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Abstract
A field experiment was conducted to study the use of NPK briquette for wheat in rabi season at College

of Agriculture, Pune during 2010-11.Significant improvement in yield, NPK uptake by wheat, fertilizer use
efficiency and available NPK content in soil at harvest found due to application of briquette form of NPK
fertilizer over non-briquette form. The 100 per cent recommended dose of  NPK fertilizer applied through
briquette recorded significantly highest yield, NPK uptake and available NPK at harvest over all other
treatments. The 75 per cent recommended dose of NPK through briquette was as good as 100 per cent
recommended dose of NPK through non-briquette in respect of  grain and straw yield of wheat crop which
indicated the saving of 25 per cent NPK fertilizer by use of briquette. The N and P use efficiency was highest
in case of application of 100 per cent recommended dose of NPK through briquette followed by 75 per cent
recommended dose through briquette. The average per cent increase in nitrogen use efficiency, phosphorus
use efficiency and potassium use efficiency increased  due to briquette form of NPK fertilizer  over non-
briquette form were 49.61, 49.49 and 36.52, respectively. The results revealed that there was improvement
in yield, maintenance of nutrient status in soil during crop growth, nutrient uptake by plant and fertilizer use
efficiency due to the use of briquette form of NPK fertilizer over non-briquette form. Results also indicated
saving of 25 per cent recommended dose of NPK for wheat crop. 
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Wheat is the second most important cereal
crop in India next to rice in respect of area and
production. In India, area under wheat
cropping in 2013-14 was 29.07 million
hectares with the annual production of 86.87
million tonnes with average productivity of
2989 kg ha-1. In Maharashtra wheat occupied
1.31million hectare and annual production was
2.30 million tonnes with average productivity
of 1761 kg ha-1 (Anonymous, 2014).

Fertilizers are very important and costly
input in crop management and having an
effective contribution in crop production when
all other production factors are in reasonable
balance. Over the past 100 years, the yield of
crops in the highly developed agricultural
system shown more than 60 per cent increase

due to use of mineral fertilizers. Number of
investigations have shown that there is definite
and nearly constant requirement of NPK for
production of every quintal of grain of high
yielding varieties of crop (Ramamoorthy and
Velayutham, 1978). 

But, increasing fertilizer prices coupled with
their low use efficiency increases cost of
production. Use of high amount of chemical
fertilizers for higher yield leads to pollution of
soil and water is also a big constraint of modern
agriculture.  According to Balligar and Bennet
(1986) the efficiency of applied N is about 50
per cent or less for P 10 per cent or less and for
K it is 60 per cent. The use efficiency of  NPK
fertilizer is low particularly of  N and P because
of various reasons like volatilization, surface
runoff, leaching losses, ammonia fixation,
denitrification and phosphorus fixation, the1. Post graduate student and 2. Assisatnt Professor.



similar case exist for K-fixation. This situation
leads to higher application of NPK than the
actual needed by the crop and involving extra
expenses. 

Among the nitrogenous fertilizers, urea is
extensively used. But, there is heavy loss of
urea after application. Tiwari and Shrivastawa
(1987) reported 80-81 per cent loss of urea
through leaching, volatilization and
denitrification under varying soil and climatic
conditions. Hence, N being costly input,
maximizing it's efficiency by minimizing the
losses such as volatilization in the form of NH3,
denitrification, run off and leaching should be
primary goal of all concerned.

To minimize nutrient losses and increase the
use efficiency of fertilizer, the placement of
fertilizer or spot application of fertilizer, use of
slow release fertilizer and nitrification inhibitors
are recommended. The use of urea super
granules, urea briquette and urea DAP briquette
are another development in this direction and
used for transplanted rice crop under anaerobic
condition and found beneficial (Daftardar and
Savant, 1995). Urea briquette placed at 3-4 cm
depth for lowland rice was found better than
surface application (Singh et al., 1989). The
application of USG, Urea briquette and NP
briquettes placed mechanically or by hand deep
placement achieved the higher nitrogen use
efficiency in transplanted rice (Daftardar and
Sawant, 1995, Bulbule et al., 1995).

Only about 25-30 per cent of applied
phosphate is available to the crops remaining
part is converted in to insoluble forms (Gaur,
1990).  In order to improve the utilization of P
fertilizers by crop it seems to be essential to
agronomic management that reduce the soil
surface and time of contact between the soil
particles and fertilizer (Morel et al., 1989).  In
this regard the application of urea-DAP
briquette showed promising results for rice

(Savant et al., 1993 and Daftardar and Savant,
1995). 

The above products were however used for
few crops grown under aerobic condition like
sugarcane (More, 1998), tomato (Kadam and
Sahane, 2002), cabbage, brinjal etc showed
effective benefit. Whereas, NPK briquettes have
not tested for wheat crop under aerobic.
Therefore, the present investigation was carried
out to study  the use of NPK briquette on wheat
yield, use efficiency, uptake and residual fertility
status in soil.

Materials and methods

The present investigation was undertaken
during the year 2010- 2011 for wheat
(Triticum aestivum)  cv. Tapowan  in rabi
season at College of Agriculture, Pune. The
experiment was laid out in randomized block
design with seven treatments and four
replications. The fertilizer dose of N, P2O5, and
K2O was applied at the rate of 120:60:40 kg
ha-1. The treatment were T1. Absolute control,
T2.100% recommended dose of NPK through
Non Briquette (Urea, DAP and MOP) by line
method of application, T3. 100%
recommended dose of NPK through Non -
Briquette (Urea, DAP and MOP) by spot
application, T4. 75% recommended dose of
NPK through Non Briquette (Urea, DAP and
MOP) by line method of application, T5. 75%
recommended dose of NPK through Non-
Briquette (Urea, DAP and MOP) by spot
application, T6. 100% recommended dose of
NPK through Briquette by spot application and
T7. 75% recommended dose of NPK through
Briquette by spot application. The plot size was
4.5 x 3.6 m-2. The seeds were sown in rows
separated by a distance of 22.5 cm after sowing
irrigation on 27.11.2011 and briquette and
non briquette fertilizers were applied.

Non-briquette form of fertilizer : The
non briquette form of fertilizers viz.,
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commercial grade urea (46% N), Diammonium
Phosphate (18% N and 46% P2O5) and
Muriate of Potash (60% K2O) were applied for
T2 and T4 by line and for T3 and T5 by spot
application methods. In line method, non-
briquette form of fertilizers were placed at 5 cm
below the seed. For this 50 per cent N, 100 per
cent P and K each were applied at the time of
sowing and remaining 50 per cent N was given
at 30 days after sowing. In spot method, non-
briquette form of fertilizer were applied at 7 cm
deep in between two rows of wheat (11.25 cm
apart from two lines of wheat) at sowing by
crow bar.

Briquette form of fertilizer : The NPK
fertilizer briquette containing N : P2O5 : K2O in
the proportion of 2:1:0.66 (same as the
recommended dose of fertilizers of 120:60:40
for wheat crop) were prepared mechanically by
mixing only commercial grade of Urea,
Diammonium Phosphate and Muriate of Potash
with the help of  briquetter using high pressure.
The briquette was applied on area basis at field
capacity moisture conditions (pre sowing
irrigation) at 7.0 cm deep by crowbar method
in between two rows of wheat (11.25 cm apart
from two lines of wheat) at sowing as per treat-
ments. The 2.6 g of NPK briquette was applied
for two different levels of 100 per cent and 75

per cent of recommended dose of fertilizers by
spot application method. For the treatment of
100 per cent recommended dose of fertilizers
one briquette was applied at a distance of 28
cm between two spots and for the 75 per cent
recommended dose of fertilizer the distance
between two spot was 36 cm. The complete
dose of NPK through briquette was given at
sowing as per treatment mentioned above.

Soil samples at initial composite and
treatment wise after harvest of crop were
collected and used for determination of
available N, P and K with other chemical
properties using standered procedures. Soil
samples were analyzed for pH and EC in 1:2.5
soil suspension ratio, organic carbon was
estimated as per Nelson and Somer (1982),
available N by alkaline permanganate method
(Subbiah and Asija, 1956), available P as
method Olsel et al. (1954) and available K
determined by flame photometrically as
described by Knudson et al. (1982). Plant
samples were analysed for total nutrient uptake
as per method given by Parkinson and Allen
(1975). The data obtained on chemical
properties of soil, uptake of nutrient by plant
and yield of wheat were analyzed statistically by
using procedures laid down by Panse and
Sukhatme (1995).
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Table 1. Effect of levels and methods of application of briquette and non-briquette forms of NPK fertilizer on grain and straw
yield (q ha-1) of wheat

Treatment Yield (q ha-1)
–––––––––––––––––––––––––
Grain Straw

T1 - Control (No NPK) 11.83 13.41
T2 - 100% NPK RD through non-briquette by line method 35.60 45.41
T3 - 100% NPK RD through non-briquette by spot application 38.33 50.09
T4 - 75% NPK RD through non-briquette by  line method 30.88 41.9
T5 - 75% NPK RD non-briquette by spot application 32.20 44.87
T6 - 100% NPK RD through briquette  by spot application 45.53 69.27
T7 - 75% NPK RD through briquette  by spot application 39.40 52.53
SE± 0.79 2.30
CD at 5% 2.357 7.09



Results and discussion

Yield : The application of 100 per cent
NPK RD through briquette form recorded
significantly highest grain (45.53 q ha -1) and
straw (69.27 q ha-1) yields and found
significantly superior over all other treatments
(Table 1). While, NPK fertilizer applied through
briquette at the rate of 75 per cent NPK RD
(T7) and through non-briquette at the rate of
100 per cent NPK RD by spot application (T3)
were statistically equal and significantly higher
than other treatments in respect of grain and
straw yields. The results indicated the saving of
NPK fertilizers to the tune of 25 per cent
recommended dose of NPK for wheat crop.
There was better survival of plants in briquette
treated plots, might be because of better and
longer period of availability of N, P and K due
to 7 cm deep placement NPK briquette in soil.
Kadam et al., (1991) and Nasir Ahmed et al.,
(1992) observed that the deep placement of
nitrogenous fertilizers (10 cm) significantly
increased yield of sugarcane over line method
of application of N fertilizers. Similar type of
observations were also noticed in case of NPK
briquette application for sugarcane crop by
More (1998) and More and Shinde (2004).

