvesting stage. In presence
of potassium, the increase in N , P and K uptake
could be attributed to enhanced vigour of crop
growth with increased utilization and
translocation of N in to plant and synergy
between N and K in soil system resulting in the
enhancement of yield. Similar trend was also
reported by Kurhadeet al., (2014) in black gram
and Sahay et al., (2013).
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Abstract
Measurement of productivity growth is very essential to take appropriate policy decisions for the

development of the agriculture sector. Present study measures total factor Productivity growth of pigeon pea
crop in sub-sector of Maharashtra State. The Tornquist-Theil chained Divisia index approach was applied for
the measurement of total factor productivity using output and input data of Pigeon pea crop. Farm-level data
on yield, level of  inputs use and their prices for the period 1989-90 to 2008-09 were taken from the state
funded cost of cultivation scheme. The multi-variable model was estimated to know the determinants of total
factor productivity growth taking total factor productivity as dependent variable. Beside double sown area,
other explanatory variables includes total amount of loan, net cropped area, area under irrigation, area under
high yielding variety, annual rainfall, villages electrified, number of tractors, number of pump sets, road density.
The results indicated that total factor productivity growth was positive in Pigeon pea crop in sub sector of
Maharashtra State. Area under irrigation, area under high yielding varieties, rainfall, and road density has
positive and significant impact on total factor productivity of pigeon pea crop in sub- sector.

Key words : Pigeon pea, Productivity, Total Factor Productivity, Tornquist-Theil Index.

Pulses are basic ingredient in the diet of a
vast majority of Indian population as they
provide a perfect mix of high biological value
when supplemented with cereals. Importance of
pulses is relatively more in our country as its
contribution in nutrient supply is far more that
in Asia and world as a whole. Each plant of
pulse crop is virtually a nature’s mini nitrogen
fertilizer factory, which enables it to meet its own
nitrogen requirement and also benefits the
succeeding cereal crop. Pulses are also excellent
feed and fodder for livestock. Besides, having
dietary value and nitrogen fixing ability, pulses
also play an important role in sustaining
intensive agriculture by improving physical,
chemical and biological properties of soil and
considered excellent crops for diversification of
cereal-based cropping systems. After

independence, India has made much progress in
agriculture. Indian agriculture, which grew at the
rate of about 1 per cent per annum during the
fifties, has grown at the rate of 2.6 per cent per
annum in the post independence era. Expansion
of area was the main source of growth in the
period of fifties and sixties. After that, the
contribution of increased area under agricultural
production has declined over time and increase
in productivity became the main source of
growth in agricultural production.   

TFP is influenced by changes in
technology, institutional reform, infrastructure
development, human resource development,
investment in research and development, level
of technology adoption and other factors.
(Kumar et al., 2008). Recent experience shows
a slowdown in productivity growth of various
crops or even some setbacks indicating that all
is not well.  This has given rise to some pertinent
questions namely what is the direction of
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MPKV Rahuri, 2. D. B. Yadav: Head, Deptt.of Agril.
Economics MPKV Rahuri and 3. S. S. More: Assistant
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productivity?  Are inputs efficiently utilized?
What is the growth in inputs and outputs? This
needs elaboration from the TFP studies.
Empirical studies of the TFP on developing
countries in agriculture are becoming
increasingly important in providing a complex
picture of technological change. The TFP for
Indian crop sector was measured by Rosegrant
and Evenson (1992), but the results of the
sectoral approach cannot be used precisely for
policy decisions with respect to individual crops
because technological change varies across
crops. Thus TFP growth has to be examined for
individual crops (Kumar and Rosegrant, 1994).
Hence, the main focus of study was to measure
the growth in total factor productivity of Pigeon
pea crop in Maharashtra and its determinants.

Material and Methods

Farm-level data on yield, level of input use
and their prices for the period 1989-90 to
2008-09 were collected from the “Scheme for
the study of cost of cultivation of principal
crops” Government of Maharashtra, for the
Pigeon pea crop grown in the state. This data
set provided a rich source for measuring and
analyzing the agricultural productivity. The time
series data on infrastructural variables (road
density, number of village electrified, number of
pump sets, number  of tractors), cropping

intensity, total loan amount disbursed, annual
rainfall, area under irrigation, area under high
yielding variety, land-use pattern etc were
collected from various publications of
government of Maharashtra. 

Analysis of total factor productivity
(TFP) : Total Factor Productivity (TFP)
sometimes referred as multifactor productivity,
is a true measure of economic efficiency. TFP
measures the extent of increase in output, which
is not accounted by increase in total inputs.
There are three main approaches for estimating
the TFP, namely the production function
approach (PFA), growth accounting approach
(GAA) and non parametric approach. The
Production Function Approach (PFA) is
associated with various problems like
multicollinerity, autocorrelation and degree of
freedom, whereas non parametric approach like
Data Envelope analysis is very sophisticated and
uses linear programming methodology. In
Growth Accounting Approach (GAA), TFP is
measured as a residual factor, which attributes
to that part of growth in the output that is not
accounted for by the growth in the basic factor
inputs. Amongst three approaches, growth
accounting approach is popular mainly because
it is easy to implement, requiring no
econometric estimation.
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Table 1. Growth and instability in Pigeon pea (1989-90 to 2008-09)

Parameter Marathwada Maharashtra
––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––
Area Production Productivity Area Production Productivity

a 3853.51 923.657 354.224 9857.16 5037.37 519.369
b 28.703 105.87 20.78 56.32 165.13 11.97
r 0.674** 0.780** 0.712** 0.692** 0.55NS 0.459*
CGR 0.69 11.462 8.174 0.571 3.278 2.304
Mean 4145.9 2035.3 472.429 10448.6 6771.2 644.5
CV (%) 6.059 39.425 36.589 4.607 26.2 23.89
Instability 4.6 25.31 26.44 3.42 22.48 21.8

*** Indicate significance at 1% level, **   Indicate significance at 5% level
Note :  Area( 00 ha), Production (00 tones) and productivity (Kg/Ha)



The use of TFP indices gained prominence
since Diewert (1976) proved that the Theil-
Tornqvist discrete approximation to the Divisia
index is consistent in aggregation and superlative
for a linear homogeneous Tran logarithmic
production function. In the present study,
Divisia-Tornqvist index has been used for
computing the total output, total input and TFP
for specified year “t” by for selected crops. 

Total output index (TOI)

TOIt / TOIt-1 = �pj(Qjt/Qjt-1)( Rjt + Rjt-1)1/2 ..[1]

Total input index (TII)

TIIt / TIIt-1 = �pj(Xit/Xit-1)( Sit + Sit-1)1/2 ..[2]

Where, Rjt is share of the jth output  in total
revenue, Qjt is Output of the jth commodity, Sit
is share of the ith input in total input cost, Xit is
quantity of the ith input and t  is the time period 

For productivity measurement over a long
period of time, chaining indexes for successive
time period is preferable. With chain liking, an
index was calculated for two successive periods
t and t-1 over the whole period 0 to T (samples
form time t = 0 to t = T) and the separate index
was then multiplied together.

TOI (t) = TOI (1). TOI (2)……… TOI (t-1)    ..[3]

TII (t)   = TII (1) .TII (2)……….. TII (t-1)      ..[4]

Total factor productivity index (TFP) is given by
equation  [5] :

TFPt = (TOIt / TIIt)                                 ..[5]

Chain-linking index takes in to account the
changes in relative values/costs throughout the
period of study. This procedure has the
advantage that no single period plays a
dominant role in determining the share weights
and biases are likely to be reduced. For
constructing the total input index, ten important
inputs viz., human labour, bullock labour,

machine labour, farm yard manure (FYM),
nitrogen, phosphate and potash fertilizers,
irrigation, plant protection and land were
included. 

Factors influencing TFP : To know the
influence of infrastructural, socio-economic and
technological variable on the productivity of
major crops a multi-variable model in the form
of log linear was estimated as fallows. The time
series data from the year 1989-1990 to 2008-
2009 were considered for the present study.  

LnY= Ln a + b1 ln X1 + b2 ln X2 +.. + bn ln Xn

Where, Y = TFP, bi =  Elasticities, X1 =
Total amount of loan (short term + medium term
+ long term loans) sanctioned by commercial
banks, regional rural banks, cooperative banks,
primary agricultural cooperative societies and
land development banks per thousand hector of
net cultivated area (in Rs. lakhs), X2 =
Proportion of double sown area, X3 =
Proportion of net cropped area under irrigation,
X4 = Proportion of net cropped area under high
yielding varieties, X5 = Annual rainfall (mm), X6
= Number of villages electrified per 000’ ha of
net cultivated area, X7 = Number of tractors per
000’ ha of net cultivated area, X8 = Number of
pump sets per 000’ ha area of net cultivated
area, X9 = Road density kilometer per 000’ha
of net cultivated area.

In all there were nine factors studied, the step
wise regression analysis which gave only more
significant variables in the model was run. 

Results and Discussion

I. Performance of Pigeon pea in
Marathwada region

It can be seen from Table 1 that area
production and productivity of Pigeon pea in
Marathwada as well as Maharashtra region
shows positive growth over the study period. In
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Marathwada region the production of Pigeon
pea shows 11.46% growth rate over the study
period as in case of Maharashtra it was found
3.27%. Use of improved seeds and technologies
during study period results in productivity
increase in Pigeon pea. Hence increase in
production of Pigeon pea is because of increase
in area and productivity of Pigeon pea in both
Marathwada and Maharashtra region. 

II. Input share

Share of input in cost of cultivation showed
the importance of that input in total cost
structure.  Table 2 depicts input share in cost
structure of Pigeon pea in Marathwada region.
Rental value of land was having major share in
cost of cultivation Pigeon pea in all the time
span of research. Energy component was
second important input in cost structure of
Pigeon pea. Farmers were adopted conservative
agricultural production technologies to cultivate
Pigeon pea crop which were not suitable for
using modern inputs and mechanization; hence
farmers utilized more energy in the form of male
labour, female labour, and bullock labour.  

The low seed cost in Pigeon pea cultivation
was due to varieties [BDN-1, BDN-2, BSMR-
736, BDN-708 etc] are dominant in farmers
field. Not a single Pigeon pea hybrid was
successful on farmers’ field during last two
decade. Maximum Cotton area was under
hybrids [in past decade] and that to Bt hybrid in
recent years, which were costlier than variety.
Nutrients especially nitrogen, phosphorous and
potash are required in different quantum hence
differences have been observed in nutrient cost. 

III. Input and output growth 

Growth rate figures highlighted the trend in
input use and output achievement over the time.
Results of input and output growth rate of
Pigeon pea in sub sector Marathwada region of
Maharashtra State was presented in Table 3.

The Pigeon pea yield was increased by 2.90 per
cent annually in the Marathwada region. To
attend this growth in Pigeon pea production,
farmers of this region had increased the
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Table 2. Input share in total input cost of Pigeon pea in
Marathwada region

Particular Pigeon Pea
–––––––––––––––––––––––––––
Cost Share

Total Input cost 11263.92 100.00
Male 1882.52 16.71
Female 1653.05 14.68
Bullock labour 1775.98 15.77
Machine labour 324.53 2.88
Seed / Set 338.58 3.01
Manure 863.09 7.66
Nitrogen 286.57 2.54
Phosphorous 343.88 3.05
Potash 87.53 0.78
Insecticide 396.93 3.52
Rental value of land 2427.00 21.55
Other 782.5 6.95
Total 11263.92 100.00

Table 3. Input-Output growth rate of Pigeon pea in
Marathwada region

Particulars Unit Pigeon pea
–––––––––––––––––––––––––––
Period I Period II Overall

Output Input Qt ha-1 1.37NS 2.51NS 2.9*
Male days ha-1 2.92NS 2.72NS 3.95*
Female days ha-1 6.65** 4.3** 2.92*
Bullock labour days ha-1 1.4NS 3.96* 3.62*
Machine labour Hrs ha-1 3.38NS 1.64NS 2.7NS
Seed Kg ha-1 -2.37** 0.6NS -0.11NS

Manure Qt ha-1 -8.46** -0.83NS 1.46NS

Nitrogen Kg ha-1 -5.03** 1.32NS 1.68NS

Phosphorous Kg ha-1 0.15NS 5.65* 4.77*
Potash Kg ha-1 -1.03NS 3.1NS 3.38*
Insecticide Lit ha-1 2.67NS 3.67NS 5.88*
Irrigation No. - - -
Rental value  Rs ha-1 5.08** 5.56** 6.75*
of land

*** Indicate significance at 1% level
** Indicate significance at 5% level



utilization of some of the important inputs viz.,
male labour [3.95 %], female labour [ 2.92 %],
bullock labour [3.62 %], phosphorous [4.77 %],
potash [3.38 %] and insecticide[5.85%]. Use of
seed and nitrogen remained stagnated over the
period of time. The output value of Pigeon pea
crop was increased over the years, this result in
positive growth in rental value of land [6.75 %]  

IV. Total factor productivity

Sustainable growth in agriculture led to
development, which in turn was critically
dependent upon the productivity growth,
technological change, economics of scale and
efficiency of factor used. The productivity
behaviors were examined for two separate
decades and overall, the obtained results were
presented in table 4 and 5. Within twenty years,
total factor productivity was recorded highest in
the year 2002-03 which was 178.04. Lowest
total factor productivity was observed in the year
1991-92 which was 96.38. The Input index
(2.29 %) & output index (4.82 %) growth in
Pigeon pea were positive, which leads to
positive total factor productivity for overall
period (2.54 %). In both the decade, output
growth was more than input growth resulted
positive TFP growth in Pigeon pea [Chand et al
2012].

Near about eighteen season, were
categorized as good season for Pigeon pea
cultivation where as two seasons were falls under
bad category. Wilt and sterility were the major
problem in Pigeon pea. These two problems
were counteracted through better breeding
programme and new agronomic practices which
were adopted by agriculture research station,
Badnapur Dist. Jalana  and  have developed
varieties like BDN-1, BDN-2, BSMR-736, BDN-
708 etc which are resistant against wilt and
sterility. These new genotype is a key for getting
positive TFG growth; because they are resistant
against wilt and sterility as well as they give good
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Table 4. Tornquist-Theil Divisia Index of Output, Input and
TFP of Pigeon pea in Marathwada region

Year Pigeon pea
––––––––––––––––––––––––––––––––––––
Output Input TFP
index index index

1990-91 100.00 100.00 100.00
1991-92 97.00 100.64 96.38
1992-93 109.21 96.70 112.94
1993-94 123.01 126.70 97.08
1994-95 122.12 111.67 109.36
1995-96 128.64 111.59 115.27
1996-97 135.32 110.34 122.64
1997-98 99.25 87.76 113.09
1998-99 117.59 104.57 112.45
1999-00 150.22 119.54 125.66
2000-01 174.05 127.76 136.23
2001-02 203.98 129.19 157.89
2002-03 234.38 131.64 178.04
2003-04 219.11 129.63 169.03
2004-05 187.43 129.47 144.77
2005-06 155.84 141.00 110.52
2006-07 192.70 144.16 133.67
2007-08 273.66 155.04 176.50
2008-09 199.30 138.37 144.03

Table 5. Output, Input and TFP indices growth rates of
Pigeon pea and in Marathwada region

Period Pigeon pea
––––––––––––––––––––––––––––––––––––––––
Output Input TFP TFP share
index index in output

(%)

Period I 1.87 -0.12 1.99 106.58
Period II 2.45 2.10 0.35 14.39
Overall 4.82 2.29 2.54 52.59



response for better agriculture practices
specially for nutrient management.    

V. Factors influencing total factor
productivity growth

The step down multiple regression
method was used to identify significant
parameters by avoiding problem of
Multicollinearity. The results obtained are
presented in table 05. Proportion area under
high yielding varieties, proportion area under
irrigation, number of villages electrified, number
of tractor available for cultivation and road
density were the important factors which have
influence on total factor productivity in Pigeon
pea.

Conclusion

The TFP growth rate was positive in crop
sub-sector i.e. Cotton, Sugarcane and Pigeon

pea in Maharashtra State. The positive TFP
growth is because of technological and
infrastructural breakthrough in Cotton,
Sugarcane and Pigeon pea production system.
It was also realized that, an appropriate policy
environment, infrastructure, institutions and
favorable weather conditions were pre
conditions for a steady TFP growth in crop sub
sector.
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Table 6. Factors influencing   total   factor    productivity
growth of Pigeon pea in Marathwada region

Variables Pigeon Pea
––––––––––––––
Parameter
estimate (bi)

Intercept ( a ) 6.04* (2.55)
Proportion of double sown area -0.93NS (0.46)
Proportion of area under irrigation 0.92 ** (0.23)
Proportion of area under high  1.27 ** (0.28)
yielding variety
Number of villages electrified 2.94* (0.87)
Number of tractors 1.94NS (1.59)
Road density (km/hr) 0.98** (0.32)
R2 0.75

______________



The sugarcane industry in India plays a vital
role toward socio-economic development in the
rural areas by mobilizing rural resources and
generating higher income and employment
opportunities. Sugarcane cultivation is done in
around 5 million ha of land in India and its
production has fluctuated between 320 - 360
million tons in past several years. India is the
largest consumer of sugar and second largest
producer in the world. 60% of total sugarcane
and sugar production in the country is with
Maharashtra and Uttar Pradesh alone,
accounting for 60% of India’s total production.

As against an average annual rise of 2.5% in
world during the past ten years, global sugar
consumption has grown by about 2% per
annum, while in India the consumption has been
higher at about 3.5% per annum. (Dwivedi,
2010).

The analytical inadequacies of the Single
Factor Productivity (SFP) measures led
economist to evolve the TFP measures, the TFP
index is composite measure of productivity,
which relates output to all inputs simultaneously,
and the change in TFP index can be used as one
measure of technological change. Earlier
Laspyeres arithmetic indices were used most
commonly to measure TFP (Maurvi Pandya and
Shiyani, 2002). But most recent literature of
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TFP (Kumar and Mruthyunjay, 1992; Kumar
and Rosegrant, 1994 etc) has advocated and
employed Tornqvist - Theil or translog index in
their study because of its superiority. TFP trend
indicates whether production growth is taking
place in a cost effective and sustainable manner
or not.

TFP is influenced by changes in technology,
institutional reform, infrastructure development,
human resource development, investment in
research and development, level of technology
adoption and other factors. Recent experience
shows a slowdown in productivity growth of
various crops or even some setbacks indicating
that all is not well.  This has given rise to some
pertinent questions namely what is the direction
of productivity?  Are inputs efficiently utilized?
What is the growth in inputs and outputs? This
needs elaboration from the TFP studies.
Empirical studies of the TFP on developing
countries in agriculture are becoming
increasingly important in providing a complex
picture of technological change. The TFP for
Indian crop sector was measured by Rosegrant
and Evenson (1992), but the results of the
sectorial approach cannot be used precisely for
policy decisions with respect to individual crops
because technological change varies across
crops. Thus TFP growth has to be examined for
individual crops (Kumar and Rosegrant, 1994).
Hence, the main focus of study was to measure
the growth in total factor productivity of
sugarcane of Maharashtra and its determinants.

Materials and Methods

Farm-level data on yield, level of input use
and their prices for the period 1989-90 to
2008-09 were collected from the “Scheme for
the study of cost of cultivation of principal
crops” Government of Maharashtra, This data
set provided a rich source for measuring and
analyzing the agricultural productivity. The time
series data on infrastructural variables (road

density, number of village electrified, number of
pump sets, number  of tractors), cropping
intensity, total loan amount disbursed, annual
rainfall, area under irrigation, area under high
yielding variety, land-use pattern etc were
collected from various publications of
government of Maharashtra. 

Compound growth rate : The growth rate
of area, production, productivity, input and
output of major crops were estimated by using
semi log trend equation.

Y =  abt

Compound growth rate = (b – 1) x 100

Analysis of total factor productivity
(TFP) : Total Factor Productivity (TFP)
sometimes referred as multifactor productivity,
is a true measure of economic efficiency. TFP
measures the extent of increase in output, which
is not accounted by increase in total inputs.
There are three main approaches for estimating
the TFP, namely the production function
approach (PFA), growth accounting approach
(GAA) and non parametric approach. The
Production Function Approach (PFA) is
associated with various problems like
multicollinerity, autocorrelation and degree of
freedom, whereas non parametric approach like
Data Envelope analysis is very sophisticated and
uses linear programming methodology. In
Growth Accounting Approach (GAA), TFP is
measured as a residual factor, which attributes
to that part of growth in the output that is not
accounted for by the growth in the basic factor
inputs. Amongst three approaches, growth
accounting approach is popular mainly because
it is easy to implement, requiring no
econometric estimation.

The use of TFP indices gained prominence
since Diewert (1976; 1978) proved that the
Theil-Tornqvist discrete approximation to the
Divisia index is consistent in aggregation and
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superlative for a linear homogeneous
translogarithmic production function. In the
present study, Divisia-Tornqvist index has been
used for computing the total output, total input
and TFP for specified year “t” by for selected
crops.

Total output index (TOI)

TOIt / TOIt-1 = �pj(Qjt/Qjt-1)( Rjt + Rjt-1)1/2 ..[1]

Total input index (TII) 

TIIt / TIIt-1 = �pj(Xit/Xit-1)( Sit + Sit-1)1/2 ..[2]

Where, Rjt is share of the jth output  in total
revenue, Qjt is Output of the jth commodity, Sit
is share of the ith input in total input cost, Xit is
quantity of the ith input and t  is the time
period. 

For productivity measurement over a long
period of time, chaining indexes for successive
time period is preferable. With chain liking, an
index was calculated for two successive periods
t and t-1 over the whole period 0 to T (samples
form time t = 0 to t = T) and the separate index
was then multiplied together.

TOI (t) = TOI (1). TOI (2)……… TOI (t-1)    ..[3]

TII (t)   = TII (1) .TII (2)……….. TII (t-1)      ..[4]

Total factor productivity index (TFP) is given by
equation  [5] :

TFPt = (TOIt / TIIt)                                 ..[5]

Chain-linking index takes into account the
changes in relative values/costs throughout the
period of study. This procedure has the
advantage that no single period plays a
dominant role in determining the share weights
and biases are likely to be reduced. For
constructing the total input index, ten important
inputs viz., human labour, bullock labour,
machine labour, farm yard manure (FYM),
nitrogen, phosphate and potash fertilizers,
irrigation, plant protection and land were
included. 

Factors influencing TFP : To know the
influence of infrastructural, socio-economic and
technological variable on the productivity of
major crops a multi-variable model in the form
of log linear was estimated as follows. The time
series data from the year 1989-1990 to 2008-
2009 were considered for the present study.

LnY= Ln a + b1 ln X1 + b2 ln X2 +.. + bn ln Xn

Where, Y = TFP, bi =  Elasticities, X1 = Total
amount of loan (short term + medium term +
long term loans) sanctioned by commercial
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Table 1. Growth and instability in sugarcane area of Marathwada region (1989 to 2009)

Parameter Marathwada Maharashtra
–––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––
Area Production Productivity Area Production Productivity

a 738.057 6184.12 66217.8 3731.38 328012 86083.5
b 60.127 2618.32 13.992 135.24 9384.83 -540.05
r 0.598** 0.734** 0.0218 0.642** 0.967** -0.448*
Growth rate over initial (%) 8.146 4.231 0.021 3.624 2.861 -0.627
Growth rate over average (%) 4.305 2.929 0.021 2.625 2.2 -0.671
Mean 1369.4 89376.5 66364.3 5151.35 426553 80413
CV (%) 43.438 23.6 5.691 24.189 13.458 8.861
Instability 35.77 16.45 5.84 19.05 3.51 8.13

*** Indicate significance at 1% level, **   Indicate significance at 5% level
Note :  Area( 00 ha), Production (00 tones) and productivity (Kg/Ha)



banks, regional rural banks, cooperative banks,
primary agricultural cooperative societies and
land development banks per thousand hector of
net cultivated area (in Rs. lakhs), X2 =
Proportion of double sown area, X3 =
Proportion of net cropped area under irrigation,
X4 = Proportion of net cropped area under high
yielding varieties, X5 = Annual rainfall (mm), X6
= Number of villages electrified per 000’ ha of
net cultivated area, X7 = Number of tractors per
000’ ha of net cultivated area, X8 = Number of
pump sets per 000’ ha area of net cultivated
area, X9 = Road density kilometer per 000’ha
of net cultivated area.

In all there were nine factors studied, the step
wise regression analysis which gave only more
significant variables in the model was run.

Results and Discussion 

I. Performance of Sugarcane crop in
Marathwada and Maharashtra Region

It can be seen from Table 1 that the
production of sugarcane in Marathwada region
as well as Maharashtra region has been
increased significantly with the growth rate of
4.23% and 2.86% respectively. Area of
sugarcane also shows increasing trend in
Marathwada and Maharashtra by 8.14% and
3.62% respectively. But productivity of
sugarcane shows declining trend in Marathwada
as well as Maharashtra. This is because of
cultivating the sugarcane crop on same piece of
land year after year with excess use of irrigation
water which has led to saline condition of the
soil.

II. Input share

Share of input in cost of cultivation showed
the importance of that input in total cost
structure. Table 2 depicts input share in cost
structure of sugarcane in Marathwada region.
Rental value of land was having major share in
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Table 2. Input share in total input cost of Sugarcane crop
in Marathwada region

Particular Sugarcane
––––––––––––––––––––––––––––
Cost Share

Total Input cost 48431.50 100.00

Male 9222.90 19.04

Female 3064.53 6.33

Bullock labour 2964.35 6.12

Machine labour - -

Seed / Set 6216.35 12.84

Manure 3079.90 6.36

Nitrogen 2431.40 5.02

Phosphorous 1725.60 3.56

Potash 525.35 1.08

Insecticide - -

Irrigation 3897.00 8.05

Rental value of land 9284.60 19.17

Other 5904.10 12.19

48431.50 100.00

Note: Other includes interest on fixed, working capital, taxes
and education cess etc.

Table 3. Input-Output growth rate of Sugarcane crop in
Marathwada region.

Particulars Unit Sgarcane
–––––––––––––––––––––––––––
Period I Period II Overall

Output Input Qt ha-1 1.10NS -0.31NS 1.72NS

Male days ha-1 -0.90NS -1.045NS -2.08NS

Female days ha-1 3.17NS -3.50NS 3.23NS

Bullock days ha-1 -0.96NS 2.071NS 0.94NS

Machine Hrs ha-1 - - -

Seed Kg ha-1 0.52NS 2.916** 0.32NS

Manure Qt ha-1 6.46NSS -5.312NS -3.57NS

Nitrogen Kg ha-1 4.21** -0.60 1.53

Phosphorous Kg ha-1 3.13 1.581 2.92***

Potash Kg ha-1 -12.78 13.7 11.33**

Insecticide Lit ha-1 - - -

Irrigation No. 5.81* 6.12* 10.96**

Rental value  Rs ha-1 13.33* -0.64 4.8*
of land

***  Indicate significance at 1% level
**    Indicate significance at 5% level



cost of cultivation of sugarcane in all the time
span of research. Energy component was
second important input in cost structure of
sugarcane. Farmers were adopted conservative
agricultural production technologies to cultivate
sugarcane crop which were not suitable for using
modern inputs and mechanization; hence
farmers utilized more energy in the form of male
labour, female labour, and bullock labour.

The output of sugarcane fetches
comparatively more prices; hence sugarcane
sets required for planting were also costlier.
Irrigation cost (8.05 %) was important in
sugarcane cultivation. Nutrients especially
nitrogen, phosphorous and potash are required
in different quantum hence differences have
been observed in nutrient cost. 

III. Input and output growth 

Growth rate figures highlighted the trend in
input use and output achievement over the time.
Results of input and output growth rate of
sugarcane in sub sector Marathwada region of
Maharashtra State was presented in table 3.
There was no substantial growth recorded in
sugarcane output in the region. Use of chemical
fertilizers viz nitrogen 1.53 %, phosphorous
2.92 %, potash 11.33 % and number of
irrigations 10.96 % in sugarcane cultivation
increased in the region. Use of other inputs
fluctuated around some constant mean value
over the period.

IV. Total factor productivity

Sustainable growth in agriculture led to
development, which in turn was critically
dependent upon the productivity growth,
technological change and economics of scale
and efficiency of factor used. The productivity
behaviors were examined for two separate
decades and the results were presented in Table
4 and 5. During In last two decades, the highest
total factor productivity was observed in the year

2000-01 (166.22 %) and the lowest total factor
productivity (80.40 %) was in the year 1993-94.
The climatic conditions of agriculture year 1993-
94 were unfavorable for sugarcane cultivation. 

Sugarcane output index was more than input
index hence the TFP growth was positive in
sugarcane crop. The growth in input index was
negative (0.32 %). Output index growth was
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Table  4.Tornquist-Theil Divisia Index of Output, Input and
TFP of Sugarcane crop in Marathwada

Year Sugarcane
–––––––––––––––––––––––––––––––––
Output Input TFP
index index index

1990-91 100.00 100.00 100.00
1991-92 61.04 65.07 93.81
1992-93 98.90 74.58 132.61
1993-94 71.00 88.30 80.40
1994-95 62.13 88.51 70.20
1995-96 81.32 85.63 94.96
1996-97 100.03 82.61 121.10
1997-98 120.11 92.11 130.41
1998-99 115.45 87.66 131.69
1999-00 110.66 81.98 134.99
2000-01 184.85 111.20 166.22
2001-02 112.26 70.24 159.82
2002-03 121.47 105.88 114.72
2003-04 124.07 90.02 137.82
2004-05 139.01 86.71 160.31
2005-06 88.21 80.05 110.19
2006-07 88.99 79.88 111.40
2007-08 138.84 95.48 145.41
2008-09 116.66 85.98 135.67



positive (2.28 %). Total factor productivity
growth was positive 1.95 %. In the first decade,
input index (0.91 %), output index (5.39%) and
total factor productivity growth (4.47 %) were
positive. The output index growth was more
than input index that led to positive total factor
productivity. During the second decade, growth
in input index and output index was negative.
However negative output index growth being
less than input index growth leds to (-1.62 %)
total factor productivity.

From 20 agriculture seasons, fourteen
seasons were favorable for sugarcane cultivation
in the region. The output growth in the first
decade was achieved through spread of high
yielding sugarcane varieties by sugar factories
especially Co-86032, Co-94012 etc. sugarcane

is a water loving plant, it remains in the field
almost for the year. Production technologies
which increase the water use efficiency is directly
benefiting towards output growth. By this
reason, Government of Maharashtra provided
subsidy on micro irrigation system to popularize
it for providing irrigation and nutrient to the
crop. The use of high yielding varieties, use of
micro irrigation system for irrigation and nutrient
applications, innovative planting system of
sugarcane locally called as patta padhat and use
of residue to improve soil organic carbon are the
important factors which bring the positive output
growth leads to positive total factor productivity.

V. Factors influencing total factor
productivity growth

In order to examine the effect of different
factors on total factor productivity growth, log
linear regression equation were fitted as given in
methodology. The step down multiple
regression method was used to identify
significant parameters by avoiding problem of
multi co linearity. The crop wise results obtained
are presented in table 6. Proportion area under
high yielding varieties, proportion area under
irrigation, number of villages electrified, number
of tractor available for cultivation and road
density were the important factors which have
influence on total factor productivity sugarcane.

Conclusion

The TFP growth rate was positive in crop
sub-sector sugarcane in Maharashtra State. The
highest total factor productivity was observed in
the year 2000-01 (166.22 %) and lowest total
factor productivity (80.40 %) was observed in
the year 1993-94. The climatic conditions of
agriculture year 1993-94 were unfavorable for
sugarcane cultivation. From twenty agriculture
seasons, fourteen seasons were favorable for
sugarcane cultivation in the region. The positive
TFP growth is because of technological and
infrastructural breakthrough in sugarcane
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Table 5. Output, Input and TFP indices growth rates of
sugarcane crop in Marathwada

Period Sugarcane
––––––––––––––––––––––––––––––––––––––––
Output Input TFP TFP
index index Share in 

output (%)

Period I 5.39 0.91 4.47 83.05
Period II -2.35 -0.73 -1.62 69.06
Overall 2.28 0.32 1.95 85.79

Table 6. Factors influencing total factor productivity
growth of sugarcane in Marathwada

Variables Sugarcane
––––––––––––––
Parameter 
estimate  (bi)

Intercept -1.52 NS (5.04)
Proportion of double sown area 0.80 NS (0.51)
Proportion of area under irrigation 1.55* (0.27)
Proportion of area under high  2.18 ** (0.59)
yielding variety
Number of villages electrified 0.43 * (0.09)
Number of tractors 1.58** (0.41)
Road density (km/hr) 2.79 ** (0.76)
R2 0.77



production system. It was also realized that, an
appropriate policy environment, infrastructure,
institutions and favorable weather conditions
were pre conditions for a steady TFP growth in
crop sub sector.
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Abstract
An experiment was conducted during kharif 2016 at Agronomy Farm, College of Agriculture, Nagpur on

vertisol to study the effect of land configuration and nutrient management on growth and yield of maize. The
treatments consisted of four land configurations viz., L1 - flat bed, L2 - broad bed furrows, L3 - ridges and
furrows and L4 - opening of furrows after alternate row (at 30 DAS) in main plots and three nutrient
managements viz., F1 - 100% RDF (120:60:30 kg NPK ha-1), F2 - 125% RDF (150:75:37.5 kg NPK ha-1)
and F3 - 150% RDF (180:90:45 kg NPK ha-1) in sub plots. The results indicated that, treatment ridges and
furrows among land configuration and application of 150% RDF among nutrient management recorded
significantly higher growth, yield attributes, yield, GMR and NMR of maize.

Key words : Economics, growth, land configuration, nutrient management, yield

______________

Maize (Zea mays L.) belongs to the family of grasses Poaceae. It is cultivated globally being
one of the most important cereal crops
worldwide. Maize is not only an important for
human nutrition but also a basic element of
animal feed and raw material for manufacture of
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many industrial products. It is one of the most
important cereal crops in world economy. The
yield potential of maize is high hence this is also
known as ‘Queen of cereals’ or ‘Miracle crop’.

The maize grain contains about 3.6%
protein, 4% oil and 70% carbohydrate. The
value of this crop is more as this crop is useful
for grain and fodder. In India, maize is the IIIrd
important food crop after rice and wheat.

Land configuration is a beneficial technology
for in situ moisture conservation. Practice of
making ridges by opening furrow may have an
advantage in conservation of more rain water on
the bed which enriches soil moisture content
(Karunadevi et al., 2007). Fertilizer has an
important role as it increases the maize yield.
Nitrogen is an essential element and important
determinant of plant growth and development.
Nitrogen is a component of protein and nucleic
acids and when N is sub-optimal, growth is
reduced. It’s availability in sufficient quantity
throughout the growing season is essential for
optimum maize growth (Mukhtar et al., 2011).

Materials and Methods

A field experiment was conducted during
kharif 2016 at Agronomy Farm, College of
Agriculture, Nagpur (21°9’0”N and 79°5’24”E
and at an altitude of 312.42 m above mean sea-
level). Soil samples were taken before the start
of the experiment and were analyzed for
physical and chemical properties of the soil
using standard procedures. The soil at the site
was vertisol with a clayey in texture, low in
available nitrogen and phosphorus, very high in
available potassium, medium in organic carbon
and slightly alkaline in reaction. The experiment
was laid out in split plot design with four land
configurations viz., L1 - flat bed, L2 - broad bed
furrow (The broad bed furrows prepared at
sowing with distance of 120 cm with two rows
of maize), L3 - ridges and furrows (ridges and

furrows opened at the time of sowing with
dibbling of seeds on ridges) and L4 - opening of
furrows after alternate row (at 30 DAS) in main
plots and three nutrient managements viz., F1 -
100% RDF (120:60:30 kg NPK ha-1), F2 -
125% RDF (150:75:37.5 kg NPK ha-1) and F3
- 150% RDF (180:90:45 kg NPK ha-1) in sub
plots replicated thrice. After harvest of rabi
linseed, the field was prepared by carrying out
ploughing, clod crushing and harrowing. The
plots configured as per the treatments. Maize
variety PKV-M Shatak was sown as per the
treatments with the seed rate 20 kgha-1 at
spacing of 60 cm x 20 cm. Fertilizer dose of
100, 125 and 150% RDF of N, P2O5 and K2O
were applied to maize. Nitrogen was applied in
2 split doses i.e. first ½ dose of N, full dose of
phosphorous and potassium was given at the
time of sowing and remaining ½ dose of N at
30 days after sowing. The crop was raised with
recommended package of practices. Soil
moisture status was recorded at the time of
sowing and at different growth stages. Weather
parameters like maximum and minimum
temperature, rainfall and pan evaporation were
recorded throughout the crop season. The mean
minimum, maximum temperature and relative
morning and evening humidity during the study
period ranged from 15.3°C to 24.8°C, 29.1°C
to 33.6°C and 64% to 86% and 39% to 76%,
respectively. Five plants were selected randomly
and marked from each net plot for recording
plant height, number of functional leaves, leaf
area and leaf area index. Height of the tallest
plant was measured from the soil surface to the
base of fully opened top leaf. Two plants from
each net plot were uprooted randomly for dry
matter accumulation. 

At harvest, cobs were separated from the
selected plants for recording number of cobs,
cobs weight, number of grains, grain yield
plant-1 and remaining plant part were cut down
from the base above ground, dried it and the
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straw yield plant-1 was recorded. The plot wise
grain and straw yield was recorded and
converted in q ha-1.

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

Results and Discussion

Crop growth : Plant height, number of
functional leaves, leaf area, leaf area index and
dry matter accumulation were significantly
influenced by land configuration and nutrient
management treatment at harvest (Table 1). The
highest plant height (191.83 cm), number of
functional leaves (11.52), leaf area (102.88
dm2), leaf area index (8.57) and dry matter
accumulation (205.14 g) were noted in sowing
on ridges and furrows treatment; soils become
more porous which can be attributed to the
favorable environment for crop growth resulting

in higher aeration and more proliferation of
plant roots which caused higher plant nutrients
absorption and higher moisture availability. The
results are in accordance with those reported by
Patel et al. (2016); Halli and Angadi (2017).
Plant height (191.23 cm), number of functional
leaves (11.43), leaf area (102.60 dm2), leaf area
index (8.55) and dry matter accumulation
(202.46 g) with 150% RDF resulted significant
increase over 100% RDF but was at par with
125% RDF. This might be attributed to additive
enrichment and enhanced nutrient availability
during the initial growth period, thereby
accelerating better plant growth. The results
obtained during the investigation are in close
accordance with the finding of Manea et al.
(2015).

Yield attributes and yield : Yield
attributes at harvest, especially number of cobs,
cobs weight, number of grains, grain and straw
yield plant-1 were significantly influenced by land
configuration and nutrient management
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Table 1. Effect of land configuration and nutrient management on growth of maize

Treatments Plant No. of Leaf LAI Dry
height functional area matter
(cm) leaves plant-1 plant-1

(dm2) (g)

Land configuration
L1 - Flat bed 182.39 10.32 97.98 8.16 171.01
L2 - Broad bed  furrows 190.13 11.37 101.71 8.47 199.87
L3 - Ridges and furrows 191.83 11.52 102.88 8.57 205.14
L4 - Opening of furrows after alternate row (at 30 DAS) 188.67 11.10 100.67 8.38 191.84
SEm± 0.81 0.11 0.40 0.03 2.94
CD at 5% 2.82 0.38 1.40 0.11 10.18

Nutrient management
F1 - 100% RDF 184.36 10.48 97.98 8.16 175.86
F2 - 125% RDF 189.18 11.33 101.84 8.48 197.57
F3 - 150% RDF 191.23 11.43 102.60 8.55 202.46
SEm± 0.84 0.07 0.42 0.03 2.23
CD at 5% 2.51 0.22 1.26 0.10 6.69

Interaction
SEm± 1.68 0.15 0.84 0.07 4.46
CD at 5% NS NS NS NS NS



treatments (Table 2). Sowing on ridges and
furrows configuration registered the highest per

plant number of cobs (1.26), cobs weight
(129.09 g), number of grains (448.49), grain
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Table 2. Effect of land configuration and nutrient management on yield attributes of maize

Treatments No. of Cobs No. of Grain Straw 
cobs weight grains yield yield 
plant-1 plant-1 plant-1 plant-1 plant-1

(g) (g) (g)

Land configuration
L1 - Flat bed 1.08 113.32 395.61 95.39 127.48
L2 - Broad bed  furrows 1.21 124.20 437.92 107.31 140.57
L3 - Ridges and furrows 1.26 129.09 448.49 110.24 144.38
L4 - Opening of furrows after alternate row (at 30 DAS) 1.17 121.12 419.94 102.44 135.98
SEm± 0.02 2.17 5.86 2.03 2.02
CD at 5% 0.07 7.52 20.29 7.02 6.99

Nutrient management
F1 - 100% RDF 1.08 115.36 405.56 97.11 131.06
F2 - 125% RDF 1.21 123.09 428.85 105.82 138.43
F3 - 150% RDF 1.24 127.35 442.05 108.61 141.81
SEm± 0.02 2.10 5.55 1.03 2.19
CD at 5% 0.07 6.31 16.64 3.11 6.56

Interaction
SEm± 0.05 4.21 11.10 2.08 4.38
CD at 5 % NS NS NS NS NS

Table 3. Effect of land configuration and nutrient management on yield and economics of maize

Treatment Yield (q ha-1) Economics (Rs. ha-1)
––––––––––––––––––– –––––––––––––––––––––––––––––––––
Grain Straw GMR NMR B:C ratio

Land configuration
L1 - Flat bed 48.68 65.60 76522 51122 3.01
L2 - Broad bed  furrows 53.31 67.34 83395 56595 3.11
L3 - Ridges and furrows 54.46 68.02 85108 58808 3.23
L4 - Opening of furrows after alternate row (at 30 DAS) 52.11 66.88 81587 55487 3.12
SEm± 0.51 0.21 754 754 -
CD at 5 % 1.77 0.73 2610 2610 -

Nutrient management
F1 - 100% RDF 48.98 65.03 76888 46768 2.55
F2 - 125% RDF 52.84 67.63 82748 51548 2.65
F3 - 150% RDF 54.59 68.23 85324 53044 2.64
SEm± 0.63 0.26 920 920 -
CD at 5 % 1.90 0.78 2758 2758 -

Interaction
SEm± 1.26 0.52 1840 1840 -
CD at 5 % NS NS NS NS -



(110.24 g) and straw (144.38 g) yield. Similar
results are reported by Ramakichenin et al.
(2002). Nutrient management with 150% RDF
recorded significantly higher yield attributes viz.,
number of cobs (1.24), cobs weight (127.35 g),
number of grains (442.05), grain (108.61 g) and
straw (141.81 g) yield plant-1 of maize over
100% RDF but was at par with 125% RDF. This
might be due to comparatively higher availability
of nutrient through 150% RDF and more or less
similar availability of nutrient through 125%
RDF treatment. The results obtained during the
investigation are in close conformity with the
findings of Jat and Balyan (2004) and Manea et
al. (2015).

The grain and straw yield q ha-1 of maize was
significantly influenced by land configuration and
nutrient management treatments (Table 3).
Significantly higher grain (54.46 q) and straw
(68.02 q) yield ha-1 was influenced by sowing of
maize on ridges and furrows. Similar results are
also reported by Jadhav and Shelke (2007).
Nutrient management with 150% RDF recorded
significantly higher grain (54.59 q) and straw
(68.23 q) yield ha-1 over 100% RDF but was at
par with 125% RDF. The results are in close
conformity with the findings of Manea et al.
(2015).

Economics : Land configuration and
nutrient management had influenced the
economics of maize (Table 3). 

Land configuration ridges and furrows,
recorded the highest gross monetary returns (Rs.
85108/- ha-1), net returns (Rs. 58808/- ha-1)
and benefit: cost ratio (3.23). The results are in
accordance with those retttported by Bhale et
al. (2008); Nagdeote et al. (2016). Nutrient
management with 150% RDF recorded
significantly higher gross monetary returns (Rs.
85324/- ha-1), net monetary returns (Rs.
53044/- ha-1) over 100% RDF while benefit:
cost ratio (2.65) in 125% RDF over control.

Similar results are also reported by Jadhav and
Shelke (2009); Manea et al. (2015).

It can be concluded that sowing on ridges
and furrows is the land configuration for
optimum growth, yield, GMR, NMR and B: C
ratio. Nutrient management through 150% RDF
was also useful in enhancing the growth, yield,
GMR and NMR.

References
Bhale, V. M., Patil, B. K. and Farkade, B. K. 2008.

Resource conservation technologies to enhance
productivity of soybean (Glycine max)- rabi sorghum
(Sorghum bicolor) sequence. In: National symposium
on “New Paradigms in Agronomic Research”, Nov.,
19-21, 2008 held at Navsari Agriculture University,
Navsari, Gujarat. Pp-252-253.

Halli, H. M. and Angadi, S. S. 2017. Response of land
configuration and deficit irrigation on growth and yield
attributes of maize (Zea mays L.). International Journal
of Current Microbiology and Applied Sciences, 6(5):
52-60.

Jadhav, V. T. and Shelke, D. K. 2007. Effect of land
configurations and fertilizer levels on the distribution of
dry matter and yield in maize hybrids. Journal of
Maharashtra Agricultural Universities, 32 (3): 314-316.

Jadhav, V. T. and Shelke, D. K. 2009. Influence of land
configurations and fertilizer levels on production
potential of maize hybrids in vertisols under rainfed
conditions. Journal of Maharashtra Agricultural
Universities, 34(1): 01-03.

Jat, R. A. and Balyan, J. S. 2004. Effect of integrated
nitrogen management on dry matter, yield attributes,
yield and total N uptake. Annals of Agricultural
Research, 25(1):153-154.

Karunadevi, G. Idapuganti, Mankar, P. S. , Khawale, V. S.,
Datey, C. P. and Gaidhane, S. N. 2007.  Effect of land
configuration and weed biomass addition on growth
and yield of semi-rabi pigeonpea. Journal of Soils and
Crops, 17(1): 114-116.

Manea, M. A., Sen, A., Upadhyay, P. K., Singh, Y.,
Srivastva, V. K. and Singh, R. K. 2015. Effect of
fertility levels and planting methods on growth,
production and nutrient removal by pre kharif  baby
corn (Zea mays L.) varieties. Environment and Ecology,
33(2): 734-738.

Mukhtar, T., Arif, M., Hussain, S., Tariq, M. and Mehmood,
K. 2011. Effect of different rates of nitrogen and
phosphorus fertilizers on growth and yield of maize.

Karajanagi et al.458



Journal of Agriculture Research, 49(3): 333-339.

Nagdeote, V. G., Ghanbahadur, M., Mhaske, A. R.,
Balpande, S. S. and Ghodpage, R. M. 2016. Effect of
land configuration, plant population and nitrogen
management on productivity of sweet corn in vertisol.
International Journal of Agriculture Sciences, 8(61):
3428-3433.

Patel, H. H., Patel, T. V. and Patel, P. S. 2016. Response

of rabi sorghum (Sorghum bicolor L. Moench) to land
configuration and nutrient management. International
Journal of Applied Sciences and Engineering
Technology, 1(1): 1-3.

Ramakichenin, B., Sakthivel, N. and Balasubramanian, A.
2002. Effect of pre-monsoon sowing and land
configuration practices on growth, yield parameters and
yield of rainfed maize. Madras Agricultural Journal,
89(1): 177-179.

Journal of Agriculture Research and Technology 459

J. Agric. Res. Technol., 43 (3) : 459-464 (2018)

Effect of FYM and Inorganic Fertilization on Soil Organic
Matter Fractions under Long Term Fertilizer Experiment in

Vertisol
N. A. Meshram1*, Syed Ismail2 and P. K. Rathod3

Department of Soil Science and Agricultural Chemistry, 
Dr. Balasaheb Sawant Konkan Agricultural University, Dapoli - 415 712 (India)

*nandkishor.meshram@rediffmail.com

Abstract
Long-term fertilizer experiment were conducted during 2011-12 and 2012-13 that commenced from

2006-07 at Vasantrao Naik Marathwada Agricultural University, Parbhani, Maharashtra, India on Vertisol
(Typic Haplusterts) to study on organic matter fractions as influenced by the effect of organic manuring and
inorganic fertilization under intensive soybean-safflower cropping system. The result of 6th & 7th cycles
emerged out indicated that the continuous cultivation with addition of 100% NPK along with organic manure
(FYM) significantly improved in content of humin, humic acid, fulvic acid and humic acid : fulvic acid ratio
(HA:FA) as compare to other applications. Among the treatments, the most closely near humus fractions values
were observed with the applications of only inorganic one (i.e. 150% NPK). It can be concluded from these
experiment that the balanced use of fertilizers continuously either alone or in combination with organic manure
is necessary for sustaining soil health.

Key words : Humus, soybean, safflower.

______________

Soil organic matter is responsible for
maintenance of not only the physical conditions
of the soils but also supplies essential plant
nutrients for successful crop production. Humus,
most important and largest constituent of soil
organic matter including humin, humic acid (HA)
and fulvic acid (FA) is formed by decomposition

of plant and animal residues by micro-organism.
It is a store house of various nutrients essential
for plant growth. Besides, humus also exerts a
pronounced influence on physical, chemical and
biological properties of the soil (Gathala et al.
2007). Soil organic level increase markedly in
plot receiving farm yard manure and long term
continuous use of inorganic fertilizers containing
N, P, K, S and Mg increases soil organic level
but the increase was much less than that brought
about by farm yard manure (Santhy et al. 2001).
Humic compounds are stabilized in the soil
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against microbial degradation by their complex
polymer structure, their physical protection
inside dense aggregates and by their association
with metal ions or clays. Humification is a
principle of aboitic reaction and the kind of
material participating in the formation of
product immensely diverse. Various dark colors
such as melanin, melanoidins and microbial
brown pigments are formed in nature and these
may seemingly serve as precursors of soil humus
(Stevanson, 1982). The content of humin,
humic acid and fulvic acid were found to be low
in our experimental soil, probably due to very
low organic matter and higher degree of
oxidation owing to sub tropical climate. The
total quantity of humic compounds coming from
solubilization (humin, humic acid and fulvic acid)
is best expression of stabilizing action of certain
mineral compounds. For example, active
calcium carbonate content of experimental soil
might have protected the organic matter against
microbial biodegradation, leading to a relatively
lower amount of organic matter fractions in soil
(Kononova, 1966). Under long term
experiment, addition of organic matter through
FYM along with fertilizers was found to increase
humus fractions slightly due decomposition of
organic matter to form various organic acids and
liberation of CO2 which helps to reduce
alkalinity of soil.

Materials and Methods

Soil site and experimental design :
Long-Term Fertilizer Experiment was started
2006-07 at Research Farm having (76o46' E
longitude and 19o16' N latitude and an elevation
of 408.46 m above the mean sea level)
Department of Soil Science and Agricultural
Chemistry, Vasantrao Naik Marathwada
Agricultural University, Parbhani, Maharashtra,
India. The farm represented semiarid tropic
region with the hot summers and mild winters
and the annual maximum temperature during
study areas (2011-12 to 2012-13) ranged from

29.2 to 41.3°C and minimum temperature
ranged from 8.8 to 26.9°C in the month of
December and May in the year 2011-12,
whereas in 2012-13, the maximum and
minimum temperature varied between 29.1oC
to 42°C and 9.2°C to 27.8°C. A total annual
rainfall was 636 and 720.5 mm for 2011-12
and 2012-13. The soil of the experimental site
was Vertisol, particularly montmorillonitic,
hyperthermic family of Typic Haplustert having
pH 8.18, EC 0.243 dS m-1, organic carbon
5.50 g kg-1, available N 216 kg ha-1, available
P2O5 18.32 kg ha-1, available K2O 766.15 kg
ha-1. Initial status of organic matter fractions
viz., humin (0.471 g 100g-1 soil humus), humic
acid (0.295 g 100g-1 soil humus), fulvic acid
(0.173 g 100g-1 soil humus) and humic acid :
fulvic acid ratio (1.705). The present experiment
was framed in randomized block design (RBD)
with twelve treatments and four replications in
soybean-safflower cropping system. The
treatment comprises viz., T1 – 50% NPK, T2 –
100% NPK, T3–150% NPK, T4–100 % NPK
+ Hand weeding, T5 – 100% NPK+ ZnSO4
@25 kg ha-1, T6 – 100% NP, T7 – 100% N, T8
– 100% NPK+FYM@ 5 Mg ha-1, T9 – 100%
NPK-Suphur, T10 – Only FYM@ 10 Mg ha-1,
T11 – Absolute control and T12 – Fallow. The
crops soybean (cv. JS-335) and safflower (cv.
PBNS-12) were raised during kharif and rabi
respectively with recommended package of
practices. Soybean and safflower crops were
sown with (45 to 5 cm) and (45 to 10 cm)
spacing between row to row and plant to plant
respectively. The 100% NPK was 30:60:30 kg
ha-1 for soybean and 60:40:00 kg ha-1 for
safflower respectively. The fertilizers used were
urea, single super phosphate (SSP) and muriate
of potash. FYM was applied before 15 days of
sowing only for kharif crop and NPK applied
through straight fertilizers urea, single super
phosphate and muriate of potash as per
treatments. Whereas, in treatment (T9)
diammonium phosphate was used in place of
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single super phosphate (SSP) to avoid sulphur
application. In T4 treatment only two hand
weeding were taken for weed control, without
use of any weedicide. Inorganic fertilizers were
applied as per recommended dose of fertilizer
and micronutrients through chemical fertilizer
ZnSO4.5H2O and FYM was incorporated @ 5
Mg ha-1 at sowing time in kharif season only.
After harvest of 6th and 7th cycle of soybean-
safflower cropping sequence, moist soils were
collected from each plot at 0-15 cm depth and
kept in well labeled polythene bags, tagged and
brought to the laboratory. After processing,
suitable amount (500 g) of soil was stored in an
incubator at 30°C for biochemical analysis.

Humus fractionation : From the content
of humin, humic acid and fulvic acid, the humic
acid : fulvic acid (HA: FA) ratios were calculated
considering there estimated values. Detail
procedure for humus estimation as outlined by
Stevenson (1982). To take 20 g of soil sample,
acid washed (0.1 N HCl) in to 80z polyethylene
centrifuge bottle and the acid washing was
carried out 3 times.  The mixture taken in the
flask and to it 100 ml of 0.5 N NaOH solution
was added and stoppered the flask tightly. The
mixture was shaken for 12 hours on a
mechanical shaker, washed down the side of
flask with distilled water and centrifuged the
mixture at 15000 rpm for 30 minutes. The dark
colored suspended material was decanted and
the pH of the solution was adjusted to 1.0 with
concentrated HCl, Additional 100 ml 0.5 N
NaOH solution was added to the soil, shaken the
mixture for 1 hour and repeated the
centrifugation and decanting procedures.
Dispersed the residue in 100 ml distilled water,
and the supernatant liquid was added to the
previous extracts. The pH of resulting solution
was adjusted to 1.0 with concentrated HCl and
allowed the humic acid to settle down. The
excess supernatant liquid was siphoned off
(Fulvic acid) from the acidified extract, then

transferred the remains of the suspension to 80z
polyethylene bottle and centrifuged off the
humic acid. Re-dissolved the humic acid in
NaOH solution and then adjusted the pH about
1.0 with concentrated HCl and centrifuged out
the humic acid. In each case supernatant liquid
was added to the original and filtrate. The humic
acid was dried (freeze drying) and grinded it to
brown powder. To separate B humus, the pH of
the fulvic acid filtration was adjusted to 4.8. For
this purpose, 0.5 N NaOH solution was added
to the extract until practically all of acid is
neutralized and then completed the
neutralization by the caution by addition of 0.1
N NaOH solution. After the precipitate has
settled, siphoned off as much of the supernatant
liquid as possible and the siphoned solution was
dried in an oven at 50°C i.e. fulvic acid. For the
humin fraction, the residue remaining after
alkaline extraction was washed with distilled
water and dried in an oven at 50°C.

Statistical analysis : The experimental
data was subjected to analysis of variances
(ANOVA) and treatment means were compared
significant differences test at P=0.05 using
randomized block design (RBD) procedure as
given by Panse and Sukhatme (1985).

Results and Discussion

Organic matter fractionation in soil

Humin : In this study, perusal data of 6th &
7th cycles on humin content in soil after harvest
of soybean was observed higher in treatment T8
(0.565 and 0.557 g 100g-1 soil humus)
receiving optimal dose of organic manure along
with chemical fertilizer (i.e.100% NPK + FYM
@5 Mg ha-1) over before sowing and initial status
of humin in soil (Table 1). However, lower humin
content in soil was noted in absolute control
treatment T11 (0.432 and 0.423 g 100g-1 soil
humus). The improvement in humin fractions
with NPK + FYM might be due to high C: N
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ratio of FYM resulting in higher organic carbon
content in soil leading to greater humus
formation. Addition of organic manure could
serve as source of humus. At the same time,
compounds utilized by micro-organism
(cellulose, hemicelluloses, mono and
disaccharides, glucosides, amino acids etc.) are
indirect source of humic substances, being
converted in to microbial plasma, which then
participate in the formation of humic substances
(Kononova 1966). In case of inorganic fertilizer,
use of 150% NPK showed pronounced effect on
humin in soil due to addition of root residues
consequent to higher biomass yield. Gathala et
al. (2007) in long-term fertilizer experiment
noted that the contents of humin, humic acid
and fulvic acid in the soil were significantly
increased with the application of fertilizer and
FYM. The highest amount of their fractions
were recorded with application of FYM@ 20 t
ha-1 which could be due to the improved soil
organic matter and conducive environment for

the formation of humic acid in Typic
Haplusteps.

Humic acid : Conjoint use of organic
manure and fertilizer showed significant
improvement in humic acid over initial status of
fulvic acid in soil (Table 1). The 6th and 7th cycles
data on humic acid content in soil under
soybean-safflower cropping system was noticed
significantly highest (0.373 and 0.366 g 100
g-1 soil humus) with the application of 100%
NPK + FYM @5 Mg ha-1 and lowest amount of
fulvic acid (0.254 and 245 g 100 g-1 soil humus)
was noted in absolute control (T11). Significantly
(p < 0.05) more humic acid content in soil after
the harvest of soybean was noted in T8 might
be due to applied NPK + FYM resulted higher
turnover of organic matter in soil. The
continuous application of 100% N alone and
50% NPK caused an increase in humic acid over
control but response exhibited declining humic
acid with time due to imbalanced use of fertilizer
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Table 1. Humus fractionation as influenced by different nutrient management system under soybean-safflower cropping
sequence

Treatment Before sowing 6th and 7th cycles data of humus fractionations
–––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Humin Humic Fulvic HA:FA Humin Humic acid Fulvic acid HA: FA ratio

acid acid ratio –––––––––––– ––––––––––––– ––––––––––––– –––––––––––––
2012 2013 2012 2013 2012 2013 2012 2013

T1 - 50%NPK 0.463 0.261 0.140 1.869 0.485 0.472 0.308 0.291 0.174 0.163 1.771 1.788
T2 - 100%NPK 0.498 0.285 0.169 1.695 0.514 0.513 0.324 0.322 0.196 0.185 1.653 1.742
T3 - 150%NPK 0.524 0.332 0.218 1.524 0.557 0.548 0.368 0.357 0.248 0.239 1.485 1.496
T4 - 100%NPK+HW 0.507 0.303 0.181 1.681 0.521 0.518 0.334 0.328 0.212 0.206 1.575 1.595
T5 - 100%NPK+Zn 0.515 0.318 0.204 1.569 0.534 0.523 0.345 0.334 0.225 0.213 1.536 1.568
T6 - 100%NP 0.478 0.284 0.154 1.846 0.506 0.494 0.318 0.313 0.187 0.174 1.698 1.803
T7 - 100%N 0.433 0.242 0.123 1.975 0.451 0.446 0.274 0.265 0.146 0.134 1.880 1.977
T8 - 100%NPK+FYM 0.549 0.346 0.229 1.513 0.565 0.557 0.373 0.366 0.253 0.248 1.477 1.479
T9 - 100%NPK-S 0.482 0.283 0.156 1.818 0.503 0.492 0.312 0.311 0.181 0.170 1.726 1.829
T10 - FYM 0.510 0.301 0.172 1.754 0.527 0.516 0.326 0.327 0.203 0.194 1.609 1.689
T11 - Control 0.413 0.220 0.103 2.140 0.432 0.423 0.254 0.245 0.125 0.115 2.025 2.137
T12 - Fallow 0.424 0.231 0.114 2.035 0.450 0.445 0.270 0.259 0.134 0.129 2.020 2.007
Mean 0.483 0.284 0.163 1.785 0.503 0.496 0.317 0.310 0.190 0.181 1.704 1.759
SE± 0.0047 0.0026 0.0038 0.045 0.0027 0.00260.0021 0.0017 0.0017 0.0013 0.021 0.019
CD at (P=0.05) 0.0135 0.0074 0.0109 0.131 0.0080 0.00760.0061 0.0051 0.0049 0.0039 0.061 0.056

Humin (g 100 g-1 soil humus); HA, Humic acid (g 100 g-1 soil humus); FA , Fulvic acid (g 100 g-1 soil humus).



dose and continuous nutrient mining from soil.
However, 150% NPK (T3) treatment showed
quite near values with optimal dose of fertilizer
application (NPK+FYM) which may be due to
addition of root residues consequent to higher
biomass yield and have produced more amount
of humic acid and also be due to decomposition
of added residue to constitute part such as lignin
derived phenolic unit, carbohydrates or amino
compounds as building blocks or substrate for
humus formation. The content of humic acid
was higher than fulvic acid regardless of
treatments. Fulvic acids, although primarily
considered to be humic acid precursors, may be
humic acid degradation products as well. It is
probable that fulvic acid can be absorbed on to
clay, but the size of their molecules suggested
that the force of attraction would be less than
those for longer humic acid constituents
(Anderson 1979). Santhy et al. (2001) reported
that the content of humic acid in soil increased
with increasing levels of chemical fertilizers from
50 to 150% and the highest content was
recorded with the application of 100%
NPK+FYM which could be due to conducive
environment for the formation of humic acids in
this treatment. In 150% treatment addition of
root residue consequent to higher yield have
produced more amount of humic acid in Vertic
Ustopept. Gathala et al. (2007) also reported
that application of chemical fertilizer alone
(150% NPK) and integrated use of FYM and
100% NPK produced more amount of humic
acid in Typic Haplusteps. Similarly, Bhoye et al.
(2011) found increased humic acid in soil due to
addition of 10 tonnes fully decomposed FYM
and 10 tonnes partially decomposed FYM with
RDF and these treatments were significantly
superior over rest of the treatments.

Fulvic acid : Long term data of 6th and 7th

cycles showed in (Table 1) on fulvic acid content
in soil under soybean-safflower cropping system
was noted significantly highest (0.253 and

0.248 g 100g-1 soil humus) with the continuous
application of balanced fertilizers along with
organic manure i.e.T8 - 100% NPK + FYM @5
Mg ha-1 over control T11 (0.125 and 0.115 g
100 g-1 soil humus). It seems that the fulvic acids
are simpler in nature and being more stable and
found to be more resistance to coagulating
action of electrolyte than humic acid (Kononova,
1966). Further, significant reduction in fulvic
acid was observed under nitrogen alone (100%
N) and unfertilized treatments, this may occurred
due to heavy removal of nutrients by the crops,
therefore less contribution of organic matter in
soil and in absence of organic carbon
supplementation through external source.
Santhy et al. (2001) and Gathala et al. (2007)
noted that the integrated use of organic manures
and inorganic fertilizer produced more amount
of fulvic acid in Vertic Ustopept and Typic
Haplusteps respectively under long term
experiments in India. Application of 10 tonnes
fully decomposed FYM and 10 tonnes partially
decomposed FYM with RDF significantly
improved the fulvic acid in soil (Bhoye et al.
2011). Recently, Meshram et al. (2016)
observed that under long term use of FYM along
with NPK recorded higher humus formation due
to contribution of organic matter than other
treatments.

Humic acid : Fulvic acid (HA: FA) ratio:
A combined application of FYM + fertilizer in
the present study provided evident that balanced
supply of nutrients and carbon reflected in terms
of development in HA: FA ratio of soil (Table 1).
Regarding the data of 6th and 7th cycles,
applying optimal dose of NPK fertilizer along
with organic manure was found significantly
reduce HA : FA ratio in soil (1.477 and 1.479)
over its before sowing and initial status of soil. It
became narrower due to a decrease of total
humic acid content, primarily due to decreased
Ca-humate content, an increase in the amount
of strongly bound humic and fulvic acids i.e.
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positive association between fulvic acid and total
organic matter (Gathala et al. 2007). The
increase in magnitude of organic matter
fractions might have been due to faster rate of
decomposition and mineralization owing to
higher temperature of the surface soil in tropical
regions (Santhy et al. 2001). Similarly, also
Meshram et al. (2016) significantly higher
humus formation recorded by the application of
FYM along with NPK than other management
practices.

