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Little millet (Panicumsumatrense L.) is one
of the minor millet, which belongs to family
Poaceae. Little millet is another reliable catch
crop in view of its earliness and resistance to
adverse agro-climatic conditions of high drought
as well as water logging. It is grown throughout
India and a traditional crop of Karnataka. It is
mostly cropped with other millets, pulses and
oilseeds. It is generally consumed as rice and any
recipe that demands staple rice can be prepared
using little millet. It is described as a "quick
growing, short duration cereal which withstands
both drought and water logging". Doubtless this
is a valuable crop in difficult situations. It occurs
as wild crop in Northern India and South
Eastern Asia. It will yield some grain and useful
fodder under very poor conditions. The crop is
a balanced and staple food of tribal and
economically poor section of the population. It
provides low priced proteins, minerals and

vitamins in the form of sustainable food. The
stover is a good fodder for cattle. 

Nitrogen is of vital importance to the
physiology of little millet. It plays a critical role
in the process of photosynthesis by which plants
manufacture their own food from sunlight.
Further, nitrogen is essential in little millet for
manufacturing of proteins and in virtually every
other aspect of its physiology. Plants that are
deficient in nitrogen grow poorly and develop
yellowing leaves. Nitrogen is major component
of amino acids and the building blocks of
protein. Major component of chlorophyll.
Phosphorus is an essential nutrient for animals
and plants. It plays a critical role in cell
development and is a key component of
molecules that store energy, such as ATP
(adenosine triphosphate), DNA and lipids (fats
and oils).
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Abstract
An experiment was conducted during kharif 2016 at Post Graduate Research Farm, College of Agriculture,

Kolhapur Maharashtra. The objectives of experiment were to find out suitable varieties of little millet, to study
the fertilizer requirement of little millet, the interaction effects of fertilizer and variety on little millet and the
economics of different treatments in little millet. The growth attributing characters of little millet expressed in
terms of plant height, number of functional leaves hill-1, number of tillers hill-1, leaf area and dry matter
accumulation plant-1 were significantly higher in PhuleEkadashi and application of 150 per cent RDF. The
Phule Ekadashi variety recorded significantly highest grain (13.45 q ha-1) and straw (16.21 q ha-1) yield over
OLM 203 (viz., 9.70 and 12.83 q ha-1 grain and straw yield respectively). The fertilizer level 150 per cent
RDF recorded significantly highest grain 13.40 q ha-1 and straw 16.10 q ha-1 yields followed by 125 per cent
RDF 12.60 and 15.87 q ha-1 grain and straw respectively. The fertilizer level 100 per cent and 75 per cent
RDF recorded lowest grain and straw yield as compared to 125 and 150 per cent RDF. The variety
PhuleEkadashi recorded significantly higher net (Rs. 24695 ha-1) monetary returns, benefit cost ratio (1.84)
over OLM 203 viz., net (Rs. 9695 ha-1) monetary returns, benefit cost ratio (1.33).

Key words : Phule Ekadashi, little millet, fertilizer levels.



Insufficient phosphorus in the soil can result
in a decreased crop yield. Phosphorus(P) is vital
role in plant growth and is found in every living
plant cell. It is involved in several key plant
functions, including energy transfer, photo-
synthesis, transformation of sugars and starches,
nutrient movement within the plant and transfer
of genetic characteristics from one generation to
the next. Traditionally, little millet is grown in
low fertile soils without application or limited
fertilizer application. However, experimental
results indicate that the crop responds favorably
low fertilizer application.

Materials and Methods

The field experiment was laid out in a
factorial randomized block design (FRBD)
comprising eight treatment combinations
replicated thrice viz. V1 - Phule Ekadashi, V2 -
OLM 203, and four fertilizer levels F1 - 75 per
cent RDF, F2 - 100per cent RDF, F3 - 125 per
cent RDF, F4 - 150 per cent RDF. The gross and
net plot sizes were 4.50 x 3.0 m2 and 3.90 x
2.40 m2, respectively. Little millet crop was
transplanted at row to row and plant to plant
spacing with 30 cm x 7.5 cm.

The Post Graduate Research Farm, College
of Agriculture, Kolhapur is geographically
situated between 16°42’ North latitude and
74°14’ East longitude having elevation of 548
meters above the mean sea level. It comes under
the Sub-montane zone of Maharashtra with
average annual rainfall 1061 mm being received
in 66 rainy days. Out of which 80 per cent
rainfall receives from South West monsoon in
June to September. Rest of the rainfall is
received in the month of October and November
from North East monsoon. The soil of
experimental plot was sandy clay loam in
texture, medium in available nitrogen and
phosphorus and high in available potassium. It
was slightly alkaline in reaction.

Results and Discussion

Growth contributing characters : Effect
of varieties - The highest plant height was
observed in PhuleEkadashi which was
significantly superior over OLM-203 at all
growth phases. The increase in height of
PhuleEkadashi is genetically governed
phenomena of harmonal balance, nutrient
absorption capacity and conversion of radiant
energy in presence of chlorophyll. All this
process reflects in increase in plant height and
all growth contributing characters. Similar results
were reported by Bhomte et al., (2013), Patil et
al., (2015), and Anonymous (2015).The mean
no of tillers plant-1 and number of leaves were
significantly higher in PhuleEkadashi over OLM-
203. The PhuleEkadashi is significantly superior
over OLM 203, from this results it was observed
that PhuleEkadashi has more genetical potential
to enlarge the leaf size during growth period
than OLM 203.

The dry matter accumulation was higher in
PhuleEkadashi which was significantly superior
over OLM-203. Dry matter accumulation is the
result of all the growth and yield attributes
namely plant height, number of tillers, number
of leaves, leaf area etc. The PhuleEkadashi had
high source sink relationship as compared to
OLM-203. The dry matter production is largely
function of photosynthetic surface which had
favorably influenced by PhuleEkadashi. Days to
50 percent flowering and maturity did not differ
significantly due to little millet varieties.

Effect of fertilizer levels : The
significantly higher plant height of little millet
was recorded as 150 percent RDF which was on
par with 125 percent RDF and significantly
superior over rest of the treatments. 125 and
150 per cent RDF provides sufficient nutrient to
plant which leads to anatomical changes such as
increase in size of cells, intercullar spaces,
thinner cell walls and lower development of
epidermal tissue resulted to increase in plant
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height. Similar finding were reported by Sunitha
et al., (2004), Deshmukh (2007) and Pradhan
et al. (2011).

The higher number of tillers plant-1 of little
millet observed due to 150 percent RDF which
was on par with 125 percent RDF and
significantly superior over rest of the treatments.
This might be due to luxuriant availability of
nutrient for growth and development of auxillary
bud from which tillers are emerged.These results
are in corroborative with the findings of Sunitha
et al., (2004), Deshmukh (2007) and Pradhan
et al. (2011).

The highest number of leaves plant-1 and leaf
area plant-1of little millet were influenced
significantly due to different fertilizer levels.
Application of 150 per cent RDF recorded
highest number of leaves plant-1 and leaf area
which was at par with 125 per cent RDF and
significantly superior over rest of the treatments.
This might be due to higher availability of
nitrogen and phosphorus at vegetative and

reproductive phases enables plants for
promotion of cell division and expansion of
leaves. Similar findings were reported by
Deshmukh (2007).

Dry matter plant-1 was significantly higher
due to 150 percent RDF which was at par with
125 percent RDF and significantly superior over
rest of the treatments. Similar result was also
supported by Ramamoorthy and Lourduraj
(2002), Sunitha et al., (2004), Deshmukh
(2007) and Pradhan et al. (2011).

Interaction effects

All the interaction effects were found to be
non-significant.

Yield attributing characters, yield and
economics -

Effect of varieties : The length of panicle,
grain weight per panicle and test weight of little
were influenced significantly due to different little
millet varieties. The PhuleEkadashi variety of
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Table 1. Effect of varieties and fertilizer levels on growth contributing characters of  little millet

Treatment Plant Tillers No. of Leaf Dry Days Days 
height plant-1 leaves area matter to 50% to 
(cm) plant-1 plant-1 plant-1 flowe- maturity

(dm-2) (g) ring

Varieties
V1 - PhuleEkadashi 116.76 5.85 20.80 260.03 7.48 83 123
V2 - OLM 203 110.94 4.89 16.48 253.57 6.34 85 125
SE (m) ± 1.20 0.13 1.17 1.60 0.16 1.20 1.71
C.D. at 5 % 3.60 0.37 3.51 4.82 0.49 NS NS

Fertilizer levels
F1 - 75% RDF 106.79 4.12 16.0 245.37 5.41 83 123
F2 - 100% RDF 109.09 45.21 16.56 253.54 6.74 84 124
F3 - 125% RDF 117.75 5.84 20.74 262.74 7.84 84 124
F4 - 150% RDF 120.81 6.32 21.26 265.17 8.22 85 124
SE (m) ± 1.71 0.15 0.05 2.21 0.27 1.27 1.51
CD at 5% 3.54 0.44 3.17 6.64 0.81 NS NS

Interaction effect (V x F)
S.E (m) ± 2.42 0.29 1.18 2.30 0.29 1.30 1.28
C. D. at 5% NS NS NS NS NS NS NS
General mean 113.85 5.37 18.64 256.70 7.01 84 124



little millet was recorded significantly higher
length of panicle,  grain weight per panicle and
test weight over OLM-203. The difference in
these characters in little millet varieties might be
due to inherent genetic potential of varieties.

The grain and straw yield of little was
influenced significantly due to different little
millet varieties. The PhuleEkadashi variety of
little millet was recorded significantly higher
grain and straw yield over OLM-203. The
difference in grain and straw yield in little millet
varieties might be due to inherent genetical
potential of little millet varieties. Similar result
were observed in Anonymous (2015).

The net monetary returns had significantly
influenced by the different little millet varieties.
The PhuleEkadashi variety of little millet
recorded significantly higher net monetary
returns (Rs. 24695 ha-1) over OLM 203 (Rs.
9695 ha-1). The PhuleEkadashi variety of little
millet recorded higher B: C ratio (1.84) over
OLM 203 (1.33). 

Effect of fertilizer levels : The length of
panicle of little was influenced significantly due
to different fertilizer levels. The application of
150 percent RDF recorded significantly higher
panicle length which was at par with 125
percent RDF and significantly superior over rest
of the treatments. This might be due to
availability of nitrogen and phosphorus to plants
resulted in higher accumulation of
photosynthetic assimilates might be responsible
for higher length of panicle.

The test weight of little was differed
significantly due to different fertilizer levels. The
application of 150 percent RDF recorded
significantly higher test weight which was at par
with 125 per cent RDF and significantly superior
over rest of the treatments. Higher source to
sink relationship leads to higher values of test
weight. Results are in agreement with those
obtained by Ramamoorthy and Lourduraj
(2002), Pradhan et al. (2011).

The grain weight panicle-1 of little was
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Table 2. Effect of varieties and fertilizer levels on yield contributing characters, yield and economicsof  little millet

Treatment Length Grain Test Grain Straw Net B:C 
of yield wt. yield yield returns ratio
panicle panicle-1 (g) q ha-1 q ha-1 (Rs. ha-1)
(cm)

Varieties
V1 - PhuleEkadashi 24.16 3.82 2.52 13.45 16.21 24695 1.84
V2 - OLM 203 19.20 2.91 2.19 9.70 12.83 9695 1.33
SE (m) ± 0.33 0.04 0.04 0.40 0.52 1600 -
C.D. at 5 % 1.00 0.13 0.12 1.21 1.56 4810 -

Fertilizer levels
F1 - 75% RDF 19.21 2.88 2.01 9.32 12.01 8643 1.30
F2 - 100% RDF 21.24 3.10 2.26 11.0 14.10 15051 1.51
F3 - 125% RDF 22.40 3.54 2.54 12.60 15.87 21139 1.72
F4 - 150% RDF 23.87 3.86 2.63 13.40 16.10 24027 1.81
SE (m) ± 0.38 0.15 0.04 0.32 0.21 1280 -
CD at 5% 1.14 0.45 0.12 0.97 0.64 3840 -

Interaction effect (V x F)
S.E (m) ± 0.42 0.18 0.06 0.33 0.27 1320 -
C. D. at 5% NS NS NS NS NS NS -
General mean 21.68 3.37 2.41 11.58 14.52 17215



influenced significantly due to different fertilizer
levels. The application of 150 percent RDF
recorded significantly higher grain weight
panicle-1 which was at par with 125 percent
RDF and significantly superior over rest of the
treatments. This might be due to reproductive
phase reduce seed membrane integrity, embryo
RNA content, chlorophyll synthesis and
dehydrogenase activity.

The grain yield of little was influenced
significantly due to different fertilizer levels. The
application of 150 percent RDF recorded
significantly higher grain yield which was at par
with 125 percent RDF and significantly superior
over rest of the treatments. This might be due
to high chlorophyll synthesis and dehydrogenase
activity, also it affects source to sink relationship
which reflects in higher yields. Similar result
were observed in Bhomte (2013) and
Anonymous (2015). 

The straw yield of little was influenced
significantly due to different fertilizer levels. The
application of 150 percent RDF recorded
significantly higher straw yield which was on par
with 125 percent RDF and significantly superior
over rest of the treatments. This might be due
to better root activity, good source to sink
relationship and high physiological activities
which synthesized cytokinise. Similar result were
reported by Kumar et al. (2003), Deshmukh
(2007) and Pradhan et al. (2011).

Application of 150 per cent RDF gave
significantly higher net monetary returns (Rs.
24027 ha-1), which was at par with 125 per
cent RDF (Rs. 21139 ha-1) and significantly
superior over rest of the treatments viz. 75 and

100 per cent RDF. Similar results were also
reported by Ramamoorthy and Lourduraj (2002)
and Bhomte et al., (2013). Application of 150
per cent RDF recorded higher B: C ratio (1.81)
followed by 125, 100 and 75 per cent RDF.
Similar results were also reported by
Ramamoorthy and Lourduraj (2002) and
Sunitha et al., (2004) and Bhomte et al.,
(2013).

Interaction effects : All the interaction
effects were found to be non-significant.

References

Anonymous. 2015. a report of variety release proposal for
the state seed sub-committee, MPKVRahuri, Govt. of
Maharashtra.

Bhomte, M. V., Apotikar, V. A. and Pacbpole D. S. 2013.
Effect of different fertilizer levels on growth and yield
of little millet genotypes.Contemporary research in
india (ISSN 2331-2137): Vol. 6: Issue: 3.

Deshmukh, G. M. 2007. Studies on effect of FYM, Lime,
NP Fertilizer and Boron on yield, nutrient uptake and
quality of nagli (Eluesinecoracana G.). M.Sc. (Agri.)
Thesis submitted to the Dr. B.S.K.K.V., Dapoli.

Patil, S. V., Bhosale, A. S. and Khambal, P. D. 2015. Effect
of Various Levels of Fertilizers on Growth and Yield of
Finger Millet. IOSR Journal of Agriculture and
Veterinary Science (IOSR-JAVS)8(6): 49-52.

Pradhan A., Thakur, A., Patel, S., and Mishra, N.,
(2011).Effect of different nitrogen levels on kodo millet
(Paspalumscrobiculatum L.) under rainfed condition.
Research Journal of Agricultural Sciences. 2(1): 136-
38.

Ramamoorthy, K. and Christopher Lourduraj A. 2002.
Integrated nutrient management in direct sown rainfed
finger millet (Eleusinecoracana G.). Madras Agric. J.,
89(1-3): 33-35.

Sunitha, N., Ravi, V. and Reddappa Reddy. 2004. Nitrogen
economy in finger millet through conjunctive use of

Journal of Agriculture Research and Technology 135

______________



In Scarcity Zone of Maharashtra, the (5.2
million hectare) kharif crops depend mainly on
seasonal monsoon rains. Yields are understood
to vary in response to the variable timing of the
commencement and conclusion of the rainy
season, prolonged dry spells within the rainy
season, and flood damage to crops from events
of high rainfall intensity. Current vulnerabilities
to climate are strongly correlated with climate

variability, in particular precipitation variability.
These vulnerabilities are largest in semi-arid and
arid low-income countries, where precipitation
and stream flow are concentrated over a few
months, and where year-to-year variations are
high. The number of hydro-meteorological
hazarda (droughts, floods, wind storms etc.,)
have significantly increased in recent decades
from 195 (1987-1998 average) to 365 (2000-
2006 average), indicating that climate-related
disaster risk is increasing. Extreme climate
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Agro Advisories a Boon for Crop Planning on Real Weather
Basis in Scaracity Zone of Maharashtra

V. M. Amrutsagar1, V. M. Jadhav2, V. M. Londhe3, J. D. Jadhav4 and D. V. Indi5
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Abstract
More than 70% of farms in Scarcity Zone of Maharashtra are small and marginal and are thus vulnerable

to climate variability. Some factors, such as increased temperatures and longer droughts periods, are likely to
depress production. Managing climate risks is a major challenge of today and for the future. To extend the
period of forecast for 3-7 days i.e., medium range weather forecast for the benefit of farming, community the
India Meteorological Department has been issuing district level medium range forecast to the 127 agro-
meteorological field units in the country. Under this project apart from weather forecasts, agro-advisories based
on weather are also being issued for the benefit of farming community by the AMFU’s. Advisories are farmers
bulletin, which take into account the prevailing weather, soil and crop condition, weather forecasts and, suggest
measures to minimize the losses (crop or livestock) and effective utilization of inputs (irrigation, fertilizers
pesticides etc.,) and also suggest contingent crop planning.The following points are to be kept in mind for
preparing effective agro-advisory bulletins:Identification of weather sensitive field operations, Accurate weather
forecast taking into cognizance local weather. Real time information on crops (major crops, varieties, sowing
time, phonological stage, status of pests and diseases etc.). Reliable source of information .Crop weather
calendars, easily understandable language.The feedback is collected from the contact progressive farmers, on
usefulness of the advisories as well as suggestions for its improvements. Systemtic study conducted by this unit
on economic impact of the project in six villages in Solapur District revealed that there is a benefit of 12- 23%
due to adoption of agromet advisories. The contingency plans are needed if following conditions prevail :Failure
of south-West Monsoon, Delayed onset or early withdrawal of monsoon, Deficit or erratic rainfall, Damage to
crops due to cyclones floods etc. Crop loss due to droughts, Insufficient supply of irrigation water or late release
of canal water, Long dry spells, Heat or cold waves, Severe pest or disease outbreaks due to favorable weather
conditions.Medium range weather forecast is useful in issuing location specific weather based Agro-advisors to
tailor the agricultural operations. By closely monitoring seasonal conditions and using medium range weather
forecast an effective contingency cropping strategy is possible. Timely dissemination of these advisories/
contingency crop plans/measures will help the farmers to maximize the yield by optimum use of inputs and
enhance the economic returns of the farmers.

Key words : Crop planning, advisories.
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events (droughts, floods, cyclones) regularly
affect multiple sectors including agriculture, food
security, water resources and health. More than
70% of farms in Scaracity Zone Of Maharashtra
are small and marginal and are thus vulnerable
to climate variability. Some factors, such as
increased temperatures and longer droughts
periods, are likely to depress production.
Managing climate risks is a major challenge of
today and for the future.

Agromet advisories are one such means to
pass on climate risk management information to
mitigate the losses incurred by farmers.
Unfavorable weather conditions like delayed
monsoon, intermittent dry spells, prolonged
droughts and extreme weather events like heat
waves, floods and cyclones etc., are major
concerns to the Indian farmers. The advance
prediction of these weather events, and
dissemination of contingent crop planning
measures on real time basis using modern
information and communication technologies
would help the farmer immensely in reducing
the crop losses under aberrant weather
situations and also taking-up suitable
contingency measures. Farmers who
incorporate the forecast products in their climate
risk management are getting benefited.

Materials and Methods

Agromet advisories ; Despite
considerable technological advances, Indian
agriculture is still subject to vagaries of the
weather. The short-range forecasts (24 hours in
advance with an outlay for 48 hours), though
useful for certain applications, are inadequate for
planning weather-based agricultural practices
because, longer reaction time is required for
implementing the precautionary measures.
Information on impending weather 3-10 days in
advance is vital for effectiveness of modern
farming practices like sowing of weather
sensitive high yielding varieties, need based

application of fertilizers, pesticides, insecticides,
irrigation and harvest planning. Therefore,
medium range forecasts are needed to provide
sufficient lead-time for the farmers to plan their
agricultural operations based on weather based
agro-advisories and thereby enhance agricultural
production (Gadgil,1989).

To extend the period of forecast for 3-7 days
i.e., medium range weather forecast for the
benefit of farming, community the India
Meteorological Department has been issuing
district level medium range forecast to the 127
agro-meteorological field units in the country
(Singh et al., 1999). Under this project apart
from weather forecasts, agro-advisories based
on weather are also being issued for the benefit
of farming community by the AMFU’s.
Advisories are farmers bulletin, which take into
account the prevailing weather, soil and crop
condition, weather forecasts and, suggest
measures to minimize the losses (crop or
livestock) and effective utilization of inputs
(irrigation, fertilizers pesticides etc.,) and also
suggest contingent crop planning.

Presently, the IMD will provide district
specific medium range weather forecast valid for
coming 4 days on every Tuesday and Friday.
Based on the forecast received from IMD the
nodal officer or his associate will prepare the
final forecast on quantitative rainfall, tendency
in maximum and minimum temperatures, wind
speed and direction, cloud amount and relative
humidity valid for next 4 days beginning 8.30
a.m. on Tuesday, by looking in to the local
conditions.

Result and Discussion

Agro-advisory services at ZARS,
Solapur : Initially to implement the programme
envisaged above, the Department of Science
and Technology has sanctioned a project for
MPKV on “Experimental Agromet Advisory
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Services for Scaracity Zone Of Maharashtra” at
Rahuri,  Dist ,Ahmadnagar during the year

1994 on the basis of that the All India CO-
Ordinated Research Project on Agro-

Amrutsagar et al.138

Occurrence of rainfall Normal Crops / 
Cropping system

Crops / Cropping system

Second fortnight of June (24 and 25 MW) All kharif crops and intercropping system

First fortnight of July (27 and 28 MW) Sole Crop Pearlmillet, Setaria, Amaranthas,
Groundnut, Castor, Pigeonpea, Horsegram,
Sunflower

Intercropping system Pearlmillet+ Pigeonpea (2:1), 
Sunflower + Pigeonpea (2:1) 
Clusterbean + Pigeonpea (2:1) 
Castor + Clusterbean (1:2)

Second fortnight of July (29 and 30 MW) Sole crop Sunflower, Pigeonpea, Horsegram Setaria,
Castor, Pearlmillet

Intercropping system Sunflower + Pigeonpea (2:1), 
Clusterbean + Pigeonpea (2:1), 
Pearlmillet+ Pigeonpea (2:1)

First fortnight of August (32 and 33 MW) Sole crop Sunflower, Pigeonpea, Castor, Horsegram

Intercropping system Sunflower + Pigeonpea (2:1), 
Castor + Ridgegourd (Mixed crop)

Second fortnight of August (34 and 35 MW) Sole crop Sunflower, Castor

First fortnight of September (36 and 37 MW) Sole crop Rabi sorghum for fodder and grain

Table 1. Contingent crop planning for scarcity zone of Western Maharashtra

Table 2. The cropping pattern on the basis of depth of soil and   available soil moisture

Depth of Soil (cm) Available soil moisture (mm) Crops and varieties with duration (days)

< 7.5 15-20 Grasses(Marvel -8, 2 cuttings) and dryland horticulture (Ber,
Custard apple, Anola, Pomegranate, Drumstick etc.) 

7.5 – 22.5 30-35 Grasses(Marvel –8, 2 cuttings) , Kharif :Horse gram (Sina, Man)
Mothbean (MBS-27), Castor (VI-9), Agroforestry & dryland
horticulture.

22.5-45 40-65 Kharif 
I. Sole Cropping : Sunflower (SS-56) ,Pearlmillet (Shradha),
Pigeonpea (BDN-2), Castor (VI-9), Groundnut (JL-24), Cotton                                        
II. Inter Cropping  : Sunflower (SS-56) + Pigeonpea (BDN-2,),
Pearlmillet (Shradha ,) + Pigeonpea (BDN-2). 

45-60 60-150 Rabi : Rabi Sorghum (M.35-1), Safflower (Bhima), Sunflower
(SS-56), Gram, (Vijay).

> 60 > 150 Double Cropping  :
Kharif Rabi
Blackgram (T-9) Rabi Sorghum (M.35-1)
Greengram (Phule M-2) Safflower (Bhima)
Cowpea for fodder Sunflower (SS-56)
Pearlmillet (Shradha) Gram (Vijay)
Sunflower (SS-56) Sunflower (Bhanu)
Pearlmillet (Giant bajra) Grarm (Vikay)
Sorghum for fodder (Ruchara) Safflower (Bhima)



meteorology (AICRPAM) Solapur has started
Advisory Services for Solapur district which was
published buy every week in local News Paper
and broad casted by All India Radio. Solapur and
also very good feedback response from farming
community on phone.

Mode of preparation on agro-advisory
bulletins (AAB) : The Agrometeorological
Field Unit (AMFU) unit, with the Agro-
meteorologist as the Principal Nodal Officer for
MPKV, ZARS, Solapur is functioning at
Agricultural Research Station, Solapur. An
expert committee (panel of subject matter
specialists) drawn from different disciplines
including livestock and poultry has been

constituted to help in preparation of Agro-
advisories based on impending weather. Taking
this into cognizance and considering the location
specific crop information, diagnostic visits of the
Scientist, DAATT centers, Farmer Awareness
Programmes, Scientist in Farmers Fields etc.,
the expert committee prepares the agro-advisory
bulletin.

On the basis of local agro-meteorological and
farming information and the weather forecasts
from IMD, the subject matter specialists discuss
about the options and consequent effects, and
then decide the advice for the action by the
farmers in respect of the items related to their
expertise. All these together constitute the
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Table 3. Crop varieties for contingent crop planning for scarcity zone of Maharashtra 

Season/Crop Variety

Kharif

Kharif Sorghum (Improved varieties) CSH-1, CSH-5, CSH-6, CSH-9, CSH-13, CSH-14, CSH-16, CSH-17, CSH-18,
CSH-21, CSH-23, SPH-1567

Kharif Sorghum SPV-462, CSV-13, CSV-15, CSV-17, PVK-801, CSV-23, (Hybrids)

Sunflower SS-56, SS-2038 (Bhanu), Morden (Improved variety)

Sunflower (Hybrid) KBSH-1, LDMRSH-1, LDMRSH-3, MSFH-8, MSFH-17, KBSH-44, Phule Raviraj

Pearlmillet Shradha, Saburi, Shanti

Greengram Phule Vaibhav, Kopergaon No. 1, BPMR-145, AKM-8802

Blackgram TPU-4, TAU-1, BDU-1

Cowpea Phule Pandhari, Shweta (for green fodder)

Pigeonpea ICPL-87, Vipula, BSMR-853, BSMR-736, AKT-8811,  Maruti (ICP-8863)

Horsegram Seena, Man

Setaria Arjun

Kidneybean MBS-27

Groundnut  (Kharif / Summer) JL-501, SB-11, JL-24, TAG-24, TG-26, JL-220, JL-286

Soybean DS-288 (Phule Kalyani), JS-335, MACS-124, MACS-450, PK-1029

Rabi

Rabi Sorghum Phule Maulee, Phule Vasudha, Phule Chitra, Phule Anuradha, Parbhani Moti

Chickpea Vikas, Vishwas,Vijay, Digvijay, Virat, KAK-2

Sweet sorghum SSV-84, HES-4, CSV-19, CSH-22, SKSSV-22, Phule Uttara

Safflower Phule Bhima, Phule Kusuma, Sharda, Girna, NARI -6, NARINH-1, DSH-129

Groundnut (Rabi) TPG-41



advisory, which must be as simple as possible in
terms of the language and easily understandable
by the farmers.

Dissemination of AAB : Currently, in
Maharashtra, agro-advisories are being issued
for nine agro-climatic zones viz., South konkan
zone, North konkan zone, Western ghat
zone,Sub-montain Zone, Western Maharashtra
plain zone, Western Maharashtra scaracity
zone,Central Maharashtra, Central Vidarbha
and Eastern Vidarbha of Maharashtra. A
composite bulletin covering all the regions of
state of Maharashtra. is also being issued both
in English as well as local Language (Marathi)
and also very regularly the AICRPAM centre fills
this information on www.cropweatheroutlook
website of CRIDA, Hyderabad.

Content of agro-advisories : The content

of these advisories varies with location, season,
weather, crop condition and local management
practices. This may include

• Crop wise farm management information
tailored to weather sensitive agricultural
practices like field preparation, time seeding,
irrigation, fertilizer, herbicide or insecticide
application, harvesting, marketing etc.,

• Special warnings for taking appropriate mea-
sures for saving crop from aberrant weather. 

• Location specific package and practices for
cultivation of different crops suitable for the
agroclimatic zone relevant to that period.

• Information or caution on outbreak of pests
and diseases under prevailing or forecast
weather conditions

• Problems related to animal health etc.,
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Farmer details information Provided weather
forecast 

Used forecast
information

Savings /Advantage/Benefits / 

Shri.Vivek  Bhange (2018)
AP: Sarole Tal:Mohol 
Dist; Solapur

Expected within 24 hr
Rainfall 

Spraying immediatelyfor
disease control

To the extent of saved losses Rs.
40,000/- per acre. Other who had
no forecast failed. 

Shri.Mahadeo Aware (2019)
AP:Sasure Tal:Barshi 
Dist; Solapur

Expected is to occur
only after two days
Rainfall 

Completed the harvesting
operation of soybean crop
before commencement of
rain

Produce got Rs. 1800/- per quintal
(since the produce was not damaged
by rain) as against Rs. 1200 of
others who had no idea of the
coming rain. 

Shri. Dattaraya  Mali (2019)
AP:  Konheri Tal : Mohol 
Dist;  Solapur

Occurrence of
Rainfall in the evening
/ night time 

Completed spraying in
morning hours

On grape he could control shoot up
of downy mildew disease, as well as
save from washout of the chemical
by providing sufficient drying time,
whereas others could not be
benefited 

Shri.Saybanna Kumbhar (2018)
AP: Maniknal Tal:  Jat 
Dist; Sangli

Expected Rainfall is
after 2 to 3 days 

Took up dry sowing Due to subsequent rains as per
forecast., helped in good
establishment of crop 

Shri.Vishwas Jadhav  (2019)
AP: Hanjagi
Tal:Akkalkot  Dist; Solapur

In next 3 – 4 days No
rainfall 

Spraying was deferred One spray saved Rs. 3000/- per
acre. costing 

Shri.Shashi Parlekar (2019)
AP : Karamba
Tal : S. Solapur  Dist; Solapur

Expected dry spell
extended

Curtailed sowing of rainfed
maize from the planned 10
acres to only two acres 

He had to provide irrigation as the
forecast met out true.

ShriHaridas  Kathale (2018)
AP : Sarole Tal:  Mohol  
Dist; Solapur

Routine forecasting
given

Sowing, spraying and
harvesting 

In timely management without
tension of the coming weather. The
good forecasts helped him and his
co-farmers 



The advisories also serve an early warning
function, alerting producers to the implications
of various weather events such as extreme
temperatures, heavy rains, floods and strong
winds etc.,

The following points are to be kept in mind
for preparing effective agro-advisory bulletins:

• Identification of weather sensitive field
operations

• Accurate weather forecast taking into
cognizance local weather

• Real time information on crops (major crops,
varieties, sowing time, phonological stage,
status of pests and diseases etc.,)

• Reliable source of information

• Crop weather calendars

• Easily understandable language

The feedback is collected from the contact
progressive farmers, on usefulness of the
advisories as well as suggestions for its
improvements. Systemtic study conducted by
this unit on economic impact of the project in
six villages in Solapur District revealed that there
is a benefit of 12- 23% due to adoption of
agromet advisories.

Contingency crop plans : The
contingency plans are needed if following
conditions prevail:

• Failure of south-West Monsoon

• Delayed onset or early withdrawal of
monsoon

• Deficit or erratic rainfall

• Damage to crops due to cyclones floods etc.,

• Crop loss due to droughts

• Insufficient supply of irrigation water or late
release of canal water

• Long dry spells

• Heat or cold waves

• Severe pest or disease outbreaks due to
favorable weather conditions.

The contingency strategies are to be based
on location specific need and situation based
(rainfed or irrigated). Within the region also they
vary with soil types. ‘Mahatma Phule Krishi
Vidyapeeth’ Zonal Agricultural Research
Station, Solapur has made noble attempt to
develop location specific contingency plans by
monitoring the seasonal and crop conditions on
real time basis and forecast weather of IMD, for
the benefit of farming community to enable
them to respond suitably and save the crops with
reasonably good yields. Some of the
contingency measures suggested during are as
follows Table 1 to 3.

Conclusion

Medium range weather forecast is useful in
issuing location specific weather based Agro-
advisores to tailor the agricultural operations. By
closely monitoring seasonal conditions and using
medium range weather forecast an effective
contingency cropping strategy is possible.
Timely dissemination of these advisories/
contingency crop plans/measures will help the
farmers to maximize the yield by optimum use
of inputs and enhance the economic returns of
the farmers.

References
Gadgil, S. 1989. Monsoon variability and its relationship

with agricultural strategies. Paper presented at
International Symposium on climate variability and food
security in developing counties, Feb. 5-7, 1987, New
Delhi, India. pp. 249-267.

Singh, S. V., Rathore, L. S., and Trivedi, H. K. N. 1999.
Verification of medium range weather forecasts, (In)
Guide for Agromiteorological advisory services, pp. 73-
81, (Eds) National Center for Medium Range Weather
Forecasting, Department of Science and Technology,
Government of India.

Journal of Agriculture Research and Technology 141

______________



Safflower (Carthamus  tinctorius L.) is  one
of the  worlds’ oldest crop  Climatic conditions
of Maharashtra are favorable for safflower
cultivation. The weather conditions that prevail
during crop growth period decides yield
potential, even though all inputs required by the
crop are supplied at the optimum level. A
change in the optimum temperature during its
vegetative or reproductive growth adversely
affects the initiation and duration of different
phenophases and finally yields of the crop. It is
therefore, essential to have knowledge of exact
duration of development phases in a particular
environment and their association with yield
determinants for achieving high yields (Kumari
et al., 2009). The concept of growing degree
days is based on the concept that real time to
attain a phonological stage is linearly related to
temperature in the range between base
temperature and optimum temperature
(Monteith, 1981). HUE i.e. efficiency of heat in

terms of dry matter accumulation is an
important aspect, which has great practical
application. Efficiency of conversion of heat
energy into dry matter depends upon genetic
factors, sowing time and crop type (Rao et al.,
1999).

It was observed that sunshine hours, day
length, rainfall, mean temperature played a
major role on the occurrence of  emergence,
rossete termination, branch initiation, bud
initiation, flower initiation, 50% flowering,
cessation of flowering and physiological maturity
stages in Scarcity region of Maharashtra sown
under different environments. 