Nutrient uptake : The application of 100
per cent NPK RD through briquette recorded

significantly higher uptake of NPK and it was
superior over all other treatments (Table 2). The
75 per cent NPK RD through briquette and
100 per cent NPK RD through non-briquette
by spot application are statistically equal and
significantly higher than other treatments in
case of N uptake, while in case of P and K
uptake T2, T3 and T7 are statistically equal and
at par with each other. In general application of
fertilizer through briquette recorded significantly
higher uptake of NPK by wheat crop. This
might be due to better availability of NPK
nutrient in soil for longer period of time. More
(1998) and Kadam et al., (1991) obtained
higher uptake of NPK by sugarcane  due to use
of NPK briquette and urea super granules
respectively placed in 10 cm deep in soil. Weng
and Chang (1991) and Weng et al. (1991) also
reported that deep placement of N fertilizer (10
cm) proved significantly superior to line method
of application of prilled urea in respect of
uptake of nitrogen by sugarcane under aerobic
condition.  

Nutrient status in soil : The application
of 100 per cent NPK RD through briquette
recorded significantly higher available N
(147.39 kg ha-1) in soil at harvest (Table 3).
However, it was on par with 75%
recommended dose of NPK through Briquette
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Table 2. Effect of levels and methods of application of briquette and non-briquette forms of NPK fertilizer on uptake of N,
P and K by wheat

Treatment Uptake of nutrient (kg ha-1)
––––––––––––––––––––––––––––––––––––––––––
N P K

T1 - Control (No NPK) 23.76 5.94 28.88
T2 - 100% NPK RD through non-briquette by line method 88.60 24.20 104.57
T3 - 100% NPK RD through non-briquette by spot application 94.60 26.32 110.68
T4 - 75% NPK RD through non-briquette by line method 71.20 18.34 88.91
T5 - 75% NPK RD through non-briquette by spot application 74.27 21.10 90.74
T6 - 100% NPK RD through briquette  by spot application 124.05 34.29 139.18
T7 - 75% NPK RD through briquette  by spot application 97.68 26.65 114.60
SE± 2.75 1.26 3.89
CD at 5% 8.47 3.87 11.99



by spot application (144.25 kg ha-1), 100%
recommended dose of NPK through Non -
Briquette (Urea, DAP and MOP) by spot
application (142.69 kg ha-1), 75%
recommended dose of NPK through Non-
Briquette (Urea, DAP and MOP) by spot
application (141.13 kg ha-1) and 100%
recommended dose of NPK through Non
Briquette (Urea, DAP and MOP) by line method
of application (141.13 kg ha-1). In case of
available P and K, application of 100 per cent
NPK RD through briquette recorded
significantly higher available P (12.99 kg ha-1)
and K (521.35 kg ha-1) than all treatments. The
application of 75 per cent NPK RD through
briquette recorded second highest  available P

(12.05 kg ha-1) and it was on par with 100%
recommended dose of NPK through Non -
Briquette (Urea, DAP and MOP) by spot
application (11.65 kg ha-1). The 75 per cent
NPK RD through briquette (484.48 kg ha-1)
and 100 per cent  NPK RD through non-
briquette by spot method (484.75 kg ha-1)
recorded approximately equal concentration of
available K in soil at harvest.   

The application of 100 per cent RD NPK
through briquette maintained higher status of
available NPK in soil at harvest only by
briquette treatment might be due to deep
placement of NPK briquette fertilizer and also
due to release of NPK from briquette form of
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Table 3. Effect of levels and methods of application of briquette and non-briquette forms of NPK fertilizer on available N, P
and K at harvest

Treatment Available N Available P Available K 
–––––––––––––––––––––––––––––––––––––––––––––

(kg ha-1)

T1 - Control (No NPK) 131.71 10.84 428.40
T2 - 100% NPK RD through non-briquette by line method 141.13 11.43 476.75
T3 - 100% NPK RD through non-briquette by spot application 142.69 11.65 484.75
T4 - 75% NPK RD through non-briquette Line method 136.41 10.65 469.15
T5 - 75% NPK RD non-briquette by spot application 141.13 10.93 473.70
T6 - 100% NPK RD through briquette  by spot application 147.39 12.99 521.35
T7 - 75% NPK RD through briquette  by spot application 144.25 12.05 484.48
SE± 2.52 0.18 5.84
CD at 5% 7.49 0.544 17.355

Table 4. Effect of levels and methods of application of briquette and non-briquette forms of NPK fertilizer on fertilizer use
efficiency

Treatment N use P use K use
efficiency efficiency efficiency
(%) (%) (%)

T1 - Control (No NPK) - - -
T2 - 100% NPK RD through non-briquette by line method 54.03 30.43 189.22
T3 - 100% NPK RD through  non-briquette by spot application 59.03 33.97 204.50
T4 - 75% NPK RD through non-briquette by line method 52.71 27.56 200.10
T5 - 75% NPK RD through non-briquette by spot application 56.12 33.69 232.87
T6 - 100% NPK RD through briquette  by spot application 83.58 47.25 275.75
T7 - 75% NPK RD through briquette  by spot application 82.13 46.02 285.73



fertilizer.This could be attributed due to better
availability of NPK nutrients in soil for longer
period of time by use of briquette. Similar
observations were reported by Talekar and
Dongale (1993) and  Deshmukh and Tiwari
(1996) by  use USG for rice crop in case of
available N and More and Shinde (2002) by use
of NPK briquette for sugarcane in available N,
P and K content in soil at harvest. 

Fertilizer use efficiency : The nitrogen
use efficiency (NUE) was found highest
(83.58%) with use of 100 per cent NPK RD
through briquette followed by 75 per cent NPK
RD through briquette (82.13%) and 100 per
cent NPK RD through non-briquette by spot
method of application (59.03%) (Table 4). The
100 per cent NPK RD through briquette by
spot application recorded highest (47.25%)
phosphorus use efficiency (PUE) followed by
75% NPK RD through briquette by spot
application (46.02%). However, in case of
potassium use efficiency 75% NPK RD through
briquette by spot application showed highest
use efficiency (285.73%) followed by 100%
NPK RD through briquette by spot application.

Results indicated that, the use efficiency of
NPK briquette was recorded higher than the
non-briquette form of fertilizer's either applied
by line method or spot method of application.
In general the application of fertilizer through
briquette recorded significantly higher uptake of
N,P and K by wheat crop. This might be due to
better availability of NPK nutrients in soil for
longer period of time in growth stages of wheat
crop. Further, increased phosphorus use
efficiency through NPK briquette is might be
due to deep placement of briquette (7 cm ) in
root zone area of wheat crop as the
phosphorus is less mobile as compared to
nitrogen and potassium. Similar type of
observations were also recorded by More et al.,
(2004) in case of application of  NPK briquette
for sugarcane crop. Whereas, Thomasan  et

al., (2000) reported the higher nitrogen use
efficiency due to incorporation of  different
sources of nitrogen fertilizer at pre sowing for
wheat crop.

The application of fertilizer through
briquette @ 100 per cent recommended dose
of NPK for pre sowing irrigated wheat (7 cm
deep) within two rows at 28 to 36 cm distance
between two spots found beneficial in
increasing yield with maintaining soil fertility. 
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Improving and maintaining soil quality for
enhancing and sustaining agricultural
production is of utmost importance for India's
food and nutritional security. Though India is a
food surplus nation at present with more than
about 240 million tonnes food grain production
per annum, it will require about 4-5 million
tonnes additional food grains each year if the
trend in rising population persists
(Annonymous, 2010).The stagnation in
production and productivity of food grains for
the past few years has become a matter of
concern and is posing a serious threat to our
national food security. The agricultural scenario
of India has completely changed now due to
modern intensive agriculture. For meeting the
requirement of surging population, emphasis
has to be given on introduction of right kind of
sequence cropping along with nutrient
management in order to get increased

productivity. Long-term fertilizer experiments
usually provide the best practical test of
sustainability of crop management system.