Conclusion

It can be concluded that in Vertisols under
continuous cropping with soybean-safflower
system over 6th and 7th years, conjoint use of
organic manure along with 100% NPK was
found significantly superior over rest of the
treatments with respect to humus fractions
(humin, humic acid, fulvic acid and HA: FA
ratio). Amongst different nutrient management
supply systems, application of only chemical
fertilizers 150% NPK was also noted higher
humus formation and better option for nutrient
management through inorganics.
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Intertidal rocky shores are heterogeneous
environments supporting variable assemblages
of sessile and mobile organisms. Bivalves of
rocky shores consist of oysters, mussels, clams,
etc. Bivalves form valuable fisheries in various
parts of the coasts of the India providing food,
lime, pearls and decorative shells. Bivalves are
also a rich source of bioactive compounds that
are used in medicinal preparations (Nayar and
Rao, 1985). In India, 5070 species of molluscs
have been recorded of which, 3370 species are
from marine habitats (Rao, 1991). Diversity of
bivalve and gastropod molluscs from mangrove
habitat, rocky substrata, sandy beach and muddy
habitat along Raigad district of Maharashtra was
studied by Khade and Mane (2012). The status
of bivalve fishery ranges from under exploitation
in the northwest and northeast coasts to
overexploitation in the southern maritime states.

Clams and cockles form 73.8 %, followed by
oysters (12.5 %), mussels (7.5 %) and window
pane oysters (6.2 %). The west coast accounts
for 52.3 % of the landings where the catch was
utilized for both the meat and the shell (Kripa
and Appukuttan, 2003). Aim of the present
study is to assess the diversity of bivalves from
Aare-Ware rocky shore of Ratnagiri hence the
present study is undertaken.

Materials and Methods:

The study area : The fortnightly study of
bivalves was carried out during May 2014 to
April 2016 on the intertidal exposed rocky
shore of Aare-Ware, Ratnagiri. Ratnagiri is the
coastal district of Maharashtra state along the
west coast of India bound by Arabian sea. Aare-
Ware rocky beach (Lat. 16.99020 N, Long.
73.3120 E) located along the south-west side of
Ratnagiri. Aare-Ware rocky shore showed high
tidal heights and wave action. Topographically
it had larger boulders and deeper rock pools.
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The shore was associated with sandy fringe
beaches extending to completely sandy shore
area (Plate 1).

Sampling method : The intertidal zone i.e.
the zone between high tide and low tide covering
the area of around 10,000 m2 was selected for
study purpose. Bivalves were collected from the
Aare-Ware rocky shore of Ratnagiri at
fortnightly interval at approximately the same
tidal amplitude using quadrant having size 50 x
50 cm (Plate 2) (Boaventura et al., 2002). The
number of each species was counted in each
fixed quadrant along the sampling station
throughout the year to calculate different

diversity indices i.e. Shannon-Weiner index (H'),
Simpson index (S), Species evenness (J') and
Dominance index (D).

I) Shannon’s diversity index 

s
H' = –S (pi) (log pi)

i=1

Where, H' = Shannon-Wiener index, Pi =
proportion of the individuals found in the ith
species and estimated as ni/N and S = number
of the species

II) Simpson index

S = 1 – D

S = 1 - �S ni (ni-1) / N (N-1)

Where, S = Simpson index, D = dominance,
ni = Number of individuals of each species, N =
Total number of individuals of all the species

III) Evenness

J' = H' / Hmax

Where, J' = evenness, H' = diversity index
value and S = total number of species
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Plate 1. Sampling location at Aare-Ware rocky
shore, Ratnagiri

Plate 2. Quadrant with transect line



IV) Dominance

D = 1 – J'

Where, D = dominance and J' = evenness

Molvaer et al. (1997) standards of relation
between the indices and the different ecological
levels according to what is recommended by the
Water Framework Directive:

High status: >4 bits/indv

Good status: 4–3 bits/indv

Moderate status: 3–2 bits/indv

Poor status: 2–1 bits/indv

Bad status: 1–0 bits/indv

Results and Discussion

The diversity indices such as, Shannon -
Weiner index (H'), Simpson index (S), Species
evenness (J') and Dominance index (D) were
studied during investigation. The diversity indices
are given in Table 1 & 2 and Fig. 1.

Shannon-Weiner index (H') : Shannon’s
Diversity Index is the most common measure of
species diversity in ecology. It “quantifies the
uncertainty in the species identity of an
individual that is picked at random” from a
dataset (Tuomisto, 2010). The H' value at Aare-
Ware rocky shore ranged between 0.8698 and
2.0731, the minimum value was recorded in the
month of June and maximum in the month of
October in the year 2014-15. In the year 2015-
16, high H' value was observed in the month of
November (1.8810) and low value was observed
in the month of June (0.7935). Similar result has
also been reported by Lokhande (2012), the
maximum value of the Shannon index (H') was
recorded at Mirya sandy beach in the month of
November (4.1332) and minimum in April
(1.8034). Seasonally the maximum value of the
Shannon index (H') was recorded during the

post-monsoon period (3.8449) and minimum
during the pre-monsoon period (2.5441).
Inverse result reported by Bhatade (2011) in
case of macrofauna, the Shannon diversity index
was highest in July (2.4416) while minimum in
January (2.1234). Seasonally the Shannon’s
diversity index was highest in monsoon (2.3120)
while minimum in post-monsoon (2.1927) at
Alawa rocky shore of Ratnagiri. 

Seasonally the minimum value was (1.12 ±
0.26) recorded during monsoon season and
maximum value was (1.82 ± 0.21) recorded
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Table 1. Month wise biodiversity indices of bivalves at
Aare-Ware rocky shore of Ratnagiri during May
2014-April 2016

Year Month (H') (S) (J') (D)
––––––– ––––––– ––––––– –––––––
(log2) (log2) (log2) (log2)

May 2014- May 1.1848 0.3459 0.2202 0.7798
-April 2015 Jun 0.8698 0.2614 0.1346 0.8654

Jul 0.9936 0.2924 0.2039 0.6461
Aug 1.0292 0.3120 0.3666 0.6334
Sep 1.5402 0.4882 0.5486 0.4514
Oct 2.0731 0.6738 0.7385 0.2615
Nov 1.9017 0.6079 0.6774 0.3226
Dec 1.6620 0.5558 0.5920 0.2780
Jan 1.6412 0.5646 0.5846 0.4154
Feb 1.5840 0.5090 0.5642 0.4358
Mar 1.6085 0.5151 0.5730 0.4270
Apr 1.2200 0.3778 0.5545 0.4455

May 2015- May 1.5314 0.4707 0.5455 0.4545
April 2016 Jun 0.7935 0.2239 0.2826 0.7174

Jul 1.2191 0.4129 0.1343 0.8657
Aug 1.2873 0.4006 0.1585 0.8415
Sep 1.4272 0.4276 0.6587 0.3413
Oct 1.7583 0.5549 0.6263 0.3737
Nov 1.8810 0.6079 0.6700 0.3300
Dec 1.5663 0.5022 0.5579 0.4421
Jan 1.5558 0.5190 0.5542 0.4458
Feb 1.5119 0.5123 0.5385 0.4615
Mar 1.4809 0.4505 0.5275 0.4725
Apr 1.3359 0.4618 0.1758 0.8242

H' – Shannon’s diversity index, S - Simpson index, J' –
Evenness index, D –Dominance index



during post-monsoon in the year 2014-15. In
the year 2015-16 the minimum value (1.18 ±
0.27) was recorded during monsoon while the
maximum value (1.69 ± 0.16) was during post-
monsoon. According to Warwick et al. (1990)
macrofaunal diversity was lowest in disturbed
and polluted areas and highest in undisturbed
areas of Hamilton Harbour, Bermuda. In one of
these studies, done in coastal waters of Gangolli
(Prabhu et al., 1993), situated in west coasts of
India, spread/expansion of benthos over time
indicates that their genera diversity in after
monsoon period was increased.

Simpson index (S) : Simpson index
ranged from 0.2614 to 0.6738 with minimum
value was in the month of June and maximum
was in the month of October in the year 2014-
15 while in the year 2015-16, 'S' value ranging
between 0.2239 and 0.6079 with minimum
value in the month of June and maximum in the
month of November. Seasonally in the year
2014-15, the minimum value was recorded
during monsoon (0.34 ± 0.09) and maximum
(0.60 ± 0.05) was recorded during post-
monsoon while in the year 2015-16, the
minimum value was recorded during monsoon
(0.37 ± 0.10) and maximum value was recorded
during post-monsoon (0.55 ± 0.05).

Shannon and Simpson’s diversity index
indicated different levels of ecological state of the
shore during different months. Roman-
Contreras et al. (1991) stated that the species

diversity in littoral molluscs was high on rocky
shores with heterogeneous substrate and low in
partially protected areas with smooth rocks in
the Chamela Bay in Mexico. The results of its
study showed that species richness and diversity
were slightly higher on a heterogeneous and
stable substrate (Cape Monze). However,
Warwick and Clarke (1993) pointed out that
diversity behaves neither consistently nor
predictably in response to environmental stress.
Bhatade (2011) reported that the Simpson index
was highest in July (0.7198) and lowest in
January (0.6682) at Alawa rocky shore of
Ratnagiri. Seasonally Simpson index also
depicted same pattern being highest in monsoon
(0.7042) and lowest in post-monsoon (0.6797).
Contrary to Lokhande (2012), the Simpson
index at Mirya sandy shore of Ratnagiri was
maximum in December (0.9239) and minimum
in April (0.6695). Seasonally the Simpson index
(S) was maximum during the post-monsoon
period (0.9080) and minimum during the pre-
monsoon period (0.7820).
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Table 2. Season wise biodiversity indices of bivalves at Aare-Ware rocky shore of Ratnagiri during May 2014-April 2016

Season (H') (S) (J') (D)

Monsoon 2014-15 1.12 ± 0.26 0.34 ± 0.09 0.36  ± 0.12 0.60 ± 0.09
Post-monsoon 2014-15 1.82 ± 0.21 0.60 ± 0.05 0.65 ± 0.07 0.35  ± 0.07
Pre-monsoon 2014-15 1.40 ± 0.23 0.44 ± 0.09 0.37  ± 0.23 0.58  ± 0.20
Monsoon 2015-16 1.18 ± 0.27 0.37 ± 0.10 0.31  ± 0.24 0.69  ± 0.24
Post-monsoon 2015-16 1.69 ± 0.16 0.55 ± 0.05 0.60  ± 0.06 0.40  ± 0.06
Pre-monsoon 2015-16 1.47 ± 0.09 0.47 ± 0.03 0.45  ± 0.18 0.55  ± 0.18

H' – Shannon’s diversity index, S - Simpson index, J' – Evenness index, D –Dominance index

Fig. 1. Month wise biodiversity indices of
bivalves at Aare-Ware rocky shore
during May 2014-April 2016



Species evenness (J') : Biological
evenness for determining and calculating
frequency (rampancy or numbers) of species
types and also their distribution method as to
how the frequency (numbers) are spread in a
given one sample both before and after the
seasonal monsoon (Ludwing and Reynolds,
1988). In the present study high species
evenness (J') was recorded in the month of
October (0.7385) and low value recorded in the
month of June (0.1346) in the year 2014-15
and in the year 2015-16, high J' value was
recorded in the month of November (0.6700)
and low value recorded in the month of July
(0.1343). Bhatade (2011) reported that
maximum value of evenness index was recorded
in July (0.7179) and minimum in January
(0.6372) at Alawa rocky shore of Ratnagiri.
Seasonally maximum value of evenness index
was recorded in monsoon (0.7087) and
minimum in post-monsoon (0.6643). Lokhande
(2012) reported that the evenness index (J') at
Mirya sandy beach along Ratnagiri coast was
maximum in August (0.9434) and minimum in
September (0.7729). Seasonally the evenness
index (J') was maximum during the monsoon
period (0.8853) and minimum during the pre-
monsoon period (0.8421). 

In the present study seasonally the minimum
J' value was recorded during monsoon (0.36 ±
0.12) and maximum J' value was recorded
during post-monsoon (0.65 ± 0.07) in the year
2014-15 while in the year 2015-16 the
minimum J' value was recorded during monsoon
(0.31 ± 0.24) and maximum J' value was
recorded during post-monsoon (0.60 ± 0.06).
Asghari et al. (2015) comparing of evenness
index shows a maximum numerical index of 0.6
for bivalves after the monsoon period (an
increase of 0.2 from ‘before monsoon period’).
The above mentioned result indicates that
bivalves (among others) have a more uniform
scattering (dispersion) after monsoon period. 

Dominance index (D) : The dominance
index in the year 2014-15 ranged between
0.2615 and 0.8654, minimum value in the
month of October and maximum in the month
of June and in the year 2015-16, 'D' value
ranged between 0.3300 and 0.8657, with
minimum value in the month of November and
maximum in the month of July. Seasonally, the
minimum 'D' value was recorded during post-
monsoon (0.35 ± 0.07) and maximum 'D' value
was recorded during monsoon (0.60 ± 0.09) in
the year 2014-15. In the year 2015-16, the
minimum 'D' value was recorded during post-
monsoon (0.40 ± 0.06) and maximum 'D' value
was recorded during monsoon (0.69 ± 0.24).
Bhatade (2011) reported that the index of
dominance was maximum in January (0.3628)
and minimum in August (0.2821). Seasonally
index of dominance was maximum in post-
monsoon (0.3357) and minimum in monsoon
(0.2913) at Alawa rocky shore of Ratnagiri.
Lokhande (2012) reported that the dominance
index (D) was maximum in April (0.2233) and
minimum in August (0.0566). Seasonally the ‘D’
was maximum during the pre-monsoon period
(0.1580) and the minimum during the monsoon
period (0.1147) at Mirya sandy beach of
Ratnagiri.

Conclusion

Present investigation showed that the
diversity of Aare-Ware was high during post-
monsoon season and low in monsoon season,
evenness was high in post-monsoon seasons
and low in monsoon seasons and dominance
low in post monsoon seasons and high in
monsoon season. The increase in the diversity
after monsoon could be due to seasonal
spawning of bivalves and favorable biological
and environmental conditions. The mixing of
sea waters during monsoon period causes a
renewal of food materials supply, together with
the physical stability of the substratum and
enrichment of waters with dissolved oxygen
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content will cause an increase in Fauna-Benthos
diversity in the after monsoon period. As per
Molvaer et al. (1997) ecological levels standards,
present investigation showed that the overall
diversity of Aare-Ware shore was bad status. It
might be due to hydrological conditions and
human interferences. 

References
Asghari, S., Ahmadi, M. R., Salarzadeh, A. R.,

Mohammadizadeh, F. and Ejlali K.. 2015. A survey on
influence of summer monsoon on diversity and density
of bivalves in the Iranian Coasts of Oman Sea. J. Bio.
& Env. Sci., 7 (2):125-135.

Bhatade, S. S., 2011. Seasonal changes in the biodiversity
of macroflora and fauna of the rocky shore, Alawa,
Ratnagiri. M.F. Sc. Thesis. Dr. Balasaheb Sawant
Konkan Krishi  Vidyapeeth, Dapoli, pp. 56.

Boaventura, D., Re, P., Fonseca, L. C., and Hawkins, S. J.
2002. Intertidal rocky shore communities of the
continental Portuguese Coast: Analysis of Distribution
patterns. Mar. Ecol., 23 (1): 69-90.

Khade, S. N. and Mane, U. H. 2012. Diversity of bivalve
and gastropod molluscs from selected localities of
Raigad district, Maharashtra, West coast of India.
Recent Res. in Sci. and Tech., 4 (10): 43 – 48.

Kripa, V. and Appukuttan, K. K. 2003. Marine bivalves. In:
Mohan Joseph, M. and Jayaprakash, A. A. (Eds.),
Status of exploited marine fishery resources of India.
Central Marine Fisheries Research Institute, Kochi,
India, pp. 211-220.

Lokhande, S. S. 2012. Macrofaunal abundance of sandy
shore Mirya, Ratnagiri. M.F.Sc. thesis, Dr. Balasaheb

sawant Konkan Krishi Vidyapeeth, pp.184.

Ludwing, J. A. and Reynolds, J. F. 1988. Statistical ecology.
A primer methods & computing, John Wiley & sons
pub. pp.337.

Molvaer, J., Knutzen, J., Magnusson, J., Rygg, B., Skei, J.
and Sorensen, J. 1997. Classification of the
environmental quality of fjords and coastal waters. SFT
Veiledning 97:03. Norwegian Pollution Control
Authority, Oslo, Norway, pp. 36.

Nayar, K. N. and Rao, K. S. 1985. Molluscan Fisheries of
India. Mar. Fish. Info. Ser.Tech. and Ext. Series 61: 1-
7.

Prabhu, H. V., Narayana, A. C. and Katti, R. J. 1993.
Macrobenthic fauna in nearshore sediments off
Gangolli, West coast of India. Indian J. Mar. Sci. 22:
168-171.

Rao, N. V. 1991. Mollusca in Animal Resources of India
(Zoological Survey of India, Calcutta): 125–147.

Roman-Contreras, R., Cruz Abrego, F. M. and Ibanez
Aguirre. A. L. 1991. Observaciones ecologicas de los
moluscos de la zona intermareal rocosa de la Bahia de
Chamela, Jalisco, México. An. Inst. Biol.. Univ. Nal.
Autonoma de Mexico, Serie Zoologia 62: 17-32.

Tuomisto, H. 2010. A consistent terminology for
quantifying species diversity? Yes, it does exist.
Oecologia, 164(4): 853–860.

Warwick, R. M., Platt, H. M., Clarke, K. R., Agard, J. and
Gobin J. 1990. Analysis of macrobenthic and
meiobenthic community structure in relation to
pollution and disturbance in Hamilton Harbour.
Bermuda. J. Exp. Mar. Biol. Ecol., 138: 119-142.

Warwick, R. M. and Clarke, K. R. 1993. Increased variability
as a symptom of stress in marine communities. J. Exp.
Mar. Biol. Ecol., 172: 215-226.

Pakhmode and Killekar470

______________



Intertidal rocky shores are heterogeneous
environments supporting variable assemblages
of sessile and mobile organisms. The
commercially important bivalves along the
Indian coast are clams, mussels, edible oysters
and pearl oysters. Except for pearl oysters,
bivalves have been fished either for their meat
or shell since time immemorial and it has a
tremendous impact on the Indian economy
(Appukuttan and Ramdoss, 2000). Most bivalves
are filter-feeders (e.g., subclasses Pteriomophia
and Heterodonta). Filter-feeders have well-
developed ctenidia that display an elaborate
sorting system of cilia-lined grooves and surfaces
that select particles of the right size and density
during feeding. However, some bivalves can be
deposit-feeders (subclass Protobranchia), using

their long, modified labial palps to collect food
particles from the bottom surface. Protobranchs
do not use their ctenidia as food-collecting
organs (Leal, 2013).The available living organic
matter as ‘phytoplankton’ in water column is an
important food source for bivalves (Mukai 1992,
MacDonald & Ward 1994, Dupuy et al.
2000).In this study, the food sources of bivalve
were investigated for the rock oyster S.
cucullata by a gut content analysis.

Materials and Methods

The fortnightly study of bivalves was carried
out during May 2014 to April 2016 on the
intertidal exposed rocky shore of Aare-Ware,
Ratnagiri. Ratnagiri is the coastal district of
Maharashtra state along the west coast of India
bound by Arabian sea. Aare-Ware rocky beach
(Lat. 16.99020 N, Long. 73.3120 E) located
along the south-west side of Ratnagiri.

Feeding biology of oyster were studied using
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Abstract
The gut content analysis of Saccostrea cucullata was studied using numerical method and food items was

identified by using microscopic observationof Aare-Ware rocky shore of Ratnagiri during April 2014 to May
2016. During the study total 11 diatom species were identified viz. Oscillatoria sp., Chaetoceros sp.,
Rhizosolenia sp., Coscinodiscus sp., Schroederella sp., Skeletonema sp., Thalassiothrix sp., Nitzschia sp.,
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Peridinium sp. and Ceratium sp. Along with diatoms, copepods, ciliates, unidentified eggs and detritus were
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indinoflagellates, Peridinium sp. were found to be dominant food items throughout study period. The most
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numerical method as per Biswas (1993),
Muneton-Gomez et al. (2010) and Yurimoto et
al. (2014). For gut contents examination of
oyster, soft body of 20-30 individuals size range
between 25 to 100 mm were separated by
cutting the adductor mussel, surgery methods
were taken in very carefully from the right side
of body to expose the digestive gland until the
intestine to allow collection of all the gut
contents. The gut contents were emptied into a
test tube containing 5% formalin solution. The
contents were stirred thoroughly and the volume
was adjusted to10 ml. From this, 1ml of solution
was taken and poured into Sedgwick Rafter cell
and observed under microscope. The
identification of different organisms was done up
to the generic level. The number of each item
was recorded and expressed as a percentage of
the total number of all food items in the sample
studied. The gut anddigestive tube contents were
identified to genus or species level using the
taxonomic keys by Cupp (1943), Hendey
(1964),Newell and Newell (1977), Santhanam
et al. (1987), Siqueiros-Beltrones (2000) and
Mitra et al. (2004).

Results and Discussion

In the gut of S. cucullata diatoms were
abundant. During the study total 11 diatom
species were identified viz. Oscillatoria sp.,
Chaetoceros sp., Rhizosolenia sp.,
Coscinodiscus sp., Schroederella sp.,
Skeletonema sp. Thalassiothrix sp., Nitzschia
sp., Navicula sp., Pleurosigma sp. and
Pinnularia sp. Two dinoflagellates species were
also obsereved viz. Peridinium sp. and
Ceratium sp. along with diatoms, copepods,
ciliates, unidentified eggs and detritus were also
noticed in the gut. Navicula sp., Oscillatoria
sp., Coscinodiscus sp. and Schroederella sp.,
in dinoflagellates, Peridinium sp. were found to
be dominant food items throughout the study
period (Table 1 and Plate 1A to 1C). Durve
(1964) reported that bivalves showed a variation
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in the quality of their meat depending on their
physiological condition, environmental factors
and also the seasons. It was found that diatoms
belonging to as many as 20 genera and detritus
in the stomachs of oysters studied from Kelwa
backwaters and considered them to be the food
of oysters. The dominant diatoms found in the
gut included Coscinodiscus, Thalassiosira,
Biddulphia, Cocconeis, Achnanthes,
Diploneis and Synedra. Detritus was present in
the stomachs throughout the year.
Naupliuslarvae and body parts of crustaceans
were also recorded. James (1992) reported
thatthe food of oysters mainly comprised of
organic detritus and phytoplanktonic organisms
such as diatoms and nanoplankters. Spores and
particulate matter of seaweeds were also found
in the stomach.Through direct observations
James (1992) reported that the benthic diatom
genera Amphora, Navicula and Nitzschia could
be food sources for the abalone Haliotisspp.
However, histological sections of the bivalve gut
and intestine represented an alternative to study
gut content, although only hard structures
prevail, such as diatom frustules and some
recently ingested soft structures.

The average proportions of the gut contents
for the whole period of study at Aare-Ware
shore were: diatoms (44.51%), dinoflagellates
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Fig. 1. Food item reported according to group wise in the gut of S. cucullata during May 2014-April
2016 at Aare-Ware rocky shore of Ratnagiri

Coscinodiscus sp. Chaetoceros sp.

Schroederella sp. Pinnularia sp.

Nitzschia sp. Rhizosolenia  sp.

Plate 1A. Food constituents found in the gut of
S.cucullata



(1.75%), copepods (9.91%), ciliates (0.53),
unidentified eggs (2.84%) and detritus (40.46%).
(Table 2 and Fig. 1) Group wise highest
percentage values of diatoms were recorded in
the month of March 2015 (59.4%),
dinoflagellates in the month of May 2015

(3.7%), copepods in the month of August 2015
(15.8%), ciliates in the month of February 2015
(2.2%), unidentified eggs were high during May
2014 (7.8%) and detritus in the month of
January 2015 (60%). Thangavelu (1988) studied
the natural food of the Indian backwaters oyster.
The stomach contents comprised diatoms
(52.8%), detritus (45.78%) and animal matter
(1.5%). The order of preference of genera of
diatoms and dinoflagellates in the guts of C.
madrasensis were Navicula, Coscinodiscus,
Nitzschia, Pleurosigma, Rhizosolenia,
Amphora and Peridinitum. Other planktons
such as Porocentrum, bacteriastrum,
Detonula, Cymbella, Rhadonella, Diploneis,
Chaetoceros, Thalassiosira and Skelatonema
occurred seasonally in the oyster guts. A similar
finding was reported for the oyster
Hyotissahyotis, where the gut content
comprised mostly diatoms (86.5%) and
dinoflagellates (13.5%), coinciding with the
phytoplankton composition in the area (Villalejo-
Fuerte et al., 2005).

Conclusion

During the present study, diatoms formed a
major group of food constituent in the gut of S.
cucullata. The diatoms might be an important
food supplement in near shore environments
and necessary to meet the energy demands of
the oysters. The presence of diatoms and
detritus showed an inverse relationship and were
found to be associated with the environmental
parameters.

References
Appukuttan, K. K. and Ramadoss, K., 2000.Edible and

ornamental gastropod resources. In: Marine Fisheries
Research and Management. V. N. Pillai and N. G.
Menon (Editors), Central Marine Fisheries Research
Institute, Cochin, pp. 525-535.

Biswas, S. P., 1993., Manual of methods in fish biology.
South Asian Publishers Pvt. Ltd., New Delhi, pp. 157.

Cupp, E. E. 1943. Marine plankton diatoms of west coast

Journal of Agriculture Research and Technology 475

Pleurosigma sp. Navicula sp.

Skeletonema  sp. Thalassiothrix sp.

Oscillatoria  sp. Unidentified eggs

Plate 1B. Food constituents found in the gut of
S.cucullata

Peridinium sp.Ceratium sp.

Copepod Ciliate

Plate 1C. Food constituents found in the gut of
S.cucullata



of North America.Federal Republic of Germany.pp.
235.

Dupuy, C., Vaquer, A., Lam-Hoai, T., Rougier, C.,Mazouni,
N., Lautier, J., Collos,Y., andGall. S. Le, 2000.
Feeding rate of the oyster Crassostreagigasin a natural
planktonic community of the Mediterranean Thau
Lagoon.Mar. Ecol. Prog. Ser., 205: 171-184.

Durve, V. S. 1964. On the percentage edibility and the index
of condition Crassostreagryphoides (Scholtheim). J.
Mar. Biol. Asso. India. 6 (1): 128-134.

Hendey, N. I. 1964. An introductory account of the smaller
algae of British coastal waters. Part V.
Bacillariophyceae (Diatoms), Ministry of A. F.D.
Fishery investigations series IV. pp.298.

James, P. S. B. R. 1992. The Indian edible oyster
technology of seed production and farming."The Indian
Edible Oyster Harvest Mela," Research Centre of the
CMFRI, on 27th and 28th September 1992 at
Tuticorin, Tamil Nadu.pp.23.

Leal, J. H. 2013.Bivalves. Bailey-Matthews Shell Museum,
Florida, USA, pp. 26.

MacDonald, B. A. and Ward,J. E. 1994. Variation in food
quality and particle selectivity in the scallop
Placopectenmagellanicus (Mollusca: Bivalvia). Mar.
Ecol. Prog. Ser. 108: 251-264. 

Mitra, A. K. Banerjee and Gangopadhyay, A. 2004.
Introduction to marine plankton. Daya publishing
house, Delhi.pp. 102.

Mukai H. (1992) The importance of primary inhabitant in

soft-bottom community organization. Benthos Res. 42:
13-27.

Muneton-Gomez, M. S., Villalejo-Fuerte,M .and Garate-
Lizarraga, I. 2010. Gut content analysis of
Anadaratuberculosa (Sowerby, 1833) through
histological sections. CICIMAR Oceanides, 25(2): 143-
148.

Newell, G. E. and Newell, R. C. 1977.Marine plankton.Fifth
edition.ISBN 0091318718. pp. 239.

Santhanam R., Ramanathan, N., Venkataramanujam,K. and
Jegatheesan,G. 1987. Phytoplankton of the Indian
seas.Daya Publishing house, Delhi.Pp. 127.

Siqueiros-Beltrones, D. A. 2000. Benthic diatoms associated
to abalone (Haliotisspp.) on a rocky substratum from
Isla Magdalena, Baja California Sur, México.
Oceanides. 15: 35-46.

Thangavelu, R. 1988. Natural food of edible oyster
Crassostreamadrasensis (Preston) of Pulicatlake. South
India. Proc. India Acad. Sci. (Anim. Sci.), 97 (5): 463-
470.

Villalejo-Fuerte M., Muneton-Gomez,M. S. and Garate-
Lizarraga, I. 2005. Gut content, phytoplankton
abundance and reproductive season in the black oyster
(Hyotissahyotis, Linne, 1758) at Isla Espiritu Santo,
Gulf of California. J. Shell. Res., 24: 185-190.

Yurimoto, T., F. Kassim,M. and Man,A. 2014. Digestive
tube contents of Blood cockle (Anadaragranosa) in a
tropical mangrove estuary in Malaysia. Int. Jour. Aqu.
Biol.2(4):180-183.

Pakmode et al.476

______________



Sunflower (Helianthus annuus L.) is one of
the most important oilseed crop in the world.
Sunflower is originated in the South-West United
States-Mexico area (Heifer, 1955; Vranceanu
and Stoenescu, 1979). Sunflower was
introduced for commercial cultivation in India in
1969 from former USSR. Low yielding
genotypes and hybrids of sunflower are the
major constraints of sunflower productivity, due
to which the area and production of sunflower
is decreasing in past few years. To conquer this
constraint breeders have centre of attention
towards production of hybrids through heterosis
breeding, which become possible due to
discovery of cytoplasmic male sterility by
Leclercq (1969) and fertility restoration system
by Kinman (1970).

In order to exploit heterosis, it is necessary
to identify the best combiner and superior
parental lines. Combining ability analysis

provides the information for selection of the
desirable parents and cross combinations for
exploitation. Thus, present investigation is
undertaken to study the combining ability effects
of parents and cross combinations for selecting
superior parental lines and hybrids for yield,
yield contributing characters and oil content.

Materials and Methods

The experimental material consist of five
CMS lines viz. CMS-2A, AKSF-14-2A, AKSF-
14-1A, AKSF-10-1-1A, MS-400A andnine
testers viz., IR-1-1R, EC-601951R, AKSF-14R,
856R, AKSF-12R, P-146R, 272R, R-16, BC-
3-1Rand their 45 F1’s. The five CMS lines were
crossed with the nine restorers/testers in Line x
Tester fashion during summer 2015 and
obtained sufficient crossed seeds. The 45 F1
crosses along with their 14 parents were
evaluated in Randomized Block Design (RBD)
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Abstract
The experimental material was developed by crossing newly developed five lines and nine testers in Line

x Tester fashion during summer 2015. Parents and their forty five hybrids were evaluated in randomized block
design with three replications at Oilseed Research Unit, Dr. PDKV, Akola during kharif 2016 to estimate the
combining ability effects. Among the parents AKSF-14-2A, EC-601951R and IR-1-1Rwere found to be best
general combiners for most of the yield contributing traits, seed yield and oil content.The line MS-400A and
tester P-146R were also found to be good general combiner for oil content, thus these parents should be
included in future hybridization programme for improvement in seed yield as well as oil content in sunflower.The
highest significant specific combining ability (sca) effect for seed yield was recorded by the cross AKSF-14-1A
x P-146R followed by CMS-2A x R-16, AKSF-14-2A x AKSF-14R, AKSF-10-1-1A x P-146R and AKSF-14-
1A x EC-601951R.On the basis of mean performance, specific combining ability effects of crosses and general
combining ability effects of the parents, three crosses viz., AKSF-14-1A X EC-601951R, AKSF-14-2A X IR-
1-1R and AKSF-14-2A X AKSF-14R are identified as promising crosses for seed yield and the cross MS-400A
X EC-601951R is identified as most promising cross for seed as well as oil content.

Key words : Sunflower, general combining ability, specific combining ability, Line x Tester.



with three replications at the farm of Oilseeds
Research Unit, Dr. Panjabrao Deshmukh Krishi
Vidyapeeth, Akola (Maharashtra State, India)
during kharif 2016. Each entry was sown in one
row of 4.5 m length in each replication. The
inter and intra-row spacing was 60 cm and 30
cm, respectively. All the standard agronomic and
plant protection measures were used. The data
was recorded on plant basis, from each
genotype in each replication on 5 randomly
selected plants and their average value was
computed for ten quantitative traits viz., days to
50% flowering, days to maturity, plant height at
harvest (cm), head diameter (cm), hundred seed
weight (g), volume weight (g/100ml), seed filling
percentage, hull content (%), seed yield per plant
(g) and oil content (%). The oil content (%) was
determined by using Bench top Pulse Nuclear
Magnetic Resonance (NMR) Spectrometer (Mod-
el MQC OXFORD). The samples of 5-10 grams
size were taken for determination of oil content.
Analysis of variance for combining ability was
done according to the Line X Tester method.
The significance of GCA and SCA effects was
determined at the 0.05 and 0.01 level using the
t-test (Singh and Choudhary, 1977).

Results and Discussion

The analysis of variance carried out for the

seed yield, its component and oil content is
presented in Table 1. The variance due to
crosses was significant for all the characters
expect for days to maturity. The mean squares
due to lines (females) were found to be
significant for days to 50% flowering, 100 seed
weight and plant height. However, the
magnitude of variance in females was non-
significant for days to maturity, head diameter,
volume weight, seed filling percentage, hull
content, oil content and seed yield per plant.
The mean squares for testers (males) was
significant for days to maturity, head diameter
and hull content and it was non-significant for
days to 50% flowering, plant height, 100 seed
weight, volume weight, seed filling percentage,
oil content and seed yield per plant. Highly
significant variation was noticed in males and
females interactions for all the characters expect
for days to maturity.

The information on the general combining
ability of parents for yield and its component
characters is very much essential as it facilitates
the selection of best parents in breeding
programmes. The importance of combining
ability in selection of parents for hybridization
has been emphasized by many workers in
sunflower (Deengra et al., 2012).
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Table 1. Analysis of variance for combining ability

Sources of d.f. Days to Days Plant Head 100 Volume Seed Hull Oil Seed 
variation 50% to height  dia- seed weight filling content content yield 

flowe- matu- (cm) meter  weight  (g/ per- (%) (%) plant-1
ring rity (cm) (g) 100ml) centage (g)

1 2 3 4 5 6 7 8 9 10

Replications 2 0.45 13.43 24.32 0.41 0.04 1.52 9.61 0.81 3.19 24.30
Crosses 44 12.79** 9.31 797.80** 19.74** 2.64** 78.21** 52.35** 80.26** 9.55** 224.87**
Females (lines) 4 29.45* 9.84 2087.29* 7.75 9.10* 178.23 28.62 77.45 10.53 413.02
Males (testers) 8 18.15 17.79* 1096.25 40.28* 3.55 67.65 51.08 176.79* 10.57 332.83
Females vs Males 32 9.36** 7.12 562.00** 16.11** 1.61** 68.35** 55.64** 56.47** 9.17** 174.36**
Error 88 1.94 8.55 13.72 1.11 0.25 5.88 6.56 6.18 1.00 10.10

Note:   *Significant at 5% level of significance, ** Significant at 1% level of significance



The estimates of general combining ability
effects of female and male parents are presented
in Table 2. In sunflower positive gca effects are
desirable for all the characters except days to
50% flowering, days to maturity, plant height
and hull content, for which negative gca effects
are desirable.

In sunflower early to medium duration
hybrids or genotypes are preferred and in the
present study among the lines AKSF-10-1-1A
(-0.95&-0.15), CMS-2A (-0.84&-0.56) and
among testers 856R (-1.23&-0.66), P-146R
(-1.77 & -1.33) and AKSF-12R (-0.97 & -1.06)
were found to be good general combiners for
earliness in flowering and maturity,

respectively.The lines AKSF-10-1-1A(-11.38),
AKSF-14-1A(-4.42) and tester BC-3-1R(-17.70)
and IR-1-1R (-2.70)were good general
combiners for dwarfness. Gejli et al. (2011),
Deengra et al. (2012) and Asif et al. (2013) also
assessed the general combining ability for
earliness and dwarfness in sunflower.

Hull content is an important character in
deciding the ideal hybrid or genotype. Low hull
content ultimately results in high seed weight
and seed yield. Among the parents, BC-3-1R
(-3.94) showed maximum negative gca effect,
followed by EC-601951R (-3.55), IR-1-1R
(-2.71), 272R (-1.85) andMS-400A (-2.49) were
good combiners for low hull content. 
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Table 2. General Combining ability effects of parents

Days to Days Plant Head 100 Volume Seed Hull Oil Seed 
50% to height  dia- seed weight filling content content yield 
flowe- matu- (cm) meter  weight  (g/ per- (%) (%) plant-1
ring rity (cm) (g) 100ml) centage (g)

1 2 3 4 5 6 7 8 9 10

Females  (lines)
CMS-2A -0.84** -0.56 6.67** -0.12 0.42** 1.04 0.25 1.29* -0.45* 1.99**
AKSF-14-2A 0.23 -0.41 10.63** 0.55** 0.34** 1.93** 1.69** -0.33 0.47* 4.34**
AKSF-14-1A -0.06 0.17 -4.42** -0.02 -0.56** -1.48** -0.63 1.83** -0.39 -0.10
AKSF-10-1-1A -0.95** -0.15 -11.38** -0.81** -0.70** -3.76** -0.52 -0.29 -0.48* -6.19**
MS-400A 1.63** 0.95 -1.49 0.40 0.49** 2.27** -0.78 -2.49** 0.85** -0.04
SE (D)± 0.70 1.42 2.30 0.55 0.26 1.45 1.31 1.36 0.53 1.47
CD (5%) 0.26 0.54 0.87 0.21 0.10 0.55 0.49 0.51 0.20 0.55
CD (1%) 0.53 1.07 1.74 0.41 0.20 1.10 0.99 1.03 0.40 1.11

Males (testers)
IR-1-1R 0.16 0.67 -2.70* 1.52** 0.65** 2.60** 0.32 -2.71** 0.31 5.41**
EC-601951R 0.43 -0.73 12.38** 2.87** 0.32* 3.34** 3.11** -3.55** 1.12** 8.83**
AKSF-14R 1.16** 0.47 10.10** -0.12 0.05 -1.34 -2.54** 3.19** -0.61* 1.83*
856R -1.23** -0.66 -1.90 0.02 -0.88** -2.53** 0.05 3.17** -0.93** -2.61**
AKSF-12R -0.97** -1.06 -1.61 -0.64* 0.34* 0.94 1.85** 0.92 0.76** -3.83**
P-146R -1.17** -1.33 0.88 -1.76** -0.32* 1.09 -0.62 -0.98 0.62* 0.10
272R -0.90* -0.13 1.13 0.57* -0.35* -2.27** 0.52 -1.85** -0.27 -4.97**
R-16 1.63** 0.61 -0.57 0.18 0.42** -0.22 -2.61** 5.76** -1.35** -0.24
BC-3-1R 0.89* 2.14** -17.70** -2.63** -0.23 -1.61* -0.08 -3.94** 0.35 -4.52**
SE (D)± 0.94 1.90 3.09 0.74 0.35 1.95 1.76 1.83 0.71 1.97
CD (5%) 0.36 0.72 1.17 0.28 0.13 0.74 0.66 0.69 0.27 0.75
CD (1%) 0.71 1.44 2.33 0.55 0.26 1.47 1.32 1.38 0.54 1.49

* Note:   *Significant at 5% level of significance, ** Significant at 1% level of significance
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Table 3. Specific combining ability effects of crosses

Crosses Days to Days Plant Head 100 Volume Seed Hull Oil Seed 
50% to height  dia- seed weight filling cont- cont- yield 
flowe- matu- (cm) meter  weight  (g/ per- ent ent plant-1
ring rity (cm) (g) 100ml) centage (%) (%) (g)

1 2 3 4 5 6 7 8 9 10

CMS-2A X IR-1-1R -2.75** 0.03 -12.71** -3.61** -0.15 -3.13 -2.65 0.94 -1.61** -8.87**
CMS-2A X EC-601951R -2.02* -0.90 -6.83* -0.39 -0.28 2.14 -2.11 -2.05 0.17 -9.63**
CMS-2A X AKSF-14R -1.75* -1.10 -7.75** -0.66 -0.92** 0.54 -5.45** -0.99 -0.21 -2.23
CMS-2A X 856R -0.02 -2.63 8.648** 1.76** 0.05 7.32** 3.28* 6.58** 0.64 7.31**
CMS-2A X AKSF-12R -1.28 -0.23 7.16** -0.90 0.42 2.52 8.14** 1.34 -0.22 6.77**
CMS-2A X P-146R 2.24** 2.36 11.60** 2.55** -0.60* -8.92** -9.71** 3.44* -0.85 -3.83*
CMS-2A X 272R 2.31** 1.83 -15.41** -0.16 -0.38 -5.03** 5.48** -3.35* -0.65 -3.25
CMS-2A X R-16 -0.22 0.43 10.31** 0.90 1.21** 3.12 4.28** -6.098** 2.22** 10.84**
CMS-2A X BC-3-1R 3.51** 0.23 4.98 0.51 0.65* 1.44 -1.25 0.17 0.51 2.89
AKSF-14-2A X IR-1-1R -0.49 -0.78 -0.47 1.51* 0.18 0.67 -0.43 1.41 -1.13 7.44**
AKSF-14-2A X EC-601951R 0.57 0.61 8.21** -1.67** -0.01 -5.34** 2.77 -0.32 -0.38 -3.408*
AKSF-14-2A X AKSF-14R 2.50** 1.74 7.19** 1.09 0.52 1.61 6.43** -5.70** -0.13 10.59**
AKSF-14-2A X 856R -0.09 1.21 -2.90 -1.41* -0.10 1.27 -4.83** 1.25 -1.61** -7.59**
AKSF-14-2A XAKSF-12R -0.69 -1.05 -5.99* -2.31** -0.733* -3.00 -4.63** 2.67 -1.25* -3.17
AKSF-14-2A XP-146R -0.83 -1.11 -16.22** -0.26 -0.667* 2.95 1.83 -4.72** 3.15** -6.57**
AKSF-14-2A X272R -0.76 -2.31 -11.16** -0.47 0.29 4.91** -3.29* 6.91** 2.45** -1.16
AKSF-14-2A XR-16 0.70 -0.71 6.15 * -1.00 -0.38 -4.36* 0.50 -1.16 -1.20 -5.16**
AKSF-14-2A XBC-3-1R -0.89 2.41 15.19** 4.53** 0.90** 1.28 1.63 -0.32 0.12 9.05**
AKSF-14-1A X IR-1-1R 1.80* -0.71 9.15** 0.95 -0.57 1.12 1.23 0.40 1.37* 7.95**
AKSF-14-1A X EC-601951R 0.53 0.35 11.97** 4.17** 0.86** 1.57 -1.56 2.90 -0.90 10.30**
AKSF-14-1A X AKSF-14R -0.53 -0.51 1.75 -1.16 0.02 -7.39** 3.43* -2.54 1.37* -6.96**
AKSF-14-1A X 856R -0.80 -0.71 -18.27** -2.33** -0.53 -8.77** -1.83 -4.95** -2.50** -6.51**
AKSF-14-1A X AKSF-12R 1.60 1.35 0.26 2.86** 0.007 0.68 -1.63 5.59** -0.24 -4.79**
AKSF-14-1A X P-146R 0.80 -1.71 11.67** -1.68** 1.80** 7.43** 1.17 0.26 0.52 11.03**
AKSF-14-1A X 272R -0.46 -0.24 10.22** -1.79** 0.26 3.46* -1.96 -1.82 0.92 4.71**
AKSF-14-1A X R-16 -1.33 0.02 -16.57** 1.37* -0.83** -0.08 -1.16 -0.04 0.97 -9.45**
AKSF-14-1A X BC-3-1R -1.60 2.15 -10.20** -2.38** -1.02** 1.97 2.30 0.19 -1.50* -6.27**
AKSF-10-1-1AXIR-1-1R 1.68* 0.95 -12.18** -2.05** 0.20 2.94 3.16* -0.67 2.96** -7.35**
AKSF-10-1-1AXEC-601951R -0.24 -0.31 -18.66** -1.47* -0.23 2.86 3.65* -2.20 -0.65 -1.34
AKSF-10-1-1AXAKSF-14R 0.02 0.15 14.91** 1.75** -0.49 3.82* -5.67** 4.85** 0.92 -3.70*
AKSF-10-1-1AX856R 1.42 1.95 1.41 0.25 -0.12 -4.45** 1.39 4.87** 2.44** -1.26
AKSF-10-1-1AXAKSF-12R 1.82* 0.35 -1.87 0.01 0.54 1.93 2.59 -4.54** 0.58 4.39*
AKSF-10-1-1AXP-146R 0.02 0.28 10.73** 0.27 0.04 4.05* 2.05 -5.37** -1.52* 10.45**
AKSF-10-1-1AX272-R -0.24 1.42 14.58** 4.09** 0.60* -7.38** 2.25 -0.60 -2.48** -2.06
AKSF-10-1-1AXR-16 -2.11* -0.64 -17.58** -2.97** 0.36 -2.19 -4.60** 5.78** -0.57 5.13**
AKSF-10-1-1AXBC-3-1R -2.37** -4.17* 8.65** 0.10 -0.91** -1.57 -4.80** -2.11 -1.68** -4.24*
MS-400AXIR-1-1R -0.23 0.51 16.22** 3.19** 0.33 -1.59 -1.28 -2.09 -1.58* 0.83
MS-400AXEC-601951R 1.16 0.24 5.30* -0.62 -0.32 -1.24 -2.74 1.67 1.76** 4.07*
MS-400AXAKSF-14R -0.23 -0.28 -16.11** -1.02 0.87** 1.41 1.25 4.39** -1.95** 2.31
MS-400AX856R -0.50 0.17 11.12** 1.73** 0.71* 4.63** 1.98 -7.75** 1.03 8.05**
MS-400AXAKSF-12R -1.43 -0.42 0.43 0.33 -0.24 -2.13 -4.48** -5.069** 1.13 -3.19
MS-400AXP-146R -2.23** 0.17 -17.79** -0.87 -0.58 -5.51** 4.65** 6.39** -1.29* -11.09**
MS-400AX272R -0.83 -0.68 1.76 -1.65** -0.78* 4.04* -2.48 -1.12 -0.23 1.78
MS-400AXR-16 2.96** 0.91 17.68** 1.70** -0.36 3.52* 0.98 1.52 -1.41* -1.35
MS-400AXBC-3-1R 1.36 -0.62 -18.63** -2.77** 0.38 -3.11 2.11 2.06 2.54** -1.43
SE(D)± 2.12 4.26 6.91 1.65 0.79 4.37 3.93 4.09 1.60 4.42
CD 5% 0.80 1.62 2.62 0.62 0.30 1.66 1.49 1.55 0.61 1.67
CD 1% 1.60 3.22 5.22 1.25 0.60 3.30 2.97 3.09 1.21 3.33

Note: * Significant at 5% level of significance, ** Significant at 1% level of significance



The main use of sunflower is for edible oil
purpose, thus the improvement in oil content is
the major objective of sunflower improvement
programme. In the present study, among lines
tested, only two line, viz., MS-400A (0.85) and
AKSF-14-2A (0.47) recorded positive significant
gca effects for oil content, whereas among the
testers, three tester viz., EC-601951R (1.12),
AKSF-12R (0.76), and P-146R (0.62)  recorded
positive significant gca effects. Hence, line MS-
400A, AKSF-14-2A and testers EC-601951R,
AKSF-12R and P-146R were found to be good
general combiners for oil content.Venkannaet al.
(2005), Patil et al. (2007) and Asif et al. (2013)
also reported the good general combiners for oil
content in sunflower.

The characters likehead diameter, 100 seed
weight, volume weight and seed filling
percentage are yield contributing characters and
increase in these characters ultimately result in
increased seed yield. The parent EC-601951R

(2.87), IR-1-1R (1.52), 272R (0.57) and AKSF-
14-2A (0.55) registered significant gca effect in
desirable direction and were good combiners for
head diameter.  For hundred seed weight, lines,
MS-400A (2.27) and CMS-2A (0.42) and
AKSF-14-2A (0.34) exhibited positive significant
gca effects and testers, IR-1-1R (0.65), R-16
(0.42), AKSF-12R (0.34) and EC-601951R
(0.32) recorded positive significant gca effects.
Among the parents, lines MS-400A(2.27) and
AKSF-14-2A(1.93) and tester EC-601951R
(3.34), IR-1-1R (2.60) were good general
combiners for volume weight. The female
AKSF-14-2A (1.69) exhibited positive significant
gca effects for seed filling. Among males EC-
601951R (3.34) showed maximum significant
positive gca effect followed by AKSF-12R (1.85)
and were good general combiners for seed filling
percentage.

Improvement in seed yield is a prime
objective of any breeding programme. For seed
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Table 4. Mean performance, gca and sca effects foryield and oil content in promisingcrosses

Crosses Seed yield plant-1 Oil Significant GCA
–––––––––––––––––––––––––––––––––––––––––––––– content effects of parents
Mean seed SCA GCA (%) for other
yield plant-1 effect effects of characters
(g) parents 

AKSF-14-1A X EC-601951R 50.93** 10.30** -0.10 X 8.83** 35.27 P1 :1,3,
L               H P2:,4,5,6,7,8,9

AKSF-14-2A X IR-1-1R 49.10** 7.44** 4.34** X 5.41** 35.10 P1 :4,5,6,7,9
H              H P2:3,4,5,6,8

AKSF-14-2A X AKSF-14R 48.67** 10.59** 4.34** X 1.83** 35.17 P1 : 4,5,6,7,9
H              H P2:2

AKSF-14-1A X IR-1-1R 45.17** 7.95** -0.10   x   5.41 ** 35.27 P1: 1, 3
L               H P2: 3, 4, 5, 6, 8

MS-400A X EC-601951R 44.77** 4.07* -0.04  x  8.83** 39.20** P1: 5,6,8,9
L              H P2: 4, 5, 6, 7, 8, 9

CMS-2A X R-16 44.50** 10.84** 1.99**   x  0.24 35.87 P1: 1, 5,9
H               L P2: 5

Note  :  * Significant at 5% level of significance, ** Significant at 1% level of significance
P1- Line, P2- Tester 1) Days to 50% flowering, 2) Days maturity, 3) Plant height, 4) Head diameter, 5) 100seed weight, 6)
Volume weight, 7) Seed fillingL - Low gca effectpercentage, 8) Hull content, 9) Oilcontent. H - High gca effect



yield per plant, among the lines tested, AKSF-
14-2A (4.34) and CMS-2A (1.99) recorded
positive significant gca effects. Among testers,
EC-601951R (8.83) followed by IR-1-1R (5.41)
and AKSF-14R (1.83) recorded positive
significant gca effects. Thus among the parents
AKSF-14-2A,CMS-2A,EC-601951R IR-1-1R
and AKSF-14R were good general combiners
for seed yield performance.

Many workers viz., Venkanna et al. (2005),
Patilet al. (2007), Deengra et al. (2012) and Asif
et al. (2013) also reported best general
combiner for yield and various yield contributing
characters like head diameter, 100 seed weight
seed filling percentage and hull content.

The estimates of specific combining ability
effects of the 45 crosses are presented in Table
3. In sunflower, positive sca effects are desirable
for all the traits studied except for days to 50 %
flowering, days to maturity, plant height and hull
content for which negative sca effects are
desirable. 

Among the 45 crosses, the cross CMS-2A x
IR-1-1R (-2.75)noted highest significant negative
sca effect for days to 50% flowering, followed
by AKSF-10-1-1A X BC-3-1R (-2.37), MS-
400A X P-146R (-2.23).The cross AKSF-10-1-
1A X BC-3-1R (-4.17) registered highest
negativesca effect for days to maturity. 

For the plant height, the cross AKSF-10-1-
1A x EC-601951R (-18.66) recorded highest
significant negative sca effect, followed by MS-
400A x BC-3-1R (-18.63) and AKSF-14-1A x
856R (-18.27).The cross AKSF-14-2A x BC-3-
1R (4.53) exhibited highest positive significant
sca effect for head diameter. 

For 100 seed weigh, the cross, AKSF-14-1A
x P-146R (1.80) exhibited maximum significant
positive sca effect, followed by CMS-2A x R-16
(1.21), MS-400A x AKSF-14R (0.87) and
AKSF-14-1A x EC-601951R (0.86). The

maximum positive significant sca effect for
volume weight was marked by AKSF-14-1A x
P-146R (7.43), which was best specific cross
combination for the volume weight.

The highest significant sca effect for seed
filling percentage was recorded byCMS-2A x
AKSF-12R (8.14) followed by AKSF-14-2A x
AKSF- 14R (6.43) and CMS-2A x 272R (5.48).
The highest negative significant sca effect for
hull content recorded by the cross MS-400A x
856R (-7.75) followed by CMS-2A x R-16 (-
6.09), AKSF-14-2A x AKSF-14R (-5.70) and
AKSF-10-1-1A x P-146R (-5.37). The cross
AKSF-14-2A x P-146R (3.15) was the best
specific cross combination for oil content,
followed by AKSF-10-1-1A x IR-1-1R (2.96),
MS-400A x BC-3-1R (2.54) and AKSF-14-2A
x 272R (2.45).

Out 45 crosses, 19 crosses recorded
significant positive sca effects for seed yield. The
cross AKSF-14-1A x P-146R (11.03) recorded
the highest significant positive sca effect for seed
yield followed by CMS-2A x R-16 (10.84),
AKSF-14-2A x AKSF-14R (10.59), AKSF-10-
1-1A x P-146R (10.45) and   AKSF-14-1A x
EC-601951R (10.30).

Patil et al. (2007) and Asif et al. (2013) also
reported sca effects in desirable for seed yield
per plant. Venkanna  et al. (2005) also reported
sca effects in desirable direction for days to 50%
flowering, days to maturity, 100 seed weight,
seed yield per plant, head diameter and plant
height. Chavan et al. (2009) reported similar
results for specific combining ability for seed
yield, oil content per cent, head diameter, 100
seed weight and plant height.

On the basis of mean seed yield
performance, heterosis, gca and sca effects for
seed yield, six crosses were identified as
promising crosses (Table 4.). The cross AKSF-
14-1A X EC-601951R recorded highest seed
yield (50.93 g), highest standard heterosis
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(47.21%) and highly significant sca effect
(10.30) and low x high gca effects of parents,
whereas the cross AKSF-14-2A X IR-1-1R has
recorded second highest mean seed yield per
plant (49.10 g), standard heterosis (41.91%) and
highly significant sca effect (7.44) with high x
high gca effect of the parent involve. The cross
AKSF-14-2A X AKSF-14R showed high mean
seed yield per plant (48.67 g), standard heterosis
(40.66%) along with highly significant sca effect
(10.59) and having high x high gca interaction
of parents. The cross AKSF-14-1A X IR-1-1R,
MS-400A X EC-601951R and CMS-2A X R-
16 which were on 4th, 5th and 6th position also
exhibits the high mean seed yield, significant
standard heterosis and significant sca effect for
seed yield. 

Out of these six promising crosses, the cross
MS-400A X EC-601951R which rank 5th for
seed yield have also recorded the high oil
content (39.20%), highly significant standard
heterosis as well as sca effects for oil content.
Thus, the cross MS-400A X EC-601951R have
been identified as most promising cross for seed
yield as well as for oil content, whereas the top
three crosses viz., AKSF-14-1A X EC-
601951R, AKSF-14-2A X IR-1-1R and AKSF-
14-2A X AKSF-14R were identified as
promising crosses for seed yield. Thus, these
crosses need further evaluation in preliminary or
multilocation hybrid trials for further commercial
exploitation.

Conclusion

In this study cytoplasmic male sterile lines
and restorer were used as parents and line x
tester analysis was used as an appropriate
method for the determination of general and
specific combining abilities.

The highest seed yield recorded by the cross
AKSF-14-1A X EC-601951R (50.93g) followed
by AKSF-14-2A X IR-1-1R (49.10g) and AKSF-
14-2A X AKSF-14R(48.76 g) these crosses

were also found to be promising for most of the
yield contributing characters.The crossviz., MS-
400A X EC-601951R exhibited high mean
performance for oil content along with seed
yield.

Among the parents line AKSF-14-2A and
tester EC-601951R were found to be best
general combiners for most of the yield
contributing traits, seed yield and  also for oil
content, thus these parents should be included
in future hybridization programme for
improvement in seed yield as well as oil content
in sunflower. Three combinations viz., AKSF-
14-1A x IR-1-1R, CMS-2A x R-16, MS-400A
X EC-601951R recorded  highly  significant
sca effects for oil content as well as for seed
yield.

Considering the mean performance of
crosses, gca effects of parents and sca effects of
crosses, three crosses viz., AKSF-14-1A X EC-
601951R, AKSF-14-2A X IR-1-1R and AKSF-
14-2A X AKSF-14R are identified as promising
crosses for seed yield and the cross MS-400A X
EC-601951R is identified as most promising
cross for seed as well as oil content and thus,
these crosses needs further evaluation in
preliminary or multilocation hybrid trials for
further commercial  exploitation.
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Abstract
In order to develop improved breeding lines having superior yield and oil content, it is essential to have

genetically diverse parental lines. Hence, an attempt was made to find out genetic divergence among fifty four
breeding lines for twelve traits in sunflower. To assess the genetic divergence among the 54 genotypes in
sunflower, Mahalanobis D2 statistics was applied for twelve traits. The genotypes were grouped into seven
clusters where cluster I was the largest containing twenty four genotypes followed by cluster II with twenty
genotypes. The highest intra cluster distance was observed for cluster IV (66.77) while highest inter cluster
distance was observed between cluster III and VII (629.70) followed by cluster IV and VII (625.00). Maximum
cluster means for seed yield per plant was recorded in cluster VI (58.75) followed by cluster VII (46.60).  The
study revealed that 50% flowering contributed maximum divergence (61.74 %) which was followed by
Chlorophyll content (7.62%) and 100 seed weight (7.41 %). On the basis of mean performance and cluster
means the genotypes RHA-1-1R and RHA-138-2R found better for seed yield, while 6-D-1R and RHA-1-1R
found better for oil content.

Key words : Sunflower, D2 statistics, genetic divergence, Indigenous germplasm, Exotic
germplasm, seed yield.

______________

Sunflower is an important edible oilseed crop
of the world. The crop is grown under diverse
agro-production situations, crossing climatic and
geographic boundaries which necessitated the
development of more productive hybrids of
diverse duration. Development of hybrid is of

much value for increasing the production of
sunflower. Selection of parents based on genetic
divergence is a prerequisite in a heterosis
breeding program. The parents need to be
selected from diverse groups so as to generate
genetic variability. Since hybrid vigour essentially



depends on genetic divergence of parents, it is
necessary to identify diverse parents for
hybridization. Multivariate analysis by means of
Mahalanobis’ D2 statistic has been widely used
for assessing the genetic divergence in several
crops. It is a powerful tool in quantifying the
degree of genetic divergence among parents
(Murty and Arunachalam, 1966).Although this
technique has been used frequently in many
crop species, few reports are available regarding
its application for seed yield parameters in
sunflower. Therefore, the present study was
initiated to determine genetic divergence based
on the seed yield parameters in diverse
sunflower genotypes.Genetic divergence and
grouping of genotypes into different clusters
were already reported by Anuradha et al.,
(2004); Reddy et al. (2004); Loganathan et al.,
(2006) and Mahalaksmi et al., (2006).

Materials and Methods

The material for the present study consisted
of 54 sunflower genotypes. The experiment was
conducted at Oilseed Research Unit, Dr. PDKV,
Akola during rabi 2014-15. Each genotype was
sown in three rows with spacing of 60 cm
between rows and 45 cm between plants. The
experiment was laid out in a Randomized Block
Design with three replications. In each

genotype, five plants were randomly selected
and used for collection of data on twelve
characters viz., days to 50% flowering, days to
maturity, plant height (cm), volume weight
(g/100ml), hundred seed weight (g), seed yield
per plant (g), oil content (%), head diameter (cm),
seed filing percentage, hull content (%),
chlorophyll content  and leaf area index. The
data were subjected to statistical analysis using
Mahalanobis D2 statistic (Mahalanobis, 1936)
and Toucher’s method as described by Rao
(1952) for determining group constellation. 

Results and Discussion

Inter crossing of divergent groups would lead
to genetic base in the base population and
greater opportunities for crossing over to occur,
which intern may release hidden variability by
breaking close linkage (Thoday, 1960).  The
progenies derived from such crosses were
expected to show wide variability, providing
greater scope for isolating transgressive
segregants in the advanced generations. Hence
these genotypes may be used repeatedly in the
crossing programmes to recover transgressive
segregants, which can be either released as
variety or can be utilized in the genetic
enhancement of sunflower crop. In the present
study, all the fifty four parental lines were
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Table 1. Distribution of 54 sunflower genotypes into seven different clusters

Cluster No. of Name of genotypes
genotypes

I 24 EC-6023072R, EC-512682R, EC-512687R, EC-6023030R, 99RT, 3/147R, PKV-105R,  RHA-
138-2R, R-856, RHA-1-1R,  EC-601939R, EC-601901R, EC-601961R, EC-6023025R, EC-
601812R, 298R, R-272, EC-6022011R, EC-6023015R, EC-6023016R, EC-6023031R,
MRHA-1R, EC-6023028R, EC-6023060R

II 20 EC-601764R, EC-601810R, EC-6023021R, EC-601725R, AKSF-12R, EC-601729R, AK-345-
2R, EC-601905R, AK1-R, EC-601768R, P-146R, P-144R,EC-601958R, R-271, EC-601817R,
R-16,P-141R, 856R, AKSF-6R, EC-6023027R.

