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Mango crop considered as a “King of fruits
in India. In the global  scenario, India is the top
producer of mangoes among the fruits crops..
India has the richest collection of mango
cultivars. All the enterprises are basically
interested in increasing the productivity.
Agriculture being an enterprise is not an
exception to this. The farmers as the manager
of the enterprise are expected to bring about
maximum profit with available resources.
Irrespective of the economic, social, cultural,
physical and technological environment, the
farmers manage a production system to get a
return from it, consciously or unconsciously.

Technological explosion in India is taking
place at a faster rate in the area of agriculture
and allied fields. These vocations are looked as

industry than merely as livelihood, partly
because of increasing pressure on various
production inputs. The cost of these inputs is
increasing at an alarming rate in the past one
decade and this has compelled the farmers to go
in for commercialization of agriculture. Many
resourceful farmers have switched over to
commercial farming but for the less resourceful
farmers, although there is a prepared mind to
go in for high value crops but the situation is not
permitting nevertheless, given the opportunity.
It is natural that majority of farmers are likely to
go in for more profitable crops. The policy of
Government particularly liberalization and
globalization of agriculture has provided a
favourable climate for the enterprising farmers,
particularly commercial farming enterprises
which are fast emerging. Mango production is
the promising and important commercial
enterprise as compare to other areas of fruits
crops. Today the mango production has attained
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Abstract
The present investigation was carried out to analyze the Accessibility of orchard of the commercial mango

growers for scientifically management of mango orchard by interviewing 240 commercial mango orchard
growers have been cultivated their orchard for market purpose.This  investigation  conducted in Ratnagiri and
Sindhudurg districts of Konkan region of Maharashtra state. Purposive sampling methods was study for this
investigation. Total six tahsils were selected, eight villages were selected  on the basis of large of commercial
mango growers. From 48 villages 240 respondents were selected on the basis they have possess minimum 2
ha. of mango orchard on marketing purpose. Finding of this investigation, more than one third of the
commercial mango growers were having their orchards at ‘two’ places. One fourth  of the commercial mango
growers had their mango orchard ’7.01 to 9.00 km’ away from main road, one fourth of the commercial
mango growers had their mango orchard 6.01 to 9.00 km away from their home one forth (27.91%) of the
commercial mango growers were having their orchards in ‘Hilly + plain + undulating’ type of land. One sixth
(30.41%) of the commercial mango growers were having ‘pathway + rough + tar’ type of road to reach the
orchard. Majority of respondents fell under fair overall accessibility categories.

Key words : Accessibility, commercial mango growers, scientifically management.
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the status of industry and it has emerged as the
major venture on the world scenario. Many
people believe that there is money in mango
production and it is getting a boost to enter
world market, thus globalizing agriculture
agriculture/horticulture. Many educated
entrepreneurs are engaged in high-tech mango
production with the intention to enter export
market and to commercialize mango production
trade. Many kinds of fruits crops grown for
domestic and international trade in both
developed and developing countries of the
world. Today, Mango production is recognized
as lucrative profession with a much higher
potential returns per unit area. Accessibility is
very important role the mango production. More
accessible mango orchard should have better
inputs management, timely harvesting,
controlling insect/pest and disease,
transportation and marketing of produce as
compare to less mango orchard. Looking to the
importance role of accessibility in commercial
mango production an attempt has to made to
investigate accessibility of orchard of the
commercial mango growers for scientifically
management of mango orchard

Materials and Methods

The present study was conducted in Konkan
region of Maharashtra state. Purposive sampling
methods was study for this investigation.
Ratnagiri and Sindhudurg districts were selected
on the basis highest area under commercial
mango cultivation. Each district three tahsils
were selected, thus total six tahsils were selected
on the basis of maximum number of commercial
mango growers.  Each Tahsil eight villages were
selected on the basis of large of commercial
mango growers. Thus total 48 villages were
selected based on the maximum area under
commercial mango cultivation. Five commercial
mango growers from each selected village were
selected randomly. Thus, total 240 respondents
were selected. Responses were collected from

the commercial mango growers by using survey
method. The primary data were obtained
through personal interview and observation
using critically well designed tested questionnaire
from the experts then calculated it with scoring.
The secondary data and other relevant
information were obtained through
documentary study such as reports, research
papers, reference books, bulletins, journals and
periodicals originated from several institutions
and literatures.Frequency, percentage, mean,
standard deviation statistical were used for this
study. 

Results and Discussions

Fragmentation of mango orchards :
The data presented in Table 1revealed that,
more than one third (47.92%) of the commercial
mango growers were having their orchards at
‘two’ places. One fourth (25.00%) of them were
having their orchard at ‘one’ place. Less than
one sixth (12.08%)of them were having their
orchard at ‘three’ places. Only 8.75 per cent
and 6.25 per cent respondents were having
their orchards located at ‘four’ and ‘five’ spots,
respectively.The scattered mango orchards were
observed obviously due to fragmented land
holding in Konkan region.

Distance of the orchard from main
road : It quick look at Table 2 revealed that,
more than one fourth (38.34%) of the

Dhenge et al.4

Table 1. Distribution of the respondents according to their
number of mango orchards

No. of Respondents (N=240)
plots ––––––––––––––––––––––––––––––

Number Perce-
ntage

Five 15 6.25
Four 21 8.75
Three 29 12.08
Two 115 47.92
One 60 25.00
Total 240 100.00



commercial mango growers had their mango
orchard ’7.01 to 9.00 km’ away from main
road. Nearly equal number (20.84% and
20.00%) of the respondents had their mango
orchard ‘3.01 to 5.00 km’ and ‘5.01 to 7.00
km’ away from the main road, respectively.
Nearly one sixth (14.58%) of the respondents
had their mango orchard ‘9.01 and above km’
away from the main road. Only 4.58 per cent
and 1.66 per cent of the respondents had had
their mango orchard ‘1.01 to 3.00 km’ and
‘upto 1 km’ away from the main road,
respectively.This clearly indicates that
respondents had developed their mango

orchards at interior sites and average age of the
orchard were 34 years due to the non availability
of infrastructural facilities during planting time
hence it is a probable reasons behind this.  

Distance of the orchard from home : It
is apparent from Table 3 that, more than one
fourth (29.58%) of the commercial mango
growers had their mango orchard 6.01 to 9.00
km away from their home. Little more than one
fourth (26.25%) of the respondents had their
orchard ‘Upto 1.00 km’away from their home.
One sixth (16.26%) of the respondents had their
orchard ‘12.01 and above km’ away from their
home. Nearly one seventh (12.08%) of the
respondents had their orchard in between ‘1.01

to 3.00 km’ from their home. Only 9.58 per
cent and 6.25 per cent of the respondents had
their orchard in between ‘3.01 to 6.00 km’ and
‘9.01 to 12.00 km’ from their home,
respectively. Mango is grown mostly on varkas
land at the foothills in the Konkan region. Due
to this reason, majority of the mango orchards
might have been observed at distant location
from the place of residence of the mango
growers.

Type of land : It can be observed from
Table 4 that, more than one forth (27.91%) of
the commercial mango growers were having
their orchards in ‘Hilly + plain + undulating’ type
of land. One fifth (20.00%) of the respondents
were having their orchards in ‘Plain +
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Table 2. Distribution of the respondents according to the
distance of the mango orchards from main road

Average distance Respondents (N=240) 
from main road (km.) –––––––––––––––––––––––––

Number Percen-
tage

Upto 1 04 1.66
1.01 to 3.00 11 4.58
3.01 to 5.00 50 20.84
5.01 to 7.00 48 20.00
7.01 to 9.00 92 38.34
9.01 and above 35 14.58
Total 240 100.00 

Table 3. Distribution of the respondents according to the
distance of the mango orchards from their home

Average distance Respondents (N=240)
from home (km.) –––––––––––––––––––––––––

Number Percen-
tage

Upto 1.00 63 26.25
1.01 to 3.00 29 12.08
3.01 to 6.00 23 9.58
6.01 to 9.00 71 29.58
9.01 to 12.00 15 6.25
12.01 and above 39 16.26
Total 240 100.00

Table 4. Distribution of the orchards and respondents
according to the type of land

Type of land Respondents (N=240)
––––––––––––––––––––––––
Number Percen-

tage

Hilly 16 6.67
Plain 34 14.17
Undulating 19 7.92
Hilly + plain 24 10.00
Hilly + undulating 32 13.33
Plain + undulating 48 20.00
Hilly + plain + undulating 67 27.91
Total 240 100.00



undulating’ type of land. One seventh (14.17%)
of the respondents were having their orchards
in ‘Plain’ type of land. Nearly one seventh
(13.33 per cent) of the respondents were having
their orchards in ‘Hilly + undulating’ type of
land. One tenth (10.00%) of the
respondentswere having their orchards in ‘Hilly
+ plain’ type of land. Only 7.92 per cent and
6.67 per cent of the respondents were having
their orchards in ‘Undulating’ and ‘Hilly’ type of
land, respectively. It is observed that the
productivity of the Alphonso mango grown on
the hill slopes is higher than that of the plain
lands. The geography of the Konkan region
provides such situations. These might be the
reasons behind establishment of mango
orchards on hilly, plain and undulating land.

Type of road : It is clear from Table 5 that,
little less than one sixth (30.41 per cent) of the
commercial mango growers were having
‘pathway + rough + tar’ type of road to reach
the orchard. Nearly one fifth (19.17%) of the
respondents were having ‘rough + tar’  type of
road to reach the orchard, followed by  ‘pathway
+ rough’ (15.00%), ‘rough’ (11.25%), ‘tar’
(10.00%), ‘pathway + tar’ (8.75 per cent) and
‘pathway’ (5.42%). Considering average of
plantation there was lack of transport and
communication infrastructure in Konkan region.
Further, mango plantations are located mostly at
distant and remote places, which are not easily
approachable. Due to this, the mango growers
are compelled to use the available pathways and
rough roads.

Overall accessibility of orchard : The
information pertaining to overall accessibility of
the respondents to orchard was presented in
Table 6 and diagrammatically depicted in Fig. 1.

A perusal of data displayed in Table 6 clearly
indicated that, majority (84.58%) of the
respondents were in ‘fair’ category of
overallaccessibility of orchard, while 9.17 per

cent and 6.25 per cent were in ‘poor’ and
‘good’ category, respectively. The average
accessibility of orchard of the respondents was
16. From the above findings, it can be inferred
that majority of the commercial mango growers
had medium accessibility to their mango

Dhenge et al.6

Table 5. Distribution of the orchards and respondents
according to the type of road to reach the orchard

Type of road Respondents (N=240)
–––––––––––––––––––––––––––
Number Percen-

tage

Pathway 13 5.42
Rough 27 11.25
Tar 24 10.00
Pathway + rough 36 15.00
Pathway + tar 21 8.75
Rough + tar 46 19.17
Pathway + rough + tar 73 30.41
Total 240 100.00

Table 6. Distribution of respondents according to their
overall accessibility of orchard

Accessibility of Respondents (N=240)
Orchards (Score) –––––––––––––––––––––––––––

Number Percen-
tage

Poor (Upto 11) 22 9.17
Fair(12 to 21) 203 84.58
Good  (22 and above) 15 6.25
Total 240 100.00
Mean = 16
S.D. = 5

Fig. 1. Distribution of respondents according to
their overall accessibility of orchard



orchards.This finding is in covenant with the
finding of reported by Kadam (2006). 

Conclusion 

It may be concluded that the majority of
respondents fell under fair overall accessibility
categories. More than one third of the
commercial mango growers were having their
orchards at ‘two’ places. One fourth  of the
commercial mango growers had their mango
orchard ’7.01 to 9.00 km’ away from main
road, one fourth  of the commercial mango
growers had their mango orchard 6.01 to 9.00
km away from their home one forth (27.91 per
cent) of the commercial mango growers were
having their orchards in ‘Hilly + plain +
undulating’ type of land. One sixth (30.41 per
cent) of the commercial mango growers were
having ‘pathway + rough + tar’ type of road to
reach the orchard. By less accessible mango
orchards is more care as compare to larger.  It
was also suggested that farmers should also be
taken into consideration while planting mango
orchard on commercial basis. Training should
also be imparted to farmers for pro and cons of
the accessibility.
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Water is a prime natural resource and
considered as a precious national asset. It is also
a basic need for agricultural planning and
development.Water resource planning based on
water balance study is an important issue for
sustainable development. The scientific and
technological development has been
conspicuously evident during this century in the
major field of engineering and Remote Sensing
and GIS. Surface and ground water are an
important and a dependable source of water
supplies in all climatic regions including both
urban and rural areas. Unfortunately, lowering
of groundwater table and aquifer depletion due

to over exploitation and increasing population
are threatening our ecosystem and even the life
of our future generation. Marathwada region of
Maharashtra state has always been a water
deficit area which calls for immediate remedial
measures to address the critical water resources
situation in the region. 

Materials and Methods

The study on water balance and water
budgeting was conducted Godawari-Purna sub
basin (GP sub basin), located between 76036' to
77°59'E and 19°07' to 19°17'N. The
geographical area of the basin is 34413.87 ha.
The rainfall data of last 30 years were collected
from Department of Agricultural Meteorology,
VNMKV, Parbhani  and the rainfall data of the
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Abstract
The Godawari-Purna sub basin is located between 76°36' to 77°59' E and 19°07' to 19°17' N with an

area of 34413.87 ha falls in assured rainfall region. The basin boundary was updated using the updated
drainage and terrain information from high resolution satellite data of LISS-IV using GIS tool. Based on the
last 30 years rainfall records, the runoff potential was estimated using SCS curve number method. Marathwada
region of Maharashtra state has always been a water deficit area which calls for immediate remedial measures
to address the critical water resources situation in the region. The entire Godawari-Purna sub basin (GP sub
basin) is hard rock terrain. It suffers from growing water scarcity, which is aggravated by frequent droughts.
The various water balance components viz. soil moisture storage, ground water recharge and surface storage
were estimated for the GP basin. Similarly, the input from the rainfall was also worked out. The various losses
such as runoff, evaporation from water bodies were estimated and accordingly the water available in the basin
was estimated. The estimated values of ground water recharge were considered for water balance analysis.
The surface water storage in each sub basin was estimated considering the water storage area as per satellite
image and thus the storage volume was estimated. Combining the soil moisture storage, surface water storage
and ground water recharge, water availability was estimated for each sub basin. The surface runoff was
estimated by water balance method considering the rainfall volume and losses in each sub basin. Water balance
study reflected that sub-catchment No. I, IV, VI and VIII of GP sub basin are under total water deficit and require
urgent attention for water management to meet out the water deficit

Key words :  Catchment, Curve number, Evaporation, Groundwater, Hydrological soil group,
Rainfall, Runoff,  soil moisture. 
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normal rainfall year was used to estimate the
surface runoff potential using SCS curve number
technique. The SCS curve number techniques is
based on recharge capacity of the basin. (Mishra
et al. 2006). The recharge capacity was
determined by antecedent moisture condition
and by physical characteristics of the watershed.
Antecedent moisture condition (AMC) was used
as an index of basin wetness. The selection of
curve numbers was based on various hydrologic
soil cover, land use, treatment or cultivation
practices, hydrological condition of the area and
hydrological soil group.

Water Balance Studies : An equation that
describes the annual water budget of a natural
system like watershed states that water input (I)
equals discharge (D) plus or minus changes in
water in storage (�S):

I (water entering system) = D (water leaving
system) + DS.                                       …..(1)

In natural systems, water enters the system
as precipitation (P) and leaves the system as
stream flow (SF) (surface runoff plus ground-
water discharge to streams) and
evapotranspiration (ET): 

P = SFDS + ET                                 ….(2)

where, P =precipitation, SF=stream flow
leaving the watershed, �S=change in storage,
and ET=evapotranspiration. 

The input from the rainfall was also worked
out. The various losses such as runoff,
evaporation from water bodies were estimated
and accordingly the water available in the basin
was estimated. Further, the water availability was
compared with total water demand (crop and
population) and thus the water deficit or surplus
in each sub basin was estimated. 

Estimation of water balance compo-
nents : The various water balance components
viz. soil moisture storage, ground water

recharge and surface storage were estimated for
the GP basin. Soil moisture storage was
estimated considering the average soil moisture
percentage, bulk density and root zone depth of
the soil. The estimated values of ground water
recharge were considered for water balance
analysis. The surface water storage in each sub
basin was estimated considering the water
storage area as per satellite image and thus the
storage volume was estimated. Combining the
soil moisture storage, surface water storage and
ground water recharge, water availability was
estimated for each sub basin.  Similarly, the
evapotranspiration from the area of each sub-
basin was also estimated and compared with the
water availability to determine the water deficit
/ surplus. The surface runoff was estimated by
water balance method considering the rainfall
volume and losses in each sub basin.

Results and Discussions

Estimation of water balance
components for GP sub basin : The various
water balance components viz., soil moisture
storage, ground water  recharge, surface storage
and evapotranspiration of the each sub
catchment of GP basin watershed were
estimated and the data is presented in Table 1. 

The water availability in each sub catchment
was estimated by adding soil moisture storage,
groundwater recharge and surface storage and
then compared with the evapotranspiration to
determine the water deficit / surplus.  Water
balance estimation indicates that, sub catchment
No. I, IV, VI and VIII are found water deficit and
rest of the sub catchment were found in water
surplus. These estimates will be helped in
planning for various water harvesting structures
particularly in water deficit sub-catchments  of
GP basin. 

Ground-water budgeting of sub
watersheds : Based on the ground water
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recharge in each sub catchment, the input from
ground water was determined. The total ground
water requirement was worked out including
both  ground water requirement for irrigating
crops and groundwater requirement for

population and the data is presented in Table 2.
Based on this data, the groundwater deficit /
surplus for each sub catchments were
determined.  Ground water budgeting of basin
indicated that, out of the 11 sub catchments of

Pendke and Waskar10

Table 1. Estimation of water balance components in GP basin

Sub Input Soil Ground- Surface Water ET Runoff Water 
catchment from moisture water storage available (Water deficit / 
number rainfall, storage recharge (3+4+5) balance surplus

(000’ method) (6-7)
Cu.M.) {1-(6+7)}

1 2 3 4 5 6 7 8 9

I 46890.27 4520.01 8920.19 920 14360.2 14985.45 17544.62 -625.25
II 45912.99 4425.81 12597.00 21 17043.81 15718.45 13150.73 1325.36
III 22055.22 2126.03 5002.82 27 7155.85 5090.55 9808.82 2065.3
IV 47001.38 4530.73 8163.87 15 12709.6 13234.95 21056.83 -525.35
V 20653.95 1990.95 3302.49 87 5380.44 5039.97 10233.54 340.47
VI 38934.89 3753.15 5658.18 24 9435.33 10933.69 18565.87 -1498.36
VII 18597.32 1792.70 4298.72 92 6183.42 5285.57 7128.33 897.85
VIII 27996.73 2698.76 4001.31 37 6737.07 6859.55 14400.11 -122.48
IX 18667.76 1799.49 3503.24 18 5320.73 4918.37 8428.66 402.36
X 22348.27 2154.27 5489.14 11 7654.41 7588.17 7105.69 66.24
XI 19387.19 1868.84 5528.11 09 7405.95 6616.74 5364.50 789.21
Total 328445.97 31660.74 66465.07 1261 99386.81 96271.46 132787.7 3115.35

Table 2. Ground-water budgeting of sub catchments of GP sub basin

Sub Input from Water Water Total water Groundwater
catchment groundwater requirement of requirement for requirement from deficit/surplus,
number (000’ Cu.M.) population from irrigation, ground water, 000’Cu.M. 

groundwater, 000’Cu.M. 000’Cu,M.

1 2 3 4 (3+4)=5 (2-5)=6

I 8920.19 272.40 8814.07 9086.47 -166.28
II 12597.00 231.58 11907.76 12139.34 457.66
III 5002.82 4077.69 1375.04 5452.73 -449.91
IV 8163.87 293.06 8208.92 8501.98 -338.11
V 3302.49 39.81 1866.29 1906.1 1396.39
Vi 5658.18 918.77 5435.92 6354.69 -696.51
VII 4298.72 132.87 3784.22 3917.09 381.63
VIII 4001.31 178.70 3891.21 4069.91 -68.6
IX 3503.24 76.31 3278.34 3354.65 148.59
X 5489.14 107.26 5331.80 5439.06 50.08
XI 5528.11 87.34 4947.87 5035.21 492.9
Total 66465.07 6415.79 58841.44 65257.23 1207.84



GP sub basin, the ground water deficit was
observed in five sub catchments No. III, IV, VI
and VIII. The lowest water deficit was observed
in sub catchment No. VIII i.e. 68.6 TCM.
However the highest ground water deficit was
observed in sub catchment No. III as it covers
the most of the part of Parbhani city and thus
the domestic water requirement of the
population from ground water is higher. The
higher surplus of groundwater was observed in
sub catchment No. V  due to scarce population
and hence the domestic water requirement from
groundwater is less. The surplus of ground water
was observed in sub catchment No. II due to the
percolation of water from the percolation  tank
near Jamb village. The sub catchment No. IX, X
and XI are located towards the confluence point
of the GP sub basin and hence the surplus
groundwater was observed in these sub
catchments. This information was found to be
helpful in deciding the suitable locations for
water harvesting structures and thereby for
enhancing the groundwater potential to meet
out the water deficit. 

Conclusion

Water balance study reflected that sub basin
No. I, IV, VI and VIII are under water deficit and
require urgent attention for water management
to meet out the water deficit.
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Linseed (Linum usitatissimum L.) is an oil
seed and fiber crop and locally known as jawas
or flexseeds. Linseed have nutritional
characteristics and are rich source of omega-3
fatty acid: �- linolenic acid (ALA), short chain
polyunsaturated fatty acid (PUFA), soluble and
insoluble fibers, proteins and array of
antioxidants (Ivanova et al. 2011). Seed contain
33-47% oil which is used for both edible and
industrial purpose (paint, varnishes, printing ink
and soaps etc.). Most of the world oilseed
production occurs in the semi -arid tropics where
the average yield is low. Also most of the
oilseeds, being drought tolerant in nature, suffer
from sulphur deficiency resulting in low yield.
Growing these energy rich oilseed crops under
rainfed situation, low fertility and vagaries of
weather conditions are the main reason for low
productivity (Singh, 1999).

India is the second largest (21.21%) linseed
growing country in the world after Canada and
production wise it ranks fourth (8.20%) in the
world after Canada (40.51%). Among the Rabi
oil seed crop, linseed occupy the second position
i.e. next to rapeseed- mustard in areas as well as
production. It cultivated on about 4.36 lakh ha
with the contribution of 1.67 lakh tones to the
annual oilseed production of the country (Diwan
et al. 2019). In Maharashtra, linseed is grown
on 68.0 thousand ha. With productivity of 279
kg ha-1 which is well below the national average
(Anonymous, 2010) Sulphur ranks 13th in terms
of abundance in the earth's crust and is the
fourth major plant nutrient after N, P and K
(Kanwar and Mudahar, 1986). Among the
fertilizer elements, sulphur requirement of oil
seed is quite high as compared to other crop
(Srivastava et al. 2000). Sulphur is not mobile
in the plant, so a continuous supply of sulphur
is needed from emergence to crop maturity A
deficiency of sulphur at any stage of growth can
result in reduced yields, Sulphur play an
important role in the formation of amino acids,
synthesis of proteins, chlorophyll and oil (Singh
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and Singh 2007). Most of the world oilseed
production occurs in the semi-arid tropics suffer
from sulphur deficiency resulting in low yield.
Sulphur fertilization influences the composition
of the oil. Amongst the nutrients, sulphur
deficiency is widespread in Indian soil due to
wide gap between removal of sulphur and its
addition in the soil. The continuous use of S-free
fertilizers resulted in the depletion of S from the
soil reserves. Sulphur deficiency tends to
adversely affect the growth and yield of oil seed
crops to the extent of 10-30 percent due to its
poor nourishment. The high yielding genotypes
are coming forward which require variable
quantity of sulphur due to their variable genetic
makeup (Upadhyay, 2012). Sulphur deficiency
can be corrected by application of sulphur
containing fertilizers viz gypsum, ammonium
sulphate and single super phosphate etc.
Elemental sulphur fertilizers are granular with 90
to 99 per cent sulphur in the elemental form and
cannot be directly used by plants. It must first be
converted to sulphate-sulphur (S04-2-S) by soil
microorganisms

Keeping in view the importance of sulphur
for oilseed, a field experiment was under taken
to study the effect of sulphur on linseed cultivars
under rainfed condition.

Materials and Methods

The field experiment was conducted on the
Dryland Farming Research Station, Zonal
Agriculture Research Station, Solapur for the
five consecutive years (Rabi) from 2016-17 to
2020-21 The experiment was laid out in
Factorial Randomized Block Design (FRBD) with
12 treatment combination with net plot size
3.60 x 2.40 m2. The GRDF 25:50:00 kg N.
P2O5, K2O with FYM 2.5 t ha-1 was applied in
all treatments. The three main treatments
(varieties) and four sub main treatments (sulphur
levels) replicated three times. The main
treatments are V1 : NL-97. V1 : PKV NL 260

and V3 - Padimini and items are different
sulphur levels i.e. S1 - O kg ha-1, S2 - 20 kg
ha-1, S3 - 30 kg ha-1 and S4 - 40 kg ha-1

Sulphur was applied through elemental sulphur
with FYM 2.5 ton 15 days before sowing and
pre sowing in-situ moisture conservation
through compart-mental bunding (3.60 x 3.60
m) followed by linseed sowing and flatbed
preparation. Seeds was treated with Bavistin @
1.5 g kg-1 of seed before sowing to control seed
born disease. Soil pH was measured in 1:2 soil
water suspensions where 10 gm of soil was
taken and stirred intermittently for 30 minutes
with 20 ml of water and measured with pH
meter (McLean. 1982). The electrical
conductivity was measured in 1:2 soil water
suspensions using conductivity meter (Rhondes,
1982) N, P and K content of crop residues were
analyzed by standard procedures outline by
Jackson(1973). Organic carbon by (Walkley and
Black, 1934) Available N (Subbaiah and Asija,
1956); Available P205, (Olsen et al., 1954) and
Available K2O (Knudsen und Peterson, 1982).
Sulpher (Singh et al. 1988). The data obtained
in respect of the observations was statistically
analyzed by Panse and Sukhatme (1985)

Results and Discussion

Growth characters : The pooled data of
effect of different varieties and sulphur levels
showed significant effect on growth characters
was presented in Table 1. As regarding the
varieties, treatment V1 ie. NL-97 recorded
maximum plant population (1,64,014 plants
ha-1) than rest of the treatments with
significantly higher plant height, No. of branches
plant-1 and No. of capsules plant-1 (42.09, 5.41
and 50.34) respectively.

For different sulphur levels, the treatment S4
i.e. 40 kg sulphur ha-1 recorded maximum plant
population (172819) ha-1 whereas minimum
plant population in the treatment S1 i.e. 0 kg
sulphur (151969) ha-1. Treatment S4 i.e. 40 kg
sulphur ha-1 also recorded significantly higher
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plant height, No. of branches plant-1 and No. of
capsules plant-1 (41.91, 6.09 and 50.72)
respectively which was at par with treatment S3
i.e 30 kg sulphur ha-1. These findings was in
agreement with the findings of Banerjee et al.
(2001). Cell division and cell expansion are the
prime characteristics of dynamics for increasing
in height and number of branches. Sulphur is the
constituents of a number of amino acids which
are essential for the growth and development of
plant tissues (Virosanoo Solo et al. 2021). The
number of capsules plant-1 were increased
significantly with increasing sulphur levels. This
might be because of better growth of plant due
to more availability of sulphur and which was in
agreement with Patil et al. (2018). The
interaction effect between effect of varieties and
sulphur levels was found non-significant. Higher
dose of sulphur was responsible for increased
leaf area and chlorophyll content of leaves
causing higher photosynthesis and assimilation,
metabolic activities which were responsible for
overall improvement in vigour and yield
attributes and finally seed yield (Chaubey and
Dwivedi, 1995. Upadhyay et al., 2012).
Sulphur is mainly responsible for enhancing the
reproductive growth and the production of
reproductive tissues (inflorescence and capsules)
(Grath and Zhao, 1996).

Yield characters and economics : The
pooled data of effect of varieties and sulphur
levels on yield contributing characters and
economics showed significant effect and
presented in Table 2. As regarding the verities,
treatment V1 i.e. NL-97 recorded significantly
higher thousand seed weight, grain and straw
yield (6.08 gm., 4.53 and 8.44 q ha-1)
respectively than all other treatments. The
treatment V2 i.e. PKV NL 260 recorded
significantly lower grain and straw yield (4.14
and 7.17 q ha-1) respectively.

For sulphur levels, treatment S4 i.e. 40 kg ha
sulphur recorded significantly higher thousand

seed weight, grain and straw yield (5.83 gm,
4.77 and 8.80 q ha-1) respectively than all other
treatments. The treatment S, i.e. 0 kg ha
sulphur recorded significantly lower thousand
seed weight, grain and straw yield (5.49 gm,
3.56 and 6.68 q ha-1). This might be because
of better growth of plant due to availability of
sulphur leading to increased number of capsules
plant as seed yield directly related to the growth
and yield attributes. Higher straw yield might be
due to increased growth and yield parameters
resulting into more dry matter accumulation
plant. Similar results were also reported by Patil
et al. (2018) and Sune et al., (2006). Substantial
yield increases can be obtained by applying
sulphur fertilizer to crops having sulphur demand
that cannot be satisfied by soil sulphur supply
Seed yield and stover yield increased significantly
with increasing levels of sulphur due to proper
partitioning of photosynthesis from source to
sink (Singh et al. 2017). The increased in yield
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Table 1. Effect of sulphur on morphological characters of
linseed as affected by different treatments during
(pooled mean 2016-17 to 2020-21)

Treatment Plant Plant No. of No. of 
popula- height bran- cap. 
tion (cm) ches plant-1
ha-1 plant-1

Main plot Treatment
V1 : NL-97 164014 42.09 5.41 50.34
V2 : PKV NL 260 161837 38.88 4.85 43.84
V3 : Padmini 160314 40.27 5.05 43.08
SE± 5902 0.70 0.27 1.68
CD 5% N.S. 2.19 0.83 5.24

Sub plot Treatment
S1 : 0 kg ha-1 151969 38.26 4.35 40.29
S1 : 20 kg ha-1 160110 39.54 4.60 42.14
S1 : 30 kg ha-1 163943 40.59 5.18 45.68
S1 : 40 kg ha-1 172819 41.91 6.09 50.72
SE± 7207 0.98 0.27 1.98
CD 5% N.S. 2.75 1.00 5.92

Interaction
SE± 5984 1.70 0.67 3.92
CD 5% N.S. N.S. N.S. N.S.



of linseed crop may be attributed to improve
yield attributes (Basumatary et al., 2019). The

interaction effect between effect of varieties and
sulphur levels was found non-significant.
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Table 2. Effect of sulphur on yield and economics of linseed as affected by different treatments during (pooled mean 2016-
17 to 2020-21)

Treatment Thousand Crop Yield (q ha-1) Economies (Rs. ha-1)
seed weight –––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––
(gm) Grain Straw GMR NMR B:C ratio

Main plot Treatment
V1 : NL-97 6.08 4.53 8.44 24590.2 9821 1.65
V2 : PKV NL 260 5.45 4.14 7.17 22311.0 7542 1.49
V3 : Padmini 5.27 4.20 7.27 22691.6 7923 1.52
SE± 0.08 0.08 0.36 208.3 511 0.04
CD 5% 0.24 0.26 0.92 649.8 1500 0.12

Sub plot Treatment
S1 : 0 kg ha-1 5.49 3.56 6.68 21601.2 7658 1.54
S1 : 20 kg ha-1 5.58 3.81 7.28 22592.6 7501 1.49
S1 : 30 kg ha-1 5.71 4.17 7.56 23352.0 7174 1.46
S1 : 40 kg ha-1 5.83 4.77 8.80 25794.8 8990 1.57
SE± 0.11 0.09 0.31 206.6 324 0.02
CD 5% 0.35 0.28 0.99 612.8 1010 0.06

Interaction
SE± 0.18 0.74 0.55 1226.5 788 0.18
CD 5% N.S. N.S. N.S. N.S. N.S. N.S.

Table 3. Effect of sulphur on soil properties as affected by different treatments during (pooled mean 2016-17 to 2020-21)

Treatment pH EC OC Available Nutrients (Kg ha-1) Available 
(dsm2) (%) ––––––––––––––––––––––––––––––––– sulphur

N P K (ppm)

Main plot Treatment
V1 : NL-97 7.82 0.22 0.45 166.90 18.55 648 6.94
V2 : PKV NL 260 7.81 0.21 0.46 168.15 18.58 649 7.42
V3 : Padmini 7.80 0.21 0.46 167.95 18.85 649 7.01
SE± 0.007 0.002 0.002 0.90 0.27 0.517 0.047
CD 5% N.S. 0.006 N.S. N.S. 0.78 N.S. 0.133

Sub plot Treatment
S1 : 0 kg ha-1 7.82 0.23 0.45 165.40 18.99 648.33 6.03
S1 : 20 kg ha-1 7.80 0.25 0.47 169.86 18.61 650.73 7.21
S1 : 30 kg ha-1 7.80 0.25 0.46 169.40 19.05 649.86 7.44
S1 : 40 kg ha-1 7.82 0.24 0.47 166.00 19.28 647.60 7.81
SE± 0.008 0.002 0.002 1.04 0.31 0.597 0.054
CD 5% 0.023 N.S. N.S. 2.99 N.S. 1.708 0.154

Interaction
SE± 0.014 0.004 0.004 1.81 0.55 1.035 0.093
CD 5% N.S. N.S. 0.012 5.19 N.S. 2.95 N.S.



Economics : The effect of different variety
treatment V1 i.e. NL-97 showed significant
effect on GMR, NMR and B:C ratio (24590,
9821 Rs. ha-1 and 1.65) respectively over rest
of the treatment. As regarding the sulphur levels,
treatment S4 i.e.40 kg sulphur ha-1 recorded
significantly higher GMR, NMR and B:C ratio
(25794, 8890 Rs. ha-1 and 1.57) respectively
over rest of the treatments. The interaction
effect between effect of varieties and sulphur
levels was on yield characters and economics
was found non-significant. 

Soil Properties : The data regarding
pooled mean of soil pH , EC, Organic carbon,
Available N, P and K content and sulphur
content are reported in Table 3 revealed that the
soil pH was found to be non-significant due to
different varieties and sulphur levels and its
interaction. The data regarding EC was found
significant due to varieties but non-significant to
sulphur levels and its interaction. The organic
carbon content was found non-significant for
varieties and sulphur levels but its interactions
were found significant. The available N content
for varieties was non-significant. However
sulphur levels S2 i.e. 20 kg ha-1 with RDF
showed significantly higher available N (169.86
kg ha-1) over the rest of the treatment. However
it was at par with S3 and S4 treatment (169.40
and 166 kg ha-1). The data regarding available
phosphorus found significant due to varieties but
non-significant sulphur levels and its interaction.
As regards to potassium varieties should non-
significant. However S2 levels showed higher
available potassium (650.73 kg ha-1) over the
rest of sulphur levels. However its interactions
was found significant.

The pooled data regarding effect of varieties
and sulphur levels on available sulphur showed
significant difference but its interaction were
non-significant. The 40 kg sulphur recorded
significantly higher soil available sulphur (7.81
ppm) after the harvest over the rest of sulphur

levels. Simillar results was also observed by
Virosanuo Solo et al. (2021) and Gudeta et al.
(2017).

Conclusion

Application of recommended dose
N:P2O5:K2O (25:50:0) kg ha-1 with FYM 2.5
ton ha-1 + 40 kg ha-1 sulphur recorded
significantly higher grain and straw yield of
linseed (4.76 and 8.80 q ha-1) highest gross
monetary return, net monetary returns and B:C
ratio (25794, 8990 Rs. ha-1 and 1.56),
respectively.
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The rainfall is the most vital weather
parameters among all the other parameters.
Hence, timely and correct rainfall forecast is
most important for crop production. Each phase
of agricultural activity from preparatory tillage to
plant growth, harvest and storage is influenced
by weather directly or indirectly (Bhatia, 1999).
Weather is important phenomenon which
determines the chances of success as well as
complete failure of agricultural crops. These
phenomenon not completely controlled but can
be modified to the need during their cultivation.
The verification of forecast is important in order
to find out its accuracy by comparing the
forecasted weather with the observed weather
either qualitatively or quantitatively. Timely
weather forecast-based agromet advisories on

need-based agricultural activities can help
farmers save an amount of revenue by reducing
production losses. It's essential to realise that no
single verification method can give all of the
information needed to assess the forecast's
accuracy, quality, and reliability. As a result, any
forecast verification report should include as
many scores/indices as possible.

Materials and Methods

The study area, Latur is located in
Marathwada region of Maharashtra state and
located between 17°52’ to 18°50’ North and
76°18’ to 79°18’ East in Deccan plateau and at
altitude of 631 m above Mean Sea Level. Daily
rainfall data were collected from maharain.
maharashtra.gov.in website and Forecasted
rainfall data from IMD under GKMS project,
VNMKV, Parbhani for six years i.e. 2015 to
2020.
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Abstract
Rainfall prediction and weather based advisories assist farmers in protecting their crops from weather

threats and enhancing their economic benefits by recommending appropriate management techniques
depending on weather conditions. In this study verification for rainfall forecast on annual and seasonal basis,
for the period of 2015-2020 was done for Latur district. The verification analysis was carried out using various
verification techniques, viz., Ratio Score (RS), Critical Success Index (CSI), Hanssen and Kupiers Score (HK),
Root Mean Square Error (RMSE) and usability analysis. The results indicates that, rainfall accuracy reached its
highest (88.76%) in 2018. And RS (88.21), CSI (0.75) and HK score (0.75) were observed highest during
2019. Among the seasons, rainfall accuracy was highest (96.91%) during winter season also the ratio score
was observed highest during winter season (94.66) indicating the better skill of forecast, while, lowest with
monsoon season. The highest HK score (0.66) was recorded in the post-monsoon season and CSI (0.72) in
Monsoon season. That indicated good skill of the rainfall forecast during the period, while, poor skill of forecast
was found with monsoon season. There is a need to investigate the reliability and suitability of medium-range
weather forecasts in order to improve them further.

Key words : Rainfall, usability, accuracy, verification, forecast.
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Verification of Rainfall Forecast : The
quantitative and quantitative analysis of the
forecasts in reference to observed real time data
were worked out using critical values for various
rainfall prediction. The validity and accuracy of
forecasts were tested using Skill Score Test and
RMSE values. Forecasted daily rainfall was
verified against actual rainfall data recorded of
various rainguage station of Latur district. The
various skill scores like Ratio score (RS), Critical
success index (CSI), Hanseen and Kupiers score
(HK) were calculated for rainfall. Using of all
above scores and relationships the accuracy,
reliability and skills of rainfall forecast were
analyzed on seasonal and annual basis.