Soil health degradation has emerged as a
major factor responsible for the stagnation in
agricultural production. Soil physical
conditions, no doubt are slow to respond for
their improvement but are essential to maintain
the health of soils. Soil physical properties have
profound influence on nutrient availability
which is important attributes of soil quality.
Most physical properties of soil are largely
influenced by management and the change in
physical properties of soil is exhibited only
under long-term adoption of management
measures. The important physical properties of
soil viz., bulk density, hydraulic conductivity,
water retention, available water capacity and
mean weight diameter are generally considered
as soil quality indicators. The basic concept
underlying the principles of Integrated Nutrient
Management (INM) is the maintenance and
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Abstract
The results revealed that, application of 50 % RDF + 50 % N through FYM was promising in improving

soil physical properties viz; bulk density (1.29 Mg m-3), hydraulic conductivity (1.31 cm hr-1) and mean weight
diameter (1.01 mm). The water retention at 33 k Pa (39.77 %) and 1500 k Pa (19.82%) was higher under
integrated nutrient management with FYM along with improvement in available water capacity (19.94%). The
integration of lecaeana loppings and wheat straw with chemical fertilizers for 27 years was also found useful
for improving soil physical properties. The application of 50% RDF + 50% N through FYM influenced
significantly, the kharif sorghum (24.58 q ha-1) and wheat grain (26.23 q ha-1) yield. The adoption of farmers
practice characterized by sub-optimal doses of fertilizes along with lack of organics continuously in the
sequence caused significant decline in soil physical properties as well as productivity of sorghum and wheat. 

Key words : Sorghum-wheat sequence, Inceptisol, Bulk density, green manure, crop
residues

1. and 4. Assistant Professor, 2 and 5. Professor, 3.
Associate Professor, 5. Professor (Agronomy), 6. Junior
Research Assistant.



possibly improvement of soil fertility for
sustaining crop productivity on long-term basis.
This may be achieved through combined use of
all possible sources of nutrients and their
scientific management for optimum growth,
yield and quality of different crops and cropping
systems. Against an annual depletion of 28-30
million tonnes of nutrients from soil, the
replenishment through fertilizers is only 20
million tonnes, leaving a net annual deficit of 8-
10 million tonnes, which keeps accumulating
year after year depleting the soil fertility
(Anonymous, 2007). It is high time that due
attention is paid to solve the problem of
nutrient mining simultaneously while
maintaining physical health of soil. In this view
the present investigation was carried out to
study the effect of long term use of organics in
combination with chemical fertilizers to
sorghum-wheat cropping sequence on soil
physical properties and productivity of sorghum
under Inceptisols representing dominant soil
groups of Central India.

Materials and Methods

A permanent long-term field experiment on
sorghum-wheat cropping sequence was
initiated during 1984-85 at Research Farm,
AICRP on Integrated Farming System
Research, Dr. Panjabrao Deshmukh Krishi
Vidyapeeth, Akola. The present investigation
was carried out to study the long-term effect of
various options of integrated nutrient
management on soil physical properties and
productivity under sorghum-wheat cropping
sequence after 27th cycle.

The study area is a part of semi arid agro
eco-regions with swell-shrinks soils. The annual
rainfall is 720 mm and average maximum
temperature is around 33.5°C. The soil
moisture regime is ustic. The soil of the
experimental field is clayey montmorillonitic,
hyperthermic family of Vertic Haplustept

(Masala series). The experiment comprised of
twelve treatments replicated four times in RBD.
The treatment comprised of combinations of
organics like FYM, wheat straw and leucaena
loppings along with chemical fertilizers,
unfertilized control and farmers practice. The
soil physical properties were assessed using
standard procedures. For mean weight
diameter analysis, 8 mm size aggregates were
retained on the sieve and used. Bulk density
was determined by clod coating technique as
described by Blake and Hartge (1986). Water
retention of soil was determined by pressure
plate membrane apparatus method as
described by Klute (1986). Hydraulic
conductivity of soil was determined by constant
head method as described by Klute and Dirksen
(1986). Mean weight diameter of soil was
determined by Yoder's apparatus method as per
Kemper and Rosenau (1986). The nutrient
applied through various organics based on
nutrient content is given below.

Results and Discussion

The physical properties although change
very gradually, the long term use of organics
showed profound influence on them.

Bulk density : The lowest bulk density
(1.29 Mg m-3) has been recorded under
integrated nutrient management (INM) using
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Orga- Treat- Quantity Quantity of nutrients
nics ments (tones applied through 

ha-1) organics (kg ha-1)
––––––––––––––––––––––––
N P K

FYM T6 9.52 59.97 23.8 70.45
T7 4.76 29.98 11.9 35.22

Wheat T8 10.71 6.00 4.28 11.03
straw T9 5.36 3.00 2.14 5.52

Lecaeana T10 9.23 310 17.54 148
lopping T11 4.62 155 8.76 74.0



FYM, while it was highest in control (1.65 Mg
m-3) (Table 1). The significant reduction in bulk
density under farm yard manure (FYM), wheat
straw (WS) and Leucaena loppings (LL) can be
attributed to the long-term use of these
organics for a prolonged period of 27 years.
However, the bulk density was higher under
only chemical fertilizers (T2 to T5). The day to
day declining use of FYM and only chemical
fertilizer in present day agriculture has
deteriorated the physical properties of soils
which become apparent from the present
results obtained at fixed experimentation of
long term study. The bulk density showed
12.40 per cent decrease due to conjoint use of
chemical fertilizers and FYM than that of only
chemical fertilizer (T5).  The reduction in bulk
density may be attributed to better aggregation,
increased porosity and improvement in soil
structure caused due to increase in soil organic
matter under the treatments of integrated use of
chemical fertilizers and organic manures. Selvi
et al. (2005) under a long-term experiment

reported that bulk density was significantly
reduced due to the continuous application of
balanced fertilizers along with organics (INM)
than in the unfertilized plots. 

Hati et al. (2007) studied the long-term
impact of fertilizers and manure application on
bulk density in Vertisol after 28 crop cycles at
Jabalpur and reported that the application of
balanced fertilizers in combination with organic
manure reduced the bulk density significantly.

Hydraulic conductivity : The hydraulic
conductivity varied from 0.57 cm hr-1 (control)
to 1.31 cm hr-1 (Table 1 and Fig. 1). The
hydraulic conductivity showed considerable
improvement under INM comprising of FYM,
wheat straw and green manuring as compared
to chemical fertilizers. The significantly highest
hydraulic conductivity was recorded under
conjunctive use of NPK through chemical
fertilizers with 50 per cent N through FYM. The
only chemical fertilizers also recorded increase
in hydraulic conductivity over control. However,
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Table 1. Soil physical properties as influenced by long-term effect of INM under sorghum-wheat cropping sequence (2010-
11) (27th cycle)

Treat- Sorghum Whreat Bulk Hydraulic Mean Water tetention (%)
ment density connduc- weight –––––––––––––––––––––

(Mg m-3) tivity diameter 33 1500 AWC
(cm hr-1) (mm) kPa kPa

T1 Control Control 1.65 0.57 0.57 32.38 16.06 16.32
T2 50% RDF 50% RDF 1.44 0.75 0.67 33.93 17.12 16.81
T3 50% RDF 100% RDF 1.43 0.84 0.71 35.07 17.72 17.35
T4 75% RDF 75% RDF 1.41 0.87 0.74 35.84 17.93 17.91
T5 100% RDF 100% RDF 1.45 0.93 0.80 37.01 18.54 18.47
T6 50% RDF +  50% N - FYM 100% RDF 1.29 1.31 1.01 39.77 19.82 19.94
T7 75% RDF + 25% N - FYM 75% RDF 1.33 1.07 0.87 38.35 19.38 18.97
T8 50% RDF + 50% N - WS 100% RDF 1.31 1.11 0.93 39.21 19.59 19.61
T9 75% RDF + 25% N - WS 75% RDF 1.34 1.05 0.85 38.26 19.19 19.06
T10 50% RDF + 50% N - LL 100% RDF 1.33 1.06 0.92 38.97 19.74 19.23
T11 75% RDF + 25% N - LL 75% RDF 1.35 1.04 0.84 37.95 19.21 18.75
T12 Farmers practice Farmers  1.45 0.70 0.65 33.63 16.73 16.89

(50 :25:00 NPK) practice
SE (m) ± 0.02 0.03 0.02 0.16 0.13 0.17
CD at 5% 0.05 0.07 0.07 0.48 0.39 0.49



the magnitude of increase was more due to
organics. The hydraulic conductivity under
integrated nutrient management improved
(1.31 cm hr-1) as compared to use of only
chemical fertilizers (0.93 cm hr-1) and farmers
practice (0.70 cm hr-1) indicating role of
organics in improving other physical properties
like bulk density, water retention and MWD.
Improvement in hydraulic conductivity of black
soils due to continuous addition of organics in
combination with inorganic as compared to
inorganics alone was reported by Nambiar and

Ghosh (1984) and Bellaki and Badanur (1997).  