III 1 EC-601820R

IV 6 EC-601951R, EC-6023020R, 6-D-1R, RHA-138-2R, NDR-1R, AKSF-1-HR

V 1 TAS-82

VI 1 IR-1-1-R

VII 1 SS 08 08



grouped into seven clusters (Fig. 1). Cluster I
comprised of twenty four genotypes followed by
cluster II that had twenty genotypes. The
Clusters III, V, VI, VII comprised of only one
genotype each and cluster IV having six
genotypes (Fig.1). The average intra and inter
cluster D2 values are presented (Table 1). The
inter-cluster D2 value was found to be minimum
between clusters III and IV (47.38) indicating the
close relationship among the genotypes included
in this cluster. Maximum inter cluster distances
was noticed between clusters III and VII (629.70)
followed by clusters IV and VII (625.00)
respectively.  Thus, the genotype EC-601820R
of cluster III, SS0808 of cluster VII, EC-
601951R, EC-6023020R, 6-D-1R, RHA-138-
2R, NDR-1R, AKSF-1-HR of cluster VI if
involved in crosses might give high heterotic
response and wider segregations after
hybridization. These results are in conformity
with Irene Priyadarshini (1999) and Serene

MaragathamIsacs (2002). Cluster I exhibited
minimum intra-cluster value (41.33) indicating
the diversity between the genotypes of cluster I
was less, while cluster IV had maximum
intrcluster value (66.77). The cluster mean
values for different characters are presented
(Table 2). Regarding the mean performance of
cluster, the genotype IR-1-1-R (cluster VI) had
the highest mean 58.75 for seed yield per plant
and genotype TAS-82(cluster V) for oil content.
A similar result was reported by Serene
MaragathamIsacs (2002). The cluster VI and
cluster V were recorded highest mean values for
seed yield per plant and oil content per cent
(Vishnuvardhan Reddy et al., 2005).  Hence the
genotypes IR-1-1-R (cluster VI), followed by
SS0808 (cluster VII could be used as one of the
parents to get higher seed yield. The present
study revealed that the selection of parents must
be used on the wider inter cluster distance and
superior mean performance for yield and yield
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Table 2. Average inter and intra (diagonal) cluster distances between sunflower genotypes

Clusters I II III IV V VI VII

I 41.33 89.94 70.92 84.77 187.70 97.89 385.22
II 48.75 208.23 213.64 84.98 148.54 197.09
III 0.00 47.38 334.93 98.35 629.70
IV 66.77 362.31 132.51 625.00
V 0.00 189.54 78.19
VI 0.00 368.67
VII 0.00

Table 3. Cluster means for twelve characters

Clus- Volume Seed Days  Plant 50 % Head Hull 100 Oil Chloro- Leaf Seed 
ters weight filling to height flowe- dia- cont- seed cont- phyll area yield 

(g/ % matu- (cm) ring meter ent weight ent content index plant-1
100ml) rity (cm) (%) (g) (%) (g)

I 35.04 78.84 93.46 103.51 72.90 11.32 35.11 4.07 33.59 34.25 1.54 39.00
II 34.67 81.26 93.48 102.48 64.73 11.65 33.54 3.84 33.73 34.26 1.71 39.09
III 35.72 79.03 92.67 108.33 80.67 12.00 36.60 4.13 32.33 38.90 1.53 40.42
IV 35.24 74.86 94.67 109.33 79.61 11.56 38.56 4.63 33.50 32.50 1.76 41.75
V 31.14 79.70 89.00 128.33 59.33 13.83 40.53 3.02 38.60 39.50 1.80 38.88
VI 29.24 79.20 92.67 125.00 72.00 14.00 35.30 7.27 37.80 39.16 2.25 58.75
VII 29.21 67.00 87.33 124.33 50.33 14.00 38.20 5.03 34.67 36.67 1.54 46.60



components. Based on the inter cluster distance
and per se performance IR-1-1-R as desirable
parents could be utilized in hybridization
programme to synthesize high yielding hybrids
in sunflower.
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Fig. 1. Cluster Diagram of parental lines
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Vegetable farming has an important place in
Indian agriculture due to their nutritional,
medicinal, land commercial value. (Choudhary,
1977). It occupies 2-5 per cent of the total
cropped area in the country. Amongst the
vegetables, brinjal or egg plant (Solanum
melongena Linn.) is normally self fertilized,
solanaceous crop having chromosome no.
2n=24 and it is native of India. Brinjal or egg
plant is world wide known as aubergine or
guinea squash which is most popular and
principle vegetable crop hence regarded as “king
of vegetable”. Although brinjal is native of India,
China is designated as the secondary centre of
origin. Currently, it is extensively grown in
Bangladesh, India, Pakistan, Nepal, U.S.A, Sri
Lanka, Egypt and other warm countries of the
world. In India, it covers 8.14 per cent of the
total vegetable area, producing 9 per cent of the
total vegetable production in India (Selvakumar,
2014). There are several constraints which are

responsible for reduction in yield, among them
insect pests are one of the most important
factors. It has been reported that damage caused
by more than 140 species of insect pest viz.,
jassids (Amrasca biguttula biguttula); aphids
(Aphis gossypii), white fly (Bemisia tabacci) and
shoot and fruit borer (Leucinodes orbonalis) etc,
infest brinjal during different stages of plant
growth (Prempong and Buahim, 1977).
Although, mostly the damage inflicted to brinjal
crop by number of insect pests viz., shoot and
fruit borer, white fly, jassid, thrips, aphid etc. out
of these pests, shoot and fruit borer is a serious
insect pest of brinjal throughout India (Roy and
Pande, 1994). In spite of several rounds of
chemical sprays on the crop it has formidable
fruit damage in the tune of 8.5 to 100 per cent
(Panda, 1999) due to L. orbonalis infestation.
Breeders generally consider the varietal
development for yield and appearance for
consumer preference and neglect its tolerance
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Abstract
An experiment was carried out with twenty brinjal genotypes at Department of Entomology, Indira Gandhi

Krishi Vishwavidalaya, Raipur (CG) during 2014-15 to study the resistance against shoot and fruit borer
(Leucinodes orbonalis). It was observed that shoot damage caused by L. orbonalis initiated at 20 days after
transplanting and an average shoot infestation per cent was ranged between 3.06 to 5.67 per cent. Out of
twenty hybrid brinjal cultivars tested (Ninteen test cultivars and one national check) 2014/BRRHYB-8 cultivar
had the least 3.06 per cent overall average shoot infestation by L. orbonalis, while maximum average shoot
infestation was recorded on 2014/BRRHYB-3 i.e. 5.67 per cent. While, the fruit infestation caused by
L.orbonalis recorded in five pickings and averaged during 2014-15. The overall mean fruit infestation was
ranged between 2.56 to 25.79 per cent. Among the twenty tested cultivars (Ninteen test cultivars and one
national check) the lowest fruit infestation was observed on 2014/BRRHYB-5 i.e. 2.56 per cent, which was
statistically at par with the 2014/BRRHYB-1, 2014/BRRHYB-7 and 2014/BRRHYB-8 fruit infestation and
significantly superior to other hybrids fruit infestation. Among the hybrid brinjal cultivars 2013/BRRHYB-4
had recorded the maximum fruit infestation i.e. 25.79 per cent. 

Key words : Brinjal, Leucinodes orbonalis, Resistance, Hybrids.



to borer attack. Many such varieties proved to
be highly susceptible to the pest. In view to
generate tolerant or resistant variety, screening
of the plant material is very basic requirement.

Materials and Methods

Experimental details 

i. Season – Rabi-summer

ii. Crop – Brinjal              

iii. Spacing – 75 X 60cm

iv. Plot size – 4.5 X 3 M 

vii. Replication – 3 

viii. No. of Hybrids – 20

2014/BRRHYB-1 2013/BRRHYB-1
2012/BRRHYB-4 2014/BRRHYB-2
2013/BRRHYB-2 2012/BRRHYB-5
2014/BRRHYB-3 2013/BRRHYB-3
EPH – 178 2014/BRRHYB-5
2013/BRRHYB-4 Swarna Mani 
2014/BRRHYB-6 2013/BRRHYB-5
Kashi Sandesh 2014/BRRHYB-7
2012/BRRHYB-2 Pusa Hybrid-6 (NC)
2014/BRRHYB-8 2012/BRRHYB-3    

Method of observation 

Fifteen days after transplanting brinjal crop
was observed for incidence/appearance of shoot
and fruit borer. At the early vegetative stage of
the brinjal crop drooped shoots of brinjal crop
were counted on per plot basis. Per cent
infestation of brinjal shoot and fruit borer was
worked out as per as the following formula.

No. of shoot 
infested 

Percent shoot infestation =  –––––––––– x 100
Total no. of 
shoots

No. of fruit 
infested 

Percent fruit infestation = –––––––––––– x 100
Total no. of 

fruit

Shoot infestation observation due to shoot
and fruit borer on brinjal crop was repeated at a
15 days interval. There after its incidence was
recorded at each fruit picking on randomly
selected five plants. The number of healthy and
damaged fruits were counted at each picking
and weighed separately. The per cent of
damaged fruits on the basis of number and
weight was recorded. The data so obtained were
statistically analyzed. 

Result and Discussion

Shoot infestation (2014-15) : Shoot
infestation symptoms due to L. orbonalis on
brinjal plants are shown in Fig. 1 and per cent
shoot infestation on number basis presented in
Table 1. The shoot infestation by L. orbonalis
was first recorded on twenty days after
transplanting of brinjal cultivars. At twenty days
after transplanting shoot infestation damage per
cent was ranging from 0.79 to 3.25. The least
shoot infestation per cent i.e. 0.79 was recorded
on 2014/BRRHYB-6, 2014/BRRHYB-8,
2012/BRRHYB-3 and Swarna Mani which,
was statistically non significant with the other
hybrids, while maximum shoot infestation
among the cultivars was noticed on
2014/BRR/HYB-7 i.e. 3.25 per cent.

Thirty days after transplanting shoot
infestation damage per cent ranged from 2.40
to 8.83 per cent. The least number of shoot
infested i.e. 2.40 per cent was noticed on
2013/BRRHYB-1 which was statistically non
significant with other hybrids. The maximum
shoot infestation i.e. 8.83 per cent was recorded
on Kashi Sandesh.

Forty days after transplanting shoot
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Table 1. Relative susceptability of different hybrid brinjal varieties against L. orbonalis (% Shoot infestation/plot) during
2014-15

Hybrids 20 DAT 30 DAT 40 DAT 50 DAT 60 DAT 70 DAT 80 DAT Overall

2014/BRRHYB-1 1.63 5.61 3.23 6.39 3.99 4.01 5.59 4.35
(1.46) (2.47) (1.93) (2.62) (2.12) (2.12) (2.47) (2.20)

2014/BRRHYB-2 2.38 6.37 4.01 2.40 2.38 6.41 6.43 4.34
(1.70) (2.62) (2.12) (1.70) (1.70) (2.63) (2.63) (2.20)

2014/BRRHYB-3 1.59 5.56 7.94 3.97 7.14 7.14 6.35 5.67
(1.44) (2.46) (2.90) (2.11) (2.76) (2.76) (2.62) (2.48)

2014/BRRHYB-5 1.59 4.84 1.61 2.40 8.83 7.16 7.22 4.81
(1.44) (2.31) (1.45) (1.70) (3.05) (2.77) (2.78) (2.30)

2014/BRRHYB-6 0.79 4.98 5.73 6.49 6.55 3.97 4.07 4.65
(1.14) (2.34) (2.50) (2.64) (2.65) (2.11) (2.14) (2.27)

2014/BRRHYB-7 3.25 3.97 4.84 4.17 3.29 3.17 3.29 3.71
(1.94) (2.11) (2.31) (2.16) (1.95) (1.92) (1.95) (2.05)

2014/BRRHYB-8 0.79 4.76 2.38 3.17 4.76 2.38 3.17 3.06
(1.14) (2.29) (1.70) (1.92) (2.29) (1.70) (1.92) (1.89)

2013/BRRHYB-1 2.40 2.40 4.82 4.84 8.77 5.65 4.76 4.81
(1.70) (1.70) (2.31) (2.31) (3.04) (2.48) (2.29) (2.30)

2013/BRRHYB-2 0.85 2.48 3.38 1.65 2.38 4.84 6.55 3.16
(1.16) (1.73) (1.97) (1.47) (1.70) (2.31) (2.66) (1.91)

2013/BRRHYB-3 2.55 8.30 2.54 5.76 4.21 4.17 7.64 5.03
(1.75) (2.97) (1.74) (2.50) (2.17) (2.16) (2.85) (2.35)

2013/BRRHYB-4 1.61 4.03 5.56 4.03 5.57 1.63 8.81 4.46
(1.45) (2.13) (2.46) 2.13) (2.46) (1.46) (3.05) (2.23)

2013/BRRHYB-5 1.63 7.44 3.33 5.84 3.31 6.67 10.01 5.46
(1.46) (2.82) (1.96) 2.52) (1.95) (2.68) (3.24) (2.44)

2012/BRRHYB-2 1.59 7.14 4.76 2.38 2.38 4.76 3.17 3.74
(1.44) (2.76) (2.29) 1.70) (1.70) (2.29) (1.92) (2.06)

2012/BRRHYB-3 0.79 5.59 5.61 3.17 4.78 7.16 5.59 4.67
(1.14) (2.47) (2.47) 1.92) (2.30) (2.77) (2.47) (2.27)

2012/BRRHYB-4 0.83 3.23 5.75 3.23 5.73 4.84 1.65 3.61
(1.15) (1.93) (2.50) 1.93) (2.50) (2.31) (1.47) (2.03)

2012/BRRHYB-5 1.59 5.71 1.59 2.50 5.71 5.56 5.63 4.04
(1.44) (2.49) (1.44) 1.73) (2.49) (2.46) (2.48) (2.13)

EPH-178 1.59 4.78 3.19 6.37 2.38 4.80 8.01 4.45
(1.44) (2.30) (1.92) 2.62) (1.70) (2.30) (2.92) (2.22)

SWARNA MANI 0.79 6.35 3.97 2.38 5.56 2.38 5.56 3.85
(1.14) (2.62) (2.11) 1.70) (2.46) (1.70) (2.46) (2.09)

KASHI SANDESH 2.38 8.83 3.97 3.17 4.05 5.65 4.80 4.69
(1.70) (3.05) (2.11) 1.92) (2.13) (2.48) (2.30) (2.28)

PUSA HYBRID-6 (NC) 2.46 6.43 2.38 3.21 5.63 6.51 3.97 4.37
(1.72) (2.63) (1.70) 1.93) (2.48) (2.65) (2.11) (2.21)

Range    Min 0.79 2.40 1.59 1.65 2.38 1.63 1.65 3.06

Max 3.25 8.83 7.94 6.49 8.83 7.16 10.01 5.67

SEm± 0.43 0.47 0.52 0.50 0.54 0.57 0.54 0.15

CD NS NS NS NS NS NS NS NS

CV 56.37 35.45 45.46 45.11 43.36 45.60 40.88 11.74

* Values in parentheses are square root transformed values



infestation damage per cent ranged from 1.59
to 7.94 per cent. The lowest shoot infestation
was recorded on 2012/BRRHYB-5 i.e. 1.59
per cent, which was statistically non significant
with other hybrids. 2014/BRRHYB-3 hybrid
brinjal showed maximum shoot infestation per
cent i.e. 7.94 as compared to all other hybrid
brinjal cultivars shoot infestation.

Fifty days after transplanting shoot
infestation damage per cent ranged from 1.65
to 6.49 per cent. The lowest shoot infestation
was recorded on 2013/BRR/HYB-2 i.e. 1.65
per cent, which was statistically inferior level of
infestation to any other cultivars. While, the
highest shoot infestation was recorded on
2014/BRRHYB-6 i.e. 6.49 per cent.

Sixty days after transplanting shoot
infestation damage per cent ranged from 2.38
to 8.83 per cent. The lowest shoot infestation
was recorded on 2014/BRRHYB-2, 2013/

BRRHYB-2, 2012/BRRHYB-2 and EPH-178
i.e. 2.38 per cent, which was statistically non
significant. While, the highest shoot infestation
was recorded on 2014/BRRHYB-5 i.e. 8.83
per cent.

Seventy days after transplanting shoot
infestation damage per cent ranged from 1.63
to 7.16 per cent. The lowest shoot infestation
was recorded on 2013/BRRHYB-4 i.e. 1.63
per cent, which was statistically non significant.
While, the highest shoot infestation was
recorded on 2014/BRRHYB-5 and 2012/
BRRHYB-3 i.e. 7.16 per cent.

Eighty days after transplanting shoot
infestation damage per cent ranged from 1.65
to 10.01 per cent. The lowest shoot infestation
was recorded on 2012/BRRHYB-4 i.e. 1.65
per cent, which was statistically non significant.
While, the highest shoot infestation was record-
ed on 2013/BRRHYB-5 i.e. 10.01 per cent.
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Fig 1. Shoot infestation (number basis) on hybrid brinjal cultivars due to L. orbonalis during
2014-15.
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Table 2. Relative susceptability of different hybrid brinjal varieties  against L. orbonalis (% fruit infestation/plot) during
2014-15

Hybrids 55 DAT 70 DAT 85 DAT 100 DAT 115 DAT

2014/BRRHYB-1 1.87* 2.79* 2.88* 3.77* 5.65
(1.54) (1.81) (1.84) (2.07) (13.75)

2014/BRRHYB-2 5.30 4.87 4.68 7.90 11.51
(2.41) (2.32) (2.28) (2.90) (19.83)

2014/BRRHYB-3 7.42 6.01 6.81 5.02 10.46
(2.81) (2.55) (2.70) (2.35) (18.87)

2014/BRRHYB-5 1.67 3.10 2.72 1.43 3.88
(1.47) (1.90) (1.80) (1.39) (11.36)

2014/BRRHYB-6 3.62 4.42 6.49 5.86 8.82
(2.03) (2.22) (2.64) (2.52) (17.28)

2014/BRRHYB-7 2.09 2.76 3.67 3.27 3.82
(1.61) (1.81) (2.04) (1.94) (11.28)

2014/BRRHYB-8 3.15 4.33 2.12 3.98 6.46
(1.91) (2.20) (1.62) (2.12) (14.73)

2013/BRRHYB-1 17.37 15.39 19.20 20.44 24.77
(4.23) (3.99) (4.44) (4.58) (29.85)

2013/BRRHYB-2 12.94 16.14 20.15 22.04 16.59
(3.67) (4.08) (4.54) (4.75) (24.04)

2013/BRRHYB-3 15.97 20.65 14.29 22.83 24.63
(4.06) (4.60) (3.85) (4.83) (29.75)

2013/BRRHYB-4 19.68 23.57 24.84 24.61 36.25**
(4.49) (4.91) (5.03) (5.01) (37.02)

2013/BRRHYB-5 12.27 12.96 15.02 17.82 21.82
(3.57) (3.67) (3.94) (4.28) (27.85)

2012/BRRHYB-2 10.76 11.46 14.61 14.27 9.91
(3.36) (3.46) (3.89) (3.84) (18.35)

2012/BRRHYB-3 11.37 11.29 9.68 13.48 13.26
(3.45) (3.43) (3.19) (3.74) (21.36)

2012/BRRHYB-4 11.97 9.89 10.01 8.86 9.85
(3.53) (3.22) (3.24) (3.06) (18.29)

2012/BRRHYB-5 10.94 13.04 12.96 13.80 17.40
(3.38) (3.68) (3.67) (3.78) (24.66)

EPH-178 9.93 8.32 9.00 14.31 11.50
(3.23) (2.97) (3.08) (3.85) (19.82)

SWARNA MANI 11.43 8.91 8.28 13.42 10.96
(3.45) (3.07) (2.96) (3.73) (19.33)

KASHI SANDESH 5.79 7.27 5.81 6.46 11.10
(2.51) (2.79) (2.51) (2.64) (19.46)

PUSA HYBRID-6 (NC) 7.18 7.30 5.42 5.82 6.82
(2.77) (2.79) (2.43) (2.51) (15.13)

Range     Min 1.67 2.76 2.12 1.43 3.82

Max 19.68 23.57 24.84 24.61 36.25

SEm± 0.40 0.34 0.35 0.29 3.08

CD 1.14 0.99 1.00 0.83 8.81

CV 23.66 19.66 19.93 15.45 26.52

* Values in parentheses are square root transformed values,  ** Values in parentheses are arc sine transformed 



In case of overall shoot damage by L.
orbonalis, it is crystal clear from the table 1 and
Fig. 1 that in hybrid brinjal cultivars average
shoot infestation per cent was ranged from 3.06
to 5.67 per cent. Out of twenty hybrid brinjal
cultivars tested 2014/BRRHYB-8 cultivar had
the least (3.06%) overall average shoot
infestation by L. orbonalis, while maximum
average shoot infestation was recorded on
2014/BRRHYB-3 i.e. 5.67 per cent, which was
higher than any other hybrid brinjal cultivars
average shoot infestation. 

Fruit infestation (2014-15) : Data in
respect of per cent mean fruit infestation due to
the L. orbonalis Guen. on weight basis are
presented in Table 2 and Fig 2. Fruit infestation
on hybrid brinjal cultivars was recorded at first
picking i.e. 55 days after transplanting of brinjal.
At 55 days after transplanting fruit infestation
was ranged between 1.67 to 19.68 per cent.
Among the twenty tested cultivars the lowest
fruit infestation was observed on 2014/

BRRHYB-5 i.e.1.67 per cent, which was
statistically at par with the fruit infestation of
2014/BRRHYB-1, 2014/BRRHYB-2, 2014/
BRRHYB-6, 2014/BRRHYB-7, 2014/
BRRHYB-8 and Kashi Sandesh and significantly
superior to remaining cultivars. Among the
hybrid brinjal cultivars 2013/BRRHYB-4 had
recorded the maximum fruit infestation i.e.
19.68 per cent. 

At second picking i.e. 70 days after
transplanting fruit infestation was ranged
between 2.76 to 23.57 per cent. Among the
twenty tested cultivars the lowest fruit infestation
was observed on 2014/BRRHYB-7 i.e.2.76 per
cent, which was statistically at par with the
2014/BRRHYB-1, 2014/BRRHYB-2, 2014/
BRRHYB-3, 2014/BRRHYB-5, 2014/
BRRHYB-6, 2014/BRRHYB-8, Kashi Sandesh
and Pusa Hybrid-6 (National Check) fruit
infestation and significantly superior to
remaining hybrids fruit infestation. Among the
hybrid brinjal cultivars 2013/BRRHYB-4 had
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Fig 2. Fruit infestation (weight basis) on hybrid brinjal cultivars due to L. orbonalis during 2014-15.



recorded the maximum fruit infestation i.e.
23.57 per cent. 

At third picking i.e. 85 days after
transplanting fruit infestation was ranged
between 2.12 to 24.84 per cent. Among the
twenty tested cultivars the lowest fruit infestation
was observed on 2014/BRRHYB-8 i.e. 2.12
per cent, which was statistically at par with the
2014/BRRHYB-1, 2014/BRRHYB-2, 2014/
BRRHYB-5, Kashi Sandesh and Pusa Hybrid-6
(National Check) fruit infestation and
significantly superior to remaining hybrids fruit
infestation. Among the hybrid brinjal cultivars
2013/BRRHYB-4 had recorded the maximum
fruit infestation i.e. 24.84 per cent.

At fourth picking i.e. 100 days after
transplanting fruit infestation was ranged
between 1.43 to 24.61 per cent. Among the
twenty tested cultivars the lowest fruit infestation
was observed on 2014/BRRHYB-5 i.e. 1.43
per cent, which was statistically at par with
2014/BRRHYB-1, 2014/BRRHYB-7, 2014/
BRRHYB-8 fruit infestation and significantly
superior to remaining hybrids fruit infestation.
Among the hybrid brinjal cultivars 2013/
BRRHYB-4 had recorded the maximum fruit
infestation i.e. 24.61 per cent.

At fifth picking i.e. 115 days after
transplanting fruit infestation was ranged
between 3.82 to 36.25 per cent. Among the
twenty tested cultivars the lowest fruit infestation
was observed on 2014/BRRHYB-7 i.e. 3.82
per cent, which was statistically at par with the
2014/BRRHYB-1, 2014/BRRHYB-2, 2014/
BRRHYB-3, 2014/BRRHYB-5, 2014/
BRRHYB-6, 2014/BRRHYB-8, 2012/
BRRHYB-2, 2012/BRRHYB-4, EPH-178,
Kashi Sandesh, Swarna Mani and Pusa Hybrid-
6 (NC), fruit infestation and significantly superior
to remaining hybrids fruit infestation. Among
the hybrid brinjal cultivars 2013/BRRHYB-4

had recorded the maximum fruit infestation i.e.
36.25 per cent.

The overall fruit infestation was ranged from
2.56 to 25.79 per cent. Among the twenty
tested cultivars the lowest fruit infestation was
observed on 2014/BRRHYB-5 i.e. 2.56 per
cent, which was statistically at par with the
2014/BRRHYB-1, 2014/BRRHYB-7 and
2014/BRRHYB-8 fruit infestation and
significantly superior to remaining hybrids fruit
infestation. Among the hybrid brinjal cultivars
2013/BRRHYB-4 had recorded the maximum
fruit infestation i.e. 25.79 per cent, while the
check entry i.e. Pusa Hybrid – 6 had 6.51 per
cent overall mean fruit damage.

Similar results reported by few scientists viz.
Panda (1999) who found that none of the brinjal
entries was immune to larval attack of shoots
and fruits. The mean percentage of fruit damage
varied from 8.5 to 100 per cent. Sharma et al.
(1998), Murlaikrishna et al., (2001), Krishna et
al., (2001) also reported same results. Similarly,
Dash and Singh (1990) had reported that none
of the cultivars were free from attack by L.
orbonalis.

Data presented in the Table 2 and fig. 2
indicated that highest fruit infestation ranged
from 3.82 to 36.25 per cent at fifth picking i.e.
115 days after transplanting. The maximum fruit
infestation per cent went up to 36.25 on
2013/BRRHYB-4 at 115 days, which was very
high than that of fruit infestation of other
cultivars. Similar finding reported by
Elanchezhyan et al. (2008) who conducted a
field experiment to study the response of
cultivars/ hybrids/ germplasm of brinjal and
revealed that Sweta was the best in reducing the
shoot and fruit damage by L. orbonalis Guen.
recording the mean fruit damage of 8.7 per cent
(number basis). Likewise Shukla et al., (2002)
reported that the average percentage of
infestation for the total picking ranged from
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33.65 to 53.02% among cultivars. Also
Krishnaiah and Vijay (1975) and Awasthi (2000)
who reported that fruit infestation ranged from
27 per cent in Nurki to 32 per cent in CH-150-
16-4-1 and 16 per cent in Beckwai to 20 per
cent in Musk. Similar results reported by Krishna
et al., (2001) they noticed that fruit borer
infestation was maximum in cv. Ramy Round
Purple (39.5 to 42.82%) on fruit number basis
while the infestation was minimum in cv. SM-
202 (22.15 to 22.78%). 

Among the all cultivars twelve cultivars
showed least susceptible reaction, seven showed
moderately susceptible reaction, while only one
showed highly susceptible reaction against fruit
infestation with average fruit infestation of 2.56
to 25.79 per cent. This finding was in
agreement with Jat et al., (2003) who have
screened different brinjal cultivar against L.
orbonalis fruit infestation, Arka Kusumakar
(18.33%) and SM-10 (20.23%) showed the
lowest fruit infestation. Arka Kusumakar and
SM-10 were resistant to shoot and fruit borer.
Nobelium Long (30.72%) and Pusa Purple Long
(31.60%) were moderately susceptible to the
fruit borer. 

Also Sharma et al., (1998) and Yadav et al.,
(2003) found that Pusa Purple Long, Neelum
Long, Black Beauty and BR-112 were least
susceptible; Pusa Purple Round was susceptible.
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Rice (Oryza sativa L.) belonging to the family
Graminae is the staple food for one third of the
world’s population (Chakravarthi and Naraveni,
2006). Rice occupies a pivotal place in Indian
agriculture and it contributes to 17 percent of
annual GDP and provides 43 per cent calorie
requirement for more than 70 per cent of the
Indians. Now molecular markers have proven to
be powerful tools in the assessment of genetic
variation/diversity and their genetic relationships
within and among species. The recent
development of DNA markers has provided new
opportunities for the genetic improvement of
rice cultivars (Causseet al., 1994). Satellite loci
also known as simple sequence repeats (SSRs),
are PCR-based markers, which are efficient and
cost-effective to use and are the most commonly
used molecular markers.In particular,
microsatellite markers have been widely applied

in rice genetic studies as they are able to detect
high levels of allelic diversity (McCouchet al.,
1997).

In rice, SSRs have been used to assess the
genetic diversity of both wild and cultivated
species (Siwachet al., 2004).These studies
showed that SSR markers are efficient in
detecting genetic polymorphisms and
discriminating among genotypes. The important
advantages of microsatellites are that they are
usually single locus and because of the high
mutation rate, are often multi-allelic.Molecular
diversity analysis is the major criteria to assess
marker value and to categories or classify rice
genotypes in different heterotic group which
eventually contribute to increases crop yield
through heterotic breeding and progeny
selection by pedigree method. 
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Abstract
Genetic associations among 38 rice accessions were analyzed based on twenty SSR and two HvSSR

markers covering all the chromosomes. The results revealed that all the primers showed distinct polymorphisms
among the cultivars studied indicating the robust nature of microsatellites in revealing polymorphism. A cluster
analysis using UPGMA based on similarity coefficients was done to resolve the phylogenetic relationships
among the different rice genotypes considered for the present study. Maximum number of alleles (6) was
amplified by marker RM-1233. Maximum PIC on chromosome 11 was 0.80 at marker RM-1233 followed by
RM-154 (0.85) and RM-1261 (0.68). RM- 1233 was found as the best marker for identification of genotypes
as revealed by PIC values. Result revealed that high degree of similarity in rice to the extent of 100% exists
between RCPR-8 and CR-3632-1-2. Fourth cluster consist one genotype i.e. Basmati-370 which indicate
dissimilarity of that genotypes with others. The genotypes R-1779-321-1-112-1, R-1882-306-4-243-1, RCPR-
8, CR-3632-1-2, CR-3631-1-3, R-RF 105 and R-1670-3269-2-3926-1 showed more than 90 % similarity.
However, potential hybrid line can be produced by inter-varietal crossing based on the genetic dissimilarity
value since the more the genetic dissimilarity value the more chance of getting vigorous heterosis in the progeny.
Hence microsatellite marker based molecular fingerprinting could serve as a potential basis in the identification
of genetically distance genotypes as well as in sorting of duplication for morphologically close accession.
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The present investigation was made to
identify the suitable SSR primers for genetic
analysis and measure the molecular diversity of
rice genotypes using SSR markers.

Materials and Methods

In present study total genomic DNA was
extracted from 38 germplasm of rice using
CTAB method(Zheng et al., 1995).Fresh and
healthy leaves were used for extraction of DNA.
The DNA samples were quantified by using
Nano-Drop Spectroscopy (NANODROP
2000c). The quantity of the samples was found
in the range from 500-2000 �g µl-1. DNA
samples were then diluted with sterilizedwater
such that the final concentration of DNA
became 50 �g µl-1. Twenty two markers were
used to generate genotypic data of populations
at Marker Assisted Selection Laboratory, Dr R.
H. Richharia Research Laboratory, Department
of Genetics and Plant Breeding, IGKV, Raipur.
The details of primer used under study are
presented in Table 1.

The banding pattern of primer was scored
separately for germplasm. The size of amplified
fragments was determined by comparing the
migration distance of amplified fragments
relative to the molecular weight of known size
markers, 50 base pairs (bp) DNA ladder. For
germplasm particular base pair position was
scored as “1” and absence of band for that
particular base pair position was scored as “0”
(zero). For analysis NTSYS-pc software were
used to calculate genetic similarity based on
Jaccard’s similarity coefficients and construct a
UPGMA (unweighted pair group method with
arithmetic averages) dendrogram showing the
distance-based interrelationship among the
genotypes.

Results and Discussion

Genetic associations among 38 accessions
were analyzedbased on twenty SSR and

twoHvSSR markers covering all the
chromosomes. Out of 22 markers, two primers
were found monomorphic across all
accessions.The level of polymorphism among
rice cultivars was evaluated by calculating allelic
number and PIC values for each of the twenty
two SSR and HvSSR loci evaluated. 

A total of 57 alleles were amplified and the
number of alleles per locus generated by each
marker ranged from 1 to 6 alleles with an
average number of 2.59 alleles per locus.The
results revealed that all the primers showed
distinct polymorphisms among the cultivars
studied indicating the robust nature of
microsatellites in revealing polymorphism.
Maximum number of alleles (6) was amplified by
marker RM-1233.

The polymorphism information content (PIC)
value across markers ranged from 0 to 0.80 with
an average of 0.32. Maximum PIC on
chromosome 11 was 0.80 at marker RM-1233
followed by RM-154 (0.85) and RM-1261
(0.68). 

RM- 1233 was found as the best marker for
identification of genotypes as revealed by PIC
values. This finding in accordance with Martin
et al. (2012).

A cluster analysis using UPGMA based on
similarity coefficients was done to resolve the
phylogenetic relationships among the different
rice genotypes considered for the present study.
The genetic similarity coefficient ranged from
0.19-1.00 as revealed by UPGMA cluster
analysis using the 22 markers. Similarity index
revealed that high degree of similarity in rice to
the extent of 100% exists between RCPR-8 and
CR-3632-1-2. Similar studies were made by
different authors using SSR markers.Similar
number of microsatellite markers previously used
as subset for genetic diversity analysis of Oryza
sativa by Garris et al. (2005) and Thomson et
al. (2007).Four major clusters were formed 1st
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cluster consist of 7 genotypes whereas 2nd
cluster consisted of 28, 3rd cluster consist of
2genotypes and in 4th cluster consist one
genotype i.e. Basmati-370 which indicate
dissimilarity of that genotypes with others (Fig.
1).

The cluster 1st consists of seven genotypes
at 57% similarity and is again subdivided into
four groups, among these genotypes IR-64
Drought, Indira Aerobic 1, RP-5125-2-4 and
Samleshwari performed well in aerobic
condition under different nitrogen regimes. The
cluster 2nd was found the biggest group which
contained 28 genotypes at 51% similarity. This
group again divided into 4 major subgroups.

Among these two genotypes RCPR-8 and CR-
3632-1-2 was found 100% similarity.

The 3rd cluster consist of two genotypes
namely IR-64 and Indira BaraniDhan1 at 52%
similarity and 4th group consist only one
genotype Basmati-370.

In present study the genotypes R-1779-321-
1-112-1, R-1882-306-4-243-1, RCPR-8, CR-
3632-1-2, CR-3631-1-3, R-RF 105 and
R-1670-3269-2-3926-1 showed more than 90
% similarity. However, potential hybrid line can
be produced by inter-varietal crossing based on
the genetic dissimilarity value since the more the
genetic dissimilarity value the more chance of
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Table 1. Details of primers used for developing genotypic data for 38 germplasm accessions

Marker Chro- No.  Ampl- Posi- PIC Forward sequence (5’ --------->3’) Reverse sequence (5’ --------->3’)
mo- of icon tion 
some alle- size cM
no. les

RM-431 1 2 250-255 178.3 0.14 TCCTGCGAACTGAAGAGTTG AGAGCAAAACCCTGGTTCAC
RM-154 2 5 160-185 4.8 0.75 ACCCTCTCCGCCTCGCCTCCTC CTCCTCCTCCTGCGACCGCTCC
RM-233 2 4 145-170 16.3 0.38 CCAAATGAACCTACATGTTG GCATTGCAGACAGCTATTGA
RM-55 3 2 230-250 168.2 0.47 CCGTCGCCGTAGTAGAGAAG TCCCGGTTATTTTAAGGCG
RM-307 4 2 210-250 0.0 0.05 GTACTACCGACCTACCGTTCAC CTGCTATGCATGAACTGCTC
RM-161 5 2 160-175 96.9 0.10 TGCAGATGAGAAGCGGCGCCTC TGTGTCATCAGACGGCGCTCCG
RM-162 6 2 125-180 108.3 0.05 GCCAGCAAAACCAGGGATCCGG CAAGGTCTTGTGCGGCTTGCGG
RM-454 6 1 275 99.3 0.00 CTCAAGCTTAGCTGCTGCTG GTGATCAGTGCACCATAGCG
RM-588 6 2 120-125 7.4 0.39 GTTGCTCTGCCTCACTCTTG AACGAGCCAACGAAGCAG
RM-118 7 2 150-155 96.9 0.15 CCAATCGGAGCCACCGGAGAGC CACATCCTCCAGCGACGCCGAG
RM-455 7 3 125-135 65.7 0.66 AACAACCCACCACCTGTCTC AGAAGGAAAAGGGCTCGATC
RM-44 8 1 600 60.9 0.00 ACGGGCAATCCGAACAACC TCGGGAAAACCTACCCTACC
RM-408 8 2 125-130 1.1 0.22 CAACGAGCTAACTTCCGTCC ACTGCTACTTGGGTAGCTGACC
RM-242 9 3 200-225 73.3 0.56 GGCCAACGTGTGTATGTCTC TATATGCCAAGACGGATGGG
RM-316 9 2 125-200 1.8 0.05 CTAGTTGGGCATACGATGGC ACGCTTATATGTTACGTCAAC
HvSSR- 10 2 400-500 0.0 0.49 ATGTATCGCTCGACAGATTT CCGATTCATTGATGATTTCT
10-01
HvSSR- 10 3 325-500 7.3 0.54 CGTCTTGAATCAATTTCCAT GATTGCCCGTAGAACTATTG
10-17
RM-144 11 2 225-250 123.2 0.23 TGCCCTGGCGCAAATTTGATCC GCTAGAGGAGATCAGATGGTAGTGCATG
RM-536 11 2 300-310 42.0 0.18 TCTCTCCTCTTGTTTGGCTC ACACACCAACACGACCACAC
RM-1233 11 6 150-175 170.1 0.80 TTCGTTTTCCTTGGTTAGTG ATTGGCTCCTGAAGAAGG
RM-277 12 2 120-125 57.2 0.09 CGGTCAAATCATCACCTGAC CAAGGCTTGCAAGGGAAG
RM-1261 12 5 205-250 112.3 0.68 GTCCATGCCCAAGACACAAC GTTACATCATGGGTGACCCC
Mean 2.59 0.32



getting vigorous heterosis in the progeny. Hence
microsatellite marker based molecular finger
printing could serve as a potential basis in the
identification of genetically distance genotypes
as well as in sorting of duplication for morpho-
logically close accession (Martin et al., 2012).

Conclusion

In the present investigation, it is suggested
that hybridization programmewith Basmati-370
are expected to give promising and desirable
recombinants in the segregating generations for
grain quality improvement.
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Abstract
Sustainability in livestock production system is largely affected by climate change. Therefore, heat mitigation

measures and strategies need to be adopted to curtail fertility losses. With this view in mind, the study was
aimed to evaluate pregnancy rate and oestrus responses to treatment of post-partum anestrus crossbred cows
at organized dairy farm with two different oestrus synchronization protocols. The work was conducted in 71
lactating crossbred cows. Thirty-nine cows were used in Protocol 'A' were administered GnRH on day 0,
followed by PGF2a on day 7, second dose of GnRH + timed artificial insemination on day 9 and third dose of
GnRH + timed artificial insemination on day 10. While 32 crossbred cows in Protocol 'B' were administered
GnRH on day 0, followed by PGF2a on day 7 and second dose of GnRH + timed artificial insemination on
day 9. Pregnancy diagnosis was conducted 60 days post artificial insemination by trans-rectal palpation. The
first service conception rate in cows of Protocol 'A' was 76.92 while that of Protocol 'B' was 53.13 per cent,
respectively. The overall conception rate was superior in Protocol 'A' as compared to Protocol 'B' (P<0.05).
Protocol 'A' can be effectively employed for improving the fertility in post partum anestrus crossbred dairy
cows.

Key words : Organized dairy farm, Crossbred cows, Oestrus synchronization, post partum
anestrus,  Conception rate
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The climate change scenario due to rise in
temperature and higher intensity of radiant heat
load will affect reproductive system via

hypothalamo-hypophyseal-ovarian Axis. The
livestock production in general and milk in
particular plays an important role in Gross
domestic product of Indian economy. One of the
factors decreasing reproductive efficiency in high
milk producing herds is the decrease in
expression and detection of oestrus (Nevel et al.,
1997). Progesterone level is directly related with
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oestrus cycle control and fertility of cows. It is
responsible for stimulation of cyclicity, follicular
development and for continuation of pregnancy.
Oestrus synchronization protocols to improve
the fertility of dairy cows involve programmed
follicular development, regression of corpus lute-
um and sequentially timed artificial insemination. 

Initially, the Ovsynch protocol was developed
as a breeding strategy to eliminate the need of
Oestrus detection. Later, the control internal
drug release protocol by inclusion of an
exogenous Progesterone was developed.
Recently, double synchronization protocol by
administering an additional prostaglandin two
day before the ovsynch protocol was developed.
All these protocols produced varied success
rates. 

The precise control of the oestrus cycle and
ovulation in cows were achieved only when
both, the span of the corpus luteum and the
follicular wave status at the end of the treatment
were controlled. This scenario clearly shows the
need for an indebt study of different oestrus
synchronization strategies for increasing the
reproductive efficiency in dairy cows under
climate change scenario. With this objective the
present research was conducted. 

Materials and Methods

The investigation was carried out on

crossbred lactating dairy cows having post
partum anestrus during the period from April,
2014 to December, 2017 at Organized dairy
farm of Mahatma Phule Krishi Vidyapeeth,
(MPKV) Rahuri, Maharashtra State (INDIA). Two
different treatment protocols were used in the
present study with 39 crossbred lactating
cows in Protocol 'A' and 32 in Protocol 'B' (Table
1). 

Cows of Protocol 'A' were administered
Buserelin acetate, a Gonadotrophin releasing
hormone (GnRH) analogue, 20.0 µg intra-
muscular on day 0, followed by cloprostenol, a
PGF2� analogue, 500.0 µg intra-muscular on
day 7, second dose of Buserelin acetate 10.0 µg
plus timed artificial insemination on day 9 and
again third dose of Buserelin acetate 10.0 µm
plus timed artificial insemination on day 10. 

Cows of Protocol 'B' were administered
Buserelin acetate 20.0 µg intra-muscular on day
0, followed by cloprostenol, 500.0 µg intra-
muscular on day 7, second dose of Buserelin
acetate 10.0 µg in morning plus timed artificial
insemination in the evening on day 9. 

Pregnancy was confirmed in both the
protocol, 60 days post artificial insemination by
trans-rectal palpation. Conception rate with
respect of first service was determined and
significance of difference among the protocols
was evaluated and tested by Z test.
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Table 1. Details of hormonal treatment adopted in two different protocols

Protocol Treatment details

Protocol A GnRH
(Buserelin)
20 µg i/m
(Morning)
(At 0 day)

PGF2�
(Cloprostenol)
500 µg i/m
(Morning)
(At day 7)

GnRH
(Buserelin)
10 µg i/m
(Morning) and Timed A.
I. at evening (At day 9)

GnRH
(Buserelin)
10 µg i/m
(Morning) and Timed A.
I. at Morning (At day 10)

Protocol B GnRH
(Buserelin)
20 µg i/m
(Morning)
(At 0 day)

PGF2�
(Cloprostenol)
500 µg i/m
(Morning)
(At day 7)

GnRH
(Buserelin)
10 µg i/m
(Morning) and Timed A.
I. at evening (At day 9)

-



Results and Discussion

The first service conception rate observed in
post- partum dairy cows of protocol A and
protocol B was 76.92 and 53.13%, respectively
(Table 2). Statistical analysis revealed that overall
conception rate in cows treated as per in
Protocol A is significantly higher (P<0.5) than
the cows treated as per the protocol B. 

The first service conception rates of 76.92
per cent obtained in cows of protocol A
concurred with the findings of Ozturk et al.
(2010), who reported 72.8 per cent conception
rate in Double synch protocol. The present
findings are also in agreement with the findings
of Ammu et al. (2012) who reported 66.66 per
cent overall conception rate. The conception
rate of 53.13 per cent obtained in the protocol
B in present study are in agreement with the
findings of Vijayarajan et al. (2009) who
reported conception rate of 50 per cent in post-
partum dairy cows. On the contrary, lower
conception rates of 30 to 40 per cent in cows
were reported by Dagli et al. (2008) and Ghallab
et al. (2009). However, relatively higher
conception rates of 55 to 90 per cent were
reported in cows by Ansari et al. (2008) and
Sathiamoorthy and Kathirchelvan (2010). The
possible reason for the variation could be the
reproductive status or stage of oestrous cycle at
the beginning of the protocol in addition to the
variations due to nutrition, management,
lactation, drug, season, age, breed and species. 

Thus, the result demonstrated that the
additional shot of GnRH and artificial
insemination on 10th day gives higher
conception rate than Protocol B. Which
indicated that, the cows having late ovulation are
being covered /conceived with addition shot of
GnRH and timely artificial insemination. Hence,
it is recommended that, protocol A can be
effectively employed for improving the fertility
in post-partum anestrus crossbred dairy cows. 
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Table 2. Comparative evaluation of two oestrus
synchronization protocol in anestrus post-partum
dairy cows

Protocol No. of No. of Conce- Z 
cows cows ption test
treated conceived rate (%)

Protocol A 39 30 76.92 2.11*
Protocol B 32 17 53.13

______________



The atmosphere surrounding the earth is
made up of nitrogen (78%), oxygen (21%) and
the remaining 1%, is made up of trace gases
(called so because they are present in very small
quantities) that include carbon dioxide, methane
and nitrous oxide. These gases also called
greenhouse gases act as a blanket and trap heat
radiating from the earth and make the
atmosphere warm. Beginning with the industrial
revolution global atmospheric concentrations of
these greenhouse gases have increased
markedly as a result of human activities. The
global increases in carbon dioxide concentration
are due primarily to fossil fuel use and land use
change, while those of methane and nitrous
oxide are primarily due to agriculture. As a result

we are witnessing global warming. The
increasing green-house gases (GHG) resulted in
global warming by 0.74°C over past100 years
and 11 of the 12 warmest years were recorded
during 1995 – 2006. The Intergovernmental
Panel for Climate Change (IPCC) projections on
temperature predicts an increase of 1.8 to
4.0°C, by the end of this century. Some changes
will affect agriculture through their direct and
indirect effects on crops, soils, livestock, fisheries
and pests. The brunt of environmental changes
is expected to be very high in India due to
greater dependence on agriculture, limited
natural resources, alarming increase in human
and livestock population, changing pattern in
land use and socio-economic factors that pose a
great threat in meeting the food, fibre, fuel and
fodder requirement. 

Climate change, agriculture and trade-
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Economic Impact of Climate Change on Farmer’s Income:
Adaptation and Mitigation Strategies for Food Security
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Abstract
The projected impacts of climate change are likely to further magnify and declines the productivity of many

crops which affects food security. Global food prices will rise due to imbalance of food production and balance
of trade. This requires a serious attention on adaptation and mitigation strategies to overcome the problems
of climate change. Consistent warming trends and more frequent and intense extreme weather events such as
droughts, cyclones, floods, and hailstorms have been observed across India in recent decades. The study shows
that farmers use technologies like change in varieties, change in irrigation system, use drought tolerant varieties,
mulching and mixed farming practices, use of bio fertilizers and pesticides, watershed management, change in
land use and new farm management practices and agriculture insurance etc. Climate models have shown that
increased production from the areas that will ‘benefit’ from climate change will be smaller than the decline in
those that will ‘lose’ global supply. This will most likely lead to a rise in agricultural prices. Impact of climate
change on farmers income can be mitigate through using quality and judicious inputs, modern technology,
choice of crops, managing soil quality with bio fertilizers, use of micro irrigation system(MIS), integrated pest
management and integrated farming system (IFS).

Key words : Climate change, Adaptation, Mitigation, Food security, MIS, IFS
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refers to a change in the state of the climate that
can be identified by changes that persists for an
extended period, usually decades or longer
(IPCC, 2007). Climatic changes and increasing
climatic variability are likely to aggravate the
problem of future food security by exerting
pressure on agriculture. Climate alteration i.e.
increase in global mean temperature and vents
of inconsistent rainfall affect crop production
through direct impacts on the biophysical factors
such as plant and animal growth and the
physical infrastructure associated with food
processing and distribution to rising sea levels
and accelerate corrosion of coastal zones,
increasing intensity of instinctive catastrophe,
species annihilation and spread of vector borne
aliments. Sinha and Swaminathan (1991) stated
that 2ºC increments in mean air temperature
results in dwindling rice acquiesce by about 0.75
ton/hectare in the high yield areas and by about
0.06ton/hectare in low yield coastal region.
Further a 0.5ºC increase in winter temperature
would reduce wheat crop interval by 7 days and
thus reduce yield by 0.45 ton/hectare.
Aggarawal and Sinha (1993) reported the effect
of climate variation on wheat yield in North India
and found that 1ºC rise in mean temperature
would have no momentous effects on yield while
2ºC increase would reduce yields. Rao and
Sinha (1994) reported the impact of climate
change on wheat yield and found that the wheat
yield reduced by 28-68%. Darwin et al. (1995)
assessed the impact of climate change and found
20-30% reduction in grain production. Fischer
and Velthuizen (1996) investigated the influence
of climate variation and reported that elevated
temperature would have affirmative impact in
higher land area. Mearn et al. (1999) evaluated
the impacts of climate change on corn and
wheat yield in the Central Great Plain using 2
crop models (CERES and EPIC) and found
considerable discrepancy between crop models.
Mendlesohn and Dinar (1999) also assessed the
impact of climatic variation on agriculture by

using three different methods viz. Ricardian,
agro economic model and agro ecological zone
analysis. The result concluded by these models
showed that increase in temperature will lower
crop production especially for the crops grown
in cool areas. Murdiyasso (2000) estimated the
probable influence of climate change and
inconsistency on rice production in Asia, led to
7.4% of rice potential per degree increase in
temperature. Likewise, Tubiello et al. (2000)
testified combined effects of increased CO2
concentration and climate change and found
reduction in crop yields by 10- 40%. Saseendran
et al. (2000) found that increment in
temperature up to 50°C can lead to continuous
decline in the yield of rice and every one degree
increment of temperature will lead up to 6%
decline in yield in Kerala. Rathore et al. (2001)
reported the impact of climate change on rice
production in India by using CERES rice model
and concluded that by the middle of 21st

century, an increase in rice yield is expected in
Central and South India. Uprety et al. (2003)
reported increase in rice grain yield due to
elevated CO2 concentration. The increased net
photosynthetic rate and larger accretion of sugar
contributed significantly to the accelerated
development of leaves, tillers and finally grain
yield. Pathak et al. (2003) reported
disapproving inclination of increasing solar
radiation on potential yields of rice and wheat in
Indo- Gangetic Plains of India. Attri and Rathore
(2003) found increase in wheat yield between
29–37% and 16–28% under rainfed and
irrigated conditions especially in different
genotypes under a modified climate. An increase
in temperature by 30°C or more shall cancel out
the positive effects of CO2. Mall et al. (2004)
used the CROPGRO-soybean model to simulate
the impact of climate change on soybean
production in India. Hundal and Kaur (2007)
found that an increase in minimum temperature
up to 1.0 to 3.0 degrees Celsius above normal
has led to decline in productivity of rice and
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wheat by 3% and 10% respectively in Punjab.
Kaul and Ram (2009) found that excessive rains
and extreme variation in temperature has
adversely affected the productivity of Jowar
crop, thereby this has affected the incomes of
farmers. Geethalakshmi et al. (2011) reported
that productivity of rice crop has declined by
41% with 40°C increase in temperature in Tamil
Nadu. Srivastava et al. (2010) concluded  that
climate change will reduce monsoon sorghum
productivity up to 14% in central zone and up
to 2% in south central zone by 2020 in India.
Similar studies testified by Teixeira et al. (2012)
reported that increase in temperature increases
the probability of heat stress throughout decisive
reproductive phase which causes sterility,
reduced yield and chance of inclusive crop
malfunction. Impact of climate change on winter
wheat and maize using the info crop model was
studied by Haris et al. (2013). It was found that
under changed climate, wheat yield decreased
whereas the yield of winter maize increased due
to warmer winters and enhanced CO2
compared to baseline. In addition to this,
duration of both crops was found to decrease
owing to higher temperature.

Agricultural trade and climate change
linkages : Trade plays an important role in
maintaining equilibrium on food availability
during periods of variable climatic conditions as
more food is imported by countries that
experience shortfalls in crop production due to
insufficient rains as was the case in South Asia
in the late 1980s. Also, trade will play an
important role in enabling countries moderate
the impacts of climate change on crop by
enabling farmers in regions less adversely
affected to sell their produce in areas more
severely affected by climate change.

Climate change can have a direct or indirect
effect on the price of agricultural imports.
Climate models have shown that increased
production from the areas that will ‘benefit’ from

climate change will be smaller than the decline
in those that will ‘lose’ global supply. This will
most likely lead to a rise in agricultural prices.
This direct impact is additional to the other
influences on global demand and supply (such as
rising incomes, increased population and hence
demand and increased drive for production of
biofuels).

Some climate change mitigation strategies
will have implications for agricultural prices. In
an effort to reduce consumption of fossil fuels
and hence cut greenhouse gas emissions, there
is a significant global increase in the production
of biofuels. This has contributed to the current
food crisis by raising agricultural prices by
diverting agricultural resources away from food
production.

Many developing countries generate a large
part of the foreign exchange required to fund
imports through the export of agricultural goods.
The net impact of climate change will result from
a combination of the impact on their production
of exported crops and demand for these in the
world. Policies to reduce food miles could raise
the price of vegetables and flowers in import
countries while causing a glut in export
countries, thereby reducing the ability of many
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Table 1. Climate Change Projection for India

Year Season Temperature Rainfall 
change (°C) change (%)

–––––––––––––––– ––––––––––––––––
Lowest Highest Lowest Highest

2020s Annual 1.00 1.41 2.16 5.97
Rabi 1.08 1.54 -1.95 4.36
Kharif 0.87 1.17 1.81 5.10

2050s Annual 2.23 2.87 5.36 9.34
Rabi 2.54 3.18 -9.22 3.82
Kharif 1.81 2.37 7.18 10.52

2080s Annual 3.53 5.55 7.48 9.90
Rabi 4.14 6.31 -24.83 -4.50
Kharif 2.91 4.62 10.10 15.18

Source: Lal et al., 2001



developing countries to earn foreign exchange
to participate in the international market.

Climate change can directly affect trade-
related infrastructure, or trading routes. For
instance, rising sea levels may endanger coastal
infrastructure that supports trade, such as ports.
In addition, extreme weather events can be
expected to disrupt markets and infrastructure.
The projected climate change projection
and effect on international trade is given in
Table 1 to 2. 

Implications for sustainable develop-
ment of farmer’s income : For a long time,
climate change has been viewed largely as an
environmental issue of little relevance to
development. For the same reason,
development approaches have not been given
the necessary attention by the climate change
community who instead focused on reducing
greenhouse gas emissions. This state of affairs
is partly to blame for the heavy price countries
continue to pay whenever climate disasters strike
and resources diverted to attend to such events
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Table 2. International trade of maize, rice and wheat

Commodity & category 2010 2050 % 2010 2050 % 2010 2050 % 
(mmt) change (mmt) change (mmt) change
–––––––––––––––––––––– ––––––––––––––––––––––– –––––––––––––––––––––

Baseline Pessimistic Optimistic 

Developed
1. Maize 
Perfect mitigation 36.7 120.5 37.5 127.1 37.2 105.8
Climate change mean 27.8 -25.4 27.7 -36.6 27.4 -56.9

2. Rice
Perfect mitigation -2.6 -20.5 -2.7 -61.8 -2.6 -13.7
Climate change mean -3.0 -12.0 -3.1 -40.5 -3.0 -3.8

3. Wheat 
Perfect mitigation 44.6 -48.8 44.1 -37.2 44.5 -39.5
Climate change mean 42.7 -66.8 41.8 -61.8 42.2 -63.9

Middle-income developing
1. Maize 
Perfect mitigation -33.8 81.5 -33.8 83.0 -34.1 62.2
Climate change mean -26.1 -59.4 -25.4 -80.6 -25.7 -98.0

2. Rice
Perfect mitigation -7.0 -65.7 -6.8 25.1 -7.0 -171.7
Climate change mean -7.5 8.2 -7.3 82.2 -7.4 -94.9

3. Wheat 
Perfect mitigation -38.7 -111.4 -38.1 -87.0 -37.2 -148.4
Climate change mean -37.6 -121.5 -36.8 -104.2 -35.8 -161.7

Low- income developing
1. Maize 
Perfect mitigation -2.9 571.1 0.6 571.1 -3.1 586.3
Climate change mean -1.7 506.0 0.5 506.0 -1.7 555.9

2. Rice
Perfect mitigation 9.6 -53.4 -0.1 -53.4 9.6 -128.5
Climate change mean 10.4 2.5 0.0 2.5 10.4 -68.5

3. Wheat 
Perfect mitigation -5.9 363.5 0.4 363.5 -7.3 516.3
Climate change mean -5.1 337.8 0.3 337.8 -6.4 482.4

Source: IFPRI website



instead of having long-term strategies that may
not only minimize the impacts but also ensure
resources meant for development are not
diverted to deal with such emergencies.

Climate change has can potentially
undermine whatever modest gains have been
achieved towards meeting the MDGs. It is
therefore important that climate change be
mainstreamed into developmental policies and
plans. While climate change will likely affect
development at various levels, the development
approach chosen will also influence future
emission of greenhouse gases as well as the
adaptive capacity of individuals, communities
and countries. According to Huq et al. (2006),
unsustainable development is the underlying
cause of climate change and development path
taken determines the degree to which society is
vulnerable to climate change.

Poverty is a strong impediment to achieving
sustainable development and agriculture holds
the key to reducing poverty in many developing
countries. The large share of agriculture in GDP
in low-income countries suggests that strong
growth in agriculture is necessary for overall
economic growth. As GDP per capita rises,
agriculture’s share in GDP declines, and so does
its contribution to growth. Unfortunately,
agriculture appears to be the most vulnerable
sector to the adverse impacts of climate change.
To achieve sustainable development, efforts
need to be stepped up to mitigate and adapt.

Both strategies are very important and should be
pursued concurrently. The developed countries
need to actively pursue strategies to reduce
greenhouse gas emissions. Even if greenhouse
gas were stabilized in the atmosphere today,
global warming would continue for a long time.
Climate change requires a global framework for
international cooperation. Adaptation action is
a vital part of this framework. Actions to enable
adaptation to climate change pose opportunities
to promote sustainable development.
Developing countries require resources in order
to promote these actions. A successful
framework must directly involve assistance for
adaptation in developing countries, particularly
small island developing States and least
developed countries, given that they will
disproportionately bear the brunt of climate
change impacts. Combating climate change is
vital to the pursuit of sustainable development;
equally, the pursuit of sustainable development
is integral to lasting climate-change mitigation
(Table 3).

Climate Change and Sustainable
Agriculture : New and innovative adaptation
measures to climate change include: (i) changes
in agricultural practices to improve soil fertility
and enhance carbon sequestration; (ii) changes
in agricultural water management for more
efficient water use; (iii) agricultural diversifcation
towards enhanced climate resilience; (iv)
agricultural science and technology
development, agricultural advisory services, and
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Table 3. Climate Change and Crop Productivity in India

Crop T opt, T max, Yield at Yield at Yield at % 
°C °C T opt 28°C 32°C decrease 

(t ha-1) (t ha-1) (t ha-1) (28 to 32°C)

Rice 25 36 7.55 6.31 2.93 54
Soybean 28 39 3.41 3.41 3.06 10
Dry bean 22 32 2.87 1.39 0.00 100
Peanut 25 40 3.38 3.22 2.58 20
Grain sorghum 26 35 12.24 11.75 6.95 41

Source: Singh, 2012



information systems; and (v) risk management
and crop insurance. Innovative policies include:
(i) changing investment allocation within and
across sectors, (ii) increasing the focus on risk-
sharing and risk-reducing investments, (iii)
improving spatial targeting of investments, (iv)
eliminating existing detrimental policies that will
exacerbate climate change impacts, and (v)
reducing greenhouse gas (GHG) emissions from
agriculture and increasing the value of
sustainable farming practices through the
valuation of carbon and other forms of
agricultural ecosystem services such as water
purifcation and biodiversity. Climate change
resilience can be built in through: 1.
Stabilization and management of the natural
resource base with an ecosystems-based
approach to Participatory Watershed
Management as a central point of activity, 2.
Assessing vulnerability of a cluster of
villages/sub-region to climate change, and 3.
Integrating a package of climate-smart
agriculture practices into ongoing programmes
such as weather-based locale specifc agro-
advisories, contingent crop planning, promotion
of low-external input technology, water
budgeting, livelihood diversifcation, and
promotion of local agro-biodiversity. 

Conclusion

It can be concluded that the inclusive impact
of climate change i.e. variation in atmospheric
structure and global ambience in terms of
elevated level of CO2 and other gases brings
about hidden hunger crisis among individuals by
decreasing indispensable nutrient content in
food crops. For doubling the farmer’s income by
2022, there is a need to change agriculture
policies and diversification of farming to mitigate
effect of climate change. Properly managing
agricultural practices could contribute
substantially to climate change mitigation.
Efforts are increasing to get developing countries
to adapt to the adverse impacts of climate

change. There are however, limits to adaptation.
The potential for adaptation should not lead to
complacency. Agricultural adaptation to climatic
variation is not perfect, and changes in how
farmers operate or in what they produce may
cause significant disruption for people in rural
regions. Indeed, some adaptive measures may
have detrimental impacts of their own. While
trade liberalization holds a lot of promise for
agricultural development. A completely
liberalized market will not bring the same
benefits to all countries. It may cause difficulties
for some developing countries, in particular
those dependent upon food imports or those
losing preferential access to markets. Measures
will be needed to help these countries to adjust.
Nevertheless, in the long term, liberalization
should result in a more favourable international
structure of agricultural prices, which should
benefit most poor countries. The most pressing
challenge is to address the environmental and
economic challenges of the poorest nations to
reap the benefits of agricultural production in the
bid to achieving sustainable development and
achieving the agriculture GDPs. 

References
Aggarwal, P. K and Sinha, S. K. 1993. Effect of probable

increase in carbon dioxide and temperature on
productivity of wheat in India. Jr. of Agric.
Meteorology., 48 (5), 811-14.

Attri, S. D. and Rathore, L. S. 2003, Simulation of impact
of projected climate change on wheat in India.
International Journal of Climatology, 23 (6), 693-705.

Darwin, R., Tsigas, M., Lewandrowski, J. and Raneses,  A.
1995. World agriculture and climate change: Economic
adaptations. Agricultural Economic Report No.703.
Natural Resources and Environmental Division,
Economic Research Service, U.S. Department of
Agriculture, Washington, DC.

Fischer, G. and Velthuizen, H. T. V. 1996. Climate change
and global agricultural potential project: A case study
of Kenya. Laxenburg. International Institute for Applied
Systems Analysis, Austria

Geethalakshmi, V., A. Lakshmanan, D. Rajalakshmi, R.
Jagannathan, G. Sridhar, A.P. Ramara, Bhuvaneswari,
K. L. Gurusamy, and R. Anbhazhagan. 2011. Climate

Thumar and Singh508



change impact assessment and adaptation strategies to
sustain rice production in cauvery basin of Tamil Nadu.
Current Science 101(3).

Haris, A. V. A., Biswas, S., Chhabra, V., Elanchezhian R.
and Bhatt, B. P. 2013. Impact of climate change on
wheat and winter maize over a sub-humid climatic
environment. Current Sci. 104.

Hundal, S. S., and Kaur, P. 2007, Climatic variability and
its impact on cereal productivity in Indian Punjab.
Current Science 92 (4),506-512.

Huq, S, Reid, H and Murray, L. (2006). Climate Change
and Development Links. Gatekeeper Series, 123.

IFFRI website: http://www.ifpri.org/climate-change

IPCC. 2007. Climate change, 2007: climate change
impacts, vulnerability and adaptations. Summary for
policy makers. Intergovernmental panel on climate
change.

Kaul, S. and Ram, G. 2009. Impact of global warming on
production of jowar in India (special issue: sustainable
agriculture in the context of climate change).
Agricultural Situation in India 66 (5), 253-256.

Lal M, Nozava T, Emori S, Harasawa H, Takahashi K,
Kimoto M, Ab-Ouchi A, Nakjima T, Takemura T and
Numaguti A 2001. Future climate change: implications
for Indian summer monsoon and its variability. Current
Science, 81(9), 1196-1207.

Mall, R. K., Lal, M., Bhatia, V. S., Rathore, L. S., and Singh,
R. 2004. “Mitigating Climate Change Impact on
Soybean Productivity in India: A Simulation Study,”
Agricultural and Forest Meteorology, 121( 1–2),113–
25

Mearns, L. O., Marromalis, T., Tsuet-sinkaya, E., Hays, C.,
Easterling, W. 1999. Comparative responses of EPIC
and CERES crop models to high and low spatial
resolution climate change scenarios. J Geophys Res
Atmos., 104, 6623-6646.

Mendelsohn R. and Dinar, A. 1999. Climate change,
agriculture, and developing countries: does adaptation
matter? The World Bank Research Observer. 14,277–
293.

Murdiyasso, D.  2000. Adaptation to climatic variability and
change: Asian perspectives on agriculture and food
security. Environ monit assess. 61(1):123-133.

Pathak, H., Ladha, Aggarwal, P. K., Peng, S., Das, S.,
Singh, Y., Singh, B., Kamra, S. K., Mishra, B., Sastri,
A. S. R. A. S., Aggarwal, H. P., Das, D. K. and Gupta,
R. K. 2003. Trends of climatic potential and on farm
yields of rice and wheat in the Indo Gangetic Plains.
Field Crop Res., 80, 223-234.

Rathore, L. S., Singh, K. K., Sassendran, S. A. and Baxla
A. K. 2001. Modelling the impact of climate change
on rice production in India. Mausam., 52(1), 263-274.

Rao, D. G. and Sinha, S. K. 1994. Impact of climate change
on simulated wheat production in India. In C.
Rsoenzweig, A. Iglesias (eds) Implications of Climate
Change for International Agriculture: Crop Modelling
Study. U.S. Environmental Protection Agency,
Washington, D.C.

Saseendran, S. A., Singh, K. K., Rathore, L. S., Singh, S.
V. and Sinha, S. K. 2000. Effects of climate change on
rice production in the tropical humid climate of Kerala,
India. Climatic Change, Kluwer Academic Publishers,
Netherland. 44 (4),495-514.

Singh, M. 2012. Challenges and opportunities for
sustainable viability of marginal and small farmers in
India. Agric Situ India. (3), 133-142.