Error structure for rainfall 

If observed r/f is out by 

Correct:-

Diff < 2.5 mm for < 10mm

Diff < 25% of observed for > 10 mm

Usable:-

2.5 mm < Diff < 5mm for < 10mm

25% of observed < Diff < 50% of observed
for > 10 mm

Unusable:-

Diff > 5 mm for < 10 mm

Diff > 50% of observed for > 10 mm

Verification methods : The Ratio Score
(RS), measures the proportion of correct
forecasts out of all forecasts (Woodcock, 1976).
It varies from 0 to 1 with 1 indicating perfect
forecast. Hanssen and Kupiers score (HK) is the
ratio of economic saving over climatology due
to forecaster to that of a hypothetical set of
perfect forecasts (Woodcock, 1981) and varies
from -1 to +1 with 0 indicating no skill. The

Critical Success Index (CSI) of an event is a
measurement of relative forecasting accuracy in
a category (Schaefer, 1990) and varies from 0
to 1 with 1 indicating perfect forecast. The root
mean square error (RMSE) was worked out for
the absolute error between observed and
forecasted rainfall data. The critical values of
error structures given by Kumar et al., (2017)
were followed to consider success and failure
cases for analysis.

Rainfall verification : Skill scores and
verification of the rainfall forecast (Singh and
Bhardwaj, 2012)

Where, H = Predicted and Observed, M =
Observed but not predicted F = Not predicted
but observed, Z = Neither predicted nor
observed fi = Predicted values and oi = Observed
values

i)  Ratio Score (RS) :

H + Z
RS = ––––––––––––––––––––

H + M + F + Z

ii)  Critical Success Index (CSI) :

H
CSI = –––––––––––––

H + M + F

iii)  Hanssen & Kupiers score (HK) :

(HZ - MF)
HK = –––––––––––––––––

(Z + F ) (H + M)
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Observed Predicted
––––––––––––––––––––––––––––––
Rain No Rain

Rain H (YY) M (YN)
No Rain F (NY) Z (NN)



iv) Root Mean Square Error (RMSE) :

RMSE = {1/n S (fi – oi)2]1/2

Results and Discussion

Usability of rainfall forecast : The data on
annual usability of rainfall for the period 2015
to 2020 is given as Table 1 and Fig. 1. The
annual usability and correctness of rainfall in
percentage varies from 76.67 to 88.76. The
maximum percentage (88.76) for correct and
usable forecast was observed during 2018 and
minimum percentage (75.67) during the year
2020. The maximum percentage of unusable
forecast was observed during 2020 and
minimum during 2015 i.e., 24.31 and 13.15
respectively. The average usability of annual
rainfall forecast was 73.26%. On seasonal basis,
the result revealed that the highest correctness
96.91% was found in winter season followed  by
pre-monsoon  (88.5%), post-monsoon (86.41%)
and monsoon season (40.43%). The highest
usable forecast was observed during monsoon
season i.e., 20.62 per cent whereas, pre-
monsoon was second highest i.e., 8.5 per cent.
Third highest was post-monsoon (3.61%) and
fourth was winter season (1.4%). The highest
unusable forecast observed in monsoon season
(38.92%) followed by post-monsoon (9.77%),
pre-monsoon (3.07 per cent) and winter (1.67
per cent) respectively. Similar result was also
reported by Manjappa and Yeledalli.

Skill scores for rainfall forecast of
Latur district : The data on Ratio Score, CSI,
HK score and RMSE on annual and seasonal
basis is presented in Table 2 and Fig. 2 to 4. On
annual basis, the Ratio score was highest in
2019 and lowest during 2020 i.e., 88.21 and
75.68 per cent. The CSI was observed highest
(0.75) during 2019 and lowest (0.46) during
2015. Hanseen and Kupiers score was highest
0.75 during 2019 and lowest 0.53 during
2020. The highest RMSE (12.1) was observed
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Table 1. Usability skill of rainfall for Latur (2015 to 2020

Years Rainfall (%)
–––––––––––––––––––––––––––––
Correct Usable Unusable

Pre-monsoon (March-May)
2015 79.34 15.21 5.43
2016 93.47 3.26 3.26
2017 94.56 4.34 1.08
2018 91.30 7.60 1.08
2019 95.65 2.17 2.17
2020 76.08 18.47 5.43
Mean 88.40 8.50 3.07

Monsoon (June-September)
2015 50.81 21.31 27.86
2016 37.70 18.03 44.26
2017 46.72 20.49 32.78
2018 47.54 26.22 26.22
2019 37.70 18.85 43.44
2020 22.13 18.85 59.01
Mean 40.43 20.62 38.92

Post-monsoon (October-December)
2015 95.65 1.08 3.26
2016 94.56 2.17 3.26
2017 88.04 2.17 8.69
2018 92.39 1.08 6.52
2019 66.30 7.60 26.08
2020 81.52 7.60 10.86
Mean 86.41 3.61 9.77

Winter (January-February)
2015 96.61 3.38 0
2016 96.66 0 3.33
2017 100 0 0
2018 94.91 1.69 3.38
2019 100 0 0
2020 93.33 3.33 3.33
Mean 96.91 1.40 1.67

Annual (January-December)
2015 76.71 10.13 13.15
2016 75.68 7.37 16.93
2017 77.80 8.76 13.42
2018 77.53 11.23 11.23
2019 69.58 8.76 21.64
2020 62.29 13.38 24.31
Mean 73.26 9.93 16.78

Fig. 1. Usability of rainfall forecast for Latur distrist



during 2016 and lowest (6.74) during the year
2015. On an average for the six years data,
Ratio score was 81.72 per cent. CSI 0.57, HK

score 0.62, and RMSE 8.86. On seasonal basis,
the result observed that the average Ratio Score
was highest in winter (94.66%), followed by
post-monsoon (86.22%), pre-monsoon
(79.88%) and monsoon (73.22%). The H. K.
score was highest in post-monsoon (0.66),
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Table 2. Skill scores of rainfall forecast for Latur (2015 to
2020)

Years RS CSI HK RMSE

Pre-monsoon (March-May)
2015 80.43 0.33 0.51 3.78
2016 76.08 0.26 0.24 3.42
2017 81.52 0.10 0.07 1.26
2018 81.52 0.26 0.44 1.21
2019 91.30 0 0 1.85
2020 68.47 0.21 0.18 2.07
Mean 79.88 0.19 0.24 2.26

Monsoon (June-September)
2015 60.65 0.51 0.24 10.74
2016 71.31 0.67 0.23 18.89
2017 70.49 0.87 0.24 17.44
2018 66.39 0.60 0.22 9.01
2019 83.60 0.82 0.20 15.59
2020 86.88 0.86 0.04 13.90
Mean 73.22 0.72 0.19 14.26

Post-monsoon (Octomber-December)
2015 95.65 0.42 0.95 3.51
2016 96.73 0.70 0.76 9.81
2017 89.13 0.52 0.69 3.05
2018 92.39 0.46 0.69 2.37
2019 85.86 0.71 0.71 8.78
2020 57.60 0.27 0.20 5.76
Mean 86.22 0.51 0.66 5.54

Winter (January-February)
2015 91.52 0 -0.03 0.89
2016 95 0 -0.03 1.41
2017 100 0 0 0
2018 93.22 0.20 0.44 2.13
2019 96.61 0 0 0.18
2020 91.66 0.16 0.28 1.59
Mean 94.66 0.06 0.11 1.03

Annual (January-December)
2015 79.88 0.46 0.61 6.74
2016 82.78 0.58 0.60 12.10
2017 82.73 0.57 0.63 10.22
2018 81.09 0.52 0.63 5.45
2019 88.21 0.75 0.75 10.08
2020 75.68 0.59 0.53 8.61
Mean 81.72 0.57 0.62 8.86

Fig. 2. Verification of rainfall forecast based on
Ratio score for Latur

Fig. 3. Verification of rainfall forecast based on
Critical Success index for Latur

Fig. 4. Verificational of rainfall forecast based
on HK score for Latur



followed by pre-monsoon (0.24), monsoon
(0.19) and winter (0.11). The positive HK score
indicated the reliability of forecast to be
satisfactory level. The CSI was highest during
monsoon (0.72) followed by post-monsoon
(0.66), pre-monsoon (0.14) and winter (0.06).
RMSE was highest in monsoon (14.26) followed
by post-monsoon (5.54), pre-monsoon (2.26)
and  winter (1.03).  The similar result also
observed by Sarmah et al. (2015) for north bank
plain of Assam, India. except monsoon season,
the quantitative forecast revealed higher
reliability over percent accuracy of forecast (ratio
score) may be due to frequency of rainy days was
more in monsoon season.

Conclusions

The rainfall forecast performance was good
with low RMSE considering all seasons except
in monsoon. In the Latur district, the highest
annual Ratio score (88.21%) was recorded in
2019 and the maximum rainfall accuracy
(88.76%) was obtained in 2018. The winter
season had the highest accuracy (96.91%),
followed by the pre-monsoon, post-monsoon,
and monsoon seasons. It need to be improve-
ment in usability of rainfall mainly for monsoon
season because rainfall is an important para-
meter to make decision on the crop production.
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The need for application of modem
approaches like Remote Sensing and GIS
techniques has been emphasized for efficient
management of land resources. Rapid advances
in the development of Geographical Information
System (GIS) provides spatial data integration
and tools for natural resource management and
have enabled integrating the data in an
environment which has been proved to be an
efficient and successful tool for surface and
ground water studies (Meijerink, 1996). In recent
years, use of satellite remote sensing data along
with GIS and topographical maps has made it
easier to establish the base line information on
land and water resource planning. (Sreenivasan
and Krishna Murthy, 2018). Agarwal et al.
(2004) used an integrated approach of remote
sensing, GIS and geophysical techniques for
hydrological studies. 

Godawari-Purna sub basin is located in
Parbhani district of Maharashtra State. The
agriculture in an area is mostly depend on
rainfall as more than 85 % area is rainfed.
Majority of the population depend upon rainfed
agriculture and the productivity is uncertain due
to deficiencies of rainfall, occurrence of frequent
dryspells resulted to moisture stress, land  slope
and other parameters. Rain water management
plays an important role in increasing crop
productivity. Thus critical hydrological
interventions are required to develop need based
location specific technologies based on land
slope, land use and land capability. In the
present study, Remote Sensing and GIS tools
were used for development of land resource
related thematic maps and thereby futuristic land
use planning based on land slope. 

Materials and Methods

Godawari-Purna sub basin, located between
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Abstract
The Godawari-Purna sub basin is located between 76°36' to 77059' E and 19°07' to 19°17' N with an

area of  34413.87 ha falls in assured rainfall region. Majority of the area under basin is used for agricultural
purpose. The basin boundary is updated using the updated drainage and terrain information from high
resolution satellite data of LISS-IV using GIS tool. Based on the derived thematic maps of land use and land
capability class, the GP sub basin is divided into 11 sub catchments.  Thematic maps viz., land use cover, has
been interpreted using the visual interpretation techniques by heads-on digitization in the GIS environment
using the enhanced high-resolution satellite imagery. Slope map has been generated from CartoDEM using
the surface tools of the spatial analyst toolbox in ArcGIS. Land use mapping indicated that 85.68 per cent
land is under cultivation with cropped area indicating a good vegetative cover in basin area. Digital Elevation
Model (DEM) indicated that majority of the area of basin is having a slope in the range of 0 to 3 per cent.
Majority of the area was found to be under class III and class IV category. All the generated thematic maps of
Godawari-Purna sub basin will be useful for land resources planning.  

Key words :  Land use, Land Capability, Remote Sensing, Sub-basin.
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76°36' to 77°59' E and 19°07' to 19°17'N. The
geographical area of the basin is 34413.87 ha.
The basin area falls under assured rainfall zone
of Marathwada region of Maharashtra. The ave-
rage annual rainfall of the area is 885 mm. The
location of the study area is shown in Fig.  1. 

The SOI Regional Remote Sensing Centre-
Central, NRSC, ISRO, Nagpur. The scientific
data are listed as below and was procured from
National Remote Sensing Centre (NRSC) ISRO,
Hyderabad. In the present research work, the
manual method of basin boundary delineation
has been followed. The reference basin area was
first delineated from the drainage and terrain
information from 1:50 K topomaps. Further,
this basin boundary was updated using the
updated drainage and terrain information from
high resolution satellite data. 

Satellite data acquisition : The Resource
sat 2, LISSIV data  of 15th October 2011 and
24th April 2012 were used for undertaking this
study. The recent data for of Resource sat 2
LISS IV of 25th March 2019 i.e. before
monsoon season and of 20th November 2019
i.e. of post monsoon season were utilized for
detailed study. The basic soil depth, soil texture
and hydrological soil group maps on 1:250000
scales were procured from the NRIS project of
ISRO. ERDAS IMAGINE software was used for
satellite data processing, geo-referencing, digital
image processing.  ARC GIS 10.3.1 software
package was used for generating the GIS
database of thematic layers and their integration
and analysis. Basin boundary was delineated by
manual method using DEM as input. In manual
method, the drainage lines and contours were
taken as the reference. Firstly, the point was
chosen as the basin outlet, which will be the
pore point for all the water draining out of that
basin. Basin boundary was delineated by
drawing lines perpendicular to the elevation
contours for the land that drains to the point of
interest.

Generation of thematic maps : Thematic
maps viz., land use cover, has been interpreted
using the visual interpretation techniques by
heads-on digitization in the GIS environment
using the enhanced high-resolution satellite
imagery. Image interpretation element keys
namely tone, texture, shape, size, pattern,
association, etc. have been used for mapping
these features. Other thematic layers namely soil
depth, soil texture and hydrological soil groups
have been sourced from the existing NRIS
database and updated using the high-resolution
satellite imagery. Slope map has been generated
from CartoDEM using the surface tools of the
spatial analyst toolbox in ArcGIS. Based on the
derived thematic maps of land use, hydrological
soil group and land capability class using high
resolution satellite image of LISS-IV and all these
thematic maps will be used for futuristic crop
planning and water budgeting of the basin.

Land slope map : The slope and related
information is essential for delineating watershed
boundary, planning soil and water conservation
measures and for deriving the land resources
action plan. Conventionally, slope map was
prepared using the elevation information from
topomaps. The elevation information was used
to generate a DEM and further the slope map
using the ARCGIS tools. The Indian Remote
Sensing satellites like IRS-1C/1D and the latest
Indian Remote Sensing satellite CARTOSAT-1
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Fig. 1. Location of  the Godawari-Purna sub
basin (study area)



have the stereo imaging capabilities to generate
the DEM and further its derivatives such as
slope, aspect and contours using the Satellite
Photogrammetric Software Packages. The slope
classes were classified as per the application
requirement.

The slope of a particular terrain is an
important factor in groundwater studies. The
slope map for the study area was prepared using
Digital Elevation Model( DEM). The DEM was
subjected to two directional gradient filters( one
in x- direction and another in y-direction).The
filtering was done by using the in-built linear
filters (dfdx and dfdy) available in the Arc GIS
software. Then, the resultant maps were used to
generate a slope map of the study area. The
slope map was divided into different slope range
classes and suitable numbers were assigned to
each class.

Land capability map : The various land
capability classes were marked on the satellite
image as updated from the basic map procured
from NRIS project of ISRO and final land
capability map was generated. Same map was
used in assessment of surface runoff  potential.
Dutta et al. (2001) applied remote sensing and
GIS based approach for watershed
morphometry and land characteristics for
watershed hydrological.  Javed et al. (2009)
used   Remote Sensing and GIS Techniques for
prioritization of sub-watersheds based on
Morphometric and Land Use Anlaysis. 

Results and Discussion

Various thematic layers were generated using
merged product of Cartosat-1 and high
resolution satellite data of Resourcesat-2, LISS-
IV images.

Land use map : The thematic map of land
use and land cover was generated using GIS and
presented in Fig. 2.

Land use mapping indicated that 85.68 per
cent land is under cultivation with cropped area
indicating  a good vegetative cover in basin area.
The area under each land use category and its
percentage with respect to total area of basin is
presented in Table 1. 
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Fig. 2. Land use / land cover map of GP sub
basin

Table 1. Area under various land use units in Godawari-
Purna sub basin

Land use Area, ha Per cent 
of the 
total area

Settlements
City 1136.55 3.30
Village 333.05 0.97

Agriculture
Crop land 29482.29 85.68
Fallow 1390.50 4.04
plantation 148.00 0.43

Waste land
Land with scrub 1136.56 3.30
Land without scrub 120.03 0.35
Stony waste 58.63 0.17
Gullied land 136.85 0.40
Others 136.48 0.40

Water body
Percolation tank  lake 118.54 0.35
River 115.86 0.34
Farm pond 28.67 0.08

Others
Abundant quarry 67.24 0.19
Total 34409.25 100.00



Land use pattern indicated that majority of
the area 29482.29 ha (85.68%) was under crop
land and 4.04 per cent area was under fallow
land. Habitation area in the watershed was
recorded as 3.30 per cent. One percolation tank
is existed in the sub basin near Jamb village
occupying  an area of 118.54 ha. The drainage
pattern i.e. river and streams occupied an area
of 115.86 ha and the farm pond occupied an
area of 28.67 ha i.e. 0.08 per cent which was
found to be very less. The area under waste land
was observed as 4.62 per cent. The sub-
catchment wise area under crop land,
plantation, fallow land and waste land is
presented in Table 2.

In all the sub-catchment, major area was
under crop land/cultivated land indicated a good
vegetative cover in the entire sub basin. The
noticeable area under horticultural plantation
was found in sub-catchment No. I, II, IV. The
major fallow land was found to be in sub-
catchment No. II, IV,V, and VI. Overall, in
Godawari-Purna sub basin, 1390.46 ha and
3101.75 ha land was under fallow and waste
land respectively. Mohamed Elhag, (2015) and
Muley et al. (2002) developed thematic maps of
watershed using Remote Sensing technique and
GIS tools for planning of hydrological studies.
Similar types of maps are generated in the
present study for futuristic basin planning.  

Land slope map : Using the Digital
Elevation Model (DEM), the thematic map for
land slope was prepared and shown in Fig. 3.

Digital Elevation Model (DEM) indicated that
majority of the area of basin is having a slope in
the range of 0 to 3 per cent. The land slope was
categorized in 7 sub classes. Majority of the area
was found to be under 0 to 1 per cent and 1 to
3 per cent slope except steep slope in some area
at upper catchment. Similarly at confluence
point, the slope was found to be in the range of

5 to 8 per cent.

Land capability map : The land capability
map was derived from base map of NRIS project
of ISRO and updated using high resolution
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Table 2. Land use area (ha)  in sub catchments of
Godawari-Purna sub basin

Sub Crop Planta- Fallow Waste 
catch- land tion land land 
ment area, area, area, area, 
no. ha ha ha ha

I 4516.00 79.32 35.68 260.23
II 4421.77 5.50 112.11 310.72
III 1041.14 22.54 49.76 233.11
IV 4196.27 23.54 384.94 320.80
V 1646.17 2.35 120.92 340.85
Vi 3305.95 3.16 532.63 342.68
VII 1692.82 4.03 9.52 252.03
VIII 2436.36 3.73 47.62 241.01
IX 1914.90 0.00 31.29 250.89
X 2456.92 1.52 39.51 287.24
XI 1853.96 2.28 26.48 262.19
Total 29482.26 147.97 1390.46 3101.75

Fig. 3. Land slope map of GP sub basin

Fig. 4. Land capability map of GP sub basin



satellite image as shown in Fig. 4. The area
under various land capability classes in the GP
sub basin are shown on the map. Majority of the
area was found to be under class III and class IV
category

Conclusions

1. Land use mapping indicated that 85.68 per
cent land is under cultivation with cropped
area indicating  a good vegetative cover in
basin area. Digital Elevation Model (DEM)
indicated that majority of the area of basin is
having a slope in the range of 0 to 3 per
cent. Majority of the area of GP sub basin
was found to be under class III and class IV
category.

2. All the land resources thematic maps of
Godawari-Purna sub basin will be useful for
land resource planning  for rainwater
management. 
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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
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positive differences minus the number of nega-
tive 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.

Result 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
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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
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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 



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.
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
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Table 2. Rainfall and rainy days trend analysis at Miraj
tahsil

Time Rainfall Rainy days
series ––––––––––––––––––––– ––––––––––––––––––

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

MW 21 -0.75 - 0 -1.03 - 0
MW 22 -0.78 - 0 -0.63 - 0
MW 23 -0.94 - -0.105 -0.94 - 0
MW 24 -1.24 - -0.257 -1.07 - 0
MW 25 1.77 + 0.361 2.21 * 0.03
MW 26 -0.61 - -0.155 0.18 - 0
MW 27 1.94 + 0.196 1.62 - 0
MW 28 1.12 - 0.203 0.93 - 0
MW 29 0.63 - 0.158 0.69 - 0
MW 30 -0.41 - -0.113 -0.08 - 0
MW 31 -0.05 - 0 0.60 - 0
MW 32 -0.18 - -0.038 0.05 - 0
MW 33 -0.51 - -0.058 -0.03 - 0
MW 34 0.55 - 0.043 0.60 - 0
MW 35 2.34 * 0.331 1.46 - 0
MW 36 2.31 * 0.333 1.79 + 0
MW 37 1.06 - 0 0.73 - 0
MW 38 -0.56 - 0 0.24 - 0
MW 39 1.28 - 0.604 2.16 * 0.048
MW 40 0.97 - 0.500 0.52 - 0
MW 41 1.01 - 0.132 1.24 - 0
MW 42 0.44 - 0 0 - 0
MW 43 -0.17 - 0 -0.12 - 0
MW 44 -0.72 - 0 -0.82 - 0
MW 45 -0.30 - 0 -0.34 - 0
MW 46 0.22 - 0 0.20 - 0

Fig. 6. Weekly Rainfall and Rainy Days trend
Analysis for Mann Kendall Method



others ; SW : southwest; NE : Northeast and ha
: Hector; MW : Meteorological Week.
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Rainwater is the main source of water. Water
is a limited resource and its efficient use is
important especially in a country like India
having growing population. Human actions such
as rapid urbanization, ever-increasing population
and deforestation have hampered the natural
water cycle. This environmental imbalance
resulted in uncertainty, irregularity and variability
in regular rainfall. Currently, the world is facing
challenges such as increasing demand for water,
unequal distribution of water and declining water
resources. The combined effect on agriculture
has been such that crop planning and water
management have become difficult and
complex. Water management has a unique
general importance in crop production. Water is
the most important factor for crop production
and crops (plants) need constant water. Both
water scarcity and excess directly affect the

growth and development of plants, resulting in
adverse effects on their production and quality.
Knowledge of reference crop evapotranspiration
is required to determine irrigation water
requirement, proper irrigation schedule and
proper water management. The water
requirement of the crop indicates the amount of
water required to compensate for the
evapotranspiration loss from the field grown in
the specified period. Crop water requirement is
usually expressed in liters/day, millimetre/day,
millimetre/month or millimetre/season and is
used for management purposes.

Status of Pomegranate Cultivation in
India : Pomegranate has been an export-
oriented crop for the last one or two decades
and its area and production is growing rapidly in
India. Domestic production and export demand
are the driving forces behind the country's
cultivation. India ranks first in the world in
pomegranate production and Maharashtra is
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Abstract
Pomegranate has been an export-oriented crop for the last one or two decades and its area and production

is growing rapidly in India. Domestic production and export demand are the driving forces behind the country's
cultivation. India ranks first in the world in pomegranate production and Maharashtra is leading in pomegranate
production in the country. Pomegranate production in Maharashtra is water deficient and hence water
management is very important for pomegranate orchards to achieve targeted productivity. Therefore crops
need to be irrigated as required. The water requirement of pomegranate orchards depends on the age of the
plant, fruit load, season and soil type. In this study, we have given average monthly irrigation water requirement
for pomegranate orchards in Maharashtra according to the age of the orchards. Also we have given the average
irrigation water requirement in Ambe, Mrig and Hasta bahars of pomegranate orchards according to their age,
season and growth stages. 

Key words : Reference crop evapotranspiration, crop coefficient, pomegranate orchards,
water management, ambe, mrig and hasta bahar.
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leading state for pomegranate production in the
country. Maharashtra accounts more than 70%
of the total area under pomegranate cultivation.
Pomegranate is mainly grown commercially in
Solapur, Sangli, Nashik, Ahmednagar, Pune,
Satara, Osmanabad, Aurangabad, Dhule and
Latur districts of Maharashtra. Ganesh, Saffron,
G-137, Arakta and Mridula are the
pomegranate varieties. Although India is the
world's largest producer of pomegranate, the
productivity per hectare of pomegranate is very
low compared to other countries. Improper
water management is one of the root causes.

Materials and Methods

Study Area : The study was carried out
especially for Solapur, Sangali, Satara, Pune,
Ahmednagar and Nasik districts of Western
Maharashtra which is under water scarcity zone.

Data Collection : Meteorological data of
44 years (1975-2018) : Daily parameters (i.e.
maximum temperature (Tmax, °C) and
minimum temperature (Tmin, °C), maximum
relative humidity (RHmax, %) and minimum
relative humidity (RHmin, %), pan evaporation
(Epan, mm), wind speed (WS, km hr-1) at height
of 2.0 m, sun shine hours (SSHr, hr), rainfall (R,
mm)) etc. collected from

Indian Meteorological Department, Pune and
crop coefficient (kc) values collected from
unpublished PhD thesis submitted at MPUAT,
Udaipur.

Estimation of Reference Crop Evapo-
transpiration : The most common FAO-56
Penman-Monteith equation was used for the
estimating ETr for the present study (Allen et al.,
1998). The daily values of ETr¬ were calculated
by given equation,

Where, ETr = reference evapotranspiration,
(mm day-1), G = soil heat flux density, (MJ m-2

day-1), Rn= net radiation, (MJ m-2 day-1), T =
mean daily air temperature, (°C), g =
Psychometric constant, (k Pa °C-1), D = Slope
of saturation vapour pressure function, (k Pa
°C-1), es= saturation vapour pressure at air
temperature T, (kPa), ea= actual vapour pressure
at dew point temperature, (kPa) and u2=
average daily wind speed at 2 m height, (m
sec-1).

Crop Coefficient (kc) : The crop
coefficient values (1st, 2nd, 3rd, 4th, and 5th

years orchard) used for different Phenological
stages i.e. new leaf initiation, crop development,
crop maturity and crop harvesting (Meshram,
2010).

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

ETp =ETr * Kc

Where, ETp = Pomegranate evapotrans-
piration (mm day-1), ETr = Reference crop
evapotranspiration (mm day-1) and kc = Crop
coefficient of pomegranate.

Pomegranate Water Requirement
(WR) : Water Requirement (lit day-1 tree-1) =
(Plant to Plant spacing * ETp* Wetted area) /
Drip Efficiency

Result and Discussion

Water Management : Pomegranate
production in Maharashtra is water deficient and
hence water management is very important for
pomegranate orchards to achieve productivity.
Crops need to be irrigated as required.
Reference crop evapotranspiration is an
important component of water requirement and
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changes with climate, hence it is necessary to
estimate reference crop evapotranspiration for
different regions/districts. It is also important to
know the crop coefficient according to the
stage/age of pomegranate growth to consider
the difference in water requirement at different
stages/ages of pomegranate cultivation.
Therefore, it is necessary to develop crop

coefficients and determination of the water
requirement of pomegranate for different
regions. The water requirement of pomegranate
orchards depends on the age of the plant, fruit
load, season and soil type. The average
irrigation water requirement for pomegranate
orchards in Maharashtra on a monthly basis is
shown in Table 1. The average irrigation water
requirement of pomegranate orchards for ambe,
mMrig and hasta bahars according to their age,
season and growth stage are shown in Table 2,
3 and 4 respectively. While to determine the
water requirement of pomegranate orchards,
reference crop evapotranspiration has been
studied for last 40 and more years in the major
pomegranate growing districts of Maharashtra. 

Water Application : Drip/micro irrigation
system is use to irrigate pomegranate orchards.
Drip/micro irrigation system is a technology of
irrigating plants through a network of pipes.
This helps to supply filtered water directly to the
roots of the plant. Drip irrigation with one lateral
and two drippers, for the first two years is use
for watering pomegranate orchards; while drip
irrigation with two laterals and four drippers
from the third year to the fourth year; and from
the fifth year onwards if the size of the trees

Bhagat et al.36

Table 1. Water Management of Pomegranate Orchards for
Western Maharashtra

Month Water Requirement (liters day-1 tree-1)
–––––––––––––––––––––––––––––––––––––––
1st 2nd 3rd 4th 5th year
year year year year and 

above

January 4 7 15 19 21
February 5 9 19 25 27
March 6 9 24 31 33
April 7 10 28 36 39
May 7 11 30 39 43
June 5 8 22 28 31
July 4 7 16 21 23
August 3 5 16 21 23
September 3 6 16 21 23
October 3 6 16 21 22
November 3 6 14 19 20
December 3 7 13 17 19

Table 2. Water Management in Ambe Bahar of Pomegranate Orchards for Western Maharashtra

Phenological Stages Month Water Requirement (liters day-1 tree-1)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1st 2nd 3rd 4th 5th year
year year year year and above

Stress December 3 7 13 17 19
New Leaf Initiation January 4 7 15 19 21
Crop Development February 5 9 19 25 27

March 6 9 24 31 33
Maturity April 7 10 28 36 39

May 7 11 30 39 43
Harvesting June 5 8 22 28 31

July 4 7 16 21 23
Rest August Reduce water application 

September
October
November



grows too much, drip irrigation with two laterals
and six drippers is to be done.

Inspection : Avoid excessive watering
during the resting period until fruiting occurs.
Gradually increase the quantity of water as
required during the fruit growth period. Just
keep increasing the quantity a month before the
fruit harvesting and gradually reduce in the last

month of harvesting. While gradually increase or
decrease the watering but how much to reduce
or increase, suppose you watered the fruit-
garden today as shown in the tables, the next
day after 24 hours measure the soil moisture, go
15-20 cm deep from the roots of the plant and
take a soil sample. Close your fist to collect the
soil in the fist.

Journal of Agriculture Research and Technology 37

Table 3. Water Management in Mrig Bahar of Pomegranate Orchards for Western Maharashtra

Phenological Stages Month Water Requirement (liters day-1 tree-1)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1st 2nd 3rd 4th 5th year
year year year year and above

Stress May 7 11 30 39 43
Crop Development June 5 8 22 28 31

July 4 7 16 21 23
August 3 5 16 21 23

Maturity September 3 6 16 21 23
October 3 6 16 21 22

Harvesting November 3 6 14 19 20
December 3 7 13 17 19

Rest January Reduce Water Application
February
March
April

Table 4. Water Management in Hasta Bahar of Pomegranate Orchards for Western Maharashtra

Phenological Stages Month Water Requirement (liters day-1 tree-1)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1st 2nd 3rd 4th 5th year
year year year year and above

Stress August 3 5 16 21 23
Crop Development September 3 6 16 21 23

October 3 6 16 21 22
November 3 6 14 19 20

Maturity December 3 7 13 17 19
January 4 7 15 19 21

Harvesting February 5 9 19 25 27
March 6 9 24 31 33

Rest April Reduce Water Application
May
June
July



If soil sample remains loose, mold has not
forms, irrigate the crop as per the schedule
provided in the tables.

If mold of the soil sample forms, throw it on
the ground; if the mold breaks, assume the water
is perfect, no need of watering. Next day after
following the same procedure, decide whether it
is necessary to irrigate or not.

If the mold of the soil sample forms and does
not burst when thrown on the ground, it means
water is high; irrigation is not necessary. Next
day, fallow same procedure and decide whether
it is necessary to irrigate or not.

Conclusion

Enhancing pomegranate farm productivity
and income it is necessary to apply the exact
amount of water to the crop as per its
requirement in order to manage the scare water

resources efficiently and judiciously. Thus
farmers will be benefitted with water saving with
higher water use efficiency. 
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Safflower (Carthamus tinctorius L.) is one
of the oldest oilseed crop. It was first cultivated
in Mesopotamia, with archaeological traces
possibly dating as early as 2500 BC. Safflower
has been grown in India since time immemorial
and mentioned as kuswtiba in ancient scriptures.
It is widely cultivated under the hot and dry
climate of the Middle East, the Centre of its
origin and diversity. Carthamus is the Latinized
synonym of the Arabic word quartilum or
gurtum which refers to the colour of the dye
extracted from safflower flowers. In India
safflower is cultivated as one of the most
important Rabi oilseed crop and it is tolerant to
heat, severe drought and salinity. Safflower
(Carthamus tinctorius L.) is an important oil
seed crop of the tropical countries. 

Safflower belongs to family-
Compositae, sub family- Asteraceae, tribe-

Tubiflorae, sub-division- Angiosperm of division
- Phenerogams. Safflower plant can be
described as a bushy, herbaceous annual
possessing several branches, which are
categorized as primary, secondary, and tertiary,
with each terminating into a globular structure
called capitulum. There are 36 species of genus
Carthamus, out of which Carthamus tinctorius
L. (2n=24) is the only cultivated species of
safflower which is used for oil extraction and the
rest are wild species. Plants are 30-150 cm tall
with globular flower heads (Capitula) and
commonly it has got brilliant yellow, orange or
red flowers. Safflower oil has a high quality for
cooking which on average contains 75% linoleic
acid, also contains tocopherols, known to have
antioxidant effect and high vitamin E content.
India is the largest producer of safflower 24.64
MT in the world with highest acreage 4.3 lakh
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Abstract
In order to study the genetic variation and relationships among traits, an experiment was carried out on

40 genotypes of safflower (Carthamus tinctorius L.) at the Experimental Farm of College of Agriculture, Latur.
The experimental designed was complete randomized block design with 2 replications in the Rabi 2020-2021.
Analysis of Variance for ten quantitative characters indicated significant differences for all the traits it confirms
presence of wide genetic variability in the experimental materials. The phenotypic and genotypic correlation
among the traits and their path analysis were calculated. The characters revealed that, plant height, number
of branches plant-1, number of effective capitulum plant-1, number of seed capitulum-1 and test weight is the
characters which showed strong positive significant correlation with seed yield. This characters showed
significant and positive correlation with seed yield. Hence, these traits could be considered as important traits
for improving seed yield in safflower. The character number of branches plant-1, plant height, number of
effective capsules plant-1, number of seed capitulum-1 and test weight showed that, higher direct positive effects
and indirect effects via other components traits. The character number of seeds capitulum-1 exerted the highest
direct positive effect on seed yield plant-1 followed by and number of branches plant-1 and number of capsule
plant-1. Hence, importance must be given to these characters because they are directly proportional to seed
yield.  Negative direct effects were exhibited for the characters like days to maturity and oil content.

Key words : Correlation, Path analysis and Safflower (Carthamus tinctorius L.).



hectares but with an average productivity of only
537 kg ha-1 in 2018 2019. Maharashtra and
Karnataka are the two most important safflower
growing states accounting for 72 and 23 per
cent of area and 63 and 35 per cent of
production, respectively. (Ministry of Agriculture
and Farmers Welfare, Govt. of India). The
genotypic correlation coefficient the existence of
real association, whereas, the phenotypic
correlation coefficient may occur by chance.
Lower phenotypic correlation may results from
the modifying of environment on the association
of characters at the genetic level. Genotypic
correlation coefficient indicates a measure of
genetic association between the characters and
therefore helps in identifying the character
which are important and need to consider for
improvement of yield. Path coefficient analysis
is a standardized partial regression analysis
which permits the separation of correlation
coefficient into measures of direct and indirect
effect. Seed yield is the product of interaction of
component traits. Apart from correlation
studies, path coefficient analysis is important
characters influence seed yield. This helps in
giving the weightage to a particular character
during the selection.

Materials and Methods

Forty genotypes including one check of
safflower were evaluated during Rabi, 2020-21
at the Experimental Farm of College of
Agriculture, Latur, under V.N.M.K.V., Parbhani.
The Randomized Block Design was used with
two replication and each accession was grown
in single row with a spacing of 50 cm between
rows and 20 cm between plants within a row.
All recommended package of practices were
followed to raise the good crop. Five plants at
random from each row in a replication were
selected and labelled for recording observations
and the mean of five plants was used for
statistical analysis. The data were recorded for

days to 50% flowering, days to maturity, plant
height at maturity (cm), number of branches
plant-1, number of effective capitula plant-1,
number of seeds capitulum-1, 100-seed weight
(g), seed yield plant-1 (g), hull content(%), oil
content(%). Analysis of variance was performed
to test the significance of differences between
the genotypes for all the characters. Variances
were calculated far all the character and analysis
of covariance was carried out by taking two
character at a time to find out the simple
correlation among the character. The
interrelationship of different yield contributing
character at genotypic level was worked out
according to the Johnson (1955). The simple
correlation coefficient (r) at genotype level
between difference variable (character) according
to the formula given by Singh and Choudhury
(1977). For testing the significance of correlation
coefficient, Fisher and Yates table for significant
“r” value at n -2 degree of freedom was
consulted (n = total number of observation). To
establish a causes and effect relationship, path
coefficient analysis was carried out and the
simple correlation coefficients (genotypic) were
partitioned into direct and indirect effect by path
analysis as suggested by Dewey and Lu (1959).

Results and Discussion

Correlation coefficient analysis for
seed yield per plant : Correlation coefficient
is an important statistical constant which indicate
the degree of association among the various
characters presented in Table 1. The genotypic
correlation coefficient were worked out for
different characters including seed yield plant-1.
Genotypic correlation of the character seed yield
plant-1 recorded highly significant and positive
association with the plant height (0.415),
number of branches plant-1 (0.834), number of
effective capitulum plant-1 (0.838), number of
seed capitulum-1 (0.207) and test weight
(0.609). The character oil content (-0.086) and
days to maturity (-0.033) showed the negative
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and non-significant association. The character
which recorded the non-significant but positive
association was observed with days to 50 per
cent flowering (0.174) and hull content (0.138).
Similar result also found by Nair et al. (2006).
These results are also in conformity with those
of Shivani et al. (2010), Mohtasham et al.
(2012), Khalili et al. (2013) and Pattar and Patil
(2020).