Materials and methods

Field experiments were conducted at
Research farm of Dry Farming Research
Station, Solapur, Maharashtra during 2017-18
and 2018-19. It is situated at 17°41N latitude,
75°-45E longitude at an altitude of 476 meters
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Phenophase Prediction Model for Safflower  
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Abstract
Field experiments were conducted during 2017-18 and 2018-19 on clay loam soils at research farm of

Dry Farming Research Station, Solapur, to study the influence of sowing time on phenology and growth of
the safflower cultivars and to develop the phenophases prediction model based on the agro meteorological
indices. The treatment consisted of three dates of sowing and two cultivars of safflower. The results showed
that the safflower sown under early sown condition, safflower crop took more thermal time as compared to
normal and late sown. The day length and bright sunshine hours also affected the occurrence of different
phenophases of safflower cultivars, Accumulated thermal time (r=0.94) was best agro meteorological indices
for prediction of flowering stage in safflower, while physiological maturity was predicted well by using helio
thermal unit (HTU) (r=0.95). The heat use efficiency decreased with delay in sowing. The dry matter production
(g/m2) was linearly related with accumulated heat units, HTU and photo thermal indices .

Key words : Safflower, phenophases, cumulative heat unit, heliothermal unit, photothermal
unit.
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above sea level. The treatments consist of three
dates of sowing viz.; 1st fortnight of September
(D1), 2nd fortnight of September, (D2) and 1st

fortnight of  October (D3) with two cultivars of
safflower viz., Bhima (V1) Phule Kusuma (V2).
The treatments were replicated thrice in split
plot design with dates of sowing in main plots
and genotypes of safflower in subplots. Crop
was raised using appropriate package of
practices. Observations on different phono-
logical stages such as Emergence, Rossete
termination, Branch initiation, Bud initiation,
Flower initiation, 50% Flowering, Cessation of
flowering and physiological maturity stages were
recorded for every treatment by tagging five
plants. The weather data were recorded at
Agromet Observatory situated at 200 m away
from the experimental area. With the help of
this meteorological data following agro
meteorological indices viz., Growing degree
days (GDD),Photothermal units (PTU), Helio
thermal units (HTU) were calculated at different
stages (Nottonson, 1955). The heat use
efficiency (HUE) was calculated as: HUE = Dry
matter (kg ha-1) / Cumulative heat unit (C days)

Results and discussion

Growing degree days (GDD) : The

thermal times accumulated for attaining different
phenophases are presented in Table 1. The
safflower crop took 1293 degree days for
maturation with a standard deviation of 68 days.
The early sown crop required more thermal time
in comparison with normal and late sown crop
and it might be due to increase in mean
temperature which shortened later stages of
safflower crop. Similar type of results were
found by Agrawal and Upadyay (2009), Singh
et al. (2003), Mallicck et al. (1981). The
safflower crop after flowering took maximum
thermal time for attaining cessation   stage
among various dates of sowing as well as by
different cultivars. Among cultivars Phule
Kusuma  took higher thermal time for maturity
as compared to other cultivars. 

Heat use efficiency : Heat use efficiency
was computed to determine the biomass
production per unit of growing degree-day for
different safflower cultivars. The heat use
efficiency increases with the advancement of the
crop age up to flowering stage except the early
sowing thereafter it decrease due to leaf
senescence and biomass accumulation more in
grains as compared to other parts of the plant.
The heat use efficiency decreased with delay in
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Table 1. Cumulative thermal times (day °C) acquired to attain different  phenophases in safflower under different treatments
(mean of  two years)

Treatments Emer- Rossete Branch Bud Flower 50% Cessa Phy. 
gence termi- initia- initia- initia- flowe- tion of Mat

nation tion tion tion ring flowering

Sowing dates
1st fortnight of September (D1) 82.8 373.6 451.5 579.8 670.3 1003.8 1190.4 1346.3
2nd fortnight of September (D2) 70.5 255.8 345.6 525.3 625.2 936.7 1157.9 1317.3
1st fortnight of  October (D3) 85.8 191.5 330.8 531.5 587.0 894.7 1060.4 1215.5
Mean 79.7 273.6 376.0 545.5 627.5 945.0 1136.2 1293.0
SD± 8.1 92.3 65.8 29.8 41.7 55.0 67.7 68.7

Cultivars
Bhima 79.7 270.4 357.3 541.5 606.9 940.5 1125.2 1285.3
Phule Kusuma 79.7 280.1 424.1 565.9 665.5 972.8 1160.7 1318.9
Mean 79.7 273.6 376.0 545.5 627.5 945.0 1136.2 1293.0
SD± 0.0 4.9 37.6 14.0 31.2 17.8 17.2 13.7



sowing (Kumari et al. 2009. Hundal et al.,
2004). The early sown had higher HUE as
compared to normal and late sown safflower
crop due to higher biomass production (Table 2).
The mean HUE were 9.5, 8.2 and 8.1 kg ha-1

°C day-1 by safflower sown early, normal and
late, respectively to attained the physiological
maturity. The maximum HUE was found in early
sown safflower crop at 50% Flowering and
Cessation of flowering compared to normal and
late sown. 

The heat use efficiency among various
cultivars also increased with the advancement of
crop growth stage upto Cessation of flowering
and decreased thereafter up to physisological
maturity due to leaf senescence. Among all the

treatments the cultivar Phule-Kusuma has found
maximum HUE (11.2 kg ha-1 °C-1 day-1).

Phenophases prediction models based
on GDD, HTU and PTU : Simple linear
models were developed between number of days
and agro meteorological indices in order to
know the occurrence of different growth
phenophases and find out the best indices for
prediction of particular stage. The regression
analyses showed that Emergence, Rossete
termination, Branch initiation, Bud initiation,
Flower initiation, 50% Flowering , were better
related with thermal time as compared to helio
thermal units and photo thermal units. Whereas,
Cessation of flowering and physiological
maturity stage could be predicted better with
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Table 2. Effect of sowing dates on Heat Use Efficiency (kg ha-1 day-1 °C) in safflower cultivars sown under Scarcity region
(mean of the two years)

Treatments Rossete Branch Bud 50% Cessa Maturity Mean
termi- initia- initia- flowe- tion of 
nation tion tion ring flowe-

ring

Sowing dates
1st fortnight of September (D1) 2.8 9.7 9.4 11.8 11.8 11.3 9.5
2nd fortnight of September (D2) 3.3 7.7 10.2 10.1 9.4 8.7 8.2
1st fortnight of  October (D3) 4.5 6.9 10.1 9.5 9.2 8.5 8.1
Mean 3.5 8.1 9.9 10.5 10.1 9.5 8.6

Cultivars
Bhima 3.2 7.5 9.8 8.5 8.3 7.9 7.5
Phule Kusuma 3.8 8.8 10.5 11.2 10.9 9.9 9.2
Mean 3.5 8.1 9.9 10.5 10.2 9.5 8.6

Table 3. Phenophase prediction model based on different Agro meteorological in ices in safflower

Phenophase Equation (GDD) R2 Equation (HTU) R2 Equation (PTU) R2

Emergence Y=0.9263X+70.145 0.27 Y=3.0761X+522.4 0.04 Y=2.447X+831.44 0.02
Rossete termination Y=-0.925X+444.68 0.22 Y=-19.986X+2880.6 0.70 Y=-25.66X+4323.2 0.62
Branch initiation Y=3.0796X+97.294 0.54 Y=-8.9209X+2866.6 0.36 Y=-7.1685X+4609.8 0.12
Bud initiation Y=14.223X-1785.6 0.81 Y=17.622X+666.72 0.29 Y=31.346X+1678.2 0.59
Flower initiation Y=8.8545X-869.66 0.74 Y=99.299X-13909 0.80 Y=117.85X-12678 0.59
50% Flowering Y=7.8736X-533.66 0.94 Y=66.809X-7684.1 0.67 Y=77.258X-5348.8 0.75
Cessation of flowering Y=9.7998X-930.48 0.95 Y=55.178-4632.6 0.83 Y=57.218X+936.71 0.77
Phy. Mat Y=6.7773X-192.52 0.97 Y=47.229X-2702.6 0.95 Y=80.099X-2498.3 0.81



accumulated helio thermal units with accuracy
of 70, 80 and 95%, respectively (Kaur et al.
2009). The poor relationships were found with
photo thermal units (Table 3). 
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Abstract
Rainfall analysis would enhance the management and effective utilization of water resources. Analysis of

trend is useful to examine the long term trends in rainfall and rainy days over. The present study has been
undertaken in fourteen Tehsils of the Pune district to study rainfall and rainy days trend using Mann-Kendall
Test and Sen’s Slope method and GIS based maps are prepared. The annual rainfall trend over the most of
tehsils has been increased with increasing rainy days while, rainfall trend in Ambegaon, Baramati tehsils
decreased with increasing rainy days and in Junnar and Purandar tehsils it was decreased with decreasing rainy
days. Spatial variation in trends of annual rainfall showed in a map prepared in the GIS environment. 

Key words : Rainfall, Rainy days trend, Mann-Kendall Test, Sen’s Slope method, GIS. 
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The Indian monsoon is highly erratic both in
quantum as well as distribution. The monsoon
characteristics relating to its time of onset,

withdrawal and distribution control agricultural
production and in turn the livelihood of the
people. In India, rainfall received from southwest
monsoon (June to September) is a major source
of water for agriculture. However, it is most
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uneven, erratic and its distribution is inconsistent
at a particular place for different years. The
average annual rainfall in the country is 119.4
cm, about 60 per cent of the country’s total
cultivable land remained as rainfed
(Guhathakurta and Rajeevan, 2008). In
Maharashtra rainfall starts normally in the first
week of June. July is the wettest month in
Maharashtra, while August also gets substantial
rain. The rainy season starts its retreat with the
coming of September to the state. Rainfall in
Maharashtra differs from region to region. A
highly variable rainfall ranging from 400 to
4500 mm occurs from 40 to 100 rainy days in
the state. 

Pune district lies on the western side of the
Deccan plateau in the Maharashtra state and it
is divided into four agro-climatic zones by
NARP; Western Ghat Zone (includes Lonawala
and Khandala tahsils of the district), Sub
Mountain Zone (includes Khed, Ambegaon and
Junnar tahsils of the district), Western
Maharashtra Plain zones (includes the central
part of Bhor, the western part of Haveli and
eastern parts of Maval, Khed, Ambegaon and
Junnar tahsils of the district) and Scarcity Zone
(includes Purandar, Baramati, Indapur, Daund,
Shirur, Junnar, Ambegaon, Khed, Haveli and
Bhor tahsils of the district). 

Various studies were carried out to determine
the trend of rainfall and rainy days (Atre and
Deore 2013; Murumkar and Arya 2014;
Chinchorkar et al. 2015; Deulkar et al. 2015;
Jagadeesh et al. 2015; Mandal et al 2015;
Pandit 2016; Upadhye et al. 2016; Zende et
al. 2017; Jedhe et al. 2018; Kalunge 2018 and
Wale et al. 2020. Mann Kendall test (Mann,
1945 and Kendall, 1975) is one of the
commonly used non-parametric test for
determining a trend in hydrologic time series.
The advantage of a non-parametric test is that
it only requires data to be independent and can
tolerate outliers in the data. Various studies on

GIS based trend maps have been carried out
(Sashikkumar et al. 2013; Admasu et al. 2014;
Agnihotri et al. 2017; Srividhya 2017 and
Sanjay et al. 2018). Geographic Information
System (GIS) applications are commonly used to
generate rainfall patterns in visual formation
with a combination of characteristics of rainfall
data and then can be used by stakeholders to
facilitate the process of analysis and forecasting
rainfall (Kadir et al. 2016). GIS is described as
an organized collection of computer hardware
and software, geographical data and personnel,
designed efficiently to capture, store, update,
manipulate, analyze and display all forms of
geographically referenced information. GIS has
three major components: Spatial position,
attribute and time. GIS is software designed
primarily to support referenced data for solving
complex planning and management problems.
It interprets spatial and other kinds of data as
well within a single system. Two very important
aspects, which characterize the GIS are; defining
the absolute location of earth features over a co-
ordinate system like the latitudes and longitudes
and the ability to relate the geographical
information that describes a feature.

Materials and Methods

Study area : Pune district lies on the
western side of the Deccan plateau in the
Maharashtra state. The latitudinal and
longitudinal extension of the district lies from
17º54’ to 19º24’ N and 73º10’ to 75º10’ E. It
is situated at 557.17 m height above the mean
sea level. The Sahyadri runs in the North-South
direction of the district. There are 14 tehsils in
Pune district viz., Ambegaon, Baramati, Bhor,
Daund, Haveli, Indapur, Junnar, Mulshi, Pune
city, Rajgurunagar, Purandar, Shirur, Vadgaon
maval and Velhe. The district has a hot semi-arid
climate bordering with tropical wet and dry.
Pune experiences three seasons: summer,
monsoon and winter. The maximum
temperature of the Pune district ranges between
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34°C to 41°C from April to May, while the
minimum temperature varies between 5°C to
10°C in the month of November to January.
The warmest month in Pune is May. The
monsoon lasts from June to October with
moderate rainfall.

Software/Programme : Microsoft office
sub-module MS-Excel was used for data analysis.

The formulation and conditional statements
were also executed in MS-excel. MAKESENS
excel template was used for trend detection and
estimation of the magnitude of trend (Salmi et
al., 2002). ARC GIS software was used for the
preparation of the tehsilwise GIS-based maps of
the rainfall trend.

Data collection : The daily rainfall data of
all 14 tehsils of Pune district from the month of
January to December were collected from,
Department of Agricultural Meteorology,
College of Agriculture, Pune; State Agriculture
Department, Pune; India Meteorological
Department, Pune and Downloaded from
www.maharain.gov.in (www.krishi.maharashtra.
gov.in). These data were used for trend analysis.
The geographical area of rain gauge stations and
duration of rainfall data collected is presented in
Table 1.

Rainfall and rainy days trend analysis :
Trend analysis (increase or decrease) of all the
independent weather parameters (e.g. annual
rainfall and rainy days) was statistically examined
by the non-parametric Mann-Kendall test and
Sen’s slope method (Choudhury et al., 2012).
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Fig. 1. Tehsilwise map of Pune district

Table 1. Geographical location and availability of data for study

Location Latitude Longitude Period  (year) No. of 
of station ––––––––––––––––––––––– years

From To

Ambegaon 19.112° N 73.730° E 1980 2018 39
Baramati 18.150° N 74.576° E 1980 2018 39
Bhor 18.145° N 73.842° E 1961 2018 58
Daund 18.463° N 74.578° E 1961 2018 58
Haveli 18.520° N 73.856° E 1980 2018 39
Indapur 18.117° N 75.023° E 1961 2018 58
Junnar 19.209° N 73.872° E 1980 2018 39
Khed 17.718° N 73.396° E 1980 2018 39
Mulshi 18.505° N 73.518° E 1961 2018 58
Pune city 18.520° N 73.856° E 1980 2018 39
Purandar 18.344° N 74.031° E 1961 2018 58
Shirur 18.830° N 74.380° E 1961 2018 58
Vadgaon maval 18.748° N 73.641° E 1980 2018 39
Velhe 18.297° N 73.636° E 1980 2018 39



The Mann Kendall test applied to the detection
of a monotonic trend of rainfall and rainy days
time series and Sen’s slope method was used to
determine the magnitude of rainfall and rainy
days trend. The negative values of results
indicated a decreasing trend and positive values
indicated the increasing trend. The significance
levels of rainfall trend and corresponding values
of test Z and the notation used is given in
Table 2.

Mann-Kendall method : The Mann-
Kendall test statistic (S) is calculated using the
formula that follows (Mann, 1945);

Where, Xj and Xk are the annual values in
year’s j and k, j > k respectively and Xk represent
the data point at time k.

The value of sign (xj - xk) is computed as
number follows

This statistic represents the number of
positive differences minus the number of
negative differences for all the differences
considered. For large samples (N>10), the test
is conducted using a normal approximation (Z
statistics) with the mean and the variance as
follows:

Where, n = number of years,g = number of
tied groups (A tied group is a set of sample data
having the same value) and tp = number of items
in the tied group

Calculate a normalized test statistic Z by the
following equation

Where, S = p - q, p = number of (+1) values
and q = number of (-1) values

The statistic Z has a normal distribution. In
the present study, at a confidence level of 99,
95 and 90 per cent the positive or negative
trends are determined by the test statistic.

Sen’s Slope Method : Sen’s slope method
has been used for predicting the magnitude of
hydro-meteorological time series data. This
method uses a linear model for the trend analysis
by using a simple non-parametric procedure
developed by Sen, (1968).

To derive an estimate of the slope Qt, the
slope of all data pairs was calculated;

If there are n values of Xj in the time series
then as many as N = n(n-1)/2 slope estimates,
Qt is to be computed. The Sen’s estimator of
the slope is the median of these N values of Qt.
The N values of Qt were ranked from the
smallest to the largest and the sen’s estimate was
calculated as;

The median of all slope values gives Q, which
is the magnitude of the trend. A positive value
indicates increasing and negative values indicate
a decreasing trend of rainfall and rainy days.

Geographical Information System
(GIS) : The rainfall data, map of Pune district
and GPS coordinates for rainfall stations were
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used. Analysis of rainfall data was based on the
analysis of space and time. For the analysis of
space, the location of rainfall stations was
plotted by using GPS, then the amount of
annual, seasonal, monthly rainfall and rainy days
trends were plotted by each rainfall station. After
that, the maps that represented the annual,
seasonal and monthly rainfall and rainy days
trends for each year were predicted by using the
interpolation method in GIS software. This
interpolation is the procedure used to predict cell
value for the location that lack of sample points.
Map development using GIS aimed to identify
the distribution of rainfall patterns and to
compare the rainfall distribution between years,
seasons and months (Kadir et al., 2016).

Result and Discussion

The Mann Kendall trend and the magnitude
of Sen’s slope for rainfall and rainy days data is
shown in Table 2. The results showed that
annual rainfall and rainy days didn't exhibit any
statistically significant trend in Ambegaon,
Baramati, Bhor, Daund, Indapur, Khed, Mulshi,

Purandar and Shirur tehsil. Haveli and Pune city
tehsils showed statistically significant increasing
trend in annual rainy days whereas, Junnar tehsil
showed statistically significant decreasing trend
in annual rainy days. Only Vadgaon maval and
Velhe tehsils showed statistically significant
increasing trend in both annual rainfall rainy
days. In Ambegaon and Baramati tehsils (Z = -
0.63 and -1.40) showed decreasing trend in
annual rainfall whereas, showed increasing trend
(Z= 0.71 and Z= 0.94) in annual rainy days.
Bhor tehsil showed increasing trend in both
annual rainfall (Z= 1.46) and rainy days (Z=1).
Daund tehsil showed increasing trend annual
rainfall (Z= 0.13) as well as in annual rainy days
(Z=0.07). Haveli tehsil showed increasing trend
annual rainfall (Z= 1.48) and statistically
significant increasing trend (Z= 4.25) in rainy
days at 99 per cent confidence level. 

Indapur tehsil showed increasing trend (Z=
0.13) in rainfall whereas, showed decreasing
trend in annual rainy days (Z= -0.85). Both
annual rainfall (Z= -1.31) and rainy days (Z= -
1.97) showed decreasing trend at Junnar tehsil.
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Table 2. Trend analysis of annual rainfall and rainy days over Pune district

Tehsil First Last Rainfall Rainy days
year year –––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––

Test Z Signific. Q Test Z Signific. Q

Ambegaon 1980 2018 -0.63 -3.69 0.71 0.10
Baramati 1980 2018 -1.40 -4.21 0.94 0.11
Bhor 1961 2018 1.46 4.10 1.00 0.09
Daund 1961 2018 0.13 0.30 0.07 0
Haveli 1980 2018 1.48 4.06 4.25 ** 0.59
Indapur 1961 2018 0.13 0.30 -0.85 -0.06
Junnar 1980 2018 -1.31 -6.04 -1.97 * -0.36
Khed 1980 2018 1.00 2.26 1.08 0.15
Mulshi 1961 2018 0.66 3.55 0.34 0.07
Pune city 1980 2018 0.53 3.51 2.49 * 0.50
Purandar 1961 2018 -1.09 -2.08 -1.19 -0.08
Shirur 1961 2018 0.31 0.34 1.48 0.08
Vadgaon Maval 1980 2018 5.15 ** 37.800 4.71 ** 1.333
Velhe 1980 2018 4.28 ** 46.45 4.39 ** 1.79

*Significance at 95 per cent confidence level, **Significance at 99 per cent confidence level and +Significance at 90 per cent
confidence level



Khed tehsil showed increasing trend in both
annual rainfall (Z= 1.00) and rainy days
(Z=1.08). Both annual rainfall (Z= 0.66) and
rainy days (Z= 0.34) showed increasing trend at
Mulshi tehsil. Pune city tehsil showed increasing
trend annual rainfall (Z= 0.53) and statistically
significant increasing trend (Z= 2.49) in rainy
days at 95 per cent confidence level. Purandar
tehsil showed decreasing trend in both annual
rainfall (Z= -1.09) and rainy days (Z= -19). Both
annual rainfall (Z= 0.31) and rainy days (Z=
1.48) showed increasing trend at Shirur tehsil.
In Vadgaon maval and Velhe tehsils, annual
rainfall (Z=5.15 and Z= 4.28) and annual rainy
(Z= 4.71 and Z= 4.39) days showed statistically
significant increasing trend at 99 per cent
confidence level.

Conclusion

The trend in annual rainfall over Bhor,
Daund, Haveli, Khed, Mulshi, Pune city, Shirur,
Vadgaon maval and velhe tehsils has been
increased with increasing rainy days while,
rainfall in Ambegaon, Baramati tehsils decreased
with increasing rainy days and in Junnar and

Purandar tehsils it was decreased with
decreasing rainy days. Indapur tehsil showed
increasing annual rainfall trend with decreasing
trend in rainy days. This shows the variation in
rainfall trend in the overall district. 

Appliation of Research: To study variation in
rainfall, rainy days and giving tehsilwise suitable
crop planning in the Pune district. The GIS
based maps are useful in finding the spatial
variation of trends over district.

Research category : Quantitative research

Abbreviation : IMD: India Meteorological
Department; GIS: Geographical Information
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Fig. 2. Trend analysis for annual rainfall

Fig. 3. Trend analysis for annual rainy days

Fig. 4. Spatial variation in trends of annual
rainfall shown through GIS based map

Fig. 5. Spatial variation in magnitude of trends
in annual rainfall shown through GIS
based map



System; et al: et alli (and others); Km: Kilometre;
Km2: Kilometre square; No. : Number; mm:
Millimetre; and 0C: Degree Celsius
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Abstract
The crop production in rainy season in rainfed areas is dependent on vagaries of monsoon and is adversely

influenced. The knowledge of different rainfall characteristics such as onset and withdrawal of monsoon, dry
spell and drought would enable the optimal crop planning and implementation of protective irrigation strategies,
thus mitigating the adverse impact of uncertainties of rainfall. The assessment of drought is one of the most
important steps in risk management of drought analysis. The basis of drought indices is often based on
measuring the deviation of precipitation values from long-term mean, during a specific period of time. The
standard precipitation index (SPI) can be used for indicating the associated temporal and spatial variations.
The aim of this research is the assessment of the characteristics such as intensity of meteorological drought
using SPI with 12 months time scales in Western Maharashtra, India. The index has been computed in with
12 months time scales for 105 stations with 30 years record period in the study area and evaluated for the
recent drought during 1983-2012. The results indicate that the rainfall pattern of Western Maharashtra exhibits
non-uniform, irregular and erratic pattern of rainfall, as evidenced from SPI values. The meteorological drought
shifted one step towards severity of drought condition for the time scales (month 1-12) i.e. from extremely wet
to very wet; very wet to moderately wet; moderately wet to near normal; near normal to moderately dry;
moderately dry to severely dry and severely dry to extremely dry condition.

Key words : Meteorological Drought; Standardized Precipitation Index; crop production. 

______________

Water is limited resource and its efficient use
is important, especially in view of ever increasing
population. The basic source of water is the
precipitation in the form of rainfall or snowfall

and is the most critical and key variable of
hydrological cycle. The human activities such as
rapid urbanization, ever increasing population
and deforestation have interrupted the natural



hydrological cycle. This ecological imbalance
resulted in non-uniform distribution and erratic
variation of rainfall pattern. The present world
has to meet the challenges of increasing water
demand, the depleting water resources along
with non uniform distribution of water. In the
country like India, there are huge and abrupt
variations in rainfall characteristics
(Venkateswaralu, 2011) including rainfall
amount and its distribution, onset and
withdrawal of monsoon and occurrence of dry
spells both temporally and spatially. Hence the
crop planning and water resource management
in the rainfed area is difficult and complex.
Therefore the study is focused on the analysis of
drought and western Maharashtra has been
chosen as the study area because 70 percent
area of western Maharashtra is rainfed. There
are several indices to know meteorological
drought. Zargar et al. (2011) extensively
reviewed different indices. However Standard
Precipitation Index (SPI) that is solely based on
rainfall data has been widely used in literature
(Kazem and Zareiee, 2011). Hence in this study,
it was proposed to investigate the drought
characterization in terms of meteorological
drought using SPI. 

Materials and Methods

Data collection : The rainfall data of
approximately 30 (1983-2012) years and more
for 105 rainfall stations in the region of Western
Maharashtra were collected from Indian
Meteorological Department, Pune. 

Meteorological Drought :Meteorological
drought was analysed by using Standard
Precipitation Index (SPI) for 105 stations in
Western Maharashtra. The procedure for
determining SPI is given below.

Any drought including meteorological and
agriculture is a result of deficient rainfall. The SPI
has been used widely to quantify the deficit of

precipitation. It could be computed at different
time scales from less than 1 month to 48
months or more. The calculation time period
depends on the user’s application. Short-term
SPI is used to detect agricultural drought, and
long-term SPI can be used for water supply
management. The SPI value is derived from the
inverse value of the cumulative probability
function of the observed precipitation
distribution. Standardized precipitation index
was calculated according to the following
formula Edwards and McKee, (1997). 

The SPI is equivalent to Z-score which is
often used in statistics. i.e. SPI=Z-score

Where, Xi = Precipitation of the specified
time scale for ith year (i.e. for annual SPI is the
precipitation of ith year; for monthly SPI, it is
the precipitation of particular month in ith year;
and for two month time scale, it is the sum of
the precipitation of the particular month and the
month preceding to this particular month), X– =
Long-term average precipitation of the specified
time scale, s = Standard deviation of the
precipitation of the specified time scale.
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Fig. 1. Location map of the study area
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To adjust for this empirical fact, the
precipitation data is transformed to a more
normal or Gaussian symmetrical distribution by
applying the gamma function. After the
precipitation data have been transformed, the
SPI is calculated in a manner that mirrors the Z-
score formula Edwards and Mckee, (1997).
Procedure and formulae adopted for
computation of SPI is;

I. The transformation of the precipitation value
in to standardized precipitation index (SPI)
with the purpose of:

a) Transforming the mean of the
precipitation value adjusted to 0;

b) Standard deviation of the precipitation is
adjusted to 1.0; and

c) Skewness of the existing data is
readjusted to 0.

When these goals are achieved the
standardized precipitation index is
interpreted as mean 0 and standard deviation
of 1.0.

II. The precipitation needs to convert to
lognormal values and the statistics, U shape
and b scale parameters of gamma
distribution are computed as:

The resulting parameters are then used to
find the cumulative probability of an observed
precipitation event. The cumulative probability
is given by:

Since the gamma function is undefined for
x=0 and a precipitation distribution may contain
zeros, the cumulative probability is becomes:

Where, q = the probability of zero.

The cumulative probability H(x) is then
transformed to the standard normal random
variable Z with mean zero and variance of one,
which is the value of the SPI Edwards and
McKee, (1997). Abramowitz and Stegun, (1965)
provide the approximate conversion as an
alternative:

Where, C0= 2.515517, C1= 0.802583,
C2= 0.010328, d1= 1.432788, d2= 0.189269
and d3= 0.001308

The values of c0, c1, c2, d1, d2 and d3 given
in equation are constants widely employed for
SPI computation Edwards and McKee, (1997).

According to the SPI method the severity of
a drought is determined. The negative value
from zero shows the severity of dryness. The
positive value of SPI shows the degree of
wetness. The SPI value normally ranges from
(-2) - (+ 2). An index of (+2) indicates extremely
wet; (1.5) - (1.99) very wet; (1.0) - (1.49)
moderately wet; (0.99) - (- 0.99) near normal;

Bhagat et al.154

� � �
�

�

�	����� � ��� � ������
�

�

�

�      

 

�    

 

 

 

 

 

      

 

     

 

���0 < H� �  

 

�  

� � �
�

�

�

�

� � ��� �
� �����

� �

�

�      

 

�    

 

 

 

 

 

      

 

     

 

���0 < H� �  

 

�  

� � �
�

�

�

�

�

�

��������
�����
 � � �  !" !#$%
&'      

 

�    

 

 

 

 

 

      

 

     

 

���0 < H� �  

 

�  

� � �
�

�

�

�

�

�

�      

 

������(���	
 � � � )
�
   

 

 

 

 

 

      

 

     

 

���0 < H� �  

 

�  

� � �
�

�

�

�

�

�

�      

 

�    

 

*�+� � , +�- �
-.
� /+.

0
������  

 

 

 

      

 

     

 

���0 < H� �  

 

�  

� � �
�

�

�

�

�

�

�      

 

�    

 

 

 

1�+� � 2 3 �4 � 2�*�+� 
 

      

 

     

 

���0 < H� �  

 

�  

� � �
�

�

�

�

�

�

�      

 

�    

 

 

 

 

 

� � ��� � �5� � 67!689!6:9:
 !;89!;:9:!;%9%< 0 < H(x) � 0.5 

 

     

 

���0 < H� �  

 

�  

� � �
�

�

�

�

�

�

�      

 

�    

 

 

 

 

 

      

 

� � ��� � 35� � 67!689!6:9:
 !;89!;:9:!;%9%< 0.5 < H(x) �1 

 

���0 < H� �  

 

�  

� � �
�

�

�

�

�

�

�      

 

�    

 

 

 

 

 

      

 

     

 

� � "�� 5  
=�.�:<���0 < H�+� �> ?@A 

 

�  

� � �
�

�

�

�

�

�

�      

 

�    

 

 

 

 

 

      

 

     

 

���0 < H� �  

 

� � B�� C 4
�4@? � 1�+��D

E �?@A F G�+� > 4@? 



(-1.0) - (1.49) moderately dry; (-1.5) - (-1.99)
severely dry; (-2.0) or (less) extremely dry McKee
et al. (1993). In this study SPI value were
computed for 12 months time scale. The
software SPI_SL_6.exe Svoboda et al. (2012)
was used.

Drought Characteristics Maps by using
GIS Technique : A methodology was
developed using a Geographic Information
System (GIS) to develop the maps. The maps
were developed in Arc-GIS 9.3 by using Inverse
Difference Weighted (IDW) technique of
interpolation in spatial analysis tool. Inverse
distance weighted interpolation (IDW) was one
of the simplest and most readily available
methods. It is based on an assumption that the
value at an unsampled point can be
approximated as a weighted average of values
at points within a certain cut-off distance, or
from a given number of the closest points.
Weights are usually inversely proportional to a
power of distance which, at an unsampled
location r, leads to an estimator. The spatial
distribution of SPI values is useful to evaluate the
drought situation of area and to plan the
cropping pattern for maximizing the value of the
agriculture returns. 

Results and Discussion

The SPI values were found to be more
negative from 1983 to 2012 for all the stations
of Western Maharashtra. This is due to the non-
uniform, irregular and erratic pattern of rainfall.
The comparison between SPI values at 12
months time scale of year 1983 with
corresponding values of SPI with same time
scale of year 2012 showed that a SPI values
become more negative from years 1983 to
2012. It means that, meteorological drought
shifted one step towards severity of drought
condition. Similarly shifting of drought condition
one step towards severe dry condition was
observed for all the time scales for all the stations

(105 stations) in different districts of Western
Maharashtra (i.e. from extremely wet to very
wet; very wet to moderately wet; moderately wet
to near normal; near normal to moderately dry;
moderately dry to severely dry and severely dry
to extremely dry condition). 

Conclusion

The rainfall pattern of Western Maharashtra
exhibits non-uniform, irregular and erratic
pattern of rainfall. As evidenced from SPI value
becoming more negative from 1983 to 2012
for 12 month time scale. This is an alert for
region of Western Maharashtra to manage the
water resources and to make crop planning
according to changing drought pattern for
sustainable development of agriculture and
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Fig. 2. Spatial distribution maps of 12 months
time scales for the years 1983 and
2012 for the Western Maharashtra



increase crop production. The SPI values
revealed many interesting results on the
variability in the occurrence of meteorological
drought in Western Maharashtra. Comparison
of drought indices of different years was found
extremely useful for understanding historic
drought patterns and assessment of future risk.
Increased drought frequency in the recent years
observed in the study facilitates better
preparedness and coping mechanisms. The
spatial maps of SPI that were prepared in this
study are useful to understand drought situation,
so we can make the plans of supplemental and
protective irrigations for different crops of
Western Maharashtra.
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Climate is one of the key components in the
earth system. There are many variables such as
temperature, rainfall, atmospheric pressure,
humidity that constitute weather and climate.
The analysis of long-term changes in climatic
variables is a fundamental task in studies on
climate change detection. Global climate
changes may influence long-term rainfall
patterns impacting the availability of water,
along with the danger of increasing occurrences
of droughts and floods (Pal and Mishra, 2017).
The rainfall and temperatures are the most
important fundamental physical parameters
among the climate as these parameters
determine the environmental condition of the
particular region which affects the agricultural
productivity (Singh et al., 2013). The rainfall
received in an area is an important factor in
determining the amount of water available to
meet various demands such as agricultural,
industrial, domestic water supply and for
hydroelectric power generation. The pattern
and amount of the rainfall are among the most

vital factors that affect agricultural production
and agriculture is dominant to India's economy
and livelihood of its people (Gajbhiye et al.,
2016; and Kumar and Gautam, 2014). The
southwest monsoon brings about 80 per cent of
the total precipitation over the country. Changes
in the pattern, frequency and variability of
monsoon would have a significant impact on
agricultural production, water resources
management and overall economy of the
country (Sinha and Srivastava, 2000). 

Sangli district is located in the western part
of Maharashtra. It is situated between the
16°5’N to 17°33’N latitude and 73°41’E to
75°41’E longitudinal. The climate of Sangli
district is generally hot and dry. The average
annual rainfall of Sangli district is 603 mm with
41 rainy days (Wale, 2019). The district receives
rain from the south-west as well as north-east
monsoons. June to September is the months of
normal rainy season. Sangli district contribute to
2.5 per cent of state geographical area (7.76
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Abstract
The study has been carried out to investigate and asses the significance of the potential trend on annual,

seasonal and monthly basis using the data period between 1982 to 2018 for rainfall and rainy days. Mann-
Kendall test and Sen's slope estimate test were applied to identify the existing trend direction and Sen's slope
estimator test were used to detect the trend direction and magnitude of change over time. The test results
showed increasing annual rainfall and rainy days trend over the tahsil. The seasonal rainfall and rainy days
showed decreasing trend for summer season and decreasing trend for northeast monsoon and southwest
monsoon seasons. The monthly rainfall and rainy days trend showed increasing trend for July to November
months and decreasing days for May month. The weekly rainfall and rainy days trend showed decreasing trend
for MW21-MW24, MW30, MW33 and MW43-MW45. 

Key words : Rainfall trend, Rainy days trend, Mann Kendall method, Sen's slope method,
Sangli, Miraj.



Lakh ha), gross cropped area and net cropped
area was 6.49 Lakh ha and 5.57 Lakh ha.
(Anonymous, 2015). One-third of the district
receives assured rainfall, while the rest has to
face the vagaries of the monsoon. (Anonymous,
2013).