Sinha, S. K and Swaminathan, M. S. 1991. Deforestation
climate change and sustainable nutrients security. Clim
Change., 16, 33-45.

Sinha, S. K and Swaminathan, M. S. 1991. Deforestation
climate change and sustainable nutrients security. Clim
Change., 16, 33-45

Srivastava, A., Kumar,S.N. and Aggarwal, P. K. 2010.
Assessment on vulnerability of sorghum to climate
changes in India. Agriculture Ecosystem and
Environment 138,160-169.

Teixeira, E. I., Fischer G., Van Velthuizen, H., Walter C. and
Ewert, F. 2012. Global hot-spots of heat stress on
agricultural crops due to climate change. Agr Forest
Meteorol. 164, 96-111.

Tubiello, F. N., Donatelli M., Rosenzweig C. and Stockle C.
O. 2000. Effects of climate change and elevated CO2
on cropping systems: model predictions at two Italian
locations. Eur J Agron., 13:179-189.

Uprety, D. C., Dwivedi, N., Jain, V., Mohan, R., Saxena,
Jolly, M. and Parwan G. 2003. Response of rice
cultivars to the elevated CO2. Bio Planatarum., 46 (1),
35-39.

Journal of Agriculture Research and Technology 509

______________



Jasmine (Mogra) is one of the most
important commercial flower crop widely
cultivated and esteemed for its attractive fragrant
flowers. Among the important species of
jasmine, Jasminumsambacis the most common,
is also known as Arabian Jasmine. jasmine oils
are used extensively in themanufacture of
cosmetics, soaps, confectionaryperfumes,
perfumed tobacco, syrups, aerated water,
ointments, disinfectantsand detergents. Flowers
are usedfor making garland, hair adornments of
woman and for medicinal purpose.The
fragrance of jasmine flower cannot be imitated
by any one of the knownsynthetic aromatic
chemicals (Bhatttachatarjee 1980).Mogra is an
evergreen plant Usuallypropagated by cutting
and layering. It comes under the leading
traditional flowers of India.Usually jasmine
prefers mild and tropical climate but now a days

recent change in climatic pattern affects the
growth of mogra. Pruning is most important
practice in jasmine that canenhance the health,
vigour and aesthetics of mogra plant under
adverse climatic conditions also. Pruning makes
the plant strong and build up a good frame work
and adaptable toclimate change. It is important
for maintenance of floriferousness and flower
quality alongwith vigour of jasmine plant. Pal
and Bose, (1980) observed that plants of J.
sambac cv. Khoya pruned at 40 cm height in
January produced thehighest yield. Singh and
Moe (1986), on the other hand reported that,
pruning to 75 cm height in mid December
resulted in the highest flower and concrete yield.

Materials and methods

The experiment was carried out at
Department of Horticulture, Vasantrao Naik
Marathwada Krishi Vidyapeeth, Parbhani during
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Abstract
The present investigation was carried on “Effect of different levels of pruning on growth of mogra

(Jasminumsambac L.) under recent climate change pattern” at the Department of Horticulture, Vasantrao
Naik Marathwada Krishi Vidyapeeth, Parbhani during the year 2010-11. The experiment was laid out in simple
randomized block design with four replications and six treatments. Four years old Mogra plants of Cv. Belawas
selected for investigation. Pruning makes the plant strong and build up a good frame work and adaptable to
climate change. In this investigation jasmine plants were pruned at different levels viz. T1 pruning at 20 cm
from ground level, T2 pruning at 30 cm from ground level, T3 pruning at 40 cm from ground level, T4 pruning
at 50 cm from ground level, T5 pruning at 60 cm from ground level and T6 control (no pruning). The effect
of these treatments were noted on different growth attributes of mogra (Jasminumsambac L). The pruning at
50 cm from ground level emerged significantly superior in increasing growth attributing traits. The next best
treatment was pruning at 40 cm from ground level in respect of growth of mogra. This might be due to earlier
ceasing of growth along longitudinal axis, diverting its energy for production of new shoots and due to increase
in nodes resulted from cell elongation and cell division. 
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the year 2010-2011. The experiment was laid
out in Randomized Block Design (RBD) with 6
treatments and 4 replications.Four year old
Mogra plants cv. Bela was selected for
investigation, 24 individual plots with spacing
1.2 x 1.2 m size were demarked in experimental
field leaving 50 cm between two plots and 100
cmbetween two replications. Recommended
dose of fertilizer for mogra is 100:50:50 kg
NPK/ha for the experiment plot a dose of
14:7:7gm NPK/plant was applied.Nitrogen was
applied in the form of Urea, Phosphorus
through single superphosphate and Potash
through muriate of potash.Treatment includes
pruning of Mogra plants at different levels of
height viz., 20 cm, 30 cm, 40 cm, 50 cm, and

60 cm above ground level by keeping uniform
number ofbranches. Shoots were pruned with
the help of secateur, half centimetre above the
bud to prevent fungal infection,cut ends of the
shoots werespread with fungicide solution. Dead
infested weak criss-cross brancheswere pruned.
Pruning of mogra plants was undertaken on 2nd
January, 2011.

Result and discussion

The results obtained in respect of growth
parameters viz., average days to initiation of
new shoots, average number of shoots perplant,
average length of flowering shoot, average girth
of flowering shootand spread of plant revealed
that there were significant effect of various levels
of pruning.

Effect on initiation of new shoots and
number of shoots plant : The treatment T4
produced significantly earlier initiation of new
shoots (10.25 days) than all othertreatments
except T3 (10.80 days) and T2 (11.02 days)
which were found tobe statistically at par with
the T4. In case of number of shoots the
treatment T4 produced more number of shoots
(30.50) plant-1 and found significantly superior
over all other treatments. The next best
treatment was T3 (28.50) which was found
superior over T1 and T2. This might be due to
earlier ceasing of growth along longitudinal axis,
diverting its energy for production of new
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Table 1. Effect of different levels of pruning on days to
initiationof new shoots and number of shoots
plant-1

Treat- Treatments Mean Mean 
ment details days to no. of
no. initiation shoots

of shoots

T1 Pruning at 20 cm 12.02 26.00
T2 Pruning at 30 cm 11.02 27.00
T3 Pruning at 40 cm 10.80 28.50
T4 Pruning at 50 cm 10.25 30.50
T5 Pruning at 60 cm 13.00 24.00
T6 Control 16.00 11.00

SE ± 0.65 0.34
CD at 5 % 1.98 1.14

Table 2. Effect of different levels of pruning on length offlowering shoot (cm)

Treat- Treatments Days after pruning
ment details –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
no. 30 60 90 120 150

T1 Pruning at 20 cm 11.77 22.37 42.22 57.47 67.40
T2 Pruning at 30 cm 11.90 22.57 44.20 58.15 67.55
T3 Pruning at 40 cm 12.40 22.57 45.05 58.52 68.72
T4 Pruning at 50 cm 13.80 23.47 50.75 60.22 70.02
T5 Pruning at 60 cm 10.90 20.65 41.75 55.87 65.45
T6 Control 9.95 10.27 16.20 21.50 24.50

SE ± 0.62 0.79 0.72 0.38 0.53
CD at 5 % 1.88 2.40 2.17 1.15 1.60



shoots. The similar results have reported in Rose
by Degeyter (1975), Uma and Gowda (1987)
and Qsterbye (1970).

Effect on average length of flwering
shoot : The data in respect of average length
of flowering shoot have been recorded at 30
days after pruning showedthat treatment T4
(13.80 cm) was found to be significantly superior
over restof the treatments except treatment T3
(12.40cm) which was found at parwith T4. The
data pertained at 60 days after pruning noticed
thattreatment T4 (23.47 cm) was found
significantly superior over rest of thetreatments
except treatment T1 (22.37 cm), T2 (22.57 cm),
and T3 (22.57 cm) which were found to be
statistically at par with treatment T4. At 90 days
after pruning, the length of flowering shoot was

found maximum in treatment T4 (50.57 cm)
followed by T3 (45.05 cm) and T2 (44.20 cm).
The observation recorded at 120 days after
pruning showedthat maximum length of
flowering shoot was recorded at treatment T4
(60.22 cm), followed by T3 (58.52 cm) and T2
(58.12 cm). The data recorded at 150 days after
pruning showed thattreatment T4 (70.02 cm)
was found significantly superior over rest of
thetreatments except T3 (68.72 cm) which was
found at par with each other.  In all these cases
the minimum length of flowering shoot was
recorded intreatment T6 (control).Increase in
shoot length in Mogra might be due to
increasein nodes resulted from cell elongation
and cell division. This is accordancewith findings
of Shrivastava (1973) and Mukhopadhya (1987)
and Degeyter (1977).

Effect on mean girth of stem : In case of
growth attribute girth of stem as affected
bydifferent levels of pruning showed that there
were significant treatmentdifferences in girth of
stem at all observations. The significantly
maximum stem girth was found in T1 (1.25cm).
The other treatments found next in order in this
regard were T2 (1.20cm), T3 (1.19 cm), T4
(1.18 cm), T5 (1.16 cm). while the
significantlyminimum stem girth (0.64 cm) was
recorded in treatment T6 (control). This might
be due to less number of shoots per plant
produced and slow growth, increased the
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Table 3. Effect of different levels of pruning on girth of
stem (cm)

Treat- Treatments Mean girth 
ment details of stem
no. (cm)

T1 Pruning at 20 cm 1.25
T2 Pruning at 30 cm 1.20
T3 Pruning at 40 cm 1.19
T4 Pruning at 50 cm 1.18
T5 Pruning at 60 cm 1.16
T6 Control 0.64

SE ± 0.01
CD at 5 % 0.03

Table 4. Effect of different levels of pruning on spread of plant (cm2)

Treat- Treatments Days after pruning
ment details –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
no. 30 60 90 120 150

T1 Pruning at 20 cm 51.49 55.05 65.22 74.47 79.73
T2 Pruning at 30 cm 48.18 62.60 72.45 78.95 89.60
T3 Pruning at 40 cm 50.50 64.17 72.72 86.91 91.83
T4 Pruning at 50 cm 53.62 67.27 75.52 91.17 103.39
T5 Pruning at 60 cm 44.43 52.87 52.87 73.62 78.97
T6 Control 38.33 48.50 54.48 67.05 71.90

SE ± 0.44 0.59 0.99 1.32 0.10
CD at 5 % 1.34 1.79 2.99 3.99 0.30



diameter of shoot. The similar results have been
reported by Ghulam et al. (2001).

Effect on spread of plant : In case of
growth character spread of plant the data
recorded at 30 days after pruning showed that
maximum plant spread was observed in
treatment T4 (53.62 cm) followed by T3 (50.50
cm), T2 (48.18 cm). At 60 days after pruning
maximum plant spread was observed in
treatment T4 (76.27 cm) followed by T3 (64.17
cm), T2 (62.60 cm). At 90 days after pruning
maximum plant spread was observed in
treatment T4 (75.52 cm) followed by T3 (72.72
cm), T2 (72.45 cm). At 120 days after pruning,
the maximum plant spread wasobserved in
treatment T4 (91.17 cm) followed by T3 (86.91
cm) and T2 (78.95 cm). At final observation,
150 days after pruning maximum plant spread
was observed in treatment T4 (103.39 cm),
followed by T3 (91.83cm) and T2 (89.60 cm).
in all these cases minimum plant spread was
observed in treatment T6 (control).Sharma and
singh (1991) reported that, all the pruned plants
subjected to any amount of pruning were always
found to be significantly more in spread than
unpruned plant.

Conclusion

The present investigation revealed that in
general pruning inMogra (Jasminumsambac L.)
found effective in increasing growth parameters
under recent climate change pattern. On the
basis of present studies it can be concluded that
now a days recent change in climatic pattern
affects the growth of mogra. Pruning makes the
plant strong and build up a good frame work and
adaptable to climate change. pruning at 50 cm
height from the ground level wasfound effective
for enhancing growth attributing traits this might
be due to earlier ceasing of growth along

longitudinal axis, diverting its energy for
production of new shoots and due to increase in
nodes resulted from cell elongation and cell
division. However, the results are based upon
only one trial. To arrive atproper conclusion few
more trials are essential.
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Cotton (Gossypium spp.) is one of the
important cash crop of India, which is a sub-
tropical crop grown in India in an area with
rainfall of 600 to 900 mm. It tolerate high
temperature upto 45 to 460C but temperature
below 25°C are not conductive to this crop,
temperature between 27 to 32°C are optimum
for boll development and maturation but above
38°C yield are reduced. The length of growing
period (LGP) from 150 to 240 days depending
upon the genotypes soil and prevailing

environment. Cotton needs about 700 to 1300
mm water to meets its evapotranspiration
demand. Cotton grown on wide range of soil but
medium and heavy textured soil are preferred
for cultivation of cotton crop. Climate and
weather is a basic input in agriculture. The
growth development and yield of the crop
depend on suitability of the solar radiation,
temperature and rainfall etc. (Ghadekar, 1991).
Among the various factors responsible for low
yield, the loss caused by weather and climatic
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Abstract
The present investigation entitled “Production potentional of hybrid cotton under varied weather condition”

was carried out at Research Farm, Department of Agricultural Meteorology, Marathwada Agricultural University
Parbhani (M.S.) during Kharif season 2010-11. The experiment was laid out in split plot design with three
replication and four factors viz. date of sowing (22/06/10-D1), (29/06/10-D2), (06/07/10-D3),  (13/07/10-
D4¬), (20/07/10-D5) and (27/07/10-D6), variety (NHH-44-V1, NHH-44 Bt-V2, NH-615-V3) spacing (90
x 60 cm) and plant protection  (Recommended spraying schedule P1) and no plant protection i.e. (control) P0.
To find  suitable variety of hybrid cotton. Among various growth characters of these cotton variety, plant height
was found to be greatly influenced under different date of sowing. Maximum plant height was observed in D1
(MW-25) and minimum height was recorded in D6 (MW-30). It was observed that the duration from sowing to
emergence (P1), emergence to seedling (P2), seedling to square formation (P3), square formation to flowering
(P4), flowering to boll setting (P5), boll setting to boll bursting (P6) and bursting to first picking (P7) stages varied
considerably in different dates of sowing first date of sowing had more duration from sowing to maturity as
compared to delayed sowing. This shortening of duration was due to thermal stress at later sowing dates.
Emergence count was highest in D1V1P1 (MW-25) treatment combination as compared to rest of the
treatments. Leaf area index and dry matter accumulation plant-1 (g) was recorded maximum 30 DAS to 120
DAS with maximum value at 120 DAS in case of early sown crop as compared to later sown crop. Highest
seed yield of cotton and biological yield (kg ha-1) was found in D1 (MW 25) treatment of sowing date. The
interaction effect of different treatments on seed yield and biological yield of cotton was found statistically
significant. The most critical growth stages deciding the seed yield of cotton the seed yield of cotton are square
formation to flowering, flowering to boll setting and boll setting to boll bursting. From the highest canopy
temperature were observed in D1 at MW 50. If the canopy temperature is greater than there is soil moisture
deficit in the field. Further highest mean canopy temperature were observed in D6 (32.80C) date of sowing
and lowest found in D1 (31.8°C). In cotton varieties highest albedo (0.060) was observed in V1 (NHH44) under
D1 with P1 treatment followed by 0.059 in D2 date of sowing. V3 (NH-615) and lowest albedo was observed
in D6 date of sowing in variety V2 (NHH-44 Bt). It is concluded that for getting the better yield optimum date
of sowing is D1 (MW-25) as compared to rest of the sowing date treatment. 

Key word : hybrid cotton, sowing dates, varieties, meteorological weeks, weather conditions.



condition is a major constraint. In cotton 60 per
cent of the yield losses is due to weather as
compared to 30 per cent of the other crops like
cereals, oilseeds and pulses. This huge loss in
cotton is because of the factors that climate
influences not only the growth, development
and reproductive activities of the crops, but also
it influence the prevalence of pest diseases and
nutrient availability throughout the cropping
season.

Materials and Methods

The present research work on “Crop
weather relationship in hybrid cotton” was
conducted during kharif season of 2010-2011.
The field experiment was conducted during
kharif 2010-2011 on experimental farm of
Department of Agriculture Meteorology, College
of Agriculture, Parbhani. Geographically
Parbhani is situated 409 m above the mean sea
level, 19°16’ North latitude and 76°47’ East
longitude and has sub-tropical climate. The
weather data for the relevant period of
experiment recorded at Central Meteorological
Observatory, Marathwada Krishi Vidyapeeth,
Parbhani. The field was ploughed in summer
season twice with the help of tractor drawn
cultivator, followed by 2-3 criss-cross harrowing
was done to break the colds and make the field
in the good tillth condition. After layout, the
sowing was done with the help of manual labour
by dibbling method of sowing. The seeds of
cotton cultivar namely NHH-44, NHH-44 Bt
and NH-615 were dibbled with row to row and
plant to plant spacing (90 x 60 cm) during 06
different meteorological weeks MW25(22-06-
2010), MW26(29-06-2010), MW27(06-07-
2010), MW28(13-07-2010), MW29
(20-07-2010) and MW30(27-07-2010).
Fertilizer were applied to the crop as per the
recommendations. The crop received 80 kg N,
40 kg P and 40 kg K per hectare. The field of
experiment was laid out in split plot design with
three replication and 36 treatment combinations

of which six are different dates of sowing (06),
varieties (03) and plant protection schedule (02).
(6 x 3 x 2) these 36 treatments were randomly
distributed in blocks in each replication. The
biometric observations were recorded by
adopting the schedule that isEmergence count,
Plant height (cm), Number of branches plant-1,
Dry matter plant-1 (g), Seed yield of cotton (kg
ha-1), Harvest index, Leaf area index (LAI),
Meteorological observation like Canopy
temperature, Albedo  etc.

Results and Discussion

The data presented in Table 5 revealed that
mean plant height of cotton crop was increased
continuously from sowing to harvest of the crop.
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Table 1. Growth and growth contributing  characters
influenced by different treatments

Treatments Plant No. of Leaf Dry 
height bran- area matter 
(cm) ches (cm) (g)

Date of sowing
D1 : 25MW (22-06-2010) 58.34 7.09 1.362 74.56
D2 : 26MW (29-06-2010) 50.00 6.21 1.309 73.52
D3 : 27MW (06-07-2010) 49.73 6.44 1.195 72.46
D4 : 28MW (13-07-2010) 47.44 5.41 1.051 70.95
D5 : 29MW (20-07-2010) 48.68 5.91 0.894 69.38
D6 : 30MW (27-07-2010) 38.09 5.35 0.787 67.57
S.E.± 2.80 0.13 - -
C.D. at 5% 7.4 0.42 - -
G. Mean 48.75 6.09 - 71.41

Variety
V1 (NHH-44) 49.55 6.27 1.267 71.47
V2 (NHH-44 Bt) 47.87 6.13 1.054 71.52
V3 (NH-615) 48.86 5.88 0.891 71.23
S.E.± 0.85 0.21 - -
C.D. at 5% 2.50 0.63 - -
G. Mean 48.76 6.09 - 71.41

Plant protection
P1 53.61 7.00 1.316 71.69
P0 43.91 5.18 0.713 71.12
S.E. ± 0.85 0.45 1.075 -
C.D. at 5% 2.50 1.31 - -
G. Mean 48.75 6.09 - 71.41



Increase in plant height was slow upto 30 DAS.
While, it was significant observed for different
intervals of days after sowing.Similar results
were also reported by Abdus Salam et al.,
(1984). The number of branches plant-1 was
increased continuously upto 150 DAS of the
crop is presented in Table 6 and depicted in Fig.
4. The early sown crop has higher growth rate
and branching pattern due to availability of
longer sunshine duration, soil moisture,
temperature and humidity for its vegetative
growth.These results are similar to the findings
of Rao and Basu (1985). However, in late sown
crop the vegetative growth was restricted due to
shorter period of sunshine, soil moisture, low
temperature and high humidity. The data
revealed that the LAI increased remarkably from
sowing to 90 DAS. Thereafter the increase in
LAI was very meager and reached to maximum
at 120 DAS. Thereafter, there was a decrease
in leaf area from 120 to 150 DAS. The increase
in the LAI in different dates of sowing treatment
upto 90 days indicated that the photosynthets
synthesized during this period (vegetative growth
stage) were allocated to leaf and stem and once
the reproductive stage attains.Simillar results
were obtained from Khippal et al. (1995). The
photosynthets might have been allocated
towards reproductive organs i.e. bolls. However,
maximum dry matter accumulation observed in
D1 (25 MW) i.e. 131.05 kg ha-1 at 150 DAS
and it is decreased in delayed sown crop i.e. D2
(26 MW) to D6 (30 MW). The biomass
production is mainly governed by genetic
potential of the variety under different set of
weather parameter. But the extent of decrease
in biomass under delayed sowing was due to
thermal stress tolerance capacity of a variety to
higher temperature, low temperature under late
sowing, delayed germination and hampered
branching and consequently leads to poor dry
matter production than timely sown crop. The
data presented in Table 11 revealed that the
sowing time produced significantly different seed

yield of cotton in individual treatment. Similar
results were found by Namdeo (1991) where
revealed that sowing of cotton during 25 MW
i.e. (D1) was found significantly superior that 8-
10th and 25-28th July sowings. Late sowing by
30 days (26-28th July) reduced the seed yield of
cotton with a margin of 5.38 q ha-1 in
comparison to 23rd to 25th June sowing.  The
highest seed yield of cotton was observed at
harvest for D1 25th MW (1191 kg ha-1) and
found significantly superior followed by D2 to D5
and lowest was observed in D6 30th MW (729
kg ha-1) due to delay sowing. In respect of crop
variety, V1 (NHH-44) produced significantly
highest seed yield of cotton (1108 kg ha-1)
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Table 2. Seed, stalk, biological yield and harvest index of
cotton as influenced by different treatments

Treatment Seed Stalk Biolo- Har-
cotton yield gical vest 
yield (kg yield index 
(kg ha-1) (kg 
ha-1) ha-1)

Date of sowing 
D1 : 25MW (22-06-2010) 1191 2242 3433 34.69
D2 : 26MW (29-06-2010) 995 1681 2676 37.18
D3 : 27MW (06-07-2010) 856 1551 2407 35.56
D4 : 28MW (13-07-2010) 836 1300 2136 39.13
D5 : 29MW (20-07-2010) 798 1342 2140 37.28
D6 : 30MW (27-07-2010) 729 1046 1775 41.07
S.E.± 10.60 12.97 23.57 -
C.D. at 5% 33.35 40.81 74.16 -
G. Mean 901 1527 2428 36.61

Variety 
V1 (NHH-44) 1108 1905 3013 36.77
V2 (NHH-44 Bt) 717 1254 1971 36.37
V3 (NH-615) 878 1452 2330 37.68
S.E.± 9.50 9.60 - -
C.D. at 5% 27.76 28.74 - -
G. Mean 901 1527 2428 36.61

Plant protection
P1 1112 1662 2774 40.08
P0 690 1392 2082 33.14
S.E.± 4.50 4.70 9.20 -
C.D. at 5% 12.58 13.25 25.83 -
G. Mean 901 1527 2428 36.61



followed by V3 (NH-615) 878 kg ha-1 and
lowest seed yield of cotton produced V2 i.e.
(NHH-44 Bt) 717 kg ha-1. 

References
Abdus, Salam M. Khan and Ali, M. 1984. Varietal response

to sowing dates regarding some morphological
characters in cotton (G. hirsutum L.). Pakistan
Cottons, 19(1): 25-36.

Ghadekar, S. R. 1991.  Crop climatology A text book of

Agro-meteorology : 186-193.

Khippal, Anil and Nehra, D. S. 1995. Effect of date of
sowing and nitrogen levels on growth parameters of
different genotypes of hirsutum cotton J. Cott. Res. and
Dev., 9(2): 193-197.

Namdeo, K. N., Sharma, J. K., Choudhary, S. K. and
Mandlyoi, K. C. 1991.  Effect of rainfall on growth and
yield of cotton. J. Cott. Res. and Dev., 5(1): 59-62.

Rao, M. H. and Basu, A. K. 1985. Journal Indian Society
for cotton Improvement, 10: 26-30.

Journal of Agriculture Research and Technology 517

J. Agric. Res. Technol., 43 (3) : 517-521 (2018)

Screeing of Different Soybean Genotypes [Glycine max (L.)
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Abstract
Pod shattering refers to the opening of mature pods along its dorsal or ventral sutures to release seeds.

The process is essential for the propagation of their offspring in wild plants but is a major cause of yield loss
in crops. Fifty Indian genotypes of soybean were studied during kharif season of 2015. Total of 11
morphological characters were observed visually and its correlation with pod shattering was studied. The percent
pod shattering of each variety was measured upon maturation using oven dry method at 40ºC at 1-5 scale as
used by AVRDC.  No significant association was observed between the studied morphological traits and pod
shattering. The nine genotypes found to be tolerant (0-10%) were Birsa soya, Bragg, Dsb 21, DS 9712, DS
3101, KDS 775, KDS 904, MACS 450 and NRC 93 while rest of the 41 genotypes fall within intermediate
category (11-25%). 

Key word : Correlation, pod shattering, resistant, soybean.

______________

Soybean [Glycine max (L.) Merrill] is the
second largest oilseed crop in India widely grown
for its edible seeds which have numerous uses.
It can supply the much needed protein to human
diets, because it contains above 40 % protein of
superior quality and all the essential amino acids
(Radhakrishnan and Kumari, 2009). The

industrial uses include soymilk, soya flour, soya
cake, varnish, biscuit and paint. 

Pod shattering is commonly observed in the
wild soybean species and it is a naturally
preferred means in evolution so that soybeans
can produce more offsprings (Funatsuki et al.,
2014). The yield loss due to pod shattering in
soybean may range from 34 to 99 per cent
depending upon delayed harvesting after
maturity, the environmental conditions during

1 Corresponding author: Soybean Breeder, Agricultural
Research Station, Kasbe Digraj, Sangli, Maharashtra, India

*E-mail: drmpdeshmukh@gmail.com



harvesting as well as genotype (Tiwari and
Bhatnagar, 1991; Agrawal et al., 2002; Bhor
et al., 2014). Although to cultivate the non-
shattering soybean genotypes would be the
major goal for soybean breeding, in the case of
delayed harvesting or dry weather, there are still
many soybean genotypes which show pods
shattering therefore, a high degree of tolerance
to pod shattering is essential (Funatsuki et al.,
2012). 

Breeders are attempting to increase the yield
of different soybean cultivars for the various food
products. The traditional method of cultivar
improvement involves the use of artificial
hybridization to develop genetic variability
followed by self-fertilization and screening of the
offspring (Funatsuki et al., 2008). 

Methods for evaluating pod shattering have
been established (Tukamuhabwa et al., 2002)
and have proven usable in breeding programs
(Tsuchiya, 1986).These are; field-screening
method (Caviness, 1963, Tiwari and Bhatnagar,
1993); the desiccator method, the oven-dry
method (Tsuchiya and Sunada, 1977;
Tukamuhabwa et al., 2002 and  Romkaew and
Umezaki, 2006; Thakare et al., 2017)) and the
mechanical cracking method (Morgan et al.,
2000; Timothy et al., 2003). In this context it
was proposed to undertake the present study to
evaluate selected soybean genotypes for pod
shattering trait. 

Materials and Methods

A. Conduct of field experiment : Field
experiment was conducted using 50 genotypes
of soybean originated from different places of
India (Table 1). The experiment was laid in
randomized block design with two replications
at the PGI farm, Botany, MPKV, Rahuri, during
Kharif season of 2015. In each replication the
genotypes were grown in 3 m long rows with
spacing of 45cm x 10cm for row to row and
plant to plant, respectively. Within a row, seeds
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were hand dibbled 10 cm apart. Fertilizer dose
of 50 kg N and 75 kg P2O5 ha-1 for irrigated
situation was applied at the time of sowing.
Standard package of practices was followed to
raise the good crop. 

B. Recording of morphological traits :
Five competitive plants were randomly selected
from each genotype and data were recorded on
11 qualitative as well as quantitative characters
namely, days to germination, days to flowering,
days to pod formation and maturity, plant
height, number of branches,  number of pods
plant-1, yield plant-1, 100 seed weight, protein
and oil content. These plants were also observed
visually for colour of flower and seed and
recorded. Summary of the observations has
been given under Table 3.

C. Correlation analysis : Simple
correlation analysis was carried out of each trait
and the traits were observed for significant
correlations with each other and with per cent
pod shattering.

D. Assessment of pod shattering in
soybean by oven drying at 40ºC : The pod
shattering screening was done at physiological
maturity of the pod as per oven dry method
reported by Tiwari and Bhatnagar (1997). The
properly harvested 50 pods of selected plants of

each variety were kept in brown paper bags at
room temperature for 15 days to equalize the
moisture content of all pods. Then the bags
were subjected to oven drying at 40ºC (6 hrs in
a day and ambient temperature at night) for 7
days. After every 7 days the number of shattered
pods were counted and expressed in
percentage. When pods were shattered,
percentage of shattering was recorded by using
following formula

No. of pods shattered

Pod shattering percentage (%) = ––––––––––––––––– x 100

Total no. of pods

Percentage of pod shattering induced was
recorded and determined according to 1-5 scale
used by Asian Vegetable Research Development
Centre (AVRDC) (Anonymous, 1979). The
scoring was done as per in 1 to 5 scale 1=0%,
2=1-10%, 3=11-25%, 4=26-50% and
5=>50% where, very resistant, resistant,
moderately resistant/tolerant, moderately
susceptible and very susceptible, respectively.

Reults and Discussion

The summary of the phenotypic observations
were recorded in 50 different soybean
genotypes for different quantitative and
qualitative characters showed large variation
among the different genotypes (Figure 1, 2 and
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Table 2. Classification of genotypes based on 1-5 scale used by AVRDC (1979)

Shattering Remark Genotypes (pods oven dried at 40°C)
%

0 Very Resistant -
1-10 Resistant KDS 904, Bragg, NRC 93, DS 9712,DS 3101,MACS 450, Birsa Soya, Dsb 21,

KDS 775
11-25 Moderately resistant/ KDS 726, KDS 738, AMS MB 5-18, KDS 753, KDS 920, KDS 975, KDS 976,

KDS 978, KDS 979, KDS 980, KDS 999, KDS 1045, KDS 1046, KDS 869, AMS
1002, KDS 730, KDS 743, KDS 754-W, 

Intermediate MACS 1416, KDS 780, KDS 1043, KDS 1048, KDS 1047, KDS 1044, Kalitur,
RVS 2007-6, PS 1556, RKS 18, MAUS 71, JS 9560, MACS 1442, RSC 1046,
MAUS 706, JS 335, NRC 99, JS 9305, RVS 2008-4, EC241780, KDS 344, DS
228, KDS 921

26-50 Moderately Susceptible -
>50 Very Susceptible -



3). Among the observed morphological and
phonological traits, significant positive and or
negative correlations were observed between

d i f f e r e n t
quantitative
traits but,
n o
signif icant

correlation of any trait was observed with
shattering percentage at 40ºC (Table 1). These
phenotypic characters and per cent pod
shattering of each genotype do not showed
significant association with each other. Results
were seemed to be agreed with those obtained
by Thakare et al., 2017. 

The results obtained successfully
differentiated the resistant genotypes from that
of Intermediate genotypes. Only two groups of
genotypes were observed in the present
investigation i.e. resistant (1-10%) and
intermediate (11-25%). Total 9 genotypes were
found to be tolerant according to AVRDC scale
were Birsa soya, Bragg, Dsb 21, DS 9712, DS
3101, KDS 775, KDS 904, MACS 450 and
NRC 93 while rest of the 41 genotypes fall
within intermediate category (Table 2). Khan et
al. (2013) carried out same investigation and
used IITA scale (International Institute of Tropical
Agriculture) (Anonymous, 1986) for
classification, he found the variety bragg and JS
335 is tolerant and EC 241780 is highly
susceptible. While in the present investigation,
the variety JS 335 was classified under
intermediate category.

The pod shattering resistant varieties
identified in the present investigation could be
used for further breeding strategies and
improvement of plant. Since the shattering
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Fig. 1. The figure showing frequency
distribution pattern of different
phenotypic traits in Soybean genotypes

Fig. 2. The figure showing frequency
distribution pattern of different
phenotypic traits in Soybean genotypes

Fig. 3. Pod shattering score by oven dry
method at 40ºC



resistance of these varieties is basically granted
by the linkage groups like qPDH1 locus (Bailey
et al., 1997; Suzuki et al., 2009; Funatsuki et
al., 2006, 2012), half of the progeny in
advanced generations should be shattering-
resistant in the case of the cross combination of
shattering resistant and shattering susceptible
lines, suggesting the relatively straightforward
selection of shattering resistant lines with other
favorable traits with rapid and efficient Mass
assisted selection (MAS) systems. 
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Cucumber is one of the most important
vegetable crops. It has high place in diet. It is a
rich source of carbohydrate, vitamins and
minerals. It is one of the quickest vine vegetable
crops. Nutrition is the limiting factor of plant
growth and production. Tender fruits before
maturity are used as salad, pickles as well as
cooked vegetable. The cultivation of cucumber
in India was practiced before 3000 years.

India is the second largest producer of
vegetables in the world, next to China. The
country is producing about 678.15 million
tonnes of vegetable from an area of around
43.28 million hectares (Anonymous, 2014). It
fetches premium price in summer season.

Cucumber is in demand throughout year and
cultivated in open field, raise bed, polyhouse and
under shade net. Cucumber can be grown in a
wide range of soil i.e., clay to sandy loam. The
soil pH between5.5 to 6.7 is considered as
suitable for cucumber.

Cucumber (Cucumis sativus L.) is one of the
most popular vegetables of the family
Cucurbitaceae. It is an ideal summer vegetable
crop chiefly grown for its edible tender fruits,
preferred as salad, pickles, and desert fruit and
as a cooked vegetable. Cucumber has got
cooling effect, so in the eastern countries; fruits
are often used as cooling vegetable. It is ideal for
people suffering from jaundice and allied
diseases and also very much useful in preventing
constipation. Seeds contain oil, which is helpful
for brain development and body smoothness.
Besides this, the whole fruit is used in cosmetic
and soap industries.
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Abstract
The field experiment was conducted at the Department of Horticulture, at the College of Agriculture, Dr.

Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli, Dist. Ratnagiri during kharif season, 2015-16  to study
the effect of different inorganic fertilizers and organic manures viz., FYM, vermicompost and poultry manure
either alone or in combinations on growth attributing characters ,yield attributing characters and yield of
cucumber (Cucumis sativus L.) in lateritic soil. The experiment was laid out in Randomized Block Design (RBD)
with three replications. The experiment comprised thirteen treatments with the combined application of
chemical fertilizers, FYM, poultry manureand vermicompostin cucumber resulted increased the growth
attributing characters, yield attributes and yield. The application of 50% RDF through inorganic plus 50% RDN
through poultry manure had shown its influence on the growth parameters viz., vine length ranged from 0.50
to 1.68 m, 1.50 to 4.71 m and 2.21 to 5.66 m at 30 DAS, 60 DAS and after harvest, yield attributing
characters viz., no. of fruitvine-1 (9.20) Weigh to ffruit per plot (19.81 kg) and yield (16512 kg ha-1) as
compared to other treatment. In general, it was observed that theapplication of 50% RDF through inorganic
plus 50% RDN through poultry manure was found to be suitable growth contributes, yield attributes and yield
of  cucumber in lateritic soil of Konkan.

Key word : RDF, FYM, Vermicompost, poultry manures, yield attributes.
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Cucumber requires heavy supply of plant
nutrients especially N, P and K fertilizers for
ensuring good plant growth and giving higher
yield. The fertilizers are powerful crop
management tools and can make effective
contribution to crop production only when all
other production factors are in reasonable
balance and receive appropriate attention.
Number of investigators has shown that there is
a definite and nearly constant requirement of
NPK for production of high yielding varieties of
cucumber. 

Number of investigations were undertaken to
study the effect of different chemical fertilizers
on cucumber in different soils; on the other
hand, the use of organic nutrient sources such
as FYM, poultry manures, vermicompost etc.
remains as alternative choice for the production
of residue free wholesome produce. But, the
information on holistic approach with suitable
combination of organic and inorganic fertilizers
on yield and quality of cucumber in lateritic soil
of Konkan region is lacking.  

Keeping in view the above facts, the present
investigation entitled, “Effect of different organic
manures and inorganic fertilizers on growth
contributing and yield of cucumber (Cucumis
sativus L.)in lateritic soils”was planned the
details regarding the material used and the
methods followed during the course.

Materials and Mehods

The present investigation, entitled, Effect of
different organic manures and inorganic
fertilizers on growth contributing and yield of
cucumber (Cucumisn sativus L.) in lateritic
soilswas conducted at the Department of
Horticulture, College of Agriculture, Dr
Balasaheb Sawant Konkan Krishi Vidyapeeth,
Dapoli, Dist. Ratnagiri during thekharif season
in the year 2015-16. The analytical work was
done in the research laboratory of the

Department of Soil Science and Agricultural
Chemistry, College of Agriculture, Dapoli.

The experiment was laid out in Randomized
Block Design with thirteen treatmentsand
replicated thrice. The treatment comprised viz.,
T1 (Absolute control), T2 (Recommended dose
of fertilizer (135:60:30) through inorganic
fertilizers,T3 (50% RDF through inorganic +
50% RDF through FYM), T4 (80% RDF through
inorganic fertilizers), T5 (80% RDN through
FYM), T6 (Vermicompost @11 t ha-1), T7
(Poultry manure @4.5 t ha-1),T8(50% RDF
through inorganic + 50% RDN through
vermicompost), T9 (50% RDF through inorganic
+ 50 % RDN through poultry manure), T10
(50% RDN through FYM + 50% RDN through
vermicompost), T11 (50% RDN through FYM +
50% RDN through poultry manure), T12 (80%
RDN through vermicompost), T13 (80% RDN
through poultry manure). The application of
organic manures was applied before 15 days of
sowing and half dose nitrogen and full
Phosphorus and Potassium applied as abasal
dose. The cucumber variety Sheetalwas
sownduring 5th June 2015 with the spacing 0.6
m x 4.0 m. The package of practices
recommended for crops were adopted for
different organic and inorganic nutrient
combination.

Results and Discussion

Effect ofdifferent organicand inorganic
fertilizers on vine length ofcucumber(m) :
The length of cucumber vine increased gradually
from sowing upto harvest of the cucumber crop.
At 30 DAS, 60 DAS and after harvest vine
length ranged from 0.50 to 1.68 m, 1.50 to
4.71 m and 2.21 to 5.66 m with an average
value of 1.37, 4.07 m and 4.95 m, respectively
(Table 1). Application of 50% RDF through in
organic plus 50% RDN through poultry manure
treatment (T9) recorded significantly the highest
vine length of cucumber i.e. 1.68 m, 4.71 m
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and 5.66 m over rest of all the treatments at 30
DAS, 60 DAS and after harvest.

In general, it was observed that the 50%
RDF through inorganic plus 50% RDN through
poultry manure treatment (T9) recorded
significantly highest vine length of cucumber
over rest of all the treatments at 30 DAS, 60
DAS and after harvest. It might be due to the
slow release of nutrients through the poultry
manure for longer period. Further, due to the
applied urea fertilizers in split doses might have
helped to the requirement of the crop which
resulted into the increase in the length of the
vine. Similar findings were also reported by
Kameswari et al. (2011).

Effect of different organic and in
organic fertilizers on number fruits per
vine of cucumber : Number of fruit per vine
ranged from 5.93 to 9.20 with a mean value of
8.36 (Table 2). Application of 50% RDF through
inorganic plus 50% RDN through poultry
manure treatment (T9) recorded significantly the
highest number of fruits per vine of cucumber
(9.20 fruits per vine) but this treatment was
found to be at par with almost all remaining
treatments except (T1) and (T3). Length of vine
was found to be decreasing in the treatment (T1)
and (T3) as compared to other treatments. The
number of fruits per vine is closely associated
with growth parameters like length of vine etc.,
which can be attributed to the nutrient
availability and its uptake; this might have
favourable effect in increasing, the chlorophyll
content in leaves resulting in better synthesis of
carbohydrates and buildup of more new cells
which might have increased the number of fruits
plant-1 (Maynard 1962). 

In general, it was observed that the 50% RDF
through inorganic plus 50% RDN through
poultry manure treatment (T9) recorded highest
number of fruits per vine of cucumber. It might
be due to the slow release of nutrients through

the poultry manure for longer period. Similar
observations were also recorded by Kameshwari
et al. (2011). They observed the highest number
of fruits per vine of ridge gourd with 50% RDF
plus 50% poultry manure.  

Effect of organic manures and in-
organic fertilizers on weight of cucumber
fruits plot-1 : The weight of cucumber fruit was
ranged from 12.37 to 19.81 kg plot-1. The data
further revealed that treatment (T9) receiving
equal integration of RDF through inorganic +
RDN through poultry manure was found to be
significantly superior (19.81 kg per plot) over
the treatments T3, T5, T8 and T11; however, it
was  at par with T2, T4, T6, T7, T10, T12 and
T13. Further, treatment T8, T11 and T13 were
statistically at par with each other. The
application of 50% RDF through inorganic plus
50% RDN through poultry manure treatment
combination (T9) recorded significantly the
highest weight of fruits per plot over rest of all
the treatments, which may be due to the
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Table 1. Effect of different organic and inorganic fertilizers
on growth contributing characters of cucumber

Treat- Vine length (m)
ments ––––––––––––––––––––––––––––––––––

30 DAS 60 DAS After
harvest

T1 0.50 1.58 2.21
T2 1.66 4.42 5.05
T3 1.36 4.05 4.95
T4 1.58 4.49 5.04
T5 1.65 4.31 5.24
T6 1.28 3.95 5.33
T7 1.54 4.68 5.19
T8 0.93 3.81 4.68
T9 1.68 4.71 5.66
T10 1.38 4.49 5.18
T11 1.04 3.87 5.25
T12 1.53 4.19 5.13
T13 1.62 4.33 5.48
Mean 1.37 4.07 4.95
S.E.± 0.08 0.17 0.21
C.D.(P=0.05) 0.24 0.51 0.61

*DAS : Days after sowing



presence of more percent of N in poultry
manure than the other two organic manures i.e.
FYM and vermicompost. Similar findings were
also reported by Kameshwari et al. (2011) with
50% RDF plus 50% poultry manure in case of
ridge gourd.

Effect of organic manures and in-
organic fertilizers on yield (kg ha-1) of
cucumber fruits : 

The effect of different organic and inorganic
fertilizer showed a significant effect on the yield
of cucumber fruits. The fruit yield of cucumber
ranged from 10309 kg ha-1 to 16512 kg ha-1

with an average value of 14323 kg ha-1 (Table
2). The treatment (T9) receiving equal
integration of RDF through inorganic + RDN
through poultry manure noted the significantly
highest yield of cucumber (16512 kg ha-1), but
at par with T2 (15649 kg ha-1), T6 (14274 kg
ha-1), T7 (14697 kg ha-1), T8 (15510 kg ha-1),

T11 (15134 kg ha-1), T12 (14704 kg ha-1) and
T13 (15320 kg ha-1). The remaining treatments,
treatment T2, T3, T4 and T10 were statistically
at par with each other.

In the present investigation, it was observed
that the treatment T9 receiving 50% RDF
through inorganic plus 50% RDN through
poultry manure recorded significantly highest
fruit yield of cucumber. This may be due to the
presence of more per cent of N in poultry
manure than the other two organic manures i.e.
FYM and vermicompost. Kameshwariet al.
(2011) and Dodake (2015) also reported the
highest fruit yield with 50% RDF plus 50%
poultry manure in ridge gourd and bitter gourd,
respectively.

Conclusion

The application of 50% RDF through
inorganic plus 50% RDN through poultry
manure had shown its influence on the growth
parameters, Yield attributing characters and
yield and nutrient status. In general, the fruit
yield responseand growth contributing
characters in plant, the application of 50% RDF
through inorganic plus 50% RDN through
poultry manure was found to be suitable for
cucumber in lateritic soil of Konkan.
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Table 2. Effect of different organic and inorganic fertilizers
on yield attributing characters and yield cucumber

Treat- No. of Wt. of Yield
ments fruit fruit (kg

vine-1 plot-1 ha-1)
(kg)

T1 5.47 12.37 10309
T2 9.13 18.78 15649
T3 7.07 16.84 14029
T4 8.33 18.61 13860
T5 8.90 16.63 12258
T6 8.58 17.13 14274
T7 9.07 17.64 14697
T8 8.47 16.73 15510
T9 9.20 19.81 16512
T10 8.80 17.64 13943
T11 8.47 14.71 14704
T12 8.20 18.16 15134
T13 9.03 18.38 15320
Mean 8.36 17.19 14323
S.E.± 0.57 0.98 813.26
C.D.(P=0.05) 1.68 2.85 2373.73

*DAS : Days after sowing
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DBM has been elevated to major pest status
by current modern farming practices,
particularly the widespread and often
indiscriminate, use of broad-spectrum synthetic
insecticides9. Factors like the ability of the pest
to migrate long distances, high fecundity, short
life cycle, absence of effective natural enemies,
continuous brassica cultivation and high
selection pressure has led to the development of
resistance to a wide range of insecticides.

Use of pesticides had brought adverse
changes in environment as well as the biotic
balance, which lead to numerous problems like
residues, resurgence and resistance5;4. To
overcome these adversaries, use of Biointensive
Pest Management System (BIPS) for minimizing
the use of chemical pesticides and promoting
the application of biopesticides and microbials
to keep pest population below economic injury
level is the need of hour. 

Biological control by biopesticides has been
proved to be excellent alternative to chemical
pesticides15. DBM is found susceptible to several
entomopathogenic fungi including
Beauveriabassiana, Metarrhizium anisopliae7.

Amongst the bioagents, the fungal
pathogens causing diseases to the insects are
practically more significant as they are epizootic
in nature. More than 700 species of fungi
belonging to 90 genera are pathogenic to
insects3 infecting more than 200 insects from
seven orders16.

Infective unit of fungus is spore, usually a
conidium which germinate on the surface of the
Insect body and immediately penetrate in the
cuticle and holes are formed at point of entry10.
Conidia can also penetrate and germinate inside
the spiracular opening and the larvae are
invaded by multiplying the fungus extensively
inside the haemocoel. The larval death occurred
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Abstract
Five different bioretionals, viz., entomopathogenic fungi such as Beauveria bassiana (1.15 % WP)and

Metarhiziumanisopliae (1.15 % WP), Bacillus thuringiensis (0.5 % WP), Azadirachtin (300 ppm) and
Spinosad (45 SC) were evaluated against DBM larvae. In case of effect of temperature on toxicity of biorationals
to Plutellaxylostellaon the basis of larval mortality, Metarhiziumanisopliae (1.15 % WP), Bacillus
thuringiensis (0.5%WP), Azadirachtin (300 ppm) and Spinosad (45SC) revealed higher effectiveness at 25°C
and with increase in temperature above 25°C the effectiveness of above biorationals decreased.
Entomopathogenic fungi, Beauveria bassiana (1.15 % WP) was most effective at 30°C and revealed lower
effectiveness at 25° and 30° C temperatures. In case of effect of temperature on toxicity of biorationals to
Plutellaxylostella on the basis of adult emergence, Bacillus thuringiensis (0.5 % WP) registered lowest LC50
value at 25° C and the LC50 value increased as temperature increased. In case of Metarhiziumanisopliae
(1.15 % WP), Beauveria bassiana (1.15 % WP), Azadirachtin (300 ppm) and Spinosad (45 SC) were most
effective at 30°C and the decrease in effectiveness was evident especially with rise in temperature above 30°C.

Key words : Biorationals, Diamondback Moth, Persistance and Toxicity.



due to the breakdown of internal tissues and the
toxin produced by the fungus14.

DBM is the dominant pest in many parts of
the world. To manage this dreaded pest, use of
insecticides is the most common method
resorted. Indiscriminate use of pesticides had
brought adverse changes in environment as well
as the biotic balance, which lead to numerous
problems like residues, resurgence and
resistance. To overcome these adversaries,
alternative controls, such as biological agents,
plant extracts and biological origin
insecticidesmay be used for the management of
DBM either alone or in conjunction with pest
management programs. Taking into
consideration the potential of biorationals as
ecofriendly alternative,present study was framed
to evaluate changes in median lethal
concentration of biorationals at different
temperature regimes and to study the persistent
toxicity of biorationals against P. xylostella.

Therefore, an experiment was conducted
entitled “Variability in toxicity of biorationals
against Plutellaxylostella L. at varying
temperature regimes” to determine the
comparative variability and persistance of
biorationals viz., Beauveria bassiana,
Metarhizium anisopliae, Bacillus
thuringiensis, Azadirachtin and Spinosadat
varying temperature regimes at the Toxicology
Laboratory, Department of Entomology, Post
Graduate Institute, Dr. Panjabrao Deshmukh
Krishi Vidyapeeth, Akola. The present study will
help to track the response of otherwise resistant

field population of P. xyllostellato the
biorationals.

Materials and Methods

The material used and methods employed for
conducting the experiment are described
hereunder: The details of the technical
programme is given as under

Type of experiment : Laboratory

Test insect : Plutellaxylostella L. (Plutellidae- 

Lepidoptera)

Season : Kharif, 2015

No, of biorationals used : 05

Laboratory conditions : 

Temperature : Controlled (250, 300 & 350) 

and ambient

Humidity : 75 ± 2 %

Material:

Insect used : The second instar (3 day old)
larvae of Plutellaxylostella (Plutellidae-
Lepidoptera) were used for the studies.

Biorationals used : The details of the
insecticides used during the studies have been
given in Table 1.

Instruments used : Following instruments
were used during the experimentations 1)
Refrigerator (Vieocon); 2) Electronic Balance
(Citizen; 220gm capcity); 3) Micropipettes
(Microlit); 4) pH metre (Systronics); 5)
Humidifire, 6) BOD incubator; 7) Air
Conditioner (Voltas), 8) Dryer (Bajaj Majestyr),9)
Hygrometer (Hucer) etc.
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Table 1. Details of Biorationals used in experiment

Biorationals Formulation Trade name Source of supply

Metarhiziumanisopliae 1.15 % WP Thunder Vidarbha biotech lab.
Beauveriabassiana 1.15 % WP Sawaj Junagadh agril. University
Bacillus thuringiensis 0.5 % WP Cezer Indore Biotech Input and Research pvt. Ltd.
Azadirachtin 300 ppm Tricure Margo
Spinosad 45 SC Tracer Dow agro sciences India pvt. Ltd.



Plastic wares, glass wares and other
miscellaneous material used : Plastic trays,
plastic boxes, disposable plastic cups,  glass
bottles,  fine camel hair brushes, permanent
marker, forceps, measuring cylinder, paper
sheet, medicated cotton, muslin cloth, thread,
rubber band, rearing rack, fresh leaves of
cabbage glass vials, glass Petri dish, beaker, table
lamp, paper towel, wax plate etc were used for
rearing and other experimentation.

Chemicals & Reagents used:

For Sterilization & disinfection : Alcohol
(70%), Sodium hypochlorite (0.1%), Formalin
(0.2%) were used

For Adult diet : Sucrose, Honey, Vitamin
mixture, Methyl p-hydroxyl benzoate,
Streptomycin, Formaldehyde, Distilled water

Artificial Diets used : For rearing adults of
P. xylostella L. honey based artificial diet was
used.

Methods:

Growing of food crops : Cauliflower
leaves and young mustard seedlings were used
as natural food sources for mass rearing of P.
xylostella in the present investigations. 

Six field plots (4 m x 4 m size) of cauliflower
(var. Kimaya) were grown in the field of
Department of Entomology in Kharif season.
These plots were used for spraying of
biorationals during the persistence studies. The
fresh leaves from the unsprayed plot were used
as food for P. xylostella rearing in the
laboratory.

Mustard seedlings were grown in disposable
plasic cups in the laboratory for use as food for
the neonate larvae as well as as oviposition
substrate for the fertilized females of P.
xylostella. Initially, the plastic cups (150 ml
capasity) were filled with sterile soil. About 125

to 150 mustard seeds (var. Pusa Bold) treated
with Metalaxyl fungicide (@ 2 g kg-1 of seeds)
were placed in each in cup and covered with a
layer of soil. They were watered regularly and
allowed to germinate. The young (5 to 7 days
old) seedlings were used for experimentation.

Mass rearing of P. xylostella : A rearing
techniqueas suggested by13was followed for
mass rearing for Plutellaxylostella during the
present investigations. Colonies of
Plutellaxylostellafrom different locations were
reared in the laboratory under controlled
conditions of temperature 25± 20C, 75±5 per
cent relative humidity and photo period 13 Hrs.
light and 11hrs. dark.

Bioassay studies : Median lethal
concentrations (LC50) for each biorational were
determined by conducting laboratory bioassay
against P. xylostella. Leaf dip method of
bioassay was used as per IRAC-7 standard
protocol using 5 cm diameter leaf discs of
cauliflower.

The doses of five biorationals as treatments
were prepared by dissolving a measured quantity
of biorational insecticide in sterile distilled water
in small volumetric beaker (50 ml) and six to
seven concentrations for each biorational were
prepared.   Fresh cauliflower leaves (cleaned and
air dried) were cut into small disc (5 cm dia.) and
treated with each concentration by directly
dipping in the dose mixture for a period of one
minute, taken out, drenched off and air dried.
Ten to twelve second instar (approx. 3 day old)
larvae from the F1 generation fromeach location
were released on the treated disc and placed in
an air tight plastic vials (7 x 5 cm size). They
were allowed to feed on treated food. The food
was replaced daily. A control without treatment
was also maintained simultaneously. The
experiment was replicated four times. The
observations on larval mortalities were recorded
at an Interval of 24H or up to the adult
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emergence. The corrected mortalities were
worked out using Abbot’s formula1 and the
probit mortality – log concentration data for
each treatment for each location were subjected
to probit analysis as per6for determination of
LC50 values of each biorational insecticide and
were confirmed with a software (Probit EPA)
available in the Department. The LC90 values
for the respective biorationals from the probit
analysis were considered for computation of
LT90 values.

In order to assess the temperature dependent
changes in median lethal concentration
pertaining to biorationals, bioassay studies at
controlled temperature conditions at 25, 30 and
350 C using BOD chamber were conductedfor
Akola population of P. xylostella.

Results

Effect of temperature on toxicity of
biorationals to P. xylostella on the basis
of emergence adult : The median lethal
concentration (On the basis of adult emergence)
against II instar P. xyllostella larvae for B.
bassiana, Azadirachtin and Spinosad was lowest
at 30° C and was followed by 25 and 35° C
whereas, M. anisopliae and Bacillus
thuringiensis were most effective at 25° C as
compared to 30° C and 35° C (Table 4). At
25°C the LC50 of B.t  2.0 x 104 cfu g-1

followed by M. anisopliae 1.52 x 104 cfu g-1

followed by B. bassiana 3.36 x 103 cfu g-1

followed by Azadirachtin 0.068 ppm and
spinosad was the most effective with LC50

0.025 ppm. At 300 C the LC50 of B.t 2.6 x
104 cfu g-1 followed by M. anisopliae 2.45 x
103 cfu g-1 followed by B. bassiana 1.53 x 103

cfu g-1 followed by Azadirachtin 0.047 ppm and
spinosad was the most effective with LC50
0.011 ppm. At 35° C the LC50 of B.t 1.6 x 105

cfu g-1 followed by M. anisopliae 8.21 x 104

cfu g-1 followed by B. bassiana 9.7 x 103 cfu
g-1 followed by Azadirachtin 0.11ppm and
spinosad was the most effective with LC50 0.03
ppm (Table 2).

Effect of temperature on toxicity of
biorationals to P. xylostella on the basis
of larval mortality : The median lethal
concentration (On the basis larval mortality)
against II instar P. xyllostella larvae for M.
anisopliae, B.t, Azadirachtin and Spinosad were
lowest at 25° C over 30° C and 35° C whereas,
B. bassiana found the most effective at 30° C
as compare to 25° C and 35° C (Table 8). At
25° C the LC50 of B. thuringiensis 1.1 x 105

cfu g-1 followed by M. anisopliae 5.2 x 104 cfu
g-1 followed by B. bassiana 7.9 x 103 cfu
g-1 followed by Azadirachtin 0.27 ppm and
spinosad was the most effective with LC50
0.060 ppm. At 30° C the LC50 of B. t 1.2 x
105 cfu g-1 followed by M. anisopliae 1.04 x
105 cfu g-1 followed by B. bassiana 5.87 x 103

cfu g-1 followed by Azadirachtin 0.38 ppm and
spinosad was the most effective with LC50 0.22
ppm. At 35° C the LC50 of B. t 5.8 x 105 cfu
g-1 followed by M. anisopliae 2.2 x 105 cfu g-1

followed by B. bassiana 4.4 x 104 cfu g-1

followed by Azadirachtin 0.39 ppm and
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Table 2. Effect of temperature on toxicity of biorationals to P. xylostella on the basis of emergence adult

Biorationals LC50 at 25°C LC50 at 30°C LC50 at 35°C

Metarhiziumanisopliae (1.15 % WP) 1.52 x 104 cfu g-1 2.45 x 103 cfu g-1 8.21 x 104 cfu g-1

Beauveriabassiana (1.15 % WP) 3.36 x 103 cfu g-1 1.53 x 103 cfu g-1 9.7 x 103 cfu g-1

Bacillus thuringiensis (0.5 % WP) 2.0 x 104 cfu g-1 2.6 x 104 cfu g-1 1.6 x 105 cfu g-1

Azadirachtin (300 ppm) 0.068 ppm 0.047 ppm 0.11 ppm
Spinosd (45 SC) 0.025 ppm 0.011 ppm 0.03 ppm

Tabular value at 0.05 level = 7.82



spinosad was the most effective with LC50 0.25
ppm.

Discussion

Log dose Probit assays of different
biorationals against P. xylostella at
different temperature regimes : Among the
entomopathogenic fungi Metariziumansopliae
(1.15 % WP) on the basis of larval mortality the
LC50 values at 25, 30 and 35° C temperature
was 5.2 x 104 cfu g-1, 1.04 x 105 cfu g-1 and
2.2 x 105 cfu g-1 respectively whereas on the
basis of adult emergence the LC50 values at 25,
30 and 35° C temperature was 1.52 x 104 cfu
g-1, 2.45 x 103 cfu g-1 and 8.21 x 104 cfu g-1

respectively.

According to11 reported that control efficacy
of fungal conidia was influenced by conidial
concentration, temperature. The isolate of
Metarhiziumanisopliaei.e FT83 showed 100%
cumulative mortality against second instar larvae
of S. exigua 3 days after treatment at 1 × 107
conidia ml-1. M. anisopliae FT83 effectively
controlled the moth at 20-30°C mortality by M.
anisopliae FT83 was significantly mortality. In
present investigation on the basis of adult
emergence the M. anisopliae found the best
control at 30°C as compare to 25 and 35°C.

In case Beauveria bassiana (1.15 % WP) on
the basis of larval mortality the LC50 values
shown as below at 25, 30 and 35°C
temperature regimes 7.9 x 103 cfu g-1, 5.87 x
103 cfu g-1 and 4.4 x 104 cfu g-1, whereas on

the basis of adult emergence 3.36 x 103 cfu
g-1, 1.53 x 103 cfu g-1 and 9.7 x 103 cfu g-1

respectively at 25, 30 and 35°C temperature
regimes respectively. 

According to2 reported that the effect of
temperature on activity of insecticides for
controlling grasshoppers in leafy green
vegetables was evaluated. They evaluated these
insecticides for efficacy to third instars of
differential grasshopper, Melanoplus-
differentialis (Thomas), at temperatures ranging
from 10 to 35°C. The activity of B. bassiana
was greatest at 25°C and was adversely affected
by high and low temperatures.

In case of Bacillus thuringiensis (0.5 % WP)
the LC50 values based on larval mortality at 25,
30 and 35°C temperature trend shown as 1.1 x
105 cfu g-1, 1.2 x 105 cfu g-1 and 5.8 x 105 cfu
g-1 respectively. On the basis of adult emergence
at 25, 30 and 35°C temperature the LC50
values found as 2.0 x 104 cfu g-1, 2.6 x 104 cfu
g-1 and 1.6 x 105 cfu g-1 respectively. On the
of basis larval mortality as well as on the basis of
adult emergence 25°C showing less LC50 over
30 and 35°C. 

According to8 reported that spruce budworm
larvae were bioassayed against Bacillus
thuringiensis Berliner to study the effect of
temperature on the expression of toxicity.
Temperatures between 16 and 28°C did not
affect the ultimate level of toxicity (LC50).
However, LT50’s increased from 2–8 days at
28°C to 11–20 days at 16°C, depending on
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Table 3. Effect of temperature on toxicity of biorationals to P. xylostella on the basis of larval mortality

Biorationals LC50 at 25°C LC50 at 30°C LC50 at 35°C

Metarhiziumanisopliae (1.15 % WP)    5.2 x 104 cfu g-1 1.04 x 105 cfu g-1 2.2 x 105 cfu g-1

Beauveria bassiana (1.15 % WP)    7.9 x 103 cfu g-1 5.87 x 103 cfu g-1 4.4 x 104 cfu g-1

Bacillus thuringiensis (0.5 % WP) 1.1 x 105 cfu g-1 1.2 x 105 cfu g-1 5.8 x 105 cfu g-1

Azadirachtin  (300 ppm) 0.27 ppm 0.38 ppm 0.39 ppm
Spinosd (45 SC) 0.060 ppm 0.22 ppm 0.25 ppm

Tabular value at 0.05 level = 7.82



concentration of the pathogen. The data suggest
that temperature-dependent feeding and
recovery did not contribute to quicker death at
higher temperatures. Expression of the toxin
itself appears to depend on temperature,
possibly through the influence of temperature on
metabolic rate of affected gut cells. 

In case of botanicals Azadirachtin (300 ppm)
based on larval mortality the LC50 trend at 25,
30 and 35°C temperature was registered as
0.27 ppm, 0.38 ppm and 0.34 ppm
respectively while based on adult emergence the
LC50 trend at 25, 30 and 35°C temperature
recorded as 0.068 ppm, 0.047 ppm and
0.11ppm respectively. 

According to2 reported that the effect of
temperature on activity of insecticides for
controlling grasshoppers in leafy green
vegetables was evaluated. The activity of
azadirachtin ranged from 19 to 31% and was
not infuenced by temperature. In present
experiment the 25°C temperature for
controlling the larval population was effective
over 30 and 35°C temperature; whereas up to
the adult emergence the 30°C shown effective
as compare to 25 and 35°C temperature.

In case of bio-pesticide Spinosad (45 SC) on
the basis of larval mortality the efficacy trend at
25, 30 and 35°C temperature was found as
0.060 ppm, 0.22 ppm and 0.18 ppm
respectively while on the basis of adult
emergence the efficacy trend at 25, 30 and
350C temperature was recorded as 0.025 ppm,
0.011 ppm and 0.03 ppm respectively. The
above information discuss as bellow with
reference of different scientist. 

According to12 reported the effect of post-
treatment temperature on insecticide toxicity.
Temperature coefficients of each insecticide
tested were evaluated. From 20 to 40°C, toxicity
of lambda cyhalothrin and spinosad decreased
by 2.15- and 1.87-fold while toxicity of

acetamiprid and chlorpyrifos increased by 2.00
and 1.79-fold, respectively. The study
demonstrates that pesticide effectiveness may
vary according to environmental conditions.

Summary

In present investigations, the bioassay was
done on different temperature (25, 30 and
35°C) against P. xylostella on the basis of larval
mortality. At 25°C the LC50 of Bacillus
thuringiensis 1.1 x 105 cfu g-1 followed by
Metarhiziumanisopliae 5.2 x 104 cfu g-1

followed by Beauveria bassiana 7.9 x 103 cfu
g-1 followed by Azadirachtin 0.27 ppm and
spinosad was the most effective with LC50

0.060 ppm. At 30° C the LC50 of B.
thuringiensis 1.2 x 105 cfu g-1 followed by M.
anisopliae 1.04 x 105 cfu g-1 followed by B.
bassiana 5.87 x 103 cfu g-1 followed by
Azadirachtin 0.38 ppm and spinosad was the
most effective with LC50 0.22 ppm. At 35° C
the LC50 of B. thuringiensis 5.8 x 105 cfu g-1

followed by M. anisopliae 2.2 x 105 cfu g-1

followed by B. bassiana 4.4 x 104 cfu g-1

followed by Azadirachtin 0.34 ppm and
spinosad was the most effective with LC50 0.18
ppm.