It was important to note that the characters,
plant height and number of seed per capitulum

were positively and strongly associated with each
other (g=0.710). The character number of
branches per plant were positively and strongly
associated with number of effective capitulum
per plant, test weight and hull content. The
character number of effective capitulum per
plant were positively and strongly associated
with test weight. Hence, these traits could be
considered as important traits for improving
seed yield in safflower. These results are in
conformity with those of Kamran and Ali (2006)
and Mohtasham et al. (2012).
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Table 1. Genotypic correlation coefficients of yield and yield components in safflower

Characters Days Days Plant No. of No. of No. of Test Oil Hull Seed 
to 50% to height bran- caps- seeds weight con- con- yield 
flowe- matu- (cm) ches ules cap- (g) tent tent plant-1
ring rity plant-1 plant-1 sule-1 (%) (%) (g)

Days to 50% flowering 1.000 0.534** 0.244* 0.116 0.166 0.130 0.029 0.233* -0.050 0.174
Days to maturity 1.000 0.065 0.276* 0.054 -0.118 0.160 0.013 0.082 0.033
Plant height (cm) 1.000 0.189 0.148 0.710** -0.168 -0.051 0.001 0.415**
No. of branches plant-1 1.000 1.100** -0.183 0.531** -0.233* 0.263* 0.834**
No. of capsules plant-1 1.000 -0.238* 0.456** -0.161 0.235* 0.838**
No. of seeds capsule-1 1.000 -0.592** 0.358** -0.375** 0.207*
Test weight (g) 1.000 -0.371** 0.329** 0.609**
Oil content (%) 1.000 -1.015** -0.139
Hull content (%) 1.000 0.138
Seed yield plant-1 (g) 1.000

* and ** indicates significance at 5 and 1 per cent level respectively.

Table 2. Estimates of genotypic path analysis direct and indirect effect of different characters on seed yield

Characters Days Days Plant No. of No. of No. of Test Oil Hull Seed 
to 50% to height bran- caps- seeds weight con- con- yield 
flowe- matu- (cm) ches ules cap- (g) tent tent plant-1
ring rity plant-1 plant-1 sule-1 (%) (%) (g)

Days to 50% flowering 0.188 -0.149 -0.088 0.065 0.018 0.138 0.023 -0.020 -0.001 0.174
Days to maturity 0.100 -0.279 -0.023 0.155 0.005 -0.126 0.131 -0.001 0.002 -0.033
Plant height (cm) 0.045 -0.018 -0.360 0.106 0.016 0.757 -0.138 0.004 0.004 0.415**
No. of branches plant-1 0.021 -0.077 -0.068 0.564 0.120 -0.195 0.438 0.020 0.009 0.834**
No. of capsules plant-1 0.031 -0.015 -0.053 0.620 0.109 -0.253 0.376 0.014 0.008 0.838**
No. of seeds capsule-1 0.024 0.033 -0.255 -0.103 -0.026 1.068 -0.488 -0.031 -0.013 0.207*
Test weight (g) 0.005 -0.044 0.060 0.299 0.050 -0.631 0.825 0.033 0.011 0.609**
Oil content 0.043 -0.003 0.018 -0.131 -0.017 0.381 -0.305 -0.089 -0.035 -0.139
Hull content -0.009 -0.022 -0.004 0.148 0.025 -0.400 0.271 0.090 0.034 0.138
Seed yield plant-1 (g) 0.174 -0.033 0.415** 0.834** 0.838** 0.207* 0.609** -0.139 0.138 1.000



Path coefficient analysis for seed yield
plant-1 : Path coefficient analysis is a
standardized partial regression analysis which
permits the separation of correlation coefficient
into measures of direct and indirect effect. Seed
yield is the product of interaction of component
traits. The path analysis Table 2 indicated that,
the character number of seeds per capitulum
exerted the highest direct positive effect (1.068)
on seed yield plant-1 followed by test weight
(0.825) and number of branches plant-1 (0.564)
and number of capsule plant-1 (0.109). Jawanjal
et al. (2006) also reported. Present findings
were also in conformity with those of Ali et al.
(2008), Shivani et al. (2010), Golkar et al.
(2012) and Sreenivasa et al. (2011). The direct
negative influence were observed for oil content
(-0.089), days to maturity (-0.279), and plant
height (-0.360). These findings are in conformity
with Jawanjal et al. (2006), Shivani et al. (2012)
and Pattar and Patil (2020).

The present investigation clearly concludes
that, the character number of branches plant-1,
plant height, number of seed capitulum-1 and
test weight showed that, higher direct positive
effects and indirect effects via other components
traits. These findings are in conformity with
Pattar and Patil (2020). These indicated that,
direct selection for these characters will enhance
the breeding efficiency for seed yield in
safflower. Hence, for a plant breeder engaged in
the improvement of safflower yield, it would be
necessary to lay the maximum emphasis on
above mentioned characters.
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Total area under cotton during 2014-2015
was 41.92 LH (33.12%) and total production
was 79.25 lakh gathis (19.81%) (ASDM, 2015)
only, as compared to world and country it was
very low so it has great scope to increase it by
proper planning of yield by statistical means.
Production of cotton can be increased by
adapting new technologies and studying
different parameters influencing yield. Districts
selected for study in cotton crop were Dhule and
Jalgaon in which cotton is mainly taken as
rainfed and relation of all weather parameters
with yield really noticeable. Sorghum (Sorghum
bicolor (L.) Moench) in India called as jowar, is
the fifth most important world cereal, following
wheat, rice and maize. It is a staple food in the
drier parts of Tropical Africa, India and China.
It stands stress conditions and to some extent
water logging. India contributes about 16% of
the world’s sorghum production. Sorghum grain
yields in India have average 1170 kg ha-1 during
Kharif season and 880 kg ha-1 during rabi
season in 2014. Out of which 65% yield was
contributed by Maharashtra for rabi season. Out

of total area under rabi sorghum in India,
Maharashtra contribute 58% area in 2014
(ASDM 2015). Sugarcane is the important cash
crop of Maharashtra. Agriculture economy of
Maharashtra is mainly depending on sugarcane
crop. Total area under sugarcane crop in the
country was 50.321 lakh hector (L.H.) during
2014-2015. Out of which 21% area i.e. 10.55
L.H. was in Maharashtra. Out of the total
production of sugarcane 3565.60 Lakh Tons
(LT) in India, 26% (930.41LT) was in
Maharashtra. Total productivity of Maharashtra
was (88T Ha-1) which is more than national
productivity (70T Ha-1) (Krushidarshani 2016).
Western Maharashtra contributes more area of
cultivation as compared to other parts of
Maharashtra under sugarcane crop. Pune,
Ahmednagr, Solapur, Satara, Sangli, Kolhapur
and Nashik districts from Western Maharashtra
were selected for study. Weather is one of the
crucial parameters affecting yield of all the
crops. Several studies have indicated that
adverse weather condition during the cropping
season results in reduction of crop production of
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Abstract
Forecasting models were developed using nineteen years (1998-2016) for cotton crop and twenty-seven

years (1990-2016) of weather and yield data for sorghum and sugarcane crop. Models were validated for three
years (2013-1015), two years (2014 and 2015) and three years (2013-1015) for cotton, sorghum and
sugarcane crop respectively. R2 values for all districts were above 0.6 which was good fit and per cent error
of validation was near about ±10% for all districts in studied crops. Good agreements have been realized
between actual and predicted yield with similar trends of deviation at preharvest stage. Hence these models
can be used for forecasting sorghum yield in preharvest stage which is very useful to government authorities
to plan the sorghum, cotton and sugarcane crop production more efficiently.

Key words : SPSS Statistical model, Pre harvest yield forecasting models, Weather indices,
Cotton, validation, Sorghum, Sugarcane.



crops (Aggarwal et al.,1980, Agrawal et al.,
1983 and Agrawal et al. 1986). Crop acreage
estimation and crop yield forecasting are two
components, which are crucial for proper
planning and policy making in the agriculture
sector of the country. Models based on weather
parameters can provide reliable forecast of crop
yield in advance of the harvest and also
forewarning of pest and diseases attack so that
suitable plant protection measures could be
taken up timely to protect the crop. (Agrawal
and Mehta 2007). Therefore, cotton, sorghum
and sugarcane models based on weather indices
developed under FASAL (Forecasting
Agriculture output Using Space, Agrometeoro-
logy and Land based observations) project at
Ministry of Agriculture, Govt. of India in
collaboration with India Meteorological
Department (IMD). The present study was under
taken to investigate the feasibility of estimating
productivity of above crops based on weather
variables using past weather and yield records of
different districts of Maharashtra.

Materials and Methods

Weather data on daily basis at all districts
were collected from research stations located at
particular district and yield data were collected
from Agriculture and Statistics Department,
Govt. of Maharashtra. Two districts Dhule and
Jalgaon which contribute more in total yield of
cotton in Maharashtra were selected for the
study. Weather data was used for cotton in
Standard Meteorological Week wise (SMW),
starting from 22nd to 47th SMW of each year
i.e. the period from planting to pre-harvesting
stage of cotton crop. Sorghum crop yield data
for the period of 27 years (1990-2016) were
used to develop yield forecasting models.
Districts which contribute more in total yield of
sorghum in Maharashtra were selected viz.
Sangli, Solapur, Satara, Pune, Jalgaon and
Ahmednagar. Weather data was used in
Standard Meteorological Week wise (SMW),

starting from 40th to 2nd SMW of each year i.e.
the period from planting to preharvesting stage
of sorghum crop. Sugarcane crop yield data for
the period of 27 years(1990-2016) were used
to develop yield forecasting models. Seven
districts (Pune, Ahemednagr, Solapur, Satara,
Sangli, Kolhapur and Nashik) which contribute
more in total yield of sugarcane in Maharashtra
were selected.Standard Meteorological Week
wise (SMW) weather data was used starting from
6th to 47th SMW of each year. Variables used
in the study were weekly rainfall (mm),
maximum and minimum temperature (°C), RH I
and RH II (%) for selecting the best regression
equation. Among number of independent
variables, stepwise regression procedure was
adopted. Statistical Package for Social Science
(SPSS) Computer Software was used for the
analysis of data with probability level of 5% to
enter and 1% to remove the variables. A
regression model was fitted considering the
entered variables obtained from individual
stepwise regression analysis to predict the yield
of cotton for the subsequent year. The multiple
linear stepwise regression analysis has been
developed on the basis of examination of
coefficient of determination (R2), standard error
(SE) of estimates values resulted from different
weather parameters. The best agrometeoro-
logical yield model for each district developed as
per methodology given by Ghosh et al., (2014).
Weighted and unweighted weather index were
used in analysis follow up. Yield forecast models
for all districts which produce cotton, sorghum
and sugarcane have been developed and their
performances have been validated against the
observed yield during 2013-2015.

Firstly, the relationship between yield and
time was developed to find out whether the yield
is sensitive to technological trends for the period
under consideration or not. The yield data for
districts is sensitive to the introduction of new
varieties, irrigation facilities, fertilizer applica-
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tions and rainfall distribution in that year. Simple
weekly average and the weighted weekly
average of the weather parameters were
generated during the entire crop period. The
weight was the value of correlation of the yield
with respective weather variable for a particular
week. To test interdependencies of various
weather variables on the yield, the sum of the
weather variables and sum product of the
weighted weather variable were calculated for
each year and this formed the data series for
developing the regression equation. A total of
30 indices and time were taken as independent
variable. The regression equation is developed
using forward stepwise regression method
between these 31 independent variables and
dependent variable (yield). Year wise data of
selected main crop was mentioned in Table 7.

Results and Discussion

Cotton crop (Kharif) : Using (SPSS)
statistical model forecast was generated and
validated for the years 2013, 2014 and 2015
and the deviations were found to be in the
acceptable limits. Using the same equations, the
forecast for 2016 has been issued. Forecasted
yield and equations of models were given in
Table 1. Coefficient of determination (R2) has

been significant at 5% probability level for cotton
in two districts of Maharashtra. The forecasting
models were able to explain inter annual
variation in the cotton production to the extent
of 87% for Dhule and 90% for Jalgaon.  Table1
indicates the results of the forecast yield which
are satisfactory and the performance of the yield
forecasting is acceptable. The best agrometeoro-
logical indices to incorporate in the
agrometeorolgical yield for cotton crop was
selected like temperatures, relative humidity and
rainfall. Out of which more influences the yield
in cotton crop can be noted by equation as
Rain*RHII (Z351), RHI (Z41) for Dhule
districtand Rain*RH I (Z341),Tmax (Z10) for
Jalgaon district.

The validation of models for cotton for
2013, 2014 and 2015 are shown in Table 2.
Results revealed that in Dhule during 2013
(-5.1%) yield was over estimated in 2014 (1.6%)
and 2015 (5.4%) yield was under estimated. For
Jalgaon district during 2013 (4.6%) yield was
under estimated and during 2014 (-9.3%) and
2015 (-9.2%) it was overestimated. A model has
less than ±10% error in cotton yield prediction
for districts during all 3 years of validation. This
has indicated that the models can be used for
prediction of cotton yield in the above districts.  
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Table 1. Yield forecast models of cotton for Dhule and Jalgaon districts

District Equation Forecasted R2 F
yield (%)
(kg ha-1)

Dhule Y= -207+0.006*Z341+3.42*Z41 215 .87 44.22
Jalgaon Y= 1861.27+0.007*Z341-1.84*Z10 349 .90 59.21

Table 2. Validation of models for forecasting of cotton yield of Dhule and Jalgaon

Years 2013 2014 2015
Districts –––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––

Actual Predicted Error Actual Predicted Error Actual Predicted Error
(Kg ha-1) (Kg ha-1) % (Kg ha-1) (Kg ha-1) % (Kg ha-1) (Kg ha-1) %

Dhule 425.0 446.7 -5.1 329.0 323.8 1.6 268.0 253.6 5.4
Jalgaon 458.0 437.9 4.6 329.0 362.9 -9.3 268.0 295.3 -9.2



Sorghum (rabi) : Using statistical model
(SPSS) forecast was generated and validated for
the years 2014-2015 and the deviations were
found to be in the acceptable limits. Using the
same equations, the forecast for 2016 has been
issued. Forecasted yield and equations of
modelsfor sorghum were given in Table 1.
Coefficient of determination (R2) has been
significant at 5 % probability level for sorghum
in two districts of Maharashtra. The forecasting
models were able to explain inter annual
variation in the sorghum production to the
extent of 84% for Sangli, 68% for Solapur, 64%
for Satara, 72%f or Pune, 87% for Jalgaon and
90% for Ahmednagar. Table 1 indicates the
results of the forecast yield are satisfactory and
the performance of the yield forecasting is
acceptable. The best agrometeorological indices
to incorporate in the agrometeorolgical yield

which for sorghum crop was selected like
temperatures, relative humidity and rainfall. Out
of which more influences the yield in sorghum
crop can be noted by equation as Tmin*RHII
(Z251), Tmax*Tmin (Z121) and Tmax*Rain
(Z131) for Sangalidistrict;Tmax (Z11), Tmin*RHI
(Z241) for Solapur; Tmax*Tmin (Z121),
Tmin*RHII (Z251/Z250) for Satara district;
Tmax* Tmin (Z121) Tmax* RHI (Z141) for Pune
district; Time, Tmax*Tmin (Z121)and RHI*RHII
(Z451) for Jalgaondistrict; Tmin*RHII
(Z251),Tmax (Z11), Time and Tmax (Z31) for
Ahmednagar district.

The validation of models for sorghum for
year 2014 and 2015 are shown in table 2.
Results revealed that in Sangali 2014 (10.5%)
yield found under estimated 2015 (-17.6%) yield
was over estimated. For Solapur district in 2014
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Table 3. Yield forecast models of sorghum for given districts

District Equation Forecast R2 F Std.
yield Error
kg ha-1

Sangli Y= 309.46+0.32*Z251+1.26*Z121+ 0.04*Z131 893 0.84 35.6 67.5
Solapur Y= 1730.57+21.66*Z11+0.17*Z241 470 0.68 22.9 49.1
Satara Y= 829.76+1.70*Z121+0.32*Z251+0.03*Z250 818 0.64 11.8 96.85
Pune Y=-713.25+2.10*Z121+0.103*Z141 514 0.72 27.7 65.4
Jalgaon Y=1531.68+23.29*Time+0.95*Z121+0.06*Z451 1720 0.87 43.3 93.5
Ahmednagar Y= 3790.43+0.27*Z251+29.6*Z11+ 14.8*Time-1.79*Z31 594 0.90 24.9 63.8

Table 4. Validation of models for forecasting of sorghum yield of given districts

Sorghum Yield
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

2014 2015
–––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––

District Actual Forecasted % Actual Forecasted % 
yield yield Error yield yield Error
(kg ha-1) (kg ha-1) (kg ha-1) (kg ha-1)

Sangli 739 736.3 10.5 413 564 -17.6
Solapur 615 549 10.7 375 387 -3.1
Satara 863 871 -0.9 790 839 -6.1
Pune 772 736 4.6 448 564 -25.8
Jalgaon 2005 1799 10.2 1514 1671 -10.3
Ahmednagar 637 664 -4.2 328 396 -20.7



(10.7%) yield was underestimated and 2015
(-3.1%) it was overestimated. For Satara district
in 2014 (-0.9%) and 2015 (-6.1%) it was
overestimated. For Pune district in 2014 (4.6%)
yield was underestimated and 2015 (-25.8%) it
was overestimated. For Jalgaon district in 2014
(10.2%) yield was underestimated and 2015
(-10.3%) it was overestimated. For Ahmednagar
district in 2014 (-4.2%) and in 2015 (-20.7%) it
was overestimated. A model has less than ±10%
error in sorghum yield prediction for all districts
(exception for 3 times only) during years of
validation.This has indicates that the models can
be used for prediction of sorghum yield in the
above districts. 

Sugarcane crop (Kharif) : Using
statistical model (SPSS), forecast was generated
and validated for the years 2013 - 2015 and the
deviations were found to be in the acceptable
limits. Using the same equations the forecast for
2016 has been issued.Forecasted yield and
equations of models are given in Table 1.
Coefficient of determination (R2) has been
significant at 5 % probability level for sugarcane
in all seven districts of Western Maharashtra. R2

values ranged between 61% (Pune) to 97%
(Nashik). The forecasting models were able to
explain inter annual variation in the sugarcane
production to extent at 73%, 84%, 65%, 71%,
97%, 61% and 94% for Solapur, Satara,
Ahmednagar, Kolhapur, Nashik, Pune and
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Table 5. Yield forecast models of sugarcane for different districts of western Maharashtra

District Equation Forecast R2 F
yield
kg ha-1

Solapur Y= 44740.5+0.88*Z451+0.99*Z351+1101.62*Z21 91596 0.73 20.8
Satara Y= 320648.4+117.8*Z11+1.019*Z351+5.69*Z241 86891 0.84 34.8
Ahmednagar Y= 377291.6+2551.32*Z11 79071 0.65 37.0
Kolhapur Y= 136393.2+1747.22*Z11+4.52*Z141 70164 0.71 22.5
Nashik Y=71866.8+1.264*Z351+5.89*Z241+2.32*Z120- 446.92*Time 67540 0.97 92.2
Pune Y= 338117.9+2168.5*Z11 82363 0.61 34.3
Sangali Y=103386.4+16.45*Z121+4.03*Z251+8.76*Z30+3.42*Z141 99758 0.94 61.8

Table 6. Validation of model for forecasting of sugarcane
yield for different districts of Western Maharashtra

Year Actual Forecasted % 
yield yield Error
(kg ha-1) (kg ha-1)

Solapur
2013 87000 85354.83 1.9
2014 100497 90062.76 10.3
2015 109644 97968.48 10.6
Satara
2013 101000 106347 9.4
2014 102000 91128 11.9
2015 83258 95508 -11.8

Ahmednagar
2013 68000 69005 -1.4
2014 59000 63597 -7.2
2015 66071 75070 -11.9

Kolhapur
2013 98000 97829.64 0.1
2014 96000.0 95433.01 0.5
2015 130977 119947 8.4

Nashik
2013 70000 69231 1.1
2014 70000 67524 3.6
2015 68312 70376 -2.9

Pune
2013 93000 101659 -8.5
2014 80000 84076 -4.8
2015 112854 102059 9.5

Sangali
2013 100000 100680 -0.6
2014 105000 94050 11.6
2015 86485 92052 -6.0



Sangali districts respectively. The results of the
forecast yield are satisfactory and the
performance of the yield forecasting is
acceptable. The best agrometeorological indices
to incorporate in the agrometeorolgical yield for
sugarcane crop were selected like temperatures,
relative humidity and rainfall. Out of which more
influences the yield in sugarcane crop can be
noted by equation as RHI*RHII (Z451),
Rain*RHII (Z351) and Tmin (Z21) for Solapur
district; Tmax (Z11), Rain*RHII (Z351) and
Tmin*RHI (Z241) for Satara District; Tmax
(Z11) for Ahmednagar and Pune districts; Tmax

(Z11) and Tmax* RHI (Z141).for Kolhapur
district ;Tmax *Tmin(Z121), Tmin*RHII (Z251),
Rain(Z30) and Tmax* RHI (Z141) for Sangali
district. Tmax , Relative humidity RHI and RHII,
and rainfall separate and in combination plays
very important role in sugarcane yield. Similar
results were reported by Tripathi et al. (2012)
who forecasted yield of sugarcane in preharvest
stage for Uttar pradesh.

The validation of models for sugarcane for
year 2013, 2014 and 2015 are shown in Table
2. Results revealed that in Solapur 2013 (1.9%),
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Table 7. Crop wise yield data for different district in western Maharashtra from 1090-2016

Year Cotton yield Sorghum yield Sugarcane yield
(Kg ha-1) (Kg ha-1) (Kg ha-1)
––––––––––– –––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Dhu- Jal- Jal- San-Sola- Sat- Pune Ahm- Solapur Satara Ahmed- Kolh- Nas- Pune Sangali
le gaon gaon gli pur ara edna- nagar apur hik

gar

1990 - - 1200 739 485 875 539 539 85332.0 87211 90211 - 89219 -
1991 - - 1220 449 534 838 495 495 69480.0 82508 81240 93300 - 88930 -
1992 - - 1051 418 313 721 360 360 68400.0 83340 81310 62000 - 81110 -
1993 - - 1324 448 425 588 468 468 80000.0 88000 80000 85000 - 87000 -
1994 - - 1259 607 577 764 609 609 85150.0 92300 90460 89180 - 89980 97090
1995 - - 1208 313 327 699 372 372 85900.0 95900 83590 80620 - 90630 90280
1996 - - 1006 620 650 714 419 419 90101.0 91882 80881 77518 - 84804 97092
1997 - - 1158 513 518 726 467 467 79985.0 109317 87015 77239 - 95910 87382
1998 186 224 1155 645 558 785 532 532 88000.0 88000 107000 101000 90000 88000 98000
1999 116 239 1224 560 467 1018536 536 100000.0 94000 93000 108000 83001 90000 106000
2000 85 116 1302 801 506 916 710 710 94000.0 92000 83000 96000 91000 77000 91000
2001 124 213 1004 530 448 510 416 416 85441.5 75811 74622 99608 78000 69160 94619
2002 92 207 1310 647 440 642 483 483 88000.0 72000 71000 89000 70001 67000 93000
2003 231 228 1584 376 335 434 347 347 69596.0 58261 33838 79644 56001 47654 67288
2004 209 265 1489 221 447 619 243 243 83755.3 72330 61919 83908 55001 58929 80832
2005 174 261 1588 531 441 861 532 532 93607.8 82877 64647 81424 51000 77655 88787
2006 253 325 1430 486 511 719 493 493 87884.9 85123 65872 93127 85001 65645 83683
2007 373 388 1464 588 481 804 512 512 97482.7 79274 66446 101230 69001 78260 84467
2008 112 305 1868 651 569 1027538 538 97345.8 84718 65368 90922 69001 71804 83929
2009 260 282 1403 583 591 795 642 642 95315.2 92568 70353 85755 72000 83849 89446
2010 440 510 1640 600 539 897 738 738 88000.0 85000 78000 100000 77000 75000 89000
2011 265 252 1252 980 565 900 565 565 85000.0 81000 75000 95000 70000 88000 95000
2012 248 261 1895 500 499 577 546 546 81000.0 110000 93000 88000 70000 90000 102000
2013 425 458 2297 670 460 867 707 591 87000 101000 68000 98000 70000 93000 100000
2014 329 329 2005 739 615 863 772 637 100497 102000 59000 96000.0 70000 80000 105000
2015 268 268 1514 413 375 790 448 328 109644 83258 66071 130977 68312 112854 86485



2014 (10.3%) and 2015 (10.6%) in all validated
years yield were under estimated. For Satara
district 2013 (9.4%) and 2014 (11.9%) were
underestimated while 2015(-11.8%) it was
overestimated.For Ahmednagar all validated
years show over estimated yield 2013
(-1.4%), 2014(-7.2%) and 2015(-11.9%). For
Kolhapur district in all validated years yield were
underestimated 2013(0.1%), 2014 (0.5%) and
2015(8.4%). For Sangali district 2013 (-0.6%)
and 2015 (-6.0%) were overestimated while
2014 (11.6%) it was underestimated. A model
has less than ±10 - 11% error in sugarcane yield
prediction for all districts during all 3 years of
validation. This has indicates that the models can
be used for prediction of sugarcane yield in the
above districts. 

Conclusions

Yield forecast models for Major district were
developed through statistical model. R2 values
for all districts were above 0.6 which was good
fit and per cent error of validation was ±10% for
all districts. Therefore, it could be used for yield
forecasting satisfactorily for cotton, sorghum
and sugarcane yield in Maharashtra. The results
revealed that agrometeorological yield models
explained the yield variability due to variations
in temperatures and relative humidity during the
different stages.Further separate Tmax with
combination of RHI, RHII and rainfall have
formed most important agrometeorological

indices. This can be useful in forecasting of crops
yield in advance in western Maharashtra.
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Finger millet (Eleusine coracana L.) is an
important food crop next to rice, wheat and
maize, valued as a staple food. India produced
1.44 Mt of finger millet from 1.19 M ha with an
average productivity of 1210 kg ha-1

(Anonymous, 2014).

In India it has the pride place of having
highest productivity among millets. The
optimum sowing time and selection of improved
cultivars play are markable role in exploiting the
yield potential of the crop under particular agro
climatic condition. It governs the crop
phonological development and the efficient
conversion of biomass into economic yield.
Delay in sowing caused early maturity resulting
drastic reduction in yield as compare to normal
sowing which has a longer growth duration
which consequently provides an opportunity to
accumulate more biomass. Growing of suitable
varieties at an appropriate time is an essential
for ensuring optimum crop productivity. 

Temperature is an important environmental

factor influencing the growth and development
of crop plants. It influences the crop phenology
and yield of crop (Bishnoi et al., 1995). Plants
have a definite temperature requirement to
attain phenological stages. Hence, it becomes
imperative to have knowledge of the exact
duration of phonological stages especially
maturity stages in a particular crop-growing
environment. The Growing Degree Day
(G.D.D.), is a heat index that can be used to
predict when a crop will reach maturity. The
Growing Degree Days calculation allows
producers to predict the plants pace toward
maturity. Daily growing degree day values are
added together from the beginning of the
season, providing an indication of the energy
available for plant growth. Growing degree day
totals are used for comparing the progress of a
growing season to the long-term average and
are useful for estimating crop development
stages and maturity dates. Therefore in order to
predict the date of maturity, present study has
been taken.
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Abstract
Weather effects on crop yields are manifold, making their assessment challenging. Information on the

extent to which crop stages particularly sensitive stages  are affected by specific extreme weather events is
important information for the  prevention of  weather driven losses. The growing degree days based forecasting
of  maturity days will act as good tool to control such losses in support of linking agronomic field decisions and
effective use of  the temporal and spatial  weather prediction. In the present  finger millet study,  good
relationship was found  between accumulated growing degree days and maturity days in both  Phule Nachani
and KOPN 942 cultivars. In agriculture business, the duration from planting to maturity is important for properly
timing and scheduling  management practices. In this study the accumulated GDD has found   significant role
in forecasting of maturity days whichwill be helpful for farmers in the execution of   farm decision, marketing
the produce and ultimately reduce the risk.  

Key words : Finger millet, Growing Degree Days, Maturity days , Forecasting.



Materials and Methods 

The actual study area was located in
Kolhapur  district  of Maharashtra which
geographically lies between 16.70 N latitude,
and 74.24 E longitude. A field experiment was
conducted during 2009 to 2017 at Zonal
Agricultural Research Station, Shenda Park,
Kolhapur.  Finger millet Varieties named as
KOPN 942 and Phule Nachani were selected for
the present study.  The agronomic information
such as maturity period of these varieties was
collected from the institute. 

Growing Degree Days  : The average of
minimum and maximum daily temperatures is
the most common in agricultural and
phenological research (McMaster & Wilhelm
1997, Dwyer et al. 1999, Matzarakis et al.
2007, Fealy & Fealy 2008). Growth and
development in plants and invertebrates is
temperature dependent. At one extreme,
development does not occur unless
temperatures exceed a lower base temperature
(TBASE) and at the other extreme, development
ceases as temperatures exceed an upper
threshold (TUPPER) (Trudgill et al. 2005).
Growing degree days is a way of assigning a
heat value to each day. The values are added
together to estimate of the amount of seasonal
growth of selected Okra varieties for this study.
The weather data for Kolhapur district for the
study period was collected from national Data
Center (NDC) Pune. The base temperature
(Tbase) for finger millet  was taken  13.0°C.  The
GDD was calculated daily basis and s accordingly
season wise  accumulated GDD was calculated
for each variety using following formula.

Growing Degree-day accumulation = [(Max.
Temp. + Mini. Temp.) / 2] -  Tbase , 

Where (Tbase = Minimum threshold
temperature)

Statistical Analysis : To examine the
relationship between the Calculated GDD  and
Days Of Maturity Spearmen correlation analysis
was conducted  and further to calculate   predict
days of maturity,  regression analysis was
conducted where Days of Maturity act as
dependent variable and calculated GDD was
independent variable for both the cultivars. 

Result and Discussion

In finger millet, plant development depends
on temperature. Plants require a specific amount
of heat to develop from one point in their life-
cycle to another. The ability to predict a specific
crop stage, relative to insect and weed cycles,
permits better management. 

Agronomic Charachterstics : The
agronomic charachteristics such as maturity was
found  related to the Growing Degree days. In
Table 1, Seasonal accumulated  growing degree
days, maturity of KOPN 942 and Phule
Nachani is mentioned.  For the KOPN 942
variety, the GDD range was between 1196 and
1388. The lowest GDD was observed during
year 2014 whereas  highest was in year 2013.
In case of maturity date, this variety was found
to be mature between 100 to 115 days. The
early date of maturity  was oberved during year
2010 and 2014 (100 days) and the late
maturity date was oberved during the year 2013
(115 days). 
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Table 1. Seasonal accumulated Growing Degree Days and maturity Details of KOPN 942 and Phule  Nachani

Variety Year 2009 2010 2011 2012 2013 2014 2015 2016 2017

KOPN 942 GDD 1309 1270 1360 1371 1388 1196 1288 1267 1352
Maturity 105 100 107 113 115 100 102 106 108

Phule Nachani GDD 1691 1699 1807 1715 1539 1430 1606 1521 1543
Maturity 134 133 136 132 132 127 130 128 130



In case of  the Phule  Nachani variety, the
GDD range was between 1430 and 1807. The
lowest GDD was observed during  year 2014
and highest was in year 2011.  In case of
maturity date, this variety was found to be
mature between 127 to 136 days in which  the
early date of maturity  was oberved during year
2014 (127 days) where as late maturity date was
oberved during the year 2011(136 days).

Estimation of days of maturity : Actual
and estimated days of maturity of KOPN 942
was calculated (Table 2).  The predicted days of
maturity was calculated based on regression
analysis. In case of predicted  days of maturity,
the minimum Percentage of error was found in
year 2009 while highest was found in 2013. 

In Table 3, actual and estimated days of
maturity of Phule Nachani variety is mentioned.
In case of predicted  days of maturity, the
minimum Percentage of error was found in year
2014 while highest was found in year 2012.     

Forecasting days of maturity : For
fingermillet cultivars, empirical model  was
developed for forecasting maturity days.
Empirical model has shown good results with
induvial cultivar. The Phule nachni cultivar  has
shown minimum stand error (1.166.) compared
to the KOPN 942 cultivar (3.519). the actual
and forecasted days of maturity of KOPN 942
was calculated (Table 4 and Fig. 1) and further
predicted days of maturity was calculated based
on regression analysis. In case of predicted  days
of maturity for KOPN942, the minimum
Percentage of error was found in year 2017
while highest was found in 2016 whereas for
Phule Nachani cultivar (Table 5 and Fig. 2),
minimum Percentage of error was found in year
2017 while highest was found in year 2016. 

Empirical model for forecasting of days
of maturity : The GDD based studies has
motivated many researchers found beneficial for
the agronomic management and yield prediction
(Srivastava 2005, Zajanc and Weber 2009,
Oner Canavar and Mustafa Ali Kaynak 2010,
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Table 2. Actual and estimated days of maturity and yield of KOPN 942

Year Days of Days of Accumulated Error in Percentage 
maturity for maturity GDD for number of of error for 
KOPN 942 estimated KOPN 942 days days of Maturity

by Model

2009 105 106 1309 1 1.34
2010 100 103 1270 3 3.31
2011 107 110 1360 3 3.22
2012 113 111 1371 -2 -1.49
2013 115 111 1368 -4 -3.41
2014 100 97 1196 -3 -2.56

Table 3. Actual and estimated days of maturity and yield of Phule Nachani

Year Days of Estimated days Accumulated Error in Percentage 
maturity of maturity GDD phule number of of error for 
phule Nachani Nachani days days of Maturity

2009 134 133 1691 -1 -0.49
2010 133 133 1699 0 0.35
2011 136 135 1807 -1 -0.65
2012 132 134 1715 2 1.29
2013 132 131 1539 -1 -0.74
2014 129 129 1430 0 0.27



Kara and Burhan 2011, Taruna et al. 2013,
Aslam et al. 2017). In  the present study, both
KOPN 942 and Phule  Nachani varieties, found
that accumulated GDD has  significant role in
forecasting  of maturity days  and  will be helpful
for farmers for farm decision making, marketing
the produce and ultimately reduce the risk.   In
India, majority of the farmers are not getting the
expected crop yield due to several reasons. The
agricultural yield is primarily depends on weather
conditions. In this context, the farmers
necessarily requires a timely advice to predict the
future maturity dates  and an analysis is to be
made in order to help the farmers to maximize
the crop production in their crops. Also it   will
be beneficial for farmers for better labour
management and amount of farm produce
introduce in the market based on market
fluctuation which ultimately leads to increase in
cost benefit ratio. Yield prediction is an
important agricultural problem. Every farmer is
interested in knowing, how much yield he is
about expect and it is highly variable component
which influenced by agronomic and environ-
mental factors and  accurate prediction of
maturity days will be helpful farmers take
weather based farm decisions.
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Table 4. Actual and Forecasted days of maturity and yield of KOPN 942

Year Days of Days of maturity Accumulated Error in Percentage 
maturity for Forecasted by Model GDD for number of of error for 
KOPN 942 for  KOPN 942 KOPN 942 days days of Maturity

2015 102 105 1288 3 2.68
2016 106 103 1267 -3 -2.76
2017 108 110 1352 2 1.68

Fig. 1. Actual Days of maturity vs Days of
maturity Forecasted by Model for
KOPN942

Table 5. Actual and estimated days of maturity and yield of Phule Nachani

Year Days of Days of Accumulated Error in Percentage 
maturity for  maturity GDD for number of of error for 
phule Nachani Forecasted phule Nachani days days of Maturity

by Model

2015 130 132 1606 2 1.57
2016 128 131 1521 3 2.14
2017 130 131 1543 1 0.83

Fig. 2. Actual Days of maturity vs Days of
maturity Forecasted by Model for Phule
Nachani



Conclusion

The goal of the study is to forecast GDD
based  maturity days for  finger millet varities so
that farmers can take better farm decisions,
marketing the produce and can prevent
weather driven losses by linking agronomic
practices with the regional temporal scale
weather forecasting.  During the experiment,
both the cultivars has shown good relationship
between accumulated growing degree days and
maturity days. Maturity days was found
increasing with increase in GDD. Further, In
Both  KOPN 942 and Phule  Nachani cultivars,
it was found that accumulated GDD has
significant role in forecasting  of maturity days
using regression analysis. Forecasted maturity
days given by both the models was found  much
closer to the actual dates which shown
minimum standard error, therfore performance
of  both model was found  acceptable for the
forecasting of maturity dates. Further, in the
more field trials and identification of  significant
other agronomic and weather parameters will
improve reduce the error in  prediction of Days
of Maturity in the finger millet.
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The rainfall and rainy days trend is very
crucial for the economic development and
hydrological planning for the country. Trend is
present when a time series exhibits steady
upward growth or a downward decline, at least
over successive time periods. The major
challenge today is to formulate and implement
a rational methodology for managing the
available water resources in the areas.
Therefore, determination and identification of
trends of precipitation is a key. So, the trend
analysis of rainfall and rainy days will be useful
to construct the future scenario of water
availability and useful for forecasting the future
temporal and spatial availability of water.

Sangli district is located in the western part
of Maharashtra. It is situated between the 16°5N
to 17°33N latitude and 73°41E to 75°41E
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). In the district, June to
September is the months of normal rainy
season. Sangli district contribute to 2.5 per cent
of state geographical area (7.76 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 (Gedefaw, M. et al., 2018; John and
Brema 2018; Pal et al., 2017; Easterling et al.,
2000; Francis and Gadgil, 2006; Griffiths et al.,
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Abstract
The study has been carried out to investigate and assess the significance of the potential trend of rainfall

and rainy days over the Atpadi tahsil of Sangli district of Maharashtra. In this study, trend analysis has been
carried out on annual, seasonal, monthly and weekly 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 rainfall and rainy days trend over the Atpadi tahsil for annual,
seasonal (winter and southwest monsoon), monthly (June, August and September) and weekly (MW23, MW25,
MW27, MW31, MW34-MW37, MW42 and MW46) time series. 

Key words : Rainfall trend, Rainy days trend, Mann Kendall method, Sen's slope method,
Sangli, Atpadi.
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2003; Guhathakurta and Rajeevan, 2006;
Haylock, 2006 and Kunkel, 2003).

Materials and Methods

Study area : Atpadi is a taluka located in
Sangli district of Maharashtra. It is situated
between the 17.420°N latitude and 74.937°E
longitudinal. The total geographical area of the
tahsil is 863.56 km2. (District Socio-economic
Statistical Abstract, 2011). The normal annual
rainfall of Atpadi tahsil is 414.40 mm and 28
normal rainy days. The region falls under the
rain-shadow area resulting in less rain. Jowar,
maize, wheat, cotton, sugarcane, bajari and
pomegranate are the main agricultural produce
in Atpadi. The low monsoon rainfall is
advantageous to farmers as the pomegranate is
a desert tree.

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
thirty seven 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
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
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Fig. 1. Map of Atpadi Tasils of Sangli districts
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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.

Annual rainfall and rainy days trend
analysis : The test results showed that annual
rainfall and annual rainy days of Atpadi 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 and rainy days
trend at Atpadi tahsil during the summer, winter,
south west monsoon and north east monsoon
season didn't exhibit any significant trend at
considered level of significance.