Mean weight diameter : The mean
weight diameter is an important indicator of soil
aggregates and soil quality. It was significantly
highest (1.01 mm) with the application of 50%
NPK + 50% N through FYM, which is superior
to all the remaining treatments (Table 1 and
Fig. 2). The mean weight diameter of soil varied
from 0.57 mm to 1.01 mm under various
treatments and showed significant variation.
The lowest mean weight diameter (0.57 mm)
was observed under control followed by the
treatments of only chemical fertilizer (0.71 to
0.73 mm). The mean weight diameter showed
57.8 per cent increase due to integrated use of
chemical fertilizers with FYM over control. The
increase in mean weight diameter at FYM
applied plots could mainly be due to the result
of basal application of FYM, which significantly
improved the soil aggregation (Prasad and
Singh, 1980; Selvi et al., 2005 and Hati et al.,
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Fig. 1 Hydraulic conductivity as influenced by
long term manuring and fertilizer
application

Table 2. Long-term effect of various treatments on productivity and soil chemical properties under sorghum-wheat sequence
(2010-11) (27th cycle)

Treat- Sorghum Wheat Yield (q ha-1)
ment –––––––––––––––––––––––––––––––––––––––––––––––––

Sorghum Wheat
––––––––––––––––––––––––– ––––––––––––––––––––––––
Initial (2010-11) Initial (2010-11)
(1984-85) (27th cycle) (1984-85) (27th cycle)

T1 Control Control 8.91 2.55 2.17 4.58
T2 50% RDF 50% RDF 24.85 19.67 6.64 13.28
T3 50% RDF 100% RDF 30.18 20.66 7.93 19.18
T4 75% RDF 75% RDF 26.27 21.99 6.32 17.79
T5 100% RDF 100% RDF 29.82 26.50 7.46 23.26
T6 50% RDF + 50% N - FYM 100% RDF 30.74 24.58 7.28 26.23
T7 75% RDF + 25% N - FYM 75% RDF 25.92 23.76 6.53 21.03
T8 50% RDF + 50% N - WS 100% RDF 26.27 21.64 7.46 21.47
T9 75% RDF + 25% N - WS 75% RDF 23.79 22.81 7.92 20.12
T10 50% RDF + 50% N - LL 100% RDF 26.45 23.75 5.34 22.06
T11 75% RDF + 25% N - LL 75% RDF 17.4 24.38 7.31 20.30
T12 Farmers practice (50 :25:00 NPK) Farmers practice 23.79 18.74 7.61 11.90
SE (m) ± - 0.84 - 1.08
CD at 5 % - 2.42 - 3.10
CV (%) - 11.05 - 9.87



2007). This may be ascribed to the
improvement in physical condition of soil and
to the increased organic carbon content which
might be responsible for stabilization of
aggregates and hence higher mean weight
diameter with the application of FYM and
inorganic fertilizers. Dinel et al.1991, reported
that increase in MWD may be associated with
increase in organic matter content which is
known to improve soil structure. The added
organics could supply additional fresh organic
residues (water soluble and hydrolysable
substrates) and carbon to the soil resulting in
the production of microbial polysaccharides
that increase aggregate cohesion, which could
explain the progressive increase in aggregate
stability to mechanical breakdown. The
structure especially in clayey, smectitic soils is
considerably hard and many times moderate to
coarse in the form of large hard clods. The
continuous application of only chemical
fertilizers did not show much improvement in
the MWD in the long run indicating an
immense need of organics to improve such an
important soil physical property which is
reflected in the treatments of INM.

Water retention : The water retention at
33 kPa and 1500 kPa varied significantly and
highest water retention at 33 kPa (39.77 per
cent) and at 1500 kPa (19.82 per cent) was
recorded with the application of 50% NPK +
50% N through FYM followed by NPK + wheat
straw and NPK + green manuring - Leucaena
loppings (Table 1).  Continuous cropping over a
period of 27 years without manures and
fertilizers caused significant decline in the water
retention (32.38 per cent at 33 kPa and 16.06
per cent at 1500 kPa). 

Integrated use of chemical fertilizers with
organics recorded 9.28 to 9.71 per cent
increase in water retention at 33 kPa and 9.31
to 9.97 per cent increase in water retention at
1500 kPa over use of only chemical fertilizers.  

Thus, it was observed that the mean
available soil moisture content was significantly
enhanced (19.26 per cent) due to integrated
use of FYM (T6, T7), wheat straw (T8, T9), and
green manure (T10, T11) along with chemical
fertilizers as compared to only chemical
fertilizers (17.64 per cent). Bhattacharyya et al.
(2004) reported that, increased soil available
moisture might be attributed to increased
organic matter status of soil and improved soil
structure. 

Productivity of sorghum and wheat :
The application of 50% N through FYM along
with 50% RDF was found superior among all
the INM treatments, the yield was recorded to
the extent of 24.58 and 26.23 q ha-1 for
sorghum and wheat, respectively. However,
inclusion of organics was found beneficial in
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Fig. 2 Mean weight diameter as influenced by
long term manuring and fertilizer
application

Fig. 3 Available water capacity as influenced
by long term manuring and fertilizer
application under sorghum-wheat
cropping sequence



increasing the yield of both the crops. The
higher yield of sorghum under only chemical
fertilizers in comparison with integrated
nutrient management during some years may
be due to the use of FYM, wheat straw and
green manure during kharif season which might
have helped more subsequently in rabi season
resulting into higher yields of wheat under
integrated nutrient management as compared
to only chemical fertilizers. 

It can be concluded that long term
integrated nutrient management with FYM,
green manuring with leucaena loppings and
crop residues recycling with wheat straw is
useful for improving physical properties like
bulk density, MWD and AWC of swell-shrink
soils under continuous cropping. Continuous
use of only chemical fertilizers without organics
resulted deterioration of soil physical
properties.
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Soil salinity/sodicity is one of the most
serious forms of soil quality degradation
affecting approximately 10 per cent of the total
land surface of the world. The problem occurs
in varying intensities in more than 120
countries and is more prominently witnessed in
the arid and semi-arid areas (Yadav, 1993). In
semi-arid and arid regions, irrigation induced
problems of water- logging, secondary
salinization and sodification goes hand in hand.
These problems pose a great threat to the
sustainable agricultural productivity.  Nearly 10-
12 per cent area of shrink-swell soils under
different command areas in Maharashtra is
influenced by secondary salinization and
sodication (Varade et al. 1985).  Presence of
sodic soil is a serious problem in arid and semi-
arid areas. In India 9.55 m ha of soils reported
to be salt affected out of which 4.05 m ha of
soils are adversely affected by sodicity (Kanwar,
1994) of which 0.42 m ha occurs in
Maharashtra (Challa et al., 1995). 

Excess exchangeable sodium along with
high pH and poor physico-chemical properties
lead to decrease in organic carbon and available
nitrogen (Kumar et al., 1995) and adversely
affect the uptake of phosphorus (Khanna et al,
1983). Application of gypsum has frequently
recommended to mitigate the adverse effect of
sodic soils on crop growth (Singh et al., 2005).
Adequate information is not available on the
growth of wheat and yield reduction in the soils
having different ESP levels with application of
gypsum and organic amendments in the semi-
arid climate. Hence, present investigation was
undertaken to generate data to manage the salt
affected soils efficiently having different ESP
levels and its influence on wheat productivity on
farmer's field. 

Materials and Methods 

The study area is a part of Mula command
area in Rahuri Tehsil of Ahmednagar district of
Maharashtra state. The area comprises of
Kendal Bk, Kendal Kd and Chandkapur villages
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Abstract
The experiment to study the response of wheat to gypsum and organic amendments at different ESP

levels was carried out at farmer's field in Mula command area. The results indicated that the Gypsum @ 50%
GR + 10 ton ha-1 Bio- methionated spent wash press mud cake  (SWPMC) recorded significantly higher plant
height, length of panicle, grain and straw yield. As regards ESP levels, treatment (T1) ESP level < 5.0 recorded
significantly maximum plant height, number of tillers plant-1 and length of panicle, grain and straw yield than
rest of the treatments. The highest per cent reduction in grain and straw yield of wheat was recorded in the
treatment of ESP level 20-25 per cent over 5.0 ESP level. The results indicated that application of gypsum
and SWPMC improved the chemical properties of soil which helped in increasing yield of wheat as compared
to control (RDF). 
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in Rahuri tehsil. The study area is located
between 19°51' to 19°54' N latitude and 74°
21' to 74° 25' E longitude covers total area of
688.53 ha.  Its elevation is 502 m above mean
sea level and is situated about 15 km east to
Rahuri town on both sides of distributory No.2
of Mula right bank canal. The soils of study area
are slight to severely salt affected, nearly leveled
to very gentle slopping midlands of low lying
area of lower and upper pedimont plains (basin
shape topography).  The slope gradient of study
area ranged between 1 to 3 per cent and due to
land leveling the natural drains found to be
devastated. The climate of study area is semi-
arid tropical and characterized by hot summer
(March to May) and general dryness in other
months except in rainy months (June to
September). The average rainfall of study area
is 535.4 mm with ustic soil moisture and
hyperthermic soil temperature regimes.  