The bioassay was done on different
temperature (25, 30 and 35°C) against P.
xylostella up to the adult emergence. At 25° C
the LC50 of B. thuringiensis 2.0 x 104 cfu g-1

followed by M. anisopliae 1.52 x 104 cfu g-1

followed by B. bassiana 3.36 x 103 cfu g-1 after
that Azadirachtin 0.068 ppm and spinosad was
the most effective with LC50 0.025 ppm. At
30° C the LC50 of B. thuringiensis 2.6 x 104

cfu g-1 followed by M. anisopliae 2.45 x 103

cfu g-1 followed by B. bassiana 1.53 x 103 cfu
g-1 followed by Azadirachtin 0.047 ppm and
spinosad was the most effective with LC50
0.011 ppm. At 35° C the LC50 of B.
thuringiensis 1.6 x 105 cfu g-1 followed by M.
anisopliae 8.21 x 104 cfu g-1 followed by B.
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bassiana 9.7 x 103 cfu g-1 followed by
Azadirachtin 0.11ppm and spinosad was the
most effective with LC50 0.03 ppm.

Conclusion

The median lethal concentration (On the
basis of larval mortality) against II instar P.
xyllostellalarvae for M. anisopliae, B.
thuringiensis, Azadirachtin and Spinosad
reported lowest LC50 at 25° C over 30° C and
35° C whereas, B. bassiana found the most
effective at 30° C as compare to 25° C and 35°
C. The median lethal concentration (On the
basis of adult emergence)against II instar P.
xylostellalarvae for M. anisopliae, B. bassiana,
Azadirachtin and Spinosad was reported lowest
LC50 at 30° C and followed by 25 and 35° C
whereas, B. thuringiensis were most effective
at 25° C as compared to 30° C and 35° C. With
increase in temperature the efficacy of
biorationalswas decreased after 30° C. 
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Pigeon pea also known as red gram, arhar
and tur [Cajanus cajan (L.) Millsp] is the most
important kharif grain legume. Pigeonpea, is the
second important pulse crop followed by
Chickpea The crop is extensively grown in
Maharashtra, Uttar Pradesh, Madhya Pradesh,
Karnataka, Andhra Pradesh and Gujarat etc. in
India. After gram, pigeon pea is the second most
important pulse crop in the country. It accounts
for about 11.8% of the total pulse area and 17%
of the total pulse production of the country.
Maharashtra, Uttar Pradesh, Madhya Pradesh,
Karnataka, Gujarat and Andhra Pradesh
accounts for 87% area of the country and
83.8% of total production. Bihar and Haryana
have the highest productivity 1115 kg ha-1 and

1036 kg ha-1, respectively (Anonymous, 2017).
In India, the area under pigeon pea was 5.21
million hectares with the production and
productivity of 4.23 million tones and 826 kg
ha-1, respectively and in Maharashtra, the area
under pigeon pea was 15.33 lakh hectares with
production of 11.70 lakh tones and productivity
of 764 kg ha-1 during the year 2016-17
(Anonymous, 2017). 

Pigeon pea (Cajanus cajan) is an important
drought tolerant grain legume it is a
multipurpose species, a diploid (2n=22) belong
in to the Cajaninae sub-tribe of the tribe
phaseoleae, which also contains soyabean, field
bean, mung bean, it is the only known cultivated
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Abstract
The Field investigation entitled  ‘Studies on drought mitigation in pigeonpea (Cajanus cajan L Milli sp.)’

was conducted at Agricultural Research Station, Badnapur during kharif 2016-17. The experiemntal field was
levelled and well drained. The soil was clayey in texture, moderate in available nitrogen, low in available
phosphorus, high in available potassium and moderately alkaline in reaction. The environmental conditions
prevailed during experimental period was favourable for normal growth and maturity of pigeonpea crop. The
field experiment was laid as in randomized block design with ten treatments which treatments includes, seed
hardening with CaCl2 (2%) (T1), Vermicompost @ 2.5 t ha-1 (T2), FYM @ 5 t ha-1 +2% KH2PO4 spray at
flowering + 2% KNO3 spray at pod development stage (T3), Mulching with organic residue 5 t ha-1 (T4), Pusa
hydrogel @ 2.5 t ha-1 (T5), Seed hardening with CaCl2 + Pusa hydrogel @ 2.5 kg ha-1 (T6), vermicompost @
2.5 t ha-1 + Pusa hydrogel @ 2.5 kg ha-1 (T7), FYM @ 5 t ha-1 + Pusa hydrogel @ 2.5 kg ha-1 + 2% KH2PO4
spray at flowering + 2% KNO3 spray at pod development stage (T8), Pusa hydrogel @ 2.5 kg ha-1 + mulching
with organic residue @ 5 t ha-1 (T9) and Control (T10). One treatment is replicated thrice. The gross and net
plot size of each expérimental unit was 5.4 m x 4.0 m and 3.6 m x 3.6 m, respectively. Sowing was done on
July 02, 2016 by dibbling method at 90 x 20 cm spacing. Seed treatment, pest and disease management, and
fertilizer management is as per recommendation to all treatments. Among the various drought mitigation
practices, the Pusa hydrogel @ 2.5 kg ha-1a + mulching with organic residue @ 5 t ha-1 (T9) significantly
recorded higher seed yield (1912 kg ha-1) over control (T10) (1004 kg ha-1) but at par with (T7)  Vermicompost
@ 2.5 t ha-1 + Pusa hydrogel @ 2.5 kg ha-1 (1769 kg ha-1) and (T8) FYM @ 5 t ha-1 + Pusa hydrogel @ 2.5
kg ha-1 + 2% KH2PO4 spray at flowering + 2% KNO3 spray at pod development stage (1666 kg ha-1).

Key words : Pigeonpea, drought, Pusa hydrogel, mulching ,Vermicompost ,organic residues



food crop of the 32 species that fall under the
cajaninae sub-tribe the crop represents about
5% of the world legume production  with more
than 70% bean produced in India the use of
drought tolerance legumes will be important in
Africa where rapid expansion of water stressed
area has been projected there is a great potential
for expansion of the crop in regions of Africa
where it would be also counteract the declining
soil fertility 

Drought is a natural part of climate that
affects nearly every region on earth. Drought
may be vary by sector and region drought
generally originates from a deficiency of
precipitation over an extended period of time,
resulting in a water shortage for some activity
group and environmental sector. Drought is one
of the most important environmental constraints
to plant survival and productivity and by the
imlipication-foods insecurity in the tropics.
Pigeonpea (Cajanus cajan L Millsp.) has the
potential of fertilizing the soil by improving
agricultural production and insure green
environmental and ecosystem stability. 

Mitigation means action that we can take
before or at the beginning of drought to help
reduce the impacts of drought. Mitigating
drought involves a wide range of agricultural
practices including finding additional water
supplies and conserving water that is already
available water.  

With this view an investigation entitled as
“Studies on Drought Mitigation in Pigeonpea
(Cajanus cajan L. Millsp.)”conducted with
following objectives.

1. To study the response of pigeon pea to
drought.

2. To study the effect of drought mitigation
technique on growth and yield of
pigeonpea.

3. To study the economics of different drought
mitigation techniques on pigeonpea.

Materials and Methods

A field experiment on integrated weed
management in Pigeon pea was conducted at
Agriculture Research Station, Badnapur Dist-
Jalna (Vasantrao Naik Marathwada Krishi
Vidyapeeth, Parbhani, Maharashtra) during
2014-15 and 2015-16. the soil of the
experimental plot was clayey in texture,
moderate in available nitrogen (94.72 kg ha-1),
low in available phosphorus (9.67 kg ha-1), high
in available potassium (465.32 kg ha-1) and low
in sulphate.  The soil was moderately alkaline in
reaction (7.62 pH)..Pigeonpea variety BSMR-
853 was used for sowing. Sowing was done by
dibbling method. Seed rate of 10kg ha-1 was
used with spacing of 90cm x 20 cm.  Common
dose of 25 kg N, 50 kg P2O5 ha-1 through Urea
+ SSP was given.

The experiment was laid out in Randomized
block design with three replications comparing
ten  treatments. viz., T1 - Seed hardening with
CaCl2 (2%), T2 - Vermicompost @ 2.5 t
ha-1, T3 - FYM + 2% KH2PO4 spray at
flowering + 2% KNO3 spray at pod
development stage, T4 - Mulching with organic
residue @ 5 t ha-1, T5 - Pusa hydrogel @ 2.5 kg
ha-1, T6 - Seed hardening with CaCl2 + Pusa
hydrogel @ 2.5 kg ha-1, T7 - Vermicompost
@2.5 t ha-1 + Pusa hydrogel @ 2.5 kg ha-1,T8 -
FYM @ 5 t ha-1 + Pusa hydrogel @ 2.5 kg ha-1

+ 2% KH2PO4 spray at flowering + 2% KNO3
spray at pod development stage, T9 - Pusa
hydrogel @ 2.5 kg ha-1 + mulching with organic
residue @ 5 t ha-1 and T10 Control.

Results and Discussion 

Seed yield (kg ha-1) : The perusal data
presented in Table 1 showed that seed yield of
pigeonpea influenced significantly by different
drought mitigation practices.. Pusa hydrogel
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@2.5 kg ha-1 + mulching with organic residue
@5 t ha-1 the treatment (T9) recorded
significantly higher seed yield kg ha-1 (1912 kg
ha-1) of pigeonpea which was found at par with
treatment (T7) Vermicompost @ 2.5 t ha-1 +
Pusa hydrogel @ 2.5 kg ha-1 (1769 kg ha-1) and
the treatment (T8) FYM @ 5 t ha-1 + Pusa
hydrogel @ 2.5 kg ha-1 + 2% KH2PO4 spray at
flowering + 2% KNO3 spray at pod
development stage (1666 kg ha-1) while the
significantly lowest seed yield  kg ha-1 (1004 kg
ha-1) was recorded by the treatment control
(T10). The increased in seed yield could be
attributed to effective control of drought during
critical period of crop which in turn reduced
biotic stress and thus, provided better
environment (moisture, nutrients, sunlight etc.)
for better .Similar results reported by Schonfeld
et al., (1988) for Pusa hydrogel and similar
results reported by Virdia and Patel (2000) for
mulching.

Gross monetary returns : The effect of
various drought mitigation practices treatment

on gross monetary returns (GMR) was found to
be significant.

Among the various treatment maximum
gross monetary returns (GMR) (95600 Rs. ha-1)
were obtained under the treatment Pusa
hydrogel @ 2.5 kg ha-1 + mulching with organic
residue @ 5 t ha-1 (T9) which was significantly
superior over  the rest of the treatments, where
as it was par with the treatment (T7)
Vermicompost @ 2.5 t ha-1 + Pusa hydrogel @
2.5 kg ha-1 (88433 Rs ha-1) and the treatment
(T8) FYM @ 5 t ha-1 + Pusa hydrogel @ 2.5 kg
ha-1 + 2% KH2PO4 spray at flowering + 2%
KNO3 spray at pod development stage (83316
Rs ha-1) while the significantly lowest  gross
monetary returns (GMR) ( 50200 Rs ha-1 ) was
recorded by treatment control (T10). The lowest
gross monetary returns were recorded in control
(T10) plot reported by Sampath kummar et al.
(2006) for mulching and Islam et al., (2011) in
maize for Pusa hydrogel.

Net monetary returns : The mean net
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Table 1. Seed yield (kg ha-1), Gross monetary returns (Rs. ha-1), Net monetary returns (Rs. ha-1) and B:C ratio of pigeonpea
as influenced by various treatments 

Treatments Seed Gross Net  B:C
yield monetary monetary ratio
(kg ha-1) returns returns 

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

T1 - Seed hardening with CaCl2 (2%) 1333 68067 42767 2.8
T2 - Vermicompost @ 2.5 t ha-1 1458 72917 39017 2.2
T3 - FYM @ 5 t ha-1 +2% KH2PO4 spray at  flowering + 2% KNO3 1326 66333 35658 2.2

spray at pod    development stage
T4 - Mulching with organic residue @ 5 t ha-1 1317 65850 35330 2.2
T5 - Pusa hydrogel @ 2.5 kg ha-1 1293 64667 39986 2.6
T6 - Seed hardening with CaCl2 + Pusa hydrogel  @ 2.5 kg ha-1 1470 73483 31617 2.9
T7 - Vermicompost @ 2.5 t ha-1 + Pusa hydrogel @ 2.5 kg ha-1 1769 88433 52943 2.5
T8 - FYM @ 5 t ha-1 + Pusa hydrogel @ 2.5 kg ha-1 + 2% KH2PO4 1666 83316 49881 2.5

spray at flowering + 2% KNO3 spray at pod development stage
T9 - Pusa hydrogel @ 2.5 kg ha-1 + mulching with organic residue 1912 95600 64320 3.07

@ 5 t ha-1

T10 - Control 1004 50200 26500 2.1
SE ± m 84.28 83316 4898 0.14
C.D. at 5% 250.41 95600 14554 0.41
General mean 1454.9 50200 41802 2.5



monetary returns (41802) Rs ha-1 recorded was
due to various drought mitigation treatments in
pigeon pea. The effect of various drought
mitigation treatments on net monetary returns
(NMR) was found to be significant. Maximum
net monetary returns (NMR) (64320 Rs ha-1)
were obtained under the  the treatment Pusa
hydrogel @ 2.5 kg ha-1 + mulching with organic
residue @ 5 t ha-1 (T9) which was significantly
superior over the rest of the treatments, where
as it was par with the treatment (T7)
Vermicompost @ 2.5 t ha-1 + Pusa hydrogel
@2.5 kg ha-1 (52943 Rs ha-1) and the treatment
(T8)  FYM @ 5 t ha-1 + Pusa hydrogel @ 2.5 kg
ha-1 + 2% KH2PO4 spray at flowering + 2%
KNO3 spray at pod development stage (49881
Rs ha-1). The lowest net monetary returns
(NMR) (26500 Rs ha-1) was recorded by the
control treatment (T10). The lowest net monitory
returns were recorded in control (T10) plot
reported by Sampath kummar et al. (2006) for
mulching and Islam et al., (2011) in maize for
Pusa hydrogel.

Benefit: Cost ratio : The higher benefit:
cost ratio (3.07) was recorded by the treatment
Pusa hydrogel @ 2.5 kg ha-1 + mulching with
organic residue @ 5 t ha-1 (T9) which was at par
with the treatment (T6) Seed hardening with
CaCl2 + Pusa hydrogel @ 2.5 kg ha-1 (2.9). The
lowest B: C ratio (2.1) was recorded at the
treatment control (T10). Least net returns and B:
C ratios were also reported with treatment T10
control due to no application of drought
mitigating practices resulting in lower crop yield
reported by Sampath kummar et al. (2006) for
mulching and Islam et al., (2011) in maize for
Pusa hydrogel.

Conclusion

Considering the losses caused by drought in
pigeonpea based on one season data on
different drought mitigation practices the
following broad conclusion could be drawn.

The growth and yield parameters of
pigeonpea were superior with the Pusa hydrogel
@ 2.5 kg ha-1 + mulching with organic residue
@ 5 t ha-1 (T9) over the rest of treatments,
followed by the Vermicompost @ 2.5 t ha-1 +
Pusa hydrogel @ 2.5 kg ha-1 (T7) and the
treatment (T8) FYM @ 5 t ha-1 + Pusa hydrogel
@ 2.5 kg ha-1 + 2% KH2PO4 spray at flowering
+ 2% KNO3 spray at pod development stage.

The result of present investigation concluded
that the treatment (T9) Pusa hydrogel @ 2.5 kg
ha-1 + mulching with organic residue @ 5 t ha-1

gives higher grain yield.

The result of present investigation concluded
that the treatment (T9) Pusa hydrogel @ 2.5 kg
ha-1 + mulching with organic residue @ 5 t ha-1

gives higher gross monetary return, net
monetary return and benefit cost ratio it is
profitable. 
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Abstract
Sorghum is unique to adopt to environmental extremes of abiotic and biotic stress which makes this crop

to minimize the risk and enables to fit to a sustainable and economically profitable dry land production system.
Hybrid vigor and its commercial exploitation have paid rich dividends in Kharif sorghum leading to quantum
jump in sorghum production. However, the progress in rabi sorghum is limited. Present investigation was
carried out to identify post rainy sorghum heterotic hybrids for grain yield, fodder yield and drought parameters
under moisture stress condition. The experiment was confined to fifteen hybrids, developed through line x
tester method, by utilizing three widely adapted females lines (M-35-1, Phule Anuradha, Parbhani Moti) and
five testers  (10538,4189,10515,10704,10593). The results revealed that components of line x tester were
significant for most of traits except fodder yield. Heterobeltiosis for grain yield and fodder yield was ranged
from -28.01% (Phule Anuradha x 10704) to 75.76 % (Phule Anuradha x 10515) and -16.97 % (M-35-1 x
4189) to 37.01 % (Phule Anuradha x 10538) respectively. The high heterotic effects and per se performance
for grain yield and its attributes were noted in the crosses Phule Anuradha x 10593 and Phule Anuradha x
10515. Crosses M-35-1 x 10593 and  Phule Anuradha x 10593 exhibited high mean and high heterosis for
fodder yield and other important yield parameters. Almost all the hybrids based on Phule Anuradha recorded
significant heterosis for earliness. Cross M-35-1 x 10515 and  Phule Anuradha x 10515  exhibited higher
heterobeltiosis for drought parameters viz., number of leaves, leaf area, relative water content and chlorophyll
content. These hybrids showing high per se mean and higher heterosis may be advanced to further generations
to breed high yielding genotypes with early maturity duration adaptable to dry land farming.

Key words : Sorghum, Post flowering Drought, Heterosis, line x tester analysis.
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Sorghum (Sorghum bicolor (L). moench) is
one of the main staple food for the world’s

poorest and most food insecure people across
the semi-arid tropics (DSR Vision 2030). With
its C4 photosynthetic pathway, it is adapted to
a wide range of environmental conditions. In
India Sorghum is mainly grown in the states of

1. Assistant Professor *(ambikamore@rediffmailmail.
com), 2. Associate Professor 3. Agril. Asstt., 4. and 5. Asstt.
Professor and 6. Associate Professor.



Maharashtra, Karnataka, Andhra Pradesh,
Telangana, Tamilnadu, Madhya Pradesh,
Gujarath and Rajasthan. In Maharashtra it is
grown as major cereal crop in both kharif and
rabi season for food and fodder purpose. In the
state, rabi sorghum is cultivated on 6.18 lakh
hectare area with production of 7.25 lakh
tonnes and productivity of 1176 kg ha-1

(Anonymous 2015). Hybrid vigour and its
commercial exploitation have paid rich dividends
in Kharif sorghum leading to quantum jump in
sorghum production. However, the progress in
rabi sorghum is limited and there is a need for
critical studies on combining ability and heterosis
involving diverse source of germplasm and land
races. The heterosis in sorghum hybrids has
been reported from 9.7% to 50% by several
workers, Fonsenca et al. (1982). Subsequently
Rana et al. (1977) reported extent of heterosis
in popularly grown sorghum hybrids viz., CSH-
5 (53.4%), CSH-9 (52.6%), CSH-11(35.0%)
and CSH-14 (39.0%). They reported the genetic
gain from 7.02 to14.0% in early hybrids and
9.02 to 26.0% in medium group hybrids over
the first commercial hybrid CSH-1 released for
cultivation in India way back in 1964. Heterosis
in sorghum has been reported by several
workers including Harer and Bapat (1982) and
Kulkarni and Patil (2004). The information on
yield, growth components and physiological
characters is important to improve grain yield,
plant type and selection of better hybrid. 

Material and Methods

The present investigation was undertaken in
sorghum (Sorghum bicolor (L.) Moench) at
Sorghum Research Station, Vasantrao Naik
Marathwada Krishi Vidyapeeth, Parbhani (M.S.)
during rabi 2013. Elight Fifteen rabi sorghum
F1 along with parents (Parbhani Moti, M-35-1
and Phule Anuradha) and five testers (10515,
10593, 10538, 10704 and 4189) and check
SPV-1595 evaluated in randomized block design
during rabi 2013-2014 for grain, fodder and

their component trait.  The row length was 4 m
with 45 cm x 15 cm spacing between and within
rows. Observations were recorded on five
randomly selected plants in each entry from
each replication. Observations were recorded for
the ten characters viz., days to 50 % flowering,
plant height (cm), number of leaves per plant,
leaf area (cm2), panicle length (cm), panicle
breadth (cm), grain yield per plant (gm), fodder
yield per plant (gm), chlorophyll content (%) and
relative water content (%).

Results and Discussion

The analysis of variance revealed that
variation among the genotypes was highly
significant for all the characters, overall heterosis
of crosses tested by using parents. Lines showed
significant variances for days to flowering and
plant height while testers were non-significant.
The component of line x tester was significant
for most of traits except fodder yield. High
magnitude of variance due to lines against line x
tester interaction for these traits indicated the
presence of considerable variability among
female lines. These results are in agreement with
those published earlier days to 50 per cent
flowering, plant height, panicle length and grain
yield per plant, (Maheshwari et al., 1993) days
to 50 per cent flowering and grain yield per
plant (Veerabadhiran et al., 1994) and days to
50 per cent flowering, plant height, grain yield
per plant, test weight (Khapre et al., 2000). 

Mean performance of male parents, female
parents and their crosses is represented in Table
1. Crosses with their mid parent and better
parent heterosis are represented in Table 2.
Higher heterotic effect for grain yield per plant
was observed in the crosses involving Phule
Anuradha, and Parbhani Moti as the female
parents and 10593, 10515 and 10538 as the
male parents.  The manifestation of seed yield
heterosis over mid parent and better parents
ranges from -23.84 % (Phule Anuradha x
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10704) to 84.26% (Phule Anuradha x 10515)
and -28.01% (Phule Anuradha x 10704) to
75.76 % (Phule Anuradha x 10593),
respectively. Significantly high average heterosis
and heterobeltiosis for grain yield plant-1 was
observed in crosse Phule Anuradha x 10515
(84.26% and 75.76%), Phule Anuradha x
10593 (57.76% and 52.47%), SPV 1411 X
10515 (52.55% and 50.91%) and M-35-1 x
10515 (58.22% and 40.89%). Heterosis for
grain yield is due to simultaneous heterosis in
more than one components of yield. Hybrids
showing significant average heterosis and better
parent heterosis for yield also exhibit positive

and significant heterosis for Panicle length and
Panicle breadth. results are in conformity with
Kaul et al. (2003) and Hemalatha et al. (2003).

For fodder yield, heterosis over mid parent
and better parent ranged from -16.97 % (M-35-
1 x 4189) to 37.01 % (Phule Anuradha x
10538), respectively. High heterotic effect for
fodder yield was observed in  Phule Anuradha x
10538, M-35-1 x 4189, M-35-1 x 10593,
Phule Anuradha x 10515 and Phule Anuradha
x 10593 over mid parent and better parent. The
cross Parbhani Moti x 10593, M-35-1 x 10515
showed positive heterosis for plant height,
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Table 1. Mean performances of parents, hybrids and check for grain and fodder yield and yield parameters

Genotypes Days Plant No. of Leaf Panicle Panicle Grain Fodder Chloro- Relative 
to 50% height leaves area length breadth yield yield phyll water 
flowe- (cm) plant-1 (cm2) (cm) (cm) plant-1 plant-1 content content 
ring (gm) (gm) (%) (%)

M-35-1 74.50 187.50 12.50 483.47 17.60 7.30 21.59 72.82 42.30 75.26
Parbhani Moti 76.50 183.00 12.50 526.49 15.65 7.90 22.82 81.46 40.65 69.91
Phule Anuradha 70.00 191.50 12.50 436.92 17.85 6.55 25.79 96.91 43.70 71.70
10538 78.00 167.50 12.00 428.37 18.20 6.65 23.57 82.25 41.50 77.00
4189 78.50 167.50 12.00 327.37 18.25 5.60 16.15 80.40 38.95 78.67
10515 78.50 177.50 11.50 395.34 19.05 7.90 23.32 95.00 41.15 78.60
10704 76.50 155.50 11.50 458.93 17.35 7.00 22.96 76.38 42.25 76.20
10593 75.50 166.50 11.50 454.44 17.95 7.05 27.64 111.51 45.45 77.76
M-35-1 x 10538 70.00 171.00 13.00 402.76 18.35 6.50 32.40 98.97 52.50 78.57
M-35-1 x 4189 74.00 203.50 11.00 338.91 22.50 5.90 22.76 63.61 41.80 70.59
M-35-1 x 10515 69.50 212.50 11.00 427.38 20.70 8.75 22.03 102.09 61.80 82.22
M-35-1 x 10704 73.00 207.50 12.50 498.15 17.20 6.45 23.99 88.47 41.70 74.22
M-35-1 x 10593 69.00 200.00 11.50 498.21 21.08 7.60 38.95 79.70 65.20 80.78
P. Moti x 10538 78.00 191.00 11.50 505.58 22.15 7.05 24.51 72.45 58.56 67.79
P. Moti x 4189 73.50 217.50 13.00 438.08 16.10 6.20 22.25 74.09 41.60 70.01
P. Moti x 10515 78.50 206.50 11.50 507.47 19.80 8.50 35.20 83.10 52.20 71.11
P. Moti x 10704 75.00 190.50 10.50 430.24 17.80 6.65 30.50 95.64 42.74 70.79
P. Moti x 10593 75.50 200.00 12.50 463.92 15.05 6.55 38.70 110.48 41.35 69.12
P. Anuradha x 10538 72.00 182.50 10.50 447.85 20.32 8.20 37.50 122.73 52.30 80.20
P. Anuradha x 4189 70.50 182.50 12.50 427.50 17.60 6.20 26.43 82.17 43.95 74.76
P. Anuradha x 10515 74.00 179.50 12.00 497.31 17.95 7.30 45.25 112.65 51.70 71.75
P. Anuradha x 10704 70.50 176.00 13.00 441.10 20.40 7.05 18.56 79.42 43.90 69.29
P. Anuradha x 10593 70.50 190.00 11.00 423.91 18.10 8.70 42.15 114.63 44.70 77.43
SPV-1595 (ch) 80.00 191.50 11.00 489.13 17.55 7.05 21.01 66.68 40.45 73.34
SE ± 0.99 4.16 0.48 18.21 0.93 0.30 1.94 5.45 2.29 2.33
CD at 5% 2.92 12.19 1.42 53.27 2.73 0.88 5.96 15.95 6.72 6.84



number of leaves and leaf area which contribute
to fodder yield. Bhatt Arun (2008), Tarique et
al. (2012) and Prakash et al. (2010) also
recorded heterobeltiosis and standard heterosis
for fodder yield.

Earliness desirable character that helps to
develop early varieties. Significant negative mid
parent heterosis and heterobeltiosis for days to
50% flowering was observed in 5 and 11 hybrids
respectively. Hybrids M-35-1 x 10515, M-35-1
x 10538, SPV1411 x 4189 and Phule
Anuradha x 4189 recorded earliest flowering.
Maheshwari et al. (1993), Prabhakar (2001),
Tiwari et al. (2001) and Premalata et al. (2006)
also obtained negative heterosis for days to 50%
flowering. 

Total chlorophyll content and relative water
content are important Physiological traits related
to moisture stress (Kumar et al. 2004). For
relative water content, average heterosis ranged

from -8.28 % (M-35-1 x 4189) to 7.86 % (Phule
Anuradha x 10538) and heterobeltiosis ranged
from -11.97 % (Parbhani Moti x 10538) to
4.60% (M-35-1 x 10515). For chlorophyll
content, average heterosis ranged from -3.95 %
(Parbhani Moti x 10593) to 48.60 % (M-35-1 x
10593) and better parent heterosis ranged from
-9.02 % (Parbhani Moti x 10593) to 46.10 %
(M-35-1 x 10515). Seven crosses exhibited
positive and highly significant average and better
parent heterosis for total chlorophyll. These
findings are in accordance with Grewal et al.
(2003) and Deshpande et al. (2003).

The hybrids Phule Anuradha x 10515, Phule
Anuradha x 10593, M-35-1 x 10593 and
Parbhani Moti x 10704 having high mean and
high heterotic effect  were identified superior for
most of the seed yield, fodder yield,
physiological and quality characters, may be
advanced to latter generations to select superior
segregants for yield and its attributes.
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Table 2. Estimation of heterosis over mid parent and better parent for yield and yield parameters

Genotypes Days to 50% Plant height No. of leaves Leaf area Panicle length 
flowering (cm) plant-1 (cm2) (cm)

––––––––––––––– –––––––––––––––– –––––––––––––––– –––––––––––––––– –––––––––––––––
MP BP MP BP MP BP MP BP MP BP

M-35-1 x10538 -8.20** -3.66 -3.66 0.82 6.12 4.00 -11.66* -16.69** 2.51 0.82

M-35-1 x4189 -3.27 14.65** 14.65** 23.25** -10.20 -12.00* -1.75 -17.61** 25.52** 23.25**

M-35-1 x10515 -9.15** 16.44** 16.44** 8.66 -8.33 -12.00* -2.74 -11.60* 12.96 8.66

M-35-1 x10704 -3.31 20.99** 20.99** -2.27 4.17 0.00 5.72 3.04 -1.57 -2.27

M-35-1 x10593 -8.00** 12.99** 12.99** 17.44* -4.17 -8.00 6.24 3.05 18.59* 17.44*

P. MOTI x10538 0.97 8.99** 8.99** 21.70** -6.12 -8.00 5.90 -3.97 30.87** 27.70**

P. MOTI x4189 -5.16** 24.11** 24.11** -11.78 6.12 4.00 2.61 -16.79** -5.01 -11.78

P. MOTI x10515 1.29 14.56** 14.56** 3.94 4.17 -8.00 10.10 -3.61 14.12* 3.94

P. MOTI x10704 -1.96 12.56** 12.56** 2.59 12.50* -16.00* -12.68* -18.28** 7.88 2.59

P. MOTI x10593 -0.66 14.45** 14.45** -16.16* 4.17 0.00 -5.41 -11.88* -10.42 -16.16*

P. ANURADHA x10538 -2.70 1.67 1.67 11.68 -14.29* -16.00* 3.51 2.50 12.76 11.68

P. ANURADHA x4189 -5.05* 1.67 1.67 -3.56 -2.04 0.00 11.87 -2.16 -2.49 -3.56

P. ANURADHA x10515 -0.34 -2.71 -2.71 -5.77 0.00 -4.00 19.51** 13.82* -2.71 -5.77

P. ANURADHA x10704 -3.75 1.44 1.44 14.29 8.33 4.00 -1.52 -3.89 15.91* 14.29

P. ANURADHA x10593 -3.09 6.15 6.15 0.84 -8.33 -12.00* -4.89 -6.72 1.12 0.84

Minimum -9.15 -2.71 -2.71 -16.16 -14.29** -16.00** -12.68 -18.28 -10.42 -16.16

Maximum 1.29 24.11** 24.11** 27.70 12.50 0.00 19.51 13.82 30.87 27.70
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Chickpea, one of the major pulses cultivated
and consumed in India, is also known as Bengal
gram. Chickpea is a major and cheap source of
protein compared to animal protein. In India,
chickpea accounts for about 45% of total pulses
produced in the country. Similar to the case of
other pulses, India is the major producing
country for chickpea, contributing for over 75%
of total production in the world. Among the
major state in India, Maharashtra is leading
producer of chickpea. In Buldhana district,
142608 ha area under chickpea cultivation in
2016-17 with 111519 MT production and the
productivity of 782 kg ha-1. It indicates that the
productivity of chickpea in Buldhana is
comparatively low, primarily due to unavailability
of suitable variety(s) as well as lack of improved
production technologies, more specifically the
method of sowing and nutrient management.
The productivity of chickpea could be increased
by adopting recommended scientific and
sustainable management production practices

(Asiwal and Hussain, 2016 and Singh et al.,
2017). Front line demonstration is the new
concept of field demonstration with main
objective to demonstrated newly released variety
with improved practices technologies and its
management practices at farmer’s field under
different agro climatic regions of the country
with varying farming situations. Productivity of
chickpea per unit area can be increased by
adopting feasible, scientific and sustainable
management practices by selecting a suitable
variety. With this in view, front line
demonstrations held at farmer’s field, in a
systemic manner, to show case the high yielding
new varieties, to convince them to about the
potential of improved production technologies
to enhance yield of chickpea.

Materials and Methods

The frontline demonstrations were
conducted by Krishi Vigyan Kendra, Buldhana
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Abstract
The study was carried out Krishi Vigyan Kendra, Buldhana in Buldhana district during 2015-16 and 2016-

17. Total 82 front line demonstrations were conducted on chickpea in 23 ha by the active participation of the
farmers with the objective of improved technologies of chickpea production potentials. The improved
technologies consist improved variety (JAKI-9218), balanced fertilizers (soil test based) application and
integrated disease and pest management, etc. The demonstrated recorded an average yield ranging from 1873–
2083 kg ha-1 with a mean of 1978 kg ha-1. The per cent increase yield in demonstration 26.76% during
2015-16 and 23.14% during 2016-17 respectively, over the local check. The average extension gap,
technology gap and technology index were 368- 382 kg ha-1 during the period under study. The demonstrated
field gave higher gross return (Rs. 79695 ha-1) and mean net returns (Rs. 55218 ha-1) with average benefit:
cost ratio (3.10) compared to the local checks. Present results clearly show that the yield and economics of
chickpea can be boost up by adoption of recommended technology.

Key wards :  Chickpea, Economics, Frontline demonstration and yield.



in Buldhana district during 2015-16 and 2016-
17, a total 82 front line demonstrations on
chickpea variety JAKI-9218 was conducted at
farmer’s field in the Buldhana district. The yield
and economic performance of frontline
demonstrations, the data on output were
collected from FLDs as well as local plots and
finally the grain yield, cost of cultivation, net
returns with the benefit cost ratio was worked
out. For the purpose of investigation, Buldhana
district, where FLDs were conducted during
2015-16 and 2016-17. For selection of
beneficiary farmers, a list of farmers where FLDs
on chickpea were conducted during Rabi 2015-
16 and 2016-17 was prepared and taking equal
representation. The data were collected through
personal contacts with the help of well structured
interview schedule. The gathered data were
processed, tabulated, classified and analyzed in
terms of mean percent score and ranks in the
light of objectives of the study. More than 10
percent difference between beneficiary and non
beneficiary farmers’ was considered as
significant difference. The extension gap,
technology gap and technology index were
calculated using the formula as suggested by
Samui et al., (2000). 

Extension gap (qha-1) = Demonstration
yield– Farmer’s yield 

Technology gap (qha-1) = Potential yield –
Demonstration yield 

Technology index (%) = [Potential yield –
Demo yield / Potential yield] x 100

Results and Discussion 

A comparison of the productivity level
between front line demonstrations and local
checks is shown in Table 1. It is evident from
results that under the demonstrate plot,
performance of chickpea (yield) was sustainable
higher than that in the local check in all the years
of the study (2015-16 and 2016-17). Yield in
chickpea under demonstration ranged from
(1873–2083 kg ha-1) during the period under
study. Technological intervention, thus,
enhanced yield to a tune of 26.76% during
2015-16 and 23.14% during 2016-17
respectively, over the local check. Fluctuations
in yield observed over the years were mainly on
account of variation in soil moisture availability,
rainfall, sowing time and pest and disease attack.
Similar enhancement in yield in chickpea under
front line demonstrations was documented by
Dhaka et al., 2015; Lal et al., 2016; Meena et
al., 2016 and Verma et al., 2016.; Asiwal and
Hussain, 2016 and Singh et al., 2017. Yield in
front line demonstration and potential yield of
the crop was compared for estimating yield
gaps. These gaps were further categorized as
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Table 1. Yield and yield difference of Bengalgram under front line demonstrations

Year No. of Yield (kg ha-1) Additional yield Per cent 
FLDs ––––––––––––––––––––––– over local check increase yield 

FLD Local (kg ha-1) over Local Check
check

2015-16 37 1873 1505 368 26.76 %
2016-17 45 2083 1701 382 23.14 %

Table 2. Yield gap and technology index in front line
demonstrations

Year No. of Techn- Exten- Techn- 
FLDs ology sion ology

gap gap index 
(kg ha-1) (kg ha-1) (%)

2015-16 37 327 368 16.40
2016-17 45 117 382 5.90
Mean 222 375 11.10



technology and extension gaps. Technology gap
indicates a gap in demonstration yield over the
potential yield, and this was 327 and117, 2015-
16 and 2016-17respectively (Table 2). The
technology gap observed may be attributed to
dissimilarities in soil fertility, salinity and to
erratic rainfall and other vagaries of weather in
the demonstration areas. Hence, to narrow
down the gap between the two types of yield in
different varieties, location specific
recommendation may become necessary.
Extension gap ranged from 368 – 382 kg ha-1

during the period under study (Table 2). A wide
extension gap emphasizes the need to educate
farmers using various means to facilitate
adoption of improved production technologies,
to reverse this trend.

Greater use of the latest, improved
production technologies applied to high yielding
varieties can subsequently bridge this extension
gap between demonstration yield and farmer’s
yield. New technologies, may, eventually lead
farmers into discontinuing obsolete varieties.
Technology index refer to the feasibility of
variety at farmers field. A lower the value of
technology index (mean 11.10 %) more is the
feasibility (Table 2). This finding corroborates
results of Lal et al., 2016; Meena et al.2016
and Poonia et al., 2017. The economics of
growing coriander under front line
demonstrations were estimated and results are
presented in Table 3. Economic analysis of yield
performance revealed that besides higher
production, participating farmers in FLDs

realized a higher price of than produce
compared to that in the local checks during the
period under study. This was so because of a
better quality of the produce. Front line
demonstrations recorded higher mean gross
return (Rs. 79695 /ha) and mean net returns
(Rs. 55218 /ha) with average benefit: cost ratio
(3.10) compared to the local checks in our study.
These results are in line with finding of Meena
et al., 2016; Verma et al., 2016 and Poonia et
al., 2017. On the basis of above finding in
present study, it is concluded that front line
demonstrations of improved technology reduces
technology gap to a considerable extent, thus
leading to increased productivity of coriander in
Kota district of Rajasthan. This also improved
linkages between farmers and scientists, and
built confidence for adoption of the improved
technology. Productivity enhancement under
FLDs over farmer practices of Chickpea
cultivation created a greater awareness, and
motivated other farmers not growing Chickpea
to adopt improved technologies in this Pulses
crop i.e. Chickpea.

References
Dhaka, B. L., Poonia, M. K., Meena, B. S. and Bairwa, R.

K. 2015. Yield and economic viability of coriander
under front line demonstrations in Bundi district of
Rajasthan. J. Hortl. Sci., 10(2): 226-28 

Lal, G., Mehta, R. S., Meena, R. S., Meena, N. K. and
Choudhry, M.L. 2016. Impact of front line
demonstration (FLDS) on yield enhancement of
coriander: A case study in TSP area of Pratapgarh. E
News Letter ICAR- National Research Centre on Seed
Spices, 8(3): 5-6 

Tijare et al.544

Table 3. Economics of front line demonstrations

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

––––––––––––––––––– –––––––––––––––––––– –––––––––––––––––––– –––––––––––––––
FLD Local FLD Local FLD Local FLD Local 

check check check check

2015-16 23994 21661 72559 61788 48566 40127 3.02 2.89
2016-17 24962 22566 86831 74549 61869 51983 3.49 3.30
Mean 24478 22114 79695 68169 55218 46055 3.26 3.10



Meena, K. C., Singh, D. K., Gupta, I. N., Singh, B., Meena,
S. S. 2016. Popularazation of coriander production
technologies through front line demonstrations in
Hadauti region of Rajasthan. Int. J. Seed Spices, 6(2):
24-29 

Poonia, M. K.,  Mahendra Singh, B. L. Dhaka, R. K. Bairwa
and Bheru Lal Kumhar. 2017. Impact of Front Line 

Demonstration on the Yield and Economics of Coriander in
Kota District of Rajasthan, India Int. J. Curr. Microbiol.
App. Sci, 6(3): 2344-2348

Samui, S. K., Maitra, S., Roy, D. K., Mondal, A. K. and
Saha, D. 2000. Evaluation of front line demonstration

on groundnut (Arachis hypogea L.) in Sundarbans. J.
of Indian Society of Coastal Agri. Re., 18(2): 180-183. 

Singh, Jagmohan; Raminder Kaur Hundal and B.S Dhillon.
2017. Comparison for Yield Potential of Chickpea in
Front Line Demonstrations and Farmer’s Practices in
the Amritsar District of Punjab. Current Agriculture
Research Journal, 5(2): 239-243

Verma, Arjun Kumar, Singh, Mahendra, Singh, Navab,
Jeenger, K. L. and Verma, J. R. 2016. Dissemination
of improved practices of coriander through FLDS in
Zone V of Rajasthan province. Int. J. Sci. Envion.
Tech., 5(5): 3320-27.

Journal of Agriculture Research and Technology 545

J. Agric. Res. Technol., 43 (3) : 545-552 (2018)

Effect of Deficit Iirrigation on Growth, Yield and Water use
Efficiency of Onion (Allium cepa L.)

S. D. Dahiwalkar1,  S. D. Gorantiwar2 and   R. G. Bhagyawant3

Department of Irrigation and Drainage Engineering, Dr.A.S. CAE, 
Mahatma Phule Krishi Vidyapeeth, Rahuri – 413 722 (India)

Abstract
The field experiment was conducted to study the response of yield of onion (Allium cepa L.) cv. N-2-4-1

crop under the deficit irrigation approach during rabi season of 2012 and 2013 at Instructional Farm of the
Department of Irrigation and Drainage Engineering, Dr. Annasaheb Shinde College of Agricultural Engineering,
Mahatma Phule Krishi Vidyapeeth Rahuri. Experiment was carried out in Randomized Block Design (RBD)
with 27 treatments and two replications based on different combinations of the quantity of water stress during
different crop growth stages.  Water applied per irrigation and soil moisture contents before and after irrigation
were monitored throughout the season, while onion bulbs were harvested at the end of season and weighed.
Investigation of present study shows that the onion yields and field water use efficiency are higher with less
water stress and reduced with increase in water stress. Under surface irrigation regime for higher percentage
of B-grade bulbs and yield, onion crop should be irrigated as no water stress during vegetative stage and bulb
enlargement stage and 20% stress at bulb development stage. The 40 % deficit water at vegetative stage
reduced onion yield upto 30.16%. The 40 % deficit water at bulb development stage reduced onion yield upto
29.61% whereas 40 % deficit water at bulb enlargement stage reduced onion yield upto 15.07%. A deficit
irrigation strategy of supplying water at 40% water stress during the 3rd (bulb enlargement, 75 DAT) stage did
not reduce the onion yield significantly. 

Key words : Onion, deficit irrigation, grading, crop coefficient (Kc), yield response factor
(Ky), crop water use.
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Onion (Allium cepa L.) is one of the important vegetable crops commercially grown
in India. It is a member of Alliaceae family, rich
in sulphur containing compounds that are
responsible for their pungent odours and for
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many of their health promoting effects. Onion
bulb is a rich source of minerals like phosphorus
and calcium. It also contains protein and vitamin
C. Onions are now being used in several ways
as in fresh, frozen, canned, caramelized, pickled,
powdered, chopped and dehydrated forms.
India is the second largest producer of onion in
the world, next only to China. In India, onion is
being grown in an area of 0.83 million hectares
with production of 13.57 million tonnes and the
productivity is 16.30 t ha-1 which is low.
Maharashtra is the leading onion producing state
followed by Karnataka, Gujarat etc. In
Maharashtra, onion is cultivated in an area of
415000 ha with production of 4905000 MT
and the average productivity is 11.8 MT ha-1.
(Source FAO Website: March 2012 and for
Indian Data Indian Horticulture Database 2011)
which is low compared to world average. In
onion, water is the main limiting factor for low
productivity. Hence, judicious use of water is
very essential. The scarce water resources need
to be allocated such that the crop benefiting
more from irrigation during particular crop
growth stage should get priority in allocation of
irrigation water to obtain the maximum crop
production from the command area. Therefore
it is necessary to know the effect of different
water stress during different growth stages on
production of different crop. Onion being the
important crop was studied for this purpose.
Depending upon the critical crop growth stages
and soil types, 8 to 10 irrigations are usually
given to onion in the Maharashtra state.
Availability of irrigation water during rabi and
summer seasons is the major limiting factor for
onion production. During this season in
command area farmers may get only 2 to 3
irrigation and could supplement it with well
irrigation. Often the yields of wells are also low
and in such cases farmers may not be able to
provide 8 to 10 irrigations. If the water is stored
in farm pond, only one or two irrigations are
possible. Under such circumstances deficit

irrigation is inevitable. For deficit irrigation it is
necessary to study the response of onion to
different water stresses during crop growth
period. Therefore the present study was planned
to study the response of onion yield to different
water stress during important crop growth
stages viz., vegetative stage, bulb development
stage, bulb enlargement stage etc.

Material and Methods

The field experiments to study the effect of
deficit irrigation of different quantities in onion
(Allium cepa L.) cv. N-2-4-1 were conducted
during rabi season of 2012 and 2013 at
Instructional Farm of the Department of
Irrigation and Drainage Engineering, Dr.
Annasaheb Shinde College of Agricultural
Engineering, Mahatma Phule Krishi Vidyapeeth
Rahuri. Climatically the region falls under the
semi-arid and sub-tropical zone with average
annual rainfall of 555.5 mm. The distribution of
rain is uneven and is distributed over 15 to 37
rainy days. The annual mean maximum and
minimum temperature ranges between 21.2°C
to 41.8°C and 3.0°C to 24.6°C, respectively.
The annual mean pan evaporation ranges from
2.3 to 14.9 mm day-1. Experiment was carried
out in Randomized Block Design (RBD) with 27
treatments and two replications based on
different combinations of the quantity of water
stress days (no stress- (0.00S), 20% stress-
(0.20S) and 40% stress- (0.40S) during different
crop growth stages vegetative Stage (VS) – up
to 50 days, bulb development stage (BDS) - 50
to 75 days and  bulb enlargement stage (BES) –
75 to 100.The different combinations of the
treatments are : T1 - VS-0.00S,BDS-0.00S,
BES-0.00S, T2 - VS-0.00S,BDS-0.00S, BES-
0.20S, T3 - VS-0.00S,BDS-0.00S, BES-0.40S,
T4 - VS-0.00S, BDS-0.20S, BES-0.00S, T5 -
VS-0.00S, BDS-0.20S, BES-0.20S, T6 - VS-
0.00S, BDS-0.20S, BES-0.40S, T7 - VS-
0.00S, BDS-0.40S, BES-0.00S, T8 -
VS-0.00S, BDS-0.40S, BES-0.20S, T9 - VS-
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0.00S, BDS-0.40S, BES-0.40S, T10 - VS-
0.20S, BDS-0.00S, BES-0.00S, T11 - VS-
0.20S, BDS-0.00S, BES-0.20S, T12 -
VS-0.20S, BDS-0.00S, BES-0.40S, T13 - VS-
0.20S, BDS-0.20S, BES-0.00S, T14 - VS-
0.20S, BDS-0.20S, BES-0.20S, T15 -
VS-0.20S, BDS-0.20S,BES-0.40S, T16 - VS-
0.20S, BDS-0.40S, BES-0.00S, T17 - VS-
0.20S, BDS-0.40S, BES-0.20S, T18 -
VS-0.20S, BDS-0.40S, BES-0.40S, T19 - VS-
0.40S, BDS-0.00S, BES-0.00S, T20 - VS-
0.40S, BDS-0.00S, BES-0.20S, T21 -
VS-0.40S, BDS-0.00S, BES-0.40S, T22 - VS-
0.40S, BDS-0.20S, BES-0.00S, T23 - VS-
0.40S, BDS-0.20S, BES-0.20S, T24 -
VS-0.40S, BDS-0.20S, BES-0.40S, T25 - VS-
0.40S, BDS-0.40S, BES-0.00S, T26 - VS-
0.40S, BDS-0.40S, BES-0.20S and T27 -
VS-0.40S, BDS-0.40S, BES-0.40S

The 27 treatments were replicated two
times, making a total of 54 plots and two
additional plots were worked for onion root
study. The gross size of experimental site was
46m x 40m and net plot size was 4m x 4m.The
blocks were separated by a distance of 2 m.,
while the basins in each block were separated by
a distance of 1.5 m which serves as buffer to
minimize lateral movement of water from one
basin to another. The irrigations were scheduled
at every growth stage of onion crop. The
quantities of water were applied according to the
treatments. There was no rainfall during period
of experimentation. The depth of water to be
applied during  each irrigation was calculated
according to the following formula.

n (FC- MC)
d = S –––––––––––––––– x BD x D

i=1 100

Where, FC = field capacity, %, MC =
moisture content at the time of irrigation, %, BD
= bulk density of soil, g cc-1 and D = effective
root zone depth, cm. 

Irrigations were scheduled at every growth
stage of onion crop as per stress underlined in
each treatment. The stress was estimated from
the moisture content stress in the rootzone. The
depths of irrigation water were applied
according to the treatments.

Results and Discussion

Number of irrigations and gross depth of
irrigation water applied are given in Table 1.
These values are shown graphically in Figure 1.

Crop water use
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Table 2. Number of irrigations and gross depth of irrigation
water applied in each treatment during 2012 and
2013

Irrigation No. of  Total depth of irrigation 
treatment irrigations water applied (mm)

––––––––––––––––––––––––
2012 2013

T1 13 529 556
T2 13 504 515
T3 13 469 489
T4 13 512 505
T5 13 485 485
T6 13 481 476
T7 13 468 491
T8 13 478 472
T9 13 445 442
T10 13 484 499
T11 13 454 467
T12 13 446 446
T13 13 445 468
T14 13 460 478
T15 13 440 436
T16 13 431 447
T17 13 405 417
T18 13 404 418
T19 13 456 443
T20 13 455 442
T21 13 400 407
T22 13 427 436
T23 13 398 405
T24 13 378 384
T25 13 405 412
T26 13 373 379
T27 13 358 363



Onion yield as influenced by water
stress : The mean pooled onion yield for two
season for all the treatments are given in Table
2. The yield data were analyzed statistically for
randomized block design. The yields were
statistically significant. The mean yields along
with CD at 5 % are presented in Table 2. These
values are shown graphically in Figure 2.

It is observed from above tables that during
2012 and 2013 the higher yields are observed
in treatment T1 (0%  water stress throughout
growth period ) followed by T4, T2, T10, T3,
T11, T5, T20, T16, T21, T12, T19,  T7, T13,
T8, T22, T15, T18, T9, T17, T23, T14, T24,
T25, T26 and T27. The onion yield are
observed lowest at T27 (40% stress at all stages).
The yields of treatments T1, T2 and T4 are at
par during 2012 and T1 and T4 are at par
during 2013. However the total water applied
at treatment T2 is less compared to treatment
T1 and T4 in 2012 and the total water applied
at treatment T4 is less compared to treatment
T1 in 2013. Hence treatment T2 and T4 are
the best treatment. But considering the grading
of onion bulb the treatment T4 is best treatment
which indicates that no water stress during
vegetative stage, bulb development stage and
20% water stress at bulb enlargement stage
results in statistically significant yield. The yields
of treatments T10, T3, T11, T5, T20 and T16
are at par. The yields of treatments T21, T12,
T19, T7, T13, T8 and T22 are at par. The
yields of treatments T15, T18, T19, T17, T23,
T14 and T24 are at par. The yields of treatments T25, T26 and T27 are at par.
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Fig. 1. Depth of irrigation water applied in each
irrigation treatment

Table 2. Mean onin yield for different treatments during
2012 and 2013

Treatments Yield t ha-1
–––––––––––––––––––––––––––––––––––
2012 2013 Pooled

T1 42.52 43.26 43.08  
T2 38.55 37.66 37.88 
T3 37.22 35.61 36.00 
T4 42.36 40.91 41.27 
T5 35.85 32.73 33.49 
T6 30.69 27.56 28.33 
T7 30.41 29.96 30.07 
T8 28.91 28.78 28.81 
T9 26.90 24.14 24.82 
T10 32.49 31.28 31.47 
T11 36.32 32.48 33.42 
T12 32.05 29.81 30.36 
T13 29.05 30.50 30.15 
T14 25.92 26.07 26.04 
T15 28.32 25.39 26.11 
T16 30.57 26.98 27.86 
T17 26.83 29.89 29.15 
T18 27.12 29.06 28.59 
T19 31.74 28.12 29.01 
T20 34.64 32.12 32.74 
T21 32.71 28.75 29.72 
T22 28.81 27.76 28.02 
T23 26.66 25.97 26.14 
T24 24.47 21.75 22.42 
T25 22.9 24.86 24.39 
T26 22.27 22.44 22.40 
T27 21.35 19.78 20.16 
S.E.± 1.478 0.839 0.729
C.D. at 5% 4.298 2.440 2.070

Fig. 2. Effect of deficit irrigation treatment of
yield of onion crop



The relationship between water stress and
crop yield is important for scheduling deficit
irrigation. Onion crop yield obtained from
different treatments is presented in Table 2. The
maximum yield was observed with full irrigation
i.e. in treatment T1 (42.52 t ha-1) in 2012 and
(43.26 t ha-1) in 2013. Lowest yield was
observed in treatment T27 (21.35 t ha-1) in
2012 and (19.78 t ha-1) in 2013 i.e.
maintaining the 40%  water stress throughout
the crop season. In treatment T14, i.e. deficit

irrigation of 20% saved only 13.04 % of water
from full irrigation but reduced the yield
significantly by 39.04 % in 2012 whereas in
2013 deficit irrigation of 20% saved only 21.58
% of water from full irrigation but reduced the
yield significantly by 39.73 %. Yield obtained in
treatment T14, significantly different than T1.
The best treatment T4 (20% water deficit during
bulb development stage) shows significant yield
i.e. 42.36  ha-1 in 2012 and 40.91  ha-1 in
2013 which is at par to treatment T1 and T2

Journal of Agriculture Research and Technology 549

Table 3. Field water use efficiency (FWUE) as influenced by different treatments (2012, 2013 and pooled)

Treatment 2012 2013 Pooled
–––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––– FWUE
Yield Total depth of FWUE Yield Total depth of FWUE (t/ha-1
(t ha-1) irrigation water (t ha-1 (t ha-1) irrigation water (t ha-1 -mm)

applied (mm) -mm) applied (mm) -mm)

T1 42.52 529 8.03 43.26 556 7.78 7.91
T2 38.55 504 7.64 37.66 515 7.31 7.48 
T3 37.22 469 7.93 35.61 489 7.28 7.60 
T4 42.36 512 8.27 40.91 505 8.10 8.18 
T5 35.85 485 7.39 32.73 485 6.74 7.07 
T6 30.69 481 6.38 27.56 476 5.79 6.08 
T7 30.41 468 6.49 29.96 491 6.10 6.30 
T8 28.91 478 6.04 28.78 472 6.09 6.07 
T9 26.90 445 6.04 24.14 442 5.46 5.75 
T10 32.49 484 6.71 31.28 499 6.26 7.11 
T11 31.76 454 6.99 32.48 467 6.95 7.10 
T12 32.05 446 7.18 29.81 446 6.68 6.93 
T13 29.05 445 6.52 30.50 468 6.51 6.52 
T14 25.92 460 5.63 26.07 478 5.45 5.54 
T15 28.32 440 6.43 25.39 436 5.82 6.13 
T16 30.57 431 7.09 26.98 447 6.03 6.56 
T17 26.83 405 6.62 29.893 417 7.16 6.89 
T18 27.12 404 6.71 29.06 418 6.95 6.83 
T19 31.74 456 6.96 28.12 443 6.34 6.65 
T20 34.64 455 7.61 32.12 442 7.26 7.44 
T21 32.71 400 8.17 28.75 407 7.06 7.62 
T22 28.81 427 6.74 27.76 436 6.36 6.55 
T23 26.66 398 6.69 25.97 405 6.41 6.55 
T24 24.47 378 6.47 21.75 384 5.66 6.06 
T25 22.9 405 5.65 24.86 412 6.03 5.84 
T26 22.27 373 5.97 22.44 379 5.92 5.94 
T27 21.35 358 5.96 19.78 363 5.44 5.70 
S.E.± 0.192 0.188 0.190
CD at 5% 0.558 0.547 0.539



and significantly different than treatment T14
and T17.  The yields of treatments T9, T17,
T23, and T24 are at par. The 20% water  stress
throughout growth period of onion crop reduces
the yield up to 40% and 40% water stress
throughout growth period of onion crop reduces
the yield up to 50%. 

The 40 % deficit water at vegetative stage
reduced onion yield upto 30.16%. The 40 %
deficit water at bulb development stage reduced
onion yield upto 29.61% whereas 40 % deficit
water at bulb enlargement stage reduced onion
yield upto 15.07%. It clearly indicates that the
vegetative stage and bulb development stage of
onion crop are important stages for deficit
irrigation. In general the onion yields are higher
with less water stress and reduced with increase
in water stress. It is also observed that the effect
of water stress and critical growth stages of
onion crop are significantly affected to each
other.

Field water use efficiency (FWUE) : The
field water use efficiency in different treatments
was calculated from the onion yield data and
total depth of water applied by following
equation.

Y
Field water use efficiency  = –––––

WR

Where, Y = crop yield, kg ha-1 and WR =
total depth of water applied in the field, mm

The Data regarding the field water use
efficiency as influenced by different treatments
is presented in Table 3.

It is observed from Table 3 that the field
water use efficiency is more in treatments T1,
T2, T4, T21 and low in treatments T14, T24,
T25, T26 and T27. It is seen from Table 3 that
the field water use efficiency during 2012 &
2013 is more in treatment T4 (0% stress at
vegetative stage, 20% stress at bulb
development stage and 0% stress at bulb
enlargement stage) and followed by T21, T1,
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Fig. 3. Water use efficiency of onion crop as
influenced by different deficit irrigation
treatment

Table 4. Percentage of B grade onion bulbs under different
irrigation Treatments

Treatment B, Grade %
–––––––––––––––––––––––––––––––––––
2012 2013 Mean

T1 52.00 51.21 52.02
T2 43.00 42.80 42.85
T3 43.00 42.98 43.01
T4 57.00 56.00 56.52
T5 41.00 40.25 40.73
T6 44.00 43.50 43.73
T7 42.00 41.70 41.56
T8 48.00 47.89 47.94
T9 46.00 45.75 45.93
T10 42.00 41.80 41.97
T11 39.00 38.75 39.84
T12 40.00 39.55 39.77
T13 41.00 40.34 41.19
T14 42.00 41.90 41.15
T15 41.00 40.20 41
T16 42.00 41.89 42.22
T17 40.00 41.00 40.01
T18 39.00 38.60 40.45
T19 40.00 41.84 42.06
T20 43.00 44.89 45.4
T21 40.00 42.61 42.33
T22 39.00 41.00 41.44
T23 35.00 37.32 37.26
T24 35.00 36.78 35.7
T25 38.00 40.21 40.51
T26 32.00 34.90 34.39
T27 30.00 31.50 31.44
CD at 5% 4.30 1.92 1.71



T11, T10, T3, T2, T20, T5, T12, T16, T19,
T22, T18, T23, T17, T13, T23, T24, T15,
T16, T8, T9 and low in treatments T26, T27,
T25 and T14.The pooled analysis for field water
use efficiency during 2012 and 2013 shows
statistically significant effect for all the
treatments.

Grades of onion bulb : The water stress
influenced the production of different grades of
onion bulbs considerably (Table 4). Percentage
of B grade onion bulbs under different irrigation
treatments during 2012 and 2013 are presented
in Table 4.

The irrigation levels influenced the
production of different grades of onion bulbs
considerably (Tables 1 and 4). Statistical analysis
of B grade onion and CD at 5 % shows that
treatment T4 is superior compared to all other
treatment (Table 4). Irrigation at 100% for
vegetative stage, 80% at bulb development stage
and 100% at bulb enlargement stage (T4)
produced considerably higher percentage of B
grade bulbs (41 mm to 60mm) followed by,
irrigation at 100% for vegetative stage ,100% at
bulb development stage and 100% at bulb
enlargement stage (T1) but its percentage
decreased with the increase in water stress. At
greater water stress, the percentage of smaller
sized bulbs (C and D grade) was higher.

Conclusion 

Deficit irrigation is important to increase the
efficiency of water use in view of limited water
resources for agriculture. The onion yields and
field water use efficiency are higher with less
water stress and reduced with increase in water
stress. Our study indicated that onion crop
should be irrigated at 20 % deficit water at bulb
development stage for higher percentage B-
grade bulbs and onion yield. %. A deficit
irrigation strategy of supplying water at 40% of
crop evapotranspiration during the 3rd (bulb

enlargement, 75 DAT) stage did not reduce the
onion yield significantly. The experiment
revealed that a water stress imposed early in the
growing season at the 1st and 2nd stages
reduced the yield significantly. Therefore,
adequate irrigation to be provided at the early
crop growth stages for realizing high yields. A
water deficit imposed late in the   season, at the
3rd stage, only marginally affected the yield.  
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Response of Sowing Dates to Seed, Yield, Oil Yield and
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Abstract
The experiment was conducted on medium black soil at AICRP on Safflower farm during the rabi season

of 2016-17. The objective of the experiment was to study the response of sowing dates to seed yield, oil yield
and economics of safflower under irrigated conditions. The experiment was laid out in a split plot design
constituting four sowing dates as a main plot treatments viz.,15th October, 30th October, and 15th November
along with three safflower genotypes as a sub plot treatments viz., Annegiri-1, NARI-6 and NARI-57. The
results revealed that sowing of safflower on 15th October and 30th October were found at par with each other
and recorded significantly higher seed and oil yield of safflower as well as gross monetary returns, net monetary
returns and B:C Ratio than sowing of safflower on 15th October. Among the different safflower genotypes,
safflower genotype i.e. Annigeri-1 recorded higher seed and oil yield than NARI-57 and NARI-6 safflower
genotypes. The similar trend was observed in respect of GMR, NMR and B:C Ratio. Safflower genotype NARI-
57 was found significantly superior over NARI-6 in respect of above mentioned characters. The interaction
effects  was not found evident.

Key words : Genotypes, Sowing dates , Seed yield, GMR, NMR, B:C ratio

______________

India is among the largest oil economy in the
world with 21 per cent of the world’s area      but
accounts for less than 10 per cent of world’s
production to meet the need of about 16 per
cent of the world’s population Oil seeds form the
second larges agriculture commodity
after cereals sharing 30 per cent of country’s
gross cropped area and accounting for nearly
6 per cent Gross National Product and 10 per

cent of the value of all agriculture commodities.

Safflower (Carthamus tinctorius L.) is an
important rabi oilseed crop of Maharashtra apart
from it’s superior adaptability to scanty moisture
conditions, it produces oil rich in poly
unsaturated fatty acids (Linoleic acid 78%),
Which play an important role in reducing the
blood cholesterol level for centuries it has been
under cultivation in India either for it’s colored
florets and much valued oil.

1. Junior Agronomist  2. Officer Incharge 3 and 4.
Senior Research Asstt.



The most important production factors in
safflower are both soil and ambient temperature
and soil moisture. Hence, sowing date assumes
greater significance. Any delayed sowing results
in drastic reduction in seed yield and oil content,
Sowing the crop at right time is quite important.
Early sowing with improved variety may be one
of most cost effective ways of increasing crop
yields. Since it costs no more to plant early than
late and grow improved variety than local,yields
can be increased significantly by earlier planting
without incurring any additional cost of
production.

Productivity of safflower needs to be
increased  ,as this is a cash crop of medium and
small holding farmers. in command areas. This
will reflect in achieving the self sufficiency to
some extent in oilseeds production of
Maharashtra in general and Marathwada in
particular. There is urgent need to develop
suitable management practices and genotypes
to make safflower cultivation a successful
proposition under vertisols and salt prone areas.

Materials and methods

A field experiment was conducted during
rabi season 2016-17 at research farm of AICRP
on safflower, Vasantrao Naik Marathwada Krishi
Vidyapeeth, Parbhani, Maharashtra. Experiment
was designed in sprit plot with three replications.
The treatments consisted of D1-25th October,
D2-5th November, D3-15th November, D4-25th

as main plots and safflower genotypes viz., v1-
annigiri-1, v2-NARI-6 and v3-NARI-57 as sub
plots. The 60:40:00 NPK kg ha-1 were used as
recommended fertilizer dose. Appropriate
cultural practices and timely plant protection
measures were adopted. Production potential
and economics were studied.

Results and Discussion

Table 1 Indicated That there is a significant
influence of sowing dates and genotypes on seed
yield,oil yield and economics of safflower.