Trend analysis of rainfall time series includes
determination of increasing and decreasing
trend and magnitude of trend and its statistical
significance (Jain and Kumar, 2012) by using
parametric and non-parametric statistical
methods. Mann-Kendall test (Mann, 1945 and
Kendall, 1975) is one of the best methods
amongst them, which is preferred by various
researchers (Jain and Kumar, 2012). Various
studies were carried out to determine the trend
of rainfall (Kumar et al., 2010, Athar, 2015,
Duhan and Pandey, 2013; Duan et al., 2017,
Sahu et al., 2012, Gedefaw, M. et al., 2018;
John and Brema 2018; Pal et al., 2017;
Easterling et al., 2000; Francis and Gadgil,
2006; Griffiths et al., 2003; Guhathakurta and
Rajeevan, 2006; Haylock, 2006 and Kunkel,
2003). The major objective of this study is to
determine and analyse the trends of the
precipitation, runoff and temperature on weekly,
monthly, seasonal and annual basis.

Materials and Methods

Study area : Miraj is a tahsil of Sangli
district situated between the 16.850° latitude

and 74.610°E longitudinal. The total
geographical area of the tahsil is 800.10 km2

(District Socio-economic Statistical Abstract,
2011). The average annual rainfall of Miraj tahsil
is 681.10 mm and 45 average rainy days. The
major source of income for people is from
agriculture. 

Data sources : Daily rainfall data were
collected from Department of Agricultural
Meteorology, College of Agriculture, Pune, India
Meteorological Department, Pune and
Downloaded from www.maharain.gov.in
(www.krishi.maharashtra.gov.in) from the
month of January to December for the period
fifty eight years from 1982 to 2018.

Software/Programme : Microsoft office
sub-module MS-Excel was used for data analysis
and MAKESENS excel template was used for
trend detection and estimation of magnitude of
trend (Salmi et al., 2002).

Rainfall and rainy days trend analysis :
Trend analysis (increase or decrease) of annual
rainfall and rainy days was statistically examined
by the non-parametric Mann-Kendall method
and Sen’s slope method.

Mann Kendall method : The Mann-
Kendall test statistic(S) is calculated using the
formula that follows (Mann, 1945);

... (1)

Where, Xj and Xk are the annual values in
year’s j and k, j > k respectively and Xk
represent the data point at time k.

The value of sign (xj - xk) is computed as
number follows

This statistic represents the number of
positive differences minus the number of
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Fig. 1. Tahsil Map of Miraj

S = ) 

 

  �

�

    

�

   S > 0 

z = 0                                      If   S = 0 

       If   S < 0 

�

           

 

 

�

�

   

 

Sign = �

�

    

�

   S > 0 

z = 0                                      If   S = 0 

       If   S < 0 

�

           

 

 

�

�



negative differences for all the differences
considered. For large samples (N>10), the test
is conducted using a normal approximation (Z
statistics) with the mean and the variance as
follows:

Where,n = number of years,g = number of
tied groups (A tied group is a set of sample data
having the same value) and tp = number of items
in the tied group

Calculate a normalized test statistic Z by the
following equation

Where, S = p - q, p = number of (+1) values
and q = number of (-1) values

The presence of a statistically significant
trend is evaluated using the Z value. A positive
value of Z indicates an upward trend and its
negative value a downward trend. The statistic
Z has a normal distribution. In the present study,
at confidence level of 99, 95 and 90 per cent
the positive or negative trends is determined by
the test statistic.

Sen's slope method : Sen's slope method
has been used for predicting the magnitude of
hydro meteorological time series data. This
method uses a linear model for the trend analysis
by using a simple non-parametric procedure
developed by Sen (1968).

To derive an estimate of the slope Qt, the
slope of all data pairs was calculated;

If there are n values of Xj in the time series
then as many as N = n(n-1)/2 slope estimates,
Qt are to be computed. The Sen's estimator of
slope is the median of these N values of Qt. The
N values of Qt were ranked from the smallest to
the largest and the sen's estimate was calculated
as;

Median of all slope values gives Q, which is
magnitude of trend. A positive value indicates
increasing and negative values indicates
decreasing trend of rainfall and rainy days.

Results and Discussion

The Mann Kendall trend, its statistical
significance along with magnitude of Sen's slope
for 1982 to 2018 year rainfall and rainy days
data is shown in Table 1.
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Table 1. Rainfall and rainy days trend analysis at Miraj
tahsil

Time Rainfall (mm) Rainy days
series –––––––––––––––––– ––––––––––––––––––––

Test Sign- Q Test Z Sign- Q
Z ific. Z ific.

Annual 0.72 - 2.235 1.43 - 0.234
Seasonal
Winter 0 - 0 0 - 0
Summer -1.94 + -0.325 -1.31 - 0
SW 1.06 - 2.604 2.07 * 0.292
NE 0.85 - 1.267 0.68 - 0

Monthly
May -1.94 + -0.325 -1.31 - 0
June -1.11 - -1.038 0.22 - 0
July 1.10 - 0.852 1.06 - 0.053
August 0.81 - 0.673 1.22 - 0.082
September 0.88 - 0.602 2.05 * 0.100
October 0.88 - 1.242 0.75 - 0
November 0.08 - 0 0.04 - 0

* Significance at 95 per cent confidence level, ** Significance
at 99 per cent confidence level and + Significance at 90 per
cent confidence level



Annual rainfall and rainy days trend
analysis : The test results showed that annual
rainfall and annual rainy data of Miraj tahsil over
the 37 years didn’t exhibit any statistical
significant trend at the significance level of 90
per cent, 95 per cent and 99 per cent. Sen’s
slope method showed increasing trend of annual
rainfall and annual rainy days.

Seasonal rainfall and rainy days trend
analysis : The seasonal rainfall at Miraj tahsil
during the summer season exhibited significant
trend at 90 per cent level of significance. The
rainfall trend was significant decreasing
(Z= -1.94) at 90 per cent confidence level. The
seasonal rainy days at Miraj tahsil during the
south west monsoon exhibited significant trend
at considered level of significance. The trend was
significant increasing, for the south west
monsoon (Z= 2.07) at 95 per cent confidence
level. The Z statistics and Q statistics showed
nature of rainy days trends at Miraj tahsil during
south west monsoon was significantly increasing
and rainfall during summer season was
significantly decreasing.

Monthly rainfall and rainy days trend
analysis : The monthly rainfall at Miraj tahsil
during the month of May exhibited significant
trend at 90 per cent level of significance. The
trend was significant decreasing (Z= -1.94) at 90
per cent confidence level. The Z statistics and Q
statistics showed nature of rainfall trends at Miraj
tahsil during May was significantly decreasing.
The monthly rainy days at Miraj tahsil during the
month of September exhibited significant trend
at considered level of significance. The trend was
significant increasing, for the month of
September (Z= 2.05) at 95 per cent confidence
level. The Z statistics and Q statistics showed
nature of rainy days trends at Miraj tahsil during
September was significantly increasing.

Weekly rainfall and rainy days trend
analysis : Rainfall trend at Miraj tahsil during
21-24, 26, 28-34, and 37-46 MWs didn’t
exhibit any statistical significant trend at
confidence levels. MW 25 (18 June to 24 June)
and MW 27 (2 July to 8 July) exhibited statistical
significance increasing rainfall trend (Z= 1.77)
and (Z= 1.94) at 90 per cent confidence level.
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Fig. 2. Seasonal Rainfall trend analysis  

Fig. 3. Seasonal rainy days trend analysis

Fig. 4. Monthly Rainfall trend analysis  

Fig. 5. Monthly rainy days trend analysis 



MW 35 (27 Aug. to 2 Sep.) and MW 36 (3 Sep.
to 9 Sep.) exhibited statistical significance
increasing rainfall trend (Z= 2.34) and (Z= 2.31)
respectively, at 95 per cent confidence level.
Rainy days trend at Miraj tahsil during 21-24,
26-35, 37-38 and 40-46 MWs didn’t exhibit
any statistical significant trend at confidence
levels. MW 25 (18 June to 24 June) and MW 39
(24 Sep. to 30 Sep.) exhibited statistical
significance increasing rainy days trend (Z=
2.21) and (Z= 2.16) at 95 per cent confidence
level. MW 36 (3 Sep. to 9 Sep.) exhibited
statistical significance increasing rainy days trend
(Z= 1.79) at 90 per cent confidence level.

Conclusions

The annual rainfall and rainy days data
showed increasing trend for Miraj tahsil. The
seasonal rainfall and rainy days showed
decreasing trend for summer season and
decreasing trend for northeast monsoon and
southwest monsoon seasons. The monthly
rainfall and rainy days trend showed increasing
trend for July to November months and
decreasing days for May month. While June
month shows decreasing trend for rainfall and
increasing trend for rainy day. The weekly
rainfall and rainy days trend showed decreasing
trend for MW21-MW24, MW30, MW33 and
MW43-MW45. The weekly rainfall trend
showed increasing trend for MW25, MW27-
MW29, MW34-MW37, MW39-MW42 and
MW46. The weekly rainy days trend showed
increasing trend for MW25-MW29, MW31,
MW32, MW34-MW41 and MW46.

Abbreviation

Km : Kilometre; Km2 : Kilometre square; °N
: Degree North, °E : Degree East; IMD : India
Meteorological Department; No. : Number; mm
: Millimetre; Signific. : Significant; et al. : and
others ; SW : southwest; NE : Northeast and ha
: Hector; MW : Meteorological Week.
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Rice (Oryza sativa L.) is one of the most
ancient crops being cultivated in 117 countries,
hence called as “Global Grain In India, it is being
cultivated in 44.6million hectare with a
production of about 109.5million tonnes. In
Maharashtra, rice is the second important crop
of the people, which is grown over an area of
14.99 lakh hectares with an annual rough rice
production of 32.37 lakh tonnes.

The average productivity of the state is 2.01
t ha-1. Maharashtra ranks 13th place in rice
production in country.Large number of paddy
varieties have been released for cultivation by
private and government sector to enhance its
productivity. Hence, it is essential to compare
the productivity of these high yielding varieties
under agro-climatic condition of rice growing
belt of the state. On the other hand, non-
availability of irrigation water, insufficient labor

and high wages during the peak period of farm
operation invariably delay planting of paddy. To
mitigate this problem, many rice farmers are
switching to direct seeding of paddy. Direct
seeding can reduce the labor requirement, may
reduce methane gas emission shorten the
duration of crop by 7 to 10 days and provide
comparable grain yield to transplanting (De
Datta, 1986). Not much information is available
on suitable varieties and crop establishment
practices for direct seeding in comparison to
traditional method. In view of this, present
investigation is carried out to study.

Material and Methods

There were sixteen treatment combinations
comprising of four varieties viz., VDN-3-51-18
(Indrayani), VDN-99-29 (PhuleSamruddhi),
IET-13549 (Bhogawati) and RDN-99-1 (Phule
Radha) and four cultivation methods viz., M1 :
Four Point Agro Technique (Char Sutri Method),
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Abstract
An experiment entitled, “Studies on effect of different paddy cultivars with various cultivation methods of

paddy in relation to weather parameters.” was carried out during kharif, 2018 at Agricultural Research Station
Farm,Vadgaon Maval, Tal. Maval, Dist. Pune. The field experiment was laid out in split plot design with three
replications. There were sixteen treatment combinations comprising of four varieties viz., VDN-3-51-18
(Indrayani), VDN-99-29 (PhuleSamruddhi), IET-13549 (Bhogawati) and RDN-99-1 (Phule Radha) and four
cultivation methods viz., M1 : Four Point Agro Technique (Char Sutri Method), M2 : Drilling at 22.5 cm, M3:
Saguna Rice Technique (SRT) and M4 : Modified Direct Seeded Rice Technique (MDSRT). The gross plot
sizewas3.40 m x 3.40 m. From the data it was observed that sowing of paddy varieties with Modified Direct
Seeded Rice Technique (MDSRT) favorably influenced all the yield components. This is due to positive
correlation with minimum temperature, RH I and RH II. It would be, therefore, suggested to adopt sowing
paddy variety Phule Samruddhi or Indrayani with Modified Direct Seeded Rice Technique (MDSRT) to obtain
maximum yield.

Key words : Paddy, Cultivation Methods ,Cultivar, Yield, Correlation.

1. Officer Incharge, 2. M.Sc. Student, 3. Head, 4. SRF
(FASAL) and 5. Principal.



M2 : Drilling at 22.5 cm, M3 : Saguna Rice
Technique (SRT) and M4 : Modified Direct
Seeded Rice Technique (MDSRT). The gross
plot size was 3.40 m x 3.40 m. The other details
of cultivation methods were as below.

1) Four point agro technique(Char Sutri
method) -

1. Use of paddy crop residues containing
silicon for recycling (Black grey rice hull
ash @ 0.5 to 1.0 Kg per sq.m. to rice
seedlings and paddy straw @ 2 tonnes/ha
at the time of transplanting.

2. Application of Glyricidea  as green
manure @ 3 tonnes/ha at the time of
transplanting.

3. Controlled transplanting of improved
varieties at the spacing of  15-25 x 15-
25 cm.

4. Use of Urea DAP briquettes (175 Kg
ha-1). N and P through Urea DAP
briquettes (60:30:0) + 50 kg K2O ha-1

2) Drilling at 22.5 cm : This method is
followed in traditional areas of Western
Maharashtra where medium to deep soil are
observed. For drilling of rice seed drill is used.
Distance between two plants is 22.5
cm.Dose- 100:50:50 kg NPK ha-1

3) Saguna Rice Technique (SRT) : Raised
beds of 1 m breadth with 8-10 cm height.
Rack of 1 m x 1m is placed on bed having
iron pegs at 25 cm distance is placed on bed
and pressed to make holes. Three seeds per
hole are placed and covered carefully. Dose-
100:50:50kg NPK ha-1

4) Modified Direct Seeded Rice Technique
(MDSRT) : Raised beds of 1m breadth with
8-10cm height were made with the help of
rope and wooden rod at a distance of 15-25
x 15-25 cm. Two seeds per hole are dibbled

and covered carefully. Then Urea DAP
briquettes placed in the square of 15-15 cm.
N and P applied through Urea DAP
briquettes (60:30:0) + 50 kg K2O ha-1

Results and Discussion

Yield studies : The yield of paddy (q ha-1)
as influenced by different treatments are
presented in Table 1 showed significant
difference. 

Effect of varieties : The grain and straw
yield (q ha-1) of paddy were influenced
significantly due to varieties. The grain (59.43 q
ha-1) and straw yield (71.25 q ha-1) was
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Table 1. Mean grain and straw yield (q ha-1) as influenced
by different treatments

Treatment Grain Straw 
yield yield 
q ha-1 q ha-1

Main plot: Varieties (V)
V1 : VDN-3-51-18 (Indrayani) 53.23 62.63
V2 : VDN-99-29 (PhuleSamruddhi) 59.43 71.25
V3 : IET-13549 (Bhogawati) 51.51 55.16
V4 : RDN-99-1 (PhuleRadha) 43.64 48.28
S.Em± 1.02 1.10
C.D. at 5% 3.53 3.82

Sub plot : Cultivation methods(M)
M1 : Four point agro technique 54.73 59.33

(Char Sutri Method)
M2 : Drillimg at 22.5 cm 42.32 45.86
M3 : Saguna Rice Technique (SRT) 50.71 54.94
M4 : Modified Direct Seeded 60.04 65.06

Rice Technique (MDSRT)
S.Em± 0.96 1.05
C.D. at 5% 2.82 3.05

Interaction between levels of ‘V’ at same levels of
‘M’
S.Em± 2.04 2.21
C.D .at 5% 7.07 7.64

Interaction between levels of ‘M’ at same levels of
‘V’
S.Em± 1.93 2.09
C.D. at 5% 5.63 6.10
General mean 51.95 56.30



significantly the highest in variety Phule
Samruddhi over rest of the paddy varieties. The
variety Phule Radha recorded significantly lowest
grain (43.64 q ha-1) and straw yield (48.28 q
ha-1). The differences in grain yield in paddy
varieties might be due to inherent genetically
potential of paddy varieties. Similar result was
reported by Patak et al. (2011)and Joshi et al.
(2013).

Effect of cultivation methods : The grain
and straw yield (q ha-1) of paddy was influenced
significantly due to different cultivation methods.

The grain (60.04 q ha-1) and straw yield (65.04
q ha-1) were superior in the treatment of
Modified Direct Seeded Rice Technique
(MDSRT) than rest of the sowing methods. The
lowest grain (42.32 q ha-1) and straw yield
(48.28 q ha-1) were produced by the Drilling at
22.5 cm. Similar results were reported by Gunri
et al. (2004) and Christian (2017).

Effect of interaction : The grain and straw
yield (q ha-1) of paddy as influenced by
interaction effects between different varieties
and cultivation methods are reported in Table 2

Journal of Agriculture Research and Technology 165

Table 2. Grain yield (q ha-1) as influenced by interaction between varietiesand cultivation methods at harvest

Cultivation methods At harvest
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
M1 M2 M3 M4 Mean

Varieties
V1 : VDN-3-51-18 (Indrayani) 57.5 41.5 51.8 62.1 53.2
V2 : VDN-99-29 (PhuleSamruddhi) 64.8 48.9 56.6 67.4 59.4
V3 : IET-13549 (Bhogawati) 51.5 42.9 51.6 60.0 51.5
V4 : RDN-99-1 (PhuleRadha) 45.1 35.9 42.8 50.7 43.6
Mean 54.7 42.3 50.7 60.0
S.Em± V at same level of M 2.04
C.D. at 5% 7.07
S.Em±  M at same level of V 1.93
C.D. at 5% 5.63
General mean 51.95

Table 3. Straw yield (q ha-1) of paddy as influenced by interaction between varietiesand cultivation methods at harvest

Cultivation methods At harvest
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
M1 M2 M3 M4 Mean

Varieties
V1 : VDN-3-51-18 (Indrayani) 62.6 45.3 56.5 67.7 58.0
V2 : VDN-99-29 (PhuleSamruddhi) 71.2 53.8 62.3 74.1 65.4
V3 : IET-13549 (Bhogawati) 55.2 45.9 55.2 64.2 55.1
V4 : RDN-99-1 (PhuleRadha) 48.3 38.4 45.8 54.3 46.7
Mean 59.3 45.9 54.9 65.1
S.Em±   V at same level of  M 2.21
C.D. at 5% 7.64
S.Em±  M at same level of V 2.09
C.D. at 5% 6.10
General mean 56.30



and 3. When paddy variety Phule Samruddhi
sown with Modified Direct Seeded Rice
Technique (MDSRT) recorded higher grain (67.4
q ha-1) and straw (74.1 q ha-1) yield which were
at par with variety Phule  Samruddhi
transplanted by Four Point Agro Technique
having  grain (64.8 q ha-1) and straw (71.2 q
ha-1) yield and variety Indrayani sown by
Modified Direct Seeded Rice Technique
(MDSRT) having grain (62.1q ha-1) and straw
(67.7 q ha-1) yield. The lowest yields were
observed in variety Phule Radha  sown by Drill
sowing at 22.5 cm having grain (35.9 q ha-1)
and straw (38.4 q ha-1) yield.

From Table 4, it was observed that the
variety PhuleSamruddhi recorded maximum
grain yield due to varietal characters and
weather conditions during that period. The
correlation between weather parameters and
grain yield presented in table 4.23 revealed
significant positive correlation in case of T min
(r = 0.986**), RH-I (r= 0.772*) and RH-II (r=
0.786*). Significant negative correlation found
with Tmax (r= -0.673*), canopy temperature
(r=-0.873**) and BSS(r= -0.443).Similarly in
respect of straw yield it was revealed that the
significant negative correlation in case of Tmax
(r = -0.494), BSS (r= -0.559) and canopy
temperature (r= -0.534).Significant positive
correlation found with T min (r= 0.813**), RH-
I (r=0.548) and RH-II (r= 0.827**).

Conclusions

From the data it is observed that sowing of
paddy varieties with Modified Direct Seeded Rice
Technique (MDSRT) favorably influenced all the
yield components. This is due to positive

correlation with minimum temperature, RH I
and RH II. It would be, therefore, suggested to
adopt sowing paddy variety Phule Samruddhi or
Indrayani with Modified Direct Seeded Rice
Technique (MDSRT) to obtain maximum yield.
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Table 4. Correlation between weather parameters and
yield contributing characters of paddy

Weather Grain Straw 
parameter yield  yield  

(qha-1) (q ha-1)

T max -0.673* -0.494
T min 0.986** 0.813**
R-I 0.772* 0.548
R-II 0.786* 0.827**
Canopy temp. -0.873** -0.534
BSS -0.443 -0.559

* Significant at 5% level, ** Significant at 1% level
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Rice (Oryza sativa L.) is most important food
crop of the developing world and the staple food
for more than 60 per cent of the Indian
population, who are also highly vulnerable to
inflationary pressure due to high rice price. The
production of conventional puddle transplanted
rice faces severe constraints because of water
and labour scarcity and climatic changes (Pathak
et al., 2011). Imminent water crisis, water-
demanding nature of traditionally cultivated rice
and climbing labour costs ramble the search for
alternative management methods to increase
water productivity, system sustainability and
profitability. Direct seeded rice (DSR) technique
is becoming popular nowadays because of its
low-input demanding nature. It offers a very
exciting opportunity to improve water and
environmental sustainability.

It is a feasible alternative to conventional
puddled transplanted rice with good potential for
saving water, mitigating greenhouse gas
emissions and adapting to climatic risks; and the
yield can be comparable with that of

transplanted rice if the crop is properly managed
(Kumar and Ladha, 2011). It involves sowing
pre-germinated seeds into a puddle soil surface
(wet seeding), standing water (water seeding) or
dry seeding into a prepared seedbed (dry
seeding). Recently there is trend towards direct
seeded rice because of labour and water scarcity
(Mallikarjun et al., 2014). Although the
development of suitable varieties and agronomic
packages for promoting direct-seeded rice is
under way, so far no variety has been developed
that possess traits specifically needed to high
yield under dry direct-seeded conditions,
particularly for rainfed systems that may be
prone to drought and low fertility. (Pathak et al.,
2011). The present investigation was carried out
to study the effect of various methods of direct
seeded rice on yield of different cultivars  in
relation to weather parameters.

Materials and Methods

Experimental details : The experiment
was laid out in split plot with sixteen treatment
combinations and three replications. There are
four sowing methods viz., M1 : Drill sowing at
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Abstract
The field experiment on effect of weather parameters on different rice cultivars with various sowing

methods of direct seeded rice was carried out during kharif, 2017 at Agricultural Research Station Farm,
Vadgaon Maval, Tal. Maval, Dist. Pune. It  was laid out in split plot design with three replications. There were
sixteen treatment combinations comprising of four sowing methods and four varieties. Among the four different
varieties of paddy, VDN-99-29 (Phule Samruddhi) recorded significantly higher increased yield when sown
on raised bed (15-25 x 15-25 cm). It would be, therefore, suggested to adopt direct sowing of paddy variety
Phule Samruddhi,on raised bed (15-25 x 15-25 cm) to obtain higher yield.
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22.5 cm, M2 : Drill sowing at 30 cm, M3 :
Dibbing at 30 x 10 cm and M4: Sowing on
raised bed (15-25 x 15-25 cm)  as a main plot
treatments and four paddy varieties viz. V1 :
VDN-3-51-18 (Indrayani), V2 : VDN-99-29
(Phule Samruddhi), V3 : IET-13549
(Bhogawati) and V4 : RDN-99-1 (Phule Radha)
as sub plot treatment. The gross plot size was
3.60 m x 3.60 m and net plot size was different
as per treatments. A recommended dose of
fertilizer (100:50:50 kg N, P2O5 and K2O ha-1)
was applied uniformly to all the treatments. 

Results and Discussion

Grain yield : Data in respect of mean grain
and straw yield of paddy as influenced by
different treatments are presented in Table 1.
The mean grain yield of paddy was 51.64 q
ha-1 while the mean straw yield was 57.00 q
ha-1.

Effect of sowing methods : The grain
yield of paddy was influenced significantly due
to different sowing methods. The grain (57.52
q ha-1) and straw yield (63.48 q ha-1) was
superior in the treatment of sowing on raised
bed (15-25 x 15-25 cm) than rest of the sowing
methods. The lowest grain (47.21 q ha-1) and
straw yield (51.58 q ha-1) were produced by the
Drill sowing at 22.5 cm. Similar results were
reported by Gunri et al. (2004) and Christian
(2017).

Effect of varieties : The grain yield (q
ha-1) of paddy was influenced significantly due
to varieties. The grain (58.37 q ha-1) and straw
yield (64.43 q ha-1) were significantly the highest
in variety Phule Samruddhi over rest of the
paddy varieties. The variety Phule Radha
recorded significantly lowest grain (45.20 q
ha-1) and straw yield (49.91 q ha-1). The
differences in grain yield in paddy varieties might
be due to inherent genetical potential of paddy
varieties. 

Effect of interaction : The grain yield (q
ha-1) of paddy as influenced by interaction
effects between different sowing methods and
varieties are reported in Table 2. When paddy
varietyPhule Samruddhi sown on raised bed (15-
25 x 15-25 cm) recorded higher grain (63.87q
ha-1)  and straw yield (70.49 q ha-1)  which were
at par with variety Indrayani  sown on raised bed
(15-25 x 15-25 cm) having grain (58.83 q ha-1)
and straw yield (64.91 q ha-1). The lowest grain
(40.53 q ha-1) and straw  yields (44.28 q ha-1)
were observed in variety Phule Radha sown by
Drill sowing at 22.5 cm. A variety Phule
Samruddhi recorded maximum grain  and straw
yield due to varietal characters and weather
conditions during that period
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Table 1. Mean grain (q ha-1) as influenced by different
treatments

Treatment Grain Straw 
yield yield 
q ha-1 q ha-1

Main plot : Sowing methods (M)
M1 : Drill sowing at 22.5 cm 47.21 51.58
M2 : Drill sowing at 30 cm 49.30 54.42
M3 : Dibbling (30 cm x 10 cm) 52.51 58.52
M4 : Sowing on raised bed 57.25 63.48

(15-25 x 15-25 cm)
S.E.± 0.37 0.48
C.D. at 5% 1.32 1.68

Sub plot : Varieties (V)
V1 : VDN-3-51-18 (Indrayani) 52.19 57.60
V2 : VDN-99-29 (Phule Samruddhi) 58.37 64.43
V3 : IET-13549 (Bhogawati) 50.78 56.06
V4 : RDN-99-1 (Phule Radha) 45.20 49.91
S.E.± 1.08 1.19
C.D. at 5% 3.17 3.57

Interaction between levels of ‘M’ at same levels of
‘V’
S.E.± 0.75 0.95
C.D .at 5% 2.25 2.85

Interaction between levels of ‘V’ at same levels of
‘M’
S.E.± 1.91 2.12
C.D. at 5% 5.47 6.05
General mean 51.64 57.00



The correlation between weather parameters
and grain yield presented in Table 4, showed
significant positive correlation in case of T min
(r = 0.969**), RH-I (r= 0.663*) and RH-II (r=
0.678*). The significant negative correlation
found with Tmax (r= -0.521*), canopy
temperature (r=-0.754**), BSS(r= -0.345) and
GDD (r= 0.989**). While the correlation
between weather parameters and straw yield
presented in Table 4, revealed significant
negative correlation in case of Tmax (r = -
0.382), BSS (r = -0.448) and canopy
temperature (r= -0.424) and GDD (r = -0.770**)
Significant positive correlation found with T min

(r = 0.709**), RH-I (r=0.406) and  RH-II (r =
0.706**). 
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Table 2. Grain yield (q ha-1) as influenced by interaction between Sowing methods and varieties at harvest

Varieties/ At harvest
Sowing methods –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

V1 V2 V3 V4 Mean

M1 : Drill sowing at 22.5 cm 49.03 55.28 43.99 40.53 47.21
M2 : Drill sowing at 30 cm 47.83 56.37 49.45 43.57 49.30
M3 : Dibbling ( 30 cm x 10 cm) 53.09 57.96 52.87 46.11 52.51
M4 : Sowing on raised bed ( 15-25 x 15-25 cm) 58.83 63.87 56.81 50.58 57.52
Mean 52.19 58.37 50.78 45.20
S.E.±   M at same level of V 0.75
C.D. at 5% 2.25
S.E.±  V at same level of M 1.91
C.D. at 5% 5.47
General mean 51.64

Table 3. Straw yield (q ha-1) of paddy as influenced by interaction between sowing methods and varieties at harvest

Varieties/ At harvest
Sowing methods –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

V1 V2 V3 V4 Mean

M1 : Drill sowing at 22.5 cm 53.57 60.41 48.05 44.28 51.58
M2 :  Drill sowing at 30 cm 52.75 62.22 54.59 48.10 54.42
M3 : Dibbling (30 cm x 10 cm) 59.17 64.59 58.92 51.41 58.52
M4 : Sowing on raised bed (15-25 x 15-25 cm) 64.91 70.49 62.67 55.83 63.48
Mean 57.60 64.43 56.06 49.91
S.E.±   M at same level of V 0.95
C.D. at 5% 2.85
S.E.±  V at same level of M 2.12
C.D. at 5% 6.05
General mean 57.00

Table 4. Correlation between weather parameters and
yield of paddy

Weather Grain yield Straw yield
parameter (qha-1) (q ha-1)

T max -0.521* -0.382
T min 0.969** 0.709**
R-I 0.663* 0.406
R-II 0.678* 0.709**
Canopy temp. -0.754** -0.424
BSS -0.345 -0.448
GDD -0.989** -0.770**



Conclusions

From the studies it is observed that, among
the four different varieties of paddy, VDN-99-
29 (Phule Samruddhi) recorded significantly
higher increased yield as compared to VDN-3-
51-18 (Indrayani), IET-13549 (Bhogawati) and
RDN-99-1 (Phule Radha). It would be,
therefore, suggested to adopt VDN-99-29
(Phule Samruddhi) variety for kharif direct
seeded paddy cultivation under sub mountaine
zone conditions. Sowing on raised bed (15-25 x
15-25 cm) favorably influenced yield
components. It would be, therefore, suggested
to adopt sowing on raised bed (15-25 x 15-25
cm) to kharif direct seeded paddy variety Phule
Samruddhi.
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India is the largest flower grower after China.
In India, area under flower production is about
1,99,890 ha. Bangalore rank 1st while Pune,
rank 2nd in cut flower production of rose.
Maharashtra is having10 per cent share of total
area of flower production. During 2011-12,
total area under protected flower cultivation in
Maharashtra was 459 ha with production of
772.8 million stems per year. 

Cultivation of rose under polyhouse
condition is about 185 ha. While in 2011-2012,
total flower production under protected
cultivation was increased thereby production of
cut flowers was increased to 887.4 million stems
year-1. Similarly, the area under protected rose
flower cultivation also increased to 274 ha. The
polyhouse projects with technical, management
and marketing supports from the Netherland
and Israel are being set up around Bangalore,
Pune, Nashik, Kolhapur, Satara, Delhi and
Hyderabad.

Cultivation of rose under protected
conditions has gained importance in recent
years due to its export potential. In polyhouses,
rose is highly susceptible to sucking pests. Next
to mites, the rose thrips( Scirtothripsdorsalis)is
also a serious problem on rose grown under
protected cultivation. Both immature and adults
feed on tender and moderately matured leaves
and developing flower buds by lacerating the
tissue and sucking the sap. The feeding results
in mottling, severe curling, browning and drying
of tender leaves, sepals, tender stalks, outer
petals of green and half opened buds turn to
brown colour and appear as if they are burnt.
Damaged flowers get discolored and distorted in
shape and reduced in size (Jhansi Rani and
Jagan Mohan, 1997). This pest can cause 28-
95 per cent damage with a population density
of 11-33 thrips/flower (Gahukar, 2000)

Materials and Methods

The polyhouse installed at Hi-tech
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Abstract
A field experiment was conducted at  Hi-Tech Floriculture and Vegetable Project, College of Agriculture,

Pune during 2013 to study the Effect of Different Pesticide Treatments On  Rose,Vase life and number of
flowers per plant under polyhouse condition.The  overall results revealed that the treatments with Spinosad
and Clothianidin were observed to be most effective against thrips by recording the lowest mean population
of 2.20 and 2.68 thrips/three leaves, respectively and were on par with each other. The maximum vase life
of flower 13.66 days was observed with pesticide treatment Spinosad 45% SC @ 0.3ml l-1 (T2). The number
of flowers plant-1 differs significantly due to different pesticide treatments. The treatment with Spinosad 45%
SC @ 0.3ml l-1 (T2) recorded highest no. of flowers (8.6) which was on par with Clothianidin (8.0).This was
followed by the treatments The increasing trend was observed with decrease in mites, thrips incidence in
different pesticide treatments T4, T5, T3, T6, T1, T7, T9, T10 and T8 as regards to the number of flowers
plant-1.

Key words : Spinosad, Thrips (Scirtothripsdorsalis), Rose, Vase life.



Floriculture and Vegetable project, College of
Agriculture, Pune was used for the experiment.
The polyhouse was naturally ventilated (GH II)
type and U.V. stabilized 200 µm thickness
polythene film was used as cladding material.
For control of temperature and humidity misting
system was provided. Earthen pots having 15
cm height, 30 cm upper diameter and with 4
liters capacity were used for experiment. Each
pot was filled manually with 1.5 kg coco peat. 

There were eleven pesticides treatments with
three replications and completely randomized
block design were used for the experiment .Two
plants of rose were planted in each pot and six
plants per treatment were maintained. Total
three spray was given at 15 days of interval. 

The growing area was filled with porous and
well drained material of cocopeat was used as
growing media and obtained from Sterling Farm
Research and Services Pvt. Ltd. (Cochin, Kerala,
South India). Coco peat was used as waste
material from coconut palm industry after fiber
was extracted and allowed to be washed with 4-
5 monsoons for obtaining low pH and EC.
Yellow liberty cultivar of rose was selected on the
basis of its performance in Hi-tech Floriculture
and Vegetable Project, College of Agriculture,
Pune. 

Results and Discussion

Vase life of rose as influenced by
different pesticide treatments : The
maximum vase life of flower 13.66 days was
observed with pesticide treatment Spinosad 45%
SC @ 0.3 ml l-1 (T2). The next best treatment
was Clothinidin which recorded 12.33 days of
vase life. This was followed by treatments with
Chlorfenapyr, Thiamethoxam, Hexythiazox,
Acetamiprid, Spinosad, M-Impact, Neem oil and
M. anisopliae. The untreated control recorded
lowest days of vase life. Further it was observed
from Table 1, that the flower vase life increases

with decrease in mites and thrips incidence in all
pesticide treatments.

These results are in agreement with results
reported by Rengasamy and Arun (2000).

Yield parameters:

Number of flowers plant-1 : The
observation regarding number of flower plant-1

was recorded at the time of harvesting of
flowers. 
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Table 1. Flower bud initiation, flower diameter, flower stalk
length, Vase life and number of flowers plant-1 as
influenced by different pesticide treatments  

Treatments Vase Yield
life no. of flowers
(Days) plant-1

T1 10.66 6.5
T2 13.66 8.6
T3 11.33 7.3
T4 12.33 8.0
T5 11.66 7.7
T6 11.00 6.9
T7 10 5.9
T8 8 5.2
T9 9.33 5.8
T10 8.66 5.3
T11 5.33 4.9
SE (m)± 0.08 0.24
CD at 5% 0.24 0.71

Fig. 1. Number of flowers per plant Vase life
and as influenced by different pesticide
treatments



It could be seen from the data presented in
Table  that the number of flowers per plant
differs significantly due to different pesticide
treatments. The treatment with Spinosad 45%
SC @ 0.3 ml l-1 (T2) recorded highest no. of
flowers (8.6) which was on par with Clothianidin
(8.0). This was followed by the treatments The
increasing trend was observed with decrease in
mites, thrips incidence in different pesticide
treatments T4, T5, T3, T6, T1, T7, T9, T10 and
T8 as regards to the number of flowers plant-1.
The minimum numbers of flowers (4.9) were
observed in the treatment of control (T11) with
untreated check.