The standard methodology of detailed soil
survey was followed.  The Survey of India (SOI)
topographical sheets in 1:50,000 scale (47
I/11) was used to collect topographic
information.  The toposheets were used for
location of sample areas, ground truth sites and
planning for traverse routes in the field and
cultural details. A cadestral map of the area
given in the scale of 1:8000 was used as a base
map for delineating boundaries and number of
soil sample spots of scale 1:250 m was used.
In each class one representative pedon was dug

out and examined morphologically (Soil Survey
Staff, 2006). Nine representative typifying
pedons were selected for this study.  Horizon
wise soil samples were collected, processed and
analysed for chemical properties  by using
standard procedures (Page et al., 1982).
Among the saline and sodic soil units the
degree of degradation was categorized
(Richards 1968) based on pHs, ECe and ESP of
the saturation extracts of the soils and the
extent of the degradation in each class was
assessed by making further classes in each
category. The experiment was conducted at
five farmer's field in the command area.  Based
on the degree of degradation the field
experiment on farmers' field having variable
ESP was conducted during 2007-08.  The soil
units having ESP in the groups of < 5, 5 to 10,
10-15, 15 to 20 and 20 to 25 were selected.
The initial soil properties of the field
experimental are as given in table 1.

The treatments consists of T1 : Control
(RDF) ; T2 : Gypsum 50% GR + 10 t ha-1 FYM
and T3 : Gypsum 50% GR + 10 t ha-1 SWPMC
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Table 1. Details of initial soil properties

Taxonomic classification and location pHs ECe O.C. Ex-Na ESP GR
(dS m-1) (%) (cmol (%) (T ha-1)

(p+) kg-1)

Typic Haplustepts Chandkapur , Survey No. 279 8.20 6.49 0.71 2.64 4.38 7.00
Vertic Haplustepts Kendal Bk, Survey No. 40/2 8.30 7.76 0.63 4.77 9.64 10.0
Vertic Haplustepts Kendal Bk,  Survey No. 17 8.30 7.40 0.58 6.51 13.39 21.00
Sodic Haplusterts Kendal Kd,  Survey No. 238 8.50 5.64 0.48 8.68 18.08 25.00
Sodic Calciusterts Kendal Kd, Survey No. 234 8.85 0.85 0.43 12.28 24.11 28.00

Table 2. Nutrient content of FYM and SWPMC

Element Organic manures
–––––––––––––––––––––––
FYM SWPMC

N (%) 0.60 1.30
P (%) 0.30 0.75
K(%) 0.85 2.00



(GR-  Gypsum  requirement). The experiment
was laid out in split plot design with 5 ESP
levels in main plot and three treatments in sub
plot with three replications. The field
experiments were carried out on farmers field
at Kendal Bk, Kendal Kd and Chandkapur,
tehsil Rahuri, Dist. Ahmednagar. The field was
ploughed upto 30 cm depth by  tractor and all
preparatory tillage operations were carried out.
The beds of size 5.0 m length and 4.1 m width
were prepared. Gypsum @ 50 per cent of GR
and 10 t ha-1 of SWPMC and FYM were
thoroughly mixed in the surface soil 15 days
prior to sowing of the wheat crop, then the field
was irrigated once to replace the Na+ on clay
complex and leach the salts present in the soil
by gypsum. The nutrient content of Farm Yard
Manure (FYM) and Spent Wash Press Mud
Cake (SWPMC) is given in table 2. 

The good quality wheat seed (Triticum
aestivum L.) of variety Trimbak  was used @
125 kg ha-1.   Half dose of N  (60 kg N ha-1),
full dose of  P2O5 (60 kg ha-1) and full dose of
K2O (40 kg ha-1) were applied through urea,
single super phosphate and muriate of potash
as per the RDF (120 : 60: 40, N:P:K) to all  the
treatments.  After 30 days of sowing remaining
dose of 60 kg N ha-1 was applied through urea.
Dimethioate 35 per cent EC (1.5 ml L-1) was
sprayed to control Jassids. During the period of
crop growth, the biometric observations viz.,
plant height, number of tillers plant-1 and
panicle length was recorded. The crop was
harvested from 9/3/2007 to 14/03/2007 and
the grain and straw yields were recorded.

Results and Discussion 

Wheat yield based on degree of soil
degradation 

Growth contributing characters : The
growth contributing characters like plant
height, number of tillers plant-1 and length of
panicle of wheat at harvest were significantly
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Table 3. Effect of soil amendments in conjunction with
organics on growth contributing characters of
wheat at different levels of ESP on farmers field

ESP  T1 T2 T3 Mean
levels

Plant height (cm)

< 5 94.8 96.0 98.3 96.4

5-10 71.0 76.2 80.0 75.8 (21.40)

10-15 70.0 72.0 74.6 72.2 (25.10)

15-20 52.3 62.0 73.7 62.7 (34.96)

20-25 52.2 58.7 59.3 56.7 (41.21)

Mean 68.0 73.0 77.18 -

S.E.± CD at 5 %

L 0.96 3.13

T 0.66 1.95

L x T 1.48 4.35

T x L 1.54 4.64

Number of tillers plant-1

< 5 8.0 8.7 9.0 8.57

5-10 7.6 8.0 8.33 7.97 (7.0)

10-15 7.00 7.4 7.7 7.37 (14.0)

15-20 6.00 6.7 7.0 6.57 (23.2)

20-25 5.33 6.00 6.33 5.87 (31.5)

Mean 6.78 7.36 7.66 -

S.E.± CD at 5 %

L 0.27 0.89

T 0.26 N.S.

L x T 0.59 N.S.

T x L 0.56 N.S.

Length of panicle (cm) 

< 5 7.33 7.67 8.33 7.77

5-10 6.33 6.67 7.33 6.77 (12.87)

10-15 5.67 6.33 7.00 6.33 (18.53)

15-20 5.33 5.67 5.67 5.57 (28.31)

20-25 5.00 5.33 5.33 5.20 (33.08)

Mean 5.92 6.34 6.72 -

S.E.± CD at 5 %

L 0.37 1.22

T 0.15 0.43

L x T 0.33 N.S.

T x L 0.46 N.S.

Where,   T1 -  RDF, T2 - 50% GR + FYM, T3 - 50% GR +
SWPMC. 
(Figures in parenthesis indicate per cent reduction over <
5.0 ESP level)



influenced by different ESP levels and soil
amendment treatments and organics (Table 3).
The treatment of ESP level < 5.0 per cent
recorded significantly highest plant height (96.4
cm), number of tillers per plant (8.57) and
length of panicle (7.77 cm) than the rest of the
treatments. The highest per cent reduction in
the plant height (41.21 %), number of tillers
plant-1 (31.50 %) and length of panicle
(33.08%) was recorded in the treatment of ESP
level of 20-25 per cent as compared with ESP
levels of < 5.0 per cent.

The soil amendment treatment of gypsum @

50% of GR and SWPMC @ 10 t ha-1 recorded
significantly higher plant height and length of
panicle than the Gypsum @ 50% GR and FYM
10 t ha-1 and RDF treatments. The plant
height, number of tillers plant-1 and length of
panicle as influenced by ESP levels showed
following decreasing trend; ESP <5.0 %) < ESP
(5-10%) < ESP (10-15%) < ESP (15-20%) <
ESP  (20-25%).

The increase in plant height, number of
tillers plant-1 and length of panicle due to
amendments (gypsum) and organics like
SWPMC and FYM might be due to the
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Table 4. Grain and straw yield of wheat at different levels of ESP on farm field

ESP levels T1 T2 T3 Mean

Grain yield (q ha-1)

< 5 34.25 36.33 38.42 36.33

5-10 31.57 (7.82) 33.05 (9.03) 33.95 (11.63) 32.85 (9.58)

10-15 23.23 (32.17) 25.91 (28.63) 27.10 (29.46) 25.41 (30.05)

15-20 20.25 (40.88) 22.63 (37.71) 22.93 (40.32) 21.93 (39.64)

20-25 17.27 (49.58) 18.76 (48.36) 19.93 (48.12) 18.65 (48.66)

Mean 25.31 27.34 28.47 -

S.E.± CD at 5 %

L 0.51 1.65

T 0.56 1.65

L x T 1.25 N.S.

T x L 1.14 N.S.

Straw yield (q ha-1)

< 5 60.15 62.86 64.32 62.43

5-10 54.79 (8.91) 57.47(8.53) 59.86(6.93) 57.37(8.10)

10-15 43.78(27.22) 46.75(25.59) 48.24(25.00) 46.25(25.92)

15-20 35.14(41.58) 37.52(40.28) 39.90(37.97) 37.52(39.90)

20-25 31.86(47.03) 33.80(46.20) 34.84(45.83) 33.50(46.34)

Mean 45.14 47.67 49.33 -

S.E.± CD at 5 %

L 1.04 3.40

T 0.68 2.00

L x T 1.52 N.S.

T x L 1.62 N.S.

Where, T1 -  RDF,  T2 - 50% GR  + FYM, T3 - 50% GR + SWPMC 
(Figures in parenthesis indicate per cent reduction over < 5.0 ESP level )



improvement in soil physical as well as
chemical properties which in turn help in the
availability of nutrients for plant growth. Similar
results of increase in height of wheat crop
under gypsum treatment on sodic soil were
reported by Swarup (1993).

Interaction effect : The number of tillers
plant-1 and length of panicle was not influenced
significantly due to interaction effect between
ESP levels and soil amendments. However, the
interaction effect between ESP levels and
different soil amendments on plant height was
significant.