Data on seed yield and oil yield revealed that
the sowing date differed significantly in respect
of yield ha-1. The sowing of safflower on 15th
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Table 1. Seed yield, oil yield and economics of safflower as influenced by different treatments

Treatment Seed yield GMR NMR B: C Oil yield
(kg ha-1) (Rs. ha-1) (Rs. ha-1) ratio (kg ha-1)

a) Sowing Dates - 03
D1 : 15th October 1552 57424 36424 2.73 463.9
D2 : 30th October 1501 55549 34549 2.65 438.3
D3 : 15th November 1138 42106 211106 2.00 328.0
SEm ± 19.61 725.64 725.64 0.03 6.93
CD (P=0.05) 69.19 2559.87 2559.87 0.12 24.45

b) Cultivars - 03
V1 : Annegiri-1 1629 60273 39273 2.87 457.1
V2 : NARI-6 1196 44240 23240 2.11 351.4
V3 : NARI-57 1367 50567 29567 2.41 421.9
SEm ± 15.19 562.01 562.01 0.03 5.06
CD (P=0.05) 45.48 1682.76 1682.76 0.08 15.14

c)  Interaction (D x V)
SEm ± 33.97 1256.85 1256.85 0.06 9.96
CD (P=0.05) NS NS NS NS NS
G. mean 1397 51693 94026.33 2.46 410.13



October and 30th october were found at par
with each other and recorded significantly higher
seed and oil yield of safflower. similar results
were reported by Anonymous (2001).Similar
trend was observed in gross monetary returns,
net monetary returns and B:C ratio.

As regards to the safflower genotypes,
safflower genotype i.e Annigeri-1 recorded

higher seed and oil yield than NARI-57 and
NARI-6. Similar results were reported by
Anonymous (2001).
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Abstract
A case study was conducted to assess the impact of micro-level agroadvisories through NICRA-AICRPAM

project in Chattisgarh State. Mahasamund district 10 cated in the eastern part of the state is selected as the
study area for the demonstration of climate resilient technologies and assessment of impact on socio-economic
status of frarmers. The NICRA micro-level agroadvisories were discriminated to the farmers thourhg m-kisan
portal as bulk text messages and displayed on white boards in NICRA-domain villages for having look by
farmers. About 124 farmers of Malidih & Jhalkhamaria villages in Mahasamund district are selected for this
purpose. The main objective of text messaging for the farmers is faster dissemination and real time providing
of MAAS in gist through Information and Communication Technology (ICT) including weather based agricultural
operations for different crops.  Micro-regional advisories are prepared based on blocklevel 5-day-block level
forecast available in IMD website www.imd.gov.in and feedback received from Field Information Facilitators
about current weather and crop conditions. Micro-level agro-advisories are also being issued to the farmers of
Mahasamund block of same district in collaboration with Agricultural department, Field Information Facilitators
(FIFs)  and KVK Mahasamund. Case studies show that the farmers are gaining significantly benefits by utilization
of weather based agro-advisories and saving weather sensitive inputs viz. fertilizers, pesticides etc. 

Key words: NICRA, Micro-level agroadvisories, impart.

______________

Agricultral production in many parts of India
continues to be largely dependant on weather
and climatic fluctuations despite several
impressive advances made in the field of
agricultural technology over the last few
decades. Agriculture and food systems will have
to change towards sustainability in order to meet

the challenges of sustainable growth as it is the
largest human activity and has critical impact on
environment.  A transformation in agriculture
towards sustainability is key to reduce the
hunger, malnutrition, poverty and increasing
agricultural production while preserving the
environment. Further, healthy and productive



lives cannot be achieved unless “all people at all
times have physical, social and economic access
to sufficient, safe and nutritious food which
meets their dietary needs and food preferences
for an active and healthy life” (FAO, 1996).
There is thus need of implementation of proper
public distribution system as well. The post-
harvest losses, which are reported in the range
of 8-10% in state for food grains is another area
to be addressed for sustainable agriculture.
Agricultural production systems must “do more
with less” and hence policies and programs for
development and adoption of climate smart
technologies based on the principals of
conservation and integrated agriculture becomes
very important. Success of agriculture decides
the economy of India. Despite progress in
industralization, the strength of economy is
significantly dependant upon the gross
production of agricultural commodities. 

Climatic impacts on the socio-economic
status of  Indian agriculture  are multi-fold as the
extreme weather events such as floods,
droughts, cyclones, hail storm, thunderstorm,
heat and cold waves have been increasing. Time
tested save and grow technologies  such as
conservation agriculture, in-situ production and
use of alternative sources of organic production
inputs as well as reduction in post-harvest losses
and wastages are some of the adaptable green
technologies for bringing sustainability in
production of the crops. A serious effort has
been recently put into force by Government of
India to increase the agricultural growth rate to
4%, which is lingering around merely 2.7
percent. Considerable amount of workforce is
engaged in agriculture and allied sectors. Indian
agriculture has witnessed many milestones
including the significant jump in agricultural
productivity and production since inception of
first ever green revolution. 

The Chhattisgarh state as well is facing the
challenge of sustaining its rapid economic

growth while dealing with the threat of climate
change (Fig. 1). Regional climate change is now
being felt by common person in the
Chhattisgarh as well. Rainfall quantum is
decreasing and the distribution is changing in
many districts in Chhattisgarh. The monsoon
onset is delayed by 8-10 days and the winter is
also delayed. This demands adjustments in
sowing time and other crop operations. Climate
change may alter the quality of  natural
resources and adverse¬ly affect the livelihood of
its people. The state econo¬my is closely tied to
its natural resource base and climate-sensitive
sectors such as agriculture, water and forestry
may face a major threat because of the projected
changes in climate. Therefore, it is required to
adapt to climate change and secondly, to further
enhance the ecolog¬ical sustainability by
adoption of climate smart agriculture.  Achieving
a world with healthy people and healthy
ecosystems requires changes in the way that
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Fig. 1. Chhattisgarh state and its agro-climatic
zones



people interact with the environment. The crop
and livestock sectors use 70 percent of all water
withdrawals and, together with forestry, occupy
60 percent of the earth’s land surface.
Agriculture accounts for approximately 30
percent of total greenhouse gas emissions and
is projected to be a significant source of future
emissions growth (IPCC, 2007). Therefore
climate change mitigation, watershed protection
and biodiversity conservation – particularly
agricultural biodiversity is very important.

Resilience is defined as "the capacity of an
ecosystem to tolerate disturbance without
collapsing into a qualitatively different state that
is controlled by a different set of processes. A
resilient ecosystem can withstand shocks and
rebuild itself when necessary. Resilience in social
systems has the added capacity of humans to
anticipate and plan for the future." Resilience is
conferred in human and ecological systems by
adaptive capacity. There is need to work for
climate-smart agriculture for ensuring
sustainability in production and consumption
systems. Climate smart technologies can provide
multiple benefits such as more sustainable
resource use, reduced greenhouse gas
emissions, enhanced resilience and reduced food
waste and losses, while at the same time
increasing productivity and profits for farmers,
and contributing to national food and nutrition
security. Climate resilience can be generally
defined as the capacity for a socio-ecological
system to (1) absorb stresses and maintain
function in the face of external stresses imposed
upon it by climate change (Folke, 2006). It can
also be defined as to adapt, reorganize, and
evolve into more desirable configurations that
improve the sustainability of the system, leaving
it better prepared for future climate change
impacts.  

Promoting knowledge based agriculture and
natural resources management (NRM) is key in
mitigating climate change and bringing in the

sustainability in production systems. It is highly
knowledge based as NRM is different for
different farmers and a single package can not
be provided to all farmers as is the case with
fertilizer or insecticide. It is needed to increase
radically the use of knowledge-intensive
management strategies in all production
systems. 

In the rice based cropping system, it is must
to have an indepth knowledge about relevant
features. Farmers traditionally impound water in
the bunded rice fields upto 40-50 cms depth.
The method of rice cultivation is broadcast biasi
system in which rice seeds are broadcast in the
field with first showers of monsoon and fields are
ploughed in the standing crop after 30-40 days
when sufficient water is accumulated in the
fields. This operation is called biasi. As the rice
fields are not puddled, the percolation losses are
very high and drought is a recurring feature in
this area limiting the rice productivity to 1.4
tonnes per ha.   Traditionally rice is grown under
continuous flooded condition and requires
1500-2000 mm water (Kandaih 1985). A
feasible strategy is to alleviate this limittaion is to
harvest excess rainwater in a farm pond or OFR
(On Farm Reservoir) during wet season and use
conserved water for crop production in both wet
(as insurance against drought)  and dry seasons
by adopting suitable crop and copping systems
(Rathore et al. 1996). 

Mahasamund district is spread out in an area
of 4970 sq.  Kms. In the central-east of the
state. The district lies between 20° 31' latitude
and 82°00' to 83°15' E longitude surrounded by
districts of Raigarh and Raipur of Chhattisgarh
state and Nawapara and Bargarh districts of
Orissa. This district was formed in July 1998
and it is having  population of 1032754 as per
Census 2011. Rice, wheat and Kodo-kutki are
the three main crops of this district however rice
crop in kharif season is the pre-dominant crop
covering acreage of 262841 hectares. Among
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pulses, urad, lathyrus and mung-moth are the
main crops and groundnut and mustard are the
main oilseed crops. Based on the visual
observation in the operational area, the crop is
being sown during the last week of June to mid
July and under transplanted condition, seedlings
were 30-40 days old when transplanted. The
major rice varieties grown are MTU-1010,
Mahamaya, MTU-1001, Karma Mahsuri and
Swarna. Out of the entire rice grown area in this
district,  about 75-80% area is under broadcast
sown method and rest area is under
transplanting method of sowing.

Under changing agricultural scenarios and
availability of improved techniques of weather
information, it is desireable to utilize the weather
parameters as agricultural resource for the input
saving, pests disease management and yield
improvement. It has been argued that mere
presence of physical inputs is not sufficient to
conclude that improved climate inormation
would  have economic benefits. For benefits to
occur, economic systems need to possess the
flexibility to utilize improved information and
farmers need to be innovators in utilizing these
improved information. Furtherm it has been
argued that characteristics of climate forecats
such as lead time and accurcay affect the value
of forecast system. Agriculture in India is a
gambling with monsoon. Under such
circumstances, the farmers are unaware of the
future behaviour of monsoon for making
decisions in their day to day agricultural
operations. Farming community needs to be
advised in time by producing custom-tailored
weather forecasts to initiate suiatble measures to
increase the production and to minimize  the
impact of unfavouranble weather on agriculture.
The major objective of AAS is to help the
framers in capitalizing prevailing weather
conditions in order to minimize the resource use
and to minimize the loss due to harsh and
aberrant weather conditions (Venkataraman,
2004). Agromet advisory services is a vital tool

which provides the valuable information about
all agricultural operations from land preparation,
sowing to harvest based on weather forecasting.
In this, weather is a key element which controls
the success of failure of agricultural crop
productivity. The main aim of agro-advisory
services is to conserve the natural resources
effectively and call for minimizing the weather
hazards.  It is afact that AAS can be modified or
may be the agricultural operations can be
reoriented to the forthcoming week (3-10 days
forecast). Accurate and timely forecsat of rainfall
patterns and other weather variables continued
to be a major challenge for scientific community.
The emerging ability to provide timely, skillful
weather forecasts offers the potential to reduce
human vulnerability  to weather vagaries
(Hansen, 2002). Therefore nay forecast on
weather would have tremandous benefits in
terms of management of the negative impacts
of vagaries of weather. 

Methodology adopted

In co-ordination with DDA Mahasamund
(ATMA farmers) -5901 farmers are covered in
Mahasamund district in blocks Baghbahra
(1198) farmers,    Mahasamund (1435 farmers),
Basna (1227 farmers),  Pithora (1135 farmers)
and Saraipali  (906 farmers).. Flow chart for
MMAS preparation and dissemination is shown
in Fig. 2. The main objective of  text messaging
for the farmers is  faster dissemination and real
time providing of micro-level advisories in gist
through ICT including weather based agricultural
operations for different crops.  Micro-regional
advisories are prepared based on blocklevel 5-
day-forecast available in IMD website
www.imd.gov.in, feedback received from FIFs
about current weather conditions. Text
messaging are being issued to the farmers of
Mahasamund block of same district in
collaboration with Agricultural department and
KVK Mahasamund. Farmers under ATMA
project of NICRA district  and domain villages
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farmers of Malidih and Jhalkhamaria
(Mahasamund block) are covered in this NICRA
project for issuing micro-level advisories
dissemination. Farmers are gaining significantly
benefits by utilization of weather based agro-
advisories and saving weather sensitive inputs
viz. fertilizers, pesticides etc. Bulk messaging of
gist of agro-advisories is being transmitted by
Kisan portal and some of the messages sent to
the farmers are listed below (both in Hindi and
English). About  124 farmers of  Malidih and
Jhalkhamaria villages are selected for
dissemination. In co-ordination with DDA
Mahasamund  (ATMA farmers) -5901 farmers
are covered in Mahasamund district in blocks
Baghbahra   (1198) farmers,    Mahasamund
(1435 farmers), Basna (1227 farmers),  Pithora
(1135 farmers) and Saraipali  (906 farmers).
NICRA Advisories are displayed on white boards
in both the villages for having a look by farmers.
Flow chart for MMAS preparation and
dissemination is shown  in Fig. 2.  On the basis
of feedback received from farmers, it has been
found that farmers are making use of MAAS in
epidemic management and adjusting farming
opertaions as per block level forecast. 

Results and Discussion

The economic benefits obtained by the
framers following the agromet advisories have
been evaluatted for the period 2016-17.
Acording to them, the need for agromet
advisories on field operations, crop prospects
and avaoidance of pests and diseases under

adverse environmental conditions is essential.
Success stories and economic benefit accrued by
the farmers which are reflected in final yield are
also documented. 

(a) Success stories in NICRA domain
villages  under NICRA-AICRPAM project,
Centre-Raipur 

01. Farmer name : Saurabh Sharma,
village Jhalkhamaria (cell no. 77719-
42049)

Farmer total holding size is 8 acres. Farmer
has got the polyhouse in one acre area. Total
cost of polyhouse was 60 lakh rupees out of
which he got the subsidy of Rs. 30 lakhs  under
the state govt. scheme. Moreover   farmer   is
very   energetic    and responsive particularly
after implementation of NICRA-AICRPAM
project. According  to him, he  is  very much
interested  in the weather information provided
to the village farmers  provided   through
MAAS (Micro-level Agro-advisory Services
information) provided through bulletins and he
is utilizing this information in vegetable
cultivation like Okra. Moreover, farmer is also
growing maize in 4 acres of land  and advisories
regarding plant protection, water management
and farm operations have proved to be highly
beneficial for him from time to time. Problems
faced in the crop are thrips and mites and
farmer is making use of  weather based agro-
advisories issued by Dept. of Agrometeorology
in co-ordination with KVK Bhalesar
Mahasamund. Out of polyhouses, farmer is
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Fig. 2. Flow chart of NICRA -AICRPAM micro-
level dissemination



selling 100-120 bunch of flowers per day since
February 2016 and rate of ornamental flower
can go upto  Rs. 150 per bunch. His gross
income in about a span of 2 months from
ornamental flowers came out to be Rs. 3.0
lakhs.  Moreover farmer is utilizing weather
information in marigold cultivation.

02. Shri Dhan Singh Dhruw, Village
Jhalkhamaria (Cell no. 97537-82177)

Farmer is having 5 acres of land and that too
on lease basis. Farmer is very much interested
in vegetable cultivation and he is growing mainly
two crops i.e. cowpea and bottlegourd. In
cowpea, vegetable  sowing was done in  June
and he has plucked about 4 quintals of cowpea
in one acre which has fetched him a variable
price of Rs. 12-35 per kg. which largely met his
domestic requirements and generated livelihood
for him. In addition to it he met his domestic
vegetable requirement out of this production.
According to farmer he is utilizing micro-level
agro-advisories in his operational farm
management particularly for plant protection
and water management which have largely
helped him in reducing the cost of inputs and
increasing the production. Moreover the farmer
has taken bottlegourd in 0.15 acres which has
fetched him 15-16 quintals of bottlegourd selling
at Rs. 10-15 per kg. However the white fly is a
problem for vegetables for which effective
control measures should be given. 

03. Shri Nand Kumar Chandrakar (Cell
no. 97533-20587) village Malidih 

Farmer is having a land holding of 2.5 acres
of land and in this land holding he has taken
Swarna variety of rice. He has followed
broadcast biasi method of rice cultivation.
Farmer is applying fertilizer dose as per package
of practices. Farmer has largely followed the
NICRA Micro-level advisory services and very
much interested in weather forecast provided.
Farmer is also applying organic manures i.e.
poultry manures and zinc sulphate.  In this land,
he has produced  approximately 70 quintals of
paddy which can be taken as significant return.
According to farmer from time to time through
following advisories and through information
provided by Shri Govind Patel, FIF he has
effectively managed stem rot, BLB and yellow
stem borer.

(b) Economic Impact case studies for
NICRA domain villages (as per format
provided by PC unit, CRIDA, Hyderabad):

Some of the ceconomic impact studies have
been undertaken as per the format provide by
Project Co-ordinating Unit. Economic impact
studis have been undertaken on the crops like
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Date Crop Fore-
cast

AAS Act-
ual

Action Taken
by farmer

Loss/Profit 
(per acre)

Remark

1. Farmers Name -  Ramlal Patel , Village -   Malidih

14.07. 2016 Paddy 0.5 In transplanted rice to control narrow
leaf weeds, apply Butachlor @ 1.5kg a.i
per ha.+500 liters of water or Oxadygril
@ 70 gram a.i. within 3 to 7 days of
planting. In direct seeded/broadcast
rice, Pyrazosulfuron (10% WP) @ 25
gram a.i. +500 liters of water can be
used within 5-7 days for control. Rice
crop which has reached 20-25 days of
age apply Bispyribac 25 gram a.i/ha
dissolved in 500 litre of water for
control.

0.0 After
transplanting
herbicide
(Pyrazosulfuron
Ethyl 10 % WP)
applied by
farmer.  

1200

20.8.2016 32.0 Attack of thrips and cutworm caterpillar
insects is being observed. For these
insects, chemical control is
recommended. For control of thrips,
Imidachloprid @ 1 ml/ 4 litre of water
and for control of cutworm
Chlorpyriphos @ 2 ml/ litre of water is
recommended during evening hours.

6.0 Insecticide
(Cartap
hydrochloride
4% Gr ) applied
by farmer to
control stem
borer. 

900

17.09.2016 9.0 Bacterial Leaf Blight (BLB) in rice fields
can be controlled by draining off water
from rice fields. After 3-4 days, 25 Kg.
Potash per hectare can be broadcast for
control. 

18.0 Fungicide
(Tebuconazole
25.9 % EC)
applied by farmer
Validamycin is
an antibiotic and
fungicide

1200

2. Farmers Name -  Ugrasen Patel Village -   Malidih

11.07.2016 Paddy 70 In transplanted rice, narrow leaf grass
and broad weeds should be controlled
by Butachlor @ 600 gram a.i. per acre
within 3 to 7 days of planting. 

0.5 After
transplanting
Apply Weedicide
(Pretilachlor
synthetic selective
herbicide)

800

24.07.2016 21.0 In transplanted rice to control narrow
leaf weeds, apply Butachlor @ 3.0 litres
per ha.+500 litres of water or Oxadygril
@ 80 gram a.i. or Pyrazosulfuron (10%
WP) @ 25 gram a.i. +500 liters of
water within 3 to 7 days of planting.

0.0 Apply  brod leaf
Weedicide 2,4-
Dichlorophenoxy
acetic acid .

1000

18.09.2016 7.8 Short duration rice is in flowering stage
and if 50% of flowering may occur then
farmers are advised for application of
third does of Nitrogen fertilizer. 

0.0 Applied
nitrogenous
fertiliser for good
growth of plant 

1300
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Date Crop Fore-
cast

AAS Act-
ual

Action Taken
by farmer

Loss/Profit 
(per acre)

Remark

3. Farmers Name - Mehtar Patel Village - Malidih

28.08 2016 Paddy 5.0 In those areas where the rainfall has
been deficit, there is possibility of
infestation of Cut worm in rice crop.
Therefore farmers are advised to keep
vigilant watch in that area. If cut warm
is observed in the field, spray
Dichlorovos @ 1 ml / liter of water and
apply 200 liter water in one acre area.
Apply 1 litre kerosene oil/acre in the
rice field and move along with a rope
from one side to another side. It will
help in killing of caterpillar of cutworm.

0.0 Immediate
spraying of
insecticide.
Cypermethrin is
a synthetic
pyrethroid used
as an insecticide 

1000

03. 10.16 21.0 Symptoms of sheath blight in rice crop
are dusty spots on rice stems and spots
surrounded by violet colored patches.
Farmers should spray Hexacabozole
fungicide @ 1ml/ litre of water on the
affected parts. If necessary, spray
should be repeated after 12-15 days.

11.1 Fungicide
(Tebuconazole
25.9 % EC)
applied  by
farmer
Validamycin is
an antibiotic and 

1200

16.10.2016 0.0 In rice, panicle mite is being observed. It
is being observed as per dissolved grains
or chaffy grain and brownish patches
can be observed on stem. For its control
Propiconazole 2ml + Profenophos @
2ml per litre can be sprayed per hectare
mixed in 500 litres of water

0.0 Use Chemical for
good yield
Propiconazole
2ml

1500

4. Farmer's Name - Harisankar Patel Village - Malidih                    

09.08.2016 Ground-
nut 

15.0 For control of rodents bunds should be
kept clean, width of the bunds should be
kept minimum 30 cms for better
management. If the infestation is more,
all the pits /holes should be closed.
Next day in the open holes grains and
mustard oil/should be mixed and
dropped in the pits for continuous 5
days. From sixth day onwards 25 gram
zinc phosphide @2.5% + 25gram of
mustard oil should be mixed with 950
grams of grains. Small round pallets of
this mixture should be prepared and
dropped in these pits

19.0 Farmer apply  in
field zinc
phosphide for
control of rodents
.

2500
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Date Crop Fore-
cast

AAS Act-
ual

Action Taken
by farmer

Loss/Profit 
(per acre)

Remark

5. Farmers Name - Ganesh Sahu Village - Jhalkhamaria 

18.07.2016 Paddy 0.1 In the districts where there are chances
of rainfall, the direct seeding of rice
crop should be done. In case the
rainless situation stretches then biasi
should not be done. After germination,
weedicides like previtaclore should be
sprayed and farmers are advised to
make arrangement for the weedicide

0.0 Apply Weedicide
(After
transplanting
Pretilachlor
synthetic selective
herbicide) 

900

05.08.2016 33.0 If the rice crop is in 25 day old in
broadcast biasi method and there is
impounding water of 5-10 cm, then
biasi operation should be performed.
Weeding and Saghan chalai should be
done immediately after biasi maintain
150 plant population/m2.  

32.0 As pre
requirement
farmers done
saghan Chalai 

1200

15.11.2016 0.0 Late maturing varieties of rice are likely
to be affected by cutworms. In the fields
with rice crop reaching physiological
maturity there may be observation of
affected panicles. In the affected fields,
Malathion insecticide should be sprayed
@ 100 ml dissolved in 500 litres of
water per ha. Spray should be done in
the afternoon.

0.0 Immediate
spraying of
insecticide
Trikaal-Trizophos
40% ECW 

1300

6. Balram Sahu, Jhalkhamaria

25.07.2016 Rice 8.0 Symptoms of sheath blight in rice crop
are dusty spots on rice stems and spots
surrounded by violet colored patches.
Farmers should spray Hexacabozole
fungicide @ 1ml/ litre of water on the
affected parts. If necessary, spray
should be repeated after 12-15 days.

22.0 Fungicide applied
as per advice
after cessation of
rains 

1200

16.8.2016 20.0 In the present scenario farmers are
advised to keep the water in
impounding state and complete planting
operation by 15 August. Impounding
condition should not be of more than 5
cm. If excess condition number of tillers
are affected. After 15 August, 3-4
seedlings/hill should be planted (if
planting delayed). 

0.0 Manage water
level in field and
proper
surveillance
though quick
control of stem
borer. 

1500

27.10.2016 0.0 At some parts, hoppers insects are
being observed. Crops should be
properly monitored and if insects are
being observed more than @ 10-15 per
plant then Buprofenzic @ 800 ml
should be sprayed. In case insects keep
multiplying after 15 days then Dineto-
furon @ 200 gram/ha mixed in 500
litre water should be sprayed preferably
in evening time in the lower parts.

0.0 Immediate
spraying of
insecticide
Buprofenzic @
800 ml

27.10.2016
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Date Crop Fore-
cast

AAS Act-
ual

Action Taken
by farmer

Loss/Profit 
(per acre)

Remark

7. Farmers Name - Dilip Druw Village - Jhalkhamaria 

20.07.2016 Rice 6.0 In transplanted rice to control narrow
leaf weeds, apply Butachlor @ 3.0 litres
per ha.+500 litres of water or Oxadygril
@ 80 gram active ingredient or
pyrazosulfuron (10% WP) @ 25 gram
active ingredient +500 liters of water
within 3 to 7 days of planting. 

0.0 After
transplanting
Apply Weedicide
(pyrazosulfuron
(10% WP)) 

800

16.08.2016 20.0 In those areas where the rainfall has
been deficit, there is possibility of
infestation of Cut worm in rice crop.
Therefore farmers are advised to keep
vigilant watch in that area. If cut warm
is observed in the field, spray
Dichlorovos @ 1 ml / liter of water and
apply 200 liter water in one acre area.
Apply 1 litre kerosene oil/acre in the
rice field and move along with a rope
from one side to another side. It will
help in killing of caterpillar of cutworm.

0.0 Farmer
immediate  apply
Insecticide
Dichlorovos for
control of
cutworm 

1300

09.09.2016 Short duration rice is in flowering stage
and if 50% of flowering may occur then
farmers are advised for application of
third does of Nitrogen fertilizer.

Applied
nitrogenous
fertiliser for good
growth of plant G

1500

rice and groundnut for NICRA domain villages
viz., Malidih and Jhalkhmaria. NICRA-
AICRPAM main mandate is to give quality, cost-
effective and practicable agro-advisories to
farmers for major cops. Accordingly, these case
studies have been undertaken among the
responsive farmers by random survey. 

Conclusions

The study has revelated that the information
gathered through agro-advisory services has
been very useful and helpful to the farmers. The
farmers have started taking interest in accessing
information on mangement of crops. The
rainfall and crops management have been the
major aspects on which farmers interested to get
information. Since the start of  programme,
sufficient number of farmers  have been found
to be benefitted through the micro-level agro-
advisory services dissemination. The agro-

advisories are to be provided in a sustainable
manner. Convergence of such type of
programmes with institutional setups viz., state
departments and Krishi Vigyan kendra technical
help can go a long way in imparting service to
the farmers.  Field Information Facilitators (FIFs)
can boost this poject by providing ready hand
information to the farmers and help them for
takind weather based farming decisions.  Co-
ordination with other stakeholders viz., state
department schemes like ATMA, state dept. of
agriculture and Dept. of Animal husbandry are
the other option through whioch dissemination
can recah a high point. 
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The meteorological parameters strongly
influence the physiological expression and
genetic potential of the crop hence play an
important role in deciding the success or failure
of the crop.Sowing date is variable with the
largest effect on crop yield. Planting date is an
important factor affecting soybean growth,
development, and yield (Zhang et al. 2010).

The number of days taken by D1 sown crop
for the maturity was highest and were gradually
reduced with delay in sowings D2 and D3. The
shortening of duration of various growth phases
in the late sown crop might be the reason of
reduction in total biomass. (Anil kumaret al.
2008). Delay in the sowing induced the early
flowering in the soybean crop, as the day length
increase along which increased temperature
because of the crop is determinant type with
short day length and thermosensitive plant and

its response to yield varies with variety of
temperature (Khobragade et al. 2016).

Materials and Methods

The investigation was carried out during
kharif season of 2016, on the experimental
farm, Department of Agricultural Meteorology,
Vasantrao Naik Marathwada KrishiVidyapeeth,
Parbhani (190161 N, 760 471 E and 409.0
MSL) with an objective to find out the
correlation between weather parameters on
different phenophases and yield of soybean. The
experiment was laid out in split plot design with
four sowing dates viz. 27th MW, 28th MW, 29th

MW and 30th MW as main plot treatments and
four soybean cultivars viz., V1 MAUS-158, V2
MAUS-71, V3 MAUS-81 and V4 JS335 as sub
plot treatments replicated thrice.

The 10 phenological stages from emergence
to harvest were recorded and for each stage
required specific number of days to attain that
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phase also recorded.The 10 phenological stages
are P1 Sowing to emergence, P2 Emergence to
seedling, P3 Seedling to branching, P4
Branching to Flowering, P5 Flowering to pod
formation, P6 Pod formation to grain formation,
P7 Grain formation to pod development, P8 Pod
development to pod containing full size grain,
P9 Pod containing full size grain to dough stage,
P10 Dough stage to maturity. Simple
correlations were worked out between weather
parameters and resulted crop growth yield of
soybean to work out parameters that affect
qualitative relationship between them. 

Results and Discussion

Effect of dates of sowing and varieties
on growth parameters : The data on plant
heightpresented in (Table 1) indicated that the
mean plant height was influenced significantly
by different dates of sowing. The crop sowed in
D1 (MW 27) recorded highest plant height than
other treatments and was significantly superior

over D3 (MW 29) and D4 (MW 30). But it was
found at par with D2 (MW 28). The cultivars V1
(MAUS 158) recorded significantly highest plant
height than other cultivars V3 (MAUS 81) and
V4 (JS 335) but it was found at par with V2
(MAUS-71).

The data onmean number of branches
presented in (Table 2) was influenced
significantly by different dates of sowing at all
stages. The highest number of branches
recorded in D1 (MW 27) was significantly
superior over D3 (MW 29) D4 (MW 30) Sowing
dates and it was found at par with D2 (MW 28).
The cultivars V1 (MAUS 158) recorded highest
number of branches than other cultivars V3
(MAUS 81) and V4 (JS-335) but it was found at
par V2 (MAUS-71).

The data pertaining toMean number of pods
plant-1 presented in (Table 3) was significantly
highest in treatment D1 (MW 27) and was
significantly superior over other dates D1 (MW
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Table 1. Mean periodical plant height (cm) of soybean as influenced by different treatments

Treatment Days after sowing At 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– harvest
15 30 45 60 75 90

Date of sowing
D1 (MW 27) 8.47 22.29 33.26 41.58 45.32 48.49 48.49
D2 (MW 28) 8.21 21.60 32.24 40.30 43.93 47.00 47.00
D3 (MW 29) 7.28 19.16 28.60 35.75 38.97 41.70 41.70
D4 (MW 30) 5.07 13.06 19.49 24.37 26.56 28.42 28.42
S.E. ± 0.17 0.45 0.67 0.83 0.91 0.97 0.97
C.D. at 5 % 0.51 1.33 1.98 2.47 2.69 2.88 2.88

Cultivar
V1 (MAUS 158) 7.66 20.11 30.02 37.52 40.90 43.76 43.76
V2 (MAUS 71) 7.30 19.14 28.57 35.71 38.92 41.65 41.65
V3 (MAUS 81) 6.87 18.02 26.89 33.62 36.64 39.21 39.21
V4 (JS-335) 7.20 18.84 28.12 35.15 38.31 40.99 40.99
S.E. ± 0.15 0.40 0.60 0.75 0.81 0.87 0.87
C.D. at 5 % 0.45 1.19 1.77 2.22 2.42 2.58 2.58

Interaction (DxV)
S.E. ± 0.30 0.80 1.20 1.49 1.63 1.74 1.74
C.D. at 5 % NS NS NS NS NS NS NS
G.Mean 7.26 19.03 28.40 35.50 38.69 41.40 41.40



27), D2 (MW 28) and D3 (MW 29). The variety
V1 (MAUS 158) recorded more pods than other
varieties it was significantly superior over V3
(MAUS 81) but it was found at par with cultivars
V2 (MAUS-71) and V4 (JS 335).

Effect of sowing dates and varieties on
soybean yield : The data regarding seed yield
given in (Table 4) was significantly influenced by
different treatmentscrop sowed in D1 (MW 27)
recorded highest seed yield (i.e. 3021 kg ha-1)
and found to the significantly superior overother
sowing dates D1( MW 27),  D2 (MW 28) and D3
(MW 29). Among the varietal treatment, variety
V1 (MAUS 158) produced highest grain yield
(i.e. 2611 kg ha-1) and found significantly
superior over cultivars V3 (MAUS 81) and V4 (JS
335) whereas it was at par with V2 (MAUS 71).

In case with stalk yield crop sowed in D1
(MW 27) recorded highest stalk yield (i.e. 2639
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Table 2. Mean number of branches plant-1 of soybean as
influenced by different treatments

Treatment Days after sowing At 
––––––––––––––––––––––––––––– har-
30 45 60 75 90 vest

Date of sowing
D1 (MW 27) 1.60 3.13 4.87 5.41 5.95 5.95
D2 (MW 28) 1.56 3.07 4.78 5.31 5.83 5.83
D3 (MW 29) 1.49 2.92 4.54 5.05 5.54 5.54
D4 (MW 30) 1.43 2.80 4.36 4.85 5.33 5.33
S.E. ± 0.02 0.05 0.07 0.08 0.08 0.08
C.D. at 5 % 0.07 0.13 0.21 0.23 0.25 0.25

Cultivar
V1 (MAUS 158) 1.59 3.13 4.87 5.41 5.94 5.94
V2 (MAUS 71) 1.53 3.00 4.67 5.18 5.70 5.70
V3 (MAUS 81) 1.47 2.88 4.48 4.98 5.47 5.47
V4 (JS-335) 1.49 2.91 4.54 5.04 5.54 5.54
S.E. ± 0.03 0.06 0.10 0.11 0.12 0.12
C.D. at 5 % 0.10 0.19 0.29 0.33 0.36 0.36

Interaction (DxV)
S.E. ± 0.07 0.13 0.20 0.22 0.24 0.24
C.D. at 5 % NS NS NS NS NS NS
G. Mean 1.52 2.98 4.64 5.15 5.66 5.66

Table 3. Mean no. of pods plant-1 of soybean influenced
by different treatments

Treatment Days after sowing At 
–––––––––––––––––––––––– harvest
60 75 90

Date of sowing
D1 (MW 27) 23.60 41.60 60.80 60.80
D2 (MW 28) 18.83 36.83 56.03 56.03
D3 (MW 29) 16.08 32.62 51.81 51.81
D4 (MW 30) 11.00 22.80 43.00 43.00
S.E. ± 1.24 1.48 1.48 1.48
C.D. at 5 % 3.68 4.40 4.39 4.39

Cultivar
V1 (MAUS 158) 18.97 35.42 54.87 54.87
V2 (MAUS 71) 18.24 34.69 54.14 54.14
V3 (MAUS 81) 16.58 33.03 52.48 52.48
V4 (JS-335) 15.72 30.71 50.16 50.16
S.E. ± 0.655 0.97 0.97 0.97
C.D. at 5 % 1.94 2.88 2.88 2.88

Interaction (DxV)
S.E. ± 1.31 1.94 1.941 1.941
C.D. at 5 % 3.885 NS NS NS
G. Mean 17.37 33.46 52.91 52.91

Table 4. Mean seed yield (kg ha-1), straw yield (kg ha-1) and
biological yield (kg ha-1) of soybean as influenced
by different treatments

Treatment Seed Straw Biolo Har
yield yield gical vest 
(kg (kg yield index 
ha-1) ha-1) (kg ha-1) (%)

Date of sowing
D1 (MW 27) 3021 2639 5660 53.44
D2 (MW 28) 2515 2146 4660 53.94
D3 (MW 29) 2441 2162 4603 52.98
D4 (MW 30) 1741 1462 3203 54.25
S.E. ± 56.19 96.06 94.00 1.39
C.D. at 5 % 166.70 51.41 278.90 NS

Cultivar
V1 (MAUS 158) 2611 2033 4644 56.33
V2 (MAUS 71) 2454 2135 4589 53.53
V3 (MAUS 81) 2242 2090 4332 51.81
V4 (JS-335) 2412 2150 4562 52.94
S.E. ± 59.09 51.40 83.56 0.86
C.D. at 5 % 175.33 NS NS 2.57

Interaction (DxV)
S.E. ± 118.18 102.81 167.12 1.734
C.D. at 5 % NS NS NS NS
G. Mean 2430 2102 4532 53.65



kg ha-1) and found to be significantly superior
over other sowing dates D1 ( MW 27),  D2 (MW
28) and D3 (MW 29). Among the varietal
treatments, cultivars V4 (JS-335) produced
higher stalk yield (i.e. 2150 kg ha-1) and found
to be non-significantly superior over V1 (MAUS
158) i.e. (2033 kg ha-1).

The data regarding biological yield was
significantly influenced by different treatments
crop sowed in D1 (MW 27) recorded highest
biological yield (i.e. 5660 kg ha-1) and found that
the significantly superior over other sowing dates
D1 ( MW 27),  D2 (MW 28) and D3 (MW 29).
Among the varietal treatments, cultivars V1
(MAUS 158) produced higher biological yield

(i.e. 4644 kg ha-1) and found that the non-
significantly superior over V3 (MAUS 81) i.e.
(4332 kg ha-1).

Correlation between weather
parameters and phenophases of soybean:
The correlation studies were undertaken to
assess the impact of different variables prevailed
during the crop life for the various phenological
stages which were important in utilizing the
weather resources for the synthesis of yield are
considered. The correlation coefficient showing
degree of association between grain yield and
weather variables prevailed during various
phenophases of soybean. The data presented in
(Table 6 to 8) shows following observations.
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Table 5. Correlation coefficient between seed yield and weather parameters variables prevailed of V1(MAUS-158) cultivar of
soybean crop

Weather Phenophases of soybean
parameters –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

Rainfall (mm) -0.403* 0.757** 0.828** 0.427** -0.770** 0.015 -0.936** 0.714** 0.832** 0.778**
TMAX (°C) -0.755** 0.562** -0.462** -0.796** 0.917*8 0.452** 0.967** -0.895** -0.898** 0.484**
TMIN (°C) 0.195 0.619** 0.987** 0.234 -0.217 -0.078 -0.883** 0.948** 0.874** 0.960**
R. H. I (%) -0.877** 0.336* 0.790** 0.337* -0.938** 0.770** -0.795** 0.450** 0.903** 0.755**
R. H. II (%) 0.569** 0.378* 0.872** 0.660** -0.644** -0.360* -0.977** 0.911** 0.902** 0.841**
Evp (mm) 0.062 -0.193 -0.862** -0.521** 0.885** -0.183 0.945** -0.644** -0.981** -0.411**
B. S. S. (hrs day-1) -0.788** -0.740** -0.733** -0.778** 0.758** -0.420** 0.996** -0.906** -0.873** -0.831**
W. V. (km h-1) 0.981** -0.138 -0.595** 0.934** 0.688** -0.018 0.248 0.851** 0.795** -0.772**

Table 6. Correlation coefficient between seed  yield  and weather parameters variables prevailed of V2 (MAUS-71) cultivar of
soybean crop

Weather Phenophases of soybean
parameters –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

Rainfall (mm) -0.362* 0.739** 0.842** 0.459** -0.760** -0.034 -0.943** 0.713** 0.856** 0.796**
TMAX (°C) -0.783** 0.601** -0.473** -0.818** 0.902** 0.472** 0.978** -0.893** -0.918** 0.448**
TMIN (°C) 0.228 0.614** 0.989** 0.281 -0.221 -0.120 -0.862** 0.942** 0.885** 0.972**
R. H. I (%) -0.893** 0.333 0.819** 0.361* -0.953** 0.782** -0.781** 0.450** 0.910** 0.783**
R. H. II(%) 0.582** 0.382* 0.873** 0.693** -0.637** -0.405* -0.986** 0.912** 0.920** 0.861**
Evp (mm) 0.057 -0.180 -0.879** -0.551** 0.889** -0.135 0.936** -0.637** -0.984** -0.452**
B. S. S. (hrs day-1) -0.782** -0.752** -0.735** -0.807** 0.734** -0.377* 0.997** -0.909** -0.896** -0.835**
W. V. (km h-1) 0.971** -0.127 -0.591** 0.920** 0.713** 0.014 0.233 0.834** 0.822** -0.764**

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



The rainfall has been positively correlated
with seed yield at P2, P3, P4, P8, P9 and P10
however, it was negatively correlated at P1, P5
and P7 stages of V1 (MAUS-158), V2 (MAUS-
71), V3 (MAUS-81) and V4 (JS-335) of soybean
cultivars shown in table no. 21 to 24.

The Temperature maximum has been
positively correlated with seed yield at P2, P5,
P6, P7 and P10 however, it was negatively
correlated at P1, P3, P4, P8 and P9 stages of
V1 (MAUS-158), V2 (MAUS-71), V3 (MAUS-
81) and V4 (JS-335) of soybean cultivars shown
in table no. 21 to 24. The Temperature
minimum has been positively correlated with

seed yield at P2, P3, P8, P9 and P10 however, it
was negatively correlated at P7 stage of V1
(MAUS-158), V2 (MAUS-71), V3 (MAUS-81)
shown in table no. 21 to 24.

The Relative humidity I and Relative humidity
II has been positively correlated with seed yield
at P2, P3, P4, P8, P9 and P10 however, it was
negatively correlated at P5 and P7 stages of V1
(MAUS-158), V2 (MAUS-71), V3 (MAUS-81)
and V4 (JS-335) of soybean cultivars.
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Table 7. Correlation coefficient between seed  yield and weather parameters variables prevailed of V3(MAUS-81)  cultivar of
soybean crop

Weather Phenophases of soybean
parameters –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

Rainfall (mm) -0.370* 0.868** 0.705** 0.265 -0.882** -0.034 -0.970** 0.833** 0.831** 0.646**
TMAX (°C) -0.648** 0.487** -0.601** -0.684** 0.967** 0.472** 0.934** -0.963** -0.854** 0.607**
TMIN (°C) 0.018 0.761** 0.992** 0.166 -0.393* -0.120 -0.930** 0.992** 0.922** 0.905**
R. H. I (%) -0.902** 0.512** 0.728** 0.150 -0.922** 0.782** -0.898** 0.609** 0.953** 0.648**
R. H. II (%) 0.395* 0.542** 0.945** 0.550** -0.782** -0.405* -0.954** 0.968** 0.900** 0.735**
Evp (mm) 0.257 -0.384* -0.892** -0.367* 0.946** -0.135 0.990** -0.782** -0.989** -0.291
B. S. S. (hrs day-1) -0.663** -0.828** -0.843** -0.701** 0.857** -0.377* 0.989** -0.963** -0.820** -0.704**
W. V. (km h-1) 0.967** -0.332 -0.433** 0.976** 0.739** 0.014 0.435** 0.929** 0.711** -0.883**

Table 8. Correlation coefficient between seed  yield and weather parameters variables prevailed of V4(JS-335) cultivar of
soybean crop

Weather Phenophases of soybean
parameters –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

Rainfall (mm) -0.368* 0.787** 0.801** 0.396* -0.805** 0.009 -0.956** 0.757** 0.851** 0.750**
TMAX (°C) -0.741** 0.565** -0.518** -0.777** 0.929** 0.506** 0.968** -0.921** -0.901** 0.505**
TMIN (°C) 0.158 0.666** 0.995** 0.242 -0.280 -0.058 -0.890** 0.964** 0.902** 0.954**
R. H. I (%) -0.900** 0.394* 0.792*8 0.292 -0.947** 0.808** -0.825** 0.506** 0.929** 0.741**
R. H. II (%) 0.522** 0.437** 0.901** 0.648** -0.689** -0.379* -0.980** 0.936** 0.917** 0.823**
Evp (mm) 0.124 -0.249 -0.887** -0.492** 0.913** -0.166 0.959** -0.689** -0.991** -0.399*
B. S. S. (hrs day-1) -0.747** -0.781** -0.775** -0.775** 0.780** -0.394* 0.999** -0.932** -0.875** -0.796**
W. V. (km h-1) 0.975** -0.196 -0.542** 0.944** 0.725** -0.058 0.302 0.871** 0.788** -0.808**

*Significant at 5%, ** Significant at 1%
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Abstract
In the present study, the agroclimatic characterization of cotton crop under Parbhani district analysed to

detect the degree of characterization of Parbhani location from 1985-2014 year during 23th MW – 5th MW
of each year. The result revealed that temperature is variable and maximum temperature range 26.2-31.3°C,
minimum temperature range 13.7-21°C showed decreasing trend, morning relative humidity and afternoon
relative humidity showed continuous fluctuation, yearly total rainfall is most variable during 30 years only 8
year rainfall observed above normal and remaining years below the normal, mean bright sunshine hours 7.6
hrs, mean evaporation rate 5.1 mm and mean wind speed 5.6 kmph. However, overall Area, production and
productivity of cotton crop analysed and result showed that increasing trend up to 1998 then after reduced up
to 2007 and after increase continuous in area and production except last two years but last five years
productivity of cotton decreasing trend is noticed in Parbhani district. This will give an insight to the planners
to go further for micro-level analysis regarding sustainability and profitability of a particular crop and cropping
system. 

Key words: Weather parameters, Area, Production, Productivity 
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Cotton (Gossypium spp.) is one of the
important cash crops of India which is
subtropical crop grown in an area with rainfall
of 600 mm to 2500 mm. At least 500 mm (20

in.) of water (rainfall/ irrigation) is required to
produce a cotton crop during the season in a
constant and regular pattern (Doorenbos and
Pruitt, 1984). An agroclimatic characterization
of a region has been aim with determining
homogeneous areas. Characterisation of the
agroclimatic environment involves two types of
inventories. The first contains long term historic
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records of climatic elements. This set assist
extrapolation to comparable areas. The second
set contains the elements which vary during trial
periods, also called real time variables. This set
helps to interpret result of particular trials and
compare actual weather observations to long
term historic records (Oldeman, 1990). The
characterization part of this study includes
descriptions of the characteristics and graphing
of the patterns of precipitation, temperature,
evaporation, humidity, bright sunshine, wind
speed, climatic productivity indicators,
phenology of cotton crop. A special section is
dedicated to the use of a method of climatic
analyses to detect the degree of characterisation
a location. Climate characterization is very useful
for understanding the current occurrence of the
climate in the area for agricultural planning.

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
was 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). Weather Data and crop data were
collected during 1985-2014 from state
department of agriculture, statistical department,
Agricultural related websites, Department of
Agricultural Meteorology, V.N.M.K.V. Parbhani

etc. Processing of data were worked out here on
the basis of standard date of sowing
recommended for given crop by VNMKV,
Parbhani and the standard average duration of
cotton crop was 23th MW- 5th MW.

Results and Discussion

Parbhani district weather data during
1985-2014 of cotton crop : The weather
data in the Parbhani has been classified into
different years of the widely grown cotton crops
during 1985-2014 (23th MW – 5th MW). This
yearly data can help in planning the expansion
of thrust crops implementing projects to expand
areas under the crops currently grown or to
introduce new crops or their cultivars into the
new area in the suitable farming situations of
Parbhani. 

The relevant weather parameters data is
presented in Table 1 during 1985-2014 (23th

MW – 5th MW)) since last 30 years at Parbhani
district as given below.

Temperature ; The maximum and
minimum temperature is a basic and
indispensable weather factor for crop
production. Its quality largely determines the
variety and magnitude of agriculture production. 

The data revealed that the maximum
temperature was less to normal during pre
monsoon season and fluctuated in monsoon
season in Parbhani district. During kharif
season, maximum and minimum temperature
was below the normal. During rabi season,
maximum temperature was normal and
minimum temperature was more fluctuation in
Parbhani district. The maximum and minimum
temperature was fluctuating. 

During the years 1985 to 2014 highest and
lowest maximum temperature was recorded in
1987 and 1998, respectively. Whereas, the
highest and lowest minimum temperature
recorded in 1985 and 2000, respectively and
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the average mean maximum temperature
estimated (31.3°C) and average mean minimum
temperature (17.6°C) 

Relative humidity : The relative humidity
was most important weather parameter of crop
production. The mean yearly morning and
afternoon relative humidity recorded is
presented in Table 1 that both the morning and

afternoon relative humidity showed continuous
fluctuation during 1985 to 2014. During 2011
to 2014 mean morning and afternoon relative
humidity showed increasing trend to above
normal and rest of period it was less than
normal in Parbhani district. Afternoon relative
humidity during 1988 to 1993 showed
continuously decreasing trend and after 2007 it
increased in Parbhani.
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Table 1. Recorded Parbhani district weather data during 1985-2014 (23MW-5MW) of cotton crop

Year T.Max T.Min RH-I RH-II RF Bright Evapo- Wind 
(°C) (°C) (%) (%) (mm) sunshine ration speed

(hrs) (mm) (km hr-1)

1985-86 33.5 21.0 58 38 667.6 8.1 5.9 9.2
1986-87 32.6 17.8 52 31 607.8 8.5 6.1 9.5
1987-88 34.8 18.0 58 41 770.3 8.1 5.8 7.6
1988-89 32.4 17.3 63 48 1554.5 7.8 5.1 7.2
1989-90 32.2 17.6 53 35 1274.2 7.4 5.8 7.5
1990-91 29.5 17.1 61 43 1562.2 7.0 5.4 7.4
1991-92 32.2 14.6 46 26 700.7 7.5 5.7 7.0
1992-93 33.4 18.3 50 22 815.5 8.3 5.9 6.0
1993-94 31.1 16.6 54 14 786.9 7.9 5.6 6.2
1994-95 28.9 17.3 59 39 805 6.9 5.0 6.1
1995-96 31.7 18.6 53 36 703.8 7.9 5.2 5.2
1996-97 29.4 17.3 57 42 1018.2 8.0 5.1 5.4
1997-98 32.4 17.3 66 28 912.2 8.0 4.6 5.5
1998-99 26.2 13.7 60 31 1441.4 7.5 3.9 3.1
1999-2000 31.0 14.0 57 29 931.4 7.7 4.4 5.3
2000-01 32.4 13.4 52 35 822.5 8.1 4.6 4.7
2001-02 30.5 17.7 59 39 1143.1 7.5 4.3 5.0
2002-03 31.1 18.0 51 34 782.3 7.9 5.2 5.0
2003-04 30.8 18.2 53 36 734.8 7.9 5.2 5.0
2004-05 30.4 17.9 53 37 590.1 7.9 5.2 4.9
2005-06 30.3 17.7 54 38 1055.5 7.7 4.8 4.6
2006-07 30.0 18.9 56 39 925.4 7.6 4.8 4.6
2007-08 30.1 18.9 58 37 837.9 7.9 4.6 4.3
2008-09 31.3 18.9 67 54 692.5 7.0 5.0 4.4
2009-10 32.2 17.3 53 46 712.8 7.4 5.1 5.1
2010-11 31.4 18.5 59 51 953.7 7.0 4.4 4.3
2011-12 31.8 18.9 81 44 633 7.5 5.3 4.7
2012-13 31.9 19.4 79 46 683.2 6.8 5.1 4.3
2013-14 30.4 18.4 84 52 1175 6.3 4.4 4.2
2014-15 32.3 18.1 82 51 436.9 6.7 4.5 4.5
Mean 31.3 17.6 60 38 891.0 7.6 5.1 5.6

(Source: I.M.D., NDC, Pune and Dept. of Agril. Meteorology, VNMKV, Parbhani)



The highest and lowest morning relative
humidity was recorded in 2013 and 1991,
respectively. Where as, the highest and lowest
afternoon relative humidity was recorded in
2008 and 1993, respectively. The average
mean morning relative humidity estimated (60%)
and mean afternoon relative humidity (38%) in
Parbhani.

Rainfall : Rainfall weather factor was most
important for crop growth, development and
crop production. Information on the yearly total
rainfall for a location is helpful for crop planning,
cultivar selection, run off estimation,
determining crop water needs, and for designing
watersheds and ultimately irrigation system. The
rainfall distribution was on yearly basis with the
association variability for the Parbhani district
during 1985 to 2014 (23th MW – 5th MW) data
presented in Table 1. The normal rainfall of
Parbhani district is 963 mm. Total rainfall was
most variable in Parbhani district during 30
years only 8 year rainfall observed above normal
and remaining years below the normal.

The highest total rainfall and lowest total
rainfall recorded in 1990 and during 2014,
respectively while mean total rainfall was
recorded 891 mm in Parbhani district. 

Doorenbos et al. (1984) reported that at
least 500 mm of water is required to produce a
cotton crop. For water not to be limiting factor
to yield, cotton needs between 550 mm to 950
mm during season in consistent and regular
pattern.

BSS : The bright sunshine hours is a basic
and indispensable weather factor for crop
production its quality largely determine the
variety and magnitude of agriculture production.
The mean BSS corresponding yearly are
presented in Table 1. The data revealed that the
Bright sunshine hours was fluctuating observed
during 1985 to 2014. 

During 1985 to 2014 (23th MW – 5th MW)
years, the highest and lowest bright sunshine
hour was recorded in 1986 and 2013,
respectively. However, the average bright
sunshine hours estimated (7.6 hrs) in Parbhani
district.

Evaporation : The evaporation is a most
affected weather factor for crop production. The
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Table 2. Trends in Parbhani district Area, Production and
Productivity of cotton (lints) crop during 1985-
2014

Year Area Production Productivity
('00'ha) ('00'tonnes) (kg ha-1)

1985-86 2386 2121 888.9
1986-87 2475 858 346.7
1987-88 2536 1525 601.3
1988-89 2731 1128 413.0
1989-90 2564 1977 771.1
1990-91 2660 1307 491.4
1991-92 2801 3116 1112.5
1992-93 2687 2546 947.5
1993-94 2680 2890 1078.4
1994-95 2458 3116 1267.7
1995-96 2747 2546 926.8
1996-97 2624 2890 1101.4
1997-98 2752 1905 692.2
1998-99 2781 2818 1013.3
1999-2000 2743 1371 499.8
2000-01 2024 905 447.1
2001-02 2034 1797 883.5
2002-03 1935 1949 1007.2
2003-04 1847 2268 1227.9
2004-05 1980 1727 872.2
2005-06 1850 2216 1197.8
2006-07 1947 2988 1534.7
2007-08 1981 5445 2748.6
2008-09 2044 3610 1766.1
2009-10 2177 3437 1578.8
2010-11 2324 4048 296.0
2011-12 2405 4134 292.0
2012-13 2736 5480 341.0
2013-14 2659 705 361.0
2014-15 2736 2048 127.0
Average 2410.1 2495.7 894.4

(Divisional office (stat) Latur, Govt.of Maharashtra)



mean evaporation corresponding yearly was
presented in Table 1. The data revealed that the
evaporation was fluctuated monsoon season in
Parbhani district. The evaporation rate was
decreasing in trend during 1985 to 2014. 

During the year 1985 to 2014, the highest
and lowest evaporation was recorded in 1986
and 1998 respectively. The average evaporation
estimated (5.1 mm) in Parbhani district.

Wind speed : The wind speed is a most
affected weather factor for crop production. The
mean wind speed corresponding yearly was
presented in Table 1. The data revealed that the
wind speed was normal during pre monsoon
season and fluctuated in monsoon season in
Parbhani district. The wind speed was
continuously decreasing in trend during 1985 to
2014. 

Highest and lowest wind speed recorded in
1986 and 1998 into Parbhani district,
respectively. During crop growing environment
weather parameter was fluctuate year wise. The
average wind speed 5.6 kmph. 

Area, Production and Productivity of
cotton crop in Parbhani district during
1985-2014 : Cotton is the principal
commercial crop of the Parbhani district. It is
cultivated in more than 2.0 lakh ha. Though
productivity trends of the crop show large
variability there has been a constant increase in
its area and production chiefly due to the
introduction of Bt cotton, market forces and
partly due to vagaries in the temporal
distribution of monsoon rains. In early dry spells
of the rainy season more area sown for cotton
showed relative drought tolerance. The area
earmarked to other crops which are moisture
sensitive, are brought under cotton. Apart from
the spatial and temporal distribution of rainfall,
insect pest damage is another important
parameter that affects cotton productivity in
Parbhani district. 

Abundance resource of poor farmers whom
cotton cultivation was dependent on the vagaries
of monsoon. The unpredictability of rainfall and
high element of risk leads to low input usage.
Cotton is mainly grown on shallow and medium
deep soils, which have low available water
holding capacity and are highly erosion prone.
Most of the rainfall is received during July and
August in short and heavy spells resulting in high
runoff and soil loss, 40-80% of the rain water
goes unutilized in the absence of proper soil and
water conservation measures. Abiotic adversities
like cloudy weather, water logging during initial
stages and moisture stress at later stages
aggravate physiological shedding of buds and
bolls. Jassids and bollworms are the major pests
of cotton. Unfavourable weather conditions
affect the timely pest control in the early stages
of the crop. Infection by powdery mildew and
bacterial blight diseases cause premature crop
cessation and reduction of yield. 

There is ultimate target of increasing the
productivity of cotton field crops in Parbhani.
Overall area, production and productivity trends
are shown in table 2 for the cotton field crops.
Cotton crop continuous increasing trend up to
the 1998 then after decrease up to 2007 and
after increase continuous in area and production
but last four years productivity of cotton
decreasing trend is noticed in Parbhani district.
This will give an insight to the planners to go
further for micro-level analysis regarding
sustainability and profitability of a particular crop
and cropping system.   

Area : The net sown area of different years
of the widely grown crops over 30 year data can
help in planning and expansion of thrust crops
implementing projects to expand areas under
the crops currently grown or to introduce new
crops or their cultivars into the new area in the
suitable farming situations of Parbhani. 

Crop sown area data presented in Table 2.
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Area under Cotton crop continuous increasing
in trend up to the 1998 than after decrease up
to 2007 and again increase continuous area up
to 2014 in Parbhani district.

The highest and lowest sown area of cotton
crop recorded in 1991 and 2003, respectively.
The average area estimated during 1985-2014
was (241010 ha) in Parbhani district.

Production : The production of cotton crop
in the Parbhani district was recorded into
different years of the widely crop production
during 1985-2014. Crop production data
presented in Table 2. The highest and lowest
mean production of cotton crop recorded in
2012 and 2013, respectively. Whereas average
production estimated during 1985-2014 is
(249570 tonnes) in Parbhani district.

Productivity : The Productivity of cotton
crop in the Parbhani district was recorded into
different years of the widely crop Productivity
during 1985-2014 total 30 years data. Crop
Productivity data presented in Table 2.
Productivity of Cotton crop continuous more
fluctuated trend during 1985 to 2014 in
Parbhani district. Last five year (2010-2014)
lowest productivity of cotton crop was recorded
in Parbhani district and also during 1986 to

1990 comparatively low productivity observed
due to inadequate rainfall into flowering to boll
development stage. 

The highest and lowest mean productivity of
cotton crop recorded in 2008 and 2014,
respectively. The total average productivity
(894.4 kg ha-1) was estimated during 1985-
2014 in Parbhani district. 

References
Doorenbos, J., and Pruitt, W. O. 1984. Guidelines for

predicting crop water requirements, FAO Irrigation and
Drainage Paper 24. The United Nations. Rome.

Emmanuel and Johnson L. 2013. Assessing relationship
between weather parameters on cotton yield
production-A case study of Ukiriguru in Mwanza
region,Tanzania. Department of meteorology, Nairobi.

Gajbe M. V., Lande M. V. and Varde S. B. 1976. Soils of
Marathwada. Journal Maharashtra Agric. Univ. 1(2-6):
55-59.

Cunillera, J. and Llosat, M. C.  1996. Application of remote
sensing and multivariate analysis to the Agroclimatic
Characterisation of Mediterranean region. Theoretical
and applied Climatology 57, 197-208

Jalota, S. K., Sood, A., Buttar, S. K. and Sidhu, S. 2006.
Simulating effect of temperature on growth and yield
of Bt cotton under semi-arid conditions of Punjab.
ISPRS Archives XXXVIII-8/W3 Workshop
proceedings: Impact of climate change on agriculture.

Oldeman, L. R. 1990. An agroclimatic characterisation of
Madagascar. ISRIC, Wageningen, technical paper 21.

Journal of Agriculture Research and Technology 575

______________



Chickpea (Cicer arietinum L.)is one of the
most important Rabi pulse crop in India comes
under family Leguminoceae.  Chickpea is also
known as channa, garbanzo bean etc, Chickpea
is native of Asian plant species grown as a Rabi
season crop throughout tropical and subtropical
Asia, North Africa, South Europe  Central
America and Southern U.S.A Chickpea is the
most important rabi pulse crop sharing hectare
next to pigeonpea in India makes up for 20 per
cent of the world pulse production. Fusarium wilt
caused by Fusarium oxysporum f. sp. ciceri

(Padwick) Snyder and Hans is a soil and seed
borne pathogen colonizing the xylem vessels
and blocking them completely to affect wilting
(De et al., 1996). The Soil borne fungus was
described for the first time from India by Butler
(1918). The fungus survives in soil in the form
of spores, chlamydospores and mycelia. The
pathogen is soil borne, facultative saprophyte
and can survive in soil up to six years in the
absence of susceptible host (Haware et al.,
1986) Considering, the importance of pathogen
/ disease in the state. The losses incurred in the
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Abstract
Fungicides are intended to protect crops, they may affect non target organisms and contaminate soil

environment resulting in alterations the equilibrium of soil processes for shorter or longer period. The observed
changes in the soil activity depend on the intensity and spectrum of activity as well as persistence of the
chemicals. Global drive for sustainable agricultural systems involve optimizing agricultural resources to satisfy
human needs and at the same time maintaining the quality of environment and sustaining natural resources.
Tricoderma sp.are free living fungi that are common in soil & root ecosystems. They are highly interactive in
root, soil & foliar environments & produce a variety of compounds that include localized & systemic resistance
responses in plants. Chickpea is an important pulse crop of India. It’s productivity is quite low due to several
biotic and abiotic stress. Among the biotic stress diseases are the major constraints. Wilt causes by Fusarium
oxysporum f. sp. ciceri has been considered as devastating one to cause up to 20-100 per cent loss in yield
every year. For eco-friendly and sustainable management of the disease the experiment was conducted to
evaluate efficacy of fungicide, bioagent and plant extracts against Fusarium oxysporum f. sp. ciceri in vitro
conditions. Results indicated that all the fungicides, bioagents and plant extracts evaluated in pot experiment
significantly increased per cent wilt control and decreased wilt incidence over untreated control. The seed
treatment with Carbendazim + Thiram (0.2 % each) combination was found significantly superior in connection
with per cent wilt control (79.60%), wilt incidence (17.40%), vigour index (1455) and dry matter (21.32 g/5
plants ) over the rest of  the treatment. The second, best seed treatment was found with Carbendazim (0.2%)
towards increased wilt control by (75.86%) and reduced wilt incidence by (20.61%).  The seed treatment of
bioagents P. fluorescence + T. viride was found effective against Fusarium wilt in respect of wilt incidence
(29.44%),percent  disease control (65.51%), vigour index  (1037.33) and  dry matter (18.3g/5 plants). Among
two phytoextracts, Tulsi was found superior in reducing wilt incidence by 41.60 per cent and per cent disease
control by 50.87 per cent. In the present study, fungicide Carbendazim, bioagents P. fluorescence + T. viride
and phytoextracts Tulsi proved infection of pathogen and in improving germination. Therefore Carbendazim,
P. fluorescence + T. viride and Tulsi could be used for reducing  fungi and increasing germination.
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farmer’s field and the problem has increased in
past 5-6 years with heavy economic losses.
Therefore it was felt necessary to investigate on
disease problem with objectiveto evaluate
efficacy of fungicides, bioagents and plant
extracts against Fusarium oxysporum f. sp.
ciceri in vitro condition.

Materials and Methods

Isolation : Chickpea plants, naturally
infected and wilted with typical symptoms of wilt
were collected from farmer’s field and brought
to the laboratory. All samples collected from
different locations were subjected to the isolation
on PDA in laboratory. The roots and stem of
infected plants were washed in tap water to
remove adhering soil particles, if any and root
bark is removed before isolation to avoid
contamination. The roots and stem were split
open and small bits (2.5 mm) were cut with
sterilized sharp blade. These bits were then
disinfected with aqueous solution of mercuric
chloride (0.1%) for a minute and then bits were
washed thoroughly in sterile distilled water thrice
to remove the traces of mercuric chloride if any
and aseptically transferred on PDA  media in
Petri plates and incubated in B.O.D. at 27+1°C
for 5 days. Fungal growth in plate was examined
and then sub- cultured on PDA slant. By

frequent sub-culturing, it was purified and
maintained on agar slant for further studies. On
the basis of morphological and cultural
characteristics, the pathogen involved in
chickpea wilt was identified as F. oxysporum f.
sp. ciceri.