These results are in agreement with results
of Rengasamy and Arun et al. (2000). Who
reported that Chlorfenapyr, Spinosad and
Acetamiprid were significantly superior in
recording more no. of flowers plant-1, flower
stalk length and diameter due to less incidence
of mites.

Conclusion

The treatments with Spinosad and
Clothianidin were observed to be most effective
against thrips infesting rose leaves and buds. In
case of growth flowering and yield, all the
pesticide treatments recorded significantly
increased primary branches, number of flower,
Vase life  and yield due to decreased incidence
of mites and thrips.
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Maize is the third most important cereal crop
in India after rice and wheat due to its
multifarious uses in industrial, food, feed, fodder
and seed crop. It occupies about 9.43 million
hectares area having production of 24.35
million tones with an average productivity of
more than 2.5 tonnes ha-1, whereas in
Maharashtra, the area, production and
productivity was 9.47 lakh hectares, 31.24 lakh
tones and 2.47 tonnes ha-1 respectively, during
the year 2013-14.

To develop hybrid maize and to make the
seed available in cheaper rate to the farmers,
formal maize improvement programme has
been concentrated almost exclusively in
development of single cross hybrid maize.

Material and Methods

Single cross maize hybrid Phule Maharshi
(QMH-1025) has been evolved from a cross of
QMI-14.03 x QMI-1401 at All India
Coordinated Maize Improvement Project,
Kolhapur during the year 2010. Among the
several crosses made amongst different inbred,
a single cross QMH-1025 appeared to be most
promising. It was therefore tested in station trial
along with the local check Rajarshi and national
check Bio.9637, at Kolhapur during Kharif-
2011 as well as in Rabi-2011-2012. Looking
into the promising performance, this hybrid was
promoted to multilocation trials and tested at 5
locations under Kharif during the year 2012-
2015. It was tested in inter university trial at
Kolhapur, Parbhani, Aurangabad, Nagpur and
Buldhana during 2012-2015. This hybrid was
also tested in coordinated trial (Table 1) over 7
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Abstract
Phule Maharshi (QMH-1025), a single cross maize hybrid from public sector in Maharashtra is developed

from the cross between QMI-1403 x QMI-1401 by hybridization technique. It is high yielding, orange yellow,
semi-flint type, midlate maturing, resistant to Maydis leaf blight, Fusarium stalk rot, and moderately resistant
to Turcicum leaf blight, Banded leaf & sheath blight and Charcoal rot. It is also resistant to Stem borer (Chilo
partellus Sw.) in field condition. It is superior for crude protein and fibre, starch, Mn and Ca over the check
Rajarshi and suitable for Kharif and Rabi season. In various states and varietal trials, the maize hybrid QMH-
1025 consistently recorded best performance. During Kharif season, QMH-1025 recorded 7605 Kg ha-1

grain yield, which was 37.27 percent higher than Rajarshi ( 5540 Kg ha-1) and 24.20 percent higher than the
national check Bio.9637( 6123 Kg ha-1). In Rabi season, it recorded 8761 Kg ha-1 grain yield which was
19.60 percent and 29.45 percent higher than the checks Rajarshi (7326 Kg ha-1) and Bio.9637 (6768 Kg
ha-1), respectively. Overall QMH-1025 recorded 27.20 percent higher yield ( 8183 Kg ha-1) over the check
Rajarshi (6433 Kg ha-1) and 26.95 percent over the national check Bio.9637 (6446 Kg ha-1) in Kharif and
Rabi season. The maize hybrid is released under the name ‘Phule Maharshi’ for Kharif and Rabi season for
Maharashtra State in 2016.

Key words : Maize hybrid, Phule Maharshi (QMH-1025), resistance, high yield, quality
characters.
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locations in zone IV (comprising of Arbhavi,
Coimbatore, Hyderabad, Karimnagar, Kolhapur,
Mandya and Vagarai) during 2014. The
performance of this hybrid was consistently
superior over the  check Rajarshi for yield as well
as resistance to Turcicum leaf blight and stem
borer. It was therefore released for commercial
cultivation under Kharif and Rabi season in
Maharashtra in 2016 under the name ‘Phule
Maharshi’. The statistical analysis was carried
out according to Panse and Sukhatme (1967).

Results and Discussion

Performance of QMH-1025 in different
trials: In station trial during Kharif-2011 maize
hybrid yield differences due to genotypes were
significant. Maize hybrid QMH-1025 gave grain
yield of 5895 Kg ha-1 (Table 1) which was 31.50
percent higher than the local check Rajarshi
(4443 Kg ha-1) and 34.22 percent higher than
the national check Bio.9637( 4392 Kg ha-1). In
multilocation trials, QMH-1025 recorded 20.15
percent and 20.27 percent higher grain yield
(7346 Kg ha-1) than the checks Rajarshi (6114
Kg ha-1) and Bio.9637 (6108 Kg ha-1), respect-
ively. Whereas under inter university trial it gave
7222 Kg ha-1 grain yield which was 19.14 and
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Table 1. Summary table showing grain yield potentiality of maize hybrid Phule Maharshi (QMH-1025)

Name of the experiment Year No. of Grain yield q ha-1 % Increase over checks
loca- ––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––
tions QMH- Raja- Bio. Uday Raja- Bio. Uday

1025 rshi 9637 (C) rshi 9637 (C)
(C) (C) (C) (C)

Kharif season
Station trial 2011 01 58.95 44.43 43.92 - 31.50 34.22 -
MLT 2012-15 16 73.46 61.14 61.08 57.93 20.15 20.27 26.81
Inter University Trial(IUT) 2012-15 12 72.22 60.62 62.86 - 19.14 14.89 -
Coordinated trial 2014 7 99.58 - 77.04 - - 29.26 -
Kharif Total /Average 36 76.05 55.40 61.23 57.93 37.27 24.20 31.28

Rabi season
Station trial 2011-12 01 82.30 78.01 65.70 - 5.50 25.27 -
Station trial 2012-13 01 92.92 68.50 69.65 - 35.65 33.41 -
Rabi Total /Average 02 87.61 73.26 67.68 - 19.60 29.45 -
Adaptive Trials (Mean of 30 Farmers field) - 36.27 28.85 - - 25.72 - -

Table 2. Mean grain yield and stover yield of maize hybrid
QMH-1025 as influenced by different nitrogen
levels and spacing during 2015-16, Kolhapur

Treatments Grain yield Stover yield
(q ha-1) (q ha-1)

Genotypes (4)
QMH-1025 76.68 84.48
Rajarshi 60.91 68.83
Bio-9637 60.75 71.08
Uday 57.50 65.55
S.E.± 2.01 2.45
C.D. at 5% 7.90 9.62
C.V. % 13.35 14.34
Fertilizer levels (3)
F1 : 120:60:40 kg NPK ha-1 59.46 67.17
F2 : 150:75:50 kg NPK ha-1 64.89 73.68
F3 : 180:0:60 kg NPK ha-1 67.52 76.60
S.E.± 0.92 1.09
C.D. at 5% 2.75 3.26
C.V. % 7.02 7.34
Spacing  (2)
S1 : 60 x 20 cm. 66.11 75.10
S2 : 75 x 20 cm. 61.81 69.86
S.E.± 0.67 0.84
C.D. at 5% 1.97 2.46
C.V. % 6.32 6.97
Interaction effect

S.E.± C.D. S.E.± C.D.
at 5% at 5%

Genotypes x Fertilizers 1.83 NS 2.17 NS
Genotypes x Spacings 1.35 NS 1.68 NS
Fertilizers x Spacings 1.17 NS 1.46 NS



14.89 percent higher than the checks Rajarshi(
6062 Kg ha-1) and Bio.9637 (6286 Kg ha-1).
Under coordinated trials QMH-1025 gave grain
yield of 9958 Kg ha-1 which was 29.26 percent
higher than the national check Bio.9637 (7704
Kg ha-1). Under 30 adaptive trials conducted on
farmers field QMH-1025 recorded 25.72
percent higher yield (3627 Kg ha-1) than the
check Rajarshi (2885 Kg ha-1).

Under Rabi season, it gave grain yield of
8761 Kg ha-1 which was 19.60 and 29.45
percent higher than the checks Rajarshi (7326
Kg ha-1) and Bio.9637 (6768 Kg ha-1),
respectively.

Pests and Diseases : Maize hybrid QMH-
1025 was moderately resistant to stem borer
under artificial infestation during Kharif-2013-
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Table 3. Reaction of maize hybrid QMH-1025 against various diseases in Initial Varietal Trial (IVT), Trial No. -62 (medium
maturity) during Kharif 2014

Entries Maydis leaf blight Turcium leaf Banded leaf and C. Rot FSR 
(Score 1-5) blight score (1-5) sheath blight score (1-5) (1-9) (1-9)

––––––––––––––––– ––––––––––––––––– ––––––––––––––––––––––––– ––––––––––––– –––––––––––––
Av.  Reac- Av.  Reac- Av.  Reac- Av.  Reac- Av.  Reac- 
score tion score tion score tion score tion score tion

QMH-1025 1.9 R 2.1 MR 2.8 MR 3.4 MR 1.9 R
PMH 4© 2.6 MR 2.9 MR 3.8 MS 3.7 MR 3.3 MR
HM 9© 3.1 MS 2.5 MR 4.1 S 5.2 MS 2.8 R
HM 10© 2.3 MR 2.5 MR 3.1 MS 3 R 1.9 R
BIO-9637© 1.9 R 2.3 MR 3.1 MS 3.3 MR - -
RES. © 1.1 R 2.4 MR 1.7 R 2.4 R - -
SUS © 4.2 S 4.4 S 4.3 S 6.3 MS 8.8 S

Rating scale :
MLB, TLB and BLSB C. Rot and FSR
1. 0-2.0 : Resistant (R) 1. 0-3.0 : Resistant (R)
2. 1-3.0 : Moderately Resistant (MR) 3. 1-5.0 : Moderately Resistant (MR)
3. 1-4.0 : Moderately Susceptible (MS) 5. 1-7.0 : Moderately Susceptible (MS)
4. 1-5.0 : Susceptible (S) 7. 1-9.0 : Susceptible (S)

Table 4. Screening of maize hybrid QMH-1025 against stem borer (Chilo partellus Sw.) under Natural and Artificial infestation
during Kharif 2013-15

Entry Natural infestation Artificial infestation
––––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––

Kharif-2013 Kharif-2014 Kharif-2015 Kharif-2013 Kharif-2014 Kharif-2015
–––––––––––––– –––––––––––––– –––––––––––––– –––––––––––––– –––––––––––––– ––––––––––––––
Mean Reac- Mean Reac- Mean Reac- Mean Reac- Mean Reac- Mean Reac-
LIR tion LIR tion LIR tion LIR tion LIR tion LIR tion

QMH-1025 1.60 R 2.7 R 2.10 R 3.10 MR 3.40 MR 4.20 MR
Rajarshi-(C) 1.80 R 2.8 R 2.30 R 4.05 MR 3.70 MR 3.60 MR
BIO -9637 (C) 1.50 R 3.0 R 1.90 R 4.40 MR 5.40 MR 5.60 MR

Scale : Rating :
i) 1.0-3.0 : Resistant (R) 1 = Apparently healthy plant
ii) 3.1-6.0 : Moderately Resistant (MR) 2 to 8 = Intermediate foliar injury
iii) 6.1-9.0 : Susceptible (S 9 =  Dead-heart (Complete failure of plant )



2015; whereas it was found resistant under
natural infestation (Table 4) This hybrid was
found resistant to moderately resistant for
diseases viz.; Maydis leaf blight, Fusarium stalk
rot, Turcicum leaf blight, Banded leaf and sheath
blight, and Charcoal rot during Kharif season
(Table 3).

Quality Characters : In quality studies (dry
grain basis) QMH-1025 was superior for Crude
protein (12.21%), Crude fibre (1.82%), Starch
(59.24 %), Mn (38.16 ppm), Ca (105.0 ppm)
over the check Rajarshi (Crude protein-8.50%,
Crude fibre-1.35%, Starch-58.51%, Mn-36.50
ppm, Ca-72.0 ppm) (Table 5).

This hybrid is of mid-late maturity duration
(95-100 days), semi spreading in growth,
medium bold size (25-30 g 100 seeds-1,
responsive to high fertilizer dose (180:90:60
N;P;K, Kg ha-1) performing high yield (Table 2).
Being a high yield potential and consistent
resistance to Turcicum leaf blight and stem
borer( Chilo partellus Sw.), the maize hybrid
QMH-1025 was identified for release during
2016 for Kharif and Rabi season of
Maharashtra for commercial cultivation to the
farmers. (Anonymous,2016).
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Table 5. Performance of maize hybrid QMH-1025 for
quality parameters (Dry grain)

Content QMH-1025 Rajarshi

Crude protein (g 100-1 gm) 12.21 8.50
Crude fibre (g 100-1 gm) 1.82 1.35
Starch (g 100-1 gm) 59.24 58.51
Iron   ppm 51.33 60.50
Zn     ppm 25.00 33.57
Mn    ppm 38.16 36.50
Ca    ppm 105.00 72.00

(Method used for analysis : AOAC, 2009) 
The values are mean of three independent observations.
Source: Drpartment of Biochemistry, MPKV, Rahuri, Dist.
Ahmednagar
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Tomato is a versatile and one of the most
important vegetable crops, commercially grown
across the length and the breadth of the country.
The rising popularity of a vegetarian diet and
awareness of consumers about the importance
in a balance diet have opened up huge market
for vegetables both domestic and global front.
Tomato is an important source of minerals and
vitamins A and C (Hari, 1997). Several
processed products like paste, puree, soup,
sauces, juices, ketchup, drinks, whole peeled
tomatoes etc., are prepared on large scale and
high acceptance as food ingredients have great
demand for export (Singh et al., 2004). As
tomato is an important raw material for
multimillion food industries, to meet the ever
increasing demand there is a need for
development of improved genotypes best for
higher yield and good nutritional quality.
Developing ideal inbred line is an essential
criterion to utilize heterosis for the improvement
of yield and quality traits in field crops including

tomato (Luo et al., 2013; Memon et al., 2015;
Liu et al., 2021). Isolating parents based on
their ability to give superior hybrid combinations
is essential to obtain desired results in crop
improvement programme (Golabadi et al.,
2015). Combining ability analysis of the genetic
material can be utilized to identify and select
ideal parents and superior crosses based on their
general and specific combining abilities,
respectively. Thus, we designed this experiment
to screen parental materials with good general
performance and to develop and screen cross
combinations with required and desired
percentage of heterosis in tomato crop.

Materials and Methods

The experimental material for the study
comprised of thirty seven entries including six
parents (NTL-1, AVTO-2, NTL-50, JTL-08-15,
JTL-12-10 and NTL-36), their 30 F1s derived
by crossing in all possible combinations including
reciprocals and one standard check Abhinav,
was laid out in a randomized block design with
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Abstract
Combining ability analysis is essentially required to isolate exceptional resource material for heterosis

breeding programme. In this experiment combining ability of important agronomic and quality traits were
estimated in 6 tomato parents and 30 crosses between them, in order to identify better parents with high
combining ability and new recombinants with high yield and superior quality. The comparative heterosis analysis
was also done using a commercially demanding variety Abhinav, as a standard check. The results indicated the
involvement of both additive and non additive genetic effects in the expression of traits under study, however,
preponderance of non-additive gene action was observed. The parents AVTO-2 and NTL-50 were the best
performer for comprehensive parameters including yield and the cross combination AVTO-2 x JTL-08-15 was
the best high-yielding combiner. The information and the genetic material generated in this study can be used
in the future tomato hybrid breeding programme to develop new superior varieties.
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three replications at Navsari Agricultural
University, Navsari-396450 (Gujarat). Each
entry was sown in a single row plot of ten plants,
spaced 90 x 45 cm. All the recommended
agronomic practices and plant protection
measures were adopted as and when required
for raising a healthy crop. Five healthy plants
were selected randomly to record the data on
proposed characters. The combining ability
analysis was done by following Model 1, Method
2 of Griffing (1956).

Results and Discussion

In the present investigation, analysis of
variance for combining ability (Table 1) revealed
that both GCA and SCA variances were highly
significant for majority of the trais studied,

further mean sum of squares for reciprocal were
also found significant for all the characters
except seed germination per cent, plant spread
(East-West), plant spread (North-South), shelf
life, acid : sugar ratio and pulp : skin ratio
suggested that the importance of reciprocal
cross differences for the said characters. Similar
results were also reported by Chishti et al.
(2008), Singh and Asati (2011), Yadav et al.
(2013) and Amaefula et al. (2014) for fruit yield
and other traits. This shows that both additive
and non-additive variances were role to play in
the expression of traits. Variance due to GCA
was significant for all the characters except seed
germination per cent, plant spread East-West,
shelf life, acid : sugar ratio and pulp : skin ratio.
Similarly, the SCA variance was also significant
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Table 1. Analysis of variance for combining ability in respect of 18 characters of tomato

Source of DF Seed Plant Plant No. of Days to Days 
variation germi- spread spread  bran- 50% to first 

nation East- North- ches flowe- fruit 
(%) West South plant-1 ring harvest

(cm) (cm)

GCA 5 21.14 11.42 57.61** 1.55** 35.72** 15.46**
SCA 15 12.32 18.90 14.66 1.43** 8.77** 12.46**
Error 70 9.95 29.25 17.00 0.18 3.50 4.60
s2 GCA/s2 SCA 0.39 0.14 -1.44 0.09 0.51 0.11

Source of DF No. of Shelf Lycopene Acid: pH of Pericarp
variation locules life content Sugar fruit thickness 

(days) (mg ratio (mm)
100-1 gm)

GCA 5 0.35** 0.16 15.47** 7.46 297.97** 0.38**
SCA 15 0.55** 0.31 4.31** 4.37 655.86** 0.29**
Error 70 0.01 0.20 0.00 3.52 19.55 0.10
s2 GCA/s2 SCA 0.05 -0.03 0.29 0.38 0.03 0.12

Source of DF Pulp : TSS Fruit Fruit Av. Marketable
variation Skin (°Brix) length girth fruit fruit yield 

ratio (cm) (cm) weight plant-1
(g) (kg)

GCA 5 0.84 0.68** 0.13** 0.43** 112.89** 1.37**
SCA 15 4.22 0.21** 0.31** 0.18** 120.98** 0.60**
Error 70 2.75 0.00 0.02 0.01 12.09 0.02
s2 GCA/s2 SCA -0.10 0.26 0.03 0.20 0.07 0.19

**, *  Significant at 1% and 5% respectively



for all the traits except seed germination per
cent, plant spread East-West, plant spread
North-South, shelf life, acid : sugar ratio and
pulp : skin ratio. The GCA variance and SCA
variance ratio indicated that non-additive gene
action was predominant for inheritance of all the
traits.

The estimates of Va (additive) and Vd (non
additive) variances were revealed that the
additive variance was pre-dominant for the
character plant spread (North-south). These
types of findings were also reported by (Ghosh
and Shyamal, 1994). Preponderance of non-
additive type of variance was observed in seed
germination per cent, plant spread (East-West),
number of branches per plant, days to fifty per
cent flowering, days to first fruit harvest, number
of locules, shelf life, lycopene content, acid :
sugar ratio, pH of fruit, pericarp thickness, pulp
: skin ratio, TSS, fruit length, fruit girth, fruit
weight,  marketable fruitst and marketable fruit
yield. These types of findings also reported by
Pandey et al. (2006), Seeja et al. (2006), Rattan

and Chadha (2009) and Sharma and Sharma
(2010).

An overall appraisal of GCA effects (Table 2)
revealed that AVTO-2 was found to be best
general combiner for most of the traits. It was
also good general combiners for quality
parameters (TSS, pH, lycopene content and
acid : sugar ratio) and yield attributing traits (fruit
girth, average fruit weight and number of
marketable fruits per plant) and that was resulted
in yield too. The GCA effects of the other
parents, in general, were found to be inconsis-
tent for most of the characters but, in view of
yield attributing and yield point, the parent NTL-
50 for fruit girth, average fruit weight and
number of fruits plant-1; whereas, NTL-1 for
number of fruits plant-1 only. In case of fruit
quality, parent NTL-50 for TSS and lycopene
content while, NTL-1 for pericarp thickness,
total soluble solids, pH and lycopene content.
On the contrary, parents viz., JTL-12-10 and
NTL-36 were proved to be poor general com-
biners for majority of the traits under studied.
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Table 2. Estimates of general combining ability (GCA) effects of parents in tomato

Parents / Characters NTL-1 AVTO-2 NTL-50 JTL-08-15 JTL-12-10 NTL-36

Seed germination (per cent) 0.01 1.78* -0.65 -2.04* -0.09 1.00
Plant spread East-West (cm) 0.15 0.97 -1.37 -0.52 1.19 -0.41
Plant spread North-South (cm) 1.16 1.90 -0.33 -2.94** -2.15 2.37*
Number of branches plant-1 -0.08 -0.54** -0.12 -0.04 0.37** 0.42**
Days to fifty per cent flowering 0.05 2.44** 1.22* -1.30* -2.38** -0.02
Days to first fruit harvest -0.58 1.27* 1.37* -0.36 -1.56** -0.14
Number of locules fruit-1 0.02 0.18** 0.21** -0.18** -0.09* -0.15**
Shelf life (days) -0.05 0.01 0.14 0.09 -0.18 -0.00
Lycopene  content (mg 100-1 gm) 0.22** 1.38** 0.85** -1.73** 0.12** -0.85**
Acid : Sugar ratio 0.01 1.05* -0.39 -1.21* -0.05 0.59
pH of fruit 3.99** 6.57** -5.45** 0.10 -5.89** 0.68
Pericarp thickness (mm) 0.29** -0.12 -0.11 -0.05 0.13 -0.14
Pulp : Skin ratio 0.16 0.26 -0.13 -0.15 -0.38 0.24
TSS (°Brix) 0.27** 0.19** 0.12** -0.14** -0.34** -0.10**
Fruit length (cm) 0.05 0.04 -0.02 0.06 -0.20** 0.05
Fruit girth (cm) -0.13** 0.25** 0.18** -0.22** -0.11** 0.03
Average fruit weight (g) -3.00** 4.94** 2.07* -0.24 -2.91** -0.85
Number of marketable fruits plant-1 2.72** 3.07** 1.77* 0.12 -4.85** -2.84**
Marketable fruit yield plant-1 (kg) 0.03 0.50** 0.16** 0.01 -0.49** -0.22**



The estimates of GCA effects further
revealed that the parental line showing high
GCA effects for marketable fruit yield per plant
also exhibited high or average GCA effects for
one or more yield components. The highest
GCA effects for marketable fruit yield per plant
in AVTO-2 and NTL-50 were linked with
positive significantly higher GCA effects for
number of marketable fruits per plant, average
fruit weight, total soluble solid and fruit girth.
Almost identical results have been reported by
Brar et al. (2005), Ahmad et al. (2009) and Mali
and Patel (2014). 

In case of specific combining ability effects
none of the hybrids exhibited favourable SCA
effect for all the characters. These results are
getting support from the findings of Brar et al.
(2005), Ahmad et al. (2009), Yadav et al.
(2013) and Amaefula et al. (2014). Among all
the thirty hybrids, top specific combinations for
marketable fruit yield per plant were AVTO-2 x
JTL-08-15, JTL-08-15 x AVTO-2, NTL-36 x
JTL-12-10, and NTL-1 x JTL-08-15 (Table 3).
The best specific combination i.e. AVTO-2 x
JTL-08-15 recorded desirable SCA effect for
average fruit weight, number of marketable fruits
per plant, number of locules, lycopene content
and pH of  fruit. The second best combination
i.e. JTL-08-15 x AVTO-2 showed the desirable
SCA effect for average fruit weight, number of
marketable fruits plant-1, lycopene content and
total soluble solids. NTL-36 x JTL-12-10, the
third best cross combination had recorded
desirable SCA effect for number of marketable
fruits plant-1 and total soluble solids. The fourth

cross combination i.e. NTL-1 x JTL-08-15 had
desirable significant SCA effect for fruit girth,
average fruit weight, no. of branches plant-1,
lycopene content and total soluble solids.

Eleven out of thirty crosses were having
superior and significant SCA effect for
marketable fruit yield per plant. The highest per
se was noted by the cross AVTO-2 x JTL-08-
15, followed by NTL-1 X JTL-08-15, it was
interesting to note that per se performance of
hybrids for various traits was not correlated with
their SCA effects. Out of top four crosses none
of the cross have shown good x good GCA
effect for marketable fruit yield per plant. AVTO-
2 x JTL-08-15 and JTL-08-15 x AVTO-2, have
involved one good and one average parents with
GCA effect for marketable fruit yield per plant.
The crosses showing high sca effects involving
one good general combiner indicated additive x
dominance type of gene interaction which could
produce desirable transgressive segregants in
subsequent generations. While the cross
combination NTL-1 x JTL-08-15 have shown
the combination of Average x Average parents
and on the other hand the cross NTL-36 x JTL-
12-10 have the combination of two poor
parents, indicated the presence of over-
dominance or epistasis which remain
responsible for its highly significant SCA effect.
The approach towards biparental mating leading
to more segregation and recombination can give
the desirable result for such crosses.

On the basis of combining ability the most
promising parents for yield attributing traits were
AVTO-2 and  NTL-1 the most promising hybrids
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Table 3. Top specific combinations for Marketable fruit yield per plant and their performance for other traits

Cross Per se SCA GCA Other traits showing 
performance effect effect desirable SCA effect

AVTO-2 x JTL-08-15 5.48 1.02 ** G x A AFW, NMFP, MFYP, LC, NOL, pH
JTL-08-15 x AVTO-2 3.43 0.85** A x G AFW, NMFP, MFYP, LC, TSS, 
NTL-36 x JTL-12-10 2.39 0.72** P x P NMFP, MFYP,TSS
NTL-1 x JTL-08-15 4.48 0.67** A x A FG, AFW, MFYP, NBPP, LC, TSS



were AVTO-2 x JTL-08-15, JTL-08-15 x
AVTO-2, NTL-36 x JTL-12-10, and NTL-1 x
JTL-08-15 these crosses could be exploited fully
in future tomato breeding programme by
adopting appropriate breeding technique for
getting desirable recombinants from the
segregating population in order to evolve high
yielding hybrids of tomato. It was also observed
that the significant SCA of the crosses for
marketable fruit yield was largely depend on
their SCA effect for componential characters
like average fruit weight and number of
marketable fruits per plant. So the approaches
that can exploit both the additive and non
additive gene effect simultaneously can be used
effectively to obtain maximum yield and mating
of selected plants in early segregating
generations could help in developing desirable
gene combinations for high yielding lines.
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A total of 516 MT and 116 MT of crop
residues were produced and burned,
respectively, in the 2017-18. Every year, India
produces about 141 MT of extra crop residue,
of which 92 MT is burned. The overall crop
residues leftovers (352 million tonnes), account
for 70, 34 and 22% from cereal crops, rice, and
wheat, respectively. Rice contributes 43% of the
overall crop burning, compared to 21, 19 and
5% for wheat, sugarcane, and oilseed,
respectively. The significant increase in
agricultural residue generation can be
attributable to the increase in net sown area and
cropping intensity. The net sown area and
cropping intensity increased from 118.75 to
140 mha and 111.07% to 139.56% in between
1970-71 to 1950-51 and 2010-11 to 1950-51,
respectively. The production of food grains
increased from 50 MT in 950-51 to 316.06 MT

in 2022 due to an increase in cropping intensity
and total cropped area, which resulted in an
increase in the production of crop residue. 

Low yields are a result of excessive runoff,
erratic rainfall patterns, soil erosion, poor soil
fertility, a lack of groundwater accessibility and
insufficient inputs. The development of an
effective management strategy for these soils is
necessary to alleviate some of these crop
production constraints. However, excessive
residue removals in combination with scarce
water supply may lower grain yields and degrade
the soil by limiting the return of residue nutrients
and carbon to the soil and by keeping the top
soil unprotected and vulnerable to surface
crusting, erosion, and compaction. Due to such
competing motivations, we must understand
better the tradeoffs involved in residue harvest,
particularly about their long-term effects on soil
health, water dynamics, and total agricultural
profitability. Through several ways, crop residue
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Abstract
Crop residues, a byproduct of crop production that can be managed to maximize various input usage

efficiencies, are a widely used practice to conserve agricultural waste. The amount of crop residues generated
and burned in 2017-18 was 516 MT and 116 MT, respectively. In India, rice stands first in the overall crop
burning which contributes 43% compared to 21, 19 and 5% for wheat, sugarcane, and oilseed, respectively.
Burning crop residue is responsible for air pollution outbreaks, radiation imbalance in people, greenhouse gas
emissions, and the loss of valuable soil nutrients. Crop residue mulch improved soil quality and crop yield by
increasing infiltration of water into soil profile and lessening water runoff and soil erosion. Crop residue mulch
improved soil quality in terms of organic carbon and biotic activity. Crop-residue retention promotes nutrient
cycling, increases nutrient availability to crops, and increases SOM content.The excessive runoff and soil
erosion, low soil fertility, low groundwater availability, erratic rainfall distribution and low inputs these are major
contributing factors responsible for the low yields.
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retention can have a noticeable influence on
water saving by Schneekloth et al., (2020).

By increasing the amount of water that seeps
into the soil profile and reducing water runoff
and soil erosion, crop residue mulch enhances
soil quality and crop output. Mulching with crop
residue enhanced the biotic activity and organic
carbon content of soil. Retention of agricultural
residue increases nutrient cycling, raises nutrient
availability to crops, and raises SOM content.In
the R-M systems in the EGP, where the residues
of both crops are often removed from the fields,
residue retention might play a significant role. In
comparison to R-W or rice-rice systems, high-
yielding R-M systems extract more nutrients,
especially N, P, or K. In addition, retaining the
residue from a legume like mungbean can
enhance the nitrogen economy of the next
cereal crop by Rashid et al., (2019). 

Over the past two to three decades,
resource-conserving technologies (RCTs) have
arisen as a way of ensuring the sustainability of
intensive cropping systems. RCTs increase soil
fertility by improving biological activity and
carbon absorption while using less energy. They
help reduce cultivation expenses and create
stable yields.Intensive ploughing damages soil
structure quickly, oxidized soil organic matter
(SOM), boosts labor and fossil fuel demand,
raises production costs, and increases
greenhouse gas emissions. Three fundamental
concepts underlie conservation agriculture:
appropriate crop rotation, continuous soil, and
no or minimum tillage.The physical, chemical,
and biological characteristics of the soil can be
enhanced with no or limited tillage (RT) and
residue retention.Additionally, drill seeders and
RT can reduce labor-intensive tasks and
maintain farmers' earning by Rashida et al.,
(2019). 

Reducing tillage has a good impact on
several soil properties, but needless and

excessive tillage activities result in the opposite
phenomenon, which is detrimental to the soil.
Conventional tillage techniques alter soil bulk
density and moisture content, which results in
changes to soil structure. Furthermore, although
conservation and no-tillage techniques leave the
soil unaltered, recurrent disturbance from
conventional tillage results in a finer and looser-
setting soil structurebyAlam et al., (2014).

Methodology and Results

Three studies arereviewedin this paper on
tillage and residue management effects on soil
properties.The study was conductedat Eastern,
Colorado,by Schneekloth et al. (2020)on tillage
and residue management effects on irrigated
maize performance and water cycling in a
semiarid cropping system. Theyused four
treatment combinations as shown in Table 1.
According to their analysis, the three years
under consideration (2016-2018) had an
average maize grain output that varied between
10.5 and 13.6 Mg ha-1. With no discernible
effect of residue in 2016, the residue removal
considerably lowers grain yields by around 1.0
and 2.0 Mg ha-1 in 2017 and 2018,
respectively.In the three years taken into
consideration, as indicated in Table 1, there was
no noticeable impact of tillage on grain
yield.Residue increased PSE from 34.2% in RH
treatments to 53.8% in plots where residue was
maintained (CT-R and NT-R) from 2016 to
2018, whereas residue retention had no effect.
Precipitation storage efficiency (PSE) was rather
low. During the vegetative development stage,
tillage or residue had no obvious influence on
evapotranspiration Removing residue often
decreases overall infiltration. Both the major
effects of tillage and residue had a considerable
impact on penetrometer resistance measure-
ments. Given that removing the residue
enhanced penetrometer resistance independent
of the tillage treatment, residue management
had a more noticeable effect than tillage.
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In a rice-maize-mungbean system in the
Eastern Gangetic Plains, Rashid et al. (2014)
conducted another experiment to examine the
impacts of tillage and residue management on
productivity, profitability, and soil parameters.
As indicated in Table 2, they utilized a two-factor
split-plot design in four replications, assigning
tillage treatments to main plots and residue-
management treatments to subplots. They found
that all soil physical and chemical parameters
were significantly affected by the interactions
between tillage and residue management. While
alternative tillage techniques, in particular PBs,
ST, and ZT, reduced bulk density and improved
available P, conventional tillage increased bulk
density and decreased SOM, total N, and
available P. Both bulk density and SOM at 0-15
cm topsoilincreased from 1.24 to 1.55 Mg m-3
and 1.32 (CT) to 1.53% (MT), respectively. Bulk
density showed a declining trend with residue
retention. After 3 years of Rice-maize-
Mungbean (R-M-MB) cropping pattern total N,
Soil exchangeable K, exchangeable S and
available Zn content of soilincreased from 0.08
(CT) to 0.10% (ST and PB), 0.19 to 0.23-0.26
cmol kg-1, 18.7 to 21.3 µg g-1 and 0.41 to 0.52
µg g-1, respectively. Higher yields were found in
ST, MT, and ZT compared with CT. A higher
grain yield of mungbean in CT compared with
alternative tillage options, which could be
attributable to better soil pulverization in CT,
providing favorable conditions for its growth and
yield as shown in Table 2. As compared to Rice

and Maize the cost of production of Mung bean
was higher in CT than in all alternative tillage
options.Due to enhanced decomposition rates
and carbon redistribution, conventional tillage
has been shown to reduce soil carbon levels in
agricultural soils. Additionally, compared to no
residue retention, crop residue retention under
RT can considerably enhance SOM.

Research was conducted on the effects of
tillage and residue management on soil
characteristics and wheat and maize yields in a
subhumid subtropical environment by Ghuman
and Sur et al., (2001). They used a split-plot
design with four replications with treatment
combination as shown in Table 3. Theyreported
that the organic carbon (OC) content was
significantly increased in the MTR and MT
treatments over that of CT treatment in the
surface 0.02 m layer. Due to no tillage and no
soil redistribution, there was likely reduced
oxidation of in situ organic matter (roots, etc.) in
the MT treatment, which contributed to the rise
in OC. Soil organic carbon content is often
higher in soils maintained with conservation
tillage than with conventional tillage due to
reduced soil erosion, surface runoff, and
mineralization of organic matter.Bulk density in
the 0-0.1, 0.075 and 0.125 m soil layer was
significantly lower in the MTR, MTR, and no-till
treatments than the MT-CT, MT while it was not
different from the CT and conventionally tilled
plots treatment, respectively. This might be the
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Table 1. Mean maize grain yields (2016–2018) under different tillage and residue management combinations.