Monthly rainfall and rainy days trend
analysis : The monthly rainfall at Atpadi tahsil
during the month of June exhibited significant
trend at 90 per cent level of significance. The
trend was significant increasing (Z= 1.78) at 90
per cent confidence level. The Z statistics and Q
statistics showed nature of rainfall trends at
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Table 1. Rainfall and rainy days trend analysis at Atpadi
tahsil

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

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

Annual 0.48 - 1.632 1.02 - 0.132
Seasonal
Winter 0.42 - 0 0.07 - 0
Summer 0.20 - 0 -0.26 - 0
SW 0.71 - 1.550 1.15 - 0.167
NE -0.92 - -1.000 -0.16 - 0

Monthly
May -0.44 - 0 -0.54 - 0
June 1.78 + 1.157 0.47 - 0
July -0.95 - -0.451 -0.05 - 0
August 0.24 - 0.127 0.59 - 0
September 0.44 - 0.406 0.60 - 0
October -0.76 - -0.894 -0.21 - 0
November -0.12 - 0 0.46 - 0

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



Atpadi tahsil during June was significantly
increasing. The monthly rainy days at Atpadi
tahsil during the month of May, June, July,
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Fig. 2. Seasonal Rainfall trend analysis  

Fig. 3. Seasonal Rainfall trend analysis  

Fig. 4. Monthly Rainfall trend analysis    

Fig. 5. Monthly rainy days trend analysis

Table 2. Weekly rainfall and rainy days trend analysis at
Atpadi tahsil

Time Rainfall Rainy days
series ––––––––––––––––––––– ––––––––––––––––––

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

MW 21 -1.01 - 0 0.03 - 0
MW 22 -0.03 - 0 0.12 - 0
MW 23 2.64 ** 0.498 1.73 + 0
MW 24 -0.73 - -0.058 -0.89 - 0
MW 25 1.20 - 0.054 0.78 - 0
MW 26 -1.28 - 0 -1.03 - 0
MW 27 1.49 - 0 1.52 - 0
MW 28 -0.58 - 0 -0.03 - 0
MW 29 -0.93 - 0 -0.95 - 0
MW 30 -0.84 - -0.025 -0.35 - 0
MW 31 0.12 - 0 0.27 - 0
MW 32 -1.11 - 0 -1.06 - 0
MW 33 -1.57 - -0.080 -1.26 - 0
MW 34 1.65 + 0.030 2.11 * 0
MW 35 1.99 * 0.139 1.37 - 0
MW 36 2.00 * 0.250 1.46 - 0
MW 37 0.59 - 0.049 0.34 - 0
MW 38 -0.16 - 0 0.17 - 0
MW 39 -0.76 - -0.174 -1.02 - 0
MW 40 -0.10 - 0 -0.26 - 0
MW 41 -0.41 - 0 -0.30 - 0
MW 42 0.73 - 0 0.68 - 0
MW 43 -0.43 - 0 -0.52 - 0
MW 44 -0.89 - 0 -0.77 - 0
MW 45 -0.27 - 0 -0.24 - 0
MW 46 0.98 - 0 1.01 - 0

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

Fig. 5. Monthly rainy days trend analysis



August, September, October and November
didn’t exhibit any significant trend at considered
level of significance.

Weekly rainfall and rainy days trend
analysis : Rainfall trend at Atpadi tahsil during
21-22, 24-33 and 37-46 MWs and rainy days
trend at Atpadi tahsil during 21-22, 24-33 and
35-46 MWs didn’t exhibit any statistical
significant trend at confidence levels. MW 23 (4
June to 10 June) exhibited statistical significance
increasing rainfall trend (Z= 2.64) at 99 per cent
confidence level and increasing rainy days trend
(Z= 1.73) at 90 per cent confidence level. MW
34 (20 Aug. to 26 Aug.) exhibited statistical
significance increasing rainfall trend (Z= 1.65) at
90 per cent confidence level and increasing
rainy days trend (Z= 2.11) at 95 per cent
confidence level. MW 35 (27 Aug. to 2 Sep.)
and MW 36 (3 Sep. to 9 Sep.) exhibited
statistical significance increasing rainfall trend
(Z= 1.99) and (Z= 2.00) respectively, at 95 per
cent confidence level.

Conclusions

The annual rainfall and rainy days data
showed increasing trend for Atpadi tahsil. The
seasonal rainfall and rainy days data showed
increasing trend for winter and southwest
monsoon seasons, and decreasing trend for
northeast monsoon season and also decreasing
trend for summer rainy days. The monthly
rainfall and rainy data showed decreasing trend
for May, July and October months, and
increasing trend for June, August and
September months, while increasing trend in the
month of November rainy days. The weekly
rainfall data showed increasing trend for MW23,
MW25, MW27, MW31, MW34-MW37, MW42
and MW46. The weekly rainy days data showed
increasing trend for MW21-MW23, MW25,
MW27, MW31, MW34-MW38, MW42 and
MW46.
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Abstract
Brinjal is one of the most popular and principal vegetable crops grown in India. The most common method

of applying pesticides to the field crops in the more developed and relatively wealthy agricultural regions of the
world is with hydraulic boom sprayers. The working principal of the tractor mounted boom sprayer is to move
the spray liquid to the individual nozzle along the boom. Due to inefficient spraying machine lot of pesticide
was loss. The proposed sprayer was therefore tested using the pressure gauge and droplet analyzer in the
laboratory for brinjal crop. The developed control valve assembly of boom sprayer was tested in a laboratory
in terms variables viz., of droplet size, droplet density, uniformity coefficient, nozzle pressure and nozzle
discharge for four level of operating pressure (278, 413, 551 and 689 kPa) and number of active openings of
on-off valves (all valves open, one valve closed, two valves closed, three valves closed and four valves closed).
The deposition of droplet was taken at top, middle and bottom position of plant and on upper and lower leaf
surface. The nozzle pressure increases from 501.13 to 1093 kPa while closing the on-off valves of boom
sprayer at 689 kPa operating pressure. The nozzle discharge increases from 0.88 to 1.35 l min-1 while closing
the on-off valves of boom sprayer at 689 kPa operating pressure. 

Key words : Boom sprayer, Nozzle discharge rate, Nozzle pressure and Brinjal.

______________

Brinjal is one of the most commonly grown
vegetable crop of India. West Bengal, Orissa,
Adhar Pradesh, Gujarat, Bihar, Madhya
Pradesh, Maharashtra, Chattisgarh, Karnataka
and Haryana are major brinjal growing states. It
is an important cash crop for more than 1.4
million small, marginal and resource-poor
farmers. In India, brinjal is cultivated in 7.30 lakh

hectares with a productivity of about 17.5 MT
ha-1 (Anonymous, 2018). India is second second
largest producer of brinjal with a share of 23.3
per cent (Anonymous, 2018). The world’s
population is continuously increasing, especially
in most of the developing countries. To satisfy
the demand, food crop yields need to be
increased. Continuous growing of world
population and an increased pressure on the
available land to produce more crop, demands
for more intensive agriculture. The challenge for
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Indian agriculture is to achieve the higher
productivity in a sustainable manner which
despite constraints on availability of land,
irrigation and labour. To achieve all these,
farmers need to be empowered with new
farming technologies like irrigation systems,
high yielding seeds, advanced crop protection
technologies etc.

Plant protection strategies have significant
role in the overall crop production programmes
for sustainable agriculture and keeping aim to
minimizing crop losses due to ravages of insect
pests, diseases, weeds, nematodes, rodents, etc.
Total field losses in India due to insects, diseases
and weeds were ranged from 10 to 30 per cent
(Anonymous, 2016). 

Adopting the crop protection technology
which includes application of pesticides,
herbicides, insecticides, fungicides etc. which
helps to control the weeds, harmful insects and
numerous plant diseases those effects the crop
yield. Thus, it becomes imperative for Indian
producers to increase crop yields and efficiency
of food production processes, as the use of
pesticides improves crop yields. Crop protection
technologies also have impact on the cost of
food due to increase in input cost. Without crop
protection chemicals, food production may
decline and many cereals, fruits and vegetables
would be in short supply and prices of these
commodities may rise. Chemical method for
control of insects and pest play a major role in
rapid advancement of agriculture. The per
hectare consumption of pesticides in India is
amongst the lowest in the world and currently
stands at 0.6 kg ha-1 against 5-7 kg ha-1 in UK
and 13 kg ha-1 in China (Anonymous, 2016). In
order to increase yield and ensure food security
for its enormous population, use of agro-
chemicals in India need to be increased.

Boom sprayers are hydraulic equipment

used for pesticide application in field row crops.
Uniform distribution and deposition of chemical
from top to bottom of plant canopy and on the
undersides of leaves is of utmost importance for
effective pest control. Wastage of pesticides and
poor pest control give rise to loss of yield in field
crops.

Materials and Materials

The proposed study was conducted with the
technical assistance of ASPEE, Agricultural
research and development foundation, Mumbai.
A 12 meter tractor mounted boom sprayer was
selected for study and tested in the laboratory
(Table 1). The power for the operation of the
boom sprayer was supplied by the power take-
off (PTO) shaft of the tractor. For spray
deposition on brinjal crop independent variables
were operating pressure 278, 413, 551 and
689 kPa (Gholap et al.,  2012), respectively,
while the number of active openings of on-off
valves were all valves open, one valve closed,
two valves closed, three valves closed and four
valves closed. The experiment was replicated
three times under laboratory condition on brinjal
crop. 

Measurement of droplet depositions :
The laboratory experiment was conducted to
study the effect of different experimental
variables on spray deposition at different
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Table 1. Specifications of the boom sprayer 

Technical descriptions Boom sprayer

Tank capacity 400 lit
Working pressure (system pressure) 278 - 689 Kpa
Maximum pressure 2758 Kpa
PTO rpm 540
Pump HTP
Pump discharge 36 l/min
Gross weight of sprayer 270 kg
Size of sprayer (L × W × H) 1364x1000x1212mm
Application Rate 580 lit/ha
Type and number of nozzles used Hollow cone, 25



position on the plant (Fig. 1). For determination
of droplets size of each sprayer, a blue coloured
dye was mixed with water and the impression of
droplets was taken on glossy paper (Jassowal
and Singh 2016). Three glossy papers were
stapled on each position to observe the
deposition of the droplets. After making all
adjustments, set-up of the equipment was run
for 30 minutes before actually starting the
experiment. In order to achieve uniform
exposure of crop to the spraying the set up was
started 3m before the canopy and was collected
on the sample cards of glossy paper, sample
cards of size 62 mm x 44 mm were used to
collect the sample. Royal blue indigo dye was
mixed with water to prepare a coloured spray
solution. The coloured spray was allowed to fall
onto the sample glossy photographic paper.

After the experiment, the sample cards were
carefully removed and then taken for further
analysis in the laboratory. Digital image analyzer
was used to determine stain diameter and
droplet size which analyze these samples after
24 hours of application to ensure that droplets
had stopped spreading. ‘Image pro plus’ most
powerful electronic imaging program was used
was an analyzer for analysis of glossy paper (Fig.
2). The advanced image processing features of
the program are provided through  the Microsoft
Windows, consisted of microscope connected to
computer software through Graphical interface
card, which enable us directly visualize the image
on computer screen. Then these images were
processed in a computer which directly gave
droplet size and droplet density

Data Analysis : The data obtained in
different experiment was stored in M.S. Excel
for analysis. The image- pro program was used
to calculate the VMD and Mean diameter of the
droplet spectrum collected on the sample card
at a specific location. The data were analyzed on
computer using factorial CRD statistical software
packages. It was found that data for VMD,
NMD, DD and UC was significant at 1% level.

Results and Discussion

The different tests were conducted in the
laboratory to evaluate the performance
evaluation of the existing ASPEE boom sprayer.
The results of the existing boom sprayer are
discussed in the following subsequent sections.

1)  Discharge and pressure measurements
of nozzles

Effect of operating pressure and
number of active openings of on-off
valves on nozzle pressure : The mean values
of nozzle pressure are plotted in Fig. 3. The
nozzle pressure increases with closing the on-off
valves and it also increases with increasing
operating pressure.
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Fig. 1. Brinjal plant with glossy paper

Fig. 2. Electronic imaging instrument for
analysis of droplet deposition



The maximum nozzle pressure of 1093 kPa
was observed with 689 kPa operating pressure
and four valves close condition whereas
minimum nozzle pressure of 149 kPa was
observed with 278 kPa operating pressure and
open all on-off valve condition. 

Effect of operating pressure and
number of active openings of on-off
valves on nozzle discharge : The maximum
nozzle discharge of 1.35 l min-1 was observed
with 689 kPa operating pressure and four valves
close condition whereas minimum nozzle
discharge of 0.49 l min-1 was observed with 278
kPa operating pressure and open all valve
condition. The mean values of nozzle discharge
are plotted in Fig. 4. The nozzle discharge incre-
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(a) Operating pressure 278 kPa                                                      

(b) Operating pressure 413 kPa

(c) Operating pressure 551 kPa                                                         

(d) Operating pressure 689 kPa

Fig. 3. Effect of operating pressure and
number of active opening on nozzle
pressure (C- All valves open, C1- One
valve closed, C2- Two valves closed,
C3- Three valves closed and C4- Four
valves closed)

(a) Operating pressure 278 kPa                                                      

(b) Operating pressure 413 kPa

(c) Operating pressure 551 kPa                                                             



ases with closing the on-off valves and it also
increases with increasing operating pressure.

2) Effect of operating pressure and
number of active opening on droplet size
(VMD), droplet density (DD) and
uniformity co-efficient

The sprayer was tested at four operating
pressure (278, 413, 551 and 689 kPa) and five
level of active opening of on-off valves (all valves
open, one valve closed, two valves closed, three
valves closed and four valves closed) for brinjal
crop. The results on droplet size, droplet density,
uniformity coefficient and spray deposition for
different levels of independent variables are
discussed through section.

Effect on droplet size (VMD) : The
observed droplet size obtained for effect of
operating pressure and effect of number of
active openings are plotted in Fig. 5 and 6,
respectively. Maximum droplet size of 231 µm
was observed on upper leaf surface at top plant
position with combination of operating pressure
of 278 kPa and open all on-off valve condition
whereas minimum droplet size of 115 µm was
observed at bottom plant position and on lower
leaf surface with combination of operating

pressure of 689 kPa and four valves shut-off
condition. At all selected plant positions, droplet
size decreased with increase in operating
pressure and also decreasing trend was found
while closing the on-off valves. Higher values of
droplet size were observed on upper leaf surface
as compared to lower leaf surface and droplet
size values observed at top plant position were
marginally higher than the values observed at
other plant positions. 

Effect on droplet density (DD) : The
observed droplet density obtained for effect of
operating pressure and effect of number of
active openings are plotted in Fig. 7 and 8,
respectively. The maximum droplet density of
32 nos cm-2 was observed at top plant position
and on upper leaf surface with combination of
operating pressure of 689 kPa and closing four
valves condition and minimum droplet density of
16 nos cm-2 was observed at bottom plant
position and on lower leaf surface with
combination of operating pressure of 278 kPa
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(d) Operating pressure 689 kPa
Fig. 4. Effect of operating pressure and

number of active opening on nozzle
discharge (C-All valves open, C1- One
valve closed, C2- Two valves closed,
C3-Three valves closed and C4- four
valves closed)

Fig. 5. Effect of operating pressure on droplet
size

Fig. 6. Effect of active openings on droplet size
at 689 kPa operating pressure



and open all valves condition. Droplet density
increased with increase in operating pressure
from 278 to 689 kPa whereas number of active
opening of on-off valves had significant effect on
droplet density at all selected plant positions.
Higher droplet density was observed at top plant
position on upper leaf surface as compared to
other plant positions. 

Effect on uniformity coefficient (UC) :
The observed droplet size obtained for effect of
operating pressure and effect of number of
active openings are plotted in Fig. 9 and 10,
respectively. The maximum uniformity
coefficient of 1.43 was observed at top plant
position and on upper leaf surface with
combination of operating pressure of 689 kPa
and open all valves condition and minimum
uniformity coefficient of 0.84 was observed at
bottom plant position and on lower leaf surface
with combination of operating pressure of 278
kPa and closing four valves condition. Unifor-
mity coefficient decreases with increase in
operating pressure from 278 to 689 kPa

whereas number of active opening of on-off
valves had significant effect on uniformity
coefficient at all selected plant positions. Higher
uniformity coefficient was observed at top plant
position on upper leaf surface as compared to
other plant positions. 

Conclusions

The average nozzle pressure of boom
sprayer was increased from 501.13 to 1093
kPa, respectively when numbers of on-off valves
were closed. Because of this discharge of nozzle
was increased. On the basis of performance
evaluation of boom sprayer, found one problem
in this sprayer. The pressure of the nozzle was
increased while closing number of opening of
valves. Because of this more spray was applied
on the crop. Other factors like uniformity
coefficient, droplet density and droplet size also
affect by this pressure. Hence there is need to
modify controlled valve assembly of the available
boom sprayer. 
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Fig. 7. Effect of operating pressure on droplet
density

Fig. 8. Effect of active openings on droplet
density at 689 kPa operating pressure

Fig. 9. Effect of operating pressure on
uniformity coefficient

Fig. 10. Effect of active openings on uniformity
coefficient at 689 kPa operating
pressure
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Abstract
The effect of weather parameters on different rice cultivars with various sowing methods of direct seeded

rice  was studied at  Agricultural Research Station Farm, Vadgaon Maval, Tal. Maval, Dist. Pune  kharif,
2017.The field experiment was laid out in split plot design with three replications. There were sixteen treatment
combinations comprising of four sowing methods and four varieties. The results revealed that the pest
population was lower in paddy variety VDN-99-29 (Phule Samruddhi) followed VDN-3-51-18 (Indrayani) and
higher incidence with IET-13549 (Bhogawati) and RDN-99-1 (Phule Radha). The pest incidence was more
with drill sowing at 22.5 cm and lower with sowing on raised bed (15-25×15-25 cm). There was positive
correlation between maximum temperature, morning relative humidity, BSS, growing degree day and canopy
temperature with incidence of leaf folder and brown plant hopper but negative correlation with minimum
temperature, evening relative humidity. Stem borer incidence was not observed during the period of
investigation. Therefore It would be, suggested to adopt sowing on raised bed (15-25×15-25 cm) to kharif
direct seeded paddy variety Phule Samruddhi for minimum attack of rice pest with high yield production.

Key words : Rice, Sowing Methods, Varieties, Pest, Correlation.

______________

Rice (Oryza sativa L.) is one of the most
ancient crops being cultivated in 117 countries,
hence called as “Global Grain”. Rice belongs to

the genus Oryza and family Poaceae. It has two
cultivated and 22 wild species. The cultivated
species are Oryza sativa and Oryza glaberrina.
Oryza sativa is grown all over the world while
Oryza glaberrina has been cultivated in West
Africa for the last 3500 years.
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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 sustaina-
bility 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 (Pathak et al.,
2011), 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. Similarly the pest
influence studies also important in this aspect.
In view of this, present investigation carried to
find out the effect of weather parameters on pest
incidence in direct seeded rice with various
sowing methods on different cultivars.

Materials and Methods

Experimental details : The experiment
was conducted at Agricultural Research Station
Farm, Vadgaon Maval, Tal. Maval, Dist. Pune
kharif, 2017. It was laid out in split plot with

sixteen treatment combinations and three
replications. There are four sowing methods
viz., M1: Drill sowing at 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. All standard cultural opera-
tions were carried out for the experiment.  The
pest observations were taken in proper scale.

Leaf folder (Cnaphalocrosis medinalis):
Larvae consume the leaf tissue except the
epidermis, causing typical white streaks. They
create a leaf tube during later stages of feeding.
Used the following scale on the basis of the
percentage of damaged leaves on a 0-9
scale.The observations were recorded a tillering,
stem elongation, booting, heading, milk stage
and dough stages.

Stem Borers (Scirpophagain certulas) :
The observations for stem borer were recorded
at tillering, stem elongation and booting (Dead
hearts), and dough stage and grain mature
stages (Whiteheads).

Scale for stem borer (Dead hearts):

Scale for stem borer (White heads):
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––––––––––––––––––––––––––––––––––––––––––––––––––
Scale 0 1 3 5 7 9

Damage No 1- 11- 21- 36- 51-
(%) damage 10% 20% 35% 50% 100%
––––––––––––––––––––––––––––––––––––––––––––––––––

––––––––––––––––––––––––––––––––––––––––––––––––––
Scale 0 1 3 5 7 9

Damage No 1- 11- 21- 31- 61%-
(%) damage 10% 20% 30% 60% above
––––––––––––––––––––––––––––––––––––––––––––––––––

––––––––––––––––––––––––––––––––––––––––––––––––––
Scale 0 1 3 5 7 9

Damage No 1- 6- 11- 16- 26%-
(%) damage 5% 10% 15% 25% above
––––––––––––––––––––––––––––––––––––––––––––––––––



Brown plant hopper (Nilaparvata
lugens) : Partial to pronounced yellowing of
plant with increased severity of stunting.
Extreme signs are wilting to death of plants.
Infested areas in the field may be patchy. The
observations were recorded at tillering, stem
elongation, booting, heading, milk stage, dough
stage and mature grain stages. The scale for
brown plant hopper is 

0 - No damage , 1 - Very slight damage , 3 -
First and 2nd leaves of most plants partially
yellowing, 5 - Pronounced yellowing and
stunting or about 10 to 25% of the plants wilting
or dead and remaining plants severely stunted
or dying, 7- More than half of the plants, 9- All
plants dead.

Results and Discusssion

Correlation between weather parameters
and incidence of pests

Correlation analysis of weather parameters
and incidence of pests on paddy is given as
follows:

On variety Indrayani (V1)

a) Incidence of Leaf folder : Correlation
of incidence of leaf folder with weather
parameters in different varieties is presented in

Table 1. Correlation of incidence of leaf folder
with weather parameters at 28,42,56,70,84
DAS and at harvest  revealed significant positive
correlation with maximum temperature (r =
0.731*), RH-I(r = 0.544*) and BSS (r = 0.874**)
canopy temperature (r = 0.878**), GDD (r =
0.463) indicating increase in maximum
temperature, RH-I, canopy temperature, BSS
and GDD increased infestation of leaf folder.
Significant negative correlation with minimum
temperature(r = -0.363) and RH-II (r = -0.332),
and indicated increase in Tmin and RH-II,
decreased infestation of leaf folder. Incidence of
leaf folder having positive correlation with Tmax,
RH-I, BSS, canopy temperature and GDD and
having negative correlation with Tmin and RH-
II similar results were observed by Kumar et al.
(1996).

b) Incidence of brown plant hopper :
Correlation of incidence of brown plant hopper
with weather parameters at different varieties is
presented in Table 1. Correlation of incidence
of brown plant hopper with weather parameters
at 28,42,56,70,84 DAS and at harvest showed
significant positive correlation with maximum
temperature (r = 0.461), RH-I (r = 0.382) and
BSS (r = 0.336), canopy temperature (r =
0.347) and GDD (r = 0.812**) indicated
increase in maximum temperature, RH-I,
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Table 1. Correlation between weather parameters and pests of paddy on variety Indrayani

Particular Leaf folder Brown plant hopper
Weather –––––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––
parameter Days after sowing (DAS)

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
28 42 56 70 84 At ha- 28 42 56 70 84 At ha-

rvest rvest

Tmax 0.731* 0.832** 0.492 0.788** 0.654* 0.564* 0.461 0.896** 0.332 0.932** 0.753** 0.796**
Tmin -0.363 -0.374 -0.367 -0.849** -0.443 -0.486 -0.543* -0.441 -0.386 -0.243 -0.546* -0.439
RH-I 0.544* 0.380 0.123 0.346 0.438 0.261 0.382 0.671* 0.492 0.356 0.541** 0.484
RH-II -0.332 -0.246 -0.676* -0.412 -0.849** -0.548* -0.649* -0.242 -0.361 -0.347 -0.766* -0.324
BSS 0.874** 0.476 0.572* 0.398 0.374 0.469 0.336 0.362 0.354 0.584* 0.148 0.836**
Canopy temp 0.878** 0.541* 0.542* 0.491 0.434 0.534* 0.347 0.491 0.636* 0.325 0.593* 0.466
GDD 0.463 0.541* 0.596 0.645** 0.541* 0.873** 0.812** 0.468 0.636* 0.589* 0.778* 0.516*



canopy temperature, BSS and GDD increased
in infestation of brown plant hopper. On the
other hand significant negative correlation was
observed with minimum temperature (r = -
0.543*) and RH-II (r = -0.649*) indicated
increase in these meteorological element
decreased infestation of brown plant hopper.

Incidence of BHP having positive correlation
with Tmax, RH-I, BSS, canopy temperature and
GDD while having negative correlation with
Tmin and RH-II similar results was observed by
Heong et al. (1995).

On variety Phule Samruddhi

a) Incidence of leaf folder : Correlation
of incidence of leaf folder with weather
parameters at different varieties is presented in
Table 1. Correlation of incidence of leaf folder
with weather parameters at 28,42,56,70,84
DAS and at harvest revealed significant positive
correlation with Tmax (r = 0.863**), RH-I (r =
0.564*), BSS (r = 0.392), canopy temperature
(r = 0.482) and GDD (r = 0.646*) indicated
increase in Tmax, RH-I, canopy temperature,
BSS and GDD increased infestation of leaf
folder. On the other hand significant negative
correlation was noticed with, Tmin (r = -0.464)
and RH-II (r = -0.539*) indicated increase in
these parameters resulted in decreased
infestation of leaf folder.

Incidence of leaf folder having positive
correlation with Tmax, RH-I, BSS, canopy
temperature and GDD was highest at grain
filling stage and having negative correlation with
Tmin and RH-II similar results were observed by
Sakia and Parameswaran (1999).

c) Incidence of brown plant hopper :
Correlation of incidence of brown plant hopper
with weather parameters at different varieties is
presented in Table 2. Correlation analysis of
incidence of brown plant hopper with weather
parameters at 28,42,56,70,84 DAS and at
harvest  revealed significant positive correlation
with Tmax (r = 0.561*), RH-I (r = 0.569*), BSS
(r = 0.463), canopy temperature (r = 0.193) and
GDD (r = 0.803**)  indicated increase in T max,
RH-I, canopy temperature, BSS and GDD
increased infestation of brown plant hopper and
significant negative correlation with Tmin (r = -
0.398) and RH-II (r = -0.801**)  indicated
increase in Tmin and RH-II decreased infestation
of brown plant hopper.

Incidence of  BHP having positive correlation
with Tmax, RH-I, BSS, canopy temperature and
GDD while having negative correlation with
Tmin and RH-II. 

On variety Bhogawati

a) Incidence of leaf folder : Correlation
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Table 2. Correlation between weather parameters and pests of paddy on variety Phule Samruddhi

Particular Leaf folder Brown plant hopper
Weather –––––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––
parameter Days after sowing (DAS)

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
28 42 56 70 84 At ha- 28 42 56 70 84 At ha-

rvest rvest

Tmax 0.863** 0.894** 0.549* 0.692* 0.832** 0.867** 0.561* 0.898** 0.371 0.534* 0.642* 0.742**
Tmin -0.464 -0.416 -0.546* -0.363 -0.432 -0.398 -0.398 -0.944** -0.545* -0.613* -0.134 -0.278
RH-I 0.564* 0.566* 0.410 0.523* 0.464 0.569* 0.569* 0.776** 0.424 0.548* 0.348 0.489
RH-II -0.539* -0.548 -0.203 -0.356 -0.816** -0.461 -0.801** -0.489 -0.223 -0.891** -0.371 -0.691*
BSS 0.392 0.344 0.884** 0.462 0.336 0.353 0.463 0.366 0.434 0.492 0.657* 0.833**
Canopy temp. 0.482 0.734** 0.489 0.832** 0.362 0.491 0.193 0.464 0.493 0.442 0.438 0.866**
GDD 0.646* 0.537* 0.403 0.505* 0.800** 0.503* 0.803** 0.337 0.429 0.518* 0.856** 0.240



of incidence of leaf folder with weather
parameters at different varieties is presented in
Table 3. Correlation of incidence of leaf folder
with weather parameters at 28,42,56,70,84
DAS and at harvest  revealed significant positive
correlation with Tmax (r = 0.840**), RH-I (r =
0.374), BSS (r = 0.345), canopy temperature (r
= 0.782*) and GDD (r = 0.567*) indicated
increase in Tmax, RH-I, canopy temperature,
BSS and GDD increased infestation of leaf
folder. However, significant negative correlation
of leaf folder incidence was noticed with Tmin (r
= -0.544*) and RH-II (r = -0.388) indicated
increase in these parameters decreased
infestation of leaf folder.

Incidence of leaf folder having positive
correlation with Tmax, RH-I, BSS, canopy
temperature and GDD and having negative
correlation with Tmin and RH-II 

c) Incidence of brown plant hopper :
Correlation analysis of incidence of brown plant
hopper with weather parameters at different
varieties is presented in Table 3. Correlation of
incidence of brown plant hopper with weather
parameters at 28,42,56,70,84 DAS and at
harvest  revealed significant positive correlation
with T max (r = 0.328), RH-I (r = 0.444), BSS
(r = 0.693*), canopy temperature (r = 0.422)
and GDD (r = 0.433) indicated increase in Tmax,

RH-I, canopy temperature, BSS and GDD
increased infestation of brown plant hopper.
Further, significant negative correlation was
observed with Tmin (r = -0.501*) and RH-II (r =
-0.165) indicated increase in Tmin and RH-II
decreased infestation of brown plant hopper.

Incidence of BHP having positive correlation
with Tmax, RH-I, BSS, canopy temperature and
GDD while having negative correlation with
Tmin and RH-II similar results were as observed
by Ashrith et al. (2016).

On variety Phule Radha

a) Incidence of leaf folder : Correlation
analysis of incidence of leaf folder with weather
parameters at different varieties is presented in
Table 4. Correlation of incidence of leaf folder
with weather parameters at 28,42,56,70,84
DAS and at harvest  revealed significant positive
correlation with Tmax (r = 0.984**), RH-I (r =
0.884**), BSS (r = 0.530*), canopy temperature
(r=0.558*) and GDD (r = 0.605*) indicated
increase in Tmax, RH-I, BSS, canopy
temperature and GDD increased infestation of
leaf folder. However, significant negative
correlation was noticed with Tmin (r = -0.545*)
and RH-II (r = -0.348) indicated increase in
these parameters decreased infestation of leaf
folder.
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Table 3. Correlation between weather parameters and pests of paddy on variety Bhogawati

Particular Leaf folder Brown plant hopper
Weather –––––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––
parameter Days after sowing (DAS)

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
28 42 56 70 84 At ha- 28 42 56 70 84 At ha-

rvest rvest

Tmax 0.840** 0.488 0.644* 0.588* 0.473 0.784** 0.328 0.808** 0.912** 0.771** 0.693* 0.634*
Tmin -0.544* -0.532 -0.505* -0.865** -0.345 -0.949** -0.501* -0.245 -0.417 -0.346 -0.457 -0.425
RH-I 0.374 0.192 0.567 0.383 0.664* 0.518 0.444 0.918** 0.335 0.611* 0.860** 0.405
RH-II -0.388 -0.463 -0.223 -0.463 -0.503 -0.214 -0.165 -0.468 -0.397 -0.478 -0.363 -0.470
BSS 0.845** 0.446 0.346 0.372 0.398 0.566* 0.693* 0.593* 0.735** 0.365 0.423 0.315
Canopy temp. 0.382 0.434 0.368 0.592* 0.627* 0.772** 0.422 0.445 0.656* 0.465 0.436 0.805**
GDD 0.567* 0.234 0.589* 0.489 0.453 0.797** 0.433 0.664* 0.858** 0.523* 0.753** 0.564*



Incidence of leaf folder having positive
correlation with Tmax, RH-I, BSS, canopy
temperature and GDD and having negative
correlation with Tmin and RH-II . 

b) Incidence of brown plant hopper :
Correlation analysis of incidence of brown plant
hopper with weather parameters at different
varieties presented in Table: 4. Correlation of
incidence of brown plant hopper with weather
parameters at 28,42,56,70,84 DAS and at
harvest  revealed significant positive correlation
with Tmax (r = 0.462), RH-I (r = 0.564), BSS (r
= 0.834**), canopy temperature (r = 0.467) and
GDD (r = 0.501*) indicated increase in Tmax,
RH-I, BSS, canopy temperature and GDD
increased infestation of brown plant hopper.
Further, significant negative correlation was
observed with Tmin (r = -0.703**) and RH-II (r =
-0.342), and indicated increase in Tmin and RH-
II decreased infestation of brown plant
hopper.Incidence of BHP having positive
correlation with Tmax, RH-I, BSS, canopy
temperature and GDD while having negative
correlation with Tmin and RH-II similar results
was observed by Nair et al. (1980).

Conclusion

From the data it can be said that the pest

population was lower in paddy variety VDN-99-
29 (Phule Samruddhi) followed VDN-3-51-18
(Indrayani) and higher incidence with IET-13549
(Bhogawati) and RDN-99-1 (Phule Radha).Pest
Incidence was more with drill sowing at 22.5 cm
and lower with sowing on raised bed (15-25 x
15-25 cm). There was positive correlation
between maximum temperature, morning
relative humidity, BSS, growing degree day and
canopy temperature with incidence of leaf folder
and brown plant hopper but negative correlation
with minimum temperature, evening relative
humidity. Stem borer incidence was not
observed during the period of investigation.
Therefore It would be, suggested to adopt
sowing on raised bed (15-25 x 15-25 cm) to
kharif direct seeded paddy variety Phule
Samruddhi for minimum attack of rice pest with
high yield production. 
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Abstract
The field experiment, “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. It 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  lower pest population was observed
in paddy variety VDN-99-29 (Phule Samruddhi) followed VDN-3-51-18 (Indrayani) and higher incidence with
IET-13549 (Bhogawati) and RDN-99-1 (Phule Radha).Pest Incidence was more with drilling at 22.5 cm and
lower with Modified Direct Seeded Rice Technique (MDSRT). There was positive correlation between maximum
temperature, morning relative humidity, BSS, growing degree day and canopy temperature with incidence of
leaf folder and brown plant hopper but negative correlation with minimum temperature, evening relative
humidity. Therefore, It would be  suggested  to Farmers  to go for adopt VDN-99-29 (Phule Samruddhi)
variety, sowing with Modified Direct Seeded Rice Technique (MDSRT) for  for minimum attack of rice pest.

Key words : Paddy, Cultivation Methods, Varieties, Disease, Correlation.

______________

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. The weather condition is warm

1.Officer Incharge ,Agril. Research Station ,Vadgaon
Maval Dist. Pune, 2.M.Sc Student, 3. SRF, 4. Head and
5.Principal A.T.S.Solapur.



and humid. This climatic condition is beneficial
for the development of various pests. It is a
major problem in increasing rice production
here. Considering these facts, the present
experiment has been carried out to study the
major insect pest incidence on rice ecosystem
during kharif season.

Materials and Methods

The field experiment, “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 AgriculturalResearch Station Farm,
VadgaonMaval, Tal. Maval, Dist. Pune. 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 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-1 at
the time of transplanting. 2) Application of
Glyricidea  as green manure @ 3 tonnes ha-1 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 1m breadth with 8-10 cm height.
Rack of 1m 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- 100:50:50
kg NPK ha-1

4) Modified Direct Seeded Rice
Technique (MDSRT) : Raised beds of 1m
breadth with 8-10 cm height. Marking are made
with help of rope and wooden rod at 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.

Incidence of blast, sheath rot and scald
diseases in different varieties during
kharif season

The incidence of blast was not noticed during
kharif season, incidence of sheath rot and scald
disease was observed. The incidence of sheath
rot and scald diseases were lower in
PhuleSamruddhi followed by Indrayani,
Bhogawati and PhuleRadha (Table 1).

The incidence of sheath rot and scald
diseases were lower in treatment ofModified
Direct Seeded Rice Technique (MDSRT). After
that, it has shown increased trendin Four point
agro technique (Char Sutri Method), Saguna
Rice Technique (SRT)and drillimg at 22.5
cmrespectively.

Correlation between weather parameters
and incidence of diseases

Correlation analysis of weather parameters
and incidence of diseases on paddy is given as
following:
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On variety Indrayani

a) Incidence of sheath rot : Correlation
analysis of incidence of sheath rot with weather
parameter with different varieties presented in
Table 2 is given as follows:

Correlation of incidence of sheath rot with
weather parameters at 60,75,90 DAS and at
harvest, revealed the significant positive
correlation with Tmax (r = 0.864**), RH-I (r =
0.463), BSS (r =0.546) and canopy
temperature (r = 0.532) indicated increase in
infestation of sheath rot. Further, significant
negative correlation was noticed with Tmin (r = -
0.963**) and RH-II (r = -0.586) indicated
increase in Tmin and RH-II decreased infestation
of sheath rot. Incidence of sheath rot having
positive correlation with Tmax, RH-I, BSS and
Canopy temperature while showing negative
correlation with Tmin and RH-II similar results
are observed by Reddy et al. (2001)

b) Incidence of scald : Correlation at
45,60,75,90 DAS and at harvest revealed
significant positive correlation between leaf scald
incidence and Tmax (r = 0.897**), RH-I (r =
0.647*), BSS (r= 0.671*) and canopy
temperature (r = 0.751*) indicated that increase
in their levels showed increase in infestation of
scald. Thereafter, significant negative correlation
was noticed with Tmin (r = -0.462), RH-II (r = -
0.781*) indicating increase in Tmin and RH-II
decreased infestation of scald. Incidence of scald
having positive correlation with Tmax, RH-I and
BSS having negative correlation with Tminand
RH-II similar results was observed by Lamey and
Williams (1972).