Pathogennicity : Pathogenicity of the
organisms were confirmed by different
inoculation techniques in earthen post under
glass house condition by using susceptible
cultivar JG-62 by applying Koch’s postulates.

Soil inoculation : Mass culture of the test
pathogen Fusarium spp. were prepared in
Potato dextrose broth and pots containing
sterilized soil (@2.5 g 100-1 g of soil). Then
seeds of chickpea Cv. JG-62 were sown (10
seeds pot-1) and observation on germination and
seedlings mortality were recorded.

Seed inoculation : Mass culture of the test
pathogen Fusarium spp. were prepared in
Potato dextrose broth and inoculums (105-106
propagules ml-1) were loaded on seed surface
with the help of vacuum pump. Then seeds of
chickpea Cv. JG-62 were sown (10 seeds / and
observations on germination and seedlings
mortality were recorded.

Stem inoculation :Mass culture of the test
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Treatment details

Treatment Treatment details Dose Method of application
code

T1 Carbendazim 50WP@ 0.4% 4 g kg-1 Seed treatment
T2 Carbendazim 50WP@ + Thiram 75 WP @ 0.2% each 4 g kg-1 Seed treatment
T3 Propiconazole 25 EC @ 0.1% 1.0 ml kg-1 Seed treatment
T4 Hexaconazole 5EC @ 0.2% 2.0 ml kg-1 Seed treatment
T5 Difenconazole 25EC @ 0.1% 1.0 ml kg-1 Seed treatment
T6 T. viride @ 0.6% 6 g kg-1 Seed treatment
T7 P.flurescence + T. viride @ 0.6% each 10 g kg-1 Seed treatment
T8 Tulsi @ 10 % (Ocimum sanctum ) 50 ml kg-1 Immersion method\ soil application
T9 Neem @ 10 % (Azadirachta Indica) 50 ml kg-1 Immersion method\ soil application
T10 Control Without seed -

treatment



pathogen Fusarium spp. were prepared in
Potato dextrose broth and then seeds of
chickpea Cv.JG-62 were sown (10 seeds Pot-1).
After 15 days of sowing, stem inoculation were
done in which placed a droplet of fugal inoculum
(spore suspension) containing (105 – 106
propagules ml-1) on to the stem surface then
covered the plant with a polythene bag for 24
hours to prevent the droplet from drying out and
observations on germination and seedlings
mortality were recorded. In vitro evaluation of
fungicides, bioagents and plant extracts against
Fusarium wilt in Pot culture. To find out the
efficacy of fungicides, bioagents and plant
extracts against F. oxysporum f.sp. ciceri, a pot
culture experiment was planned and conducted
in the glass house by applying completely in the
glass house by applying completely randomized
design (CRD) with three replications, 10
treatments and a variety JG-62 of chickpea. The
cultures of bioagents (T. viride and P.
fluorescence) and test fungus (F. oxysporum f.
sp. ciceri) were multiplied. Earthen post (25 cm
dia.) were disinfected with 5% solution of copper
sulphate andsoil was sterilized with 5%
formaldehyde. Pots were filled with sterilized soil
and inoculated with test fungus. The seeds of
chickpea cultivar, JG-62 treated with fungicides
viz., Carbendazim 50WP, thiram 75 WP+
Carbendazim 50WP in combination,
Propiconazole 25 EC, Hexaconazole 5 EC and
Difenconazole 25 EC alone, two bioagents i.e.
T. viride and P. fluorescence were treated to
chickpea seeds and sown (10 @ seeds pot-1).
Two plant extracts Tulsi and Neem were applied
to soil in pots. The post were watered
periodically and kept in glasshouse for further
studies. Untreated seeds of variety JG-62 were
sown (10 @ seeds pot-1) in pots and inoculated
with test fungus served as untreated control.
Observations on per cent seed germination, per
cent wilt incidence, per cent disease control,
vigour indexand dry matter were recorded. The
details of experiment are as follows.

Root dip method : Seedling were raised in
earthen pot in the growth room. Two weeks old
seedling of chickpea wereuprooted and roots
washed gently in water and then dipped in the
appropriate inoculum suspension (1 x 106 CFU
ml-1) for 10 to 20 min. These seedlings were
then transplanted in the pots and incubated at
22 + 2°C in the growth room and observations
were recorded on mortality of seedlings.

Pipette Method : Seedling were raised in
the earthen pots and maintained at 22 + 2°C in
the growth room, 5 ml of appropriate inoculums
suspension (1 x 106 CFU ml) were delivered to
the ground of old seedlings with pipette. Disease
assessment was done by recording observation
on disease incidence and severity and uninocula-
ted pots with chickpea plants severed as control.

Results and Discussion

Isolation : The sample of infected roots
showed typical symptoms of wilting and on
isolation, yielded growth of fungal pathogen in
Petri plates containing the potato dextrose agar
medium. Pure culture was obtained by sub-
culturing on PDA in slants. The culture was
maintained on potato dextrose agar slants for
further studies.
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Table 1. Per cent wilt under soil inoculation and seed
inoculation techniques in Cv. JR-62 (In vitro
condition)

Date of Soil inoculation Soil inoculation 
observation method method

–––––––––––––––– ––––––––––––––––
Wilt %* Wilt %*

15 DAI 35.00 (20.51) 35.00 (20.51)
30 DAI 52.50 (31.82) 47.50 (28.39)
45 DAI 70.00 (44.70) 62.50 (38.75)
60 DAI 95.00 (77.06) 75.00 (48.77)
90 DAI 95.00 (77.06) 82.50 (55.88)
S.E. ± 3.16 3.16
C.D.at 5% 9.11 9.11

*Averge of four replications, Figures in parentheses are arc
sine values



Pathogenicity : The pathogenicity test was
carried out by different inoculation methods.
viz., soil inoculation, seed inoculation, stems
inoculation, root dip method, pipette method
and water culture techniques. Observation on
wilt incidence or seedling mortality under soil

inoculation method were recorded from the 15th

day after sowing and continued till flowering or
progressive developments and final data of wilt
percentage are given in Table 1. The data
revealed that wilting percentage at 60 and 90
days after inoculation (DAI) was recorded 95%
wilt infection (Table 1.)

Observations on wilt incidence or seedling
mortality under seed inoculation method were
recorded from the 15th day after sowing and
continued till flowering or progressive
development and final data of wilt.

Percentage are given in Table 1. The
indicated that the wilting percentage at 60 and
90 DAI was recorded 75 and 82.50 pre cent,
respectively. Observations on wilt incidence or
seedling mortality under stem inoculation, root
dip methods and pipette methods were recorded
at 7,14,21,28 and 35 days after inoculation and
data re presented in Table 2. The results
revealed that the wilting was initiated at 7 DAI.
The minimum wilting percentage was recorded
at 7 days after inoculation in stem inoculation
(22.5%) root dip method (25.0%) andpipette
method (17.50%) Maximum wilting percentage
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Table 2. Per cent wilt under stem inoculation, root dip
method and pipette metod Cv. JR-62 (In vitro
condition)

Date of Soil inoculation Root dip Pipette 
obser- method method method
vation –––––––––––––––– –––––––– –––––––

Wilt %* Wilt %* Wilt %*

7 DAI 22.5 25.00 17.50
(13.01) (14.49) (10.08)

14 DAI 35 37.50 22.50
(20.51) (22.04) (13.01)

21 DAI 47.5 55.00 37.50
(28.39) (3.43) (22.12)

28 DAI 52.5 62.50 50.00
(31.71) (38.75) (30.10)

35 DAI 67.5 67.50 55.00
(42.53) (42.53) (33.43)

S.E. ± 2.93 2.93 2.93

C.D.at 5% 8.12 8.12 8.12

*Averge of four replications. Figures in parentheses are arc
sine values

Table 3. In vitro evaluation of fungicides, bioagents and plant extract against Fusarium wilt (pot experiment)

Treatment Seed Wilt Per cent Vigour Dry matter 
germination incidence disease index* (g/5Plant)*
(%)* (%)* control*

T1 (Carbendazim) 93.33 (72.76) 20.60 (11.89) 75.86 1331.67 20.22
T2 (Carbendazim + Thiram) 96.67 (81.37) 17.40 (10.03) 79.60 1455 21.32
T3 (Propiconazole) 83.33 (56.89) 43.98 (26.13) 48.98 1148.33 15.30
T4 (Hexaconazole) 90.70 (69.08) 37.31 (21.95) 55.87 1195 16.08
T5 (Difenconazole) 86.67 (60.47) 30.55 (17.80) 64.18 1283.33 21.58
T6 (T. viride) 86.67 (60.47) 33.61 (19.64) 60.71 976.67 16.10
T7 (P.flurescence + T. viride) 90 (69.08) 29.44 (17.13) 65.51 1037.33 18.03
T8 (Tulsi) 80 (53.89) 41.60 (24.59) 50.87 923.33 14.58
T9 (Neem) 80 (53.12) 45.83 (27.33) 46.20 818.33 13.14
T10 (Control) 70 (44.80) 85.51 (58.81) - 746 11.15
S.E. ± 4.34 2.94 4.06 40.83 1.19
C.D.at 5% 12.80 8.67 12.05 120.02 3.51

*Averge of four replications. Figures in parentheses are arc sine values



was observed at 35 days after inoculation in
stem inoculation in stem inoculation (67.50%),
root dip method (67.5%) and pipette method
(55.00%).

A pot culture experiment was conducted in
F. oxysporum f. sp. ciceri inoculated soil on
chickpea (Cv. JG-62) to evaluate the effect of
different seed treatment in management of wilt
disease. The data presented in Table 3, revealed
that among all fungicides, Carbendazim +
Thiram (0.2% each) in combination had
minimum wilt incidence i.e.17.40 per cent,
followed by Carbendazim20.61 per cent, and
maximum wilt incidence was observed in
Propiconazole  43.98 per cent. Regarding
bioagents, minimum wilt incidence was observed
in P. fluorescens + T. viride i.e. 29.44 per cent
followed by T. viride 33.61 per cent. Out of two
plant extract used, Tulsi (10%) had minimum wilt
incidence i.e. 43.83 per cent and neem has
maximum wilt incidence i.e. 43.83 per cent.

It is evident from the Table 3 that maximum
per cent wilt control was observed in
Carbendazim + Thiram, i.e. 79.60 per cent
followed by Carbendazim 75.86 per cent, P.
fluorescens + T. Viride 65.51 per cent,
Difenconazole 64.18 per cent, T. viride 60.71
per cent, Hexaconazole 55.87 per cent, Tulsi
50.87 per cent, Propiconazole 48.42 per cent.
Let extract of Neem (43.20%) least effective
followed by the extract of with sataistically
similar performance. Maximumvigour  index
was observed in Carbendazim + Thiram, (1455)
followed by Carbendazim (0.4%) and
Difenconazole (0.1%) treatment i.e.1331.67
and 1283.33, respectively. It was also observed
that maximum dry matter was recorded in
treatment Carbendazim + Thiram combination
(21.32g) followed by Carbendazim and
Difenconazole i.e. 20.22g and 18.25 g,
respectively. Amongst all treatments,
Carbendazim + Thiram (0.2% each)
combination were found significantly superior

over the rest of treatments in connection  with
germination percentage (96.67%) mean per
cent wilt incidence (17.40%), per cent wilt
control (79.67%) vigour index (1455) and dry
matter (21.32 g). Alone Carbendazim (0.2%)
ranked next in orede of superiority. Isolation,
pathogenicity and identification of Fusarium
oxysporum f. sp. ciceri infecting chickpea were
attempted by several workers Hawre et al.,
(1986), Kewate (1986), Khune and Patil (1992),
Sugha et al., (1994) Shinde (2003) and Nikam
et al.,(2007) also studied pathogenicity of
chickpea wilt.This is in harmony with findings of
earlier workers regarding fungicides, bioagents
and plant extracts against F. oxysporum f. sp.
ciceri infecting chickpea and other crops viz.
Mukhopaday et al., (1989), Tomaret al.,
(1996), Mayuret al., (2001), Jahagirdaret al.,
(2002), Singh et al., (2002), Poddar et al.,
(2004), Sharma et al., (2004), Rudresh et al.,
(2005) and Nikam et al., (2007).
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Abstract
The experiment was conducted at Seed Technology Research Unit, MPKV, Rahuri to find out alternate

planting window for hybrid seed production of pearl millet. The main aim was to analyze the different aspects
of seed production technology of hybrid pearl millet during regular and off-season and to suggest appropriate
planting window for synchronization of parental lines in the changing climate scenario for hybrid seed
production in Pearl millet. The Pearl millet hybrid Shanti variety was sown with female parent RHRB-13A and
male parent RHRBI-1314 at 15 days interval starting from 1st June across the year with sowing window from
1st June-15th July and 15th January to 1st February.  The alternate planting window for hybrid seed production
of bajra  in off season (summer) is from 15th January to February. The yield and quality of seed from those
days had at par with normal sowing of 1st June to 15th July during kharif season. Moreover the problem of
isolation distance can be avoided by taking the off season seed production. 

Key words : Floral traits, Seed yield, Seed quality, Season, Pest and disease infestation.

______________

Pearl millet (Pennisetum americanum L.) is
one of the oldest cultivated foods known to

humans. It is also grown and used for hay,
pasture, silage, seed crops, food, building



material and fuel. It is locally known as Bajra,
very important dual-purpose summer crop
grown for both fodder and grain. It can grow up
to height of 6 to 10 feet as per conditions of
high temperatures and favorable moisture
prevails (Faridullah, Alam, et al., 2010) [1]. Now
a days farmers preferred hybrids for grain
production due to higher yields and maximum
returns in available moisture content. Landraces
are sometimes also preferred by farmers for
quality aspects (Dhamotharan et al. 1997).

In Maharashtra this crop is grown in both
rainy (kharif)  as a rain fed crop and summer
seasons . Summer pearl millet is generally grown
in rotation with cotton,  wheat, which many
times do not permit timely sowing of pearl millet
crop, resulting in poor yield. Timely sowing of
summer pearl millet yielded maximum and
decreased subsequently with delay in sowing
(Ramshe, et al., 1986). 

In Maharashtra during kharif season
maintenance of isolation is the major obstacle
for hybrid seed production of pearl millet. It is
essential to find out alternate season for hybrid
seed production of pearl millet and to analyze
the different aspects of seed production
technology of hybrid pearl millet during regular
and off- season and to standardize appropriate
planting window for synchronization of parental
lines in the changing climate scenario for hybrid
seed production in Pearlmillet. In view of above,
an experiment was conducted at Seed
Technology Research Unit, MPKV, Rahuri, to

find the alternate planting window and proper
season for the hybrid seed production of Pearl
millet hybrid.

Material and Methods

To find out alternate season for hybrid seed
production of pearl millet and to analyze the
different aspects of seed production technology
of hybrid pearl millet during regular and off-
season an experiment was conducted with the
Pearl millet hybrid var. Shanti (female parent
RHRB-13 A and male parent RHRBI-1314) was
studied by fortnightly sowings starting from 1st

June across the year in three replications. The
flowering and floral traits viz., days to initiation
of flowering, days to 50% flowering and days to
completion of flowering, season the yield
parameters viz., Seed setting percent (%), 1000
seed weight (g), yield per plant (g) and yield per
plot (kg) and the seed quality parameters viz.,
germination (%), dry matter content (g), root-
shoot length (cm) and vigour index was analyzed
to find out the favorable climatic conditions for
hybrid seed production and to mitigate changing
climatic fluctuations. The study of diseases,
insect pest infestations and bird damage across
the year was undertaken for understanding
infestation scenario.

Result and Discussions

From the study it was revealed that the
flowering traits, yield and quality parameters of
the pearl millet hybrid seed production during
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Table 1. Flowering traits, yield and quality parameters of the hybrid pearl millet seed production during favorable kharif season

Flowering and floral traits
–––––––––––––––––––––––––––––––––––––––––

Panicle characters
–––––––––––––––––––––––––––

Yield contributing parameters
––––––––––––––––––––––––––––––––––––––––––

Parental
lines :

Days to
initiation
of
flowering
(days)

Days to
50%
flowering
(days)

Days to
completion
of
flowering
(days)

Pollen
viability
(%)

Panicle
exertion
(%)

Panicle
length
(cm)

Panicle
girth
(cm)

Seed
setting
(%)

1000
seed
weight
(g)

yield
plant-1
(g)

yield
plot-1
(kg)

yield
(q ha-1)

A: 13 A 49 52 55 - 100% 19.91 3.68 100% 9.46 40.46 3.20 8.00

R: RHRBI
1314

47 50 54 100% 100% 22.33 3.07 100% 9.85 37.09 1.90 4.75 



off season and favorable season were
significantly influenced. (Table 1, 2 and 3) The
floral traits viz., days to initiation of flowering,
days to 50% flowering and days to completion

of flowering didn’t show any significant
differences in both favorable and off season
hybrid seed production of pearl millet however,
it fluctuates as per moisture availability.
Maximum and minimum temperatures showed
increasing trend over time. The increasing
temperature had adverse impact on crop
productivity in this region. Completion of crop
development stages was faster, thus reducing the
total length of crop growing season. Increasing
temperature might have reduce the life cycle of
crops, affecting pollination of sensitive crops and
exacerbate the water stress through higher
evapotranspiration (Rao and Poonia, 2011)
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Table 2. Quality parameters of the hybrid pearl millet seed
production during favorable kharif season

Quality parameters
–––––––––––––––––––––––––––––––––––––––––––––––––––
A. Parental lines : Germi- Root DMC Vigour 

nation shoot (g) index
(%) length 

(cm)

A: 13 A 93.20 19.27 0.18 16.78
R: RHRBI 1314 92.50 18.09 0.16 14.80

Table  3.Flowering traits, yield and quality parameters of the hybrid pearl millet seed production during off  season  i.e. summer
Flowering and Floral traits

––––––––––––––––––––––––––––––––––––––––––––
Yield contributing parameters

–––––––––––––––––––––––––––––––––––––
Quality parameters

––––––––––––––––––––––––––––––
Parental
lines :

Days to
initiation
of
flowering
(days)

Days to
50%
flowering
(days)

Days to
completion
of
flowering
(days)

Pollen
viability
(%)

Seed
setting 
(%)

1000
seed
weight
(g)

Yield
plant-1
(g)

Yield
plot-1
(kg)

yield
(q 
ha-1)

Germi-
nation
(%)

Vigour
index

DMC 
(g)

Root
shoot
length
(cm)

A: 13 A 48 50 55 - 94 % 8.20 26.40 2.84 7.10 89 10.68 0.12 15.10

R: RHRBI
1314

50 53 57 100% 96% 8.45 24.62 1.68 4.20 92 12.88 0.14 13.26

Table 4. Flowering traits, yield and quality parameters of the pearl millet hybrid (Shanti) seed production during favourable
planting windows. (June-July and January-February) 

Floral traits
––––––––––––––––––––

Yield contributing parameters
––––––––––––––––––––––––––––––

Seed quality parameters
––––––––––––––––––––––––––

Disease/Pest/Bird
damage

FT1 FT2 FT3 FT4 YC1 YC2 YC3 YC4 SQ1 SQ2 SQ3 SQ4

Sowing
dates

Parental
lines :

June-July A: 13 A 49 52 55 - 19.91 3.68 100 40.46 93.20 19.27 0.18 16.77 Disease and pest damage
was below ELT and  more
bird damage

R:RHRBI
1314

47 50 54 100
%

22.33 3.07 100 37.09 92.50 18.09 0.19 17.57

A: 13 A 50 54 57 - 20.25 3.87 100 43.03 93.50 20.97 0.21 19.63

R:RHRBI
1314

48 52 56 100
%

21.57 3.85 100 40.39 92.00 19.96 0.20 18.40

January-
February

A: 13 A 52 55 58 - 18.78 3.40 93.87 23.15 90.80 19.18 0.18 16.34 Disease and pest damage
was below ELT and  more
bird damage Disease:
Helmenthosporium leaf
spot, ergot, Alternaria
blight, rust and pest :
Aphids, thrips, hoppers ,
stem borer

R:RHRBI
1314

51 55 58 100
%

16.48 2.97 94.41 26.40 89.10 17.84 0.17 15.14

A: 13 A 52 55 59 - 16.33 2.84 98 25.85 89.9 17.15 0.15 13.48

R:RHRBI
1314

50 53 57 100
%

15.70 2.60 100 20.81 88.4 15.63 0.13 11.49

FT1=Days to first flowering (days), FT2=Days to 50% flowering, FT3=Days to completion of flowering, FT4=Pollen viability (%), YC1=Spike
length (cm), YC2=Spike girth (cm), YC3=Seed setting (%), YC4=Yield plant-1 (g), SQ1=Germination (%), SQ2=Root shoot length, SQ3=Seedling
dry weight (g), SQ4=Vigour index



The hybrid seed yield parameters viz., seed
yield (q ha-1) of hybrid pearl millet Shanti was
8.00 q ha-1 with 100% seed setting in regular
Kharif season and 7.10 q ha-1 in off season i.e.
summer. The other yield parameters viz., 1000
seed weight (9.46 g), yield plant-1 (40.46 g) and
yield per plot (3.20 kg) and the seed quality
parameters viz., germination (93 %), dry matter
content (0.18 g), root-shoot length (19.27 cm)
and vigour index (16.78) were also superior in
regular (i.e. Kharif) season than in summer
season. In the summer season the yield
parameters viz, 1000 seed weight (8.20 g), yield
per plant (26.40 g) and yield per plot (2.84 kg)
were low  and also lower germination percent
(89%), dry matter content (0.12 g), root-shoot
length (15.10 cm) and vigour index (10.68) was
found than the favourable kharif season.

The disease and insect pest infestation was
not found above ETL in all the parental lines and
the hybrid seed production of pearl millet hybrid
Shanti in favourable kharif season.

The data revealed that the flowering traits,
yield and quality parameters of the pearl millet
hybrid seed production during fortnightly sowing
was significantly affected due to climatic
conditions across the year (Table 4 and 5). The
seed setting percentage was almost 100 % in the

sowing undertaken from 1st June to 15th July
with the highest seed yield per plant (43.03 g),
germination percentage (94 %) and vigour index
II (19.63). 

The seed setting percentage was decreased
to 70% when sowing was done from August
onwards. The same trend was observed for yield
and seed quality parameters with lower seed
yield per plant (25.75 g), germination
percentage (77%) and vigour index II (12.22).
The sowing dates mostly influences the grain
yield (Deshmukh, et al., 2009)

The sowing after 15th January had the 90%
seed setting percentage. Further it increased to
100% in the month of February. The same
trend was observed for yield and seed quality
parameters with increased seed yield per plant
(26.40 g), germination percentage (89%) and
vigour index II (16.34). However, the
germination decreased to 70-50% for March
onwards sowing. The same trend was observed
for yield and seed quality parameters. Late
planting date influences the yield and distribution
of pearl millet and decreased linearly for each
fortnight plantings were delayed past late April.
These results are inconformity with there
reported by (Hancock, D. W. and Durham, R.
G., 2010).
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Table 4. Flowering traits, yield and quality parameters of the pearl millet hybrid (Shanti) seed production during favourable
planting windows. (June-July and January-February) 

Floral traits
––––––––––––––––––––

Yield contributing parameters
––––––––––––––––––––––––––––––

Seed quality parameters
––––––––––––––––––––––––––

Disease/Pest/Bird
damage

FT1 FT2 FT3 FT4 YC1 YC2 YC3 YC4 SQ1 SQ2 SQ3 SQ4

Sowing
dates

Parental
lines :

March
onwards

A: 13 A 57 60 63 - 14.78 2.42 57.08 19.15 70.10 10.93 0.10 8.31 Disease: Helmentho-
sporium leaf spot, ergot,
Alternaria blight, rust and
pest : Aphids, thrips,
hoppers , stem borer. The
damage was above ELT and
more bird damage Disease
and pest damage was below
ELT and  more bird damage 

R:RHRBI
1314

55 59 62 100
%

15.76 2.35 53.88 19.43 72.20 9.42 0.10 8.12

Auguest
onwards

A: 13 A 56 59 62 - 16.45 2.64 70.57 25.75 77.30 14.24 0.14 12.22

R:RHRBI
1314

55 57 60 100
%

18.37 2.50 72.39 24.82 76.10 13.83 0.13 11.19

FT1=Days to first flowering (days), FT2=Days to 50% flowering, FT3=Days to completion of flowering, FT4=Pollen viability (%), YC1=Spike
length (cm), YC2=Spike girth (cm), YC3=Seed setting (%), YC4=Yield plant-1 (g), SQ1=Germination (%), SQ2=Root shoot length, SQ3=Seedling
dry weight (g), SQ4=Vigour index



The study of Diseases, insect pest
infestations and bird damage across the year
shows that the disease and insect pest infestation
was found below ETL in the parental lines of
pearl millet hybrid Shanti sown in the month of
June and July. The sowing done in the month
of August was affected by the disease viz.,
Helmenthosporium leaf spot, Ergot, Alternaria
blight and Rust. 

Conclusion

The present study for proper planting
windows for pearlmillet hybrid seed production
in Maharastra condition revealed that till date the
kharif season gives better quality and higher seed
yield with lower pest and disease attack than
summer seed production. The sowing between
1st June to 15th July and sowing afterwards
15th January till end of February are the suitable
alternate planting windows for quality hybrid
seed production. The sowing rather than these
windows having lower seed setting and
phonological periods also differs as proper
sowing dates play an important role in yield and
phonological period duration. (Eshraghi, et. al.,
2013). The p seed production other than these
two planting windows was affected by pest
disease attack and higher bird damage. 
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Chickpea is an important pulse crop in
India.. It occupies third position among the grain
legumes in the world.  Kabuli chickpea has good
market in India. Field emergence is a main
problem in kabuli chickpea. It is well known that
seed priming improves germination and plant
stand establishment. Seed priming is an effective
tool to enhance rapid and uniform emergence
leading to achieve high vigour. Seed priming is
a pre-sowing seed treatment in which seeds are
soaked in an osmotic solution that allows them
to imbibe water and go through the first stages
of germination but does not permit radical

protrusion through seed coat. It is a simple and
low cost technique in which seeds are partially
hydrated to a point where pre germination
metabolic activities start without actual
germination and then redried until close to the
original moisture content. Seed priming
stimulates many of the metabolic processes
involved in the early phases of germination and
it has been noted that seedlings from primed
seeds emerge faster, grow more vigorously and
perform better in adverse conditions. Seed
priming led to better crop stand and higher yield.
(Manigopa et al., 2007) reported that priming
in chickpea led to better crop establishment and
growth and higher yield. Rapid germination and
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Abstract
Filed emergence is a problem in kabuli chickpea. Seed priming is an effective tool to enhance rapid and

uniform emergence leading to achieve high vigour. A field experiment was conducted with the object
standardization of seed priming of kabuli chickpea for assured field emergence. 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 factorial randomized block design (FRBD) with three replications. The spacing
was kept at 30 x 10 cm. The treatments were seed priming with Trichoderma harzianum @ 1.5% (T1), Seed
Priming with Vitavax Power @ 0.25% (T2), Seed Priming with Gibberalic Acid @ 50ppm (T3), Seed Priming
with Gibberalic Acid @ 50 ppm + Seed coating with T. harzianum @ 15g kg-1 seed (T4), Seed Priming with
Sodium Molybdate @ 500ppm (T5), Seed Priming with Sodium Molybdate @ 500ppm + Seed coating with T.
harzianum @ 15 g kg-1 seed (T6), Seed Priming with leaf extract of Lantana camara @ 10% (T7), Seed
hydration for 8h. and dried upto original moisture content (12%) (T8), Chemical Check – Seed treatment with
Bavistin @ 3 g kg-1 seed (0.3%) (T9) and Control (T10). The results revealed that the seed yield and seed quality
in kabuli chickpea influenced significantly due to presowing seed priming treatments. The pre-sowing seed
priming treatment had significant effect on field emergence, root nodulation, seed quality parameters of kabuli
chickpea. Seed priming with Vitavax power @ 0.25% (T2) recorded significantly higher field emergence
(91.87%), higher number of root nodules plant-1 (25.11), higher number of pods plant-1 (115.80), seed yield
(1889.99 kg ha-1), higher germination (93%), root shoot length (29.10 cm) and vigour index I (2595.54).
Thus the seed priming with Vitavax power @ 0.25% was found beneficial for enhancing seed yield, field
emergence and quality of  kabuli chickpea.

Key words : Seed priming, kabuli chickpea, vitavax powder, seed priming treatment  seed
yield and seed quality
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emergence is an important factor of successful
plant establishment. Many researchers reported
that the seed priming is one of the most
important developments to help rapid and
uniform germination and emergence of seed
and to increase tolerance to adverse
environmental conditions (Heydecker et al.,
1975, Harris et al., 1999). The present study
was undertaken in order to assess the influence
of pre sowing seed priming on seed quality, yield
and storability in chickpea.

Materials and Methods

Fresh seed of kabuli chickpea variety Vihar
was collected from Pulses 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 factorial randomized block design (FRBD)
with three replications. The spacing was 30 x
10 cm. The treatments were seed priming with
Trichoderma harzianum @ 1.5% (T1), Seed
Priming with Vitavax Power @ 0.25% (T2), Seed
Priming with Gibberalic Acid @ 50ppm (T3),
Seed Priming with Gibberalic Acid @ 50 ppm +
Seed coating with T. harzianum @ 15g kg-1 seed
(T4), Seed Priming with Sodium Molybdate @
500ppm (T5), Seed Priming with Sodium
Molybdate @ 500ppm+ Seed coating with T.
harzianum @ 15g kg-1 seed (T6), Seed Priming
with leaf extract of Lantana camara @ 10% (T7),
Seed hydration for 8h. and dried upto original
moisture content (12%) (T8), Chemical Check –
Seed treatment with Bavistin @ 3 g kg-1 seed
(0.3%) (T9) and Control (T10). Before sowing the
seeds were soaked with priming agents
overnight and shade dried. Observations on field
emergence, incidence of wilt, no. of root
nodules, yield and yield contributing traits, seed
quality traits were recorded. 

Germination : Four replications each of
100 seeds from different treatment

combinations were germinated using between
paper method at 25 ± 2 °C in germinator for 8
days. The germination per cent was calculated
on normal seedlings only.

Seed vigour index : The vigour index of
the seed lot was assessed by the method
suggested by Abdul Baki and Anderson  (1973).

Seed vigour index I and II were calculated by
using following formulae

Vigour Index I = Average root + shoot length
(cm) x germination per cent

Vigour Index II = Average dry seedling
weight (g) x germination per cent

Root nodulation study : Sixty days after
sowing, five plants from each  plot were carefully
removed for nodule count. Before uprooting of
plants, plants were watered fully. The roots were
washed in water and nodules were separated
from roots and then kept in plastic bags. The
number of effective nodules on the root system
of each plant was counted and averaged.

Results and Discussion

The data on effect of presowing seed
priming treatment on seed yield and seed quality
of kabuli chickpea are presented in table 1 to 2.
From the data it is revealed that the seed yield
and seed quality in kabuli chickpea influenced
significantly due to presowing  seed priming
treatments.

Field emergence : The pre-sowing seed
priming treatment had significant effect on field
emergence in kabuli chickpea. Seed priming
with Vitavax power @ 0.25% (T2) recorded
significantly higher field emergence (91.87%)
followed by seed treatment with Trichoderma
harzianum @ 1.5% (89.17%). All seed primed
treatments showed higher field emergence than
control. These results are in agreement with
Chippa et al., (1993), Ghosh et al., (1997) and
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Rathod et al., (2016). Mukesh kumar et al.,
(2016) reported that primed seeds of desi and
kabuli types chickpea exhibits greater
germination rate and faster and uniform field
emergence. Seed priming initiates the activities
of hydrolyzing enzymes at faster rate leading to
rapid and uniform seedling emergence and
establishment in the field. Vitavax powder is a
broad spectrum dual action fungicide for the
control of seed and soil borne diseases and plant
growth stimulant. Vitavax powder stimulates
germination even under adverse weather
conditions.

Root nodules : The pre-sowing seed
priming treatment had significant effect on root
nodule in kabuli chickpea. Seed priming with
Vitavax power @ 0.25% (T2) recorded
significantly higher root nodules (25.11)

followed by Seed priming with Sodium
Molybdate @ 500 ppm+ seed coating with
Trichoderma harzianum @15g kg-1. (25.00).
All seed primed treatments showed more root
nodules than control. The symbioses between
chickpea and Mesorhizobia, which fix N2 inside
the root nodules, are of particular importance
for chickpea’s productivity. In the present
investigation number of root nodules increased
under seed primed with Vitavax powder
@0.25% is one of the reason for increased seed
yield under this treatment.

Yield and yield contributing
parameters : Seed priming with different
treatments exhibited significant differences
between them in respect of number of pods
plant-1, seed yield plot-1, 100 seed weight (g),
seed yield ha-1, biomass yield ha-1. The
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Table1. Effect of pre-sowing seed priming treatments on seed yield of kabuli Chickpea

Treatment/traits Field No. of No. of 100 Seed Biomass
emerg- root pods seed yield yield 
ence nodules plant-1 weight ha-1 plot-1
(%) (g) (kg) (kg)

T1 - Seed priming with Trichoderma harzianum @1.5% 89.17 22.44 99.53 29. 39 1353.60 2133.32
(71.02)

T2 - Seed priming with Vitavax powder @0.25% 91.87 25.11 115.80 29.92 1889.99 2361.10
(73.76)

T3 - Seed priming with Gibberalic acid @ 500 ppm  83.53 20.22 86.60 29.73 1245.27 1944.43
(66.39)

T4 - Seed priming with Gibberelic acid @ 50 ppm + seed 80.10 24.77 99.60 29.47 1483.05 2222.21
coating with Trichoderma harzianum @15 g kg-1 (63.56)

T5 - Seed priming with Sodium Molybdate @ 500 ppm 77.20 21.66 95.67 29.75 1270.55 2216.66
(61.52)

T6 - Seed priming with Sodium Molybdate @ 500 ppm+seed 83.03 25.00 113.33 30.17 1728.05 2374.99
coating with Trichoderma harzianum @15 g kg-1 (66.28)

T7 - Seed priming with leaf extract of Lantana camara 79. 83 18.11 86.80 27.85 1204. 44 2336.10
@ 10% (63.31)

T8 - Seed hydration for 8 hrs and dried upto original 73.03 20.78 94.53 29.85 1253.88 2294.43
M.C. (12%) (58.70)

T9 - Seed treatment with Bavistin @ 3 g kg-1 seed  77.50 21.22 93.13 28.07 1266.94 2419. 43
(61.71)

T10 - Control  72.67 16.56 79.33 28.53 1184.72 2172.21
(58.48)

SE ± 1.849 1.77 6.47 0.907 63.22 137.06
CD at 5% 5.537 5.29 19.36 NS 189.29 NS

Figures in parenthesis are Arc sin transformed values 



maximum number of pods  (115.80),  seed yield
ha-1 (1889.99 kg)  were recorded in seed
priming with Vitavax power @ 0.25% followed
by Seed priming with Sodium Molybdate @ 500
ppm + seed coating with Trichoderma
harzianum @15 g kg-1. The increased seed
yield ha-1 might be due to increased in field
emergence, number of pods plant-1. Priming
seeds alter the activity of enzymes in
germinating seeds. Some enzymes like a and b
amylase, proteinases, ATPase, dehydrogenase
play vital role in the early growth and
development of embryo (Chang-Zheng et al.,
2002). Any increase in the activity of these
enzymes may result in early vigourous growth
and good crop establishment (Ashraf and
Foolad, 2005). Singh Sher et al., (2014)
reported that seed priming of chickpea with 500

ppm of Molybdenum resulted in to higher grain
yield over control. These results are in
conformity with the findings  of  M.
Janmohammadi (2013) in chickpea

Seed quality parameters : Seed quality
parameters viz., germination, root shoot length
and  vigour index (I) were significantly influenced
due to pre-sowing seed priming. Significantly
maximum germination percentage was recorded
in seed primed with Vitavax power @ 0.25%
(93%). While, unprimed seeds (control) showed
significantly less germination percentage (85.
33%). This increase in germination may due to
completion of pre-germination metabolic
activities during seed priming, making the seed
ready for soon germination after planting and
the highest germination percentage. The
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Table 2. Effect of pre-sowing seed priming treatment on seed quality  in kabuli chickpea

Treatment/traits Germi- Root Dry Vigour Vigour
nation shoot matter index I index II
(%) length content 

(cm) (g)

T1 - Seed priming with Trichoderma harzianum @1.5% 86.00 22. 33 2.32 1922.33 200.03
(68.03)

T2 - Seed priming with Vitavax powder @0.25% 93.00 29.10 2.50 2706.90 232.50
(74.71)

T3 - Seed priming with Gibberalic acid @ 500 ppm  88.00 29.00 2.32 2553.33 204.43
(69.75)

T4 - Seed priming with Gibberelic acid @ 50 ppm + ssed coating with 87.00 27.87 2.30 2423. 37 200.87
Trichoderma harzianum @15 g kg-1 (68.91)

T5 - Seed priming with Sodium Molybdate @ 500 ppm 86.00 28.23 2.47 2427.73 212.43
(68.03)

T6 - Seed priming with Sodium Molybdate @ 500 ppm + seed coating 89.00 27.87 2.14 2481.20 190.93
with Trichoderma harzianum @15 g kg-1 (70.61)

T7 - Seed priming with leaf extract of Lantana camara @ 10% 88.67 27.97 2.07 2480.67 183.77
(70.41)

T8 - Seed hydration for 8 hrs and dried upto original M.C. (12%) 88. 33 27.75 2.08 2451.65 184.03
(70.07)

T9 - Seed treatment with Bavistin @ 3 g kg-1 seed  87.00 23.60 2.36 2053.60 205.67
(68.91)

T10 - Control  85. 33 21. 33 2.06 1820.73 176.03
(67.46)

SE ± 1.102 0.944 0.111 95.67 10.64
CD at 5% 3.275 2.804 NS 284.21 NS

Figures in parenthesis are Arc sin transformed values 



variation in seed germination percentage may
be attributed to plant growth promotional effect
of seed primers especially bio-agents that may
produce growth regulatory substances upon
seed imbibitions.  These results are in conformity
with findings by Gayathri (2001),Ashraf and
Foolad (2005) and A. S. Hanegave (2011) in
wheat, barley and maize.

Significantly maximum root shoot length was
recorded in seed primed with Vitavax power @
0.25% (29.10 cm). While, unprimed seeds
(control) showed significantly less root shoot
length (21.33 cm). Increased root and shoot
length may be due to early emergence induced
by priming treatments as compared to unprimed
seeds. Significantly maximum seed vigour index
(I) was recorded in seed primed with Vitavax
power @ 0.25% (2706.90). While, unprimed
seeds (control) showed significantly less vigour
index (I) (1820.73). This is due to significant
increase in germination and root shoot length.
These results are in conformity with findings by
Hanegave et al. (2011) in  maize.,
Janmohammadi et al. (2013) in chickpea.

Conclusion

Based on the present study it can be
concluded that the seed priming with Vitavax
@0.25% recorded higher field emergence,
better seed yield and quality than control. Seed
priming could be a suitable, cheap and easy seed
invigoration treatment for kabuli chickpea and
thus can be easily adopted by the farmers. 
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Soybean (Glycine max (L) Merrill) belongs to
the family Leguminosae and genus Glycine L. It
is believed to have been first domesticated
around the eleventh century in China (Lance and
Garren, 2005). The crop is an important legume
with multifarious uses and its cost effectiveness
is ensured through biological nitrogen fixation
and rotation with exhaustive crops since it
replenishes and maintains soil fertility (Ngalamu,
2013). Soybean has a wide adaptation being
cultivated in tropical, subtropical, and temperate
climates. The versatile nature of this crop and its
increasing contribution to industrial, agricultural
and medicinal sectors call for increased stable
production. 

The Vidarbha region of Maharashtra state is
mostly rained with predominantly mono-
cropping system of either soybean or cotton
crop. Therefore, the economical and social
status of farmers of this region totally depends
upon the production of these crops during
different seasons. The changing climatic factors
from season to season are further adding risk in
production of these crops. Thus this
phenomenon of climate change is depicting
strong impacts on agriculture, especially on crop
growth and yield. Crop performance is largely
determined by climatic conditions during the
growing season, as such, even minor deviations
from optimal conditions can seriously threaten
the quality of harvest. 

Therefore In the production of soybean that
is performance, expression of plant characters
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The present study was conducted in four kharif growing seasons (2010-11, 2011-12, 2012-13 and 2013-

14) and it was observed that there was climatic variability specifically in respect of total rainfall and its distribution
during different crop growth stages. During 2010-11, though the rainfall was 22.1% higher than normal, seed
formation stage was mostly affected while there was deficient rainfall of only 339.4 mm with -37.8% deviation
from normal rainfall in 2011-12 and seed formation stage was severely affected as there was no rainfall at this
stage. During 2012-13, the rainfall was almost equal to normal but initially soybean faced somewhat drought
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is a manifestation of genotype by environment
interactions (GE). Genotype by environment
interactions can simply be defined as the
combined effect of the genetic structure of a
plant and environmental factors in the final
performance of the organism. Genotypes by
environment interactions are ascribed to
differences in sensitivity, which means that a
given environment affects some genotypes more
than others (Falconer, 1981). Genotypes by
environment interactions represent differential
responses of genotypes and renders mean
performance less useful as genotypes’ relative
ranking or degree of magnitudes vary across the
environments (Allard and Bradshaw, 1964). 

Therefore, the first goal of plant breeders in
a crop breeding program is the development
and identification of genotypes which are stable
or adapted to a wide range of diversified
environments (Farshadfar, 2011). The exact
prediction of weather for the ensuing season is
still not possible and there is wide variability from
season to season and hence the performance of
genotypes changes because of GE interaction.
Therefore, the assessment of GE interaction is
necessary. 

Numerous methods have been developed to
reveal patterns of GE interaction, such as joint
regression (Finlay and Wilkinson, 1963;
Eberhart and Russel, 1966; Perkins and Jinks,
1968), additive main effects and multiplicative
interaction (AMMI) Gauch, 1992) and type B
genetic correlation (Burdon, 1977; Yamada,
1962). Yan et al. (2000) proposed another
methodology known as GGE-biplot for graphical
display of GE interaction pattern of MET data
with many advantages. In total phenotypic
variation, E explains most of the variation and
G and GE are usually small (Yan, 2002).
However, only the G and GE interaction are
relevant to genotype evaluation particularly
when GE interaction is identified as repeatable
(Hammer et al., 1996). Hence, Yan et al.

(2000) deliberately put the two together and
referred to the mixture as GGE. GGE biplot
analysis is an effective method which is based on
principal component analysis (PCA) to fully
explore METs. 

The present study was conducted in four
kharif growing seasons ( 2010-11, 2011-12,
2012-13 and 2013-14) and it was observed that
there was climatic variability specifically in
respect of total rainfall and its distribution during
different crop growth stages. During 2010-11,
though the rainfall was 22.1% higher than
normal, seed formation stage was mostly
affected while there was deficient rainfall of only
339.4mm with -37.8% deviation from normal
rainfall in 2011-12 and seed formation stage
was severely affected as there was no rainfall at
this stage. During 2012-13, the rainfall was
almost equal to normal but initially soybean
faced somewhat drought situation during sowing
to full emergence stage (-60.4%), whereas in
2013-14, there was an excess rainfall of about
9.1% than normal, however, the flowering stage
(-86.9%)  and pod formation stage (-44.6%)
were severely affected. Thus, there was large
degree of climatic variability particularly in
respect of rainfall and its distribution during the
period of present study resulting into differential
response of different soybean genotypes
Therefore, the present study was carried out
with the objectives of assessment of effect of
genotype (G) and genotype × environment
interaction (GEI) on yield and identifications of
potential and stable variety over different
environments.

Materials and Methods

The experimental material comprising of 7
genotypes of soybean (Table 1) were evaluated
in complete randomized block design using three
replications at AICRP for Dryland Agriculture,
Dr. Panjabrao Deshmukh Krishi Vidyapeeth,
Akola (M.S.) during four Kharif seasons of
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2010-11 (E1), 2011-12 (E2), 2012-13 (E3) and
2013-14 (E4).

The yield data were subjected to combined
analysis of variance. The data were graphically
analyzed for interpreting GE interaction using
the GGE biplot software (Yan, 2001). GGE
biplot methodology, which is composed of two
concepts, the biplot concept (Gabriel, 1971) and
the GGE concept (Yan et al., 2000), was used
to visually analyze the  MET data. This
methodology uses a biplot to show the factors
(G and GE) that are important in genotype
evaluation and that are also the sources of
variation in GE interaction analysis of MET data
(Yan, 2001). The graphs generated based on (i)
"which-won-where" pattern, and (ii) ranking of
genotypes on the basis of yield and stability.

Results and Discussion

The results of combined-ANOVA for yield
data indicated that the differences among all
sources of variation were highly significant (Table
2). The result revealed that there was a
differential yield performance among seven
genotypes across testing environments due to
the presence of GE interaction. The presence of
GE interaction complicates the selection process
as GE interaction reduces the usefulness of
genotypes by confounding their yield
performance through minimizing the association
between genotypic and phenotypic values
(Comstock and Moll, 1963). 

The polygon view of a biplot is the best way
to visualize the interaction patterns between
genotypes and environments (Yan and Kang,
2003) to show the presence or absence of cross
over GE interaction which is helpful in
estimating the possible existence of different
mega environments. Visualization of the "which
won where" pattern of MET data is necessary
for studying the possible existence of different
mega environments in the target environment.

Fig. 1 represents a polygon view of seven
genotypes MET data in this investigation. In this
biplot, a polygon was formed by connecting the
vertex genotypes with straight lines and the rest
of the genotypes placed within the polygon. The
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Table 1. List of genotypes of soybean

Sr. No. Name

1 AMS 99-24
2 DS 228
3 JS 71-05
4 AMS 99-23
5 AMS 353
6 JS 335 
7 AMS 99-24

Table 2. Combined analysis of variance for yield across
three environments

Source Df MS

Genotypes (G) 6 70504.77**
Environment (E) 3 1633243.11**
GE interaction 18 59924.70**
Error 56 24136.46

Fig. 1. Polygon view of genotype- environment
interaction for seven genotypes over four test
environments. The vertex genotype in each sector
is the best genotype at environments whose
markers fall into the respective sector.
Environments within the same sector share the
same winning genotype, and environments in
different sectors have different winning
genotypes. 



partitioning of GE interaction through GGE
biplot analysis showed that PC1 and PC2
accounted for 62.9% and 28.6% of GGE sum
of squares, respectively, explaining a total of
91.5% variation. The vertex genotypes in this
study were JS 335, JS 71-05, AMS 99-24 and
DS 228. These genotypes were the best or the
poorest genotypes in some or all of the
environments because they were farthest from
the origin of the biplot (Yan and Kang, 2003).
From the polygon view of biplot analysis of MET
data in four growing seasons, the genotypes fell
in three sections and the test environments fell
in two sections. The first section contains the
test seasons 2010-11 (E1) and 2013-14 (E4)
which had the genotype JS 71-05 as the
winner; the second section contains the season
2011-12 (E2) and 2012-13 (E3) with JS 335
and DS 228  as the best yielders. The other
vertex genotype AMS 99-24 was not the top-
yielding genotype in any seasons. 

Mean yield and stability performance
of genotypes : The ranking of seven
genotypes of soybean based on their mean yield
and stability performance are shown in Fig. 2.
The line passing through the biplot origin is
called the average tester coordinate (ATC),
which is defined by the average PC1 and PC2
scores of all environments (Yan and Kang,
2003). More close to concentric circle indicates
higher mean yield. The line which passes
through the origin and is perpendicular to the
ATC with double arrows represents the stability
of genotypes. Either direction away from the
biplot origin on this axis indicates greater GE
interaction and reduced stability. For selection,
the ideal genotypes are those with both high
mean yield and high stability. In the biplot, they
are close to the origin and have the shortest
vector from the ATC. The genotype AMS 99-
23 can be considered as genotype with both
high yield and stability performance. The other
genotypes on the right side of the line with
double arrows have yield performance greater

than mean yield and the genotypes on the left
side of this line had yields less than mean yield.
Another genotype with higher yielding
performance but low stability were JS 335 and
JS 71-05 whereas the genotypes with low yield
and low stability were AMS 353, DS 228, JS
93-05 and AMS 99-24.

From the present study, it can be concluded
that genotype × environment interactions were
highly significant. The first two principal
components (PC1 and PC2) explained 91.5%
of the total GGE variation, with PC1 and PC2
explaining 64.9% and 28.6% respectively. The
first mega environment contains seasons 2010-
11 and 2013-14( E1 and E2)  with the genotype
JS 71-05 being the winner; the second mega
environment contains seasons 2011-12 (E2) and
2012-13( E3) with the genotypes JS 335 and
DS 228 being the winners. Mean performance
and stability of genotypes indicated that the
genotype AMS 99-23 was highly stable with
high yield.
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Fig. 2. GGE biplot showing the ranking of genotypes for
both yield and stability performance over
environments. The line passing through the biplot
origin is called the average environment
coordinate (AEC). More close to concentric circle
indicates higher mean yield. The line which
passes through the origin and is perpendicular to
the AEC with double arrows represents the
stability of genotypes. Either direction away from
the biplot origin, on this axis, indicates greater GE
interaction and reduced stability.
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Sunflower (Helianthus annuus L) is one of
the important oilseed crops of India. Since, it is
a day neutral plant, its cultivation possible
throughout the year in wide range of soil and
climatic conditions. It also fits well as an
intercrop with legumes, in double cropping and
in three- crop rotations. Despite the premier
position the crop holds in the vegetable oil
economy of the country, the average
productivity level is low (629 kg ha-1)  as
compared with the world’s productivity (1240
kg ha-1). In India, Commercial cultivation of
sunflower started in seventies with evaluation of
introduced open pollinated populations like, EC
68415 for Karnataka state and EC 68414 for
other sunflower growing state from USSR and
Canada. The discovery of cytoplasmic male
sterility by Lecklereq, 1969 in France and
fertility restoration by Kinman (1970) in America

has provided the desired means for the
development of hybrids through heterosis
breeding (Miller and Fick, 1997). First sunflower
hybrid was produced in US in 1972 and reached
80% of production in five years (Fick and Miller,
1997). In India, heterosis breeding in sunflower
initiated in mid seventies, resulted in the
development and release of first ever sunflower
hybrid- “BSH-1” (Seetharam, 1981). Subse-
quently array of high yielding hybrids in both
public and private sectors were developed and
released. Though sunflower hybrids are high
yielder, the influence of G x E interaction is more
on their performance. The seasonal fluctuation
and their interaction highly had its influence in
the performance of hybrids with its yield and
yield contributing potential. The goal of the plant
breeder is to develop hybrids, which are widely
adopted over wide variety of environmental
conditions.  Many methods such as stability
variance, coefficient of regression and mean
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Abstract
Eighteen hybrids and two checks viz., LSFH-35 and LSFH-171 were evaluated for stability analysis over

four environments for head diameter, plant height, days to maturity, seed filling per cent, test weight, hull
content, oil content and seed yield in sunflower. Analysis of variance for eight quantitative traits revealed
significant differences for all traits. Genotypic x environment interactions were found to be significant for all
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(0.574, 0.748), non significant value S2di (-0.208, -0.014) and higher mean ( 18.21,5.60) and was also
suitable to unfavorable environments for head diameter and test weight, respectively. 
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squared deviation from regression (Finlay and
Wilkinson, 1963) and Eberhart and
Russel,1966); fixed coefficient of regression
(Perkins and Jinks,1968); etc. with suitable
parameters are available to provide necessary
criteria to rank genotypes for stability.
Therefore, the present study was aimed to
identification of stable high yielding hybrids of
sunflower.

Materials and Methods

The materials of the present investigation
comprised twenty hybrids including two checks
viz., LSFH-35 and LSFH-171. The hybrids
were sown on Research Farm at College of
Agriculture, Latur during kharif and rabi 2015-
16 in Randomized Block Design with two
replications. The sowing was done in kharif
season on 15th July (E1) and 30th July (E2) and
in rabi season on 15th Oct. (E3) and 30th Oct.
(E4). Each hybrid was represented by two rows
of 4.5 m length with 60 x 30 cm spacing
between and within rows, respectively.
Recommended packages of practices were
followed during each date of sowing to raise the
healthy crop. Observations were recorded on
five randomly selected plants in all the hybrids

in each replication in all environments on head
diameter, plant height, days to maturity, seed
filling per cent, test weight, hull content, oil
content and seed yield. The analysis of variance
was carried out by the method as proposed by
Panse and Sukhatme (1985). Stability analysis
was done using the model of Eberhart and
Russel (1966).

Results and Discussion

The analysis of variances (Table 1) in pooled
analysis indicated that the mean differences due
to hybrids were statistically significant for all
characters. All the eight characters considered
for two way analysis of variance showed
genotypic differences justifying the selection of
material. Mean squares due to environment
were significant for six characters except test
weight and oil content indicating direct effect of
environmental variation for these characters.
Highly significant mean squares due to hybrids
x environment interactions were found for head
diameter, days to maturity, plant height, percent
seed filling, hull content and seed yield plant-1

implying differential behavior of hybrids under
four different environments. Earlier workers viz.,
Halaswamy et al., (2000), Rukminidevi et al.
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Table 1. Analysis of variance for G x E interactions for different characters in sunflower

Source of d. f. Head Days Plant Seed Test Hull Oil Seed 
variation dia- to height filling weight content content yield 

meter matu- (cm) (%) (g) (%) (%) plant-1 
(cm) rity (g)

Genotype 19 7.70** 32.01** 728.1** 135.45** 0.719** 40.0** 14.39** 201.3**
E + G x E 60 11.79** 1.127** 777079** 18.26** 0.418** 3.209 0.8176 4.27**
Environment 3 215.0** 12.62** 14265** 123.33** 0.418** 19.86** 1.579 7992**
G  x  E 57 1.09* 0.521** 67.9** 12.73** 0.215 2.3331* 0.777 29.85*
Environment (Linear) 1 645.04** 37.67** 42796** 370.0** 12.85** 59.5** 4.738** 23977**
G x  E (Linear) 19 2.016** 0.7522* 99.13* 21.52** 0.345** 1.107 1.104* 55.22**
Pooled deviation 40 0.6019** 0.3864 49.67** 7.92** 0.142** 2.79** 0.5832 16.30**
Pooled error 76 0.3142 0.3753 11.9 3.744 0.065 1.294 0.3784 4.18
SE ± 0.447 0.358 4.1 4.660 0.218 0.965 0.440 3.45
SE (b) ± 0.136 0.451 0.2 7.15 0.471 0.969 1.569 7.72

*, ** Significant at 5% and  at 1% level, respectively.



(2006) and Balu et al. (2005) also observed
considerable G x E interaction in sunflower. The
additive environmental was found to be of
considerable magnitude as indicate by the
significance of variance due to environment
(linear) for all the characters. Significant
variances due to genotype x environment (linear)
interaction except hull content and pooled
deviation for all characters indicated that both
predictable and unpredictable components of
genotype x environment interaction were
important in determining the stability in
sunflower. Similar reports were made by
Halaswamy et al. (2000), Rao et al. (2004),
Goud and sarala (2004), Balu et al. (2005) and
Bhoite et al. (2010).

Once it is known that genotypes interact with

the environment significantly, the next task is to
find out the most stable genotypes. The stability
parameters, viz., means (x), regression
coefficient (bi) and deviation from regression (S2

di) were estimated for each hybrid and character
separately. Both linear regression (bi) and
deviation from regression components of
genotype x environment interaction should be
considered along with mean while judging the
phenotype stability of a genotype which would
be expected to perform uniformly well over
variable environments. The genotypes exhibiting
high regression coefficient (bi>1) could be
considered as below average stable genotypes.
Such genotypes would perform better in high
yielding or favorable environments. However, its
performance will be lower in stress
environments compared to its genetic
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Table 2. Mean performance and stability parameters of 20 hybrids for eight characters in sunflower

Hybrids Head diameter (cm) Plant height (cm) Day to maturity Seed filling (%)
–––––––––––––––––––––– –––––––––––––––––––––– –––––––––––––––––––––– –––––––––––––––––––––––
Mean bi S2di Mean bi S2di Mean bi S2di Mean bi S2di

LSFH-4913 16.01 1.087 -0.1323 176.32 1.071 4.1 89.63 0.772 -0.3022 81.18 1.165 -3.412
LSFH-1044 12.54 0.976 0.4036 149.60 0.674* -12.1 80.75 0.634 -0.1177 66.20 -0.735 1.3837
LSFH-3008 16.09 1.069 -0.0881 164.87 0.935 39.2* 86.13 0.700 -0.3260 78.28 1.004 0.4587
LSFH-1225 14.62 0.790 0.6208 166.42 0.912 118.9** 85.25 0.178* -0.2988 84.00 0.742 0.1042
LSFH-899 13.79 1.082 0.4376 159.25 1.113 86.9** 82.88 0.139 -0.1307 70.10 2.656 5.1979
LSFH-3011 15.31 0.533 0.8300* 177.32 0.684 202.6** 83.75 0.449 0.0405 81.55 0.705 -1.616
LSFH-3065 13.56 1.256 1.4527** 148.42 1.296 66.1** 87.13 0.944* -0.3624 72.35 1.741 4.7681
LSFH-1051 12.80 1.036 0.4420 146.75 1.009 81.7** 81.38 1.716 -0.3075 72.73 0.453 14.376*
LSFH-3051 15.45 0.822 -0.2322 148.60 0.889 -4.9 82.63 1.789 0.7015 80.55 0.127 -1.541
LSFH-2141 12.98 1.183 -0.2416 153.45 0.851 -6.3 87.00 0.132 0.1210 76.65 1.046 21.127**
LSFH-4951 15.54 1.234 0.1268 168.25 1.105 137.5** 88.00 0.983 -0.0284 80.78 0.069 1.2599
LSFH-2026 18.21 0.574* -0.2086 164.72 1.250 9.1 85.88 0.733 -0.0270 81.75 0.925 -0.7106
LSFH-3064 13.68 1.180 0.2946 151.35 1.187 44.7* 85.75 1.320 0.3623 73.08 2.284 28.826**
LSFH-3038 15.13 0.707* -0.3299 168.27 0.977 -7.6 87.38 0.739 0.2138 74.60 -0.348 11.662*
LSFH-2271 13.49 1.443* -0.2834 178.37 1.468* 10.6 86.50 0.482 0.0427 72.88 2.818 7.2771
LSFH-1007 13.64 1.106 -0.1970 129.80 0.973 -11.8 80.63 1.914 0.5118 60.93 -0.692 3.9286
LSFH-1716 15.84 0.621* -0.1678 177.25 0.934 -1.8 89.25 1.446 0.7527 75.23 2.773* -1.522
LSFH-216 17.55 0.973 1.2659 * 174.75 0.828* -10.4 89.38 0.937 -0.1006 80.13 0.546 -2.338
LSFH-35© 14.62 1.082 -0.2784 147.15 0.651* -12.0 83.00 2.244 -0.1315 76.90 1.833 -2.774
LSFH-171© 15.38 1.247 1.3937 ** 169.67 1.193 17.3 89.13 1.749 -0.1346 79.13 0.886 -2.816
Grand mean 14.81 161.0 85.57 75.95
SE ± 0.86 2.22 0.19 0.89
C.D.1% 0.66 6.02 0.53 2.4



potentiality. The genotype with low regression
coefficient (bi<1) indicates a genotype to be
above average response and which will be
specially adapted to low yielding or unfavorable
environments.

The data presented in Table 2 indicate that,
out of twenty hybrids, two hybrids for head
diameter, eight hybrids for plant height, two
hybrids for days to maturity,  four hybrids for
seed filling, five hybrids for hull content, two
hybrids for oil content and ten  hybrids for seed
yield per plant  were observed to have non linear
portion of G x E components as S2 di values
were significant for these traits, indicating that
the response may not be predicted  across the
environments for these hybrids, where as four
hybrids for head diameter, four hybrids for plant

height,  hybrid for seed filling, two hybrids for
test wt., one hybrid for oil content and four
hybrids for seed yield per plant recorded to have
only linear portion of G x E components as bi
values were significant for these traits, which
revealed  that the response may be predicted
across the environments for these hybrids

For head diameter, the hybrids, LSFH-4913
and LSFH- 3008; for days to maturity the
hybrids, LSFH-216 and LSFH-4951 (late); for
plant height, the hybrids, LSFH-1716 and
LSFH-3038 (tall), LSFH- 2141 and LSFH -
3051 (medium) and LSFH-1007 (dwarf); for
seed filling,  the hybrids, LSFH -2026 and
LSFH-171; for test weight, hybrid LSFH-216;
for hull content, the hybrids LSFH-1007 and
LSFH-216 and  for seed yield, hybrid LSFH-
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Table 2. continued

Hybrids Test  weight (g) Hull content (%) Oil content ( %) Seed yield plant-1 (g)
–––––––––––––––––––– ––––––––––––––––––––––– –––––––––––––––––––––– ––––––––––––––––––––––––
Mean bi S2di Mean bi S2di Mean bi S2di Mean bi S2di

LSFH-4913 4.79 1.731 -0.019 30.74 0.882 2.7200 36.95 1.930 0.128 44.05 1.174* -2.80
LSFH-1044 4.88 0.111 0.020 26.04 0.546 3.8690* 39.09 5.172* -0.336 28.09 0.772 8.507
LSFH-3008 4.81 1.282 0.239 30.14 1.852 0.2215 38.16 2.139 -0.285 41.51 1.168 13.61*
LSFH-1225 4.20 1.388 0.067 27.07 0.908 4.7393* 37.72 2.922 0.109 38.36 1.212 58.15**
LSFH-899 4.25 0.852 -0.020 32.63 1.035 -0.414 35.28 0.402 0.527 30.13 0.809 52.06**
LSFH-3011 4.66 0.122 0.335 25.37 1.735 0.8670 35.67 0.315 -0.367 35.30 0.610 9.732*
LSFH-3065 3.69 0.832 -0.021 25.39 0.093 -0.045 36.50 2.890 0.291 32.25 0.971 13.67*
LSFH-1051 4.66 -0.307* -0.027 26.48 -0.032 7.4915** 38.60 -0.191 0.226 30.78 0.825 30.79**
LSFH-3051 4.58 0.996 -0.033 25.55 0.375 -0.037 36.93 -3.194 0.294 45.65 1.151 22.72**
LSFH-2141 3.94 1.364 -0.021 32.21 1.314 -0.881 36.63 -1.405 -0.178 33.44 0.931 4.363
LSFH-4951 4.31 1.669 0.174 27.81 0.400 -0.437 37.75 -2.488 0.773 37.23 1.052 -3.55
LSFH-2026 5.60 0.748 -0.014 24.98 1.194 0.989 37.95 -0.589 -0.190 51.09 1.045 -2.16
LSFH-3064 4.04 0.870 0.098 24.12 0.770 6.9899** 36.86 -0.411 0.357 33.14 0.893 6.107
LSFH-3038 4.09 0.322* -0.031 27.73 1.972 4.3807* 35.56 1.019 -0.353 32.42 0.662* 3.096
LSFH-2271 4.31 1.711 -0.005 32.93 1.703 -0.840 36.27 0.368 -0.301 32.97 1.034 12.19*
LSFH-1007 4.79 0.628 0.035 24.45 1.203 1.2526 39.94 2.535 1.537** 25.18 0.913 10.13*
LSFH-1716 4.23 2.208 -0.005 29.90 1.651 0.4292 33.40 0.078 -0.257 34.29 0.852 -2.07
LSFH-216 5.54 0.953 -0.024 24.52 1.291 -1.178 35.52 1.160 -0.092 46.26 1.223* -3.57
LSFH-35© 4.71 1.390 0.016 31.73 0.132 0.7181 35.19 4.555 2.243** 40.92 1.436 15.12*
LSFH-171© 4.96 1.131 0.302 32.22 0.976 -0.944 31.79 2.793 -0.096 43.79 1.266* -1.51
Grand mean 4.5 28.13 36.59 36.84
SE ± 0.11 0.52 0.24 1.27
C.D.1% 0.32 1.43 0.65 3.45



2026 recorded high mean with regression
coefficient near to unity and  deviation from
regression non-significant, which showed
average stability and suitable for all environment.
Similar investigations were made by Halaswamy
et al. (2002) for days to maturity, head diameter,
seed filling and seed yield; Goud  and Sarla
(2004) for seed yield and oil content; Rao et al.
(2004) for plant height, oil content and days to
maturity; Rukhminidevi et al. (2006) for plant
height , head diameter, seed filling, test weight,
seed yield and oil content; Balu et al. (2007)for
plant height,  head diameter, hull content, oil
content  and seed yield; Bhoite et al. (2010) for
seed yield and  Bhoite et al. (2015) for seed
yield, head diameter  and test weight.