Grain and straw yield : The grain and
straw yield of wheat at different ESP levels were
significantly influenced by soil amendment and
organic treatments (Table 4). The treatment of
ESP level < 5.0 per cent recorded significantly
highest grain (36.33 q ha-1) and straw yield
(62.43 q ha-1) than rest of the treatments. The
highest per cent reduction in grain (48.66%)
and straw yield (46.34%) of wheat was
recorded in the treatment of ESP level 20-25
per cent over the ESP level < 5.0 per cent.

The grain and straw yield as influenced by
soil amendments and organic treatments were
significantly higher in treatment of 50 per cent
GR and SWPMC over rest of the treatments.
More (1994) reported similar results of highest
yield of rice and wheat by  FYM  + Pressmud @
20 t ha-1 treatment in sodic vertisols. The
application of gypsum alongwith SWPMC
helped to increase the grain and straw yield by
21.32 and 17.28 per cent  as compared to
RDF. This indicates that to restore the fertility
of sodic soils and to increase the grain and
straw yield of wheat it is necessary to apply the
gypsum and SWPMC @ 10 t ha-1. The strong
ameliorative effect of gypsum as an amendment
under sodic soils was reported by Singh et al.
(2009)  and  Verma and Abrol (1980). 

The increase in the grain and straw yield of
wheat due to application of gypsum and
SWPMC might be attributed to the supply of
calcium by gypsum, which has helped in
reclamation of soil by replacing sodium on the
exchange complex of soil and solubilization of
native calcium carbonate due to organic acids
produced during the decomposition of organic
matter present in SWPMC which also helped in
reclamation process. This might have resulted
into better aggregation leading to improvement
in the physical properties of soil like structure,
bulk density, porosity, hydraulic conductivity
and ultimately good drainage resulting into
improvement in better air and water
relationship. The increase in yield is due to
reclamation by the use of amendments which
helps in reducing the salt stress and improving
the nutrient availability for better plant growth. 

Interaction effect : The interaction effect
between ESP levels and different soil
amendments on grain and straw yield of wheat
was non significant.

It can be concluded that the application of
gypsum and spent wash press mud cake for
wheat has increased the yield over
recommended dose of fertilizer. The  per cent
yield reduction in grain and straw yield was
higher in the treatment of ESP 20-25 per cent
as compared to 5 per cent ESP level. The
amendments helped in reclamation process
which might have resulted into better
improvement in the properties of soil for better
crop growth.
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In India the area under maize was 8.10
million hectare with production and
productivity of  21.06  million tonnes and 2510
kg ha-1. In Maharashtra area under maize was
0.67 million hectare with production and
productivity of 1.79 million tonnes and 2664
kg ha-1 (Anonymous, 2012). Maharashtra
ranks fourth in terms of production of maize in
the country. 

Balanced fertilization is a must for realizing
higher use efficiency and economy of fertilizer
use (Velayutham and Reddy, 1990). Soil test
based fertilizer recommendation plays a vital
role in ensuring balanced nutrition to crops and
fertilizer schedules should therefore be based on
the magnitude of crop response to applied
nutrients at different soil fertility levels. The
advantage with targeted yield fertilizer
recommendations based on soil test can be

taken with high profitability both for high and
low levels of fertilizer investment.  Soil test
based fertilizer applications as per STCR
prescription equations is one of the efficient
approaches for balanced use of costly fertilizer
inputs. Keeping this in view, the research work
was undertaken to develop fertilizer
prescription equation based on soil test value
and yield target for precise recommendation of
fertilizers to maize. 

Material  and Methods

Soil test crop response studies on maize was
conducted during kharif 2009-10 on Vertic
Haplustepts at STCR Farm, Mahatma Phule
Krishi Viyapeeth, Rahuri, Ahmednagar district
of  Maharashtra. The farm is geographically
located at 22°11' N latitude and 80°09' E
longitude at an altitude of 519 m above MSL.
The texture of soil was clayey with low in
KMNO4-N (205.75 kg ha-1), medium in 0.5 M
NaHCO3-P (33.72 kg ha-1) and very high in
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N N NH4OAc-K (523.33 kg ha-1). The soil was
slightly alkaline in reaction. 

The inductive cum fertility gradient
approach (Ramamoorthy et al., 1967) was
followed for conducting the field experiment.
Experimental plot was divided into low,
medium and high fertility gradients by the
applying graded doses of fertilizer (00:00:00,
120: 60:40 and 240:120:80  kg N: P2O5:
K2O ha-1 respectively) and stabilized with
growing fodder maize crop. After harvest of
fodder maize FYM blocks (0, 10 and 20 t ha-1)
were imposed across the fertility gradient.
Twenty one different treatment combinations
(N0 P60 K40, N60 P60 K40, N60 P60 K40, N60
P30 K20, N60 P30 K40, N120 P60 K40, N120
P30 K40, N120 P90 K40, N120 P60 K40, N120
P60 K40, N120 P30 K20, N120 P90 K60, N120
P60 K0, N120 P0 K40, N180 P60 K40, N180 P90
K60, N180 P90 K40, N180 P60 K60, N180 P30
K20, N180 P60 K20, N180 P90 K20, N0 P0 K0,
N0 P0 K0, N0 P0 K0) of graded level of N (00,
60, 120, 180 kg ha-1), P2O5 (00, 30, 60,90 kg
ha-1) and K2O ( 00, 20, 40, 60 kg ha-1) were
laid out along with three control plots (N00 P00
K00). These twenty four treatments were
randomly distributed in such a way that each
fertility gradient block and FYM block include all
the twenty four treatment set. The maize hybrid
Rajarshee was used as a test crop. All the
recommended package of practices were
followed while culativating the crop. Full dose
of phosphorous and potassium were applied as
basal dose through single superphosphate and
muriate of potash while nitrogen fertilizers were
applied in 3 equal splits  (at sowing , 30 days
after sowing and 60 days after sowing) as per
treatment details. 

The initial soil samples were collected from
each plot before application of FYM and
fertilizer and analyzed for their KMnO4-N
(Subbiah and Asija 1956), Olsen- P (Olsen
et al. 1954) and neutral normal NH4OAc -K
(Hanway and Heidal, 1952). The FYM used in

the experiment was analyzed for total nitrogen
by using H2SO4 and digestion mixture using
macro - Kjeldhal method while phosphorous
and potassium were estimated by tri acid
mixture (10:1:4 HNO3: HClO4: H2SO4) at
180-200 °C (AOAC, 2005). Grain yield and
stover yield were recorded and these samples
were analyzed for N, P and K content (Piper,
1966) and uptake values are computed.  Using
the data of nutrient uptake, grain yield, initial
soil available nutrients and fertilizer doses
applied, basic parameters, viz., nutrient
requirement (NR), contribution of  particular
nutrient from soil (CS), contribution of  FYM
(CFYM)  and contribution of  fertilizer without
FYM (Cfa)  and with FYM (Cfb) were calculated
(Reddy et al., 1964  and Subba Rao and
Shrivastava 1999). These basic parameters
were used for formulating the fertilizer
prescription equations.

The validation of targeted yield equations
developed for maize (grain) were tested by
conducting four different follow up trials during
three consecutive years from 2012-13 to
2014-15 on Inceptisol at STCR farm and one
follow up trial at ARS, Kajbe Digraj, MPKV,
Rahuri. The experiments were laid out in
randomized block design with three replications
and eight treatments viz., Control (no fertilizer),
GRDF (120: 60: 40 kg ha-1 N: P2O5: K2O +
FYM @ 10 t ha-1) , Fertilizer as per soil test
values, Fertilizers as per STCR target of
60 q ha-1 and 70 q ha-1 without FYM and  with
10 tha-1 FYM, respectively and only FYM
@ 20 tha-1. Based on the initial soil tests and
the yield targets aimed, fertilizer N, P205 and
K20 doses were applied for STCR treatments.
All the recommended package of practices
were followed. Fertilizers sources and method
of application were same as in main trial.  Grain
yield and stover yield was recorded for each
plot and analyzed for NPK uptake, economics
was worked out for each treatment. 
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Results and Discussion

Yield and nutrient uptake : The range
and mean value of maize grain and stover yield
and total nutrient uptake of treated and control
plot are given in Table 1.  The grain yield in
treated plots ranged from 24.33 to 55.45
q  ha-1 with a mean of 45.28 q ha-1. Whereas,
in control plot, grain yield ranged from 15.7 to
29.0 q ha-1 with a mean of 22.3 q ha-1. The
stover yield in treated plots ranged from 35.82
to 67.17 q ha-1 with a mean of 50.53 q ha-1.
Whereas, in control plot, stover yield ranged
from 22.39 to 50.62 q ha-1 with a mean of
32.11 q ha-1. Sen Gupta (1966) reported that
application of FYM increased dry matter and
grain yield of maize than those from
unmanured plots.

The total nutrient uptake of nitrogen,
phosphorous and potassium in treated plots
ranged from 49.09 to 126.16, 27.1 to 53.87,
and 52.33 to 120.87 kg ha-1 with a mean of
87.80, 41.33 and 87.80 kg ha-1, respectively.
Whereas, the total nutrient uptake of nitrogen,

phosphorous and potassium in control plot was
ranged from 30.24 to 54.77, 14.14 to 30.27,
and 31.55 to 79.05 with a mean of 43.63,
21.70 and 48.10 kg ha-1,  respectively. 