On variety PhuleSamruddhi

a) Incidence of sheath rot : Correlation
analysis of incidence of sheath rot with weather
parameter with different varieties is presented in
Table 3.
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Table 1. Incidence of blast, sheath rot and scald diseases
in different treatments during kharif season

Treat- Disease Per cent incidence
ment –––––––––––––––––––––––––––––––––

Days after sowing/ transplanting
–––––––––––––––––––––––––––––––––
45 60 75 90 At ha-

rvest

V1M1 Blast 0 0 0 0 0
Sheath rot 0 5.5 7.9 10.4 12.7
Scald 4.9 7.7 10.7 12.8 13.4

V1M2 Blast 0 0 0 0 0
Sheath rot 0 7.1 8.9 11.1 15.8
Scald 5.1 9.7 11.2 15.8 19.4

V1M3 Blast 0 0 0 0 0
Sheath rot 0 6.7 8.4 11 14.9
Scald 5 .1 11 15.1 19

V1M4 Blast 0 0 0 0 0
Sheath rot 0 5.1 6.8 9.2 10.1
Scald 4.5 6.5 9.3 10 13.9

V2M1 Blast 0 0 0 0 0
Sheath rot 0 2.3 3.1 3.4 6.9
Scald 3.6 3.9 4.8 7.1 7.6

V2M2 Blast 0 0 0 0 0
Sheath rot 0 5.1 6.3 10.9 14.4
Scald 4.5 7.6 10.8 14.4 17.4

V2M3 Blast 0 0 0 0 0
Sheath rot 0 4.5 5.9 9.8 13.3
Scald 4.1 7.3 10.4 13.9 17.1

V2M4 Blast 0 0 0 0 0
Sheath rot 0 2.1 2.8 3.2 5.5
Scald 3.1 3.2 3.2 4.4 6.9

V3M1 Blast 0 0 0 0 0
Sheath rot 0 7.6 9.3 11.9 14.8
Scald 5.1 9.5 12.2 15.2 20.1

V3M2 Blast 0 0 0 0 0
Sheath rot 0 8.7 10.1 13.1 16.6
Scald 5.5 10 13.1 16.7 21.7

V3M3 Blast 0 0 0 0 0
Sheath rot 0 8.1 9.3 12.3 15.3
Scald 5.2 9.8 12.7 15.8 20.9

V3M4 Blast 0 0 0 0 0
Sheath rot 0 7.4 8.1 11.4 14.5
Scald 4.9 9.1 11.8 14.4 19.6

V4M1 Blast 0 0 0 0 0
Sheath rot 0 8.7 11.5 14.6 17.5
Scald 5.3 9.8 13 16.2 21

V4M2 Blast 0 0 0 0 0
Sheath rot 0 10.2 12.8 15.3 19.3
Scald 5.7 10.6 13.8 17.3 22.7

V4M3 Blast 0 0 0 0 0
Sheath rot 0 9.3 11.9 14.9 17.8
Scald 5.5 10.2 13.4 16.7 21.8

V4M4 Blast 0 0 0 0 0
Sheath rot 0 8.1 10.3 12.4 16.1
Scald 5 9.5 12.7 15.1 20.1



Correlation of incidence of sheath rot with
weather parameters at 60,75,90 DAS and at
harvest, revealed significant positive correlation
with Tmax (r = 0.712*) canopy temperature (r =
0.654*) and BSS (r =0.421) indicating increase
in these weather element increased infestation
of sheath rot. Further, significant negative
correlation was noticed with Tmin (r = -0.421),
RH-I (r = -0.561) and RH-II (r = -0.672*)
indicated increase in RH-II, RH-I and Tmin
decreased infestation of sheath rot. Incidence of
sheath rot having positive correlation with Tmax,
RH-I, BSS and Canopy temperature while
showing negative correlation with Tmin and RH-
II similar results are observed by Amin et al.
(1974).

b) Incidence of scald : Correlation at 45,
60, 75, 90 DAS and at harvest revealed
significant positive correlation between leaf scald
incidence and Tmax (r= 0.896**), RH-I (r=
0.563), BSS (r= 0.642*), canopy temperature
(r=0.982**) and GDD (r= 0.432) indicated that
increase in Tmax, RH-I, canopy temperature and
BSS levels showed increase in infestation of
scald. Thereafter, significant negative correlation
was noticed with Tmin (r = 0.723*) and RH-II (r
= -0.376) indicated increase in Tmin and RH-II
decreased infestation of scald.

Incidence of scald having positive correlation
with Tmax, RH-I, BSS and GDD and having
negative correlation with Tminand RH-II similar
results was observed by Peregrine et al. (2009).
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Table 2. Correlation between weather parameters and diseases of paddy on variety Indrayani

Sheath rot Scald
Weather –––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––––––
parameter Days after  sowing / transplanting

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
60 75 90 At 45 60 75 90 At 

harvest harvest

Tmax 0.864** 0.512 0.479 0.768* 0.897** 0.542 0.479 0.841** 0.643*
Tmin -0.963** -0.673* -0.649* -0.572 -0.462 -0.400 -0.541 -0.521 -0.634*
RH-I 0.463 0.468 0.389 0.487 0.647* 0.537 0.871** 0.399 0.541
RH-II -0.586 -0.398 -0.567 -0.652* -0.781* -0.452 -0.562 -0.458 -0.771*
BSS 0.546 0.534 0.673* 0.578 0.671* -0.681* 0.541 -0.431 0.571
Canopy temp. 0.532 0.587 0.458 0.547 0.751* 0.921** 0.534 0.462 0.673*

Table 3. Correlation between weather parameters and diseases of paddy on variety PhuleSamruddhi

Sheath rot Scald
Weather –––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––––––
parameter Days after  sowing / transplanting

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
60 75 90 At 45 60 75 90 At 

harvest harvest

Tmax 0.712* 0.422 0.725* 0.805** 0.896** 0.924** 0.642* 0.903** 0.732*
Tmin -0.421 -0.463 -0.783* -0.471 -0.723* -0.421 -0.434 -0.487 -0.768*
RH-I -0.561 0.437 0.653* 0.672* 0.563 0.549 0.453 0.576 -0.467
RH-II -0.672* -0.367 -0.289 -0.431 -0.376 -0.287 -0.432 -0.352 -0.642*
BSS 0.421 0.763* 0.298 0.562 0.642* 0.562 0.783* -0.561 0.462
Canopy Temp. 0.654* 0.492 0.497 0.280 0.982** 0.785* 0.634 0.673* 0.396



On variety Bhogawati

a) Incidence of sheath rot : Correlation
analysis of incidence of sheath rot with weather
parameter with different varieties is presented in
Table 4.

Correlation of incidence of sheath rot with
weather parameters at 60, 75, 90 DAS and at
harvest, revealed significant positive correlation
with Tmax (r = 0.783*), RH-I (r = 0.479) and
canopy temperature (r = 0.843**) indicated
increase in these weather elements increased
infestation of sheath rot. Further, significant
negative correlation was noticed with Tmin (r =
-0.689*), RH-II (r = -0.576), BSS (r = -0.543)
indicated increase in Tmin, RH-II and BSS
decreased infestation of sheath rot. Incidence of
sheath rot having positive correlation with Tmax,
RH-I, BSS and Canopy temperature while
showing negative correlation with Tmin and RH-
II similar results are observed by Reddy et al.
(2001) 

b) Incidence of scald : Correlation at 45,
60, 75, 90 DAS and at harvest revealed
significant positive correlation between leaf scald
incidence and Tmax (r= 0.786**), RH-I
(r=0.831**), BSS (r= 0.533) and canopy
temperature (r=0.673*) indicated that increase
in Tmax, RH-I, canopy temperature and BSS
levels showed increase in infestation of scald.

Thereafter, significant negative correlation was
noticed with Tmin (r = -0.546) and RH-II (r = -
0.561) indicated increase in Tmin and RH-II
decreased infestation of scald. Incidence of scald
having positive correlation with Tmax, RH-I and
BSS having negative correlation with Tmin and
RH-II similar results was observed by Lamey and
Williams (1972).

On variety PhuleRadha

a) Incidence of sheath rot : Correlation
analysis of incidence of sheath rots with weather
parameter at different varieties is presented in
Table 5.

Correlation of incidence of sheath rot with
weather parameters at 60,75,90 DAS and at
harvest, revealed significant positive correlation
with Tmax (r = 0.953**), BSS (r= 0.541) and
canopy temperature (r = 0.378) indicated
increase in these weather elements increased
infestation of sheath rot. Further, significant
negative correlation was noticed with Tmin (r = -
0.643*), RH-I (r = -0.576) and RH-II (r = -
0.679*) indicated increase in Tmin, RH-I and
RH-II decreased infestation of sheath rot.
Incidence of sheath rot having positive
correlation with Tmax, RH-I, BSS and Canopy
temperature while showing negative correlation
with Tmin and RH-II similar results are observed
by Amin et al. (1974).
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Table 4. Correlation between weather parameters and diseases of paddy on variety Bhogawati

Sheath rot Scald
Weather –––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––––––
parameter Days after  sowing / transplanting

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
60 75 90 At 45 60 75 90 At 

harvest harvest

Tmax 0.783* 0.634* 0.856** 0.834** 0.786* 0.982** 0.823** 0.765* 0.799*
Tmin -0.689* -0.542 0.856** -0.753* -0.546 0.542 -0.579 -0.568 -0.687*
RH-I 0.479 0.371 -0.574 0.553 0.831** 0.645* 0.658* 0.663* -0.539
RH-II -0.576 -0.287 -0.532 -0.774* -0.561 -0.368 -0.867** -0.589 -0.468
BSS -0.543 0.659* 0.374 0.989** 0.553 0.832** 0.546 -0.541 0.691*
Canopy temp. 0.843** 0.567 0.524 0.514 0.673* 0.534 0.712* 0.386 0.734**



b) Incidence of scald : Correlation at 45,
60, 75, 90 DAS and at harvest revealed
significant positive correlation between leaf scald
incidence and Tmax (r= 0.682*), BSS (r=
0.768*) and canopy temperature (r=0.713*)
indicated that increase in Tmax, BSS and canopy
temperaturelevels showed increase in infestation
of scald. Thereafter, significant negative
correlation was noticed with Tmin (r = -0.572),
RH-I (r = -0.461) and RH-II (r= -0.571) indicated
increase in Tmin, RH-I and RH-II decreased
infestation of scald. Incidence of scald having
positive correlation with Tmax, RH-I and BSS
having negative correlation with Tminand RH-II
similar results was observed by Peregrine et al.
(2009).

Conclusions

From data it was revealed that the disease
incidence was lower in paddy variety VDN-99-
29 (Phule Samruddhi) followed VDN-3-51-18
(Indrayani) and higher incidence with IET-
13549 (Bhogawati) and RDN-99-1 (Phule
Radha). Disease Incidence was more with
drilling at 22.5 cm and lower with Modified
Direct Seeded Rice Technique (MDSRT). There
was positive correlation between maximum

temperature, morning relative humidity, BSS,
growing degree day and canopy temperature
with incidence of leaf folder and brown plant
hopper but negative correlation with minimum
temperature, evening relative humidity. Stem
borer incidence was not observed during the
period of investigation. Therefore, It would be
suggested  to Farmers  to go for adopt VDN-99-
29 (Phule Samruddhi) variety ,sowing with
Modified Direct Seeded Rice Technique
(MDSRT) for  for minimum attack of rice disease
with high yield
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Table 5. Correlation between weather parameters and diseases of paddy on variety PhuleRadha

Sheath rot Scald
Weather –––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––––––
parameter Days after  sowing / transplanting

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
60 75 90 At 45 60 75 90 At 

harvest harvest

Tmax 0.953** -0.713* 0.658* 0.879** 0.682* -0.937** 0.932** 0.741* 0.941**
Tmin -0.643* -0.671* -0.567 -0.742* -0.572 -0.542 -0.674* -0.861** -0.594
RH-I -0.576 0.764* 0.498 0.552 -0.461 0.689* 0.563 0.648* 0.743*
RH-II -0.679* -0.564 -0.890** -0.345 -0.571 -0.421 -0.475 -0.513 -0.541
BSS 0.541 0.475 0.451 -0.387 0.768* 0.472 0.561 -0.549 0.476
Canopy temp. 0.378 0.671* 0.362 0.348 0.713* 0.684* 0.852** 0.641* 0.453

* Significant at 5% level, ** Significant at 1% level
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Arid legumes form very important source of
food and nutrients, rich in protein for human
beings especially in the dry land regions. Horse
gram (Macrotyloma uniflorum (Lam.) Verdc) is
one among them which is an important
component in the dry land crop production
system, due to its ability to withstand drought
with minimum management. Although it grows
under a diverse types of soil and climatic
conditions but it is well identify for its hardiness,
adaptability to poor soil and wide climatic
conditions. Like other pulses it plays important
role as food and fodder (dual purpose), as green
manure crop, as good cover crop in controlling
soil erosion, enhancing soil fertility and having
ability of fixing atmospheric nitrogen into the
soil. It is usually grown as catch crop for late
Kharif or with the rains after a prolonged
drought conditions and aberrant weather
conditions.

Africa is the primary source of origin, while
India is the secondary source of origin (Dana,
1976). The chromosome evolution of Dolichos
is believed to have progressed in two directions;
one group is having 20 small chromosomes (D.
biflorus, D. boumani and D. axillaries) and
other having 20 large chromosomes (D.
glabrescence, D. lignosus and D. argentinus).
Horse gram is mostly grown in the Indian states
of Karnataka, Andhra Pradesh, Orrisa, Tamil
Nadu, Madhya Pradesh, Chhattisgarh, Bihar,
West Bengal and Jharkhand, as well as in the
foothills of Uttaranchal and Himachal Pradesh.
It is also grown in other nations such as Sri
Lanka, Malaysia, and the West Indies.

In any crop improvement programme,
information on genetic diversity, heritability and
genetic progress is important for developing
effective selection schemes. On Horse gram, a
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Abstract
A investigation was done to estimate the extent of genetic variability for seed yield and ten quantitative

traits in 44 genotypes of Horse gram. For all of the traits, the analysis of variance revealed a significant
difference between genotypes, indicating a high degree of variability. For all of the characters, the genotypic
coefficient of variation (GCV) was lower than the phenotypic coefficient of variation (PCV). Most of the traits
between GCV and PCV had the smallest differences, indicating a lower predominance of environment in the
expression of these characters. As a result, breeders could undertake direct selection based on phenotypic
values of the traits. Seed yield plant-1, number of clusters plant-1 and number of pods plant-1 all had high
genotypic and phenotypic coefficients of variation. Protein content followed by days to 50% flowering, days
to maturity, seed yield plant-1, number of pods plant-1, plant height, number of clusters plant-1, 1000 seed
weight, number of primary branches plant-1 and pod length all had high estimations of heredity in the broad
sense. Number of pods plant-1 had the maximum heritability (broad) coupled with high genetic advance as per
cent of mean followed by number of clusters plant-1, days to maturity, plant height and days to 50% flowering.
As a result, these characters are mostly controlled by additive gene action, and hence characters can be
improved through selection.

Key words : Genetic Advance.  Genetic Variability, Heritability, Horse gram.



little amount of work of this kind has been done
previously. Hence, the current research was
carried out to investigate genetic variability,
heritability, and genetic progress in horse gram.

Materials and Methods

The experiment was carried out on  44 horse
gram local germplasm samples were collected
from the Maharashtra (districts of Aurangabad,
Ahmednagar, Solapur, Satara, Sangali, Jalgaon,
Pune, Dhule, and Nandurbar) (Table 2). At the
Department of Botany, College of Agriculture,
Dhule, the experiment was set up in RBD with
three replications (M.S.). A recommended
package of practices and procedures was follow-
ed to establish a good and robust crop stand,
with a spacing of 30 cm between rows and 10
cm between plants. Data are recorded and
collected on eleven yield and yield contributing
traits viz., days to 50 per cent flowering, days to
maturity, plant height, number of primary
branches plant-1, number of cluster plant-1, pod
length (cm), number of seeds pod-1, 1000 seed
weight, number of pods  plant-1, seed yield
plant-1 and protein content (%). 

Statistical analysis was performed on the
mean of five plants. The data for distinct traits
were statistically examined for significance using
Panse and Sukhatme's analysis of variance
technique (1985). With three replications, the
adapted design was Randomized Block Design
(RBD). Using the "F" Test, the significance of the
mean sum of square for each character was
compared to the corresponding error degrees of
freedom (Fisher and Yates,1967). According to
Burton and De Vane (1953) components of
variances were utilized to determine genetic
parameters such as phenotypic and genotypic
coefficients of variation (PCV and GCV). Allard's
(1960) formula was used to calculate heritability
in the broad sense  and genetic advance which
was expressed as a percentage of mean was
done bythe formula given by Burton (1955).

WINDOSTAT program was utilized for the
statistical analysis.

Results and Discussion 

For all of the characters, analysis of variance
revealed substantial variations between
genotypes. The most important characters in
studies of genetic variability were seed yield
plant-1, number of pods plant-1, number of
clusters plant-1, days to maturity, plant height,
and days to 50% flowering, which all had high
phenotypic and genotypic coefficients of
variation, heritability and genetic advance as
percent of mean.  Simple selection can be used
to improve these characters, and hybridization
followed by selection in early generations for
these characters can be used to improve these
characters in horse gram (Table 1). It demon-
strates that the presence of variability and
material selection are appropriate. 

The nature and extent of variability in such
populations influence the improvement of
economic characteristics such as yield through
selection. The phenotypic expression of a
complex trait such as yield, on the other hand,
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Table 1. ANOVA for twelve characters in Horse gram

Traits MSS
––––––––––––––––––––––––––––––
Repli- Treat- Error
cation ment

Days to 50 per 0.1 10866.21** 129.39
cent flowering
Days to maturity 49.5 17773.77** 292.5
Plant height (cm) 1.9 14562.48** 474.42
No. of primary 2.19 42.64** 7.94
branches plant-1

No. of cluster plant-1 5.13 26359.68** 1063.03
Pod length 0.058 7.22** 1.72
No. seed pod-1 0.0177 14.47** 4.06
1000 Seed weight 0.0094 408.16** 22.74
No. of pods plant-1 13.76 26998.58** 854.2
Seed yield plant-1 0.5 742.97** 22.99
Protein content 0.13 323.32** 1.6

*, ** : 5% and 1% level of significance, respectively



is a combination of genotype, environment, and
their interplay. This highlights the importance of
using proper statistical approaches to partition
overall variability into heritable and non-heritable
components.

The potential to improve any crop plant is
largely determined by the extent of genetic
variability. The genotypic and environmental
components of phenotypic variability displayed
by a genotype or a collection of genotypes in
any species can be separated. Because the
genotypic component is the heritable
component of total variability, its magnitude for
yield and component traits influence the
breeders' selection tactics. 

The genotypic coefficient of variation (GCV)
estimations for all the characters were lower
than the phenotypic coefficient of variation
(PCV), indicating that the traits were less
influenced by the environment. Therefore,
selection for the improvement of these traits.
Lad et al. (1999), Bhadait (2005), Joshi et al.
(2007), Singhal et al. (2010), Latha et al.
(2013) and Vijay Kumar et al. (2016) also
reported similar result, indicating that the
characters were less influenced by the
environment. Therefore, selection for the
improvement of these traits  (Table 2). 

Seed yield plant-1, number of clusters
plant-1 and number of pods plant-1 all had high
genotypic coefficients of variation (GCV) and
phenotypic coefficients of variation (PCV). This
is in conformity with the results of  Dobhal and
Rana (1994), Lad et al. (1999), Venkateshwarlu
(2000), Kalia and Dogra (2007) and Kulbe et al.
(2013) and medium magnitude of GCV and
PCV  was found in  plant height, days to 50 per
cent flowering, number of primary branches
plant and  days to maturity. The lowest
genotypic coefficient of variation and
phenotypic coefficient of variation recorded for
pod length, number of seeds pod, 1000 seed
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Table 2. Forty four horse gram genotype used in present
investigation

Genotype Source

DHLH-1 Soygaon-2 (Aurangabad)
DHLH-2 Soygaon-1(Aurangabad)
DHLH-3 Satara -1
DHLH-4 Satara-2
DHLH-5 Mohol-1 (Solapur)
DHLH-6 Mohol-2 (Solapur)
DHLH-7 Newasa-1 (Ahmednagar)
DHLH-8 Newasa-2 (Ahmednagar)
DHLH-9 Nangaon-1 (Nashik)
DHLH-10 Nangaon-2 (Nashik)
DHLH-11 Rahuri (Ahmednagar)
DHLH-12 Nandurbar-1
DHLH-13 Nandurbar-2
DHLH-14 Penur (Solapur)
DHLH-15 Akulkheda (Jalgaon)
DHLH-16 Dhule
DHLH-17 Niphad-1 (Nashik)
DHLH-18 Niphad-2 (Nashik)
DHLH-19 Shingare (Ahmednagar)
DHLH-20 Dhanore-2 (Rahuri)
(Ahmednagar)
DHLH-21 Dhanore-1 (Rahuri)
(Ahmednagar)
DHLH-22 Sakri-1 (Dhule)
DHLH-23 Sakri-2 (Dhule)
DHLH-24 Pimpalgaon (Nashik)
DHLH-25 Chikhali (Jalgaon)
DHLH-26 Sakri-3 (Dhule)
DHLH-27 Khatgaon (Solapur)
DHLH-28 Dhule
DHLH-29 Amalner (Jalgaon)
DHLH-30 Akole (Ahmednagar)
DHLH-31 Shirur-1 (Pune)
DHLH-32 Shirur-2 (Pune)
DHLH-33 Parner-1 (Ahmednagar)
DHLH-34 Parner-2 (Ahmednagar)
DHLH-35 Nandurbar-3
DHLH-36 Nandurbar-4
DHLH-37 Sangali-1
DHLH-38 (PhuleSakas) Solapur
DHLH-39 Deolali (Rahuri) (Ahmednagar)
DHLH-40 Sangmner (Rahuri) (Ahmednagar)
DHLH-41 Yewala (Nashik)
DHLH-42 Junnar-1 (Pune)
DHLH-43 Junnar-2 (Pune)
DHLH-44 Surgana (Nashik)



weight and protein content. This is in
conformity with result of Lad et al. (1999),
Kulbe et al. (2013).

The presence of less environmental impact
and the prevalence of additive gene action in
their expression is revealed by high heritability
combined with high genetic advance (Panse,
1957).  Lower genetic advance values indicate
a narrow range of variability and a high G x E
interaction (non additive gene action). Seed yield
per plant had the highest heritability as a
percentage of mean in the present study,
followed by number of clusters plant-1, number
of pods plant-1, plant height, days to 50%
flowering, and days to maturity, indicating that
these characters are governed by additive genes
and that phenotypic selection for these
characters may be effective. As a result, placing
a direct selection emphasis on these traits in
horse gram should increase seed yield. Similar
results are in conformity with results of Agrawal
and Kang (1976), Shrikantradheya et al. (1975),
Shivshankar et al. (1977), Ganeshian (1980),
Suraiya et al. (1988), Samal and Senapati
(1997), Joshi et al. (2007), Raina et al. (2007),
Kulbe et al. (2013) and Priyanka et al. (2019).

For the number of primary branches, pod
length, 1000 seed weight, seed yield plant-1 and

protein content, high heritability was seen with
low genetic advance, indicating a preponder-
ance of non additive gene action and that
selection for these traits may not be rewarding.
Patil and Deshmukh (1985) indicated same
result for protein content

The phenotypic coefficient of variation
(GCV) in combination with heritable estimates
would give a more accurate picture of the
amount of genetic advance that can be predicted
from phenotypic selection (Burton,1953). It is
suggested that genetic gain be taken into
account with heritability estimations (Johnson et
al., 1955). Heritability estimates combined with
genetic advance are usually more useful in
projecting selection gain than heritability
estimates alone (Table 3).

In conclusion, the genotypic make-up of the
material picked differed, as demonstrated by
significant differences in all of the quantitative
traits evaluated. For all of the traits, the
phenotypic coefficients of variation estimate was
somewhat greater than the genotypic
coefficients of variation, indicating that there
was little environmental influence on their
expression. As a result of the estimates of
genetic parameters such as genotypic coefficient
of variation, heritability, and genetic advance as
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Table 3. Specifications of genetic variability for the traits in Horse gram

Ch. Traits General s2g s2p s2e GCV PCV ECV h2 GA GA as 
no. mean (%) (%) (%) (BS%) per cent 

of mean

1 Days to 50 per cent flowering 75.55 124.84 127.85 3.00 14.78 14.96 2.29 97.65 22.74 30.10
2 Days to maturity 131.65 203.27 210.07 6.80 10.82 11.00 1.98 96.76 28.89 21.94
3 Plant height (cm) 70.72 163.81 174.84 11.03 18.09 18.69 4.69 93.69 25.52 36.08
4 No. of primary branches plant-1 5.78 0.40 0.58 0.18 10.97 13.25 7.42 68.59 1.08 18.72
5 No. Cluster plant-1 67.68 294.14 318.86 24.72 25.33 26.38 7.34 92.25 33.93 50.13
6 Pod length (cm) 4.68 0.06 0.10 0.04 5.40 6.88 4.27 61.46 0.40 8.72
7 No. of seed pod-1 4.31 0.21 0.21 0.09 8.06 10.76 7.12 56.14 0.53 12.44
8 1000 seed weight (g) 24.82 4.48 5.01 0.52 8.52 9.01 2.92 89.44 4.12 16.61
9 No. of pods plant-1 79.11 304.00 323.86 19.86 22.03 22.74 5.63 93.87 34.79 43.98
10 Seed yield plant-1 (g) 8.54 8.37 8.90 0.53 33.87 34.94 8.56 94.00 5.77 67.66
11 Protein content (%) 21.63 3.74 3.77 0.03 8.93 8.98 0.89 99.01 3.96 18.32



a percent of mean are combined, the seed yield
plant-1, number of pods plant-1, number of
clusters plant-1, days to maturity, plant height,
and days to 50% flowering, is most important
factor. Hybridization followed by selection in
early generations for these characters would give
the way for improvement these characters in
horse gram.
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Maize a high potential cereal is considered as
a crop for next green revolution. Though it has
been usually considered as “poor man’s crop”,
it is reached in everywhere of society due to its
multifarious uses as industrial, food, feed, fodder
and seed crop . Now in Modern days, there is
big demand for table purpose varieties like sweet
corn, baby corn and pop corn.

Sweet corn differs from other corns because
the kernels  have  high sugar content in the milk
or early dough stage. The crop grows quickly
and is considered a valuable rotational crop. The
green cobs are harvested within 80-85 days
which fetch the good market price as well as the
farmers have additional benefit of green fodder
for livestock.

Maize is  the third most important cereal
crop in India after rice and wheat.  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. The
maize seed industry  in India is dominated  by
the private sector, both in normal maize as well
as sweet corn. Very few areas are under the
hybrids/varieties developed by public sector.
Moreover, so far there is not a single sweet corn
hybrid  released in Maharashtra from public
sector, an attempt was made almost exclusively
for development of single cross sweet corn
hybrid, with a view to make the seed available
in cheaper rate to the farmers.

Material and Methods

Single cross sweet corn  hybrid Phule Madhu

J. Agric. Res. Technol., 47 (1) : 083-087 (2022) https://doi.org/10.56228/JART.2022.47116

Phule Madhu - A Single Cross Sweet Corn Hybrid for
Maharashtra

U. M. Borle1, S. R. Kulkarni2, S. S. Mahadik3, P. K. Pawar4 and A. T. Deokar5

All India Coordinated Maize Improvement Project,  Kasaba Bawada, Kolhapur - 416 003 (India)
(Received : 03.07.2021  Accepted : 25.07.2021)

Abstract
Phule Madhu (QMHSC-1182), a single cross sweet corn  hybrid from public sector in Maharashtra is

developed from the cross between QMISC-1407 x QMISC-1408 through hybridization method. It is high
yielding, yellow flint grain at green cob stage and orange yellow shrunken at maturity, moderately  resistant to
Turcicum leaf blight,  Maydis  leaf blight, Charcoal rot  and Fusarium stalk rot  and resistant to Stem borer
(Chilo partellus Sw.) in field condition. It is sweet in taste having brix reading 14.89 percent. The green cobs
in dough stage are ready to harvest within 80-85 days and total maturity of the crop takes about 95-100 days.
In various states and varietal trials, the sweet corn  hybrid QMHSC-1182 consistently recorded best
performance. The sweet corn hybrid  QMHSC-1182  recorded 12864  Kg ha-1 green cob yield with husk,
which was 42.70  percent higher than checks Madhuri (9015 Kg ha-1), 64.97  percent higher than Priya
(7798 Kg ha-1) and 45.01 percent higher than WOSC (8871 Kg ha-1). It is superior for green fodder yield
over the check Madhuri and Priya. The sweet corn hybrid is released under the name ‘Phulen Madhu’ for sweet
corn growing area of Maharashtra in 2016.

Key words : Sweet corn hybrid, Phule Madhu ( QMHSC-1182 ), resistance, high green cob
yield.
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( QMHSC-112 )  has been evolved from a cross
of  QMISC-14.07 x QMISC-1408 at All India
Coordinated Maize Improvement Project,
Kolhapur during the year 2011. Among the
several crosses made amongst different inbreds,
a single cross QMHSC-1182  appeared to be
most promising. It was therefore tested in station
trial along with the check Madhuri, at Kolhapur
during  the year 2012-2014. Looking into the
promising performance, this hybrid was
promoted to multilocation trials and tested at 5
locations under Kharif during the year
2013.2014. It was tested in inter university trial
at Kolhapur, Buldhana and Parbhani during
2013.2014. This hybrid was also tested in
coordinated trials (Table 1) over 5 locations in
zone IV (comprising of Cimbatore, Hyderabad,
Karimnagar, Kolhapur and  Mandya) during
Kharif-2014. The performance of this hybrid
was consistently superior over the  national
check Madhuri for yield as well as resistance to
Turcicum leaf blight and stem borer. It was
therefore released for commercial cultivation
under Kharif season in Maharashtra in 2016
under the name ‘Phule Madh’. The statistical
analysis was carried out according to Panse and
Sukhatme (1967).

Results and Discussion

Performance of QMHSC-1182 in

different trials : In station trial during Kharif-
2012-2014 sweet corn hybrid green cob yield
with husk differences due to genotypes were
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Table 1. Summary table showing  green cob yield with husk of sweet corn  hybrid Phule Madhu (QMHSC-1182)

Name of the Year No. of Green cob yield with % Increase over checks
locat- husk q ha-1 experiment
ions ––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––

QMHSC- Madhuri Priya WOSC Madhuri Priya WOSC
1182 (C) (C) (C) (C)

Station trials 2012-14 03 130.30 88.12 69.99 - 47.53 86.17 -
Multilocation trials 2013-14 08 125.37 91.24 84.61 87.48 37.41 48.17 43.31
Inter-university trials 2013-14 06 112.72 75.09 79.35 70.29 50.11 42.05 60.36
Coordinated trials 2014 05 146.15 106.15 - 108.36 37.68 - 34.87
Grand Mean 22 128.64 90.15 77.98 88.71 42.70 64.97 45.01
Adaptive trials 95.26 86.35 - - 10.33 - -
(Mean of 17 farmers field)

Table 2. Mean green cob yield with husk and stover yield
of sweet corn  hybrid QMHSC-1182 as
influenced by different nitrogen levels and spacing
during 2015-16, Kolhapur

Treatments Green cob Green 
yield with fodder 
husk yield 
(q ha-1) (q ha-1)

Genotype(3)
QMHSC-1182 112.02 128.67
Madhuri 82.87 87.15
Priya 94.90 97.40
S.E.± 2.44 2.11
C.D. at 5% 9.58 8.30
C.V. % 10.72 8.59

Fertilizer levels(3)
F1 : 120 : 60: 40 kg NPK ha-1 88.05 94.53
F2 : 150 : 75: 50 kg NPK ha-1 99.37 107.51
F3 : 180 : 90: 60 kg NPK ha-1 102.36 111.18
S.E.± 1.17 1.65
C.D. at 5% 3.52 4.95
C.V. % 5.16 6.71

Spacing (2)
S1 : 60 x 20 102.61 110.65
S2 : 75 x 20 90.58 98.17
S.E.± 1.07 1.31
C.D. at 5% 3.13 3.82
C.V. % 5.77 6.51



significant. Sweet corn hybrid QMHSC-1182
gave green cob yield with husk  of 13030  Kg
ha-1 (Table 1) which was 47.53  percent higher
than the  check Madhuri (8812 Kg ha-1) and
86.17  percent higher than the another  check

Priya (6999 Kg ha-1). In multilocation trials,
QMHSC-1182 recorded 37.41 percent and
48.17 percent higher green cob yield with husk
(12537 Kg ha-1) than the checks Madhuri (9124
Kg ha-1) and Priya (8461 Kg ha-1), respectively.
Whereas under inter university trial it gave
11272 Kg ha-1 green cob yield with husk  which
was 50.11 and 42.05  percent higher than the
checks Madhuri (7509 Kg ha-1)  and  Priya
(7935 Kg ha-1). Under coordinated trials
QMHSC-1182 gave green cob  yield  with husk
of 14615 Kg ha-1 which was 37.68 percent
higher than the national check Madhuri (10615
Kg ha-1). In 17 adaptive trials conducted on
farmers field QMHSC-1182 (9526 Kg ha-1)
recorded 10.33 percent higher green cob yield
than the check Madhuri (8635 Kg ha-1).

In case of green fodder yield  QMHSC-1182
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Table 3. Performance of QMHSC-1182 for interaction
effect with  different spacing

Genotypes Spacing
––––––––––––––––––––––––––––––––––––
Green cob yield Green fodder

with husk (q ha-1) yield (q ha-1)
–––––––––––––––––– –––––––––––––––––
60 x 20 75 x 20 60 x 20 75 x 20

QMHSC-1182 115.12 108.91 131.34 126.00
Madhuri (C) 85.75 80.00 91.78 82.53
Priya (C) 106.97 82.82 108.82 85.97
S.E.± 1.86 2.26
C.D. at 5% 5.42 6.61

Table 4. Performance of sweet corn hybrid QMHSC-1182 for ancillary characters

Entry Days Days Plant Ear Green fod- Grain 
to 50% to 50% height height der yield colour
pollen silk (cm) (cm) (q ha-1)

QMHSC-1182 60 61 140 40 115.83 Yellow
Madhuri (C) 58 59 135 40 60.00 Yellow
Priya (C) 52 53 110 48 58.17 Yellow
WinOrange  (C) 56 57 128 50 66.50 Yellow

Table 5. Overall performance of QMHSC-1182 against various diseases in AICRP trials during 2014 and 15

Entries MLB TLB C. Rot FSR
(score 1-5) (score 1-5) (score1-9) (score1-9)

–––––––––––––––––– –––––––––––––––––––– –––––––––––––––––––– –––––––––––––––––––
Mean Reaction Mean Reaction Mean Reaction Mean Reaction

QMHSC-1182 2.70 MR 2.75 MR 4.80 MR 4.60 MR
Madhuri (C) 2.95 MR 3.10 MS 4.70 MR 3.55 MR
WOSC (C) 3.40 MS 3.55 MS 5.15 MS 3.80 MR
Priya  (C) 2.90 MR 2.80 MR 6.60 MS 3.80 MR
RES. (C) 1.70 R 1.80 R 2.40 R - -
SUS (C) 4.20 S 4.60 S 7.60 S 7.30 S

Rating Scale :
Turcicum leaf  blight (TLB) and Maydis leaf blight (MLB) Charcoal rot (C. Rot) and Fusarium stalk rot (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)



gave 11583  Kg ha-1 (Table 4) which was 93.05
and  99.12 percent higher than the checks

Madhuri (6000 Kg ha-1)  and Priya (5817 Kg
ha-1), respectively.In adaptive trials on farmers
field QMHSC-1182 gave 13337 Kg ha-1 green
fodder yield which was 18.81 percent higher
than the check Madhuri (11225 Kg ha-1).

Pests and Diseases : Sweet corn hybrid
QMHSC-1182 was  resistant to stem borer
(Chilo partellus Sw.) under field condition
during Kharif-2013-2015; however it was
moderately resistant to resistant in artificial
infestation condition (Table 6, 7) This hybrid was
found  moderately resistant to diseases viz;
Maydis leaf blight, Fusarium stalk rot, Turcicum
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Table 6. Performance of sweet corn hybrid QMHSC-1182
against stem borer (Chilo partellus Sw.) under
natural infestation

Entry Kharif- Kharif- Kharif-
2013 2014 2015

–––––––––––– –––––––––––– ––––––––––––
Mean Reac- Mean Reac- Mean Reac-
LIR tion LIR tion LIR tion

QMHSC-1182 1.4 R 2.3 R 1.9 R
Madhuri (C) 1.5 R 2.4 R 2.1 R
Priya (C) 1.9 R 2.9 R 1.5 R

Table 7. Performance of sweet corn hybrid QMHSC-1182 against stem borer (Chilo partellus Sw.) under artificial infestation
in Advance Varietal Trial (AVT) during Kharif 2015

Entry Zone wise Leaf Injury Rating
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Zone-II Zone-III Zone-IV Zone-V
––––––––––––––––––– ––––––––––––––––––– ––––––––––––––––––– ––––––––––––––––––
LIR Reaction LIR Reaction LIR Reaction LIR Reaction

QMHSC-1182 3.5 MR 2.2 R 5.5 MR 1.3 R
Madhuri (C) 4.0 MR 3.1 MR 5.7 MR 3.7 MR
Priya (C) 3.8 MR 3.3 MR 6.2 S 9.0 S

Scale:
i) 1.0-3.0 : Resistant (R)
ii) 3.1-6.0 : Moderately Resistant (MR)
iii) 6.1-9.0 : Susceptible (S)

Rating: 1 =  Apparently healthy plant
2 to 8 =  Intermediate foliar injury
9 =  Dead-heart (Complete failure of plant )

Table 8. Brix (%) Performance of sweet corn hybrid QMHSC-1182 in State Agricultural University (SAU) Trial at Parbhani
during Kharif-2015

Entry Name of Company Brix (%)

NWSC No.02 Nong Woo Seed (I) Pvt.Ltd.Bengalore 15.00
Indam-003 Indo-American Hybrid seeds(I) Pvt. Ltd., Pune 15.44
QMHSC-1182 AICRP, Kolhapur. 14.89
Mishti (c) Nuziveedu Seeds Pvt. Ltd. 14.94
S-75 (c) Syngenta India Ltd. 14.39
Madhuri (c) AICRP, Hyderabad. 16.11
Priya (c) --do--- 17.28
SE± 0.33
C.D. at 5% 1.02
CV % 2.47



leaf blight, Banded leaf and sheath blight, and
Charcoal rot during Kharif season (Table 5).

Quality Characters : Organoleptic test of
sweet corn hybrid QMHSC-1182 was
conducted as per the nine point hedonic Scale
(Amerine et al. 1965) during 2015-16 and this
hybrid was moderately liked for overall
acceptability. The grain was yellow, flat, soft and
sweet (Table 9). This hybrid recorded 14.89%
brix reading (Table 8).

The green cobs of this hybrid are ready to
harvest within 80-85 days, the crop growth is
semi-spreading, shrunken grain at maturity (15-
18 g 100 seeds-1), responsive to high fertilizer
dose (180:90:60, N:P:K Kg ha-1)  at close
spacing of 60 x 20 cm performing high yield
(Table 2, 3). Being a high yield potential and
considered resistance to turcicum leaf blight and

stem borer  (Chillo partellus Sw.), the sweet
corn hybrid QMHSC-1182 was identified for
release during 2016 for sweet corn cultivation
in Maharashtra. (Anonymous,2016.)

Acknowledgement

The authors are thankful to all concerned
scientists and the technical staff who helped in
sreeening and evaluation of this hybrid in various
trials conducted in different locations.