The hybrids like LSFH-1051, LSFH-1007
and LSFH -35 (early) and LSFH-1716 and
LSFH-171 (late) for day to maturity; LSFH-171
(tall) for plant height ; LSFH-4913 and LSFH-
171 for test weight; LSFH-1007 and LSFH-216
for hull content; LSFH-1044 and LSFH-3008
for oil content; LSFH-216, LSFH-171 and
LSFH- 4913 for seed yield per plant recorded
high mean, bi more than unity and non-
significant S2di were found to be suitable
favourable environments. These result are in

agreement of  the Rukhamndevi et al. (2006)
for head diameter, filled seed  per head, test
weight and seed yield; Balu et al. (2007) for
plant height, head diameter, hull content , oil
content  and seed yield and Bhoite et al. (2015)
for seed yield, head diameter and test weight.  

Some hybrids which recorded high mean, bi
less than unity and non-significant S2di were
found to be suitable for unfavorable
environment. For head diameter, hybrids LSFH-
216 and LSFH-2026;for days to maturity, the
hybrids, LSFH-4913 and LSFH-3038 (late) and
LSFH-1044 (early); for plant height, the hybrids,
LSFH-2271(tall), LSFH-35 and LSFH- 2141
(medium); for test weight, the hybrid LSFH-
2026  and  for oil content, the hybrids, LSFH-
1051 and LSFH-2026 were found to be stable
performance for unfavorable environments.
Similar reports also were reported by
Halaswamy et al. (2000) for day to maturity
seed filling, head diameter and seed yield;
Rukhamndevi et al. (2006) for days to maturity,
filled seeds per head, test weight and oil content.

Considering the overall performance, the
expression of stability appeared to be specific for
individual character of genotype and was no
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Table 3. Performance of hybrids on the basis of stability parameter

Character Group- I>X; bi =1; S2di =0 Group-II>X,; b>1;  NS S2di Group -III>X;  bi<1; NS S2di

Head diameter LSFH-4913, LSFH- 3008 - LSFH-216, LSFH-2026

Days  to maturity LSFH-216, LSFH-4951(Late) LSFH-1051, LSFH-1007, LSFH-1044 (early)
LSFH-35 (Early) LSFH-4913, 
LSFH-171,  LSFH-1716 (Late) LSFH-3038 (Late)

Plant height LSFH-1716, LSFH-3038 (Tall) LSFH- 2271(Tall) LSFH-35  (Medium)
LSFH-2141 (Medium) LSFH 171( Tall)
LSFH-1007 (Dwarf)

Seed filling LSFH-2026 , LSFH-171 LSFH-4913 LSFH-3011 , LSFH- LSFH-216, 
LSFH-1225

Test weight LSFH-216 LSFH-4913, LSFH-171 LSFH-2026

Hull content LSFH-1007,LSFH-216

Oil content LSFH-1044,LSFH-3008 LSFH-1051 ,LSFH-4951

Seed yield LSFH-2026 LSFH-216, LSFH-171, LSFH-4913



common for all the characters (Table 3). The
hybrid, LSFH-2026 was identified as stable
hybrid under all environments for seed yield and
seed filling and suitable to unfavorable
environments for head diameter and test weight.
This hybrid can be tested at different locations
to test their performance and stability before
recommending for release and general
cultivation. Further, it was also observed that the
hybrid, LSFH 216 was suitable under all
environments for days to maturity and test wt.
and suitable to unfavorable environments for
head diameter and seed filling. The check hybrid
LSFH 171 for seed yield per plant, test wt and
days to maturity and LSFH 4913 for seed yield
plant-1, test wt and seed filling were suitable to
rich environment.
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Sorghum (Sorghum bicolor L. moench) is
the fifth most important crop world wide and
used as food, feed, fodder and source of biofuel.
It is cultivated extensively across semi arid tropics
representing Africa and Asia. World wide India
ranks first in area and second to the USA in total
production (Rakshit et al., 2014). In India
sorghum grown in both kharif and rabi season.
Rabi sorghum is predominantly cultivated under
receding soil moisture with very poor water
holding capacity. Thus, rabi sorghum suffers
from post flowering drought stress leading to
considerable low productivity (784 kg ha-1) as
compared to (1023 kg ha-1) in rainy season
sorghum (Patil et al., 2013). Because of its

drought tolerance Sorghum can be cultivated in
areas those are often too hot and dry.
Productivity depends not only on the moisture
availability but also on soils under which
genotypes grown. Identification of morpho-
logical or physiological traits imparting tolerance
to drought stress has given high priority in many
plants (Craufurd, 1993). Sorghum is said to be
drought tolerance yet at certain critical stages,
moisture stress causes considerable reduction in
growth and yield (Griffin, 1996 and Mahalaxmi,
1994). Variation in drought tolerance both
among and within crop species are known and
some genotypes of Sorghum adapt well to dry
condition (Bapatet al., 1995). Performance of
some rabi sorghum genotypes under receding
moisture condition possess wide range of
adoptability to stress condition (Jirali et al.,
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Abstract
A field experiment was conducted with an objectives to evaluate different genotypes of rabisorghum for
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kg ha-1) was resulted significantly higher in grain yield at irrigated condition, however in deficit rainfall or in
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genotypes. Underrainfed condition, the genotype 655 x Yashoda was found significantly superior in grain yield
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Key words : Productivity, drought tolerance, drought susceptibility, rabi sorghum.

1. Associate Professor, 2  Head, Department of Soil
Science and Agril. Chemistry MPKV, Rahuri 413 722, 3
and 4. Sr. Res. Asstt.



2006). Water use efficiency is often equated in
a simplistic manner with Drought Resistance
(Blum A. 2005). Fischer and maurer (1978)
reported use of drought susceptibility indices
(DSI) to measure drought response of
genotypes. Osmanzai (1994) adapted DSI for
screening of sorghum genotypes for drought
tolerance under field conditions. Several hybrids
and high yielding varitieshave been developed
for kharif season. But during rabi, the problem
is complicated because increasing temperature
and decreasing soil moisture level, where the
potentiality of the hybrids and high yielding
varities cannot be expressed (Suryavanshiet al.,
2007).

Materials and Methods

A field experiment was conducted during
rabiseason of 2012 and 2013 at AICRPfor
Dryland Agriculture, VNMKV, Parbhani with 20
sorghum genotypes under rainfed and irrigated
condition. The crop was sown in randomized
block design with Plot size of 1.80 m x 5.0 m.
with Three Replications. Crop was sown at a
spacing 45 x 15 cm on 30.09.2012 and
30.09.2013, respectively with recommended
doses of fertilizers and cultural practices were
followed. Observations were recorded on
randomely selected five plants for each
genotypes for different drought and yield
contributing characters. Analysis of variance was
calculated as per standard method, (Panse and
Sukhatme 1967). Relative water content was
estimated according to the method of Barrs and
Weatherly (1962). Total yield of grains are
calculated by plot grain yield converted to per ha
taking plot size into consideration. Drought
susceptibility indices (DSI) were calculated using
the formula as described by Fischer and Maurer
(1978): 

DSI=(1-Ys/Yp) / (1-Xs/Xp), 

where,Ys and Yp are the yields of a genotype

under irrigated and rainfed conditions, while Xs
and Xp are the mean yields of irrigated and
rainfed treatments, respectively. 

Results and Discussion

Observation on drought tolerance traits and
mean performance of genotypes with regards to
yield are presented in Table 1 and 2. There were
significant differences for yield (kg ha-1) among
twenty genotypes for both the years. Highest
grain yield was observed in Maldandi 98-08
(1978.6), followed by Pandharpur local
(1809.35), Parbhani Jyoti (1775.45), Yashoda
x 655 (1773.6) and lowest was in genotypes
CSV-22 (1397.9), PKVKranti  (1391.8),M-35-
1(1397.9)in irrigated condition. In rainfed
condition the highest grain yield was observed
in 655 x Yashoda (1380.6) followed by
Parbhanijyoti (1287.7) and Jyoti 1595 (1269)
and lowest grain yield observed in genotypes
PKVKranti (967.05) followed by No.52 (973.1),
and Pandharpur local (980.7).Several
physiological traits have been suggested to
evaluate drought stress response of genotypes.
However, grain yield being the harvestable
product is considered to be the most reliable
indicator of drought response (White et al.
1994).

The highest percent reduction due to
moisture stress was observed in genotype
Pandharpur local (45.70) so it affected on grain
yield i.e. low in production under rainfed
condition and lowest percent reduction due to
moisture stress was observed in genotype 655 x
Yashoda (15.24) due to less reduction of
moisture, its productivity is high under rainfed
condition.

The data on drought tolerance efficiency
(DTE)revealed that high drought tolerated
genotype 655 x Yashoda (84.56) and low
drought tolerance efficiency was Pandharpur
local (tikka) (54.28).
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Drought susceptibility index (DSI) was
reported to be a reliable tool to measure drought
response of genotypes (Fischer and Maurer
1978).  To circumvent this discrepancy it was
advisable to take crop phenology into
consideration while conducting such
experiment. Moreover, in general early maturing
genotypes yields less. Thus, if grain yield under
Irrigated condition is plotted against DSI, it is
convenient to identify with high yield and low
DSI result observed same in (SujayRakshitet al.
2016). DSI of the 20 genotypes under
investigation were observed against yield for
both the years. In both the years genotype 655
x Yashoda(0.505)consistently recorded low DSI

and high yielded genotype.12 genotypes were
registered less than 1.0 DSI, out of which eight
were high DSI and low in yield. 

Relative leaf water content (%) was
significantly maximum in genotypesPKVKranti
(87.985) followed by PVR-419 (86.95),
Hadgaon local (86.9) and NLS-100 (86.53) and
minimum in Germplasm (72.09) and Maldandi
98-08 (72.86) in irrigated condition. Whereas,
in rainfed condition genotype PVR-419 (84.28),
Pandharpur local (tikka) (80.55) and NLS-100
(80.55) recorded maximum relative water
content and genotypes PVR-453 (39.61) and
Maldandi 98-08 (69.61) recorded minimum in
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Table 1. Grain yield and drought tolerance characters in rabi sorghum 2012-2013and 2013-14

Genotypes Yield (kg ha-1)* Per cent reduction due 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––– to moisture stress

Irrigated condition Rainfed condition –––––––––––––––––––––––––––
–––––––––––––––––––––––––––– ––––––––––––––––––––––––––– 2012 2013 Mean
2012 2013 Mean 2012 2013 Mean

ParbhaniMoti 849.2 2051 1450.1 514.8 1650 1082.4 39.37 19.55 29.46
Hadgaon local 740.7 2631 1685.85 499.9 2002 1250.95 32.45 23.90 28.175
No.52 679.2 2317 1498.1 335.2 1611 973.1 50.64 30.47 40.555
Maldandi 98-08 864.2 3093 1978.6 462.7 1756 1109.35 45.75 43.22 44.485
PVR-453 576.6 2285 1430.8 430.7 1894 1162.35 25.30 17.11 21.205
Maldandi 897.4 2046 1471.7 539.2 1597 1068.1 39.91 19.99 29.95
Yashoda x 655 1145.2 2402 1773.6 731.5 1587 1159.25 36.12 33.93 35.025
PVR-806 736.3 2463 1599.65 476.6 1817 1146.8 35.27 26.22 30.745
Germplasm 753.7 2738 1745.85 443.3 1952 1197.65 41.20 28.69 34.945
Pandharpur local 797.7 2821 1809.35 434.4 1527 980.7 45.54 45.87 45.705
ParbhaniJyoti 1052.9 2498 1775.45 497.4 2078 1287.7 52.75 16.81 34.78
Jyoti 1595 799.9 2150 1474.95 457.0 2081 1269 42.86 3.20 23.03
655 x Yashoda 659.9 2705 1682.45 585.2 2176 1380.6 11.31 19.18 15.245
STLV-812 552.6 2388 1470.3 359.2 1659 1009.1 34.99 30.52 32.755
PKVKranti 646.6 2137 1391.8 418.1 1516 967.05 35.33 29.05 32.19
CSV-22 601.4 2046 1323.7 421.5 1556 988.75 29.91 23.94 26.925
M-35-1 674.8 2121 1397.9 459.6 1675 1067.3 31.89 21.02 26.455
PVR-639 617.4 2648 1632.7 401.8 1945 1173.4 34.92 26.54 30.73
NLS-100 1002.2 2532 1767.1 488.9 1597 1042.95 51.21 36.92 44.065
PVR-419 722.21 2727 1724.605 411.5 1757 1084.25 43.02 35.57 39.295
Mean 768.5 2440 1604.22 468.66 1772 1120.038 - - -
SE ± 34.45 17.46 21.73 27.77 - - -
CD 98.89 49.60 63.03 78.04 - - -
CV (%) 7.78 1.23 8.14 2.669 - - -



rainfed condition. The ability to maintain high
water status can be considered as an indication
of drought tolerance as suggested by Matinet al.
(1989). The relative water content was less
under rainfed than that in irrigated condition and
relative water content plays greater role under
moisture stress and receding soil moisture
situation  same resulted by Deshmukh et al.
(2016).

Harvest index was recorded higher in
genotypes CSV-22 (40.81), NLS-100 (38.81)
and M-35-1 (38.46) and lower Maldandi 98-08
(29.89), Yashodax 655 (31.92) and Mohal-13
(33.01) in irrigated condition. Whereas,
genotypes NLS-100 (39.88),Germplasm
(37.41) and PKVKranti (37.38) were highest
Harvest indexand genotypes M-35-1 (30.53),
CSV-22 (31.51) and No.52 (31.94) recorded
lowest Harvest index in rainfed condition. 

Conclusion

The higher grain yield (kg ha-1), relative
water content (%), drought tolerance efficiency,
Per cent reduction due to moisture stress,
drought susceptibility index and harvest index
indicated the tolerance to drought under natural
stress. On the basis of these observations 655 x
Yashoda, PKVKranti,CSV-22, NLS-100 and M-
35-1 were most promising genotypes of rabi
sorghum having highest yield, relative water
content, harvest index and drought tolerance
efficiency and lowest in percent reduction due to
moisture stress and drought susceptibility index
under natural condition.
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Sweet pepper (Capsicum annuum L.) or
Capsicum is one of the most important
nutritious and highly remunerative vegetable
crop grown mainly for its green fruits in several
parts of the world especially in temperate

regions of Central and South America and
European countries, tropical and subtropical
regions of Asian continent. It is believed to be
native of Tropical South America (Shoemaker
and Teskey, 1995). 

The fruit of sweet pepper is usually green in
colour when immature, turning yellow, red,
pink, purple etc. variety wise at maturity with
perfectly bell shaped in F1 hybrids grown under
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Abstract
An experiment “Response of coloured capsicum to nutrients and pruning management” was conducted at

Instructional Farm of Post Graduate Institute, MPKV, Rahuri, (Maharashtra) during 2009-10 and 2010-11 to
study the influence of agro meteorological parameters of coloured capsicum Orbelle (Yellow) in relation to
nutrients and pruning management in split plot design with four replications and nine treatment combinations
consisted of three levels of fertigation schedules viz., F1: (100:35:50:35:2.5 ppm N:P:K:Ca:Mg before and
50:25:125:25:2.5 ppm after flowering), F2: (200:70:100:70:5.0 ppm N:P:K:Ca:Mg before and
100:50:250:50:5.0 ppm after flowering), F3: (300:105:150:105:7.5 ppm N:P:K:Ca:Mg before and 150:75:
375:75:7.5 ppm after flowering) and three levels of pruning techniques viz., C1: two, C2 : three and C3 : four
branches plant-1under open vent polyhouse with recommended packages of practices. The combination of F3
fertigation schedule and four branches plant-1 pruning management technique significantly improved the micro
meteorological parameters viz. absorbed photo synthetically active radiation and physiological parameters viz.,
photosynthetic rate than other treatment combinations at most of the crop growth stages during both the
years. The periodical APAR and photosynthetic rate were increased with advancement of crop age up to 225
DAT (379.25 and 25.52µ mol m-2 s-1 respectively), during the year 2009-10 and up to 180 DAT (369.36
and 25.59 µ mol m-2 s-1 respectively) during the year 2010-11, thereafter it was declined due to senescence
of leaves. The mean capsicum yield was 81.71, 78.40 and 80.05 t ha-1 during the year 2009-10, 2010-11
and in pooled data, respectively. Which was significantly increased with F3 fertigation schedule  during both
the years and in pooled data. The pooled capsicum yield (91.78 t ha-1) was increased by 34.93 per cent with
F3 fertigation schedule and 18.62 per cent (80.69 t ha-1) with F2 fertigation schedule as compared to F1
fertigation schedule (68.02 t ha-1). The yellow capsicum yield was significantly more by 10.94, 15.05 and
12.93 per cent with four branches plant-1 over two branches plant-1 pruning management technique during
both the years and in pooled data, respectively. This was mainly due to the absorption of more PAR resulted
into higher light use efficiency and photosynthetic rate and significantly improved important growth and yield
attributes with F3 fertigation schedule and three and four branches plant-1. It can be concluded from the above
results that, the combination of F3 fertigation schedule with keeping of four branches plant-1 helps in
development of favourable micrometeorological condition in polyhouse which in turn gives the higher yields
and returns from yellow capsicum under polyhouse. 

Key words : Coloured Capsicum, Open vent Polyhouse, Micro meteorological and
physiological parameters,  Fertigation, Pruning management.
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polyhouse. Bell pepper is often looked upon as
a luxury vegetable, consumption being greater
in and around cities. Nutritionally, it is rich in
vitamin A (180 IU) and vitamin C. which may
be eaten cooked or raw, sliced in salads, stuffed
with sautéed pizza, burger, meat loaf,
dehydrated processed meat, porks and used for
dressing of food with growing popularity of fast
food. Its various forms are also used for pickling
in brine with cucumber.

During the last decade, due to increased air
temperature and intensity of solar radiation
because of climate change, an increasing area
of crops is being grown under controlled
conditions like polyhouse and shading material
of various types. Polyhouses are widely used for
crop production under controlled environment
in temperate and arid region on commercial
basis. It plays a vital role in increasing crop
production and productivity Worldwide. The use
of polyhouse for commercial production of
vegetables and maximum net returns has been
most common in Western countries (Chandra,
1985). 

Fertigation is an essential component of
pressurized irrigation. Virendra Verma (2005)
and Kumar and Verma (2009) reported that, the
fertigation with water soluble fertilizers @
250:250:250 kg NPKha-1 increased the yield
and quality of off season bell pepper cultivated
under protected cultivation in mid hills of India. 

In greenhouse production technology of
vegetable plant density, plant arrangement and
climate especially micro climate inside poly
house have a pronounced influence on plant
development, growth and marketable yield of
many vegetable crops (Stoffella and Bryan,
1988).                       

In Maharashtra the area under polyhouses
for cultivation of high value crops is increasing
considerably. However, due to lack of standard
crop production technology, there is partial or

some times complete failure in cultivation of
crops under protected cultivation. The growth,
yield and quality attributes of capsicum are
profoundly influenced by the cultural practices
like fertigation management and proper
pruning/training combined with proper
recording of micrometeorological observations.
Therefore, the present investigation was
undertaken with objectives to study the growth,
yield contributing characters, yield, agrometeo-
rological parameters, nutrient uptake and
economics of capsicum F1 hybrid Orbelle
(Yellow) with response to nutrients and pruning
management under naturally ventilated
polyhouse. 

Materials and Methods

The investigation was carried out in a
specially designed open vent polyhouse for two
consecutive years 2009-10 and 2010-11 at the
PGI Research Farm of MPKV, Rahuri on survey
No.50 without changing randomization. The
Bed size Gross- 6.00 x 3.00 m2 (Two beds) Net-
6.00 x 3.00 m2 and plant Spacing 60 x 45 cm2

with path way.

Soil : The soil of experimental site was red,
sandy loam in texture, low in available nitrogen,
medium in available phosphorus and high in
potassium, moderately alkaline in reaction (pH
7.6) with EC 0.30 dSm-1. The FC, PWP and BD
was 21.29, 12.09 percent and 1.24 Mg m-3

respectively. 

Geography and climate of location :
Geographically the Central Campus Farm of
MPKV, Rahuri is lies between 19° 48’ N & 19°
57’ N latitude and 74° 19’ E & 74° 32’ E
longitude. The altitude varies from 495 to 569
meters above mean sea level. Climatologically,
this area falls in the semi-arid tropics with
average annual precipitation is 520 mm. 

The mean annual maxi. (37.9°C) and mini.
temperature (17.2°C) ranges from 33°C to
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43°C and 3°C to 18°C,respectively. The mean
RH during morning and evening hrs is 59 and
35%, respectively. The mean PE ranges from
5.3 to 12.1 mm and the sunshine hours ranges
from 7 to 9 hrs day-1.

Polyhouse : Polyhouse is a GI framed or
inflated structure covered with transparent and
translucent material large enough to grow crops
under partial or fully controlled environmental
conditions. The naturally ventilated polyhouse of
784 m2 area  was semi-circular at the top (GH-
2 type),covered with 200 micron thick
polyethylene film Ultra Violet Stabilized drip anti
condensation, minimum light transmission 87%,
diffused light transmission 29% and dart drop
500 g. The computer controlled Van velvet drip
system was installed to fertigate the crop. The
two lateral inline drip lines were arranged on
each bed along the crop rows and drippers were
placed to each plant at the spacing of 45 cm. 

Preparation of land in polyhouse and
fumigation : The soil inside the polyhouse was
thoroughly ploughed and dug to a depth of 30
cm, one month prior to transplanting of
seedlings. The soil was brought to a fine tilth.
Two days latter, red soil, farm yard manure and
fine sand were incorporated into the soil in
proportion of 40 per cent red soil + 20 per cent
sand + 40 per cent FYM and mixed uniformly
and  thoroughly wetted with flood irrigation and
next day the media was disinfected during night
hours with 2 per cent Formalin (20 ml L-1) by
saturating the media with application of diluted
Formalin (meq L-1) @4 liter of solution m-3, to
sterilize the media and to overcome the soil
borne dis.

Land layout : The media was then perfectly
leveled and the raised beds of 40 cm height, 1m
width and 24 m length were prepared, keeping
50 cm spacing in between the beds as working
path. The main treatments were allotted to
different experimental unit by random method.

The twenty five days old seedlings of Orbelle F1
hybrid (Yellow Capsicum) used for transplanting.

Microclimatic and physiological
observations : The micrometeorological and
physiological observations were recorded
periodically on 60,  75, 90, 105, 120, 135,
150,165, 180, 195, 210, 225, 240, 255,270,
285 DAT & at final uprooting of plants.

Irrigation and fertigation : The plots
were irrigated every day for 15 to 20 minutes
for better establishment of the seedlings through
inline drippers depending on the stage of crop
growth and soil conditions.The dose of N, P, K,
Ca and Mg up to flowering from 21 days after
transplanting and after flowering was applied as
per treatments through computer operated
automatic fertigation unit (Van velvet machine
and Ventury by using PVC pipeline from control
unit into the polyhouse) and stopped one month
before final uprooting of the crop. The N, P, K
and Mg were applied together at a time on first
day whereas; Ca was applied on next day
alternately.

Recommended dose of fertilizer for
Capsicum:
–––––––––––––––––––––––––––––––––––––––––––––––––––
Time of Fertilizer schedule (ppm)
application ––––––––––––––––––––––––––––––––––

N P2O5 K2O Ca Mg
–––––––––––––––––––––––––––––––––––––––––––––––––––
Up to flowering 200 70 100 70 5
After flowering 100 50 250 50 5
–––––––––––––––––––––––––––––––––––––––––––––––––––

Sources of water soluble and
conventional fertilizers : 16:08:24,
19:19:19, 12:61:00, 13:00:45, 00:00:50,
Urea, Single Super Phosphate, Calcium nitrate
(CaNO3) Magnesium sulphate (MgSO4) as   

Determination of absorbed radiation :
The absorbed photosynthetically active radiation
(APAR) was calculated using the following
formula given by Gallo and Daughtry (1986).
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APAR = (PARo + RPARs) – (TPAR +
RPARC)

Ra = (Ri + Rs) – (Rt + Rr)

Where, Ra = Absorbed radiation, Ri =
Incident radiation, Rr = Plant canopy reflected
radiation, Rt = Transmitted radiation and   Rs =
Soil surface reflected radiation

During photosynthesis, plants use energy in
the region of the electromagnetic spectrum from
400-700 nm. The radiation in this range,
referred to as Photosynthetically Active
Radiation (PAR), can be measured in energy
units (watts m-2) or as Photosynthetic Photon
Flux Density (PPFD) which has units of quanta
(photons) per unit time per unit surface area.
The scaled units most commonly used are
micromoles of quanta per second per square
meter (µ mol s-1 m-2). The Photosynthetically
Active Radiation (PAR) was measured on a clear
sky between 11.00 am to 1.00 pm with the LI
191SA Line Quantum sensor (Li-Cor make) at
an interval of 15 days. The observations were
recorded across the rows. The incident PAR
(PARo) was measured 1 feet above the canopy
by line quantum sensor facing towards sky. The
transmitted PAR (TPAR) was measured by
placing the line quantum sensor at ground level
facing upwards. Reflected PAR by soil (RPARs)
was measured at ½ to 1 ft. above the ground by
facing line quantum sensor towards soil. The
reflected PAR by canopy + soil (RPARc) was
measured by holding line quantum sensor 1 ft
above the canopy facing towards canopy. 

LI-6400XT instrument software
system for micrometeorological observa-
tions

Designs for Photosynthesis and different
microclimate parameters measurement of the
crop called as IRGA instrument (LI-6400 XT). 

Physiological parameters : The LI-6400

is an open system, which means that
measurements of photosynthesis and
transpiration rate are based on the differences
in CO2 and H2O in an air stream that is flowing
through the leaf cuvette. Physiological
parameters viz., rate of photosynthesis were
measured using portable photosynthesis system
LI-COR 6400 (Li - Cor, Lincoln, NE, USA) at
an interval of 15 days after 60 DAT. The
observations were recorded on the five randomly
selected tagged plants on the upper, lower and
middle leaves and then averaged for plant-1.

Statistical analysis and interpretation
of data : The data recorded were statistically
analyzed by using technique of ANOVA and
significance was determined for split plot design
(Panse and Sukhatme, 1984). 

Results and Discussions

I). Micro Meteorological studies

Absorbed photosynthetically active
radiation (APAR) : The periodical APAR was
increased with advancement of crop age up to
225 DAT (379.25 µ mol m-2 s-1) during the year
2009-10 and it was 369.36 µ mol m-2 s-1 at
180 DAT during the 2010-11 and   decreased
there after due to senescence of the crop (Table
1 and 2).

Effect of fertigation schedule : The
APAR was significantly higher in F3 fertigation
schedule followed by F2 fertigation schedule,
while it was significantly lower in F1 fertigation
schedule at 75, 90,120,150 DAT during the
year 2009-10 and at 180, 285 DAT and at final
uprooting of plants during the year 2010-
11.This may be attributed to availability of more
diffused radiation resulting in to higher APAR.
Further, it was observed that, F3 fertigation
schedule significantly increased the APAR values
as compared to F1 and F2 fertigation schedule
at 105,135, 225 DAT onwards during 2009-10
and at 75, 90, 120, 165 and 210 DAT during
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the year 2010-11. There was no significant
difference in respect of APAR value under F2
and F3 fertigation schedule but they were
significantly superior over F1 fertigation schedule
at 60,165,180,195 and 210 DAT during the
first year of experimentation and at 60, 105,
135, 150, 225, 240, 255 and 270 DAT during
the second year of experimentation owing to
availability of less diffused radiation resulting in
to less APAR values under F1 fertigation
schedule. Similar results were reported by Brar
et al. (2005), Jongschaap et al. (2006), Haque
et al. (2009) and Sarlikioti et al. (2011).

Effect of pruning management : The
APAR values were significantly higher where
four branches plant-1 were kept than two and
three branches plant-1 at all the days of
observations during both the years. This was
attributed to more leaf area plant-1 owing to
dense canopy because of four branches plant-1.
The APAR values were significantly lowest with
two branches plant-1 at all the days of
observations during both the years except at
135 DAT during the year 2010-11, where it was
at par with three branches plant-1.

Further, it was observed that the APAR
values were significantly increased where three
branches plant-1 were kept as compared to two
branches plant-1 at all the days of observations
during both the years except at 90, 105, 135,
and 240 DAT during the first year of
experimentation and at 75 DAT during second
year of experimentation. The results are in
conformity with the findings of Brar et al.
(2005), Jongschaap et al. (2006), Elad et al.
(2007), Haque et al. (2009) and Sarlikioti et al.,
(2011).

Effect of interactions : The interaction
effects between fertigation schedule and pruning
management techniques in respect of APAR
values showed significant differences at 75,
90,120, 255 and 270 DAT in the year 2009-
10, where the combination of F3 fertigation

schedule with keeping of four Branches plant-1

recorded significantly higher APAR than other
combinations. Similar trend was observed in the
year 2010-11 at 60, 135, 150, 255 DAT and
at final uprooting of plants.

II). Physiological studies

Photosynthetic rate : The photosynthetic
rate was increased with advancement of age up
to 225 DAT (25.52 µ mol m-2 s-1) during the
year 2009-10 and up to 180 DAT (25.59 µ mol
m-2 s-1) during the year 2010-11, thereafter it
was declined due to senescence of crop (Table 3
and 4).

Effect of fertigation schedule : The
photosynthetic rate was not differed significantly
at 60, 90 DAT during the year 2009-10 and at
60 and 285 DAT during the year 2010-11.
Further, it was noticed that F3 fertigation
schedule significantly increased photosynthetic
rate as compared to F1 fertigation schedule at
all the days of observations during both the years
because of absorption of PAR more efficiently
and higher biomass production.Further, it was
observed that the rate of photosynthesis was
significantly higher under F2 fertigation schedule
than F1 fertigation schedule at 120, 165, 210
DAT and at final uprooting of plants during the
year 2009-10 and at 90, 120, 135, 180, 210,
255 and 270 DAT during the year 2010-11,
owing to higher biomass production under
former fertigation schedule. Similar results were
reported by Brar et al. (2005), Jongschaap et
al. (2006), Haque et al. (2009), Sarlikioti et al.,
(2011), Ferrara et al., (2011) and Kalbhor
(2013). 

Effect of pruning management :
Keeping of four branches plant-1 recorded
significantly higher rate of photosynthesis than
keeping of two and three branches plant-1 at all
the days of observations during both the years
except at 285 DAT during the year 2009-10
and at 270 DAT during the year 2010-11 owing
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to production of higher biomass and efficient
utilization of solar energy. 

The rate of photosynthesis was significantly
more with three branches plant-1 than two
branches plant-1 at all the days of observations
during both the years of experimentation and at
270 DAT during the second year of
experimentation   owing to higher biomass
production under three branches plant-1. These
results are in conformity with the findings of
Brar et al. (2005), Jongschaap et al., (2006),
Haque et al., (2009), Sarlikioti et al., (2011),
and Ferrara et al., (2011).

Effect of interactions : The interaction
effects between fertigation schedule and pruning
management techniques in respect of
photosynthetic rate were significant at 75 and

135 DAT in 2009-10 and 165 DAT in 2010-
11. The F2 and F3 fertigation schedules in
combination with keeping of four branches
plant-1 significantly improved photosynthetic
rate than other treatment combinations. 

Summary

Effect of fertigation schedule : The
micrometeorological parameters viz., (APAR)
absorbed photo-  synthetically active radiation
and  physiological parameters viz.,
photosynthetic rate, significantly increased with
F3 fertigation schedule (i.e.application of
300:105:150:105:7.5 ppm N:P:K:Ca:Mg
before flowering and 150:75:375:75:7.5 ppm
after flowering) and significantly decreased with
decreased fertigation under F1 fertigation
schedule (i.e. application of 100:35:50:35:2.5
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Table 5. Yellow capsicum fruit yield as influenced by different treatments during 2009-10, 2010-11 and pooled

Treatment Yellow capsicum fruit Pooled Yellow capsicum Pooled Yellow capsicum fruit Pooled
yield (kg plant-1) fruit yield (kg m-2) yield (t ha-1)

––––––––––––––––––––– ––––––––––––––––––– ––––––––––––––––––––––
2009-10 2010-11 2009-10 2010-11 2009-10 2010-11

Fertigation schedule (F)
F1 1.73 1.67 1.70 7.02 6.67 6.84 70.17 64.10 67.14
F2 2.07 2.01 2.04 8.24 8.03 8.13 81.54 80.75 81.15
F3 2.34 2.26 2.30 9.26 9.02 9.14 93.42 90.35 91.88
SE (m) + 0.03 0.03 0.03 0.08 0.12 0.10 0.58 1.25 0.98
CD at 5 % 0.11 0.11 0.10 0.29 0.40 0.31 2.02 4.34 3.01

Pruning management (C)
C1 1.86 1.83 1.84 7.69 7.60 7.64 77.13 72.29 74.71
C2 2.08 2.02 2.05 8.30 8.03 8.16 82.42 79.74 81.08
C3 2.19 2.07 2.13 8.52 8.09 8.31 85.57 83.17 84.37
SE (m)± 0.03 0.03 0.03 0.11 0.14 0.13 0.95 0.88 0.92
CD at 5 % 0.08 0.08 0.08 0.33 0.42 0.36 2.82 2.64 2.64

Interaction (F x C)
S E (m) ± 0.06 0.05 0.05 0.22 0.28 0.25 1.90 1.77 1.84
CD at 5 % 0.17 0.16 NS 0.65 0.84 NS 5.65 5.27 NS
CV % 4.82 4.62 4.73 4.64 6.18 5.44 4.03 3.92 3.98
General mean 2.04 1.98 2.01 8.17 7.91 8.04 81.71 78.40 80.05

F1 : (100: 35:  50:   35: 2.5 ppm N: P: K: Ca:Mg)* (50: 25:125:   25: 2.5 ppm N:P:K:Ca:Mg)**, F2 : (200:70: 100:   70:
5.0 ppm N:P:K:Ca:Mg)* (100: 50: 250:   50: 5.0 ppm N:P:K:Ca:Mg)**, F3 : (300:105:150:105:7.5 ppm N:P:K:Ca:Mg)*
(150:  75: 375: 75:7.5 ppm N:P:K:Ca:Mg)**, C1 : Two branches plant-1, C2 : Three branches plant-1, C3 : Four branches
plant-1, * Fertigation up to flowering, * * Fertigation after flowering



ppm N:P:K:Ca:Mg before flowering and 50:
25:125:25:2.5 ppm after flowering), at all the
days of observations during both the years.

Effect of pruning management : The
micrometeorological parameters viz., (APAR)
absorbed photosynthetically active radiation and
physiological parameters viz., photosynthetic
rate, were significantly increased with four
branches plant-1 pruning management
technique and significantly decreased under two
branches plant-1 pruning management techni-
que at all days of observations during both years.      

Effect of interactions : The combination
of F3 fertigation schedule and four branches
pruning management technique significantly
improved APAR and physiological parameters
viz: photo-synthetic rate, than other treatment
combinations at most of the crop growth stages
during both the years.

Conclusions

The results obtained during the investigation
are concluded that, the absorbed photo
synthetically active radiation (APAR) and
photosynthetic rate, were significantly improved
with F3 fertigation schedule (application of
300:105:150:105:7.5 ppm N:P: K: Ca:Mg
before and 150:75:375:75:7.5 ppm after
flowering) and four branches plant-1 pruning
management technique at all the days of
observations during both the years. Hence this
combination be adopted for higher gross and net
monetary returns from yellow capsicum under
784 m2 open vent poly house. 
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Rainfed agro-ecosystems occupy a significant
place in Indian agriculture. Out of 141 million
ha of net sown area in the country, 80 million
ha. area is rainfed and will remain same for a
foreseeable future (Srinivasarao et al, 2013). In
Marathwada region, out total cultivated area of
57.94 lakh ha, 49.60 lakh ha area is rainfed.
Rainfall plays  a major role in rainfed agriculture.
The rainfall distribution in the region is most
uneven and varies considerably from year to
year. South west monsoon is the chief source
rainfall.   Crop planning is an important task on
the part of the cultivator in un-irrigated land
especially in dry land situations. (Suraj bhan,
2009). In rainfed areas, crop planning is solely
dependent on the distribution pattern and
amount of rainfall, particularly during kharif

season. The important characteristics of rainfall
influencing production from rainfed farming are
the date of onset of monsoon, the duration of
rainy spells, the dates of occurrence and
duration of intervening dry spells and distribution
of weekly minimum rainfall and number of rainy
days. The occurrence of certain amount of
rainfall at crucial times can determine the
success of failure of crop. The productivity of all
crops decreases with either deficiency of rainfall
and its distribution or due to moisture stress in
critical growth period due to dryspells occurred
in July and August. Thus the crop suffers with
the moisture stress and ultimately the crop
productivity lowered by 30 to 40 per cent.
(Pendke et al, 2000). The most important
aspect of sustainable rainfed agriculture in the
region is availability of sufficient soil moisture
during crop growth period of kharif crops.
Providing protective irrigation from harvested
rainwater is the only way to enhance the crop
productivity. Farm pond technology is proved as
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Abstract
Resource conservation is now emphasized for maximizing crop yield under rainfed conditions. Majority of

the area in Marathwada region comes under assured rainfall zone. Rainfall in uncertain and erratic in this region
and sometimes suffers from severe  droughts. The productivity of  all crops decreases with either deficiency of
rainfall and its distribution or due to moisture stress in critical growth period due to dryspells occurred in July
and August. Thus Protective irrigation to rainfed crops particularly during dryspells from harvested water in
farm pond is important concept of dryland agriculture for assured crop production. Dug out farm pond has
been developed at Experimental farm of AICRP for Dryland Agriculture, Vasantrao Naik Marathwada Krishi
Vidyapeeth, Parbhani. The catchment area of the farm pond is 1 ha. The maximum depth of impounding
storage water and storage volume was 3 m and 747 m3, respectively. With one protective irrigation of 5 cm
depth using sprinkler method with 3 hp diesel operated pump to soybean crop in monsoon season in the
month of August during dryspell resulted in 82.63 per cent increase in yield. During rabi season, one protective
was given to safflower and increase in yield of  37.08% was recorded

Key words : Dryland, dryspell, farm pond, protective irrigation, rainfed.

1. Agril. Engineer, Dryland Research Centre, VNMKV,
Parbhani, 2. Director of Research, VNMKV, Parbhani, 3.
Head, Department of Agronomy, VNMKV, Parbhani and 4.
Agril. Assistant, AICRP for Dryland Agriculture, VNMKV,
Parbhani.



a most viable rainwater harvesting technology in
the region as being a assured rainfall zone.

Materials and methodology

A dugout farm pond was constructed  on
research farm of All India Coordinated Research
Project for Dryland Agriculture, Vasantrao Naik
Marathwada Krishi Vidyapeeth, Parbhani. The
details of the farm pond and irrigation system
are as under;

Catchment Area : 1.00 ha

Size of Farm pond : 20 x 20 x 30m

Storage capacity : 746 Cubic metre.

Water Lifting device : Diesel operated 
pumpset of 3.00 HP

Method of Irrigation : Sprinkler Irrigation

Depth of irrigation : 5 cm

The research experiment on crop
productivity enhancement by application of
protective irrigation through harvested runoff
water from farm pond was carried out during
2014 to 2017. The experiment was conducted
considering Soybean MAUS 162, Safflower
(PBNS-12) crops under rainfed/dryland
condition. The treatment details are as under;

Treatment details

Kharif- Soybean : T1 -  One protective
irrigation at branching (sensitive stage) and T2 -
Control i.e. without any protective irrigation

Rabi- Safflower : T1 -  One protective
irrigation at branching (each row), T2 - Two
protective irrigations at branching and flowering
(each row), T3 - One protective irrigation at
branching (alternate row), T4 - Two protective
irrigations at branching and flowering (alternate
row) and T5 - Control i.e. without any protective
irrigation.

The experiment was conducted with plot
size: 6.5 x 10.0 m. The experimental was
conducted in 4 replications. The seed was sown
at a spacing 45 x 10 cm & 45 x 20 cm for
soybean and safflower, respectively. The
recommended dose of fertilizer 30:60:30 was
applied. The harvested runoff water in the farm
pond was utilized with the help of sprinkler
irrigation set as protective irrigation to soybean
in Kharif and safflower in rabi season. The study
on protective irrigation was conducted during
2019-20.  

Results and Discussions

Rainfall and its deviation with respect
to normal : The data on actual and normal
rainfall data of during 2013 to 2017 were
recorded  and presented in the Table 1. Data
represented that out of five years, two years i.e.
2013 and 2017  were normal years. Out of the
five years,  two years i.e. 2014 and 2015 were
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Table 1. Normal and actual annual rainfall, per cent
deviation and number of rainy days during 2011-
2018

Rainfall and  Years
deviation –––––––––––––––––––––––––––––––

2013 2014 2015 2016 2017

Normal Rainfall (mm) 830.3 830.3 830.3 830.3 830.3
Actual Rainfall (mm) 968.0 448.3 570.4 1159.5 995.7
Deviation % 16.58 -46.0 -59.45 39.64 19.92 
Annual Rainy Days 65 46 38 52 51 

Table 2. Rainfall, Runoff events, and number of fillings of
farm ponds during 2013 to 2017 at experimental
site

Year Rainfall Runoff No. of No. of
(mm) (mm) runoff filling of 

events farm pond

2013 968 407 9 3
2014 448.3 90 5 1
2015 570.4 104 6 1
2016 1159.5 330 11 4
2017 995.7 432 9 3
Mean 828 273 8 2.4



the drought years in which 46 and 59 per cent
deficit rainfall was recorded, respectively. The
year 2016 was found excess rainfall year
(39.64% above normal). The variations in
rainfall pattern showed the climate vulnerability. 

Runoff : The data on total number of
rainfall events contributed runoff water to farm
pond from the catchment area of 1 ha along
with number of filling of farm pond are
presented in Table 2. 

Recycling of harvested water : The
water from farm pond was provided through
supplemental irrigation using 4 nozzle sprinkler
irrigation set and 3 hp diesel pump set  to
soybean crop during dryspell condition in kharif
season. The effect of protective irrigation on
crop yield is presented in Table 3

Application of one protective irrigation
resulted the mean soybean grain yield to 1409
kg ha-1 as against 893 kg ha-1 with no
protective irrigation. Application of one
protective irrigation through harvested water
from farm pond resulted in increase in soybean
yield by 58 per cent. Goyal et al., 1995
conducted study on economic evaluation water
harvesting tank. The results of this study verified

with the previous work. Narayanan et al., 1987
conducted study on effect of supplemental
irrigation through farm pond to enhance crop
productivity and found yield enhancement. The
results of this study confirms with the previous
results.

During rabi season, protective irrigations
from farm pond were given to safflower crop
and increase in crop yield was observed. The
data on cop yield are presented in Table 4.

Application of one and two protective
irrigation resulted the mean safflower grain yield
to 981 kg ha-1 and 1095 kg ha-1 respectively as
against 762 kg ha-1 with no protective irrigation.
Application of one protective irrigation through
harvested water from farm pond resulted in
increase in soybean yield by 28 per cent.
Application of two protective irrigations through
harvested water from farm pond resulted in
increase in soybean yield by 44 per cent. Singh
et al, 2006 conducted experiment on
eeconomics of rainwater harvesting and
recycling for winter vegetable production in mid
hills of Meghalaya and found yield increase of
winter crop due to recycling of harvested water.
The results of this study also confirms with the
previous findings.
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Table 3. Mean Soybean grain yield as influenced by protective irrigation

Treatments Seed yield, kg ha-1 Mean 
––––––––––––––––––––––––––––––––––––––––––––––––– seed yield
2013 2014 2015 2016 2017 (kg ha-1)

T1 - One protective irrigation (sensitive stage)  1457 895 965 1837 1893 1409
T2 - Control 847 577 586 1284 1172 893

Table 4. Mean Safflower grain yield as influenced by protective irrigation

Treatments Seed yield, kg ha-1 Mean 
–––––––––––––––––––––––––––––––––––––––––– seed yield
2013 2014 2015 2016 2017 (kg ha-1)

T1 - One protective irrigation at branching  1014 922 984 934 1052 981
T2 - Two protective irrigation at branching and flowering 1146 945 1089 1035 1258 1095
T2 - Control i.e. without any protective irrigation 822 686 757 755 789 762



Conclusions

Following conclusions were drawn from the
study ;

1. During the study period of 2013 to 2017,
mean  9 storms generated runoff from the
rainfall and 2 to 3  fillings of farm pond were
observed in early monsoon season.

2. One protective irrigation to soybean crop in
kharif season during mid-season drought
(Third week of August) resulted in 58 per
cent increase in crop yield.

3. Two protective irrigation to safflower in rabi
season resulted in 44% increase in crop yield
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Marathwada region is one of the four regions
of Maharashtra state comprising eight districts
with cultivable area of 5.6 Mha and 85 per cent
of cultivated land is rain dependent. Majority of
population living in Marathwada region depends
upon rainfed agriculture. South-west monsoon
is the major source of rainfall in the region,
receiving about 90 per cent of annual rainfall.
The region receives annual rainfall in the range
of 500 to 1100 mm and comes under assured
rainfall zone (60%). Rainfall is uncertain and
erratic in this region. Occurrence of frequent
dryspells  is a common the features in the
region. The prominent cropping systems

adopted in the region are, kharif sorghum +
pigeonpea, soybean + pigeonpea, cotton+
pigeonpea and cotton+greengram/blackgram/
soybean. The soils in the region are medium
black. The productivity of all crops decreases
with either deficiency of rainfall and its
distribution or due to moisture stress in critical
growth period due to dryspells occurred in July
and August. Thus the crop suffers with the
moisture stress and ultimately the crop
productivity is lowered by 30 to 40 per cent.
(Pendke et al., 2000). The most important
aspect of sustainable rainfed agriculture in the
region is availability of sufficient soil moisture
during crop growth period of kharif crops.
Thus, in-situ rainwater conservation plays an
important role in maintaining the required soil
moisture in stress period. Therefore, an
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Abstract
Majority of population living in Marathwada region depends upon rainfed agriculture. Rainfall in uncertain

and erratic in this region and sometimes suffers from severe droughts.  The rainfall is one of the most important
natural inputs to agriculture. The productivity of all crops decreases with either deficiency of rainfall and its
distribution or due to moisture stress in critical growth period due to dryspells occurred in July and August.
Thus in-situ rainwater conservation plays an important role in maintaining the required soil moisture in stress
period. The research experiment on evaluation of in-situ rainwater conservation techniques with various
cropping systems was undertaken for 6 years on experimental field of Vasantrao Naik Marathwada Krishi
Vidyapeeth, Parbhani under dryland conditions.  Soybean+ pigeonpea (4:2) intercropping system was found
to be superior with respect to gross monetary returns, net monetary returns and B:C ratio, followed by cotton
+ soybean (1:1). Conservation furrow at 2.7 m was found significantly superior over control.  Conservation
furrow at 5.4 m and opening of furrow after 4 rows was found at par effective with conservation furrow at 2.7
m with respect to gross and net monetary returns. Highest soil moisture use and moisture use efficiency was
observed in conservation furrow at 2.7 m followed by conservation furrow at 5.4 m and opening of furrow
after 4 rows. Conservation furrow at 2.7 m in cotton + soybean, soybean + pigeonpea and sorghum +
pigeonpea intercropping systems was found effective for in-situ rainwater conservation and  thereby enhancing
productivity and moisture use efficiency in medium and deep vertisol in assured rainfall zone of Marathwada
region.  
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experiment was planned for evaluating the
performance of various in-situ rainwater
conservation techniques on various cropping
systems.

Materials and Method

The research experiment on various
cropping systems with in-situ rainwater
conservation techniques was undertaken for 6
years (2012-13 to 2017-18) on experimental
field of Vasantrao Naik Marathwada Krishi
Vidyapeeth, Parbhani under rainfed/dryland
condition. The experiment was planned with
split plot design with three replications following
the crop rotation.

Treatments :

Main Plot treatments : Cropping system
- 03

C1 :  Sorghum + pigeonpea (4:2)

C2 :  Soybean + pigeonpea (4:2)

C3 :  Cotton + soybean (1:1)

Sub plot treatments : In-situ rain water
conservation techniques - 05

T1 - Opening of furrow after 2 rows 

T2 - Opening of furrow after 4 rows 

T3 - Conservation furrow at 2.7 m 

T4 - Conservation furrow at 5.4 m 

T5 - Control 

Results and Discussion

Data on crop yield, seed cotton equivalent
yield, gross monetary returns, net monetary
returns and B:C ratio during the period from
2012-13 to 2017-18 were subjected to pooled
analysis.  The error during the experimentation
period was tested with Bartlet’s test.  The error

was heterogeneous and the interaction between
season and treatments, with respect to all yield
parameters, was significant.  Hence, simple
pooled means have been considered. 

Crop yield : Pooled data on main crop
yield and inter crop yield during the period from
2013 to 2018 are presented in Table 1 and
Table 2.

The data indicated that mean main crop yield
was significantly higher in sorghum + pigeonpea
(C1) than soybean + pigeonpea (C2) and Cotton
+ soybean (C3).  Similarly, mean main crop yield
of soybean + pigeonpea (C2) was significantly
higher than that of cotton + soybean (C3).
Among in-situ rain water conservation
techniques, mean main crop yield was
significantly higher in conservation furrow at 2.7
met. (T3) as compared to control.

Intercrop yield : Mean yield of intercrop
(Table 2) was significantly higher in Cotton +
soybean (C3) than that of sorghum + pigeonpea
(C1).  Among in-situ rain water conservation
techniques, mean intercrop yield was
significantly higher in conservation furrow at 2.7
m than opening of furrow after two rows (T1)
and control (T5).

Seed cotton equivalent yield

Cropping systems : Pooled data on seed
cotton equivalent yield are presented in Table 3.
Data indicated that among cropping systems, no
significant difference was observed with respect
to mean seed cotton equivalent yield.  However,
higher mean seed cotton equivalent yield was
recorded in soybean + pigeonpea (C2) followed
by cotton + soybean (C3). The results verified
the previous findings as (Dhoble et al., 1990.;
Gund et al., 1998 and Kale et al., 1992) and
reported that all intercropping systems  resulted
in yield advantage over sole crop.

In-situ rain water conservation
techniques : Among in-situ rain water
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conservation techniques, significantly higher
mean seed cotton equivalent yield was recorded
in conservation furrow at 2.7 m. (T3) over
opening of furrow after two rows (T1) and
control (T5).  The results verified the previous
findings as (Barai et al., 1991.; Pendke et al.,
2000 and Ranade et al., 2017) and reported
that all in-situ moisture conservation practices
resulted in yield advantage over control.

Interaction : The interaction between
cropping systems and in-situ rain water
conservation techniques was found non-
significant.  The interaction between season and
treatment was significant.  

Gross Monetary Returns

Cropping systems : Pooled data on gross
monetary returns (Table 4) indicated that among
cropping systems, no significant difference was
observed with respect to mean gross monetary
returns.  However, higher mean gross monetary
returns was recorded in soybean + pigeonpea
(C2) followed by cotton + soybean (C3). 

In-situ rain water conservation
techniques : Among in-situ rain water
conservation techniques significantly higher
mean gross monetary returns was recorded in
conservation furrow at 2.7 m (T3) than control.  
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Table 1. Main crop yield as affected by cropping systems and in-situ rainwater conservation techniques during 2012-13 to
2017-18

Treatments Main crop yield, kg ha-1 Pooled
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– mean
2012-13 2013-14 2014-15 2015-16 2016-17 2017-18

Cropping systems
C1 - Sorghum + Pigeonpea 3069 2719 1919 719 2210 1963 2100

(9979)* (8385)* (2932)* (1423)* (3690)* (9105)* (5919)*
C2 - Soybean + Pigeonpea 882 1057 1716 618 1274 1577 1187
C3 - Cotton + Soybean 566 847 1139 689 1235 486 827
SE ± 79 137 76 44 122 43 106
CD at 5% 228 337 220 NS 366 126 293

In-situ Rain Water Conservation Techniques
T1 - Opening of furrow after 2 rows 1443 1507 1443 652 1772 1290 1351
T2 - Opening of furrow after 4 rows 1427 1567 1766 540 1586 1422 1401
T3 - Conservation furrow at 2.7 m 1785 1738 1697 813 164 1526 1533
T4 - Conservation furrow at 5.4 m 1656 1388 1858 752 1651 1295 1433
T5 - Control 1217 1503 1193 519 1417 1176 1171
SE ± 102 177 98 57 77 56 137
CD at 5% 295 NS 284 166 226 162 378

Interaction (CS x IRWCT’s)
SE ± 176 307 170 99 95 97 236
CD at 5% 510 NS 492 NS 285 NS NS

Interaction (season x treatment)
SE ± 228
CD at 5% 660
Mean 1506 1541 1591 675 1573 1342 1371
CV 20 35 19 25 19 13 24

* Fodder yield
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Table 2. Inter crop yield as affected by cropping systems and in-situ rainwater conservation techniques during 2012-13 to
2017-18

Treatments Inter crop yield, kg ha-1 Pooled
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– mean
2012-13 2013-14 2014-15 2015-16 2016-17 2017-18

Cropping systems
C1 - Sorghum + Pigeonpea 389 651 668 946 743 458 643
C2 - Soybean + Pigeonpea 551 946 794 1112 877 432 785
C3 - Cotton + Soybean 676 1034 1788 531 533 1140 950
SE ± 34 52 73 35 42 57 63
CD at 5% 97 150 210 100 126 166 173
In-situ Rain Water Conservation Techniques
T1 - Opening of furrow after 2 rows 576 849 1070 799 660 614 662
T2 - Opening of furrow after 4 rows 520 898 1135 850 715 729 808
T3 - Conservation furrow at 2.7 m 611 1025 1075 1116 762 857 908
T4 - Conservation furrow at 5.4 m 559 925 1136 1077 760 620 846
T5 - Control 429 688 1000 473 677 561 638
SE ± 44 67 94 45 55 75 81
CD at 5% NS 194 NS 129 165 214 224
Interaction (CS x IRWCT’s)
SE ± 75 116 162 77 81 128 140
CD at 5% NS NS NS 224 244 NS NS
Interaction (season x treatment)
SE ± 143
CD at 5% 414
Mean 537 877 1083 863 718 677 793
CV 24 23 26 16 19 33 25

Table 3. Seed cotton equivalent yield as affected by cropping systems and in-situ rainwater conservation techniques during
2012-13 to 2017-18

Treatments Seed cotton equivalent yield, kg ha-1 Pooled
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– mean
2012-13 2013-14 2014-15 2015-16 2016-17 2017-18

Cropping systems
C1 - Sorghum + Pigeonpea 1759 1740 1027 1291 1287 1270 1396
C2 - Soybean + Pigeonpea 1236 1872 1570 1704 1347 1357 1514
C3 - Cotton + Soybean 1124 1582 2168 1100 1467 1136 1430
SE ± 41 68 52 58 30 60 63
CD at 5% 118 197 151 168 85 174 NS
In-situ Rain Water Conservation Techniques
T1 - Opening of furrow after 2 rows 1362 1739 1549 1275 1320 1181 1404
T2 - Opening of furrow after 4 rows 1400 1768 1588 1325 1374 1325 1463
T3 - Conservation furrow at 2.7 m 1533 1984 1706 1725 1427 1516 1649
T4 - Conservation furrow at 5.4 m 1475 1754 1732 1630 1437 1187 1536
T5 - Control 1095 1411 1366 870 1278 1064 1181
SE ± 53 88 67 75 38 78 81
CD at 5% 153 254 195 217 NS 224 225
Interaction (CS x IRWCT’s)
SE ± 92 152 117 130 66 134 141
CD at 5% NS NS NS 376 NS NS NS
Interaction (season x treatment)
SE ± 146
CD at 5% 423
Mean 1373 1731 1588 1365 1368 1254 1447
CV(%) 11 15 13 16 12 19 16
Season rainfall (mm) 787 719 493 641 887 637 694



Interaction : Interaction between cropping
systems and in-situ rain water conservation
techniques was found non-significant.
Interaction between season and treatment was
significant.

Net Monetary returns

Cropping systems : Pooled data with
respect to net monetary returns (Table 5)
indicated that no significant difference was
observed in mean net monetary returns with
respect to cropping systems.  However, higher
mean net monetary returns was recorded in
Soybean + pigeonpea (C2) followed by sorghum
+ pigeonpea (C1).

In-situ rain water conservation
techniques : Among in-situ rain water
conservation techniques, mean net monetary
returns in conservation furrow at 2.7 m (T3) was

significantly higher than control (T5).  Mean net
monetary returns in opening of furrow after 4
rows (T2) and conservation furrow at 5.4 m (T4)
was at par with that of conservation furrow at
2.7 m (T3).

Interaction : Interaction between cropping
systems and in-situ rain water conservation
techniques was found non-significant.
Interaction between season and treatment was
significant. 

B:C ratio : Pooled data on B:C ratio have
been presented in table-6. Pooled data indicated
that mean B:C ratio was significantly higher in
soybean + pigeonpea (C2) than cotton +
soybean (C3). Among in-situ rain water
conservation techniques, significantly higher B:C
ratio was recorded in conservation furrow at 2.7
m (T3) than control (T5).   
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Table 4. Gross monetary returns as affected by cropping systems and in-situ rainwater conservation techniques during 2012-
13 to 2017-18 

Treatments Gross monetary returns, Rs. ha-1 Pooled
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– mean
2012-13 2013-14 2014-15 2015-16 2016-17 2017-18

Cropping systems
C1 - Sorghum + Pigeonpea 29645 36011 28758 38735 57970 41906 38838
C2 - Soybean + Pigeonpea 20826 38742 43961 51114 60900 44784 43388
C3 - Cotton + Soybean 18934 32755 60710 33002 65960 37477 41473
SE ± 690 1409 1461 1744 1383 1984 1798
CD at 5% 1994 4076 4224 5043 4002 5738 NS

In-situ Rain Water Conservation Techniques
T1 - Opening of furrow after 2 rows 22945 36003 43382 38259 59398 38976 39827
T2 - Opening of furrow after 4 rows 23592 36590 44470 39748 62345 43737 41747
T3 - Conservation furrow at 2.7 m 25836 41062 47773 51764 62222 50003 46443
T4 - Conservation furrow at 5.4 m 24853 36317 48490 48886 64670 39141 43726
T5 - Control 18449 29205 38261 26096 57425 35087 34087
SE ± 890 1820 1886 2251 1790 2562 2321
CD at 5% 2574 5262 5452 6510 NS 7408 6423

Interaction (CS x IRWCT’s)
SE ± 1542 3152 3266 3899 3095 4437 4020
CD at 5% NS NS NS NS NS NS NS

Interaction (season x treatment)
SE ± 4167
CD at 5% 12067
Mean 23135 35836 44475 40952 61610 41389 41233
CV(%) 11 15 13 16 12 19 16
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Table 5. Net monetary returns as affected by cropping systems and in-situ rainwater conservation techniques during 2012-
13 to 2017-18

Treatments Net monetary returns, Rs. ha-1 Pooled
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– mean
2012-13 2013-14 2014-15 2015-16 2016-17 2017-18

Cropping systems
C1 - Sorghum + Pigeonpea 18971 25341 18027 31260 39970 23805 26229
C2 - Soybean + Pigeonpea 9332 27248 32428 43333 40900 26494 29956
C3 - Cotton + Soybean 5950 18665 46950 22344 40960 16987 25309
SE ± 689 1397 1461 1740 1690 1922 1799
CD at 5% 1993 4039 4224 5033 NS 5558 NS
In-situ Rain Water Conservation Techniques
T1 - Opening of furrow after 2 rows 11715 23785 31317 29519 38398 20019 25792
T2 - Opening of furrow after 4 rows 11200 24454 32402 31016 41345 24504 27487
T3 - Conservation furrow at 2.7 m 14054 28783 35707 42955 41222 30520 32207
T4 - Conservation furrow at 5.4 m 13133 24188 36425 40201 43670 20213 29638
T5 - Control 6985 17546 26489 17873 36425 16887 20368
SE ± 890 1803 1886 2247 2050 2482 2323
CD at 5% 2573 5215 5452 5452 NS 7176 6429
Interaction (CS x IRWCT’s)
SE ± 1541 3123 3266 3892 3545 4298 4024
CD at 5% NS NS NS 11254 NS NS NS
Interaction (season x treatment)
SE ± 4114
CD at 5% 11915
Mean 11418 23751 32469 32312 40610 22428 27165
CV(%) 23 23 17 21 -- 33 24

Table 6. B:C ratio as affected by cropping systems and in-situ rainwater conservation techniques during 2012-13 to 2017-
18

Treatments B:C ratio Pooled
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– mean
2012-13 2013-14 2014-15 2015-16 2016-17 2017-18

Cropping systems
C1 - Sorghum + Pigeonpea 1.78 2.37 1.68 4.16 2.22 1.31 2.25
C2 - Soybean + Pigeonpea 0.81 2.36 2.81 5.55 2.05 1.44 2.50
C3 - Cotton + Soybean 0.46 1.32 3.41 2.09 1.64 0.82 1.62
SE ± 0.06 0.12 0.11 0.22 0.13 0.09 0.19
CD at 5% 0.18 0.35 0.33 0.64 0.39 0.28 0.52
In-situ Rain Water Conservation Techniques
T1 - Opening of furrow after 2 rows 1.02 2.0 2.51 3.53 1.83 1.07 1.99
T2 - Opening of furrow after 4 rows 0.99 2.07 2.63 3.73 1.97 1.29 2.11
T3 - Conservation furrow at 2.7 m 1.24 2.42 2.89 5.23 1.96 1.58 2.55
T4 - Conservation furrow at 5.4 m 1.17 2.07 2.95 4.93 2.08 1.08 2.38
T5 - Control 0.64 1.54 2.18 2.24 1.73 0.94 1.55
SE ± 0.08 0.16 0.15 0.29 0.14 0.13 0.24
CD at 5% 0.23 0.45 0.42 0.83 0.42 0.37 0.67
Interaction (CS x IRWCT’s)
SE ± 0.14 0.27 0.25 0.49 0.22 0.22 0.42
CD at 5% NS NS NS 1.43 0.66 NS NS
Interaction (season x treatment)
SE ± 0.37
CD at 5% 1.06
Mean 1.01 2.02 2.63 3.93 1.97 1.19 2.12
CV(%) 23 23 17 22 21 32 24
Season rainfall (mm) 786 719 493 641 887 637 694



Interaction between cropping systems and
in-situ rain water conservation techniques was
found non-significant.  Interaction between
season and treatment was significant. Dikey et
al., (2013) conducted experiment on various
stress management practices  for soybean and
found similar results. Jadhav et al., 2012
conducted experiment on various land
configurations for in-situ moisture conservation
in soybean and found similar type of BC ratio
and yield enhancement.

Moisture use efficiency (kg mm-1 ha-1):
Data on moisture use efficiency (Table 7)
indicated that highest mean moisture use
efficiency of 3.83 kg mm-1 ha-1 was observed in
soybean + pigeonpea.  Similarly, highest mean
moisture use efficiency of 4.10 kg mm-1 ha-1

was observed in conservation furrow at 2.7 m
followed by conservation furrow at 5.4 m.

Conclusion

Soybean+ pigeonpea (4:2) intercropping
system was found superior with respect to gross
monetary returns, net monetary returns and B:C
ratio and followed by cotton + soybean(1:1)
intercropping system.   Conservation furrow at
2.7 m was found significantly superior over
control.  Conservation furrow at 5.4 m and
opening of furrow after 4 rows were found at
par effective with conservation furrow at 2.7 m
with respect to gross and net monetary returns.
Highest moisture use efficiency was observed in
adoption of conservation furrow at 2.7 m

followed by conservation furrow at 5.4 m and
opening of furrow after 4 rows.
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Table 7. Mean moisture use efficiency (kg mm-1 ha-1) during  2012-13 to 2017-18

Treatments In-situ rain water conservation techniques Mean
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Opening of Opening of Conservation Conservation Control
furrow after furrow after furrow furrow 
2 rows 4 rows at 2.7m at 5.4 m

Sorghum + pigeonpea 3.12 3.42 3.94 3.58 2.53 3.32
Soybean + pigeonpea 3.57 3.78 4.50 4.22 3.06 3.83
Cotton + soybean 3.58 3.58 3.85 3.55 3.18 3.55
Mean 3.42 3.59 4.10 3.78 2.92 -

______________
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