The results revealed that nitrogen uptake by
maize was more with higher levels of nitrogen
application in low fertility status soils. Whereas,
lower levels of nitrogen application recorded
more nitrogen uptake in higher fertility status
soils. These results are in accordance with the
results of Bachhav and Sable, 1996. The
combination of levels of N, P2O5 and K2O in
conjunction with FYM were not showed the
consistent relationship with phosphorus uptake
by maize grain. Addition of FYM improves the
cation exchange capacity of soil which may
increase the availability and enhanced
potassium uptake (Krauss and Malik,1995).

The data clearly indicate wide variability
existed in yield and total nutrient uptake in
treated and control plots, which is prerequisite
for calculating basic parameters and fertilizer
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Table 1. Range and average value of maize grain yield and nutrient uptake in treated and control plot

Parameter Treated plot Control plot
–––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––
Range Mean Range Mean

Maize grain yield (q ha-1) 24.33 - 55.45 45.28 15.7 - 29.0 22.3
Maize stover yield (q ha-1) 35.82 - 67.17 50.53 22.39 - 50.62 32.11

Total nutrient uptake (kg ha-1)
Nitrogen 49.09 - 126.16 87.80 30.24 - 54.77 43.63
Phosphorus 27.10 - 53.87 41.33 14.14 - 30.27 21.70
Potassium 52.33 - 120.87 87.80 31.55 - 79.05 48.10

Table 2. Nutrient  requirement, contribution from soil, fertilizer and FYM for Maize

Parameter N P K

Nutrient requirement (kg q-1) 1.62 0.92 1.94
Contribution from soil available nutrients (%) 23.24 47.49 12.07
Contribution of fertilizer in absence of FYM (Cfa) (%) 35.89 45.01 75.22
Contribution of fertilizer with FYM (Cfb) (%)  41.73 48.08 92.68
Contribution of FYM (%) 22.23 20.04 14.32



equations for calibrating fertilizer dose for
specific yield target.

Basic parameters : The amount of
nutrients required to produce one quintal grain
yield was observed to be 1.62, 0.92 and 1.94
kg N, P and K, respectively. The soil
contribution (Cs) in total uptake of nitrogen,
phosphorous and potassium in maize 23.24,
47.49 and 12.07 per cent, respectively. The
FYM contributes 22.23, 20.04 and 14.32 per
cent of total uptake of nitrogen, phosphorous
and potassium in maize. The per cent
contribution of fertilizer nitrogen, phosphorous
and potassium in absence of FYM (Cfa) were
35.89, 45.01 and 75.22, respectively which
increased  to  41.73, 48.08 and 92.68 per
cent respectively due to conjoint use of
chemical  fertilizers with FYM (Cfb). 

The nutrient contribution from fertilizer
source along with FYM was greater than that of
without FYM. The application of FYM might
have played important role in improving
physico chemical properties and enhance the
microbial population and enzyme activity in soil
which plays important role in nutrient
transformation and availability of nutrients.
These findings are in close conformity with
those reported by Kadam and Sonar (2006).

Fertilizer prescription equations : The
basic data generated were used to derive the
fertilizer prescription equations. The equations
derived for calibration of fertilizer nutrient dose
for specific yield target of maize based upon soil
test values in Inceptislos are as below.

Where, FN, FP2O5 and FK2O are fertilizer
N, P2O5 and  K2O in kg ha-1, respectively.  T
is yield target in q ha-1 from 60-70 q maize

(grain) and SN, SP and SK are soil available N,
P and K in kg ha-1 ,  FYM is farm yard manure
in t ha-1

Multiple Regression Equation for
fertilizer treated plot

Y = -54.3017 + 0.04521 FN + 0.000122
FN2 - 0.1374 FP - 0.00146 FP2 + 0.09379
FK - 0.001978 FK2 + 1.42155 N - 0.005231
SN2 - 1.03282 SP - 0.02433 SP2 - 0.1035 SK
+ 5.060 SK2 + 0.01312 SN.SP + 0.00020
SN.SK + 0.00085 SP.SK - 0.000963 FN.FP -
0.001438 FN.FK + 0.004866 FP.FK  (R2 =
0.7656*)       

The R2 values indicated the degree of
variation in yield that can be accounted for by
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Fertilizer equations Fertilizer equations 
without FYM with FYM (t ha-1)

FN= 4.51 x T - 0.65  x SN FN=3.88 x T - O.56 x SN - 3.19 x FYM 

FP2O5=1.93 x T - 1.05 x SP FP2O5=1.91 x T - 0.99 x SP - 1.46 x FYM

FK2O=2.57 x T - 0.16x SK FK2O=2.09 x T - 0.13 x  SK - 1.08 x FYM

Table 3. Fertilizer dose (kg ha-1) based upon soil test value
and yield target of Maize

Soil test Yield target Yield target 
value 60 q ha-1 70 q ha-1

(kg ha-1) ––––––––––––––––––– –––––––––––––––––––
Fertilizer Fertilizer Fertilizer Fertilizer
without with without with
FYM 10 t ha-1 FYM 10 t ha-1

FYM FYM

Nitrogen
125 189 131 234 170
150 173 117 218 156
175 157 103 202 142
200 141 89 186 128
225 124 75 169 114

Phosphorous
14 101 86 120 105
17 98 83 117 102
20 95 80 114 99
23 92 77 111 96
26 89 74 108 93

Potassium
300 106 76 132 97
350 98 69 124 90
400 90 63 116 84
450 82 56 108 77
500 74 50 100 71



corresponding regression equation. The R2

value (0.7656) indicated good fit. The R2

obtained in this experiment by soil test values
and fertilizer dose applied. FN, FK and SN are
contributing positively. Whereas, other
nutrients are contributing negatively, which
indicates that FN, FK and SN are important
variables contributed to maize crop.
Significance of each of soil and fertilizer
variables were worked out for their linear,
quadratic and interaction responses but except
few terms, most of such types of responses did
not show significant contribution individually
towards maize yield.

On the basis of these equations, ready
reckoner were prepared for making precise
fertilizer recommendation for specific yield
target with varied soil test value. The fertilizer
dose is in kg ha-1 for 60 and 70 qha-1 yield
target as per varying soil test values are
presented in Table 3.

Verification of fertilizer prescription
equations : The validity of the STCR
equations for maize were tested in five follow

up trials conducted at STCR farm during 2012-
13 to 2014-15 for 60 q ha-1 and  70 q ha-1

yield target with and without FYM.  The data
presented in Table 4 showed that the deviation
in actual maize grain yield obtained from that of
desired targeted yield was 5.67 cent in
treatments receiving only chemical fertilizers on
STCR basis and target was achieved in
treatment with conjoint use of chemical
fertilizers and organic manure (FYM). The
lower deviation in actual yield confirms validity
of both with and without FYM fertilizer
prescription equations for maize.

The results also showed that the highest
maize grain yield (69.51 q ha-1) was found  in
treatment  STCR target of 70 q ha-1 + 10 t
ha-1 FYM  due to the  highest nutrient uptake
(112.89,  54.17  and 89.94 kg ha-1 N, P and
K respectively).  The higher nutrient uptake by
the maize might be associated with FYM
addition in conjunction with chemical fertilizer
increased the nutrient availability in soil by the
increased microbial population. These available
nutrients released upon microbial activity was
absorbed by the maize. This is due to the fact

Kadlag et al.28

Table 4. Effect of fertilizer application based on targeted yield approach on yield, economics, nutrient uptake of maize and
residual fertility status (pooled data of five followup trials)

Treatment Grain Nutrient uptake Residual fertlity B:C
yield (kg ha-1) status ratio
(q ha-1) ––––––––––––––––––––– ––––––––––––––––––––––––––––

N P K Org. Av. nutrients
C (kg ha-1) 
(mg ––––––––––––––––––––––
kg-1) N P2O5 K2O

Absolute Control 31.77 55.50 26.35 54.98 4.9 170 13.1 522 1.81
GRDF 57.46 71.43 43.22 82.14 5.5 182 17.9 579 1.78
As per Soil Test 58.13 79.99 47.16 84.41 5.5 183 16.9 548 2.61
STCRC target for 60 q ha-1 58.53 112.41 45.89 78.02 5.1 180 18.3 552 2.33
STCRC target for 70 q ha-1 66.03 102.13 49.90 90.81 5.0 179 18.2 556 2.44
STCRC target 60 q ha-1 + 10 t ha-1 FYM 64.67 109.02 48.57 85.31 5.3 177 17.7 565 2.15
STCRC target 70 q ha-1 + 10 t ha-1 FYM 69.51 112.89 54.17 89.94 5.3 189 18.9 548 2.05
Only 20 t ha-1 FYM 41.79 64.26 33.39 65.20 5.6 176 17.6 542 1.17
SE ± 1.31 5.79 2.20 4.66 0.36 3.912 0.806 0.81
CD 5% 3.82 16.87 6.40 13.56 NS NS 1.140 2.35



that fertilizer recommendation of yield target
approach was based upon actual soil test values
and it avoids sub or super optimal use of
fertilizer. Mann et al. (1978) observed that
application of FYM alone or in combination
with micronutrients significantly increased the
grain and stover yield of maize as compared
with control.

available nitrogen, phosphorus and
potassium was found to improved in fertilizer
treatment as per STCR yield target 60 and 70
q ha-1 + 10 t   ha-1 FYM. (177, 17.7, 565 kg
ha-1 and 189, 18.9, 548 kg ha-1 available N, P,
K respectively). The highest organic carbon
content was observed in the treatment with use
only 20 t of FYM. This might be due to building
of organic matter status due to use of FYM
(Biswas and Khosla, 1971). Thus, the IPNS
based on yield target approach provides
scientific basis for balance fertilization and
maintaining residual soil fertility status. 