References
Anonymous. 2016. Report of the Joint Agresco held at Dr.

Panjabrao Deshmukh Krishi Vidyapeeth, Akola. 28-
30th May 2016.

Anonymous. 2016.  Proceeding of 49th State Seed Sub
Committee meeting, Govt. of Maharashtra held on
7/12/2016 at Nagpur.

Panse, V. G. and Sukhatme, P. V. 1967. Statistical Methods
for Agricultural Workers. ICAR Publ. New Delhi (India).

Journal of Agriculture Research and Technology 87

Table 9. Performance of sweet corn hybrid QMHSC-1182 for Organoleptic test

Entry Organoleptic properties of sweet corn
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Colour Tender- Taste Grain Overall

ness (sweetness) shape acceptability

QMHSC-1182 Yellow Soft Sweet Flat Like moderately
Madhuri (C) Yellow Soft Medium sweet Flat Neither like nor dislike
Priya (C) Yellow Medium soft Medium sweet Flat Like moderately
Private hybrid (C) Yellow Soft Sweet Flat Like moderately

______________



Pearl millet [Pennisetum glaucum (L.) R. Br.]
belongs to the family Poaceae (Graminae) and
sub family penicedae, having relatively small
diploid genome (2n = 2x = 14). It is considered
to be originated in Africa from where it was
imported to India. Pearl millet is a C4 plant with
high photosynthetic efficiency and dry matter
production capacity. It is usually grown under
the most adverse agro-climatic conditions where
other crops like rice, sorghum and maize fail to
produce economic yields. Pearl millet has the
ability to respond to favourable environments
due to its short developmental stages and
capacity for high growth rate. It is an excellent
crop for short growing seasons under improved
crop management. Pearl millet is cultivated in
more than 30 countries of five continents viz.,
Asia, Africa, North America, South America and
Australia.

In India, pearl millet is the fourth most
important crop after Rice, Wheat and Sorghum.
In India it is cultivated over an area of 6.93
million hectares with an average production of

8.61 million tonnes with the national average
productivity of 1243 kg ha-1 during 2018-19
(Anon, 2020). The major Pearl millet growing
states are Rajasthan, Maharashtra, Gujarat,
Uttar Pradesh and Haryana which account for
more than 90% of Pearl millet acreage in the
country. Most of pearl millet in India is grown in
kharif season (June-September). It is also
cultivated during the summer season (February-
May) in parts of Gujarat, Rajasthan and Uttar
Pradesh; and during the rabi season (November-
February) at a small scale in Maharashtra and
Gujarat. In Karnataka, pearl millet is one of the
major kharif crop, grown on an area of 3.22
lakh hectares with an annual production of 3.67
lakh tonnes with the average productivity of
1140 kg ha-1 (Anon, 2019).  

The availability of cytoplasmic genetic male
sterile lines in this crop is made feasible to
exploit heterosis commercially and hybrid seed
production on large scale. The exploitation of
heterosis on commercial scale in pearl millet is
regarded as one of the major breakthroughs in
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Abstract
The line x tester analysis involving ninety hybrids, thirty three parents (three lines and thirty testers) and

three checks including national check GHB558, commercial checks Kaveri super boss and 86 M 38 were used
to assess the magnitude of heterosis with respect to grain and dry fodder yield and its component traits in pearl
millet under rainfed conditions during kharif, 2019 at Regional Agricultural Research Station, Vijayapur.
Twentysix hybrids exhibited significant positive standard heterosis over check GHB 558, twelve hybrids over
check Kaveri super boss and three hybrids over best check 86 M 38 for grain yield per hectare. Whereas,
thirteen hybrids over GHB558, none of hybrids over Kaveri super boss and 86 M 38 exhibited significant
positive standard heterosis for dry fodder yield per hectare. Two hybrids viz., ICMA 94555 x IP 17465 and
ICMA 94555 x IP 14522were superior for both grain and dry fodder yield.

Key words : Line x tester, restorers, heterosis.



the improvement of its productivity. Heterosis
breeding is an important one, among
conventional breeding programme to identify
the best hybrids which are promising. The
improvement in Pearl millet needs attention for
the characters like early flowering, plant height,
number of tillers plant-1, panicle length and
girth, fodder yield ha-1, grain yield ha-1 and
thousand seed weight. Keeping these things in
view, the work was undertaken to investigate the
mid parent heterosis, better parent heterosis and
commercial heterosis for quantifying the extent
of heterosis for grain yield and its component
characters in pearl millet. 

Material and Methods

The experiment was conducted during
kharif, 2019 at Regional Agricultural Research
Station, Vijayapur. The location is situated at
16° 49' N latitude, 75° 43' E longitude and 593
m above mean sea level, which comes under
Northern Dry Zone of Karnataka (Zone 3) with
a mean annual rainfall of 590 mm. The soil type
and climatic conditions are well suited for pearl
millet cultivation.

The material involved in the present study
consisted of ninety crosses derived from thirty-
three parental lines (3A and 30R). The crosses
were made as per Line x Tester design
(Kempthorne, 1957) at Regional Agricultural
Research Station, Vijayapur during summer,
2019. Three cytoplasmic male sterile lines used
in the experiment were ICMA 94555 (A1
cytoplasm), ICMA 04777 (A4 cytoplasm) and
ICMA 01777 (A5 cytoplasm) while, thirty mini
core collection restorers parents include IP
11546, IP 3706, IP 17465, IP 21452, IP
1917, IP 5711, IP 9645, IP 6340, IP 13991,
IP 15119, IP 16863, IP 20576, IP 21283, IP
13261, IP 20274, IP 18657, IP 10665, IP
10925, IP 19448, IP 14522, IP 11010, IP
2704, IP 14537, IP 16863, IP 10437, IP
20611, IP 20409, IP 8863, IP 6057, IP 6482. 

The parental lines (30), F1 hybrids (90)
generated and the three checks including
national check (GHB558), private check (86 M
38) and one commercial check (Kaveri super
boss) were evaluated in RCBD trial during
kharif, 2019 to study the heterosis and
combining ability status of the lines for yield and
yield components.

Results and Discussion

The analysis of variance for heterosis worked
out for nine characters is presented in Table 1.
The table shows that, for all the characters, the
variation due to treatments was found to be
highly significant. Whereas in the case of
crosses, all crosses showed significant for all the
characters. However, the variation due to
parentsvs crosses was found to be significant for
all characters, except for plant height and
panicle length, parents revealed significant
variation for all the remaining traits. Likewise,
lines recorded significant variation for five traits
viz., days to 50 per cent flowering, Plant height,
plant girth, panicle weight, dry fodder yield
whereas testers showed significant variation for
all the traits except plant height, Number of
productive tillers per plant, panicle girth.
Variation due to line × tester showed significant
variation for days to 50 percent flowering, plant
height, panicle girth, panicle weight, grain yield
and thousand seed weight.

This indicates the existence of sufficient
genetic variability in the experimental material.
In the commercial exploitation of hybrid vigour,
excess of F1 over commercial check (commercial
heterosis), is of significance. Hence, in the
present investigation, the extent of heterosis
over commercial check hybrid (Kaveri super boss
and 86 M 38) for nine traits is discussed.

In the present investigation, thirty six hybrids
were significant and negative as mid parent
heterosis is concerned. However, fifty three
crosses registered significant negative heterobel-
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tiosis. While, ten crosses registered significant
heterosis in negative direction over national
check GHB558. Further, eighty one and eighty
four hybrids were found to be significant in
negative direction over private checks Kaveri
super boss and 86 M 38, respectively presented
in Table 2. The cross ICMA 94555 x IP 19448
was the earliest to record 50 per cent flowering
(45 days). From the results it can be concluded
that hybrids flowered three to four days earlier
than the parents indicating earliness is
dominant.

Positive heterosis is desirable for plant
height, as it contribute to fodder yield. Out of
twenty two and five crosses registered significant
relative heterosis and heterobeltiosis,
respectively. Seventeen hybrids were found
significant and positive over national check
GHB558, none of the hybrids showed positive
significant heterosis over private checks Kaveri
super boss and only two hybrids showed positive
heterosis over commercial check 86 M 38,
presented in Table 2. The study also indicated,
that heterosis breeding may be employed for
developing dual purpose hybrids (both dry
fodder and grain yield). Many researchers have
also reported marked heterosis for this trait
(Harer et al., 1990a; Rudranaik et al., 1997;
Lakshmana, 2008; Kathale et al., 2013 and
Salagarkar and Wali, 2016).

The hybrid ICMA 94555 x IP 6057 (2.90)
produced highest number of productive tillers
among hybrids. Fourteen hybrids exhibited
positive relative heterosis and six crosses for
heterobeltiosis as presented in Table 2. Over the
national check GHB558, nineteen hybrids were
positive and significant. While eight and three of
the crosses were significant in desired direction
over Kaveri super boss and 86 M 38, presented
in Table 2. These outcomes are in line with
previous results (Tyagi et al., 1975; Shinde and
Desale, 1983; Manga and Dubey, 2004;
Pethani et al., 2004; Lakshmana, 2008;

Athoni et al.90
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Vetriventhan et al., 2008a; Chotoliyaet al.,
2009; Jethva et al., 2012; Kathale et al., 2013;
Chittora and Patel, 2017; Kumar et al., 2017;
Bhasker et al., 2018 and Krishnan et al.,
2019). 

Among ninety cross combinations, ICMA
94555 x IP 1917 (27.80 cm) produced highest
panicle length. Eighteen hybrids were found to
be positively significant as mid parent heterosis
is concerned. Similarly, ten hybrids were
superior when compared with better parent
heterosis. Six hybrids were noticed to be
superior over national check GHB558. Further,
neither of crosses registered heterosis in desired
direction over private check Kaveri super boss
and 86 M 38, presented in Table 2. The
obtained results are similar to the results noticed
by (Ramamoorthi and Govindarasu, 2000;
Manga and Dubey, 2004; Pethani et al., 2004;
Lakshmana, 2008; Vetriventhan et al., 2008a;
Chotoliya et al., 2009; Jethva et al., 2012;
Kathale et al., 2013; Salagarkar and Wali,
2016; Patel et al., 2017; Kumar et al., 2017;
Bhasker et al., 2018 and Krishnan et al. 2019).

Twenty one hybrids recorded substantial
positive relative heterosis and seven hybrids
registered heterobeltiosis. On considering
heterosis over checks, five crosses displayed
substantial heterosis in desired direction over
national check, GHB558. While none of the
crosses were found superior over checks Kaveri
super boss and 86 M 38, presented in Table 2.
Many earlier researchers have also obtained the
similar results (Pokhriyal et al., 1967;
Lakshmana, 2008; Vetriventhan et al., 2008a;
Jethva et al., 2012; Kathale et al., 2013;
Chittora and Patel, 2017; Kumar et al., 2017
and Krishnan et al., 2019).

The study showed, as many as twenty eight
and nineteen hybrids recorded positive
significant relative heterosis and heterobeltiosis,
respectively for Panicle weight for plot. Further
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nine crosses registered significant positive
heterosis over national check GHB 558, while
three hybrids over Kaveri super boss. On the
other hand, seven hybrids were found significant
over 86 M 38, presented in table 2. Many earlier
researchers have also obtained the similar results
(Maryam, 2015; Rafiq et al., 2016 and Acharya
et al., 2017).

For the grain yield per hectare ICMB 02555
(2,077 kg) and IP 16863 (2,320 kg) were found
as the high yielding female and male parent
respectively. Further, ICMA 94555 x IP 17465
(3,771 kg) yielded the highest yield among the
hybrids,presented in Table 3. Out of ninety
hybrids studied, fifty eight hybrids recorded
significant positive relative heterosis, forty eight
hybrids registered heterobeltiosis and twenty six
hybrids over national check GHB558, presented

in Table 2. While twelve and three hybrids
registered significant heterosis in desired
direction over private check Kaveri super boss
and 86 M 38, respectively, presented in Table
2. The three hybrids ICMA 94555 x IP 17465,
ICMA 94555 x IP 14522 and ICMA 02555 x
IP 8863 were registered to be substantially
superior to the best check; 86 M 38 which was
considered superior among all the three checks,
presented in Table 3. These three hybrids were
also the only hybrids which were found
significantly superior over the next best check
i.e.,Kaveri super boss. 

Burton (1951) witnessed heterosis for grain
yield per plant. Ahluwalia and Patnaik (1963)
noticed heterobeltiosis. They observed that
impacts of yield attributes like seed size, panicle
girth, panicle length, etc. are multiplicative in

Athoni et al.92

Table 2. Contd.

Character Heterosis over Kaveri super boss Commercial heterosis over 86 M 38
–––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––
Positive Negative Range Positive Negative Range
(No’s) (No’s) (%) (No’s) (No’s) (%)

Days to 50 per cent flowering 1 81 -23.49 to 9.64 1 84 -24.85 to 7.69
Plant height (cm) 0 55 -26.99 to 2.93 2 3 -16.71 to 17.42
No. of productive tillers plant-1 8 0 -11.76 to 29.41 3 0 -14.29 to 25.71
Panicle Length (cm) 0 21 -23.39 to 7.33 0 10 -19.89 to 12.23
Panicle Girth (cm) 0 7 -21.88 to 6.25 0 14 -24.24 to 3.03
Panicle weight (g plot-1) 3 66 -35.11 to 13.95 7 56 -31.46 to 20.35
Grain yield (kg ha-1) 12 53 -44.51 to 21.64 3 54 -46.32 to 17.66
Dry fodder yield (kg ha-1) 0 54 -40.85 to 5.63 0 48 -39.13 to 8.70
Thousand seed weight (g) 4 8 -29.79 to 11.25 1 11 -32.06 to 7.65

Table 3. Superior hybrids for grain yield along with their heterosis over mid-parent and 86 M 38

Crosses Grain SCA Heterosis (%) Heterosis (%) 
yield effect over mid-parent over 86 M 38

ICMA 94555 x IP 17465 3770.923 1125.73 164.39 17.66
ICMA 94555 x IP 14522 3759.563 265.69 147.54 17.31
ICMA 02555 x IP 8863 3753.637 466.63 103.34 17.12
ICMA 94555 x IP 20576 3666.957 777.11 84.97 14.42
ICMA 94555 x IP 10925 3648.683 473.53 147.38 13.85
ICMA 02555 x IP 2704 3625.963 817.38 128.62 13.14
86 M 38 3204.83



nature and thus, established that even a small
improvement in few of these yield attributes
would reflect in higher grain yield. Here in the
present study also the same result has been
noticed. Thus it can be concluded that heterotic
effects in terms of yield determining characters
such as panicle length, panicle girth, number of
productive tillers per plant and thousand seed
weight contribute prominently to degree of
heterosis. Many investigators have also reported
similar outcomes (Yadav et al., 2000; Blummel
and Rai, 2003; Lakshmana, 2008; Vetriventhan
et al., 2008a; Chotoliyaet al., 2009; Davdaet
al., 2012; Jethvaet al., 2012; Kathale et al.,
2013; Bachkar et al., 2014; Athoniet al.,
2016; Chittora and Patel, 2017; Bhasker et al.,
2018; Badhe et al., 2018; Saini et al., 2018;
Warrieret al. 2020 and Krishnan et al., 2019).

The line and tester showing highest dry
fodder yield per hectare were ICMB 02555
(9,630 kg) and IP 1917 (10,001 kg)
respectively. In case of hybrids, ICMA 02555 x
IP 6057 (9260 kg) was the superior one. Only
one cross exhibited significant positive
performance with respect to mid parent were
observed. Whereas none of hybrids recorded
significant positive heterobeltiosis. Further
thirteen crosses were found substantially
superior to national checks GHB558. None of
the hybrids were significantly superior over

private check, Kaveri super boss and 86 M 38,
presented in Table 2. The positive heterotic
effect registered in the current study might be
mainly due to the parental diversity existed for
the character. The obtained result is found
similar with the results obtained by Rudranaiket
al., 1997; Chittora and Patel, 2017 and Kumar
et al. 2017.

The thousand seed weight of a genotype
functions as a sign of the grain yield as it is a
chief component impacting yield. Among
hybrids, ICMA 02555 x IP 19448 (12.20 g)
exhibited highest thousand seed weight. The
study found that thirteen and one hybrids
exhibited positive significant relative heterosis
and heterobeltiosis, respectively. Six crosses
recorded substantial.

Summary and Conclusions

The present study consists of thirty three
parents (three lines and thirty testers) and
resultant 90 hybrids (developed through line x
tester mating design) with three checks evaluated
during kharif, season of 2019 at Regional
Agricultural Research Station, Vijayapur. The
five female lines used were ICMA-94555,
ICMA-04777 and ICMA-02555 with A1, A4
and A5background and the thirtyMinicore male
parents (testers) include IP 11546, IP 3706, IP
17465, IP 21452, IP 1917, IP 5711, IP 9645,
IP 6340, IP 13991, IP 15119, IP 16863, IP
20576, IP 21283, IP 13261, IP 20274, IP
18657, IP 10665, IP 10925, IP 19448, IP
14522, IP 11010, IP 2704, IP 14537, IP
6193, IP 10437, IP 20611, IP 20409, IP
8863, IP 6057 and IP 6482. 

The study on relative heterosis,
heterobeltiosis and standard heterosis over three
checks including national check GHB558,
commercial check Kaveri super boss and private
check 86 M 38 disclosed that, crosses had a
heterotic effect for all the characters studied. For
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Fig. 1. Mid-parent heterosis and commercial
heterosis over 86 M 38 of six superior
crosses



every trait, significant positive heterosis over mid
and better parent were observed. Three crosses
(ICMA 94555 x IP 17465, ICMA 94555 x IP
14522 and ICMA 02555 x IP 8863) were
concluded as superior hybrids as they exhibited
significant positive heterosis over the popular
commercial check; 86 M 38 for grain yield per
hectare, presented in Table 3.  In addition,
hybrid ICMA 94555 x IP 17465 was found to
be superior with respect to dry fodder yield over
check 86 M 38. Hence, these hybrids are
needed to be tested on large scale to confirm
their potentiality.The magnitude of average
heterosis for grain yield per hectare was
54.59per cent, which is due to positive average
heterosis for yield contributing characters like
number of productive tillers per plant, thousand
seed weight, panicle girth and panicle length.
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Rice has fed more people over a longer
period of time than any other crop. As far back
as 2500 B.C. rice has been documented in the
history books as a source of food and for
tradition as well. Two species have emerged as
our most popular cultivated rice. Oryza sativa
and Oryza glaberrima, of these two species the
more widely produced is O. sativa. From an
early history in the Asian areas rice has spread
and is now grown on all continents except
Antarctica. Being able to grow in this wide
spectrum of climates is the reason rice is one of
the most widely eaten foods of the world. In
Maharashtra area (7.856 lakh ha) and
production (19.28 lakh tons rough rice) of rice
crop is more in Vidarbha region.The highest
productivity was observed in Konkan region that
is 2.91 t ha-1 (4.22 t ha-1 for rough rice).
Marathwada region is the non-traditional rice
growing area. Due to the erratic and less rainfall

in Marathwada region, the average productivity
of rice is lowest that is t ha-1 (0.76 t ha-1 for
rough rice)To increase and sustain the
productivity of rice it is necessary to adopt
improved integrated approach of rice cultivation.
In integrated approach the proper date of
transplanting of rice seedling plays an important
role in increasing grain and straw yield of rice.
Pandey, et al. (2001) reported higher paddy
yield when transplanted on 15th or 29th of June.
Hence, it is necessary to transplant the rice
seedling in proper time and age to achieve the
sustainable yield of rice. Optimization of
transplanting time saves paddy from attack by
insect, pest and diseases.

Materials and Methods

Experimental details : The experiment
was laid out in Split plot with sixteen treatment
combinations and three replications. The
treatment comprising four transplanting times
viz., T1 : 26 MW (24th June to 30th June), T2 :
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Abstract
Transplanting of kharif paddy during 28th MW improved all the growth components viz., plant height,

number of tillers plant-1 with yield component viz., length of panicle, number of spikes plant-1, number of
grains panical-1, grain weight panical-1 and test weight but it was at par with transplanting at 26th MW and
30th MW and superior over transplanting at 32th MW.The higher grain (69.5 qha-1) and straw yield (76.7 q
ha-1) were significantly more with the transplanting at 28thMW but it was at par with transplanting at 26th
MW [grain (66.6 q ha-1) and straw yield (72.7 q ha-1)] as well as 30th MW [grain (63.6 q ha-1) and straw yield
(70.9 q ha-1)]Among the four different hybrids of paddy, Sahyadri – 3 (Savitri) recorded significantly higher
growth parameters viz., plant height, number of tillers plant-1 with yield attributing characters viz., length of
panicle, number of spikes plant-1, number of grains panical-1, grain weight panical-1 and test weight which
was at par with hybrid Sahyadri and significantly superior over rest of all hybrids.

Key words : Rice, Transplanting times, Varieties.
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28 MW (8th July to 14th July), T3 : 30 MW (22th

July to 28th July), T4 : 32 MW (5th August to
11th August) as main plot treatment and four
paddy hybrids viz., H1 : Sahyadri, H2 :
Sahyadri-2 (Vashisthi), H3 : Sahyadri-3 (Savitri),
H4 : Sahyadri-4 (Hansa) as sub plot treatment.
The gross plot size was 3 m x 3 m and net plot
size was 2.60 m x 2.60 m.

The other details of layout are given below:

1. Name of crop : Paddy

2. Hybrids : As per treatments

3. Season : Kharif, 2020

4. Design : Split plot

5. No. of Replications : Three

6. Treatments : Sixteen (4 x 4)

7. Spacing : 15-25 cm x 15-25 cm

8. Plot size : Gross: 3 m x 3 m

Net: 2.60 m x 2.60 m

9. Place of : A.R.S. farm, Vadgaon Maval, 
research work Tal. Maval, Dist. Pune.

10. Commencement : Kharif, 2020
of research work

11. Transplanting date : As per treatments

Results and Discussion

Yield studies : The grain yeild (q ha-1) of
paddy as influenced by different treatments are
presented in Table 1. and graphically depicted
in Fig. 1. The mean grain yields of paddy was
64.1 q ha-1, Grain yield.

Effect of transplanting times : The grain
yield of paddy was influenced significantly due
to different transplanting times. The grain yield
was maximum (69.5 q ha-1) when paddy was
transplanted at 28th MW and it was at par with
transplanted during 26th (66.6) and 30th (63.6)
MW. The transplanting of paddy seedling at
32nd MW were produced significantly lower
grain yield 56.8 q ha-1. These results were in
accordance with Nazir (1994), Sherief et. al.
(2000) and Mahmood et al. (1995).

Effect of hybrids : The grain yield (q ha-1)
of paddy was influenced significantly due to
hybrids. The grain yield was significantly higher
in Sahyadri - 3 (Savitri) (69.3 q ha-1) and it was
at par with Sahyadri (66.0 q ha-1) and
significantly superior over rest of the paddy
hybrids.
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Table 1. The yield of paddy influenced by different
treatments

Treatment Grain 
yield 
(q ha-1)

A) Transplanting Time (T)
T1 : 4th week of June (26th MW) 66.56
T2 : 2nd week of July (28th MW) 69.50
T3 : 4th week of July (30th MW) 63.63
T4 : 2nd week of August (32nd MW) 56.81
S.E.± 1.93
CD at 5% 6.66

B) Hybrids (H)
H1 : Sahyadri 65.99
H2 : Sahyadri-2 (Vashisthi) 59.69
H3 : Sahyadri-3 (Savitri) 69.27
H4 : Sahyadri-4 (Hansa) 61.56
S.E.± 1.34
C.D .at 5% 3.92

C) Interaction (A x B)
S.E.± between levels of A 3.85
C.D. at 5% 13.33
S.E.± between levels of B 2.68
C.D. at 5% 7.83
General mean 64.1

Fig. 1. The yield of paddy as influenced by
different transplanting times



The hybrid Sahyadri-2 (Vashisthi) recorded
significantly lower grain yield (59.7 q ha-1). The
differences in grain yield in paddy hybrids might
be due to inherent genetical potential of paddy
hybrids.

Interaction effects : The grain yield (q
ha-1) of paddy as influenced by interaction
effects are reported in (Table 2.). The interaction
between transplanting of Sahyadri - 3 (Savitri)
hybrid in 28th MW was recorded the highest
grain yield (80.3 q ha-1) than rest of treatment
combinations and it was at par with Sahyadri in
all the transplanting times except transplanting
at 32th MW. Overall, Sahyadri - 3 (Savitri) hybrid
recorded more grain yield in all the transplanting
times except transplanting at 32th MW as
compared to Sahyadri, Sahyadri-2 and Sahyadri
- 4. The least grain yield was observed in
Sahyadri-2 (Vashisthi) when interacted with
different transplanting times.

This result showed that delay in transplanting
of paddy hybrids, could not able to assimilate the
more biomass as result reduced mean grain yield
of paddy.A hybrid Sahyadri - 3 (Savitri) recorded
maximum grain yield due to varietal characters
and weather conditions during that period. The
correlation between weather parameters and
grain yield revealed significant negative
correlation in case of Tmax (r = - 0.645**), GDD
(r = -0.524*) and bright sunshine hour (r = -
0.622**). Significant positive correlation found
with Tmin, RH-I, RH-II, and rainfall and it was r
= 0.610*, r = 0.565*, r = 0.653** and r=
0.656**, respectively (Table 2).

Conclusions

Transplanting of kharif paddy during 28th

MW favourably influenced all the growth and
yield components but early transplanting during
26th MW as well as during late transplanting up
to 30th MW also gave sustainable yield. It would
be, therefore, advisable to transplant Kharif

paddy during 28th MW to obtain maximum yield
of paddy. Among the four different hybrids of
paddy, Sahyadri-3 (Savitri) recorded significantly
higher growth and yield components which was
at par with hybrid Sahyadri and significantly
superior over Sahyadri-2 (Vashisthi) and
Sahyadri-4 (Hansa). It would be, therefore,
suggested to adopt hybrid Sahyadri-3 (Savitri) or
Sahyadri for kharif paddy cultivation under
Vadgaon Maval conditions.
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Abstract
Rice is one of the most important food crops in the world. Rice is the mainstay of nearly 40% of the world's

population. The planting date is critical for ensuring that the crop receives the best weather conditions possible.
The duration of phenophases correlated negatively with the maximum temperature. Towards the end of the
planting season, the duration is shortening. Plant height was found to have a significant positive correlation
with rainfall and a significant negative correlation with temperature. Dry matter accumulation was highest on
August 5th, with a positive correlation with relative humidity and a negative correlation with temperature. It
was observed that rainfall during heading to 50% flowering had a negative correlation with a number of filled
grains. The yield of the crop had a significant negative correlation with rainfall during the flowering to
physiological maturity. The planting date is critical to ensuring that the crop receives optimal weather
conditions.

Key words : 50% flowering, Phenophase.
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Rice is one of the world's most important
food crops. Rice is the staple food of nearly 40%
of the world's population. Asian countries
account for nearly 90 percent of rice production
and consumption. Rice has been cultivated for
nearly 60% of total cropped area and nearly 77
percent of total food production in the country.
As a result, rice production in India should never
be overlooked. The planting date of the rice
crop is critical for increased productivity. It

ensures that vegetative growth occurs over an
optimal temperature and solar radiation range,
and that the cold sensitive stage occurs when the
minimum night temperatures are at their
warmest. Rice yield can be maximized by
planting the rice at the optimal time, which
varies between varieties (Reddy and Narayana,
1984). Sowing at the right time ensures that
grain fills at the right temperature, which
improves grain quality (Dixit, et al. 2004).
Hence the present study aims to study the
impact of dates of planting on rice growth and
yield. 
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Material and method

In order to study the effect of dates of
planting on rice growth and yield the experiment
was conducted using split plot design with main
plot treatments as five dates of plantings i.e.
June 5th, June 20th, July 5th, July 20th and
August 5th and subplot treatments as two
varieties, Jyothi (short duration) and Jaya
(medium duration) with four replications. To
study the crop-weather relationship, various
observations such as weather observations,
phenological observations, biometric
observations, yield and yield attributes were
recorded. SPSS software was used to conduct
the crop weather analysis.

Result and discussion

Each date of planting experienced different
weather and it had significant relation with
various phenological observations, biometric
observations, yield and yield attributes. The
results of the study had been discussed below.

Phenological observations : Pheno-
phases are visible stages or phases in a plant's
life cycle that can be defined by a beginning and
an endpoint. Phenophases typically last for few
days to a few weeks. For both varieties, including
Jaya and Jyothi, the length of each phenophase
has been recorded for five planting dates.  Being
a medium duration crop the maximum days was
taken by Jaya than Jyothi.  The number of days
for active tillering, panicle initiation, booting,
heading, 50% flowering, and physiological
maturity were all observed. June 5th and June
20th planting took fewer days i.e.2 4 and in the
case of Jaya, June 5th and July 20th planting
took fewer days to reach the active tillering
which was 27 days. July 20th planting took a
maximum number of days to reach active
tillering i.e. 29 and 26 days for Jaya and Jyothi
respectively.  The number of days for
transplanting to active tillering showed a
significant negative correlation (Fig. 1).

temperature was found to be inversely
proportional to the duration of transplanting to
active tillering. The days of tillering were
extended due to the drop in temperature. Sridevi
and Chellamuthu, 2015 discussed similar results. 

July 20th planting took a minimum number
of days (98 days) to achieve physiological
maturity. While June 20th planting took 100
days, June 5th and July 5th took the same
number of days i.e. 101 days while the last
planting took 99 days to attain physiological
maturity. In the case of Jaya, June 5th planting
took the maximum number of days to attain
physiological maturity i.e. 116 days followed by
July 5th planting (113 days) and June 5th

planting. The last 2 plantings took compara-
tively fewer days than other plantings i.e. 105
for July 20th planting and 103 days for August
5th planting. Ziska et al. (1997) reported that an
early maturation of rice crop had been observed
with an increase in temperature by 4°C. In dry
season the maturity of crop is enhanced by six
days and in wet season the crop is expected
mature early by five days. And a similar kind of
result had been found here (Fig. 2).

Biometric observations : Plant height was
recorded at weekly interval, Among the varieties
plant height was found to be higher in Jyothi.
According to Vysakh et al. (2015), an increase
in maximum temperature may result in a
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Fig. 1. Impact of maximum temperature on
duration of transplanting to active
tillering in Jyothi and Jaya



decrease in plant height. This was discovered
during the course of the research. The effect of
maximum temperature on plant height is
depicted in Fig. 3. Rainfall was found to have a
positive effect on plant height in this study. Fig.
4 depicts how increased rainfall causes an
increase in plant height. Precipitation had a

positive correlation with plant height during the
plant growth period, according to Abbas and
Mayo, 2019. 

Dry matter accumulation was recorded at
fortnightly interval. During the August 5th

planting, the maximum amount of dry matter
accumulated. Singh et al., (2012) found that
increasing the maximum temperature resulted in
a decrease in dry matter accumulation. Fig. 5
shows that an increase in maximum temperature
leads to a decrease in dry matter accumulation.
Relative humidity showed positive correlation
with the dry matter production i.e. an increased
relative humidity enhanced the dry matter
production of rice varieties (Fig. 6).

Journal of Agriculture Research and Technology 101

Fig. 2. Impact of maximum temperature on
duration of Jaya and Jyothi

Fig. 3. Impact of maximum temperature on
plant height during the vegetative phase 

Fig. 4. IImpact of rainfall on plant height
during the crop period 

Fig. 5. Impact of temperature on dry matter
accumulation 

Fig. 6. Impact of relative humidity on dry
matter accumulation 



Yield and yield attributes : It was
observed that rainfall during heading to 50%
flowering had a negative correlation with
number of filled grains. Fig. 7 depicts the
relationship between filled grains and rainfall
received during heading to 50% flowering.
Sreenivasan, 1985 reported that intense rainfall
gave rise to blank florets that may be the reason
for the reduced number of filled grains in rice
with an increase in rainfall. 

In Jaya, yield obtained during July 20th and
August 5th planting were found to be on par. In
the case of Jyothi, June 5th planting and August
5th plantings were found to be on par. During
the last phenophase of rice, a negative
relationship was observed between yield and the
number of rainy days. Heavy rains during this
time period had a significant negative impact on
grain yield (Narayanan, 2004). Rainfall during

the flowering was also found to have a negative
correlation with yield in this study (Fig. 8).
Pradhan and Dixit (1989) observed a decrease
in rice yield as a result of the combined effect of
constant rainfall and strong winds. During the
July 20th planting of Jyothi, a similar condition
was observed. The rainfall and wind speed that
prevailed from 50% flowering to physiological
maturity are depicted in Fig. 9. That could
explain the lower yield of Jyothi during the July
20th planting.

Conclusion

The planting date is critical to ensuring that
the crop receives the optimal weather
conditions. According to the findings of the
study, early planting of the short-duration variety
Jyothi may be preferable under changing rainfall
patterns. While in the medium term, Jaya late
planting may be preferable. These planting dates
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Fig. 7. IImpact of rainfall on filled grains

Fig. 8. Impact of relative humidity on dry
matter accumulation 

Fig. 9. Impact of rainfall and wind speed in July 20th planting of Jyothi 



would prevent extreme rainfall events from
occurring during a rainfall sensitive period
(flowering).
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Abstract
The field studies were conducted for 2 years (2015-16 to 2016-17) on a clay loam soil at the IFSRP,

Rahuri, to assess the influence of organic nutrient management systems on soil physical, chemical and biological
properties in the onion based cropping systems. In respect of all above assessment, application of 50% N
through FYM + 50% N through Vermicompost to kharif crops followed by 100% N through organic  (In equal
split of N through 50 : 50%  FYM : Vermicompost) recorded significant values of physical, chemical and
biological  properties of soil.

Key words : Onion, cropping system, soil properties, organic nutrient.
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Today, the burgeoning population pressure
has forced many countries to use chemicals and

fertilizers to increase the farm productivity for
meeting their ever-increasing food requirements.
An applications  of  such  high  input  intensive
technologies  have  undoubtedly  increased  the
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production and labour efficiency, but, there is a
growing concern over their adverse effects on
soil  productivity  and  environmental  quality due
to imbalance use. Promoting  organic
agriculture  offers  one  of  the  most  promising
options  available  for achieving  food  security
and  other  basic  needs  of  humanity  apart
from  conserving  natural resources viz., soil as
well as biodiversity. People are gradually
realizing the danger of modern day production
system and asking for chemical pesticide residue
free food items and that encouraging the rapid
development of organic agriculture in the
country.  Application  of  scientific  approaches
to  organic  farming  practices  holds  the
possibility  of  maintaining  and  in  some  cases
increasing  the  yield  over  long  run,  while
sustaining  bio-diversity, soil  fertility, soil
biological  cycles  and  natural  ecosystem
processes and  services  that  underpin  the
agriculture.  Apart from  this,  it  allows  the
farmers  to  overcome  the  risk  of  crop  failures
and  increased  cost  of production. The
philosophy behind the concept of organic
farming is to feed the soil, rather than the  crop
and  it  is  a  means  of  giving  back  to  nature
what  has  been  taken  from  it.  Hence,  the
organic  farming  is  a  sustainable  production
and management  system  which  focuses  on
health  of  soil,  ecosystem  and  human  beings. 

The physical properties of soil denote
structure, texture, bulk density, porosity, water-
holding capacity etc and positive effects of
organic farming on soil physical properties viz.
soil structure, water holding capacity, soil
aeration and soil temperature. Crop rotation is
an important component under organic farming
which directly and indirectly influences the
physical structure of soil. Accumulation of
organic matter in soil during the lean phase has
a direct influence in the modification of soil
structure. The architectural form of different root
systems of several crops included in the crop
rotation also helps to modify the soil structure.

Organic farming adds more organic matter to
the soil, which is the basic requirement for
improving soil health. Presence of this organic
matter in soil increases its moisture retention
capacity. Further, residue decomposition adds
organic matter to the soil, which contributes to
reduce the soil hydrological response, increase
soil water repellency that reduces infiltration
rates. Application of organic manures not only
provides nutrient to the standing crop but also
to the succeeding crop. The improvement of soil
physical properties due to organic farming has
spatio-temporal dimension also that organic
farming is better in areas having extreme rainfall
because of the higher absorption and less run-
off of water in the field (Biswas et al., 2014).

Organic farming has potential to maintain
soil fertility and increase organic carbon in soil.
Application of different organic inputs like FYM,
vermicompost, green manuring, neem seed
cake etc. ensures both the sustainability of soil
organic carbon and supply of nutrients to the
plants. Application of good quality FYM
improves the total nitrogen and organic matter
in the soil, which is “an important substrate of
cationic exchange and the warehouse of most of
the available nitrogen, phosphorus, and sulphur;
the main energy source for microorganisms; and
is a key determinant of soil structure”. It is
undoubtedly an important controlling factor for
C:N ratio, total and available N, N
mineralization, soil moisture, microbial activity,
and soil texture. Strikingly, several studies have
reported that organically amended soil holds
more available N than the soil receiving
inorganic fertilization mainly due to relatively
slower and constant mineralization rates,
ultimately decreasing nitrogen leaching. Organic
acids and humus fraction of decomposing matter
are more efficient in releasing phosphorus and
reducing its fixation in soil. Nutrient supply
through organic sources also ensures
micronutrient availability to the plant (Biswas et
al., 2014).
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Although many researchers confine the
concept of soil quality to physical and chemical
properties, others value biological parameter as
an important aspect, which should be
incorporated in soil quality assessment process.
These biological properties are very important
while assessing soil quality since soil quality is
strongly influenced by the flora and fauna
present in the soil. Soil micro-organisms are the
living part of soil organic matter present in the
soil. The microbial biomass and microbial
activities in soil are crucial to sustain the
productivity of soil. For ensuring consistent
release of nutrients to the plants, there is a need
to have balanced ratio of microbial biomass and
activity in soil. Organic farming is reported to
have enhanced both microbial biomass and
microbial activity by 20-30% and 30-100%,
respectively. The soil having high organic matter
content ensures greater microbial activity and
greater soil N supplying power than the soil
having less organic matter (which is managed
inorganically). In addition to this, soil organic
matter has a capacity to sink the atmospheric
CO2 and thereby increasing the carbon content
in the soil, which further enhances the microbial
biomass and respiration. It has also been well
documented that the organically managed soil
enriched with several beneficial microorganisms
like arbuscular mycorrizal fungi for ensuring
improved crop nutrition and decreasing soil
borne diseases. Arbuscular mycorrizal fungi is a
special fungal group, which makes symbiotic
association with the plant’s root system
enhancing plant nutrient uptake and water
absorption. This mutualistic relationship
primarily helps plant to take more P from the
soil and also protects plants from several
diseases. Application of quality organic inputs
enhances the microbial population in the soil.
Organic fertilizer application improved nodule
dry weight, photosynthetic rates, N2 fixation,
and N accumulation as well as N concentration
in several crops. However, it was also found that

organic agroecosystem management strongly
influences the soil nutrients and enzyme activity
while it has lesser influence on soil microbial
communities. Several composts like vermin-
compost, farmyard manure etc. are generally
used for nutrient management in organic
farming, which ultimately promote the beneficial
macro and micro flora in the soil. 