Treatment 2016 (Mg ha-1) 2017 (Mg ha-1) 2018 (Mg ha-1) Average (Mg ha-1)

NT/R 12.31 0.93 12.90 0.60 13.02 0.71 12.74 0.76

NT/RH 12.19 0.87 11.97 10.50 10.50 1.71 11.55 1.46

CT/R 11.73 1.54 13.58 12.55 12.55 1.38 12.62 1.59

CT/RH 11.74 1.44 12.54 10.56 10.56 1.55 11.61 1.46

(no-till + residue retention (NT-R), no-till + residue harvest (NT-RH), conventional tillage + residue retention (CT-R) and
conventional tillage + residue harvest (CT-RH)) for an irrigated corn system near Akron, Colorado., Values in italics to the right
of each mean represent the standard deviation of the mean. p values. Source: Schneekloth et al., 2020).



reason for the reduced bulk density because crop
residue mulch has been shown to increase soil
quality in terms of biotic activity and organic
carbon. The mean-weight diameter and
geometric mean diameter of soil aggregates was
significantly greater in the MTR and MTR
treatment than MT and CT treatment,
respectively. More water was held in the surface
soil layers of minimum-till plots and the 00.05
m layer at saturation (zero suction) and 20 kPa

suction than MTR and CT, respectively. In the
0.05-0.10 m layer, the CT treatment retained
more water in the soil than the MTR and MT
treatments. Under steady state circumstances,
cumulative infiltration was greatest in the MTR
treatment (0.118 m), middle in the CT (0.105
m), and lowest in the MT treatment (0.099 m).
The bulk density has an inverse relationship with
the steady state infiltration.Therefore, it was
determined that a moisture level of 40 g kg-1 in
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Table 2. Grain yield (t ha-1) of maize, mungbean and rice, and rice equivalent system yield (REY) as affected by different tillage
and residue management options under a rice-maize-mungbean system.

Tillage Residue options
option –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Maize yield Mungbean yield Rice yield System REY
––––––––––––––––––––––– ––––––––––––––––––––––– ––––––––––––––––––––––––– –––––––––––––––––––––––––
CR0 CR50 CR100 CR0 CR50 CR100 CR0 CR50 CR100 CR0 CR50 CR100

2010-11

ZT 10.4a-e 9.7c-e 10.7a-c 1.15ab 1.12ab 1.13ab 3.77c 4.06bc 4.26bc 16.8b-e 16.4de 17.5a-d

ST 10.1a-e 10.5a-e 11.2a 1.10ab 1.14ab 1.15ab 3.84c 3.90bc 4.41a-c 16.5de 17.0a-e 18.2a

MT 9.9b-e 10.0a-e 10.2a-e 1.06ab 1.18a 1.12ab 3.79c 4.43a-c 4.27bc 16.1e 17.2a-e 17.1a-e

PB 10.8a-c 11.1a 11.1ab 1.22a 1.14ab 1.14ab 4.36bc 4.29bc 4.28bc 17.9a-c 18.0ab 19.9a-c

FB 10.6a-d 11.1a 10.5a-d 1.12ab 1.02b 1.13ab 4.10bc 4.21bc 4.42a-c 17.1a-e 17.6a-d 17.49a-d

CT 9.4de 9.4de 9.3e 1.09ab 1.16ab 1.21a 4.29bc 4.55ab 16.2a 16.2e 16.6c-e 17.2a-e

2011-12

ZT 10.4a-e 9.8c-e 10.9 ab 1.12c 1.13c 1.22a-c 3.68d 4.21a-d 4.41a-d 17.9d-g 17.6e-g 19.3ab

ST 9.7c-e 10.4e 11.3a 1.13c 1.16bc 1.21a-c 3.97b-d 4.26a-d 4.15a-d 17.3g 18.2b-g 19.7a

MT 10.0b-e 10.0b-e 10.3a-e 1.11c 1.11c 1.24a-c 3.83cd 3.92cd 3.71d 17.5fg 18.1b-g 18.7a-e

PB 10.6a-d 10.7a-c 11.3a 1.21a-c 1.18a-c 1.23a-c 4.35a-d 4.50a-c 4.83a 19.0a-d 18.9a-d 19.7a-d

FB 9.9b-e 11.1a 10.6a-d 1.19a-c 1.16bc 1.24a-c 4.27a-d 4.52a-c 4.74ab 18.0b-g 19.2a-c 19.1a-c

CT 9.4e 9.8c-e 9.6de 1.14bc 1.28ab 1.31a 4.08a-d 4.26d 4.39a-d 17.5g 18.6fg 19.0a-f

2012-13

ZT 10.1e 10.1de 11.0a-e 1.11bc 1.15bc 1.22a-c 4.58de 4.92c-e 5.78a 18.4e 18.9de 20.8a-c

ST 10.5a-e 10.8a-e 11.0a-e 1.12bc 1.19a-c 1.27ab 4.55e 5.12b-e 5.56ab 18.8de 19.9a-e 20.8a-c

MT 10.3c-e 10.4a-e 11.1a-e 1.19a-c 1.22a-c 1.24a-c 4.61de 5.17b-d 5.27a-c 18.9de 19.6b-e 20.5a-c

PB 10.8a-e 11.7ab 11.7a-c 1.14b-c 1.19a-c 1.16a-c 5.35a-c 5.14b-d 5.80a 20.0a 20.9a-c 21.4a

FB 10.3b-e 11.8a 11.5a-c 1.09c 1.19a-c 1.22a-c 4.89c-e 5.26a-c 5.53ab 19.8ab 21.1a-c 21.1ab

CT 9.9e 10.4a-e 10.4a-e 1.17a-c 1.27ab 1.33a 5.66ab 5.63ab 4.83c-e 19.5c-e 20.3a-d 19.7b-e

(Main effects of tillage and residue management were not significant; Interaction means across columns and rows followed by
the same lower-case letters are not significantly different at the 0.05 level of probability by DMRT. ZT = zero tillage, ST = strip
tillage, MT = minimum tillage, PB = permanent bed, FB = fresh bed, CT = conventional tillage; CR0 = no retention of crop
residues, CR50 = retention of 50% crop residues, CR100 = retention of 100% crop residues. Source: Rashid et al., 2014).



the seed-zone was sufficient for the successful
germination of wheat seed. In 1993 and 1994,
respectively, the grain yield was decreased in the
MTR treatment compared to the CT treatment
by 2.3 and 4.5%. However, as demonstrated in
Table 3, where no residue was maintained at the
surface under minimal tillage (MT), grain
production continuously remained lower than
that in CT.The relationship between soil
moisture content and nitrogen availability is
important in determining how well wheat crops
respond to nitrogen application.When
compared to MT in 1995–1996 and to both MT
and CT in 1996-1997 and 1997-1998, the
WUE of wheat was considerably higher in the
MTR treatment. N uptake in the MT treatment
was noticeably lower than in the MTR and CT
treatments.

Conclusion

The impacts of tillage and residue
management on soil characteristics have been
the subject of several studies; the three studies
were evaluated in this work. According to this
research, the preservation of residue improved
water infiltration (and capture), which has been
linked to more effective irrigation operations as
well as decreased runoff losses and erosion. In
comparison to CT, the grain yield of maize
grown under R-M-MB systems may be greater
in all alternative tillage options. Retaining
agricultural residues can boost soil organic
matter (SOM), total N, available P, and available
S concentrations as well as crop yields and

farmer revenue. In addition, when compared to
CT, MTR emerged as a viable alternative soil
management technique that might enhance and
sustain greater yields of wheat and maize grown
with rain.

The investigations mentioned above led to
the following conclusions:

1) Long-term conservation tillage and residue
management boost crop output by
enhancing the physical characteristics of the
soil.

2) Additionally, these techniques enhanced soil
quality by boosting organic carbon,
aggregate formation, infiltration rates, soil
water retention, and reducing bulk density
close to the soil surface.

3) The productivity and economic return may
be lower, zero-tillage cropping systems are
more environmentally friendly (contributing
to higher soil aggregation, C accumulation,
and N availability) and economically
sustainable (energy savings).

4) In their various forms, areas with no tillage
had the greatest overall percentages of N, P,
K, and S.
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Safflower (Carthamus tinctorius L.) is an
herbaceous annual broad-leaved plant and a
member of the Asteraceae family. It is native to
parts of Asia, the Middle East and Africa.
Safflower has been grown in India since ancient
times not only for its orange red dye extracted
from its florets but also for its seed oil. The dye
was largely used for coloring purposes in food
and textile industry. With the introduction and
availability of cheaper synthetic dyes, use of
safflower as a source of dye slowly diminished
during twentieth century. The crop is now
grown for its premium oil. Safflower produces
oil rich in poly unsaturated fatty acids (PUFA)
which play an important role in reducing blood
cholesterol level and is considered as a healthy
cooking medium. Safflower oil is also used in
infant foods and liquid nutrition formulations.
Safflower plant also makes an acceptable
livestock forage in times of scarcity, if cut at or
just after bloom stage. It can also be used after
converting into silage. Safflower seed as a bird
food ingredient has also gained growing
acceptance in recent years. Hulls can be used in
the manufacture of cellulose, insulations,

abrasins, and hard boards and as fuel. Safflower
leaves are rich in carotene, riboflavin and
vitamin C and hence young seedlings,
thinning’s; pruning’s used as green vegetable
and as pot herb. The meal that remains after oil
extraction is used as a protein supplement for
livestock. The meal usually contains about 24 %
protein and much fiber. Safflower oil can also be
used as a diesel fuel substitute. The birdseed
industry buys a small portion of the seed
production. The high fat, protein and oil content
of safflower makes it a valuable nutritional food
source for wild birds and is widely known as the
cardinal's favorite food of choice. The
importance of safflower as oilseed crop has
increased in recent years, especially with the
increasing interest in the production of biofuels.
India ranks first in area (41%) and production
(29%) of the safflower grown across the world.
In India, safflower is grown in 1.78 lakh ha and
production is 1.44 lakh tons. In Maharashtra,
safflower is grown in 1.07 lakh hectares with a
production of about 61,000 tons, with a
productivity of 570 kg ha-1 (Anon, 2015). This
is 60.11 and 53.5 per cent of India’s area and
production.
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The safflower crop is usually grown in the
Rabi or winter season generally as an intercrop
with cereals such as wheat and sorghum. It is
one of the most important crops for The relative
importance of each yield component is affected
by many factors, including genotype,
environmental conditions and cultural practices.
Nutrient management and variety are important
parameters affecting yield and yield components
in safflower. Nutrient management is one of the
critical inputs in achieving high productivity of
safflower. 

One of the most important methods for
increasing agricultural production in crop
management practices is to increase the
efficiency of fertilizer dose. With this aim in view,
optimum fertilizer application ratios, fertilizer
content, nutritional requirements of the plant
during the growth season, and the amounts of
nutrients present in the soil should be
ascertained (Alivelu et al., 2006; Dong et al.,
2005). Nutrient management is one of the
critical inputs in achieving high productivity of
safflower. Nitrogen and phosphorus are two
essential nutrients for growth and development
of safflower which optimizing rates of them can
strongly increase the seed yield and oil content
in safflower. However, the amount of
commercial fertilizer required for safflower
production depends on the yield goal, the place
of safflower in the crop rotation, and on the
other crops included in the rotation cycle.
Suggestions for fertilizers with nitrogen should
be made to ensure a high-quality product,
optimum yield, high profit and lesser
environmental pollution risks (Belanger et al.,
2000). Nitrogen compounds are important in
plant chemical compounds such as protein,
nucleic acid, and chlorophyll and enzymes
structure. It has an important role in the tissues
structure of plants (Herdrich, 2001). Therefore,
the determination of the most suitable dose of
nitrogen fertilizer will increase the seed yield of
safflower. Present study was undertaken to find

out marginal farmers. Traditionally it is grown as
a rain-fed crop on residual soil moisture.
Safflower is considered as a drought tolerant
crop, able to extract water at soil moisture
contents that are not available to the majority of
crops (Majidi et al., 2011)). It is highly drought
resistant crop due to its extended root system
enabling access to water down to 2-3 m in the
soil (Burgener et al., 2004). Irrigation is an
important factor affecting plant growth
(Moghadam and Rokhzadi, 2015) and yield
especially in scarcity areas where, the agriculture
is totally depends upon rain. Water stress is a
very important limiting factor at the initial phase
of plant growth and establishment. It was evident
from previous research the positive effects of
irrigation in safflower. The results indicated that
under irrigated conditions it could be very
productive (Ibrahim et al. 1991, Singh et al.
1995) and it has a significantly positive effect on
yield attributes (Abbas and Mehdi, 2015) the
optimum dose of fertilizer and suitable variety of
Safflower and suitable combination of variety
and fertilizer level to Safflower. 

Material and methods

A field experiment conducted at Post
Graduate Institute Farm, Mahatma Phule Krishi
Vidyapeeth, Rahuri during Rabi 2016. The soil
of experimental site was clayey in texture. The
chemical composition according to criteria laid
by Muhr et al. (1965) indicate that soil was low
in available nitrogen (194.74 kg ha-1), low in
available phosphorus (14.38 kg ha-1) and very
high in potassium (358 kg ha-1). The soil was
slightly alkaline in reaction (pH 8.17) with
electrical conductivity 0.32 dSm-1. The
experiment was laid out in Factorial Randomized
Block Design during Rabi season with four
fertilizer levels viz., F1 - 0% of RDF (00:00:00
N, P2O5, K2O kg ha-1), F2 - 75% of RDF
(45:22.5:00 N, P2O5, K2O kg ha-1), F3 - 100%
RDF (60:30:00 N, P2O5, K2O kg ha-1), F4 -
125% of RDF (75:37.5:00 N, P2O5, K2O kg
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ha-1) and four varietal treatments viz., V1 - SSF
658, V2 - SSF 708, V3 - SSF 733 and V4 - SSF
748 on safflower and replicated three times.
Thus, there were total sixteen treatment
combinations. Each experimental unit was with
gross plot size of 4.00 m x 3.15 m while net plot
size was 3.60 m x 2.25 m.

Results and discussion

Growth studies

Effect of nutrient management :
Application of 125% RDF (Table 1) was
recorded significantly maximum plant height
(139.12 cm), no. of branches plant-1 (22.35),
total dry matter plant-1 (92.86 g), no. of leaves
plant-1 (48.2) and leaf area plant-1 (311.2 cm2)
of safflower at harvest, however, it was at par
with 100% RDF at harvest .This results were
similar with the findings of Naik et al. (2007),
and Haghighati (2010), Eryigit et al. (2015).

Effect of varieties : The variety SSF 748
recorded significantly maximum plant height
(141.40 cm) and leaf area plant-1 (283.20 cm2)
of safflower at harvest than the other varieties.
Total dry matter plant-1 (92.28 g) was recorded
significantly maximum by variety SSF 733.
However, no. of branches   plant-1 and no. of
leaves plant-1 was found non significant by
different varieties (Table 1).

Effect of interaction : Interaction effects
between varieties and different fertilizer levels
practices were significant at harvest in respect
of plant height of safflower (Table 1 a).

At harvest the variety SSF 748 with
application of fertilizer level 125% RDF
recorded significantly higher plant height
(142.93 cm) than rest of treatments and it was
at par with 100% RDF and with the variety SSF
658 with application of 125% RDF.

Yield studies

Seed yield (kg ha-1) : The data pertaining

to seed yield as influenced by different
treatments are presented in Table 2. The mean
seed yield was (2477.37 kg ha-1).
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Table 1. Growth parameters of safflower at harvest as
influenced by different treatments

Treatment Growth parameter
––––––––––––––––––––––––––––––––––––
Plant No. of Total No. of Leaf 
height bran- dry leaves area 
(cm) ches matter plant-1 plant-1

plant-1 plant-1 (cm2)
(g)

A) Fertilizer levels
F1 - 0% RDF 132.90 19.47 86.19 32.9 187.2
F2 - 75% RDF 136.10 19.97 89.41 39.4 214.2
F3 - 100% RDF 138.18 20.98 91.17 46.5 273.8
F4 - 125% RDF 139.12 22.35 92.86 48.2 311.2
SEm± 0.41 0.21 0.56 2.2 7.3
CD at 5% 1.19 0.63 1.64 6.9 22.0

B) Varieties
V1 - SSF-658 138.60 20.57 88.10 47.4 271.9
V2 - SSF-708 136.16 20.62 88.62 39.6 191.6
V3 - SSF-733 130.15 20.89 92.28 38.2 239.7
V4 - SSF-748 141.40 20.70 90.65 41.8 283.2
SEm± 0.41 0.21 0.56 3.7 11.2
CD at 5% 1.19 NS 1.64 NS 31.8

C) Interaction (A x B)
SEm± 0.82 0.41 1.13 8.4 14
CD at 5% 2.39 NS NS NS 42.1
General Mean 136.58 20.69 89.91 41.8 246.6

Table 1a. Interaction effect between nutrient management
and varieties on plant height of safflower at
harvest

Treatment Plant height (cm)
–––––––––––––––––––––––––––––––––––

Nutrient F1 F2 F3 F4
management/ 0% 75% 100% 125%
Varietie RDF RDF RDF RDF

V1 - SSF 658 135.33 138.13 139.40 141.53
V2 - SSF 708 133.40 135.93 137.20 138.07
V3 - SSF 733 123.93 130.00 132.73 133.93
V4 - SSF 748 138.93 140.33 142.47 142.93
Source (A x B) SEm± 0.82 C.D. at 5% 2.39



Effect of fertilizer levels : Application of
fertilizer dose of 125% RDF recorded maximum
and significantly higher seed yield (2839.51 kg
ha-1) than other fertilizer levels. However, it is at
par with 100% RDF (2766.46 kg ha-1). Similar
results were recorded by Naik et al. (2007),
Bastia et al. (2003), and Morvarid et al. (2012).

Effect of varieties : The seed yield of
safflower was differed significantly due to
different varieties. The variety SSF 748 was
recorded significantly higher seed yield
(2665.64 kg ha-1) than rest of the varieties

Effect of interaction : Interaction effects
between varieties and different fertilizer levels
were non-significant in respect of seed yield of
safflower.

Straw yield (kg ha-1) : The data regarding
straw yield (kg ha-1) as affected by various
treatments are presented in Table 2. It could be
seen from the data that the  mean  straw yield
was 4691.87 kg ha-1.

Effect of fertilizer levels : Different
treatment of fertilizer levels showed significant
effect on the straw yield. Maximum straw yield
was obtained with the application of fertilizer
dose of 125% RDF i.e. (4993.83 kg ha-1) and
at par with 100% RDF (4864.20 kg ha-1).
Similar results recorded by Bastia et al.
(2003).

Effect of varieties : The straw yield of
safflower was differed significantly due to
different varieties. The variety SSF 733 was
recorded significantly higher straw yield
(4873.46 kg ha-1) than rest of the varieties and
SSF 748 (4815.84 kg ha-1) is at par with SSF
733.

Effect of interaction : Interaction effects
between varieties and different fertilizer levels
were non-significant in respect of straw yield of
safflower.

Biological yield (Kg ha-1) : The data
regarding biological yield (kg ha-1) as affected by
various treatments are presented in Table 2. It
could be seen from the data that the mean
biological yield was 7169.23 kg ha-1.

Effect of fertilizer levels : Different
treatment of fertilizer levels showed significant
effect on the biological yield of safflower. The
application of fertilizer dose of 125% RDF
recorded maximum and significantly higher
biological yield (7832.67 kg ha-1) and it is at par
with 100% RDF (7630.34 Kg ha-1).

Effect of varieties : The biological yield of
safflower was differed significantly due to
different varieties. The variety SSF 748 was
recorded significantly higher straw yield
(7481.48 kg ha-1) than other varieties and SSF
733 (7349.79 kg ha-1) is at par with SSF 748.
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Table 2. Yield of seeds, straw yield, biological yield and
harvest index of safflower influenced by different
treatments

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

(kg ha-1) (%)

A) Fertilizer levels
F1 - 0%  RDF 2020.58 4272.63 6293.21 32.10
F2 - 75% RDF 2282.92 4636.83 6919.75 32.99
F3 - 100% RDF 2766.46 4864.20 7630.34 36.25
F4 - 125% RDF 2839.51 4993.83 7630.66 37.21
SEm± 29.02 73.66 85.09 0.38
CD at 5% 83.82 212.76 245.70 1.10

B) Varieties
V1 - SSF-658 2246.91 4445.47 6692.38 33.57
V2 - SSF-708 2520.58 4632.72 7153.30 35.23
V3 - SSF-733 2476.34 4873.46 7349.79 33.69
V4 - SSF-748 2665.64 4815.84 7481.48 35.63
SEm± 29.02 73.66 85.09 0.38
CD at 5% 83.82 212.76 245.7 1.10

C) Interaction (A x B)
SEm± 58.04 147.33 170.18 0.76
CD at 5% NS NS NS NS
General Mean 2477.37 4691.87 7169.23 34.36



Effect of interaction : Interaction effects
between varieties and different fertilizer levels
were non-significant in respect of biological yield
of safflower.

Harvest Index

Effect of fertilizer levels : Different
treatment of fertilizer levels showed significant
effect on the harvest index of safflower. The
application of fertilizer dose of 125% RDF
recorded maximum and significantly higher
harvest index (37.21%) and it is at par with
100% RDF (36.25 %).

Effect of varieties : The harvest index of
safflower was differed significantly due to
different varieties. The variety SSF 748 was
recorded significantly higher harvest index
(35.63%) and it is at par with SSF 708 (35.23%)

Effect of interaction : Interaction effects
between varieties and different fertilizer levels
were non-significant in respect of harvest index
of safflower.

Economics

Effect of fertilizer levels : Cost of
cultivation (Rs. 30134 ha-1), gross returns (Rs.
76324.06 ha-1), net returns (Rs. 46190.0 ha-1)
and benefit cost ratio (2.54) was recorded
maximum in fertilizer level 125 % RDF than
other fertilizer levels. However, it was at par with
it is at par with 100 % RDF (Table 3).

Effect of varieties : Cost of cultivation (Rs.
26873 ha-1), gross returns (Rs. 71714.51 ha-
1), net returns (Rs. 44841.5 ha-1) and benefit
cost ratio (2.66) was recorded maximum in
variety SSF 748 (Table 3).  

Interaction effect : Interaction effects
between fertilizer levels and varieties were non-
significant during the crop growth in respect
economics of safflower.

Conclusion

It could be concluded that, application of
fertilizer dose of 100% recommended dose of
fertilizer with variety SSF 748 is beneficial for
maximum growth yield and net monetary
returns of safflower.
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Sponge gourd [Luffa cylindrica (Roem) L.]
is one of the most important cucurbitaceous
vegetable crop grown throughout the tropical
and sub tropical regions and cultivated both
commercial scale and kitchen garden
(Choudhary et al.,1996). Sponge gourd [Luffa
cylindrica (Roem) L.] is one of the most
important cucurbitaceous vegetable crop grown
extensively throughout the tropical and sub-
tropical regions of the world. 

The crop has a long history of cultivation in
the tropical countries of Asia and Africa (Oboh
and Aluyor, 2009). Luffa is diploid species with
26 chromosomes (2n = 26) belongs to
cucurbitaceous family and a cross-pollinated
crop (Bal et al., 2004) widely cultivated in kharif
and summer seasons in India. 

Sponge gourd belongs to the genus Luffa in

which number of species have been identified by
different workers. Chowdhary (2002) described
eight species, while Seshadri (1986) described
five species. However, more recently Chadha
and Lal (1993) described six species viz., L.
acutangula, L. cylindrica, L. echinata, L.
graveolens, L. hermaphrodite and L.
umbellate have been considered synonyms of
species of momordica and cucurbita,
respectively. Thus, only four species have been
undisputedly established as species occurring
mostly in tropical region of the old world. All
these species are being grown in India. Of these,
cultivated species, L. cylindrica and L.
acutangula are economically important because
of their unripe tender fruits used as vegetables.

Understanding the nature of gene action
could be helpful in predicting the effectiveness
of selection in a population. A clear knowledge
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Abstract
The present investigations were carried out to estimate the genetic components of variation for yield and

yield attributing traits in sponge gourd. Understanding the nature of gene action could be helpful in predicting
the effectiveness of selection in a population. A clear knowledge of the type of gene action, its magnitude and
composition of genetic variance is of fundamental importance to a plant breeder. The eight parental lines of
sponge guard with diallel crosses (without reciprocals) were conducted for yield and its related traits .The
estimates components of variance of SCA were higher than GCA for all characters except days to first female
flower, days to first picking, fruit length, indicating predominance of non-additive gene action for most of the
characters under study. The estimated variances due to sca (s2g) were magnitudually high and greater than
the values of gca variance (s2g) for all the character studied except days required for first female flower, days
required for first male flower in kharif season, length of fruit, girth of fruit and length of pedicel which reveals
that for all the 13 (thirteen) characters studied the magnitude of dominance (non-additive) gene action was
greater than that of addictive gene action. The heritability in narrow sense observed for all the characters was
worked out by comparing the estimated values of genetic variance with total phenotypic variance.
Preponderance of dominant gene in the expression suggested that hybrid breeding can be used efficiently
improve yield and yield contributing traits in sponge gourd. 

Key words : gene action, heritability, variance, earliness, yield, sponge gourd.



of the type of gene action, its magnitude and
composition of genetic variance is of
fundamental importance to a plant breeder.
Yield is a complex character and is largely
influenced by the genotype–environment
interaction. An understanding of the mode of
inheritance such complex quantitative character
is essential for formulating effective selection
procedure in order to improve the yield and its
related characters.

The phenotypic expression of a quantitative
trait is affected by four different type of gene
action viz., additive, dominance, over
dominance and epistasis. All the crop
improvement programmes require a basic
understanding of the types of gene action
governing the inheritance of quantitative traits
of economic importance. Cockerham (1961)
reported the presence of non additive genetic
variance is the primary justification for initiating
a hybrid programme, while additive genetic
variance is useful in selecting lines for
hybridization. Therefore, the knowledge of
various types of gene action controlling the traits
is important in deciding a proper breeding
technique (Miller et al., 1990).

The estimates of gene effects and genetic
variances will help in understanding the genetic
potentiality of the population. The relative
magnitude of the additive and dominance
genetic variances will decide the breeding
procedure to be followed for improving a given
population.

For the genetic improvement of crops, one
needs to elucidate the genetic nature and
magnitude of quantatively inherited traits
(heritiability) and estimates prepotency of
parents in combinations (Negi et al., 2013).
Therefore the present study was undertaken to
study the nature of gene effects involved in the
expression of characters. An assessment of
genetic parameters for yield related traits will

provide an ample amount of information to the
breeder for the development of the efficient
breeding strategies for improvement in sponge
gourd.

Materials and Methods

Eight promising parental lines  varities of
diverse origin of sponge gourd selected, namely
P1 (Phule prajkta), P2 (Pusa chikni),
P3(Malkapur local), P4 (VR-1), P5(PSG-100),
P6 (PSG-110), P7 (PSG-9), P8 (HASG-5) and
28 F1shybrids obtained by crossing them in half
diallel (without reciprocals), in Kharif-2011.The
performance of the parents and 28 F1s hybrids
with one standard check was assessed in a
randomized block design (RBD) with two
replications at AICVIP, Vegetable farm,
Department of horticulture, M.P.K.V, Rahuri.
Distance between rows was kept 150 cm and
plants were spaced at 100 cm apart within row.
Observations were recorded on ten(10) selected
plants in each replication on days to first female
flower, days to first male flower,  days to first
picking, yield per vine and ratio of male and
female flower.

Gene action was calculated by griffing
assumptions (1956b) based on Additive genetic
variance s2 A = 2s2 gca, Non additive genetic
variance s2 D = �s2 sca.  Heritability in narrow
sense was calculated Falconer (1981). 

s2 A
h2 (ns) = ––––––––––––––––––––––– x 100 

s2 A + �s2 D + s2 e 

Where, s2 A = Additive genetic variance, s2

D = Dominance variance, s2 e = Environmental
variance 

Further heritability was calculated classified
as high (30-60%), medium (10-30%) and low (5-
10 %) following Robinson’s (1965) method of
heritability classification.
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Results and Discussion

A. Components of genetic variance :
Estimate of variance due to general combining
ability (s2 gca) and specific combining ability (s2

sca) revealed that specific combining ability
variances (s2 sca) were higher for all the
characters except days required for first female
flower, days required for first male flower, length

of fruit, girth of fruit and length of pedicel in
kharif as well as in summer season Table 1.

B. Gene action : The mean sum of squares
due to general combining ability and specific
combining ability were used to estimate the
variances for gca and sca respectively based on
which additive and non-additive components
were worked out.
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Table 1. Estimation of s2 gca and s2 sca variance and gene actions in sponge gourd

Characters Season s2 gca �s2 sca �s2 gca /�s2 sca Gene action

Days required for first female flower K 1.58 1.12 1.41 Additive
S 1.94 1.26 1.54 Additive

Days required for first male flower K 1.99 0.70 2.84 Additive
S 1.80 2.74 0.67 Non-Additive

Node no at which first female flower K 0.71 0.93 0.75 Non-Additive
S 0.44 0.62 0.71 Non-Additive

Node no at which first male flower K 0.39 0.69 0.57 Non-Additive
S 0.42 0.73 0.57 Non-Additive

Sex ratio K 0.32 0.49 0.64 Non-Additive
S 0.20 0.53 0.38 Non-Additive

Days required to first picking K 2.05 2.46 0.83 Non-Additive
S 2.81 2.94 0.95 Non-Additive

Days required to last picking K 2.09 2.97 0.70 Non-Additive
S 2.86 4.48 0.63 Non-Additive

Vine length (m) K 0.20 0.20 0.96 Non-Additive
S 0.27 1.21 0.22 Non-Additive

No of branches K 0.98 3.11 0.31 Non-Additive
S 1.00 3.01 0.33 Non-Additive

Length of fruit (cm) K 0.67 -0.52 -1.27 Additive
S 0.74 -0.27 -2.74 Additive

Girth of fruit (cm) K 0.03 -0.13 -0.24 Additive
S 0.01 -0.25 -0.05 Additive

Fruit diameter(cm) K -0.01 -0.16 0.09 Non-Additive
S -0.01 -0.11 0.10 Non-Additive

Length of pedicel (cm) K 0.27 -0.02 -13.25 Additive
S 0.60 -0.10 -5.62 Additive

Flesh thickness (mm) K 0.01 0.10 0.14 Non-Additive
S 0.04 0.14 0.35 Non-Additive

Fruit weight (g) K 2.92 8.10 0.36 Non-Additive
S 0.28 5.65 0.05 Non-Additive

No of fruits per vine K 2.19 5.94 0.36 Non-Additive
S 1.06 3.28 0.32 Non-Additive

Yield per vine (Kg) K 0.02 0.07 0.30 Non-Additive
S 0.01 0.03 0.38 Non-Additive

Yield per ha. (Qtl) K 101.40 336.81 0.30 Non-Additive
S 62.57 160.94 0.38 Non-Additive



The estimated variances due to sca (s2 s)
were magnitudinally high and greater than the
values of gca variance (s2 g) for all the character
studied except days required for first female
flower, days required for first male flower in
kharif season, length of fruit, girth of fruit and
length of pedicel which reveals that for all the
13 (thirteen) characters studied the magnitude of
dominance (non-additive) gene action was
greater than that of addictive gene action. (Tabel
1).

Similar finding reported by Sahani et al.
(1987) presence of dominance gene action for
fruit diameter and fruit length and additive
component for fruit weight; whereas role of
gene action was predominant for fruit number,
appearance of female flower at lower node.
Sonawane (2007) reported the magnitude of sca
variance was higher than gca variance for all the
characters the predominance of non additive
gene action for yield contributing characters.

C. Heritability : The heritability in narrow
sense observed for all the characters was worked
out by comparing the estimated values of genetic
variance with total phenotypic variance which is
presented in (Table 2) the heritability in narrow
sense was observed for days required for first
female flower in kharif (32%) and in summer
(33%) and for days required to first male flower
in kharif (37%) and in summer (26%).  In
respect node number at which first female flower
the heritability was observed (47%) in kharif
season and (41%) in summer season similarly
node number at which first male flower the
heritability (38%) in kharif season and (44%) in
summer season for the sex ratio it was (27%)
and (23%) in kharif and  summer season, for
days required to first picking it was (28%)
and(33%), for days required to last picking it was
(32%) and (27%) in both kharif and summer
season, for the vine length heritability was (32%)
and (24%), for number of branches it was (30%)
and (28%) for length of fruit it was (54%) and

(46%) for Girth of fruit it was (17%) and (11%)
for fruit diameter it was (91%) and (34%) in both
kharif and summer season. In respect of length
of pedicel it was (44%) and (73%) for flesh
thickness (11%) and (23%) and for fruit weight
it was (12%) and (19%) in both kharif and
summer season. The heritability for number of
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Tabel 2. Estimation of narrow sense heritability for
different characters in sponge gourd

Characters Sea- Heritability  
son h²(ns)%

Days required for first female flower K 32
S 33

Days required for first male flower K 37
S 26

Node no at which first female flower K 47
S 41

Node no at which first male flower K 38
S 44

Sex ratio K 27
S 23

Days required to first picking K 28
S 33

Days required to last picking K 32
S 27

Vine length (m) K 32
S 24

No of branches K 30
S 28

Length of fruit (cm) K 54
S 46

Girth of fruit (cm) K 17
S 11

Fruit diameter(cm) K 91
S 34

Length of pedicel (cm) K 44
S 73

Flesh thickness (mm) K 11
S 23

Fruit weight (g) K 12
S 19

No of fruits per vine K 27
S 21

Yield per vine (Kg) K 24
S 24

Yield per ha. (Qtl) K 24
S 24



fruits per vine was (27%) and (21%) for yield per
vine it was (24%) and (24%) in both kharif and
summer season. 

The similar findings reported by Abusaleha
and Dutta (1990) reported high heritability
estimates coupled with high genetic advance for
fruits per vine, vine length, yield per vine, fruit
length, nodal position of female flower and
branches per vine in ridge gourd.
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Nutrient play a pivotal role in increasing the
seed yield in pulses.foliar application of major
plant nutrients like nitrogen and potassium was
found tobe good as soil application
(Subramanian and Planiaappan, 1981).
According to Kalita et al., (1994), supplemen-
ting urea at the reproductive stage significantly
enhanced the seed yield by delaying leaf
senescence in mungbean.

Application of fertilizer to soil and due to
formation of certain soil complexes the uptake
of necessary element becomes difficult for the
plants. The applied fertilizers are not fully utilized
by the plants in order to avoid or eliminate these
situation foliar application of nutrients is
important (Velu and Srinivasan, 1984).

It is now well established fact that plants can
utilize water soluble nutrients through their
foliage,when applied in the from of foliar sprays.
The nutrients enter in the cells by penetrating

the cuticle of the leaf through stomata. When
problems the cuticle of the leaf through stomata.
When problems of excessive leaching of
nutrients exits,foliar application constitutes the
most effective means of fertilizer application.
This practice may be useful to early maturing
crops under rainfed conditions where moisture
is limiting factor. Inorganic phosphatic fertilizers
when added to soil undergo various reaction
with soil constituents rendering some of the
added phosphate unavailable to plants. Foliar
application of nutrients using water soluble
fertilizer is one of the possible way to avoid such
loss of phosphatic fertilizer (Pandrangi et al.,
1991).