Materials and Methods

An experiment was conducted during 2015-
16 and 2016-17 at the IFSRP, MPKV, Rahuri.
The soil of the experimental field was clay loam
in texture, alkaline in reaction low in available
nitrogen, medium in available phosphorus and
very high in available potassium, respectively.
The experiment was laid out in split spit plot
design with three replications. Nine
combinations of three crop sequences (onion-
sorghum, onion-wheat and onion - chickpea)
and three combinations of organic nutrient
sources viz., 50% N through FYM + 50% N
through Vermicompost, 50% N through FYM +
50% N through Neem cake and 50% N through
Vermicompost + 50% N through Neem cake
were the main plot treatments in kharif season
replicated three times in randomized block
design. During rabi season each main plot
treatments of residual effect of organic nutrient
sources was split into three sub plot treatments
of organic nutrient levels viz., 100, 75 and 50%
N through organic (In equal split of N through
50: 50% FYM: vermicompost) to rabi season
crops (Sorghum, Wheat and Chickpea) resulting
in twenty seven treatment combinations
replicated three times in split plot design. One
additional control treatment of GRDF included
for comparison.

Result and Discussion

Physical properties : Among the organic
nutrient sources residual effect of 50% N
through FYM + 50% N through VC and direct
effect of 100% N through organic (50% N
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through FYM + 50% N through VC) to rabi
crops was found numerically higher in respect
of infiltration rate, bulk density, porosity, field
capacity and permanent wilting point over rest
of the treatments of organic sources during
2015-16 and 2016-17, respectively.However in
case of permanent wilting point, direct effect of
100% N through organic (50% N through FYM
+ 50% N through VC) recorded significantly
higher values (17.35 and 17.51 %) than rest of
treatments during both the years (Table 1).
Improvement in physical properties due to
increased organic carbon by addition of organic
manures. Similar findings were reported by
Meena et al. (2014).  

All values of physical properties observed
lower in control plot of 100% GRDF in
comparison with organic treatments during
2015-16 and 2016-17, respectively. 

Chemical properties : The numerically
higher values of pH, EC and organic carbon

observed under the treatment of residual and
direct effect of 100% N through organic (50%
N through FYM + 50% N through VC) after
second cycle. The residual effect of 50% N
through FYM + 50% N through VC recorded
significantly higher values of available N (156
and 161 kg ha-1), P (22 and 24 kg ha-1) and K
(258 and 268 kg ha-1) over rest of treatments.
However, P and K was at par with 50% N
through VC + 50% N through NSC during both
the years. Under direct application of nutrients
to rabi crops, the treatment of 100% N through
organic recorded significantly higher values of N
(157 and 163 kg ha-1), P (23 and 24 kg ha-1)
and K (257 and 268 kg ha-1) over rest of
treatments. However, it was at par with 75% N
through organic with respect of K during 2015-
16 and 2016-17 after harvest of crop sequence
(Table 2). Organic sources response was more
with the use of FYM and vermicompost which
might have been due to its rich constituents and
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Table 1. Effect of different treatments on infiltration rate, bulk density porosity, field capacity and permanent wilting point of
soil after end of first and second cycle

Treatment Infiltration rate Bulk density Porosity Field capacity Permanent wil-
(mm hr-1) (g cm-3) (%) (%) ting point (%)

––––––––––––––– ––––––––––––– ––––––––––––– –––––––––––––– ––––––––––––––––
2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
-16 -17 -16 -17 -16 -17 -16 -17 -16 -17

A. Effect of organic sources
K1 : 50% N FYM + 50% N VC 8.98 9.96 1.32 1.30 50.02 50.78 35.64 35.65 16.61 17.50
K2 : 50% N FYM + 50% N NSC 8.58 9.24 1.32 1.31 50.31 50.44 34.25 35.10 15.56 15.88
K3 : 50% N VC + 50% N NSC  8.93 9.58 1.33 1.31 49.90 50.52 34.60 35.27 16.50 16.68
SE m± 0.38 0.27 0.01 0.01 0.48 0.38 0.39 0.28 0.64 0.53
CD at 5 % NS NS NS NS NS NS NS NS NS NS

B. Effect of organic nutrient levels
R1 : 100% N-Organic 9.23 10.39 1.31 1.30 50.69 50.99 35.90 36.14 17.35 17.91
R2 : 75% N-Organic 7.68 9.38 1.33 1.31 49.90 50.65 34.35 35.13 16.01 16.11
R3 : 50% N-Organic 7.58 9.01 1.33 1.32 49.64 50.10 34.25 34.75 15.31 16.05
SEm± 0.50 0.49 0.01 0.01 0.31 0.26 0.50 0.49 0.43 0.49
CD at 5% NS NS NS NS NS NS NS NS 1.33 1.51

Interaction
A x B NS NS NS NS NS NS NS NS NS NS
Mean 8.17 9.59 1.32 1.31 50.08 50.58 34.83 35.34 16.22 16.69
Control-GRDF 7.53 8.38 1.33 1.32 49.69 50.23 33.20 33.27 17.29 17.36
Initial 8.30 1.32 50.29 34.30 16.32



sustained availability. Similar findings reported
by Maheswarappa et al. (1997), Koushal et al.
(2011), Srinivasan (2012), Meena et al. (2014)
and Patra et al. (2016).

In control treatment the soil available N and
K improved by application of 100% GRDF
(FYM + RDF) as compared to all organic
treatments during both the years. Gudadhe
(2008) reported similar findings.  

Biological properties : The soil biological
properties viz., bacteria (75.93 and 79.49 cfu x
10-6 g-1 soil), fungi (28.03 and 30.72 cfu x
10-5 g-1 soil) and actinomycetes (43.82 and
46.67 cfu x 10-3 g-1 soil) improved significantly
under the treatment of residual effect of 50% N
through FYM + 50% N through VC than rest of
treatments after completion of crop cycle during
2015-16 and 2016-17. However, it was at par
with 50% N through VC + 50% N through NSC
in respect of fungi and actinomycetes during

both the years.  Under direct effect, 100% N
through organic (50% N through FYM + 50%
N through VC) recorded significantly maximum
count of bacteria (77.21 and 80.99 cfu x 10-6

g-1 soil), fungi (30.38 and 32.19 cfu x 10-6 g-1

soil) and actinomycetes (45.94 and 48.13 cfu x
10-3 g-1 soil) than rest of treatments (Table 3).
The favorable effect of organics on soil biological
properties is a proven fact which help in
providing ideal conditions and presumably
increased microbial activity because of the
available high organic matter. Similar findings
reported by Meena et al. (2014), Maheswari and
Sivasakthivelan (2015) and Patra et al. (2016).

The direct effect of 100, 75 and 50% N
through organic were recorded maximum
population of bacteria, fungi and actinomycetes
than treatment of 100% GRDF after completion
of crop sequence during first and second year,
respectively. Similar findings reported by
Gudadhe (2008).  
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Table 2. Effect of different treatments on soil pH, electrical conductivity, organic carbon and soil available NPK after end of
first and second cycle

Treatment pH EC Organic Ava. N Ava. P Ava. K
(dSm-1) carbon (%) (kg ha-1) (kg ha-1) (kg ha-1)

–––––––––––– –––––––––––– –––––––––––– –––––––––––– –––––––––––– ––––––––––––
2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
-16 -17 -16 -17 -16 -17 -16 -17 -16 -17 -16 -17

A. Effect of organic sources
K1 : 50% N FYM + 50% N VC 8.23 8.21 0.27 0.40 0.57 0.58 156 161 22 24 258 268
K2 : 50% N FYM + 50% N NSC 8.25 8.24 0.23 0.36 0.54 0.55 150 157 17 19 248 258
K3 : 50% N VC + 50% N NSC  8.24 8.22 0.25 0.39 0.56 0.57 153 158 20 22 252 263
SE m± 0.03 0.02 0.003 0.02 0.01 0.004 0.72 0.71 0.58 0.67 1.78 1.73
CD at 5 % NS NS NS NS NS NS 2.85 2.78 2.27 2.65 7.01 6.81

B. Effect of organic nutrient levels
R1 : 100% N-Organic 8.23 8.22 0.24 0.40 0.57 0.58 157 163 23 24 257 268
R2 : 75% N-Organic 8.23 8.22 0.26 0.40 0.55 0.56 152 157 19 21 253 264
R3 : 50% N-Organic 8.25 8.23 0.26 0.35 0.54 0.55 151 156 18 19 247 258
SEm± 0.03 0.02 0.01 0.02 0.004 0.003 0.96 0.97 0.91 0.87 2.43 2.42
CD at 5% NS NS NS NS NS NS 2.98 2.99 2.82 2.68 7.50 7.46

Interaction
A x B NS NS NS NS NS NS NS NS NS NS NS NS
Mean 8.23 8.22 0.25 0.38 0.55 0.56 153 159 20 21 253 263
Control-GRDF 8.25 8.25 0.25 0.38 0.54 0.58 157 162 21 23 282 293
Initial 8.25 0.29 0.53 181 15 403



Conclusion

It was concluded that application of 50% N
through FYM + 50% N through Vermicompost
to kharif crops followed by 100% N through
organically recorded higher values of physical,
chemical and biological  properties of soil. 
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Table 3. Effect of different treatments on soil biological properties after end of first and second cycle

Treatment Bacteria Fungi Actinomycetes
(CFU x 10-6 g-1 soil) (CFU x 10-5 g-1 soil) (CFU x 10-3 g-1 soil)

–––––––––––––––––––––––– –––––––––––––––––––––––– –––––––––––––––––––––––
2015-16 2016-17 2015-16 2016-17 2015-16 2016-17

A. Effect of organic sources
K1 : 50% N FYM + 50% N VC 75.93 79.49 28.03 30.71 43.82 46.67
K2 : 50% N FYM + 50% N NSC 70.06 74.06 27.17 29.95 42.73 44.91
K3 : 50% N VC + 50% N NSC  72.77 77.11 27.88 30.24 42.98 45.83
SE m± 0.43 0.19 0.47 0.33 0.55 0.54
CD at 5 % 1.70 0.76 1.28 1.16 1.87 1.89

B. Effect of organic nutrient levels
R1 : 100% N-Organic 77.21 80.99 30.38 32.19 45.94 48.13
R2 : 75% N-Organic 73.37 77.15 27.84 31.23 43.05 45.90
R3 : 50% N-Organic 68.17 72.50 24.84 27.49 40.54 43.39
SEm± 0.38 0.46 0.49 0.55 0.63 0.71
CD at 5% 1.16 1.42 1.52 1.76 1.94 2.19

Interaction
A x B NS NS NS NS NS NS
Mean 72.92 76.88 27.69 30.30 43.18 45.81
Control- GRDF 41.06 44.84 12.31 16.39 32.61 33.41
Initial 56.00 22.37 35.66

______________



Presently cotton cultivation in India covers an
area of 121.91 lakh hectares in 2001-12 which
accounts about one quarter of the global area of
35 million hectare under cotton. (Anonymous,
2008). Cotton cultivation impregnates its mark
on the lives of 60 million people, offering 200-
man days ha-1 of employment through its
cultivation practices, trade and processing in
India. It also contributes for more than 14 per
cent of annual value addition of industrial
production and more than 30 per cent of total
exports and 4 per cent of its Gross Domestic
Product (GDP). In the wake of new global trade
and technological revolution in spinning and
yarn manufacturing sector have more priority
for global competitiveness of cotton fibre in
terms of quality and cost. However, in India, cost
of production is very high due to indiscriminate
use of pesticides and chemical fertilizer. The
nutrient supply is the second most important
limiting factor in cotton production only after

water. Most often soils in the rain fed area are
not only thirsty but also hungry for the nutrients.
Macronutrient deficiency in soil is one of the
major causes for yield reduction for wide array
of crops. Continuous cropping of high yielding
varieties without proper substitution of inorganic
fertilizers, non-addition of micronutrients, and
less or no application of organic manures have
caused excessive removal of essential nutrients
from the soil reserves that eventually led to the
deficiency of micronutrients in soils. Plant
nutrition have traditionally considered the
obvious way to feed plants is through the soil,
where plant roots are meant to uptake water
and nutrients but in recent years foliar feeding
has been developed to supply plants with their
nutritional needs. Foliar feeding is the
application or feeding of a plant, a liquid plant
nutrient or nutrient additive through the leaves
instead of via the root. When the foliar plant
food is sprayed on the leaves, it causes the plant
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Abstract
The field experiments were conducted on experimental farm of Department of soil science and Agricultural

Chemistry Vasantrao Naik Marathawada Krishi Vidyapeeth, Parbhani, during 2009-10 and 2010-11 entitled
“Influence of chelated plant nutrition on yield, nutrient concentration and uptake of Bt cotton under Vertisols”.
The experiment was laid out in randomized block design with sixteen treatments replicated two times. The
data on yield, nutrient content and nutrient uptake of Bt cotton as influenced by treatment combinations were
determined periodically at 20 days interval and after harvest of crop. Amongst the foliar sprays treatment, Zn
gluconate spray twice gave the best results. The relatively higher nutrient concentration (N, P, K, Zn, Fe, Mn
and Cu) of macro and micronutrients was observed in treatment T2 (Zn gluconate) at 40 to 80 DAS growth
stages.  The numerical data also revealed that from 100 DAS to at harvest the concentration of all nutrients
started declining as crop progressed towards, its physiological maturity. The macro and micronutrient
concentrations in plant at various growth stages found to be improved due to foliar spraying over control.

Key words : Yield, quality, plant nutrition, EDTA, gluconate, cotton, nutrients content and
uptake etc.



metabolism to speed up. Foliar feeding is a
reliable method of feeding plants when soil
feeding is inefficient. Foliar absorption is through
the stomata which are microscopic pores in the
epidermis of the leaf. It is one of the ways to
replenish the required nutrient in critical growth
stages and is a rapid and effective method of
supplying the micronutrients. These micro-
nutrients could be supplied through EDTA
(Ethylenediamine Tetra Acetic Acid) which has
property of forming stable soluble complexes
with certain monovalent, divalent and trivalent
metal ions. Recent development in foliar feeding
for micronutrient found to decentralize around
the gluconate salt. Micronutrient ion complexes
with gluconate salt found to influence the
easiness in its absorption by stomata. Gluconate
is a salt of gluconic acid found naturally and is
industrially manufactured by the fermentation of
glucose typically not only by Aspergillus niger,
but also by other fungi i.e., peniciliumas
bacteria. Gluconate in its pure from is white to
off white powder.  These micronutrients are
applied to the crop at two different critical stages
i.e., at flowering (55 DAS) and at boll
development (75 DAS) stage in case of cotton.

Materials and Methods

A research project “Influence of Chelated
Plant Nutrition on Yield, Nutrient Content and
Nutrient uptake Of Bt-Cotton Under Vertisols”
was conducted during 2009-10 and 2010-2011
at Vasantrao Naik Marathwada Krishi
Vidyapeeth, Parbhani. It was aimed to find out
the influence of foliar feeding of micronutrient
through gluconate and EDTA.  Gluconate is a
salt of gluconic acid, which helps to increase the
efficiency of micronutrients and EDTA (Ethylene
Diamine Tetra Acetic Acid) which has property
of forming stable soluble complexes. The foliar
application assumes greater importance as the
nutrient are brought in the immediate vicinity of
the metabolizing area i.e., foliage and also these

nutrients are fast acting nutrients. The field
experiments were conducted on Typic
Haplusterts at Research Farm of Department of
Soil Science and Agricultural Chemistry. The soil
is characterized by black colour dominated by
montmorillonite clay with high coefficient of
expansion and shrinkage leads to deep cracking.
The soils are formed from basaltic material.
According to 7th approximation, the soils are
classified as Typic Haplusterts (Malewar, 1977)
and are included in Parbhani series.  The
topography of experimental plot was fairly level.
In order to determine the soil properties of
experimental soil before sowing the surface (0-
22.5 cm depth) soil sample were collected from
randomly selected spots covering experimental
area.  A composite soil sample was prepared
and analysed for its various physico-chemical
properties. The experimental soil was fine,
Smectitic (Calcarious), Iso-hyperthermic Typic
Haplusters.  It was slightly alkaline in reaction
(8.20 and 8.0), safe in soluble salt concentration
(EC 0.117 to 0.113 dSm-1) and medium in
organic carbon content (6.70 and 6.50 g kg-1

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

Nitrogen was given in two splits.  Fifty per
cent nitrogen was applied at the time of sowing
and remaining 50 per cent was applied one
month after sowing.  Entire dose of phosphorus
and potassium was applied at the time of
sowing. Micronutrient sprays of gluconate and
EDTA chelated plant nutrients were applied to
the crop at the time of flowering i.e. at 55 DAS
and second spray was applied at the time of boll
development stage i.e. at 75 days after sowing.
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Two plants were randomly selected from two
observation line of each plot, tagged and all
biometric observations were recorded. The data
emerged out from the field experiment were
analysed by analysis of variance and degree of
freedom were partitioned into different variance,
due to replication and treatments combinations.
These were compared with error variance for
finding out ‘F’ value and ultimately for testing the
significance.  The standard error (SE) for the
treatment were calculated based on error
variance whenever, the results were found to be
significant, critical difference (CD) were
calculated for comparison of treatment means at
5 per cent level of significance. Results were
statistically analysed as per the method given in
statistical method for agricultural workers by
Panse and Sukhatme (1987).

Results and Discussion

Yield attributes of Bt Cotton

1. Number of bolls : The number of bolls
plants-1 increased from 51.00 to 78.00 at
harvest.  The maximum number of bolls plant-1

were observed with treatment T2 (Zn gluconate)
and minimum in treatment T1 (control).  The
result concluded that treatment T2 (Zn
gluconate) gave the highest number of bolls,
followed treatment T3, T8, T9, T13 and T12 and
these treatments were also found at par with
each other. The increase in number of bolls may
be due to micronutrient applications which are
involved in greater diversion of the metabolites
to the fruiting parts, culminating in more boll
production.  This finding is in conformation with
earlier reported by Venkatkrishna and Pothiraj
(1994). Increasing value of NPK with
micronutrients leads to increase number bolls
plant-1 might be also due to availability of
nutrients for longer period through two foliar
sprays.  The above findings are in agreement
with the finding of Bhaskar (1993) and Malewar
et al. (1999).

2. Boll weight : The boll weight of Bt
cotton varied between 2.39 to 3.50 g.  The
highest boll weight was recorded with T2 (Zn
gluconate) and lowest in control treatment (T1).
The treatment T2 (Zn gluconate) recorded
highest boll weight (i.e. 3.50), which was on par
with treatment T3 (Zn EDTA), T2 (Zn gluconate),
T8 (Fe gluconate) and T9 (Fe EDTA) and
significantly superior over the control.  This
might be due to accelerated mobility of
photosynthates from source to sink as influenced
by the application of zinc and iron.  Similar
observations were also made by Ahalawat
(1974), Namdeo et al. (1992), Wankhede et al.
(1994), Anonymous (1995), Hanumantha
Reddy (1999) and Sasthri et al. (2000).

3. Cotton yield (Kg ha-1) : The
application of varied levels of foliar feeding of
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Table 1. Effect of foliar feeding of gluconate and EDTA
chelated plant nutrient on number of bolls
plant-1, boll weight (g boll-1) and yield (Kg ha-1)
of Bt cotton

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

boll-1)

T1 - Control 51.00 2.39 1498.14
T2 - Zn gluconate 78.00 3.50 2709.67
T3 - Zn EDTA 77.00 3.47 2515.95
T4 - Mn gluconate 65.50 3.05 2114.96
T5 - Mn EDTA 67.25 3.10 2157.13
T6 - Cu gluconate 59.25 2.84 1683.37
T7 - Cu EDTA 56.75 2.78 1643.51
T8 - Fe gluconate 72.25 3.29 2323.93
T9 - Fe EDTA 71.75 3.23 2259.57
T10 - Ca gluconate 54.75 2.55 1610.47
T11 - Ca EDTA 53.50 2.48 1552.76
T12 - Mg gluconate 69.50 3.13 2191.83
T13 - Mg EDTA 71.25 3.16 2228.79
T14 - Zn, Mn, Cu, Fe, 65.00 3.00 1919.59

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

Ca and Mg EDTA
T16 - Government grade 2 65.75 2.89 2077.95
SE ± 2.61 0.08 94.91
CD at 5 % 9.15 0.29 332.84



micronutrients significantly influenced the cotton
yield. The yield was ranged from 1498.14 to
2709.67 kg ha-1. The data showed that
application of Zn gluconate increase the cotton
yield which was to the tune of 2709.67 kg ha-1.
However, it was on par with application of
treatment T3 (Zn EDTA) however, significantly
superior over control (T1), it can be concluded
that due to foliar application of micronutrient
there was increase in cotton yield. In cotton, the
yield depends on the accumulation of photo
assimilates and its partitioning in different parts
of the plant.  The yield is strongly influenced by
the application of foliar micronutrient indicating
the role of these micronutrients in increasing the
yield through their effect on various morpho-
physiological traits.  Foliar micronutrients in
known to increase the yield of cotton crop
(Wankhade et al., 1994 and Sasthri et al.,
2000). Application of zinc and iron enhanced
seed cotton yield.  This might be due to
improved growth and yield attributing
characters.  Similar results were recorded by
Chhabra et al. (2004) in cotton.  Rajendran

(2010) also concluded that foliar application of
nutrient in alone or in combination has a great
effect in improving the efficiency of utilization of
nutrients and thereby improves the growth and
seed cotton yield. 

Effect of foliar feeding of gluconate
and EDTA chelated plant nutrient on N
concentration and Uptake of Bt cotton

N concentration and uptake : The
pooled grand mean varied from 2.04 to 2.21
per cent at 40 to 60 DAS, respectively. It clearly
indicated that highest N concentration was
noticed at 60 DAS and thereafter started
declining toward maturity. In the year 2009-10,
2010-11 and pooled, application of Zn
gluconate (T2) proved to be superior in
increasing the N concentration at 40 DAS. In
pooled analysed data the treatment T2 (2.29)
was found to be significantly superior over the
control and all other treatments and were on par
with treatment T3 (Zn EDTA). At 60 DAS, in
both years and pooled data revealed that the
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Table 2. Effect of foliar feeding of gluconate and EDTA chelated plant nutrient on N concentration of Bt cotton

Treatments 40 DAS 60 DAS 80 DAS 100 DAS 120 DAS At harvest
pooled pooled pooled pooled pooled pooled

T1 - Control 1.70 1.82 1.72 1.65 1.59 1.52
T2 - Zn gluconate 2.29 2.48 2.31 2.22 2.15 2.04
T3 - Zn EDTA 2.25 2.47 2.30 2.20 2.10 2.01
T4 - Mn gluconate 2.16 2.31 2.24 2.08 2.02 1.87
T5 - Mn EDTA 2.14 2.27 2.21 2.05 1.99 1.84
T6 - Cu gluconate 1.92 2.09 1.97 1.84 1.77 1.68
T7 - Cu EDTA 1.85 2.00 1.91 1.78 1.73 1.65
T8 - Fe gluconate 2.19 2.43 2.28 2.16 2.11 1.93
T9 - Fe EDTA 2.22 2.44 2.29 2.19 2.13 1.99
T10 - Ca gluconate 1.78 1.94 1.86 1.74 1.68 1.60
T11 - Ca EDTA 1.77 1.88 1.80 1.70 1.64 1.56
T12 - Mg gluconate 2.21 2.40 2.26 2.17 2.10 1.93
T13 - Mg EDTA 2.18 2.36 2.25 2.13 2.06 1.90
T14 - Zn, Mn, Cu, Fe, Ca and Mg gluconate 2.03 2.16 2.14 1.93 1.86 1.77
T15 - Zn, Mn, Cu, Fe, Ca and Mg EDTA 1.96 2.13 2.09 1.88 1.82 1.73
T16 - Government grade 2 2.11 2.21 2.18 1.96 1.92 1.81
SE ± 0.02 0.02 0.02 0.03 0.02 0.02
CD at 5 % 0.08 0.09 0.09 0.13 0.08 0.08
Grand mean 2.04 2.21 2.11 1.98 1.79 1.80



treatment T2 (Zn gluconate) showed distinct
results in improving N concentration.  The N
concentration at 60 DAS was ranged from 1.82
(T1) to 2.48 (T2).  The treatment T2 (Zn
gluconate) resulted the highest N concentration
and was significantly superior over control and
rest of the treatments and was closely followed
on par with treatment T3 (Zn EDTA). At harvest
stage the treatment T2 in both consecutive years
and pooled data interfered that application of T2
(Zn gluconate) treatment showed significantly
higher rate of N concentration over the control
(T1) and other treatments and was with
treatment T3 (Zn EDTA). The decrease in
concentration of nutrients at final stage of cotton
this might be due to dilution effect caused by
higher dry matter production. 

P concentration and uptake : The
pooled grand mean of the all treatments
resulting in phosphorus concentration ranged
from 0.46 to 0.64 per cent at an increasing rate
from 40 to 80 DAS started declining from 100

DAS to at harvest of crop i.e. 0.51 to 0.33 per
cent. In pooled, the data at 40 and 60 DAS to
the tune of 0.35 to 0.59 per cent and 0.40 to
0.67 per cent.  Higher P concentration was
recorded in treatment T2 (Zn gluconate) (0.59
and 0.65%) receiving zinc gluconate. It was
significantly superior over control and the rest of
the treatments except T3 (Zn EDTA) (0.58 and
0.64%), T9 (Fe EDTA) (0.57 and 0.62%), T8 (Fe
gluconate) (0.56 and 0.60%), T12 (Mg
gluconate) (0.53 and 0.58 ) and T13 (Mg EDTA)
(0.53 and 0.57%), respectively, which were on
par with superior treatment. Highest rate and
amount of concentration of phosphorus was
noted, due to application of treatment T2 (0.81
and 0.74) in both the years, respectively.  The
treatment T2 (Zn gluconate) recorded distinctly
superiority over control and treatments T3 (0.79
and 0.73), T9 (0.79 and 0.720, T8 (0.76 and
0.71), T12 (0.78 and 0.71), T13 (0.74 and 0.70)
and T5 (0.70 and 0.67), respectively were found
at par with superior treatment. At 100, 120
DAS and at harvest the P concentration rate
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Table 3. Effect of foliar feeding of gluconate and EDTA chelated plant nutrient on N uptake of Bt cotton

Treatments 40 DAS 60 DAS 80 DAS 100 DAS 120 DAS At harvest
pooled pooled pooled pooled pooled pooled

T1 - Control 25.57 27.30 25.88 24.83 23.86 22.80
T2 - Zn gluconate 62.12 67.46 62.70 60.35 58.33 55.49
T3 - Zn EDTA 56.66 62.27 57.95 55.52 40.48 50.78
T4 - Mn gluconate 45.76 48.98 47.45 44.26 43.03 39.69
T5 - Mn EDTA 46.33 48.95 47.82 44.45 43.24 39.90
T6 - Cu gluconate 32.41 35.26 33.17 31.01 29.96 28.43
T7 - Cu EDTA 30.48 32.89 31.41 29.37 28.51 27.26
T8 - Fe gluconate 51.10 56.70 53.11 50.34 36.42 45.12
T9 - Fe EDTA 50.25 55.36 51.85 49.55 35.88 45.07
T10 - Ca gluconate 24.95 31.26 29.99 28.07 27.22 25.84
T11 - Ca EDTA 27.61 29.31 27.99 26.44 25.63 24.27
T12 - Mg gluconate 48.53 52.80 49.75 47.73 34.04 42.61
T13 - Mg EDTA 48.65 52.76 50.33 47.57 46.05 42.59
T14 - Zn, Mn, Cu, Fe, Ca and Mg gluconate 39.11 41.54 41.13 37.16 35.93 34.09
T15 - Zn, Mn, Cu, Fe, Ca and Mg EDTA 34.58 37.47 36.77 33.11 32.22 30.53
T16 - Government grade 2 43.90 45.92 45.39 40.85 40.03 37.81
SE ± 1.25 2.84 0.96 1.28 1.34 1.68
CD at 5 % 3.76 8.72 2.89 3.84 4.17 5.07
Grand mean 41.75 45.39 43.29 40.66 36.30 37.02



started declining toward the maturity of crop. In
grand mean it pooled ranged from 0.51 to 0.33
per cent up to harvest.  In this situation also, the

treatment T2 (Zn gluconate) showed significantly
superior over the control and rest of
treatments. 
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Table 4. Effect of foliar feeding of gluconate and EDTA chelated plant nutrient on P concentration of Bt cotton

Treatments 40 DAS 60 DAS 80 DAS 100 DAS 120 DAS At harvest
pooled pooled pooled pooled pooled pooled

T1 - Control 0.35 0.40 0.45 0.41 0.31 0.27
T2 - Zn gluconate 0.59 0.67 0.77 0.59 0.47 0.40
T3 - Zn EDTA 0.58 0.64 0.76 0.58 0.46 0.39
T4 - Mn gluconate 0.50 0.55 0.70 0.55 0.40 0.35
T5 - Mn EDTA 0.48 0.54 0.68 0.53 0.39 0.34
T6 - Cu gluconate 0.40 0.46 0.58 0.48 0.35 0.31
T7 - Cu EDTA 0.40 0.45 0.54 0.47 0.34 0.30
T8 - Fe gluconate 0.56 0.59 0.73 0.56 0.43 0.37
T9 - Fe EDTA 0.57 0.62 0.75 0.58 0.45 0.38
T10 - Ca gluconate 0.39 0.43 0.52 0.45 0.33 0.29
T11 - Ca EDTA 0.37 0.42 0.49 0.43 0.32 0.28
T12 - Mg gluconate 0.53 0.58 0.74 0.57 0.42 0.37
T13 - Mg EDTA 0.53 0.57 0.72 0.55 0.41 0.35
T14 - Zn, Mn, Cu, Fe, Ca and Mg gluconate 0.42 0.50 0.63 0.50 0.37 0.32
T15 - Zn, Mn, Cu, Fe, Ca and Mg EDTA 0.41 0.48 0.60 0.50 0.36 0.32
T16 - Government grade 2 0.46 0.52 0.65 0.52 0.38 0.35
SE ± 0.02 0.03 0.04 0.02 0.02 0.03
CD at 5 % 0.07 0.12 0.16 0.10 0.09 0.07
Grand mean 0.46 0.52 0.64 0.51 0.38 0.33

Table 5. Effect of foliar feeding of gluconate and EDTA chelated plant nutrient on P uptake of Bt cotton

Treatments 40 DAS 60 DAS 80 DAS 100 DAS 120 DAS At harvest
pooled pooled pooled pooled pooled pooled

T1 - Control 5.26 6.09 6.84 6.17 4.77 4.07
T2 - Zn gluconate 16.03 18.20 21.08 16.18 12.78 10.86
T3 - Zn EDTA 14.63 16.12 19.17 14.76 11.61 9.83
T4 - Mn gluconate 10.74 11.73 14.86 11.70 8.65 7.57
T5 - Mn EDTA 10.50 11.67 14.81 11.60 8.48 7.50
T6 - Cu gluconate 6.83 7.85 9.78 8.11 5.94 5.27
T7 - Cu EDTA 6.66 7.50 8.98 7.75 5.72 5.05
T8 - Fe gluconate 13.09 13.82 17.14 13.22 10.04 8.65
T9 - Fe EDTA 12.94 14.03 17.14 13.17 10.21 8.73
T10 - Ca gluconate 6.28 7.03 8.41 7.37 5.46 4.79
T11 - Ca EDTA 5.76 6.55 7.64 6.79 5.10 4.47
T12 - Mg gluconate 11.83 12.81 16.41 12.57 9.37 8.26
T13 - Mg EDTA 11.83 12.71 16.09 12.44 9.32 7.97
T14 - Zn, Mn, Cu, Fe, Ca and Mg gluconate 8.18 9.74 12.12 9.63 7.22 6.31
T15 - Zn, Mn, Cu, Fe, Ca and Mg EDTA 7.31 8.57 10.58 8.94 6.50 5.70
T16 - Government grade 2 9.70 10.95 13.53 10.98 8.09 7.03
SE ± 1.73 1.17 1.49 1.19 0.79 0.70
CD at 5 % 5.20 3.56 4.47 3.64 2.46 1.45
Grand mean 9.85 10.96 13.41 10.71 8.08 7.00



K concentration and uptake : In both
years experimentation and pooled analysis, the
data at 40 DAS showed that treatment T2 with

2.07, 1.90 and 1.94, respectively was
significantly superior over treatment T1 (control)
(1.48, 1.36 and 1.38, respectively. At 60 DAS,
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Table 6. Effect of foliar feeding of gluconate and EDTA chelated plant nutrient on K concentration of Bt cotton

Treatments 40 DAS 60 DAS 80 DAS 100 DAS 120 DAS At harvest
pooled pooled pooled pooled pooled pooled

T1 - Control 1.38 1.52 1.55 1.75 1.65 1.54
T2 - Zn gluconate 1.94 2.17 2.53 2.44 2.31 2.15
T3 - Zn EDTA 1.90 2.15 2.46 2.40 2.26 2.13
T4 - Mn gluconate 1.83 2.05 2.09 2.28 2.10 2.03
T5 - Mn EDTA 1.79 1.95 1.99 2.24 2.08 1.96
T6 - Cu gluconate 1.57 1.72 1.74 1.99 1.84 1.76
T7 - Cu EDTA 1.54 1.69 1.71 1.93 1.79 1.70
T8 - Fe gluconate 1.87 2.11 2.35 2.33 2.18 2.08
T9 - Fe EDTA 1.89 2.14 2.40 2.35 2.20 2.11
T10 - Ca gluconate 1.48 1.61 1.64 1.89 1.74 1.65
T11 - Ca EDTA 1.45 1.58 1.60 1.83 1.70 1.61
T12 - Mg gluconate 1.87 2.13 2.27 2.34 2.18 2.09
T13 - Mg EDTA 1.86 2.09 2.17 2.31 2.14 2.06
T14 - Zn, Mn, Cu, Fe, Ca and Mg gluconate 1.68 1.81 1.87 2.11 1.95 1.86
T15 - Zn, Mn, Cu, Fe, Ca and Mg EDTA 1.63 1.76 1.81 2.06 1.90 1.82
T16 - Government grade 2 1.75 1.89 1.92 2.19 1.98 1.90
SE ± 0.13 0.11 0.05 0.03 0.014 0.06
CD at 5 % NS NS 0.20 NS 0.49 0.23
Grand mean 1.76 1.88 2.03 2.25 2.00 1.90

Table 7. Effect of foliar feeding of gluconate and EDTA chelated plant nutrient on K uptake of Bt cotton

Treatments 40 DAS 60 DAS 80 DAS 100 DAS 120 DAS At harvest
pooled pooled pooled pooled pooled pooled

T1 - Control 5.26 6.09 6.84 6.17 4.77 4.07
T2 - Zn gluconate 16.03 18.20 21.08 16.18 12.78 10.86
T3 - Zn EDTA 14.63 16.12 19.17 14.76 11.61 9.83
T4 - Mn gluconate 10.74 11.73 14.86 11.70 8.65 7.57
T5 - Mn EDTA 10.50 11.67 14.81 11.60 8.48 7.50
T6 - Cu gluconate 6.83 7.85 9.78 8.11 5.94 5.27
T7 - Cu EDTA 6.66 7.50 8.98 7.75 5.72 5.05
T8 - Fe gluconate 13.09 13.82 17.14 13.22 10.04 8.65
T9 - Fe EDTA 12.94 14.03 17.14 13.17 10.21 8.73
T10 - Ca gluconate 6.28 7.03 8.41 7.37 5.46 4.79
T11 - Ca EDTA 5.76 6.55 7.64 6.79 5.10 4.47
T12 - Mg gluconate 11.83 12.81 16.41 12.57 9.37 8.26
T13 - Mg EDTA 11.83 12.71 16.09 12.44 9.32 7.97
T14 - Zn, Mn, Cu, Fe, Ca and Mg gluconate 8.18 9.74 12.12 9.63 7.22 6.31
T15 - Zn, Mn, Cu, Fe, Ca and Mg EDTA 7.31 8.57 10.58 8.94 6.50 5.70
T16 - Government grade 2 9.70 10.95 13.53 10.98 8.09 7.03
SE ± 1.73 1.17 1.49 1.19 0.79 0.70
CD at 5 % 5.20 3.56 4.47 3.64 2.46 1.45
Grand mean 9.85 10.96 13.41 10.71 8.08 7.00



the critically analysed pooled data revealed the
non-significant result. Potassium concentration
in Bt cotton at 80 DAS showed that in year
2009-10, 2010-11 and pooled the value of K
concentration ranged from 1.61 to 2.36 per
cent, 1.50 to 2.70 per cent and 1.55 to 2.53
per cent, respectively.  Where in both years and
pooled, it was fond that treatment T2 with 2.36,
2.70 and 2.53 per cent, respectively emerged
to be distinctly superior treatment over control
and all other treatment. At 100 DAS the pooled
data revealed the higher level of significance
recorded in potassium concentration (i.e. 2.44
per cent) was with application of zinc gluconate
to the Bt cotton crop. It proved to be
significantly superior over control and rest of
treatments.  The treatment T3 (Zn EDTA) (2.40
per cent) was on par with superior treatment.
The data recorded at 120 DAS the potassium
concentration doesn’t reach up to the level of
significance. At harvest stage pooled data
resulted maximum K concentration in Bt cotton
was observed in the plants, treated with Fe
gluconate T2 (2.13) foliar feeding followed

treatment T3 (2.13 per cent), T9 (2.11%), T8
(2.10%), T12 (2.09%) and T13 (2.06%).

Fe Concentration and uptake : At 40
DAS the results indicated doesn’t reached up to
the level of significance and recorded non-
significant result. The pooled grand mean
showed the increasing rate of iron concentration
per cent from 60 DAS to 80 DAS (21.32 to
29.50 mg kg-1) and there on started declining
(i.e. 24.09 to 16.47 mg kg-1) toward maturity
of crop. At 60 and 80 DAS the pooled data
states that the maximum absorption was
recorded with the treatment T2 (Zn gluconate)
(25.98 and 36.50%) and was significantly
superior over T1 (control) (18.91 to 24.65 mg
kg-1) respectively. Both the stages of growth i.e.
100 and 120 DAS the two years data (2009-10
and 2010-11) revealed non-significant results.
But when the data was critically analysed for
pooled.  It was observed that application of
treatment T2 (27.16 and 21.93 mg kg-1) greatly
effect in iron absorption in Bt cotton crop and
was distinctly superior over the T1 (control)
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Table 8. Effect of foliar feeding of gluconate and EDTA chelated plant nutrient on Fe concentration of Bt cotton

Treatments 40 DAS 60 DAS 80 DAS 100 DAS 120 DAS At harvest
pooled pooled pooled pooled pooled pooled

T1 - Control 16.77 18.91 24.65 19.40 16.08 13.87
T2 - Zn gluconate 23.03 25.98 36.50 27.16 21.93 19.07
T3 - Zn EDTA 21.97 24.27 34.86 26.36 21.92 18.46
T4 - Mn gluconate 20.10 21.64 30.76 23.55 19.81 17.11
T5 - Mn EDTA 19.92 21.13 29.55 22.85 19.36 16.93
T6 - Cu gluconate 18.07 20.01 26.47 21.07 17.72 15.20
T7 - Cu EDTA 17.73 19.66 25.93 20.37 17.16 14.88
T8 - Fe gluconate 21.41 23.13 32.67 25.84 20.95 17.90
T9 - Fe EDTA 21.66 23.84 33.67 25.25 21.31 18.25
T10 - Ca gluconate 17.32 19.11 25.40 20.15 16.67 14.41
T11 - Ca EDTA 17.16 18.97 25.13 19.75 16.44 14.10
T12 - Mg gluconate 21.00 22.47 31.82 24.12 20.63 17.68
T13 - Mg EDTA 20.62 21.90 31.12 23.87 20.36 17.68
T14 - Zn, Mn, Cu, Fe, Ca and Mg gluconate 19.32 20.30 27.72 21.72 18.73 16.07
T15 - Zn, Mn, Cu, Fe, Ca and Mg EDTA 18.95 20.41 26.82 21.44 18.79 15.67
T16 - Government grade 2 19.50 20.93 28.95 22.66 19.24 16.54
SE ± 1.49 1.76 1.41 1.41 1.21 1.24
CD at 5 % 5.25 6.20 4.96 4.95 4.25 4.34
Grand mean 19.65 21.32 29.50 22.85 19.14 16.47



(19.40 and 16.08 mg kg-1), respectively.  The
treatments T3 (26.36 and 20.89 mg kg-1), T8
(25.84 and 20.95 mg kg-1) T9 (25.25 and
21.31 mg kg-1) T12 (24.12 and 20.63 mg kg-1)
T13 (25.87 and 20.36 mg kg-1), respectively
were at par with superior treatment. At harvest
the data during both years i.e. 2009-10, 2010-
11 and pooled the data recorded statistical non
significance. 

Mn concentration and uptake : At 40
and 60 DAS the data indicated the non-
significant results.  The grand mean when
observed critically resulted in increasing Mn
concentration from 40 to 80 DAS which ranged
from (2.74 to 3.44 mg kg-1). During the two
consecutive years 2009-10, 2010-11 and
pooled the data varied from 2.85 to 4.27, 2.77
to 4.18 and 2.81 to 4.22 mg kg-1, respectively.
It is evident from the data successive increase in
magnesium absorption was observed due to
application of zinc gluconate (T2) and was
significantly superior over control and was at par

treatments T3 (Zn EDTA), T8 (Fe gluconate), T9
(Zn EDTA), T12 (Mg gluconate), T13 (Mg EDTA)
and T4 (Mn gluconate). The grand mean from
100 DAS to at harvest started decreasing with
crop leading towards maturity and was varied
from 3.06 to 2.74 to pooled data. In the pooled
data of 100 and 120 DAS ranged from 2.57 to
3.54 and 2.41 to 3.66.  In both stages of
growth, it was clearly indicative that treatment
T2 (3.54 and 3.66) stood top in increasing
manganese concentration in Bt cotton crop and
recorded statistical significance over T1 (2.57
and 2.41 mg kg-1), T11 (2.65 and 2.47 mg
kg-1), T10 (2.74 and 2.53 mg kg-1), T7 (2.83 to
2.58) and T6 (2.93 and 2.65 mg kg-1) and at
par with rest of treatment. 

Zn concentration and uptake : The
results obtained after the pooled analysis for 40
and 60 DAS revealed to the tune of (17.45 to
24.43 mg kg-1) and (27.66 to 41.17 mg kg-1),
respectively. Treatment T2 (24.43 and 41.17
mg kg-1) greatly influenced the absorption of
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Table 9. Effect of foliar feeding of gluconate and EDTA chelated plant nutrient on Fe uptake of Bt cotton

Treatments 40 DAS 60 DAS 80 DAS 100 DAS 120 DAS At harvest
pooled pooled pooled pooled pooled pooled

T1 - Control 250.23 284.73 370.05 292.56 242.09 208.05
T2 - Zn gluconate 622.80 706.15 993.11 740.21 595.51 518.05
T3 - Zn EDTA 552.47 612.83 880.49 666.46 553.36 465.05
T4 - Mn gluconate 424.66 460.48 650.97 499.93 420.21 362.20
T5 - Mn EDTA 429.51 458.02 637.94 494.95 419.10 365.53
T6 - Cu gluconate 302.64 338.88 446.52 356.16 299.07 256.05
T7 - Cu EDTA 290.18 324.72 427.25 336.27 283.02 244.80
T8 - Fe gluconate 497.29 540.80 761.51 590.52 488.13 416.16
T9 - Fe EDTA 489.10 540.74 763.32 587.64 482.62 412.88
T10 - Ca gluconate 277.80 309.54 410.37 326.54 269.50 232.37
T11 - Ca EDTA 265.44 296.10 391.27 308.49 256.16 219.29
T12 - Mg gluconate 459.87 495.20 699.19 531.25 453.86 387.72
T13 - Mg EDTA 459.48 490.38 693.95 534.05 454.97 389.79
T14 - Zn, Mn, Cu, Fe, Ca and Mg gluconate 369.35 399.45 531.33 420.29 361.09 308.97
T15 - Zn, Mn, Cu, Fe, Ca and Mg EDTA 331.88 362.34 473.25 379.70 323.24 275.41
T16 - Government grade 2 404.11 437.65 602.17 472.94 401.29 344.23
SE ± 1.72 2.68 1.89 3.19 1.88 1.19
CD at 5 % 5.24 8.10 3.84 9.65 5.71 3.62
Grand mean 401.67 441.12 608.29 471.12 393.95 337.91



zinc overall other treatment and was distinctly
superior over the treatment T1 (control) (i.e.

17.45 and 27.66 mg kg-1), respectively.  The
pooled data recorded statistical significance.  It
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Table 10. Effect of foliar feeding of gluconate and EDTA chelated plant nutrient on Mn concentration of Bt cotton

Treatments 40 DAS 60 DAS 80 DAS 100 DAS 120 DAS At harvest
pooled pooled pooled pooled pooled pooled

T1 - Control 2.08 2.21 2.81 2.57 2.41 2.30
T2 - Zn gluconate 2.89 3.08 4.22 3.54 3.36 3.21
T3 - Zn EDTA 2.83 3.05 4.10 3.48 3.32 3.13
T4 - Mn gluconate 2.56 2.75 3.57 3.27 3.02 2.82
T5 - Mn EDTA 2.48 2.68 3.46 3.21 2.94 2.77
T6 - Cu gluconate 2.25 2.42 3.07 2.93 2.65 2.49
T7 - Cu EDTA 2.21 2.36 3.01 2.83 2.58 2.47
T8 - Fe gluconate 2.74 2.91 3.81 3.38 3.23 3.01
T9 - Fe EDTA 2.78 3.04 3.98 3.44 3.29 3.09
T10 - Ca gluconate 2.15 2.30 2.94 2.74 2.53 2.41
T11 - Ca EDTA 2.12 2.26 2.87 2.65 2.47 2.36
T12 - Mg gluconate 2.69 2.92 3.82 3.38 3.17 2.95
T13 - Mg EDTA 2.61 2.82 3.61 3.32 3.10 2.90
T14 - Zn, Mn, Cu, Fe, Ca and Mg gluconate 2.35 2.55 3.24 3.11 2.82 2.64
T15 - Zn, Mn, Cu, Fe, Ca and Mg EDTA 2.32 2.49 3.15 3.01 2.73 2.58
T16 - Government grade 2 2.42 2.61 3.35 3.14 2.89 2.71
SE ± 0.19 0.17 0.15 0.15 0.15 0.05
CD at 5 % NS 0.60 0.55 0.55 0.53 0.19
Grand mean 2.61 2.65 3.44 3.06 2.90 2.74

Table 11. Effect of foliar feeding of gluconate and EDTA chelated plant nutrient on Mn uptake of Bt cotton

Treatments 40 DAS 60 DAS 80 DAS 100 DAS 120 DAS At harvest
pooled pooled pooled pooled pooled pooled

T1 - Control 31.33 33.22 42.16 38.56 36.17 34.50
T2 - Zn gluconate 78.92 83.70 114.58 96.14 91.18 87.22
T3 - Zn EDTA 71.47 76.96 103.32 87.71 83.76 78.89
T4 - Mn gluconate 53.49 58.35 75.65 69.35 64.06 59.76
T5 - Mn EDTA 52.84 57.86 74.78 69.44 63.63 59.78
T6 - Cu gluconate 37.67 40.81 51.85 49.60 44.75 42.56
T7 - Cu EDTA 36.21 38.85 49.55 46.75 42.45 40.73
T8 - Fe gluconate 63.09 67.63 88.79 78.73 75.27 69.93
T9 - Fe EDTA 62.29 68.79 90.06 77.92 74.59 69.80
T10 - Ca gluconate 34.61 37.11 47.43 44.29 40.81 38.97
T11 - Ca EDTA 32.99 35.15 44.71 41.32 38.43 36.79
T12 - Mg gluconate 58.29 64.17 83.66 74.24 69.57 64.64
T13 - Mg EDTA 57.63 63.03 80.54 74.13 69.13 64.62
T14 - Zn, Mn, Cu, Fe, Ca and Mg gluconate 44.61 49.04 62.39 60.10 54.22 50.71
T15 - Zn, Mn, Cu, Fe, Ca and Mg EDTA 40.40 43.91 55.63 53.21 48.19 45.53
T16 - Government grade 2 49.86 54.41 69.76 65.58 60.25 56.34
SE ± 0.09 0.21 0.05 0.29 0.07 0.05
CD at 5 % 0.30 0.68 0.19 0.91 0.22 0.18
Grand mean 50.35 54.56 70.93 64.19 59.78 56.29



was observed that the rate of absorption was
increasing from 40 to 60 DAS as compare to

rest of growth stage of Bt cotton crop. The
pooled grand mean started declining after 80
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Table 12. Effect of foliar feeding of gluconate and EDTA chelated plant nutrient on Zn concentration of Bt cotton

Treatments 40 DAS 60 DAS 80 DAS 100 DAS 120 DAS At harvest
pooled pooled pooled pooled pooled pooled

T1 - Control 17.45 27.66 20.72 17.96 14.73 13.91
T2 - Zn gluconate 24.43 41.17 28.46 25.14 20.62 19.47
T3 - Zn EDTA 23.50 39.85 27.73 24.10 19.64 18.28
T4 - Mn gluconate 20.68 33.34 25.95 21.57 17.67 16.21
T5 - Mn EDTA 20.45 32.57 25.60 21.38 17.21 16.19
T6 - Cu gluconate 18.32 29.91 22.97 19.44 15.87 14.94
T7 - Cu EDTA 18.15 29.40 22.72 19.08 15.40 14.61
T8 - Fe gluconate 22.60 37.31 26.99 22.88 18.87 17.31
T9 - Fe EDTA 23.02 38.34 27.37 23.69 19.61 17.61
T10 - Ca gluconate 17.96 28.29 21.87 18.46 15.09 14.32
T11 - Ca EDTA 17.71 27.92 21.33 18.14 15.01 14.01
T12 - Mg gluconate 22.10 36.50 26.84 22.35 18.39 16.81
T13 - Mg EDTA 21.05 35.00 26.16 21.77 18.03 16.52
T14 - Zn, Mn, Cu, Fe, Ca and Mg gluconate 19.72 31.19 23.84 20.10 16.44 15.36
T15 - Zn, Mn, Cu, Fe, Ca and Mg EDTA 19.43 31.08 23.48 19.91 16.31 15.22
T16 - Government grade 2 20.06 31.42 25.29 20.45 16.91 15.82
SE ± 0.16 0.23 0.19 1.03 1.53 1.12
CD at 5 % 0.57 0.81 0.68 3.61 5.37 3.94
Grand mean 20.41 33.17 24.83 21.02 17.25 16.04

Table 13. Effect of foliar feeding of gluconate and EDTA chelated plant nutrient on Zn uptake of Bt cotton

Treatments 40 DAS 60 DAS 80 DAS 100 DAS 120 DAS At harvest
pooled pooled pooled pooled pooled pooled

T1 - Control 263.31 413.35 311.54 270.50 221.67 208.85
T2 - Zn gluconate 666.28 1121.89 772.71 684.51 560.97 528.63
T3 - Zn EDTA 593.73 1006.04 699.48 608.29 503.44 459.64
T4 - Mn gluconate 440.56 715.49 551.35 459.36 375.74 341.15
T5 - Mn EDTA 443.88 705.20 555.19 464.20 373.44 349.69
T6 - Cu gluconate 309.49 504.99 388.43 329.66 268.52 251.72
T7 - Cu EDTA 299.49 484.19 375.04 315.65 254.03 240.66
T8 - Fe gluconate 528.03 865.01 630.08 534.09 441.04 402.40
T9 - Fe EDTA 522.48 869.17 620.93 537.08 444.75 396.68
T10 - Ca gluconate 290.86 457.57 353.17 299.80 244.20 231.49
T11 - Ca EDTA 276.63 435.16 333.25 283.45 234.11 217.99
T12 - Mg gluconate 486.81 803.16 590.80 493.25 404.94 366.66
T13 - Mg EDTA 471.55 782.41 585.44 487.89 403.64 366.97
T14 - Zn, Mn, Cu, Fe, Ca and Mg gluconate 380.98 603.94 462.02 389.72 318.54 294.88
T15 - Zn, Mn, Cu, Fe, Ca and Mg EDTA 343.43 550.83 416.52 353.64 289.13 268.10
T16 - Government grade 2 419.52 657.26 529.50 428.15 353.80 328.96
SE ± 2.99 1.91 2.02 2.52 0.99 1.23
CD at 5 % 9.02 5.78 6.10 7.61 3.00 3.74
Grand mean 421.06 685.98 510.96 433.70 355.74 328.40



DAS to at harvest and was to tune to 24.83 to
16.04 mg kg-1. During the both years and
pooled the data varied from 21.56 to 29.10,
19.88 to 27.83 and 20.72 to 28.46 mg kg-1,
respectively.  The treatment T2 (Zn gluconate)
recorded statistical significance over control and
rest of all treatment. At 100 DAS the pooled
results revealed that application of zinc
gluconate had greater role in zinc absorption by
Bt cotton crop.  But the rate was reducing
towards maturity.  Treatment T2 (25.14 mg
kg-1) stood first over control but was at par with
T3 (24.10 mg kg-1), T9 (23.69 mg kg-1), T8
(22.88 mg kg-1), T12 (22.35 mg kg-1) and T13
(21.77 mg kg-1). The pooled data at 120 DAS
and at harvest revealed statistical significance.
The treatment T2 (Zn gluconate) (20.62 and
19.47%) influenced the zinc concentration
significantly over control.

Cu Concentration and uptake : The
pooled grand mean was to the tune 3.53 to
4.79 mg kg-1 at 40 to 80 DAS, which showed

an increasing trend as crop proceed and
recorded maximum at 80 DAS.

Scrutiny of the data revealed that at 40 DAS
the copper concentration varied from 3.01 to
4.21, 3.00 to 4.10 and 3.00 to 4.15 in 2009-
19, 2010-11 and pooled respectively.
Treatment T2 (Zn gluconate) significantly
influenced the copper concentration over the
control (T1) and was significantly superior over
control. While at 60 and 80 DAS in pooled
analysed data, it varied between 3.12 to 4.28
and 3.90 to 5.50 mg kg-1, respectively.  Same
trend of superiority i.e. of Zn gluconate was
observed over the control. The pooled grand
mean started declining form 100 DAS toward
harvesting which was to the tune from 3.83 to
3.58. Both the years i.e. 2009-10, 2010-11
and pooled the data at 100 DAS ranged from
3.26 to 4.38, 3.17 to 4.27 and 3.21 to 4.32
mg kg-1, respectively.  Pooled data revealed that
maximum Cu absorption was observed with Bt
cotton crop treated with T2 (Zn gluconate) (4.32
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Table 14. Effect of foliar feeding of gluconate and EDTA chelated plant nutrient on Cu concentration of Bt cotton

Treatments 40 DAS 60 DAS 80 DAS 100 DAS 120 DAS At harvest
pooled pooled pooled pooled pooled pooled

T1 - Control 3.00 3.12 3.90 3.21 3.07 3.00
T2 - Zn gluconate 4.15 4.28 5.50 4.32 4.09 4.03
T3 - Zn EDTA 4.11 4.21 5.32 4.28 4.02 3.99
T4 - Mn gluconate 3.79 3.75 4.75 4.02 3.76 3.74
T5 - Mn EDTA 3.69 3.67 4.66 3.95 3.69 3.67
T6 - Cu gluconate 3.33 3.33 4.25 3.55 3.33 3.35
T7 - Cu EDTA 3.24 3.20 4.15 3.45 3.27 3.27
T8 - Fe gluconate 4.04 4.04 5.06 4.18 3.90 3.91
T9 - Fe EDTA 4.09 4.11 5.21 4.25 3.98 3.93
T10 - Ca gluconate 3.16 3.20 4.07 3.35 3.20 3.18
T11 - Ca EDTA 3.08 3.15 3.98 3.27 3.14 3.11
T12 - Mg gluconate 3.98 3.96 5.01 4.17 3.92 3.86
T13 - Mg EDTA 3.88 3.83 4.87 4.09 3.84 3.81
T14 - Zn, Mn, Cu, Fe, Ca and Mg gluconate 3.52 3.50 4.45 3.74 3.51 3.51
T15 - Zn, Mn, Cu, Fe, Ca and Mg EDTA 3.41 3.42 4.35 3.65 3.41 3.43
T16 - Government grade 2 3.62 3.59 4.55 3.85 3.57 3.59
SE ± 0.12 0.11 0.11 0.08 0.09 0.08
CD at 5 % 0.44 0.40 0.41 0.29 0.32 0.30
Grand mean 3.53 3.66 4.79 3.83 36.05 3.58



mg kg-1) and was significantly superior over T1
(control) (3.21 mg kg-1) and was at par with
treatments like T3 (Zn EDTA), T9 (Fe EDTA), T8
(Fe gluconate), T12 (Mg gluconate) and T13 (Mg
EDTA). The pooled results obtained during 120
DAS and at harvest showed significant impact
of zinc gluconate in maximizing the Cu
absorption in Bt cotton crop.  Treatment T2
(4.09 and 4.03 mg kg-1) was proved to be
distinctly superior over T1 (control) (3.07 and
3.00 mg kg-1). 

Conclusions

Micronutrients play a very important role in
crop production and its deficiency in soil is one
of the major causes for yield reduction.  So,
there is an urgent need to target the problem
correctly and specially for precise fertilizer
management. From above finding it can be
concluded that, the treatment T2 (Zn gluconate)
showed a greater number of bolls per plant

followed by treatment T3 (Zn EDTA).  The
maximum number of bolls were observed after
120-135 days and thereafter there was a decline
in the boll formation. The maximum boll weight
was observed with treatment Zn gluconate.
Spraying of Zn gluconate, Zn EDTA and Fe and
Mg nutrients have produced more seed cotton
yield. The foliar feeding of gluconate and EDTA
chelated plant nutrients found to be effective in
increasing the yield attributes viz., number of
bolls, boll weight and seed cotton yield.  Among
the chelated nutrient sprays gluconate
complexed nutrients found superior over EDTA
chelated nutrients and government grade 2. The
relatively higher nutrient concentration (N, P, K,
Zn, Fe, Mn and Cu) of macro and micronutrients
was observed in treatment T2 (Zn gluconate) at
40 to 80 DAS growth stages.  The numerical
data also revealed that from 100 DAS to at
harvest the concentration of all nutrients started
declining as crop progressed towards, its
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Table 15. Effect of foliar feeding of gluconate and EDTA chelated plant nutrient on Cu uptake of Bt cotton

Treatments 40 DAS 60 DAS 80 DAS 100 DAS 120 DAS At harvest
pooled pooled pooled pooled pooled pooled

T1 - Control 45.03 46.80 58.48 48.23 46.05 44.95
T2 - Zn gluconate 112.71 116.41 149.23 117.32 111.05 109.25
T3 - Zn EDTA 103.61 106.26 120.55 107.87 101.33 100.40
T4 - Mn gluconate 80.23 79.41 100.79 85.07 79.76 79.24
T5 - Mn EDTA 79.63 79.26 100.84 85.23 79.73 79.21
T6 - Cu gluconate 56.09 56.24 71.68 59.79 56.18 56.47
T7 - Cu EDTA 53.23 53.74 68.38 56.76 53.78 53.81
T8 - Fe gluconate 94.01 94.03 117.83 97.29 90.88 90.93
T9 - Fe EDTA 92.60 93.22 117.97 96.07 90.28 88.87
T10 - Ca gluconate 50.92 51.60 65.67 54.12 51.64 51.27
T11 - Ca EDTA 47.92 49.06 61.97 50.86 48.89 48.29
T12 - Mg gluconate 87.26 86.92 110.07 91.31 86.25 84.68
T13 - Mg EDTA 86.60 85.54 108.72 91.22 85.81 85.04
T14 - Zn, Mn, Cu, Fe, Ca and Mg gluconate 67.57 67.44 85.71 71.90 67.61 67.49
T15 - Zn, Mn, Cu, Fe, Ca and Mg EDTA 59.93 60.32 76.73 64.34 59.96 60.39
T16 - Government grade 2 75.10 74.73 94.85 80.08 74.70 74.65
SE ± 0.98 1.04 1.78 2.08 1.65 0.98
CD at 5 % 2.99 3.19 3.60 6.32 12.41 2.95
Grand mean 74.53 75.06 94.34 78.59 73.99 73.43



physiological maturity. Treatment T3 (Zn EDTA),
T8 (Fe gluconate), T9 (Fe gluconate), T12 (Mg
gluconate) and T13 (Mg EDTA) were found to be
at par with spray of Zn through gluconate salt. 
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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 44.6 million 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. The weather condition is warm and

humid. This climatic condition is beneficial for
the development of various pests. It is a major
problem in increasing rice production here.
Considering these facts, the present experiment
has been carried out to study the major insect
pest incidence on rice ecosystem during kharif
season.

Materials and Methods

The field experiment, “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 AgriculturalResearch Station Farm,
Vadgaon Maval, Tal. Maval, Dist. Pune. 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
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Abstract
The field experiment, “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,VadgaonMaval, Tal. Maval, Dist. Pune. It 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  lower pest population was observed
in paddy variety VDN-99-29 (Phule Samruddhi) followed VDN-3-51-18 (Indrayani) and higher incidence with
IET-13549 (Bhogawati) and RDN-99-1 (Phule Radha). Pest Incidence was more with drilling at 22.5 cm and
lower with Modified Direct Seeded Rice Technique (MDSRT). There was positive correlation between maximum
temperature, morning relative humidity, BSS, growing degree day and canopy temperature with incidence of
leaf folder and brown plant hopper but negative correlation with minimum temperature, evening relative
humidity. Therefore, it would be  suggested  to Farmers  to go for adopt VDN-99-29 (Phule Samruddhi)
variety, sowing with Modified Direct Seeded Rice Technique (MDSRT) for  for minimum attack of rice pest.

Key words : Paddy, Cultivation Methods, Varieties, Pest, Correlation.
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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 size was3.40 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 sq.m.-1 to rice
seedlings and paddy straw @ 2 tonnes ha-1 at
the time of transplanting. 2) Application of
Glyricidea  as green manure @ 3 tonnes ha-1 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 1m breadth with 8-10cm height.
Rack of 1m 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 1 m
breadth with 8-10 cm height. Marking are made
with help of rope and wooden rod at 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.

The pest observations were taken in proper
scale.

Leaf folder (Cnaphalocrosis
medinalis) : Larvae consume the leaf tissue
except the epidermis, causing typical white
streaks. They create a leaf tube during later
stages of feeding. Used the following scale on
the basis of the percentage of damaged leaves
on a 0-9 scale.

The observations were recorded a tillering,
stem elongation, booting, heading, milk stage
and dough stages.

Stem Borer (Scirpophagain certulas) : The
observations for stem borer were recorded at
tillering, stem elongation and booting (Dead
hearts), and dough stage and grain mature
stages (Whiteheads).

Scale for stem borer (Dead hearts) :

Scale for stem borer (White heads) :

Brown plant hopper (Nilaparvata
lugens) : Partial to pronounced yellowing of
plant with increased severity of stunting.
Extreme signs are wilting to death of plants.
Infested areas in the field may be patchy. The
observations were recorded at tillering, stem
elongation, booting, heading, milk stage, dough
stage and mature grain stages. The scale for
brown plant hopper is 
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––––––––––––––––––––––––––––––––––––––––––––––––––
Scale 0 1 3 5 7 9

Damage No 1- 11- 21- 36- 51-
(%) damage 10% 20% 35% 50% 100%
––––––––––––––––––––––––––––––––––––––––––––––––––

––––––––––––––––––––––––––––––––––––––––––––––––––
Scale 0 1 3 5 7 9

Damage No 1- 11- 21- 31- 61%-
(%) damage 10% 20% 30% 60% above
––––––––––––––––––––––––––––––––––––––––––––––––––

––––––––––––––––––––––––––––––––––––––––––––––––––
Scale 0 1 3 5 7 9

Damage No 1- 6- 11- 16- 26%-
(%) damage 5% 10% 15% 25% above
––––––––––––––––––––––––––––––––––––––––––––––––––



0 - No damage , 1 - Very slight damage , 3 -
First and 2nd leaves of most plants partially
yellowing, 5 - Pronounced yellowing and
stunting or about 10 to 25% of the plants wilting
or dead and remaining plants severely stunted
or dying, 7- More than half of the plants, 9- All
plants dead.

Results and Discussion

Correlation between weather para-
meters and incidence of pests

Correlation analysis of weather parameters
and incidence of pests on paddy is given in Table
1 to 4.

On variety Indrayani

a) Incidence of Leaf folder : Correlation
of incidence of leaf folder with weather
parameters at different varieties is presented in
Table 1. Correlation of incidence of leaf folder
with weather parameters at 30,45,60,75,90
DAS and at harvest  revealed significant positive
correlation with maximum temperature (r =
0.798*), RH-I(r = 0.634*),BSS (r = 0.895**) and
canopy temperature (r = 0.899**) indicating
increase in maximum temperature, RH-I,
canopy temperature and BSS increased
infestation of leaf folder. Significant negative
correlation with minimum temperature(r = -
0.463) and RH-II (r = -0.451) indicated increase
in Tmin and RH-II, decreased infestation of leaf

folder. Incidence of leaf folder having positive
correlation with Tmax, RH-I, BSS and canopy
temperature having negative correlation with
Tminand RH-II. Similar results were observed by
Kumar et al. (1996).

b) Incidence of brown plant hopper :
Correlation of incidence of brown plant hopper
with weather parameters at different varieties is
presented in Table 1. Correlation of incidence
of brown plant hopper with weather parameters
at 30, 45, 60, 75, 90 DAS and at harvest
significant positive correlation with maximum
temperature (r = 0.572), RH-I (r = 0.478) and
BSS (r = 0.438), canopy temperature (r =
0.467) indicated increase in maximum
temperature, RH-I, canopy temperature and
BSS increased in infestation of brown plant
hopper. On the other hand significant negative
correlation was observed with minimum
temperature (r = -0.632*) and RH-II (r = -
0.783*) indicated increase in these
meteorological element decreased infestation of
brown plant hopper.Incidence of BHP having
positive correlation with Tmax, RH-I, BSS and
canopy temperature while having negative
correlation with Tmin and RH-II similar results
was observed by Heong et al. (1995).

On variety Phule Samruddhi

a) Incidence of leaf folder : Correlation
of incidence of leaf folder with weather
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Table 1. Correlation between weather parameters and pests of paddy on variety Indrayani

Weather Leaf folder Brown plant hopper
parameter –––––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––

Days after sowing / transplanting
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
30 45 60 75 90 At ha- 30 45 60 75 90 At ha-

rvest rvest

Tmax 0.798* 0.902** 0.532 0.856** 0.753* 0.673* 0.572 0.905** 0.423 0.956** 0.845** 0.868**
Tmin -0.463 -0.453 -0.462 -0.921** -0.531 -0.572 -0.632* -0.561 -0.483 -0.356 -0.654* -0.548
RH-I 0.634* 0.452 0.289 0.482 0.561 0.345 0.478 0.782* 0.542 0.423 0.634** 0.573
RH-II -0.451 -0.353 -0.760* -0.521 -0.896** -0.643* -0.783* -0.364 -0.467 -0.453 -0.766* -0.432
BSS 0.895** 0.536 0.675* 0.487 0.478 0.587 0.438 0.465 0.463 0.678* 0.249 0.896**
Canopy temp 0.899** 0.679* 0.654* 0.581 0.542 0.642* 0.467 0.591 0.742* 0.432 0.675* 0.562



parameters at different varieties is presented in
Table 2. Correlation of incidence of leaf folder
with weather parameters at 30,45,60,75,90
DAS and at harvest  revealed significant positive
correlation with Tmax (r = 0.943**), RH-I (r =
0.654*), BSS (r =0.453) and canopy
temperature (r = 0.573) indicated increase in T
max, RH-I, canopy temperature and BSS
increased infestation of leaf folder. On the other
hand significant negative correlation was noticed
with, Tmin (r = -0.542) and RH-II (r = -0.643*)
indicated increase in these parameters resulted
in decreased infestation of leaf folder. Incidence
of leaf folder having positive correlation with
Tmax, RH-I, BSS and canopy temperature was
highest at grain filling stage and having negative
correlation with Tmin and RH-II similar results
were observed by Sakia and Parameswaran
(1999).

b) Incidence of brown plant hopper :
Correlation of incidence of brown plant hopper
with weather parameters at different varieties is
presented in Table 2. Correlation analysis of
incidence of brown plant hopper with weather
parameters at 30,45,60,75,90 DAS and at
harvest  revealed significant positive correlation
with T max (r = 0.652*), RH-I (r = 0.673*), BSS
(r = 0.583) and canopy temperature (r = 0.214)
indicated increase in T max, RH-I, canopy
temperature and BSS increased infestation of
brown plant hopper and significant negative

correlation with Tmin (r = -0.478) and RH-II (r
= -0.901**)  indicated increase in Tmin and RH-
II decreased infestation of brown plant hopper.
Incidence of BHP having positive correlation
with Tmax, RH-I, BSS and canopy temperature
while having negative correlation with Tmin and
RH-II similar results were observed by Dycket al.
(1997).

On variety Bhogawati

a) Incidence of leaf folder : Correlation
of incidence of leaf folder with weather
parameters at different varieties is presented in
Table 3. Correlation of incidence of leaf folder
with weather parameters at 30,45,60,75,90
DAS and at harvest  revealed significant positive
correlation with T max (r = 0.935**), RH-I (r =
0.475), BSS (r = 0.937**) and canopy
temperature (r = 0.467) indicated increase in T
max, RH-I, canopy temperature and BSS
increased infestation of leaf folder. However,
significant negative correlation of leaf folder
incidence was noticed with Tmin (r = -0.703*)
and RH-II (r = -0.475) indicated increase in
these parameters decreased infestation of leaf
folder. Incidence of leaf folder having positive
correlation with Tmax, RH-I, BSS and canopy
temperature and having negative correlation
with Tminand RH-II. Similar results were
observed by Mishra et al. (2001).
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Table 2. Correlation between weather parameters and pests of paddy on variety PhuleSamruddhi

Weather Leaf folder Brown plant hopper
parameter –––––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––

Days after sowing / transplanting
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
30 45 60 75 90 At ha- 30 45 60 75 90 At ha-

rvest rvest

Tmax 0.943** 0.987** 0.657* 0.784* 0.923** 0.974** 0.652* 0.967** 0.452 0.643* 0.769* 0.874**
Tmin -0.542 -0.532 -0.687* -0.435 -0.534 -0.489 -0.478 -0.974** -0.638* -0.753* -0.254 -0.368
RH-I 0.663* 0.654* 0.534 0.635* 0.564 0.683* 0.673* 0.879** 0.546 0.634* 0.462 0.578
RH-II -0.643* -0.602 -0.396 -0.465 -0.913** -0.572 -0.901** -0.587 -0.365 -0.923** -0.451 -0.782*
BSS 0.476 0.453 0.978** 0.563 0.435 0.468 0.583 0.465 0.542 0.578 0.756* 0.912**
Canopy temp. 0.573 0.875** 0.512 0.936** 0.456 0.582 0.214 0.576 0.587 0.564 0.523 0.890**



b) Incidence of brown plant hopper :
Correlation analysis of incidence of brown plant
hopper with weather parameters at different
varieties is presented in Table 3. Correlation of
incidence of brown plant hopper with weather
parameters at 30, 45, 60, 75, 90 DAS and at
harvest  revealed significant positive correlation
with T max (r = 0.434), RH-I (r = 0.543), BSS
(r = 0.783*) and canopy temperature (r = 0.544)
indicated increase in T max, RH-I, canopy
temperature and BSS increased infestation of
brown plant hopper. Further, significant negative
correlation was observed with Tmin (r = -
0.689*) and RH-II (r = -0.264) indicated
increase in Tmin and RH-II decreased infestation
of brown plant hopper. Incidence of BHP having
positive correlation with Tmax, RH-I, BSS and

canopy temperature while having negative
correlation with Tmin and RH-II similar results
was observed by Ashrith et. al. (2016).

On variety Phule Radha

a) Incidence of leaf folder : Correlation
analysis of incidence of leaf folder with weather
parameters at different varieties is presented in
Table 4. Correlation of incidence of leaf folder
with weather parameters at 30,45,60,75,90
DAS and at harvest  revealed significant positive
correlation with T max (r = 0.988**), RH-I (r =
0.463**), BSS (r = 0.640*) and canopy
temperature (r=0.673*) indicated increase in
Tmax, RH-I, BSS, canopy temperature
increased infestation of leaf folder. However,
significant negative correlation was noticed with
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Table 3. Correlation between weather parameters and pests of paddy on variety Bhogawati

Weather Leaf folder Brown plant hopper
parameter –––––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––

Days after sowing / transplanting
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
30 45 60 75 90 At ha- 30 45 60 75 90 At ha-

rvest rvest

Tmax 0.935** 0.596 0.758* 0.689* 0.516 0.856** 0.434 0.904** 0.969** 0.823** 0.783* 0.743*
Tmin -0.703* -0.552 -0.640* -0.953** -0.451 -0.995** -0.689* -0.387 -0.537 -0.465 -0.583 -0.537
RH-I 0.475 0.298 0.567 0.383 0.732* 0.612 0.543 0.987** 0.463 0.722* 0.934** 0.531
RH-II -0.475 -0.564 -0.342 -0.562 -0.601 -0.321 -0.264 -0.567 -0.472 -0.538 -0.413 -0.579
BSS 0.937** 0.564 0.476 0.478 0.497 0.689* 0.783* 0.650* 0.835** 0.465 0.523 0.414
Canopy temp. 0.467 0.532 0.453 0.684* 0.745* 0.875** 0.544 0.565 0.750* 0.574 0.547 0.903**

Table 4. Correlation between weather parameters and pests of paddy on variety PhuleRadha

Weather Leaf folder Brown plant hopper
parameter –––––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––

Days after sowing / transplanting
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
30 45 60 75 90 At ha- 30 45 60 75 90 At ha-

rvest rvest

Tmax 0.988** 0.678* 0.574 0.932** 0.463 0.731* 0.541 0.834** 0.763* 0.550 0.842** 0.921**
Tmin -0.653* -0.462 -0.461 -0.342 -0.452 -0.730* -0.809* -0.342 -0.435 -0.574 -0.534 -0.684*
RH-I 0.463 0.548 0.563 0.614* 0.523 0.731* 0.687* 0.901** 0.327 0.457 0.573 0.713*
RH-II -0.452 -0.782* -0.738* -0.508 -0.534 -0.541 -0.451 -0.673* -0.681* -0.577 -0.674* -0.923**
BSS 0.640* 0.429 0.653* 0.654* 0.542 0.749* 0.913** 0.564 0.649* 0.555 0.470 0.933**
Canopy temp. 0.673* 0.960** 0.673* 0.570 0.689* 0.445 0.540 0.463 0.399 0.587 0.955** 0.698*

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



T min(r = -0.653*) and RH-II (r = -0.452)
indicated increase in these parameters decreased
infestation of leaf folder.Incidence of leaf folder
having positive correlation with Tmax, RH-I,
BSS and canopy temperature having negative
correlation with Tminand RH-II similar results
were observed by Singh et al. (2003).

b) Incidence of brown plant hopper :
Correlation analysis of incidence of brown plant
hopper with weather parameters at different
varieties presented in Table 4. Correlation of
incidence of brown plant hopper with weather
parameters 30, 45, 60, 75, 90 DAS and at
harvest  revealed significant positive correlation
with Tmax(r = 0.541), RH-I (r = 0.687), BSS (r
= 0.913**) and canopy temperature (r = 0.467)
indicated increase inTmax, RH-I, BSS and
canopy temperature increased infestation of
brown plant hopper. Further, significant negative
correlation was observed with Tmin (r = -
0.809**) and RH-II (r = -0.451), and indicated
increase in Tmin and RH-II decreased infestation
of brown plant hopper. Incidence of BHP having
positive correlation with Tmax, RH-I, BSS and
canopy temperature while having negative
correlation with Tmin and RH-II similar results
was observed by Nair et al. (1980).

Conclusions

From data it was revealed that the pest
population was lower in paddy variety VDN-99-
29 (Phule Samruddhi) followed VDN-3-51-18
(Indrayani) and higher incidence with IET-13549
(Bhogawati) and RDN-99-1 (Phule Radha).Pest
Incidence was more with drilling at 22.5 cm and
lower with Modified Direct Seeded Rice
Technique (MDSRT). There was positive
correlation between maximum temperature,
morning relative humidity, BSS, growing degree
day and canopy temperature with incidence of

leaf folder and brown plant hopper but negative
correlation with minimum temperature, evening
relative humidity. Stem borer incidence was not
observed during the period of investigation.
Therefore, It would be  suggested  to Farmers
to go for adopt VDN-99-29 (Phule Samruddhi)
variety ,sowing with Modified Direct Seeded
Rice Technique (MDSRT) for  for minimum
attack of rice pest with high yield.
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