Materials and methods

The field experiment was laid out in a
randomized block design with three replications
in summer, 2017. There were 7 treatments with
foliar spray of fertilizers on summer greengram.
The treatment were absolute control (No spray),
urea (1.5%), DAP (1.5%), 13:00:45 (1.5%),

J. Agric. Res. Technol., 47 (2) : 200-204 (2022) https://doi.org/10.56228/JART.2022.47215

Effect of Foliar Nutrient Sprays on  Summer Greengram
(Vignaradiata L.) Under Sub Mountain Zone Of Maharashtra

K. K. Phule1 and  P. U. Raundal2

Agronomy Section, College of Agriculture, Pune - 411 005 (India)
(Received : 16.11.1021  Accepted : 02.12.2021)

Abstract
An agronomic investigation to study the Effect of Foliar Sprays on Economics ofSummer Greengram

(Vignaradiata L.) was conducted at R.C.S.M. College of Agriculture, Kolhapurin randomized block design with
seven treatments and replicated thrice during summer season of 2017-18. The attributing characters like plant
height, Number of branches plant-1, plant spread (cm), Leaf area (dm2) and Dry matter plant-1 are  increased
significantly due to application of foliar spray of 12:61:00 (1.5%) before flowering over other treatments.
However,it was on par with foliar spray of DAP (1.5%) and 19:19:19 (1.5%). Yield contributing characters
viz., Number of pods plant-1, number of seeds pod-1, length of pods plant-1, test weight (g), grain and straw
yield was increased significantly due to application of foliar spray of 12:61:00 (1.5%) before flowering over
other treatments. However, it was on par with foliar spray of DAP (1.5%) and 19:19:19 (1.5%) before
flowering.
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19:19:19 (1.5%), 00:52:34 (1.5%) and
12:61:00 (1.5%). The foliar spray of nutrients
were applied just before flowering 32 DAS. The
RDF 20:40:00 N:P:K kg ha-1 was applied
uniformly to all treatments at the time of sowing.
The soil of experimental field wassandy loam,
neutral in reaction (pH 7.6) with low available
nitrogen (257.75kg ha-1), medium in available
phosphorous (16.17 kg ha-1), high available
potassium (261.09 kg ha-1), and medium in
organic carbon (0.54 per cent).The greengram
crop was sown on 15 February,2017 with
spacing of 30 x 10 cm.

Result and discussion

Plant height : The highest plant height
(68.73cm) was observed at harvest due to foliar
spray of 12:61:00 (1.5%) before flowering and
it is on par with DAP (1.5%) and 19:19:19
(1.5%) before flowering. The lowest plant height
was recorded in absolute control (51.97 cm).
The plant height was increased due to proper
application of nitrogen through irrigation at 8-
10 days interval. Similar result were observed by
Patel and Patel (1994) and Verma et al., (2011).

Branches plant-1 : The highest number of
branches plant-1 were observed due to foliar
spray of 12:61:00 (1.5%) before flowering and
it is on par with DAP (1.5%) and 19:19:19
(1.5%). The lowest branches plant-1 was
recorded in absolute control. The rest of
treatments on par with each other.The increase
in number of branches plant-1 might be due to
foliar application of nitrogen and phosphorus.
Nitrogen plays an important role in vegetative
growth of plant. Verma et al., (2011) also
observed the same results.

Dry matter : The highest dry matter
plant-1 was observed due to foliar spray of
12:61:00 (1.5%) before flowering and it is on
par with DAP (1.5%) and 19:19:19 (1.5%)
before flowering. The lowest  dry matter was

recorded in absolute control. The rest of
treatments on par with each other. The increase
in total dry matter production plant-1 may be
ascribed to beneficial effect of foliar application
of nitrogen and phosphorus on growth of plant.
The sufficient amount of nitrogen accumulation
in plant is essential for dry matter accumulation.
The results are in close conformity to
Chandrasekhar and Bangarusamy (2003), Selvi
et al. (2004).

Leaf area plant-1 : The highest leaf area
plant-1 was observed due to foliar spray of
12:61:00 (1.5%) before flowering and it is on
par with DAP (1.5%) and 19:19:19 (1.5%)
before flowering. The lowest leaf area plant-1

was recorded in absolute control.The rest of
treatments on par with each other.The increase
in leaf area may be due to the promotive effect
of foliar application of Nin leaf growth and in
turn on leaf area (Kalita et al., 1994).
Application of higher quantity of nitrogen has
favoured rapid growth enlargement of tissue
resulting higher leaf area. Similar result were
observsed by Sritharan et al. (2005) and Mondal
et al. (2011).

Plant spread : The highest plant spread
was observed due to foliar spray of 12:61:00
(1.5%) before flowering and it is on par with
DAP (1.5%) and 19:19:19 (1.5%) before
flowering. The lowest plant spread was recorded
in absolute control .The rest of treatments on
par with each other. The increase in leaf area
may be due to the promotive effect of foliar
application of N in leaf growth and in turn on
leaf area (Kalita et al., 1994). Application of
higher quantity of nitrogen has favoured rapid
growth enlargement of tissue resulting higher
leaf area. Similar result were observsed by
Mondal et al. (2011).

Pods plant-1 : The mean number of pods
Plant-1 were (22.44) and it was significantly
influenced by different foliar spray of nutrients.
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The highest number of pods plant-1 (25.97)
foliar spray of 12:61:00 (1.5%) before flowering
and it is on par with DAP (1.5%) (24.36) and
19:19:19 (1.5%) (24.78) before flowering. The
lowest leaf area plant-1 was recorded in absolute
control  (18.15). The rest of treatments on par
with each other. The increase in pod yield was
due to more nutrient supply to crop through
foliar spray of 12:61:00. This might have
caused more number of pods and efficient
translocation of photosynthates from source to
sink (Kuttimani and Velayutham, 2011). The
results are close conformity to Patel and Patel
(1994), Sarkar and Pal (2006), Godase et al.
(2011), Mondal et al. (2011) and Verma et al.
(2011).

Number of seeds pod-1 : The mean
number of seeds pod-I was 9.63. The mean
number of seeds pod-1 was significantly
influenced by different foliar spray of nutrients.
Foliar spray of 12:61:00 recorded the highest
number of seeds pod-I (10.78). The lowest
number of seeds pod-I was recorded in absolute
control (8.51). The similar results were found by
Patel and Patel (1994), Sarkar and Pal (2006)
and Verma et al. (2011).

Weight of Seeds Plant-1 : The mean
Weight of seeds plant-1 was 6.03.The mean

weight of seeds plant-1was significantly
influenced by different foliar spray of
nutrients.Foliar spray of 12:61:00 recorded the
highest number of weight of seeds plant-1 (7.92).
The lowest Weight of seeds plant-1 was recorded
in absolute control (4.55). The similar results
were found by Patel and Patel (1994), Sarkar
and Pal (2006) and Verma et al. (2011).

Length of Pod Plant-1 : The mean length
of pod plant-1 (6.97) was the meanwas
significantly influenced by different foliar spray
of nutrients.Foliar spray of 12:61:00 before
flowering recorded the highest number of length
of pod plant-1 (7.93) before flowering. The
lowest length of pod plant-1 was recorded in
absolute control (6.27). The similar results were
found by Patel and Patel (1994), Sarkar and Pal
(2006) and Verma et al. (2011).

Test Weight : The mean test weight was
42.08 g. The mean test weight (g) was
significantly influenced by different foliar spray
of nutrients.The foliar spray of 12:61:00 before
flowering recorded the highest test weight
(43.89 g). The lowest test weight was recorded
in absolute control (39.71g). The size of seeds
might be increased due to the foliar application
of proper quantity of nitrogen. The finding
confirms the results of Patel and Patel (1994),

Table 1. Effect of foliar sprays on growth attributes of summer greengram

Treatments Plant Bran- Dry Leaf area Plant Days Days 
height ches matter plant-1 spread to 50% to 
(cm) plant-1 plant-1 (dm2) (cm) flowering maturity

T1 : Control (No spray) 51.97 6.28 25.33 5.99 46.74 38 70.17
T2 : Urea (1.5 %spray) 62.64 6.46 25.56 7.07 50.19 38 69.50
T3 : DAP (1.5% spray) 68.52 7.44 32.16 9.21 51.96 37 67.90
T4 : 13:00:45 (1.5% spray) 60.21 6.58 27.86 8.09 48.63 38 69.16
T5 : 19:19:19 (1.5% spray) 67.36 7.04 30.59 9.05 51.95 37 68.22
T6 : 00:52:34 (1.5% spray) 60.48 6.45 26.78 7.98 47.89 38 69.34
T7 : 12:61:00 (1.5% spray) 68.73 7.58 33.84 10.04 52.82 36 67.71
S.Em± 1.67 0.10 1.16 0.40 0.11 0.64 1.30
C.D at 5% 5.01 0.31 3.49 1.22 0.35 1.93 NS
General mean 62.84 6.83 28.30 8.38 50.02 37.28 68.85
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Kalita et al. (1995) and Godase et al. (2011),
Verma et al. (2011).

Seed yield ha-1 : The foliar spray of
12:61:00 before flowering recorded the highest
seed yield (16.26 q ha-1) and it was at par with
foliar spray of DAP (15.78 q ha-1) and 19:19:19
(15.66 q ha-1. The lowest seed yield was
recorded in absolute control (11.29 q ha-1).The
yield was increased due to the increased dry
matter production and efficient assimilate
translocation to the developing sink lending to
increased pods and higher seed yield (Dixit and
Elamnthi 2007). It may be due to increased
supply of nitrogen to leaf cell, which is essential
for photosynthesis. The increase in yield was
due to decrease in flower drop per plant
imparted by the foliar application of nutrients.
Mungbean, through produces more number of
flower, most of them get abscised without
forming pods. The retention of flower and pod
can be increased by foliar application of
nutrients as reported by Chandrasekhar and
Bangarusam (2003).These results are supported
by Patel and Patel (1994), Satyanarayanamma
et al. (1996), Godase et al. (2011),  Kuttimani
and Velayutham (2011) and Verma et al.
(2011).

Straw yield ha-1 : The foliar spray of

12:61:00  recorded the highest straw yield
(31.78 q ha-1) and it was on par with foliar spray
of, DAP (30.68 q ha-1), 19:19:19(30.24 q ha-I)
and 00:52:34 (28.37 q ha-1). Lowest straw yield
ha-1 was recorded in absolute control (25.39 q
ha-1).

The increase in straw yield might be due to
increase in growth contributing characters like
number of leaves, leaf area, dry matter etc, The
nitrogen accumulation in sufficient amount in
plant and it is essential for dry matter
accumulation. There was increase in straw yield
ha-1 which was due to increase in total dry
matter production  plant-1.

The research finding confirms the result of
Patel and Patel (1994), Dixit and Elamathi
(2007), Kuttimani and veayutham (2011),
Godase et al. (2011)  and Verma et al. (2011).

Days to 50 Per cent Flowering : The
significantly lower days required to 50 per cent
flowering was recorded in treatment consisting
foliar spray of 12:61:00 (1.5%) (36 DAS) and it
was on par with foliar spray of DAP (1.5%) 37
DAS and 19:19:19 (1.5%). The mean number
of days required to 50 % flowering was highest
in treatments of urea (1.5%), 13:00:45 (1.5%),
00:52:34 (1.5%)   and control (1.5%) 38 DAS.

Table 2. Effect of foliar sprays on yield attributing characters of summer greengram

Treatments No. of Length No. of Weight Test Seed Straw 
pods of pod seeds of seed weight yield yield 
plant-1 pod-1 plant-1 (1000 (Kg ha-1) (kg ha-1)

seeds)

T1 : Control (No spray) 18.15 6.27 8.51 4.55 39.71 11.29 25.39
T2 : Urea (1.5 %spray) 20.52 6.41 9.83 5.90 40.66 12.23 26.87
T3 : DAP (1.5% spray) 24.36 7.53 10.55 6.72 43.64 15.78 30.68
T4 : 13:00:45 (1.5% spray) 21.45 6.78 8.75 5.31 41.62 12.21 26.92
T5 : 19:19:19 (1.5% spray) 24.78 7.19 10.23 6.58 42.86 15.66 30.24
T6 : 00:52:34 (1.5% spray) 21.86 6.69 8.81 5.24 42.24 13.32 28.37
T7 : 12:61:00 (1.5% spray) 25.97 7.93 10.78 7.92 43.89 16.26 30.72
S.Em± 0.42 0.05 0.20 0.51 0.06 0.96 1.04
C.D at 5% 1.30 0.15 0.60 1.52 0.19 2.88 3.13
General mean 22.44 6.97 9.63 6.03 42.08 13.82 28.45
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Days to Maturity : The mean number of
days to maturity was 68.85. The mean day to
maturity was statistically non-significant due to
different foliar sprays of different nutrients. But
lower days required to maturity was recorded in
treatment consisting foliar spray of 12:61:00
(1.5%) days to maturity (67.71 DAS).
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Chickpea (Cicer arietinum L.) is one of the
important grain legume crops which is high in
protein, fibre, vitamins, and amino acids and low
in fat, and cholesterol. Grain legumes also
improve soil quality by fixing nitrogen from the
atmosphere. Chickpea is an important legume
crop grown in Asia during the rabi seasons.
Chickpea (2n = 2x = 16) is a self pollinated and
annual diploid grain legume which evolved from
Cicer reticulatum by selection (Van der Maesen
1987). Chickpeas are valuable because they
provide food for both humans and livestock. It
has a protein content of 22%, a carbohydrate
content of 63%, a fat content of 4.5 percent, a
crude fibre content of 8.0 percent, and an ash
content of 2.7 percent (Miao et al., 2009). 

Yield is the complex trait that results from the
interactions of several yield contributing
characters and is significantly influenced by
environmental changes. With the constantly
changing climatic conditions, various production
constraints viz., biotic and abiotic stresses are
adversely affecting the yield potential. Amongst

the biotic stresses dry root rot (DRR), fusarium
wilt, ascochyta blight, bacterial blight, collar rot,
filiform virus and root nematode severely impact
chickpea, resulting in economic yield loss.

In recent years, DRR is becoming a serious
threat to chickpea production. DRR of chickpea
which is caused by necrotrophic fungus
Rhizoctonia bataticola (Taub.) is a seed and soil
borne and is saprophytic and produce
microsclerotia as primary source of inoculum
and can persist in soil for 3 years (Dhingra and
Sinclair, 1978). The DRR symptoms are most
commonly observed in chickpea around
flowering and poding time as scattered dried
plants and drooping of petioles and leaflets
which is confined to top of the plant (Haware
1990; Sharma et al., 2015). Infected plants
appear as straw colored and tap roots are devoid
of fine and lateral roots and turn black with
rotting. On exposed roots and inside of bark
dark minute sclerotia can be seen. In DRR
affected plants, plugging of xylem vessels and
destruction of epidermal cells areobserved which
collapses the plant during pod filling stage. 
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Growth and viability of R. bataticola is
affected by environmental conditions like
temperature, soil moisture and pH (Khan,
2012). While, low water potential in soil
increases the viability of R. bataticola to
produce microsclerotia, high water potential
reduces the viability of pathogen to produce
microsclerotia (Olaya et al., 1996). For
developing effective management strategies
against DRR, study of independent effects of
abiotic factors on plant disease is essential. With
this background, the present investigation was
undertaken to study the effect of differential
temperature, soil moisture and pH regimes on
the incidence of DRR in chickpea cultivar
JG-62. 

Material and Method

Effect of temperature on DRR in
chickpea : Effect of four temperature regimes
(20°C, 25°C, 30°C and 35°C) was studied on
DRR susceptible cultivar JG-62 in incubator
using paper towel technique. Seven-day-old
seedlings of JG-62 were grown in germinator
chamber and roots were inoculated by dipping
in the broth for 1 min. Potato dextrose broth
medium was prepared for multiplication of
fungus. Inoculated seedlings were placed in
folded, moist blotting paper and then incubated
at four different temperatures (20°C, 25°C,
30°C and 35°C) with a 12 h photoperiod. The
experiment was conducted in three replications
in completely randomized block design (CRBD)
and each replication consisted of 10 plants. Ten
seedlings of each replication were treated with
fungus while ten seedlings were kept as control.
After seven days of treatment, disease severity
was recorded on 1-9 scale as per Nene et al.
(1981).

Effect of soil moisture on DRR in
chickpea : Influence of soil moisture was
examined on the DRR of chickpea in the sick
pot. Effect of four soil moisture regimes, i.e. 25,

50, 75 and 100 per cent was studied on the
development of DRR under controlled
environment. The experiment was conducted on
susceptible cultivar JG-62 in green house. Each
treatment was replicated three times and each
replication consisted of four pots (10 plants
pot-1). Soil was inoculated with R. bataticola
grown on sand sorghum media. Soil moisture
was recorded by hot-air oven drying method
(Sharma and Pande, 2013). Soil samples were
collected in aluminium container. Before
sampling, empty container (heat resistant)
including cover was weighed (M1), after that soil
sample was collected from the pot and soil was
placed in the container and weighed together
with the container (M2) and containers were
placed in to hot air oven at 60� for 2 hour. After
cooling of containers, soil plus container were
weighed again (M3). Soil moisture was observed
weekly and the disease incidence was calculated
after 40 days.

The moisture per cent was calculated by the
following formula 

(M2-M3)
Moisture (%) =  ––––––––––––––––  x 100

(M3-M1)

Effect of soil pH on DRRin chickpea :
Effect of different pH levels (4.5, 5.5, 6.5 and
7.5) on development of DRR was studied in
green house on the susceptible cultivar JG-62.
Seeds of JG-62 were sown in pots inoculated
with R. bataticola grown on sand sorghum
media. Experiment was conducted in three
replications with control using CRD design. Ten
seeds of genotype were sown in each pot. Five
gram of soil was taken and suspended in 40 ml
sterile distilled water in 250 ml conical flask and
stirred for 30 min. The soil pH was estimated
and was adjusted at 4.5, 5.5, 6.5 and 7.5 by
using NaOH and HCl (Kulkarni, 2007). Data on
percent mortality were recorded 30 days after
sowing as per Reddy et al. (2016).
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Results and Discussion

Effect of temperature was studied to know
the favourable condition for development of R.
bataticola. Effect of four temperature viz. 20,
25, 30 and 35°C was studied on disease
development through paper towel method on
chickpea genotype JG-62. Infected and
completely discoloured roots were observed at
35°C while dark lesions on roots were observed
at 30°C. Very few lesions were observed at 20
and 25°C which showed minimum disease
incidence. The maximum disease severity
(76.67%) was observed at 35°C and was graded
in highly susceptible category, whereas 43.34
per cent disease incidence was observed at
300C and was grouped under susceptible
category (Table 1). Low disease severity was
observed at 20°C (23.34%) and 25°C (26.67%)
and categorized into moderately susceptible

category. No any symptoms were observed in
control plants.With the increase in temperature,
disease incidence also increased (Fig. 1). 

Effect of soil moisture was studied on DRR
in green house condition on chickpea variety
JG-62 through sick pot method. Four soil
moisture regime 25, 50, 75 and 100% were
maintained in pot through oven dry method.
Disease incidence at different moisture was
categorized into various groups (Table 1). Higher
mortality was reported in plants which were
subjected to low soil moisture (25 and 50%) than
plants subjected to high soil moisture (75 and
100%). Mortality per cent was used to
categorize the plants into different category. As
moisture level increased in soil, reduced disease
incidence was observed in plants. Disease
progressed slowly in high soil moisture as
compared to low soil moisture. Control plants

Table 1. Effect of different abiotic factors on development of dry root rot in chickpea variety JG-62

Abiotic factor Dry root rot incidence Aver- Rea-
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– age ction

Replication I Replication II Replication III (%)
––––––––––––––––––––––––– ––––––––––––––––––––––––– –––––––––––––––––––––––
Infected Healthy DRR Infected Healthy DRR Infected Healthy DRR
plants plants incid- plants plants incid plants plants incid

ence ence ence 
(%) (%) (%)

Temperature
20°C 2 8 20 3 7 30 2 8 20 23.34 MS
25°C 3 7 30 2 8 20 3 7 30 26.67 MS
30°C 4 6 40 5 5 50 4 6 40 43.34 S
35°C 7 3 70 8 2 80 8 2 80 76.67 HS

Moisture (%)
25 8 2 80 9 1 90 9 1 90 86.67 HS
50 7 3 70 6 4 60 8 2 80 70.00 HS
75 3 7 30 4 4 50 4 6 40 40.00 S
100 3 7 30 3 7 30 2 8 20 26.67 MS

pH
4.5 8 2 80 9 1 90 9 1 90 86.67 HS
5.5 7 3 70 6 4 60 8 2 80 70.00 HS
6.5 4 6 40 4 6 40 5 5 50 43.33 S
7.5 3 7 30 3 7 30 2 8 20 26.64 MS

MS-Moderately susceptible, S-Susceptible, HS-Highly susceptible.
Note-Total 10 plants were taken in each treatment.
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did not show any symptoms at high soil moisture
while wilted plants were observed at low soil
moisture (physiological stress). After 40 days of
sowing, DRR symptoms appeared at 25 per
cent soil moisture while at high soil moisture (50,
75 and 100%) disease progressedslowly.
Maximum disease incidence (86.67%) was
reported in 25 % soil moisture stress which was
followed by 70% incidence at 75 % soil
moisture, 40% incidence at 50% moisture and
26.67% incidence at 100% moisture level (Table
1). These investigations revealed that pathogen
cause higher disease incidence at moisture stress
condition (Fig. 2). Plants become more prone to
DRR at low soil moisture and manifested higher
disease incidence. 

In addition to study the effect of various
regimes of temperature and soil moisture levels,
the experiment was performed to know
favourable pH for development of DRR in

chickpea variety JG-62. Soil was made sick by
inoculating soil with pathogen grown on
sorghum: sand medium. Four pH level viz. 4.5,
5.5, 6.5 and 7.5 were maintained in soil to
study effect on pathogen to cause disease.
Different disease incidence was observed at
different pH levels (Table 1). Highest mortality
of plants was observed at pH 4.5 which caused
86.67% disease incidence. Least mortality of
plants was observed at pH 7.5 with 26.64%
disease incidence which was followed by pH 5.5
(70%) and pH 6.5 (43.33%). Significant
differences were observed in all treatments.
Increased incidence of DRR was observed at low
pH while decreased incidence was observed at
high pH (Fig. 3). 

Discussion

Plants require suitable environmental
conditions for improved growth, development,
and better production. Study of biotic and abiotic
factors are important to know the different level
of disease intensity. Crop diseases are more
likely to be triggered by certain environmental
factors. Viability of pathogen is affected by
environmental factors such as temperature, soil
type, moisture and soil pH. Various climatic
factors are associated with development of
pathogen of DRR in plants. Change in climatic
condition in future will increase the incidence of
DRR in chickpea at epidemic level. Interaction
among pathogen, host and environment
invariably respond to plant disease (Garrett et

Fig. 1. Effect of different temperature levels on
the development of dry root rot on
chickpea variety JG-62

Fig. 2. Effect of different moisture levels on
development of dry root rot on
chickpea variety JG-62

Fig. 3. Effect of different pH levels on
development of dry root rot on
chickpea variety JG-62
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al., 2016).Increased viability of microsclerotia is
observed on low water potential while viability
decreases under high water potential (Olaya et
al., 1996). On analysis of the weather data
(2000-2010), Khambadkar (2013) observed
higher incidence of disease when temperatures
increased more than 33.

In this study, maximum disease incidence
was observed at 35°C while minimum disease
incidence was observed at 20°C. Disease
incidence was observed higher at low moisture
(25%) while low at high moisture (100%).
Maximum disease incidence was observed at pH
4.5 while minimum disease incidence was
observed at pH 7.5. As soil pH and soil moisture
increased, decrease in disease incidence was
observed. 

The results of the present investigation
support the work done by Singh and Mehrotra
(1980); Sharma and Pande (2013) and De-sousa
et al. (2020) on DRR caused by R. Bataticola.
They exhibited higher disease incidence at
higher temperatures. Singh and Mehrotra
(1980) increased incidence of DRR when plants
were exposed to temperature more than 300C.
Sharma and Pande (2013) reported higher
incidence of DRR at temperature 35°C and De-
Sousa et al. (2020) observed severe symptoms
of disease with increased temperature.
Temperatures also affect the mycelia growth and
sclerotia formation of pathogen. Patel and Patel
(1990) observed 35°C as the optimum
temperature for sclerotial formation and growth
of M. phaseolina. Chowdary and Govindaiah
(2007) reported highest growth at 40°C which
was followed by 35°C and 30°C. Savary et al.
(2011) found more incidence of dry root rot
observed with increased temperature. Csondes
et al. (2012) reported temperature between 25
and 35°C was the most favourable for
development of pathogen. Sukanya et al.
(2016) reported more growth of pathogen at
higher temperature. The optimum temperature

of 35°C was observed by Srinivas (2016) for
development of DRR. Parmar et al. (2018)
found 30°C temperature as ideal for growth of
fungus while 25 to 30°C temperature optimum
for sclerotia formation.

Husain and Ghaffar (1995) and Maheswari
and Ramakrishnan (1999) observed high
saprophytic activity and colonization of R.
bataticola at moisture stress which support the
present investigation. Raj et al. (1999) observed
that disease incidence increased when pots were
irrigated at seven days interval than pots
irrigated daily. Wokocha (2000) reported low
soil moisture was favourable for growth of
pathogen and pathogenicity while high moisture
was unfavourable. Patel and Anahosur (2001)
also observed maximum infection of M.
phaseolina at 25% soil moisture and less
incidence at high soil moisture (75% and 100%).
Singh and Sharma (2002) reported severe
development of disease on pulse crop in deficit
soil moisture conditions. Savary et al. (2011)
observed increased intensity of DRR in tropical
humid area on increasing moisture stress.
Sharma and Pande (2013) also found more
severity of DRR in moisture stress conditions.
Similarly, Srinivas (2016) observed that plants
showed wilting and drooping under low moisture
conditions (40 and 50%).

In the past several studies have been
conducted to study the effect of soil pH on the
incidence of DRR. The results of soil pH study
showed similar findings as that of Srivastava and
Dhawan (1980) who reported maximum
mortality of plants at soil pH 5.5 and decreased
intensity of disease with increase in soil pH.
Singh and Chohan (1982) found optimum pH
5.0-6.0 for development of mycelium of M.
phaseolina.Jha and Sharma (2005) reported
good growth of pathogen at pH 5.5 to pH 7.5.
Chowdary and Govindaiah (2007) observed
most favourable pH for pathogen growth was
7.0 while least favourable pH was 8.0. Khan et
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al., (2012) observed maximum growth of R.
bataticola on pH 5.5 which was followed by pH
6.0 and again increased up to pH 7.0. Parmar
(2013) observed maximum growth of R.
bataticola at pH 6.5 and minimum growth was
observed at pH 8.0. Srinivas (2016) reported
higher growth of colony of R. bataticola at pH
5.0. Sukanya et al. (2016) showed more growth
of pathogen at low pH.

Conclusions

Abiotic factors affect the incidence of
diseases in chickpea. It was found that
DRRincreased with increase in temperature with
more incidence at 35°C while minimum disease
incidence was observed at 20°C. Incidence of
DRR was directly proportional to the soil
moisture levels and it was higher at low moisture
while low at high moisture levels. Soil pH also
influenced the DRR incidence directly
withmaximum disease incidence observed at pH
4.5 while minimum incidence was observed at
pH 7.5. The results of present study can help in
managing the DRR in chickpea more effectively
by maintaining the proper conditions in the field.
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Oat belongs to family poaceae, is an
important crop used for grain, fodder and feed.
Therefore, it is regarded as one of the greatest
dual-purpose cereal crops, fitting well into the
diets of both humans and cattle. The naturally
allopolyploid farmed oat Avena sativa L.
(2n=6x=42), as well as wild weedy hexaploid
species such as Avena sterilis and Avena fatua,
have developed through multiple cycles of
interspecific hybridization and polyplodization,
integrating three separate diploid genomes (Yan
et al., 2016). Oat is utilized for human and
livestock consumption because to its high lipid,
protein and mineral content. For an effective
cattle sector to fulfil the demands of an

expanding population, more nutritional and high
producing fodder kinds are necessary. As a
result, fodder cultivars must produce large
volumes of highly digestible green fodder and
have excellent regeneration potential after
cuttings (Stevens et al., 2004). Oat forage can
be sown as intercropping with a legume such as
vetch, pea, berseem (Ross et al., 2004;
Undersander, 2003). Oat grain is rich in seed
crude protein, antioxidants, soluble protein and
beta-glucan. Beta-glucan is soluble fibre which
helps in digestion improvement, reduces heart
attack risk, treatment against asthma, obesity
and cholesterol.

The heritable variation within and across
populations of a species is depicted by genetic
variety, also known as genetic divergence or
genetic distance. A more encompassing
definition is "any quantitative measure of genetic
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Abstract
Oat (Avena sativa L.) is an important multi-purpose crop, cultivated for fodder, feed and grain purpose.

Earlier oat was used for forage purpose but now with increasing health related issues as well as food security
under changing climatic conditions; this crop has been emerged as sustainable dual purpose crop. Oat has
emerged as a beneficial grain cereal for human consumption. Generally diverse individuals are likely to produce
more heterotic effects during the crossing programme and desirable segregants are also produced. Therefore,
in this present research, a total of 56 genotypes were evaluated for sixteen yield and yield contributing traits.
K-means clustering and principal component analysis was done using R studio software. From clustering the
genotypes were grouped in 4 cluster. Out of which cluster 1 and cluster 3 were most diverse. Highest cluster
mean value for maximum traits was observed for cluster 3 as well. Principal component analysis showed that
PF-1 and PF-2 was regarded as most important for yield factors. It was seen that PF-1 was loaded on seed
yield, axis length and days to 50% flowering while PF-2 on green fodder yield, dry matter yield and plant
height. Biplot depicted that variation in traits dry matter yield, green fodder yield, days to 50% flowering, seed
yield and plant height was contributed by both principal component. Genotypes selected from diverse clusters
can be incorporated in hybridization crop improvement programme.
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difference determined between individuals,
groups, or species, whether at the sequence
level or at the allele frequency level" (Beaumont
et al., 1998). Diversity analysis aid in the
designing of breeding strategies to assemble
available variety, in addition to offering a
prognostic evaluation of genetic diversity within
a species. In breeding, an accurate and exact
assessment of the levels and patterns of genetic
variation is beneficial. Assessment is one of the
several genetic techniques being investigated for
oat improvement. Because the diversity in
agronomically important traits will be exploited
in a crop development effort, a large collection
of resources is necessary (Jaipal and Shekhawat,
2016). 

PCA is a multivariate statistical approach for
condensing data with many associated variables
into a smaller number of new variables. It aids
in the selection of the most useful major cause
of divergence in the first component, and
summarises that these are the core elements of
plant architecture that require further attention.
Keeping this in view, the present paper includes
multivariate analysis using K means clustering
and principal component analysis to identify
most diverge analysis, understanding genetic
closeness between 56 oat genotypes based on
16 yield and yield contributing traits. The paper
also focuses on identification of most important
characters responsible for variation.

Materials and Methods

The field experiment was performed at the
Forage Research Area of the Department of
Genetics and Plant Breeding, Chaudhary
Charan Singh Haryana Agricultural University,
Hisar (Haryana) during the Rabi season of
2017-18. A total of fifty six oat genotypes,
including two checks (KENT and UPO212) were
investigated in RCBD design (Table 1). In the
present research, sixteen morphological traits
i.e. Plant height (cm), Number of days to

maturity, Days to 50% flowering, Flag leaf
length (cm), Leaf length (cm), Leaf width (cm),
Leaf stem ratio, Internode length (cm), Number
of tillers plant-1, Peduncle length (cm), Axis
length (cm), Number of spikelets plant-1, Seed
yield plant-1 (g), 100 Seed weight (g), Green
fodder plant-1 (g), Dry fodder plant-1 (g) were
studied. Statistical multivariate analysis was done
using R studio software. The cluster membership
was analysed based on k-means clustering. The
cluster plot and graphs were drawn using R
studio as well.

Table 1. List of fifty six different genotypes of oat used in
the experiment

Name of Source Name of Source
genotype genotype

HFO809 CCSHAU, Hisar HFO615 CCSHAU, Hisar
HFO810 CCSHAU, Hisar HFO619 CCSHAU, Hisar
HFO815 CCSHAU, Hisar HFO525 CCSHAU, Hisar
HFO816 CCSHAU, Hisar HFO523 CCSHAU, Hisar
HFO832 CCSHAU, Hisar HFO505 CCSHAU, Hisar
HFO852 CCSHAU, Hisar HFO502 CCSHAU, Hisar
HFO862 CCSHAU, Hisar HFO498 CCSHAU, Hisar
HFO867 CCSHAU, Hisar HFO488 CCSHAU, Hisar
HFO874 CCSHAU, Hisar HFO430 CCSHAU, Hisar
HFO876 CCSHAU, Hisar HFO424 CCSHAU, Hisar
HFO878 CCSHAU, Hisar HFO419 CCSHAU, Hisar
HFO879 CCSHAU, Hisar HFO414 CCSHAU, Hisar
HFO883 CCSHAU, Hisar HFO409 CCSHAU, Hisar
HFO885 CCSHAU, Hisar OS346 CCSHAU, Hisar
HFO704 CCSHAU, Hisar HF0503 CCSHAU, Hisar
HFO706 CCSHAU, Hisar OS403 CCSHAU, Hisar
HFO707 CCSHAU, Hisar OS377 CCSHAU, Hisar
HFO601 CCSHAU, Hisar HFO267 CCSHAU, Hisar
HFO602 CCSHAU, Hisar OS305 CCSHAU, Hisar
HFO603 CCSHAU, Hisar HFO103 CCSHAU, Hisar
KENT AUSTRALIA DUNAV BULGARIA
UPO212 GBPUAT, JO-1 JNKVV, Jabalpur

Pantnagar
HFO604 CCSHAU, Hisar RO-19 CCSHAU, Hisar
HFO605 CCSHAU, Hisar KALOGEN BULGARIA
HFO607 CCSHAU, Hisar ALGERIAN ALGERIA
HFO610 CCSHAU, Hisar PLP-1 CSKHPAU, 

Palampur
HFO611 CCSHAU, Hisar HFO872 CCSHAU, Hisar
HFO614 CCSHAU, Hisar HFO864 CCSHAU, Hisar
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Results

Using K-means cluster analysis, the diverse
56 oat genotypes were grouped into 4 clusters.
Cluster 3 had maximum number of genotypes
i.e. 17 followed by cluster 2 with 15 genotypes
(Table 2). Cluster 1 and 4 had 10 and 14
genotypes respectively. The cluster membership
plot as shown in Fig. 1 depicts the grouping
pattern. Divergence between different
genotypes can be seed from the plot along with
genotypes occupying space of more than one
cluster. The highest inter cluster distance (Table
3) was seen between cluster 1 and cluster 3
(6.66), followed by cluster 1 and cluster 2 (5.94).
The highest intra-cluster cluster distance was
observed for cluster 3 (5.11) followed by cluster
4 (4.86). The highest mean value (Table 4) for
traits was seen in cluster 3 i.e. number of
spikelets plant-1 (66.32), seed yield plant-1 (g)
(23.62), 100 seed weight (g) (3.29), axis length
(cm) (34.34), internode length (cm) (24.4), flag
leaf length (cm) (28.07), leaf length (cm) (43.82),
leaf stem ratio (0.38) and peduncle length (cm)
(43.31). The highest mean for number of tillers
plant-1 and plant height (cm) was seen in cluster
2 i.e. 8.16 and 107.35 respectively. The highest

cluster mean for trait green fodder per plant (g)
and dry fodder plant-1 (g) was also seen in cluster
2 i.e. 180.58 and 63.29 respectively. Cluster 1
showed highest mean for number of days to

Table 2. Grouping of 56 oat genotypes into four cluster
based on 16 yield contributing traits

Cluster Genotypes grouped under respective
cluster

C1 HFO816, HFO874, HFO867, HFO409.
HFO424, DUNAV, KALOGEN, PLP-1,
HFO872, HF0503

C2 HFO809, HFO815, HFO879, HFO602,
KENT, HFO605, HFO614, HFO615,
HFO523,  HFO488, HFO414, OS346,
OS377, HFO267, JO-1

C3 HFO852, HFO862, HFO876, HFO878,
HFO706, HFO604, HFO619 HFO525,
HFO498, HFO502, HFO505, HFO883,
HFO885, HFO704, HFO419, ALGERIAN,
HFO103

C4 HFO832, HFO810, HFO707, HFO601,
HFO603, HFO212, HFO607, HFO610,
HFO611, HFO430, OS403, OS305, RO-19,
HFO864

Fig. 1. K-means clustering plot. Analysis
divided 56 oat genotypes into 4 clusters
based on 16 yield and yield contributing
traits.

[TP- Number of tillers plant-1, NOS- Number of
spikelets panicle-1, SY- Seed yield (g plant-1),
GFY- Green fodder yield (g plant-1), DMY- Dry
matter yield (g plant-1), AL- Axis length (cm), SI-
100-seed weight (g), DF- Days to 50%
flowering, PH-Plant height (cm), DM- Days to
maturity, FLL- Flag leaf length (cm), LL- Leaf
length (cm), LW- Leaf width (cm), LS ratio- Leaf:
Stem ratio, IL- Internode length (cm), PL-
Peduncle length (cm)]

Table 3. Inter and intra cluster distances between clusters

C1 C2 C3 C4

C1 4.83
C2 5.94 4.43
C3 6.66 5.43 5.11
C4 5.84 5.26 5.64 4.86
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Table 4. Cluster mean of 16 yield contributing traits in each of four clusters

Cluster TP NOS SY GFY DMY AL SI IL
mean

1 5.69 50.31 14.82 127.6 40.43 25.82 2.34 21.64
2 8.16 53.4 18.61 180.58 63.29 32.93 2.41 22.9
3 7.66 66.32 23.62 134.76 48.9 34.34 3.29 24.4
4 6.33 63.57 17.11 151.12 56.43 33.3 2.95 23.97

PH DM FLL LL LW LS ratio PL DF
1 95.51 119.2 22.38 35.77 2.12 0.34 31.65 98.27
2 107.35 115.2 27.8 41.42 2.06 0.32 38.36 94.62
3 101.76 114.65 28.07 43.82 2.28 0.38 43.31 91.53
4 104.54 120.91 26.29 43.74 2.45 0.31 38.78 98.88

[TP- Number of tillers plant-1, NOS- Number of spikelets panicle-1, SY-Seed yield (g plant-1), GFY-Green fodder yield (g
plant-1), DMY- Dry matter yield (g plant-1), AL- Axis length (cm), SI-100-seed weight (g), DF- Days to 50% flowering, PH-
Plant height (cm), DM- Days to maturity, FLL- Flag leaf length (cm), LL- Leaf length (cm), LW- Leaf width (cm), LS ratio- Leaf:
Stem ratio, IL- Internode length (cm), PL- Peduncle length (cm)] 

Table 5. Principal components for 16 yield contributing traits and factor variable relations

Parameters Principal component
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 PC 7

Standard Deviation 1.85 1.41 1.26 1.14 1.1 1.03 1.02
Eigen values 3.42 1.99 1.59 1.31 1.21 1.06 1.04
Proportion of Variance 0.214 0.124 0.100 0.082 0.075 0.066 0.065
Cumulative Proportion (%) 21.38 33.81 43.77 51.93 59.46 66.09 72.59

Traits Factor loadings
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

TP -0.28 0.05 -0.15 0.41 -0.07 0.45 -0.16
NOS -0.24 -0.31 0.28 -0.25 0.04 -0.13 0.00
SY -0.37 -0.19 0.14 0.04 -0.04 0.11 -0.30
GFY -0.18 0.47 0.07 0.11 0.09 0.24 -0.17
DMY -0.20 0.47 -0.03 -0.27 0.04 -0.04 0.06
AL -0.33 0.09 -0.04 0.38 -0.06 -0.46 0.13
SI -0.21 -0.23 0.29 -0.13 -0.26 -0.17 -0.52
DF 0.32 0.16 0.44 0.16 -0.03 0.20 0.16
PH -0.27 0.42 0.09 -0.39 0.04 -0.02 0.00
DM 0.15 0.15 0.47 -0.09 -0.51 -0.08 0.22
FLL -0.29 -0.10 -0.11 -0.07 -0.01 0.16 0.33
LL -0.26 0.06 0.31 0.24 -0.24 0.25 0.09
LW -0.13 -0.16 0.39 0.31 0.46 -0.09 0.32
LS ratio -0.17 -0.30 -0.04 -0.38 -0.05 0.47 0.37
IL -0.22 0.07 0.17 -0.14 0.45 -0.18 0.07
PL -0.24 0.00 -0.28 0.09 -0.42 -0.28 0.37

[TP- Number of tillers plant-1, NOS- Number of spikelets panicle-1, SY-Seed yield (g plant-1), GFY-Green fodder yield (g
plant-1), DMY- Dry matter yield (g plant-1), AL- Axis length (cm), SI-100-seed weight (g), DF- Days to 50% flowering, PH-
Plant height (cm), DM- Days to maturity, FLL- Flag leaf length (cm), LL- Leaf length (cm), LW- Leaf width (cm), LS ratio- Leaf:
Stem ratio, IL- Internode length (cm), PL- Peduncle length (cm)] 
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maturity (119.2) while cluster 4 showed highest
mean for leaf width (cm) (2.45) and days to 50%
flowering (98.88). 

The principal component analysis resulted
that seven principal components had eigen
values more than one and overall explained
72.59% of the total included variability. Principal
components with eigen values higher than one
were selected for interpretation (Kaiser, 1958).
The first principal component explained 21.4 %
of the total variation. The second, third, fourth,
fifth, sixth and seventh principal components
explained 12.4, 10, 8.2, 7.5, 6.6 and 6.5% of
the total variability, respectively. Data presented
in Table 5 clearly indicated that PF-1 was loaded
on seed yield, axis length and days to 50%
flowering. Likewise, PF-2 showed a strong and
positive factor with the traits green fodder yield,
dry matter yield and plant height. The PF-3 was
loaded with days to maturity, days to 50%
flowering and leaf width. The PF-4 showed the
high loading value for number of tillers per plant,
plant height, L:S ratio and axis length. PF-5
confirms the deviation recorded by days to
maturity, leaf width and internode length. PF-6
showed the strong and positive factor with
number of tillers plant-1, axis length and L: S
ratio. Lastly,  PF-7 was loaded on 100 seed
weight, L:S ratio and peduncle length.

Discussion

Knowledge of the genetic behaviour of
existing oat species and cultivars is essential for
making use of the genetic variety found in oat
genotypes and for developing improved oat
cultivars. Individuals that are more varied are
more likely to cause heterotic effects throughout
the crossover programme, as well as attractive
segregants. Since the cluster 1 and 3 showed the
highest inter cluster distance, good performing
genotypes can be selected as parents in
hybridization crop improvement programmes
from these groups as these will be most diverge.

Interestingly, its cluster 3 only that showed
highest cluster mean for maximum number of
traits under study. This makes it suitable for
selection of genotypes from this cluster.

Through the PCA analysis, among the seven
principal factors, PF-1, PF-2 regarded as green
fodder yield factors and seed yield factors.Singh
et al. (2018), Poonia et al. (2017),Kumar et al.
(2006), Yadav et al. (2011) and Ahmed et al.
(2011)also observed similar results of
multivariate analysis to the present study. Biplot
(Fig. 2) is made by combining score plot and
loading plot. The more parallel a variable vector
is to a principal component axis, the larger it
contributes only to that PC. The longer the

Fig. 2. PCA biplot using R studio software.

[TP- Number of tillers plant-1, NOS- Number of
spikelets panicle-1, SY- Seed yield (g plant-1),
GFY- Green fodder yield (g plant-1), DMY- Dry
matter yield (g plant-1), AL- Axis length (cm), SI-
100-seed weight (g), DF- Days to 50%
flowering, PH-Plant height (cm), DM- Days to
maturity, FLL- Flag leaf length (cm), LL- Leaf
length (cm), LW- Leaf width (cm), LS ratio- Leaf:
Stem ratio, IL- Internode length (cm), PL-
Peduncle length (cm)]
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vector, the more variation can be explained by
both principal components (dry matter yield,
green fodder yield, days to 50% flowering, seed
yield and plant height).

Conclusion

Cluster 1 and cluster 3 showed maximum
inter-cluster distance showing potential selection
of diverse genotypes for oat hybridization
programmes. Cluster 3 showed maximum traits
that had highest cluster mean. Principal
component analysis reduced the 16 traits into 7
principal component out of which PF1 and PF
2 was obtained as factor of interest.
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Wheat (Triticum aestivum L.) is the first
important and strategic cereal crop for the
majority of world’s populations. Efficient water
management requires a thorough study of plant
water relationship, climate, agronomic practices
and economic assessment. In Wheat, different
growth stages such as crown root initiation,
tillering, late jointing, boot flowering, milk and
dough could be well delineated. Experiments
conducted to study the important stages critical
in their demand for water have clearly indicated
that some stages can tolerate moisture stress to
a certain extent. Irrigation scheduling is the
systematic method by which producer can
decide on when to irrigate and how much water
to apply. The goal of effective scheduling
programs is to supply the plants with sufficient
water while minimizing losses to deep
percolation or runoff. Irrigation scheduling
depends on soil, crop, atmospheric, irrigation

systems and operational factors. Irrigation
scheduling techniques can be based on soil water
depletion approach, plant basis or plant indices,
climatic approaches, critical growth stage
approaches and plant water status itself. In soil
water depletion approaches, the available soil
moisture in the root zone is a good criterion for
scheduling irrigation. When the soil moisture in
a specified root zone depth is depleted to a
particular level (which is different for different
crops) it is too replenished by irrigation. In plant
basis or plant indices, as the plant is the user of
water, it can be taken as a guide for scheduling
irrigation. In critical growth approaches,
irrigation scheduling at growth stage of crop at
which moisture stress level reaches to
irrevocable yield loss. These stages are known
as critical period or moisture sensitive period. In
plant water status approaches, water content in
plant itself is considered for scheduling irrigation
however, it is yet common use for wants of
standard low cost techniques. Whereas, in
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Abstract
Wheat is one of the most important cereal crops and staple food of nearly 35 percent of the world

population. In climatologically approaches, irrigation is scheduled on IW/CPE ratio. In IW/CPE approach,
known amount of irrigation water is applied when cumulative pan evaporation reaches predetermined level.
The experiment was conducted in randomized block design with irrigation scheduling on climatological
approach i.e. on IW/CPE ratios of IW/CPE=0.6, IW/CPE=0.8, IW/CPE=1.0, IW/CPE=1.2 and control
treatment with six irrigations at critical growth stages of wheat. Seasonal water requirement of wheat was found
to be highest (570 mm) under irrigation scheduling at control treatment (I4). Favorable soil moisture was
maintained in the irrigation scheduling treatment of IW/CPE=1.2 (I4) throughout the growing period and it
was always maintained in allowable depletion regime. However, soil moisture was inadequate in irrigation
scheduling at IW/CPE=0.6 (I1). Highest water use efficiency was recorded in treatment I2 which may due to
lowest water use, followed by I3, I4, I1 and I5. 

Key words : Irrigation Scheduling, IW/CPE, Water requirement, Water use efficiency, Soil
Moisture.
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climatological approaches, the amount of water
lost by evapotranspiration is estimated from
climatological data. When ET reaches in a
particular level, irrigation is scheduled. The
amount of irrigation given is either equal to ET
or fraction of ET. Different methods of climatic
approaches are IW/CPE ratio method and pan
evaporation method. In IW/CPE approach,
known amount of irrigation water is applied
when cumulative pan evaporation reaches
predetermined level. For practical purpose,
irrigation should be started when allowable
depletion of available moisture in the root zone
reaches. The available water is soil moisture
which lies between field capacity and permanent
wilting point.

Thus, irrigation scheduling provides
information to the managers to develop
irrigation strategies for each plot of field on the
farm. Keeping these points in view, experiment
will be conducted to assess the water need of
wheat crop throughout the growing season
using different levels of IW/CPE ratio, by
determining the irrigation interval, number of
irrigations, moisture depletion pattern.

Materials and Methods

A field experiment on “Performance of
wheat under different IW/CPE ratio” was
conducted during winter  of 2013-14 at the
Farm of Wheat Research Unit, Dr. Panjabrao
Deshmukh Krishi Vidyapeeth, Akola. The
climate of Akola is subtropical semi-arid
characterized by three distinct seasons namely
summer becoming hot and dry from March to
May. The warm and rainy monsoon fall from
June to Oct. and winter with mild cold from
November to Feb. Akola is situated in the
subtropical zone at the latitude of 20° 42' North
and longitude of 77° 02' East. Altitude of the
place is 307.41 m above the mean sea level and
average annual precipitation is 750 mm The
normal mean monthly maximum temperature
during the hottest month (May) is 42°C while the
normal mean monthly minimum temperature in
the coldest month (December) is 10.7°C. The
mean daily evaporation reaches as high as 19.0
mm in the month of May and as low as 3.00
mm in the month of August.  The physical and
chemical properties are determined are showed
in Table 1.

Table 1. Mechanical-chemical composition of experimental soil

Particulars Values Analytical method used

A. Mechanical composition 
Sand (%) 14.78 Bouycous hydrometer method 
Silt (%) 33.69
Clay (%) 51.53
Textured class Clayey

B. Chemical composition 
Soil organic carbon (%) 0.63 Walkyey and Black method 
Available nitrogen (kg ha-1) 238.3 Modified Kjeldahl Method 
Available phosphorus (kg ha-1) 14.6 Olsen’s Method 
Available potassium (kg ha-1) 266.0 Flame photometric 
pH 7.84 Beckman’s Glass electrode pH meter 
EC (ds m-2) 0.77 Conductivity bridge  from 1:2:5 soil water ratio

C. Single value soil moisture constant
Bulk density (gm cm-3)  1.18 Core sampler method 
Field Capacity (%) 38.25 Pressure plate and pressure membrane apparatus 
Permanents wilting point (%) 17.21 Pressure plate and pressure membrane apparatus                       
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Experimental details : The field
experiment was laid out in randomized block
design, with four replication and five treatments.
In four treatments out of five, irrigation was
scheduled on the basis of various IW/CPE ratios
and in one control treatment irrigation was
scheduled at critical growth stages of wheat. The
details of treatments are given in Table 2.

Details of irrigation scheduling : For the
purpose of irrigation scheduling the irrigation in
various treatments, predetermined soil moisture
constants were used. Following equations were
used for irrigation scheduling.

Total available water (TAW) : Total
available water is the amount of water that is
available for plant use. It is actually the difference
of soil moistures between field capacity and
permanent wilting point.  The total available
water was calculated using following formulae.

qFC - qPWP
TAW = ––––––––––––– x g x Zg x 1000    ...(1)

100

where, TAW = Total available water, (mm),
qFC = Moisture content at field capacity, (%),
qPWP = Moisture content at Permanent wilting
point, (%), g = Bulk density, (gm cm-3) and Zg =
Effective root zone depth, (m). 

Using soil moisture constants, firstly total
available water was determined for the
experimental soil. For the purpose depth of
effective root zone was taken 60 cm for wheat
crop

Depth of irrigation (IW) : After
determining TAW, depth of irrigation was
determined considering the maximum allowable

Table 2. Treatment details

Treat. Treatment details

I1 IW/CPE ratio = 0.6

I2 IW/CPE ratio = 0.8

I3 IW/CPE ratio = 1.0

I4 IW/CPE ratio = 1.2

I5 Control with six irrigations at Crown Root
Initiation (CRI), Maximum Tillering, Late Jointing,
Flowering, Milking Stage and Dough Stage.

Table 3. Experimental details

Particulars Specification

Crop Wheat
Scientific name Triticum aestivum L.
Variety AKAW - 4627
Experimental design Randomized Block Design
Number of replications Four
Number of treatments Five
Number of plots 20
Plot size 6m x 1.8m
Inter-space between  2 m
replications per plots
Season Winter 2012
Crop spacing 18 cm (row to row)
Seed rate 140 kg ha-1

Recommended fertilizer dose 80:40:40 (N:P:K)
Date of sowing 14th December 2013
Date of harvesting 25th March 2014

Fig. 1. Layout
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depletion of 50 percent and using following
equation 2.

IW = 0.50 x TAW                              ...(2)

Where, IW = Depth of irrigation to be
applied in one irrigation, (mm).

Cumulative pan evaporation (CPE) :
Different moisture regimes were created by
different irrigation schedules based on IW/CPE.
For this purpose cumulative pan evaporation for
respective treatments of IW/CPE ratios were
determined using predetermined IW and values
of ratios by using following equation 2.3.

IW
CPE = ––––––––––                             ...(3)

Ratio

Pan evaporation data were recorded daily
and cumulative figures were calculated
subtracting the rainfall.

Irrigation Scheduling in Control Treatment:
In control treatment, six irrigations were
scheduled at six critical growth stages of wheat
crop, viz. Crown Root Initiation (CRI), Maximum
Tillering, Late Jointing, Flowering, Milking
Stage and Dough Stage. In this treatment, depth
of irrigation was determined by observing actual
soil moisture before every irrigation and using
following equation 4.

qFC - qBI
TAW = ––––––––––––– x g x Zg x 1000     ...(4)

100

Where, IW = Irrigation water, (mm), qFC =
Moisture content at field capacity, (%), qBI =
Moisture content before irrigation, (%), g = Bulk
density, (gm cm-3) and Zg = Effective root zone
depth, (m).

First common irrigation was given to all
treatments just after sowing to bring the
experimental plots to field capacity. For this
purpose soil moisture content was determined
before sowing to calculate the depth of irrigation
of first common irrigation. In all plots water was
conveyed through pipeline and measured
quantity of water was applied using water meter. 

Result and Discussion

Soil Moisture depletion studies : Soil
moisture observations were taken by gravimetric
method before and after every irrigation, in each
treatment to observe the moisture depletion
pattern. The soil moisture depletion patterns of
wheat as influenced by different irrigation
scheduling treatment are discussed in this
section.                                                                                                                                                              

Treatment I1 : Soil moisture depletion
observation are presented in Table 4 and pattern
is depicted in Fig 2.

Table 4. Soil moisture depletion as influenced by treatment I1

Days Soil moisture (%) at depth Average soil Depletion 
after ––––––––––––––––––––––––––––––––––––––––––––––––––––––– moisture before next 
sowing 0-15 cm 15-30 cm 30-45 cm 45-55 cm content (%) irrigation (%)

2 41.63 38.84 35.98 36.16 38.15
30 27.29 24.94 24.41 22.47 24.78 64.02
33 39.34 36.72 34.95 28.95 34.99
58 25.70 22.53 22.53 20.60 23.31 71.00
61 35.14 33.34 31.35 28.71 32.73
80 24.45 23.05 21.40 19.96 22.15 76.52
84 36.93 34.22 32.54 29.21 33.23

(FC=38.25%, PWP=17.21%, MAD=27.73%)
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It is seen from Table 4 that soil moisture
depletion before each irrigation in treatment I1
was more than 50%, which shows the
inadequacy of moisture available to crop. It is
also observed from Fig. 1 that soil moisture was
inadequate in treatment I1, as it was depleted
below maximum allowable depletion level before
each irrigation. Therefore sufficient amount of
soil moisture was not maintained throughout of
growing period of wheat crop. 

Treatment I2 : Soil moisture depletion
observations in respect of treatment I2 are
presented in Table 5 and pattern is depicted in
Fig 3.

It is seen from Table 5. that soil moisture
depletions before three irrigation in treatment
(I2) were depleted slightly below maximum

allowable depletion, which shows the
inadequacy of soil moisture in later stages of
crop. 

Treatment I3 : Soil moisture depletion
observations in respect of treatment I3 are
presented in Table 6. and pattern is depicted in
Fig 4.

It is seen from Table 6 that soil moistures
before three irrigation in treatment I3 were
slightly depleted moisture allowable depletion
limit i.e. 50 % which shows favourable soil
moisture was maintained throughout the
growing season of crop. It is seen from Fig 4.
that favourable soil moisture was maintained in
treatment I3 before two irrigation as the
depletion of moisture were within allowable
limit. 

Fig. 2. Soil moisture depletion pattern as
influenced by treatmen  I1.                  

Table 5. Soil moisture depletion as influenced by treatment I2

Days Soil moisture (%) at depth Average soil Depletion 
after ––––––––––––––––––––––––––––––––––––––––––––––––––––––– moisture before next 
sowing 0-15 cm 15-30 cm 30-45 cm 45-55 cm content (%) irrigation (%)

3 41.63 38.85 35.98 36.17 38.16
25 31.25 28.88 26.32 27.77 27.77 49.80
27 41.54 39.45 37.09 33.58 37.91
45 29.53 27.42 25.42 24.35 26.68 54.99
49 40.39 37.66 37.66 31.02 35.88
62 29.38 27.32 24.68 22.62 26.00 58.22
65 36.02 33.76 30.83 28.64 32.31
80 26.38 24.47 22.53 20.09 23.59 69.67
83 38.73 35.13 31.80 27.84 33.37

(FC=38.25%, PWP=17.21%, MAD=27.73%)

Fig. 3. Soil moisture depletion pattern as
influenced by treatment I2.  
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It is seen from Table 5 that soil moistures
before three irrigation in treatment I3 were
slightly depleted moisture allowable depletion
limit i.e. 50% which shows favourable soil
moisture was maintained throughout the
growing season of crop. It is seen from Fig 4.
that favourable soil moisture was maintained in
treatment I3 before two irrigation as the
depletion of moisture were within allowable
limit. 

Treatment I4 : Soil moisture depletion
observations in respect of treatment I4 are
presented in Table 7 and pattern is depicted in
Fig 5.

It is observed from Table 7 that soil moisture
depletions before each irrigation in treatment I4
were always less than maximum allowable
depletion that shows the adequacy of soil
moisture throughout the growing season of crop

Treatment I5 : Soil moisture depletion
observations in respect of treatment I5 are
presented in Table 8 and pattern is depicted in
Fig 6.

It is seen from Table 8 that, in control
treatment I5,  soil moisture was depleted below
maximum allowable limit i.e. 50%  before four
irrigations. It may be due to that the interval of
these stages of crop were more enough to deplet

Fig. 4. Soil moisture depletion pattern as
influenced by treatment I3.

Table 6. Soil moisture depletion as influenced by treatment I3

Days Soil moisture (%) at depth Average soil Depletion 
after ––––––––––––––––––––––––––––––––––––––––––––––––––––––– moisture before next 
sowing 0-15 cm 15-30 cm 30-45 cm 45-55 cm content (%) irrigation (%)

2 41.63 38.85 35.98 36.17 38.16
20 31.84 27.43 27.79 25.46 28.13 48.09
23 42.86 39.05 36.98 33.34 38.01
38 30.07 28.54 26.64 25.51 27.69 50.19
41 41.44 38.73 36.29 33.22 37.42
53 30.35 28.43 26.57 25.07 27.60 50.61
56 41.90 38.93 36.30 34.48 37.90
66 30.44 28.54 26.54 24.43 27.44 51.37
69 42.36 38.99 36.29 34.14 37.95
80 31.46 28.97 27.40 25.79 28.40 46.81
83 40.95 38.45 36.01 33.10 37.13

(FC=38.25%, PWP=17.21%, MAD=27.73%)

Fig. 5. Soil moisture depletion pattern as
influenced by treatment I4.
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the soil moisture below allowable limit. Fig 6.
shows that in control treatment I5, soil moisture
depleted below allowable depletion before four
irrigation.

Summary and Conclusions

Favorable soil moisture was maintained in
the irrigation scheduling treatments of
IW/CPE=1.2 (I4) throughout the growing period
and it was always maintained in allowable

Table 7. Soil moisture depletion as influenced by treatment I4

Days Soil moisture (%) at depth Average soil Depletion 
after ––––––––––––––––––––––––––––––––––––––––––––––––––––––– moisture before next 
sowing 0-15 cm 15-30 cm 30-45 cm 45-55 cm content (%) irrigation (%)

2 41.63 38.85 35.98 36.17 38.16

17 30.64 28.82 27.41 25.63 28.13 48.09

19 41.27 39.42 37.70 35.52 38.47

31 31.21 29.61 27.62 25.31 28.44 46.62

34 41.97 39.53 37.04 34.62 38.29

45 31.84 29.61 27.47 26.37 28.82 44.81

50 41.90 39.04 36.33 33.95 37.81

60 31.82 29.71 27.48 26.37 28.84 44.72

63 41.94 39.05 37.10 33.82 37.98

69 31.90 29.76 28.00 26.09 28.94 44.24

72 42.13 39.26 36.58 32.44 37.60

82 33.36 30.46 28.54 26.11 29.62 41.01

85 41.07 38.34 35.36 31.71 36.62

(FC=38.25%, PWP=17.21%, MAD=27.73%)

Table 8. Soil moisture depletion as influenced by treatment I5

Days Soil moisture (%) at depth Average soil Depletion 
after ––––––––––––––––––––––––––––––––––––––––––––––––––––––– moisture before next 
sowing 0-15 cm 15-30 cm 30-45 cm 45-55 cm content (%) irrigation (%)

3 41.63 38.85 35.98 36.17 38.16

12 31.20 24.27 29.51 28.66 28.41 46.76

16 42.07 38.83 35.03 32.06 37.00

26 30.21 27.82 26.42 23.95 27.10 52.99

31 43.18 39.70 36.43 32.03 37.83

34 33.85 31.13 28.73 26.58 30.07 38.87

39 43.69 40.43 37.73 34.48 39.08

55 29.01 26.90 24.57 21.72 25.55 60.36

60 39.94 37.11 34.25 30.73 35.51

73 30.90 28.64 26.56 23.87 27.49 51.14

77 41.01 38.18 35.53 31.93 36.66

80 30.65 28.56 26.46 24.37 27.51 51.04

84 41.82 38.73 34.85 31.29 36.67

(FC=38.25%, PWP=17.21%, MAD=27.73%)
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depletion regime. However, soil moisture was
inadequate in irrigation scheduling at
IW/CPE=0.6 (I1). Whereas in irrigation
scheduling treatments I2 and I5, soil moistures
were slightly depleted below allowable limit.
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Oat is an important cereal crop cultivated for
grain, pasture, forage or as a rotation crop.
Because of its high fat, protein and mineral
contents, oat is used both for human and cattle
consumption. Oat is usually considered a
secondary crop, i.e., a crop derived from a weed
of the primary cereal domesticates wheat and
barley (Zhou et al., 1999). Oat originated in
Asia Minor (Gibson and Benson, 2002). With
increasing emphasis on food, health and
nutritional security, oat has emerged as a crucial
crop. It is a popular forage crop along with this;
oat grain has potential health benefits.

Oat is largely used in cattle feeding and has
occurred in the human diet for a long time,
mainly as oatmeal and rolled oats. Oats are good
source of protein, fibres and minerals. Most of
the oat grain worldwide is consumed as animal

feed. Oat fodder, during the fodder deficit
period, is also used as silage or hay to feed
livestock instead of as green matter (Suttie and
Reynolds, 2004). Oats are a fine source of
several antioxidants such as vitamin E, phytic
acid and phenolic compounds (Collins, 2011
and Poonia et al., 2022). These phenolic
compounds are antioxidants in nature which is
health beneficial. In the country different types
of varieties are being grown by the farmers
based on their local environmental conditions.
The seed storage proteins of oat are unlike those
in wheat, barley and rye and do not contain
immune-active fragments that may lead to the
development of coeliac disease (CD) in
genetically predisposed individuals (Londono et
al., 2013). All these benefits make it all the
more important to study the variability of these
characteristics.
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Abstract
With increasing population and health-related problems, more emphasis is given to substitutes for generally

grown cereal crops. It is widely cultivated for forage purposes because of its high regenerating capability. Oat
grain has tremendous health benefits. Therefore the study of variability and correlation among yield contributing
traits becomes important. Keeping this in view, in the present research sixteen morphological traits were studied
for fifty six diverse oat genotypes. The experiment was conducted in RCBD design during Rabi 2017-2018.
Significant variation was seen for all the traits under study. High GCV and PCV were seen for most of the
most of traits except plant height, days to 50% flowering, days to maturity.  High heritability coupled with high
genetic advance was observed for most of the characters viz., flag leaf length, leaf length, leaf width, leaf stem
ratio, internode length, number of tillers plant-1, peduncle length, axis length, number of spikelets plant-1,
seed yield plant-1, 100-seed weight, green fodder plant-1 and dry fodder plant-1. Genotypes namely HFO-
878, HFO-614, HFO-879 and HFO-707 showed good performance for both seed yield as well as green
fodder yield. A study of variability, genetic advance, heritability and correlation will provide an opportunity for
fruitful selection of the genotypes based on traits with high genetic advance and heritability and showing positive
significant correlation with economic yield. Among the different traits which showed positive significant
correlation with seed yield and green fodder yield, interestingly tillers plant-1 showed positive significant
correlation both. 

Key words : Forage, grain, oat, correlation analysis, quality, additive gene action. 



The foremost step in the breeding
programme is to assess the amount of variation
present in the plant population that is used for
crop improvement. Analysis of the genetic
variability can be obtained using morphological
measurements and phenotypic characterization
(Greene et al., 2008). The heritability
measurement together with genotypic
coefficient of variation would give an accurate
idea about the extent of genetic advance that
would be expected through simple selection
(Burton 1952). High heritability, genetic
advance and genotypic coefficient of variation
give more precise data on the simple selection
that would be valuable for improvement of seed
yield per plant in oats genotype (Krishna et al.,
2013). Yield is a complex character and it is
affected by many factors. Thus, to evaluate the
relative importance of the component characters
and to start an efficient selection programme,
correlation studies are used.

Material and method 

The field experiment was performed at the
Forage Research Area of the Department of
Genetics & Plant Breeding, Chaudhary Charan
Singh Haryana Agricultural University, Hisar
(Haryana) during the Rabi season of 2017-18.
A total of fifty six oat genotypes, including two
checks (KENT and UPO212) were investigated
in RCBD design (Table 1). In the present
research, sixteen morphological traits i.e. Plant
height (cm), Number of days to maturity, Days
to 50% flowering, Flag leaf length (cm), Leaf
length (cm), Leaf width (cm), Leaf stem ratio,
Internode length (cm), Number of tillers plant-1,
Peduncle length (cm), Axis length (cm), Number
of spikelets plant-1, Seed yield plant-1 (g), 100
Seed weight (g), Green fodder plant-1 (g), Dry
fodder plant-1 (g) were studied.

Results

The mean of squares due to genotypes were
highly significant for all the characters studied as

shown in Table 2. The highest range was
observed for green fodder yield followed by
number of spikelets per plant, plant height, leaf
length and peduncle length. The highest
magnitude of genotypic coefficient of variation
(GCV) and phenotypic coefficient of variation
(PCV) was observed for leaf: stem ratio followed
by dry matter yield. Other high category of PCV
and GCV was seen for number of tillers plant-1,
seed yield plant-1, 100-seed weight plant-1,
number of spikelets panicles-1, green fodder
yield. Low GCV and PCV were observed for

Table 1. List of fifty six different genotypes of oat used in
the experiment

Name of Source Name of Source
genotype genotype

HFO809 CCSHAU, Hisar HFO615 CCSHAU, Hisar
HFO810 CCSHAU, Hisar HFO619 CCSHAU, Hisar
HFO815 CCSHAU, Hisar HFO525 CCSHAU, Hisar
HFO816 CCSHAU, Hisar HFO523 CCSHAU, Hisar
HFO832 CCSHAU, Hisar HFO505 CCSHAU, Hisar
HFO852 CCSHAU, Hisar HFO502 CCSHAU, Hisar
HFO862 CCSHAU, Hisar HFO498 CCSHAU, Hisar
HFO867 CCSHAU, Hisar HFO488 CCSHAU, Hisar
HFO874 CCSHAU, Hisar HFO430 CCSHAU, Hisar
HFO876 CCSHAU, Hisar HFO424 CCSHAU, Hisar
HFO878 CCSHAU, Hisar HFO419 CCSHAU, Hisar
HFO879 CCSHAU, Hisar HFO414 CCSHAU, Hisar
HFO883 CCSHAU, Hisar HFO409 CCSHAU, Hisar
HFO885 CCSHAU, Hisar OS346 CCSHAU, Hisar
HFO704 CCSHAU, Hisar HF0503 CCSHAU, Hisar
HFO706 CCSHAU, Hisar OS403 CCSHAU, Hisar
HFO707 CCSHAU, Hisar OS377 CCSHAU, Hisar
HFO601 CCSHAU, Hisar HFO267 CCSHAU, Hisar
HFO602 CCSHAU, Hisar OS305 CCSHAU, Hisar
HFO603 CCSHAU, Hisar HFO103 CCSHAU, Hisar
KENT AUSTRALIA DUNAV BULGARIA
UPO212 GBPUAT, JO-1 JNKVV, Jabalpur

Pantnagar
HFO604 CCSHAU, Hisar RO-19 CCSHAU, Hisar
HFO605 CCSHAU, Hisar KALOGEN BULGARIA
HFO607 CCSHAU, Hisar ALGERIAN ALGERIA
HFO610 CCSHAU, Hisar PLP-1 CSKHPAU, 

Palampur
HFO611 CCSHAU, Hisar HFO872 CCSHAU, Hisar
HFO614 CCSHAU, Hisar HFO864 CCSHAU, Hisar
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plant height, days to 50% flowering, days to
maturity. 

High heritability was observed for all the

traits under study. The estimates of high
heritability coupled with high genetic advance
were observed for most of the characters viz.,
flag leaf length, leaf length, leaf width, leaf stem

Table 2. Analysis of variance for green fodder yield and its component characters

Source of Mean sum of squares
variation ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Df Plant Days Days Flag leaf Leaf Leaf Leaf:
height to to 50% length length width Stem 
(cm) maturity flowering (cm) (cm) (cm) ratio

Replicate 2 898.63 3.60 4.86 318.35 220.31 0.61 0.00005
Treatments 55 280.63** 91.44** 50.81** 53.55** 116.43** 0.21** 0.0601**
Error 110 27.63 2.49 1.74 4.81 8.92 0.002 0.00023

Source of Mean sum of squares
variation ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Df No. of Peduncle Axis No. of Seed 100-seed Green 
tillers length length spikelets yield weight fodder yield
plant-1 (cm) (cm) panicle-1 (g plant-1) (g) (g plant-1)

Replicate 2 12.66 16.37 23.75 98.56 5.48 0.03 13.60
Treatments 55 10.17** 153.36** 53.91** 778.04** 79.76** 1.71** 3820.72**
Error 110 1.02 6.67 5.69 9.52 2.25 0.01 128.64

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

Table 3. Mean, range, coefficient of variation (GCV and PCV), heritability and genetic advance as % of mean for various
characters in 56 genotypes of oat

Character Mean Range Coefficient of variation (%) Heritability Genetic 
––––––––––––––––– ––––––––––––––––––––––––––– broad advance 
Mini- Maxi- Mini- Maxi- sense as percent 
mum mum mum mum (%) of mean

Plant height (cm) 102.84 73.20 123.27 8.93 10.29 75.32 15.97
Days to maturity 117.17 109.67 132.00 4.65 4.84 92.26 9.20
Days to 50% flowering 95.40 86.33 103.00 4.24 4.46 90.37 8.30
Flag leaf length (cm) 26.54 14.73 34.07 15.19 17.29 77.17 27.49
Leaf length (cm) 41.72 22.00 56.00 14.35 16.04 80.06 26.45
Leaf width  (cm) 2.23 1.73 2.74 12.00 12.14 97.59 24.41
Leaf: Stem ratio 0.34 0.16 0.86 42.05 42.29 98.85 86.13
Internode length (cm) 23.40 16.00 34.33 13.98 17.40 64.60 23.15
Number of tillers plant-1 7.11 3.97 11.70 24.56 28.39 74.85 43.78
Peduncle length (cm) 38.77 24.40 56.53 18.04 19.23 87.98 34.85
Axis length (cm) 32.18 21.20 39.60 12.46 14.50 73.84 22.05
Number of spikelets panicle-1 59.31 33.83 110.67 26.99 27.48 95.41 54.59
Seed yield (g plant-1) 19.08 10.61 30.20 26.64 27.78 91.98 52.64
100-seed weight (g) 2.80 1.68 4.29 26.96 27.28 97.68 54.88
Green fodder yield(g plant-1) 149.85 99.00 238.33 23.41 24.61 90.53 45.89
Dry matter yield (g plant-1) 53.13 31.33 86.33 28.50 30.35 88.19 55.13
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ratio, internode length, number of tillers
plant-1, peduncle length, axis length, number of
spikelets plant-1, seed yield plant-1, 100-seed
weight, green fodder plant-1 and dry fodder
plant-1. However low genetic advance over
percent mean was seen for traits including plant
height, number of days to maturity and days to
50% flowering (Table 3).

Correlation coefficient analysis showed that
traits namely 100-seed weight (0.43), number of
tillers plant-1 (0.37),  number of spikelets
plant-1 (0.36), leaf length (0.31), axis length
(0.30) and flag leaf length (0.27)had positive and
significant correlation with seed yield. While days
to 50% flowering (-0.36) had negative significant
correlation with seed yield. (Table 4). It was
further seen that green fodder yield was found
significantly positive correlated with plant height
(0.43), dry matteryield plant-1 (0.34) and tillers
plant-1 (0.33). For dry matter yield high positive

significant correlation was with plant height
(0.65). Other traits showing negative significant
correlation was between axis length and days to
50% flowering (-0.31),  days to 50% flowering
and  flag leaf length (-0.30), days to 50%
flowering and peduncle length (-0.39). Graphical
representation of scatter diagram, correlation
coefficients and frequency distribution is
depicted in Fig. 1 and 2.

Discussion

The study of analysis of variance clearly
indicates that all the oat genotypes studied
showed high variability for fodder yield and its
component traits. The genotypes reveal a vast
range of variation that is to be used for the
selection of superior and desirable genotypes for
further improvement and utilized through
selection, hybridization, heterosis and
combination breeding. The previously

Table 4. Genotypic correlation among 16 traits studied for 56 oat genotypes

TP NOS SY GFY DMY AL SI DF PH DM FLL LL LW LS IL PL
ratio

TP 1.00
NOS 0.02 1.00
SY 0.37** 0.36* 1.00
GFY 0.33* -0.12 0.08 1.00
DMY 0.05 -0.01 0.08 0.34* 1.00
AL 0.26 0.19 0.30* 0.18 0.25 1.00
SI 0.07 0.36* 0.43** 0.00 -0.09 0.11 1.00
DF -0.21 -0.19 -0.36** 0.03 -0.12 -0.31* -0.21 1.00
PH 0.11 0.14 0.18 0.43** 0.65** 0.18 0.08 -0.17 1.00
DM -0.25 -0.04 -0.15 0.02 -0.04 -0.15 0.09 0.50** 0.06 1.00
FLL 0.21 0.19 0.27* 0.09 0.06 0.27* 0.10 -0.30* 0.17 -0.14 1.00
LL 0.29* 0.14 0.31* 0.19 0.18 0.31* 0.22 -0.04 0.16 0.12 0.18 1.00
LW 0.08 0.26 0.21 -0.03 -0.07 0.24 0.03 0.14 -0.05 -0.06 0.07 0.20 1.00
LS ratio 0.09 0.31* 0.24 -0.14 -0.02 -0.16 0.08 -0.23 0.05 -0.11 0.29* 0.14 0.07 1.00
IL 0.03 0.12 0.17 0.25 0.09 0.11 0.15 -0.21 0.29* -0.07 0.17 0.09 0.28*0.07 1.00
PL 0.26 0.03 0.13 0.04 0.09 0.41** 0.07 -0.39** 0.12 0.04 0.22 0.10 -0.06 0.18 0.09 1.00

** Significant at 1%, * Significant at 5%. (TP- Number of tillers plant-1, NOS- Number of spikelets panicle-1, SY-Seed yield (g
plant-1), GFY-Green fodder yield (g plant-1), DMY- Dry matter yield (g plant-1), AL- Axis length (cm), SI-100-seed weight (g),
DF- Days to 50% flowering, PH-Plant height (cm), DM- Days to maturity, FLL- Flag leaf length (cm), LL- Leaf length (cm), LW-
Leaf width  (cm), LS ratio- Leaf:Stem ratio, IL- Internode length (cm), PL- Peduncle length (cm)
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researchers Shehzad et al. (2011); Cativelli et
al. (2011); Ahmed et al. (2011); Arora (2013);
Krishna et al. (2013); Bind et al. (2016);
Premkumar et al. (2017) and Singh et al.
(2018) also reported a huge and usable variation
in oat germplasm.

The phenotypic coefficient of variation (PCV)
estimates was found higher than the genotypic
coefficients of variation (GCV) for all the
characters studied showing the effects of the
environment on the expression of these
characters. GCV along with heritability and
genetic advance was significant as good
estimates of genetic gain to be expected from
the selection on a phenotypic basis. The plant
selections based on phenotypic performance are
showing high heritability and high genetic
advance and signify the usefulness of the trait.
Similar results for high GCV and PCV of traits
were also reported by Singh and Singh (2011);
Govindaraj et al. (2011) and Shekhawat and
Jaipal (2016) for one or more characters.

The results for the characters having high
heritability along with high genetic advance over
mean underlines the scope for improvement
through selection and signifies the presence of
additive gene action. Shekhawat and Jaipal
(2016) and Premkumar et al. (2017) reported
high heritability with high genetic advance for
various traits of green fodder yield and its
component.

The highest positive significant correlation
was seen between dry matter yield and plant
height. Significant positive correlation was seen
between dry matter yield and green fodder yield
& between number of days to maturity and days
to 50% flowering (Kumar et al., 2016).
Correlation coefficient analysis will help in
knowing the association between the complex
yield trait i.e. grain yield, green fodder yield and
dry matter yield with other traits under study.
These results will help in selection of genotypes

based on traits showing significant correlation
with the economic yield trait. The results as
shown above for the grain yield, green fodder
yield and dry matter yield having significant
positive correlation were seen in agreement with
Chawla et al. (2021), Poonia et al. (2018),
Premkumar et al. (2017), Poonia et al. (2017)
and Nirmalakumari et al. (2013).

Fig. 1. Correlation plot depicting colour
intensity proportional to significance of
correlation coefficient among 16 traits 

Fig. 2. Plot depicting correlation coefficient
above the diagonal along with
frequency distribution on diagonal and
scatter diagrams below the plot among
16 traits for 56 oat genotypes 
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Best performing oat genotypes for
yield trait : In single cut, the genotypes HFO-
707, HFO-879, HFO-488, JO-I, KALOGEN,
HFO-815, HFO-878, HFO-883, HFO-878,
HFO-615, HFO-267, RO-19 and HFO-614
were recognized as valuable genotypes for green
fodder yield while HFO-614, HFO-502, HFO-
605, HFO-603, JO-I, RO-19, HFO-879, HFO-
607, HFO-832, OS-377, and HFO-267, had
high dry matter yield. The highest mean for seed
yield (g plant-1) was observed in the case of
genotype, HFO-498. Genotypes namely HFO-
878, HFO-614, HFO-879 and HFO-707
showed good performance for both seed yield
as well as green fodder yield. Therefore these
genotypes play significant role in oat crop
improvement programmes to increase the yield
for both seed and fodder.

Conclusion

The parameters such as heritability, PCV,
GCV and genetic advance help in deciding the
method of selection to improve a certain
population for a specific trait. Significant
variability among genotypes for all traits and
high PCV and GCV signifies great diversity
among the genotypes taken for study. Selection
will be effective for all the traits except plant
height, number of days to maturity and days to
50 per cent flowering. Among the different traits
studied interestingly, tillers plant-1 showed
positive significant correlation with seed yield
and green fodder yield both. 
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Jamun fruit (Syzygium cumini L) is a minor
tropical fruit relating to the Myrtaceae family,
popularly known as jambul, java plum, jam,
black plum, Indian blackberry and jambolan
(Aslam et al., 2019; Ghosh & Pradhan, 2017;
Pharate et al., 2018; Shelke et al., 2020).
Jamun fruits have higher level of activity
compared to other common fruits as guava,
jackfruit, pineapple and papaya. The higher
antioxidant capacity behavior mainly due to the
presence of vital nutrients and polyphenols
(Shelke et al., 2020). Jamun fruits is widely
utilized by conventional practitioners over many
years for the treating of a number of disorders
due to presence of numerous pharmacological
properties (Singh and Paswan, 2015).The
production of jamun fruits is unorganized in
India, with significant annual losses between 20
and 30 % after the harvest (Patil et al., 2012).

Jamun fruits should be preserved and processed
into valuable products to minimize post-harvest
losses. A large number of food products are
prepared from Jamun fruits. Fruit juices can only
be stored for several weeks or months, while
fruit juices powder can be stored for months or
years. (Rezaul & Chen, 2017).Over the years,
the demand for fruit juice powders has risen
exponentially, since it is used as either raw
materials for processing or the powder itself as
the finished product (Oyinloye & Yoon, 2020).
Fruit juice in powder form can be used to
prepare various processed food products, such
as cakes, bread, cookies and a variety of drinks.
Fruit juice powder is becoming more and more
popular due to the ease of packaging, transport
and formulation of products (Braga et al.,
2020). There is a great scope for the
developmentof value added dairy products with
this fruitnot only because of their exotic flavor
butalso due to their nutraceutical importanceand
therapeutic values. Thus, processing ofjamun
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Abstract
This research aimed to evaluate the effect of spray-dried Jamun juice powder on the various quality

attributes of the ice cream. The physicochemical properties of ice cream, such as overrun, hardness, melting
rate, total soluble solids, fat, ash, titrable acidity, pH, and sensory analysis, were investigated at different
concentrations of spray-dried Jamun juice powder (2, 4, 6, and 8%). Results showed that powder concentration
exhibited a significant (p < 0.05) effect on all quality characteristics. The physical parameters of the produced
ice cream viz., overrun and hardness were in the range of 50.22–58.90 %, 21.2-34.26 N, respectively. The
chemical properties, including total soluble solids, fat, ash, titrable acidity, and pH, were in the range of 30-
50%, 10.2-11.99%, 0.83 to 1.70%, 0.176 to 0.250%, 6.72 to 6.1. The functional attributes including total
anthocyanin, total phenol content, and antioxidant activity were 0.088-2.1 mg g-1, 0.00-8 mg GAE 100-1 g,
and 0.00 to 74.07%, respectively. Based on the sensory analysis scores, 6% Jamun juice powder was found
to be the best treatment. Spray-dried Jamun juice powder can be used for product development, improve the
food's physical attributes, and enrich nutrition.

Key words :  Jamun juice powder, physico-chemical, functional ingredients, Ice cream
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fruit into value-added products resultin a wide
variety of exotically flavoredproduct with better
nutritional and sensoryqualities may unveil new
market for export.

Ice cream is a cold dessert that is prepared
by blending several ingredients such as milk,
cream, milk solids non - fat (MSNF), sugars,
stabilizer and emulsifying agents, as well as
flavors and coloring agents (Hashim and Shamsi,
2016).Ice cream is an excellent source of food
energy due to its high fat content, although a
high dietary fat intake is associated with an
increasing risk of health problems. That is why
need is developing for minimal fat ice cream
made with enhanced quality ingredients such as
fruits and nuts. To meet the requirements, the
dairy industry has contributed a variety of fat-free
ice creams without changing the sensory
qualities (Murtuza et al., 2004).Due to the active
life-style of the consumer, the market for
healthier ice cream continues to grow.The ice
cream industry should also hold a closer focus
on the emerging innovations and resources that
can help to develop exactly what is needed.
Plain ice cream does not contain polyphenols,
antioxidant and vitamins. Therefore, fortification
of fruit powder in the ice cream production can
be increase the nutritional quality. The quality of
finished ice cream can be influenced by the
addition of substances that affect these
properties.

Studies on the production of a functional
food ingredient from different fruit juice powder
are available in the literature. However, no such
studies on jamun juice powder fortification in
dairy products are recorded as far as we know.
The primary focus of this experiment was
therefore to strengthen the nutrient content of
ice cream, along with phenolic compounds from
jamun juice powder using fortification
techniques, in order to increase the texture of
ice cream with health benefits and increased
stability.

Materials and Methods

Cow milk, cream, sugar, skim milk powder,
stabilizer, and emulsifier were bought from the
local market as raw materials. Chemicals and
glassware were purchased for research from
M/S Dodal Enterprises (Aurangabad,
Maharashtra).

Preparation of Jamun Juice powder :
Spray dried Jamun juice powder was produced
using Labultima (model LU-222, Advanced)
laboratory spray dryer. The spray dryer operates
concurrently and has a spray nozzle, two-fluid
atomizer with 0.7 mm diameter orifice. The inlet
air temperature 160°C were used. Jamun juice
was fed into the drying chamber using a
peristaltic pump. The liquid feed rate to the
dryer was 5 per cent and the aspirator rate was
50 per cent. The atomization air pressure was
set to 3 kg cm2 on the air pressure regulator.
The product obtained was kept in aluminum
laminated (0.02 mm) pouches. The pouches
were then stored in a desiccator containing silica
gel before used (Sonone et al., 2016). 

Formulation : Ice cream blends were
prepared in a quantity of 1 kg per treatment.
The basic ice cream recipe was designed to
comprise 10% fat, 11% SNF, 15% sugar, %
stabilizer (CMC), 0.4% emulsifier (GMS) and
jamun juice powder at various levels of 2-8
percent. Ice cream without jamun powder T0
(control) and ice cream with jamun powder T1,
T2, T3 and T4 (2%, 4%, 6%, and 8% w/w) were
the five treatments with three replications.

Preparation of ice-cream : The methods
described by Walstra, Wounters, and Geurts
(2006) were used to make ice cream. The ice
cream mixes were made in batches according to
the treatment. Except for the jamun juice
powder, all ingredients were weighed and
blended well using a hand held blender (Ciclone
20, Naru Equipment, and Mumbai, India). The
mixes were pasteurized at 72°C for 20 minutes
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to kill disease - causing organisms and getting
cooled to 5°C. The pasteurized mixes were then
homogenized in a homogenizer (Sealtech
Engineers, Pune, India) to produce and improve
ice cream appearance. The homogenized ice
cream mixture was aged at 4°C to improve
product viscosity. Jamun pomace powder was
put into ice cream mix after aging, and the entire
combination was filled into a batch freezer ice
cream machine (3 kg capacity; Jyoti Machinery,
Varanasi, UP, India). At first, only the beater was
turned on for two minutes. Beater and
compressor were started jointly after two
minutes, and the ice-cream position was
checked after 20 minutes and drained by pulling
the tripper. The required freeze time for the
different mixtures was 20±5 min. Soft ice cream
samples were collected from the ice cream
machine outlet in 50 mL paper cups. The
sample was labeled and stored in a deep freezer
for hardening at -18°C to -20°C. After the ice
cream hardened, the physicochemical and
sensory qualities were evaluated. 

Physico-chemical analysis of ice cream

Physical analysis : Overrun was
determined using standard methods(Azari-Anpar
et al., 2017). The hardness of prepared ice
creams was measured on the UTM at 25°C
(Make: Shimadzu, model: AG-X). For hardness
testing, a 2 mm stainless steel cylindrical probe
was used. The penetration speed and depth
were set at 2.0 mm s-1 and 15 mm,
respectively. The peak compression force was
used to calculate the sample's hardness (N)
(Bahram Parvar et al., 2013; Pon et al., 2015).

Chemical and functional analysis : Total
soluble solids (TSS) of Ice cream were measured
using a hand Refractometer (Erma, Tokyo,
Japan) as degree Brix (°Bx) (AOAC, 2000). The
ash content was determined using (AOAC
2000) procedure by igniting the organic matter
and expressed as percentage. The ice cream fat

content was determined using Soxtron (Sox-2,
Tulin Equipments Koyambedu, Chennai, Tamil
Nadu). The titrable acidity was measured using
the (AOAC 2000) method. Also, the pH of the
juice was measured using a pH meter (ELICO
Ltd., Hyderabad, India). Total phenolic,
anthocyanin content and antioxidant activity of
ice cream were determined according to the
methods proposed by (Singh et al., 2019).

Sensory analysis of ice-cream : The ice
creams were evaluated according to protocol
(Bahramparvar et al., 2014). All samples were
served in 30 mL paper cups and examined
under clear white lighting at 24 1 °C. Panelists
were chosen from among students and
professors at Mahatma Phule Agricultural
University's Department of Agricultural Process
Engineering in Rahuri. The ice creams was
evaluated for sensory qualities using a 9-point
hedonic scale, which spans from strongly like to
extremely dislike for various parameters, by
panels of eleven semi-trained judges. Color,
texture, taste, aroma, and overall acceptability
mean values were observed (Gabbi, Bajwa and
Goraya, 2017).

Statistical analysis : SAS 9.1 (SAS
Institute Inc., Cary, NC, USA) was used to
perform analysis of variance (ANOVA) on the
experimental data. A significant difference bet-
ween treatments was determined using Turkey’s
technique at a level of significance (P < 0.05).
Each measurement was carried out three times.

Results and Discussion

Effect of jamun juice powder incorpo
ration on physical properties : The amount
of air in ice cream is critical since it affects the
quality and profitability of the product. As a
consequence, in order to achieve the maximum
overrun, it was needed to assess both economic
and customer approval as per national
regulations (Azari-Anpar et al., 2017). It was
observed that the level of jamun juice powder in
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the ice cream increased, the overrun value
increased significantly (p < 0.01). Control ice
cream sample T0 had a higher overrun value
(50.22%), while treatment T4 had a lower
overrun value (58.90 %) (Table 1). The increased
overrun values were probably due to
maltodextrin and gum Arabica based juice
powder alternatives, by raising viscosity during
blending and freezing process, air is effectively
dispersed throughout the texture and thus lead
to higher sample overrun. Comparable findings
also reveal that the use of maltodextrin (Azari-
Anpar et al., 2017) and modified starch as a fat
replacer in the ice cream composition to higher
overrun. The peak force reached during probe
penetration was characterized as ice cream
hardness (Ghandehari Yazdi et al., 2020).The
hardness was affected significantly (p<0.01) due
to addition of jamun pomace powder (Table
2).The findings indicated a decrease in hardness
due to addition of jamun pomace powder. The
control sample had a hardness of 34.26 N,
which decreased to 21.2 N for sample with 8 %
addition of jamun pomace powder. This was due
to increased overrun with addition of jamun
pomace powder.

Effect of jamun juice powder incorpo-
ration on chemical analysis : The chemical
findings indicated that the total soluble solids,
ash, titrable acidity increased significantly (P >
0.05) while the fat content and pH, decreased
significantly (P > 0.05) with 2 to 8 % of jamun
juice powder incorporation. The observations of
chemical analysis are described in Table 1. The
highest values of TSS (50.01), Ash (1.70%) and
titrable acidity (0.250%) were found at
treatments T4 (8% JJP), while highest value of
fat (11.99) and pH (6.72) were found at
treatment T1 (control).  On the other hand
lowest value of TSS (30.23), Ash (0.83%) and
titrable acidity (0.170%) were found at
treatments T1 (control), while lowest value of fat
(10.2) and pH (6.12) were found at treatments
T4 (8% JJP).Increase in the total solids content
of the ice creams due to the high total solid
content of the jamun juice powder. The fat
content of ice cream decreased significantly, was
due to the jamun juice powder has a low fat
content. Fruits contain less fat so that their
inclusion contributes to a reduction in fat
content. Ash content significantly increased due
to the higher amount of ash in added powder.

Table 1. Effect of jamun Juice  incorporation on physico-chemical properties of ice cream

Properties Treatments
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
T1 (Control) T2 (2%) T3 (4%) T4 (6%) T5 (8%)

TSS °B 30.23 ±0.80e 36.82 ±1.26d 41.23 ± 1.9c 44.69 ± 2.61b 50.01 ±1.74a

Fat % 11.99 ±0.01a 11.20 ±0.02b 10.70 ±0.05c 10.40 ± 0.04d 10.2 ±0.02e

Ash % 0.83 ±1.53e 0.98 ±2.52d 1.36 ±4.51c 1.55 ± 1.53b 1.70 ±2.00a

Titrable acidity % 0.176 ±0.84e 0.190 ±0.67d 0.210 ± 0.64c 0.235 ±1.06b 0.250 ±0.85a

pH % 6.72 ±0.22a 6.65 ± 0.79b 6.35 ±0.25c 6.23 ±0.18d 6.12 ±0.51e

TAC (mg 100-1 g) 0.088 ± 1.35e 1.20 ±0.93d 1.60 ± 0.56c 1.92 ± 0.83b 2.1 ± 0.97a

TPC (mg GAE 100-1) - 4.33 ±1.50a 6.21 ± 1.12d 7.42 ±1.65e 8.00 ±1.52b

AA (%) - 55.33 ± 2.47d 60.24 ± 1.85c 66.23 ± 0.86b 74.7 ± 1.40a

Hardness N 34.26  ± 0.95c 33.2 ± 1.01d 29.4 ± 0.76c 25.4 ± 1.11b 21.2 ± 1.03a

Overrun % 50.22 ± 0.04a 51.21 ± 0.05b 56.33 ± 0.43c 57.22 ±0.10d 58.90 ±0.08e

n=3, Means ±SD with different lower-case letters in the same line are significantly different (P < 0.05). TAC, Total anthocyanin
content; TPC, Total phenolic content, AA, Antioxidant Activity.  T0 - Control ice cream without jamun  juice powder (JJP); T1
- ice cream with 1% jamun juice powder (JJP);  T2 - ice cream with 2% jamun  juice powder (JPJP); T3 - ice cream with 3%
jamun juice powder (JJP) and T4 - ice cream with 4%  jamun juice powder (JJP)
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Increased titrable acidity of ice cream may be
owing to greater acidity and high phenolic
content of jamun juice powder, such as galic and
elagic acid.The findings of this analysis are
compatible with Shelke et al. (2020), Ayar et al.
(2018), Goraya and Bajwa (2015)

Effect of jamun juice powder incorpo-
ration onfunctional analysis : The
anthocyanin and phenols are essential
substances in Jamun fruit (Shelke et al., 2020).
The functional attributes, including TAC, TPC
and AA of the ice cream, were significantly
(p<0.05) influenced by Jamun juice powder
concentrations. The highest values of TAC (2.1
mg 100-1 g), TPC (8.00mg GAE/100) and AA
(74.7 %) were observed at treatment T4 (8%
JJP), whereas, lowest were found at treatment
T1 (control). Increased phytochemicals
percentage of ice cream may be owing to
greater high phenolic content of jamun juice
powder, such as galic and elagic acid. Similar
results were reported by (Hashim and Shamsi,
2016; Jazić et al., 2019). 

Sensory analysis of ice-cream : Sensory
analysis results indicate that the panelists
recognize substantial variation in color, texture,
flavour and overall of the ice cream sample.
There was a significant (p < 0.05) difference in
the sensory score of color, texture, taste, aroma
and overall acceptability (Table 2). The color
score of treatment T4 (8.9) was greater for ice
cream with 8% jamun powder than for other
samples. The strength of purple color was

reported to be dependent on the amount of
jamun juice powder. The texture values were the
highest (8.9) for ice cream incorporating 6%
jamun juice powder. The taste scores of
treatment T3 (8.9) was maximum for ice cream
with 6% jamun powder. Increase in powder
more than 6%, the taste of ice cream was
degraded due to the pungency of jamun powder.
Aroma scores were greatest for ice cream with
8% jamun powder. The results of ice cream (T3)
manufactured with 6% jamun juice powder was
liked very much in aspects including texture,
taste, aroma and overall acceptability.

Conclusion

The Physico-chemical analysis of Jamun
Pomace powder incorporated ice cream
revealed that the total solids, ash, acidity, TAC,
TPC, AA and overrun increased whereas fat
content, pH, hardnessdecreased significantly at
augmented level of powder. Jamun pomace
powder 6% (w/w) found to be a suitable source
for enrichment of ice cream without affecting
adversely the organoleptic properties.Spray
dried jamun juice powder can be used as natural
sweetener, colorant andflavoring agent to
produce ice cream with unique color and aroma.
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Table 2. Effect of jamun juice powder incorporation on sensory characteristics of ice cream

Treatment Level Colour Texture Taste Aroma Overall 
JPP% acceptability

T0 0 7.0  ±  0.32e 6.8 ± 0.99e 6.0 ± 0.41e 5.0 ± 0.68e 6.1 ± 0.43e

T1 2 7.3 ± 0.12d 7.6 ± 0.47d 7.1 ± 0.49d 6.7 ± 0.38d 7.0 ± 0.22d

T2 4 7.7 ± 0.28c 7.9 ± 0.38c 7.6 ± 0.73c 7.8 ± 0.92c 7.5 ± 0.38c

T3 6 8.6 ± 0.32b 8.9 ± 0.12a 8.9 ± 0.63a 8.5 ± 0.13b 8.9 ± 0.78a

T4 8 8.9 ± 0.42a 8.0 ± 0.33b 8.1 ± 0.42b 8.7 ± 0.48a 8.0 ± 0.62b

n=10. Least Squares Means  ±SD with different lower-case letters in the same line are significantly different (P < 0.05).
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Abstract
Hypsometry of drainage basins (area-elevation analysis) has generally been used to reveal the stages of

geomorphic development (stabilized, mature and young). In the present study, Kanoli river watershed located
in Nashik district of Maharashtra was considered as the study area. The watershed was delineated into seven
sub-watersheds and hypsometric analysis was carried out for all of them using the digital contour map, which
was generated using Arc/Info GIS. In analysis, a curve is derived by plotting the relative heights (h/H) and
relative areas (a/A); the obtained curve is called as hypsometric curve. The area under the Hypsometric curve
is the Hypsometric Integral (HI). The hypsometric integral values for all of the sub-watersheds of Kanoli river
ranges between 0.45 and 0.88. It was observed from HI that the sub-watersheds WS2, WS4, WS6 are in the
mature stage and moving toward the deteriorating stage. The sub-watershed WS3 yielded higher hypsometric
integral value, explaining its late youthful stage which calls for suitable measures of soil and water conservation.
Further, sub-watersheds WS1, WS5 and WS7 have got very high value of hypsometric integral which takes
them to young stage i.e. very susceptible to erosion. Therefore, these sub-watersheds are more prone to
subsequent erosion activities and needs immediately appropriate soil and water conservation measures.

Key words : GIS, Geologic Stage, Hypsometric Analysis, Watershed.

Hypsometric analysis is the relationship of
horizontal cross-sectional drainage basin area to
elevation. The hypsometric curve has been
termed the drainage basin relief graph.
Hypsometric curves and hypsometric integrals
are important indicators of watershed condi-
\tions. Hypsometric analysis was first time
introduced by Langbein (1947) to express the
overall slope and the forms of drainage basin.
The hypsometric curve is related to the volume
of the soil mass in the basin and the amount of
erosion that had occurred in a basin against the
remaining mass (Hurtrez et al., 1999). It is a
continuous function of non-dimensional distribu-
tion of relative basin elevations with the relative
area of the drainage basin (Strahler, 1957). 

Comparisons of the shape of the hypso-
metric curve for different drainage basins under

similar hydrologic conditions provides a relative
insight into the past soil movement of basins.
Thus, the shape of the hypsometric curves
explains the temporal changes in the slope of
the original basin. Strahler (1952) interpreted
the shape of the hypsometric curves by
analyzing numerous basins and classified the
basins as young (convex upward curves), mature
(S-shaped hypsometric curves which is concave
upwards at high elevations and convex downwa-
rd at low elevations) and peneplain or distorted
(concave upward curves). There is frequent
variation in the shape of the hypsometric curve
during the early geomorphic stages of develop-
ment followed by minimal variation after the
watershed attains a stabilized or mature stage.

Hypsometric analysis is carried out to
ascertain the susceptibility of watershed to
erosion and prioritize them for treatment. The
slope of the hypsometric curve changes with the
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stage of watershed development, which has a
greater bearing on the erosion characteristics of
watershed and it is indicative of cycle of erosion.
The hypsometric integral (HI) is also an
indication of the 'cycle of erosion' (Strahler,
1952; Garg, 1983). The cycle of erosion is the
total time required for reduction of land area to
the base level i.e. lowest level. This entire period
of the cycle can be divided into three stages viz.
manadnock (old) (HI=0.3), in which the
watershed is fully stabilized; equilibrium or
mature stage (HI= 0.3 to 0.6) and inequilibrium
or young stage (HI> 0.6), in which      watershed
is highly susceptible to erosion (Strahler, 1952).

Hypsometric curves and hypsometric integral
is important watershed health indicator.
Hypsometric analysis using GIS has been used
by several reserchers in India dealing with
erosional topography (Pandey et al., 2004;
Singh et al., 2008a and Singh et al., 2008b).
Further, there is lack of hypsometric based
studies to watershed health, which is attributable
to the tedious nature of data acquisition and
analysis is involved in estimation of hypsometric
analysis. Employing Geomorphological Informa-
tion System (GIS) technique in hypsometric
analysis of digitized contour maps helps in
improving the accuracy of results and save time.
Considering the above facts, this study was
undertaken to determine geological stage of
development of sub-watershed of Kanoli river in
the Malegaon Tahsil, Nashik district of
Maharashtra.

Materials and Methods

Description of study area : The study
area, named Kanoli watershed located at
Malegaon Tahsil, Nasik District of Maharashtra.
Girna is the tributary of the Tapi basin, which
originates from the Western Ghat. Malegaon is
situated in the eastern frontier of the Upper
Girna basin.  Kanoli river is the left bank
tributary of Girna River. The area of study

watershed is 189.41 km2. It lies between North
latitude 20° 37’ and 20° 39’ and East longitude
74° 31’ and 74° 44’. The elevation ranges from
680 to 398 m above MSL. 

The study area has subtropical, semi-arid
monsoon climate with average annual rainfall of
1100 mm. The climate of study area is hot in
summer and cold in the winter and slightly
humid in the rainy season. Study area has three
distinct seasons viz. Monsoon starting from mid-
June to September, winter from November to
February, summer from March to mid-
June.  90% of the rainfall occurs in monsoon
season.

Watershed Delineation and generation
of contour map : Base map of study area was
prepared using Survey of India (SOI) toposheet
46L/10. The topographical information of the
watershed in 1:50000 scale with contour
interval 20 m acquired from SOI toposheet were
digitized using capability if ArcInfo and ArcGIS
tools (Fig. 2). Drainage network was also
digitized. Then the watershed boundary and sub-
watersheds boundary were digitized. Contour
map can be further used for delineation of sub-
watersheds within watershed and identify the
natural drainage network. Then contour map
was polygonized to determine the area enclosed
by each contour.
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Fig. 1. Location Map of study area



Plotting of hypsometric curves (HC) :
Hypsometric curve was obtained by plotting the
relative area along the abscissa and relative
elevation along the ordinate. The relative area is
obtained as a ratio of the area above a particular
contour to the total area of the watershed
encompassing the outlet. Considering the
watershed area to be bounded by vertical sides
and a horizontal base plane passing through the
outlet, the relative elevation is calculated as the
ratio of the height of a given contour (h) from
the base plane to the maximum basin elevation
(H) (up to the most remote point of the
watershed from the outlet). The hypsometric
integral (Hsi) was estimated using the of
hypsometric curves (HC). 

Results and Discussion

The co-ordinates of the hypsometric curves
of the seven sub-watersheds of Kanoli river
watersheds as obtained were plotted and
presented in Fig 3. It was observed from the
hypsometric curves of these sub-watersheds that
the drainage system is attaining the mature stage
from the youth stage. The comparison between
these curves shown in the Fig. 3 indicated a
marginal difference in mass removal from the
sub-watersheds of study area. It was also
observed that there was a combination of
convex-concavo and S-shape of the hypsometric
curves for the sub-watersheds under study. This
could be due to the soil erosion from theses sub-
watersheds resulting from the incision of channel
beds, down slope movement of topsoil and
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Table 1. Hypsometric Integral of sub-watershed of study
area

Sub- Area Hypso- Geological 
watershed (m2) metric stage

integral

WS1 29181849 0.83 Young
WS2 22160754 0.53 Mature
WS3 14879850 0.88 Young
WS4 29569680 0.45 Mature
WS5 32575485 0.64 Young
WS6 30047281 0.55 Mature
WS7 30993343 0.73 Young
Total 189408242

Fig. 2. Contour map of study area



bedrock materials, washout of the soil mass and
cutting of streams banks.

The hypsometric integral (HI) values obtained
for 7 micro-watersheds of study area are
presented in Table 1. The HI values of these sub-
watersheds ranged between 0.45 to 0.88. It was
observed from HI that the sub-watersheds WS2,
WS4, WS6 are in the mature stage and moving

toward the deteriorating stage. Further, sub-
watersheds WS1, WS3, WS5 and WS7 have got
very high value of hypsometric integral which
takes them to young stage i.e. very susceptible
to erosion. Therefore, these sub-watersheds are
more prone to subsequent erosion activities and
needs immediately appropriate soil and water
conservation measures.

Conclusion

Hypsometric analysis of watershed expresses
the complexity of denudation processes and the
rate of morphological changes. Therefore, it is
useful to comprehend the erosion status of
watersheds and prioritize them for undertaking
soil and water conservation measures. But, great
care must be exercised in interpreting and
comparing hypsometric curves due to its
complex nature of computation. The results of
hypsometric integrals revealed that the sub-
watersheds WS1, WS3, WS5 and WS7 are
more prone to erosion in comparison to other
sub-watersheds which would necessitate
construction of soil and water conservation
structures at appropriate locations of the sub-
watersheds to arrest sediment outflow and
conserve water. Further, the sub-watersheds,
which are having HI values more than 0.5 (i.e.
approaching youthful stage) need construction
of both vegetative and mechanical soil and water
conservation structures to arrest sediment load
and conserve water for integrated watershed
management. However, the HI values less than
0.5 (i.e. approaching monadnock stage) needs
minimum mechanical and vegetative measures
to arrest sediment loss but may require more
water harvesting type structures to conserve
water at appropriate locations in the watershed
for conjunctive use of water.
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