Nutrient requirement of maize (grain) were
1.62, 0.92 and 1.94 kg N, P and K per quintal
of grain produce. The targeted yield fertilizer
equations developed for maize (grain) showed
5.67 per cent variation than the actual yield.
Application of fertilizer nutrient as per
70 q ha-1 yield target along with 10 t FYM
ha-1 recorded the highest maize grain yield.
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Vegetables form major sources of vitamins,
minerals, proteins and food fiber in human diet.
India is second largest vegetable producer in the
world next to China (Anonymous, 2013). Major
vegetable crops cultivated in the country
includes potato, chilli, brinjal, tomato, onion,
okra, peas, cauliflower, cabbage, french bean,
bottle gourd, ridge gourd, sponge gourd, bitter
gourd, cucumber, parwal (snake gourd). Owing
to the high yielding varieties/hybrids, there has
been a revolution in the production of
vegetables in the country. The productivity of
vegetable crops in India is 17.6 MT ha-1, which
is very less than several countries such as Spain,
USA, Italy, Iran, Egypt etc. (Anonymous,
2013). Low productivity in India is mainly due
to various biotic and abiotic stresses but can be
enhanced through the adoption of improved
varieties/hybrids coupled with improved
production and protection technologies. 

The knowledge of genetic diversity among
commercial vegetable genotypes will potentially

aid vegetable breeding strategies and facilitate
utilization of promising germplasm. Genetic
diversity can be evaluated with morphological
characteristics, seed proteins, isozymes and
DNA markers. To have a reliable estimate of
genetic diversity and genetic relationships,
molecular markers are efficient tools (Wu and
Tanksley 1993). DNA marker based
characterization has become an important tool
for cultivar identification in plant breeding and
germplasm management. Fingerprinting
technique of DNA is also a very useful tool for
protection of plant breeders' rights. Similarly,
genetically modified crops are also tested by
DNA fingerprinting technique to identify
transferred genes. Under the Protection of
Plant Varieties and Farmers' Rights Act (PPV &
FRA, 2001) of Government of India, DNA
fingerprinting has been made an additional
mandatory requirement for the release of new
crop varieties by the Central Varietal Release
Committee (Shivakumar et al. 2014).
Therefore it becomes necessary to characterize
the variety/hybrid using DNA based markers
before it is released.
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In this study, 46 varieties including some promising germplasm belonging to 14 different vegetable crops
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Among all DNA based markers,
microsatellite or SSR (simple sequence repeat)
and ISSR (inter simple sequence repeat) are the
markers of choice. While SSR is a robust and
reliable technique, it has a limitation of cross
species transferability, so that one marker
derived from a particular species or crop might
not always be suitable for another species or
crop. On the contrary, ISSR is a simple and a
quick technique and uses primer designed from
dinucleotide or trinucleotide simple repeats,
shows stability and reproducibility, rich
polymorphism and reliability (Ziekiewicz et al.
1994; Gupta et al. 1994). As it shows much
larger numbers of fragments per primer and is
relatively cheaper, it has been widely used for
DNA fingerprinting, population genetics and
phylogenetic studies in field crops, fruit trees
and herbs (Zhou et al. 2007). Moreover, ISSR
has been described as a powerful technique to
detect similarities at species levels (Ghariani et
al. 2003). 

Over the years, university has released
several varieties of vegetable crops and it is
necessary that all these varieties should be
appropriately characterized. Although, several
protocols for isolation of DNA as well as for
ISSR analysis are available in each of the
different vegetable crops, there may not be a
common standard protocol for all these
vegetables. Hence, objective of this study was
first to optimize common DNA isolation
protocol for ISSR analysis and second to
characterize the vegetable varieties/ hybrids
released by the university using molecular
markers.

Materials and Methods

Vegetable crops and varieties used :
Experimental material consisted of 46 varieties
and germplasm lines belonging to 14 different
vegetable crops (Brinjal, Chilli, Tomato, Onion,
Dolichos bean, Cucumber, Pea, French bean,
Bitter gourd, Bottle gourd, Sponge Gourd,

Ridge gourd, Snake gourd and Broccoli)
supplied by All India Coordinated Research
Project on Vegetable Crops, Mahatma Phule
Agricultural University, Rahuri, India. In case of
vegetable crops where only one variety of
university was available, another variety
released by other institute was used for
comparison, except in case of snake gourd and
broccoli (Table 1).

DNA isolation : Seeds were sterilized with
0.1 percent HgCl2 to avoid contamination and
subsequently washed with sterile water and then
germinated on germination papers at 37°C for
7 days. Germinated 1.2 to 2 g shoot portion
was used for DNA extraction. The plant
genomic DNA was extracted by using modified
CTAB method as described by Saghai-Maroof
et al. (1984) and Lodhi and Reisch (1995) with
some modifications. For getting high quality
DNA of all vegetables samples, concentrations
of reagents in CTAB method tried were as,
EDTA-15 mM, 20 mM, 25 mM; Tris-HCl (pH
8.0)- 80 mM, 100 mM, 130 mM; NaCl-1.4 M,
1.6 M, 1.8 M; CTAB-2 %;  β-mercaptoethanol-
0.1%, 0.2%, 0.3 percent. Using these different
combinations 2 per cent extraction buffer was
prepared. Plant tissues frozen in liquid nitrogen
were ground to fine powder. To the powdered
tissue, 2 ml of extraction buffer was added and
mixed well by gentle inversion and incubated at
65°C for 30 min in a water bath. The mixture
was then mixed with equal volume of freshly
prepared Chloroform: Isoamyl alcohol (24:1)
and centrifuged at 10,000 rpm for 10 minutes
at 4°C and supernatant was collected into a
fresh tube. To the collected supernatant, 0.7
volume of chilled isopropanol was added;
mixed well and DNA was allowed to precipitate
at 20°C for an hour. The DNA was pelleted by
centrifugation at 10,000 rpm for 10 min.
Collected pellet was washed with 70 percent
alcohol and dissolved in optimum quantity of
TE buffer. RNase A treatment was given at the
rate 2 µl / 200 µl of DNA and incubated at
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Table 1. List of vegetable crop varieties/germplasm used for characterization along with ISSR primers used and their
annealing temperature

Crop Varieties/Hybrids ISSR primers used for Annealing
characterization temperature (°C)

Brinjal i) Poona Selection UBC 808, UBC 815, 55
ii) Ruchira UBC 823
iii) Krishna
iv) Manjari gota
v) Phule Harit
vi) Phule Arjun
vii) RHRB- 53 (P1)
viii) RHRB- 35 (P2)
ix) Vaishali
x) Pragati

Chilli i) Phule Mukta UBC 807, UBC 808 55
ii) Phule Jyoti UBC 815, UBC 823

Bottle gourd i) Samrat UBC 807 55
ii) Pusa Samrudhi* UBC 809 58

Bitter Gourd i) Hirkani UBC 807, UBC 825 55
ii) Phule Green Gold UBC 808, UBC 854  
iii) Phule Ujwala

Sponge Gourd i) Phule Prajakta UBC 808 55
ii) Pusa Chickni* UBC 809 58

Ridge gourd i) Phule Sucheta UBC 809 58
ii) Pusa Nasdar*

Snake gourd i)    Phule Vaibhav UBC 809 58
Cucumber i) Phule Shubhangi UBC 807 55

ii) Phule Himangi
Dolichos bean i) Phule Gauri UBC 807 55

ii) Phule Ashwini UBC 809 58
iii) Phule Suruchi
iv) Konkan Bhushan*

Pea i) Phule Priya UBC 807 55
ii) Arkel* UBC 890 58

Onion i) Phule Samarth UBC 815 55
ii) N-53
iii) Baswant-780
iv) BRBO-1011
v) BRBO-1001
vi) N-2-4-1
vii) Phule Safed
viii) Phule Suvarna 

Tomato i) Dhanashree UBC 815, UBC 823 55
ii) Bhagyashree
iii) Phule Raja
iv) M-1-2
v) 85-1

French Bean i) Phule Suyash UBC 809 58
ii) Phule Surekha

Broccoli i) Ganesh Broccoli UBC 807, UBC 808 55
UBC 809 58

* National check /variety released by institute other than MPKV, Rahuri.



37°C for an hour. After incubation, 1/10
volume of 3 M sodium acetate (pH 5.2) and
equal volume of phenol: chloroform (1:1) was
added and mixed gently; centrifuged at 10,000
rpm for 10 minutes and collected the aqueous
phase. This was repeated till no white interface
was seen. DNA was precipitated by adding 2
volumes of chilled absolute ethanol and kept it
at -20°C for 1 hour and pelleted at 10,000 rpm
for 10 minutes at 4°C. Pellet was washed with
70 per cent ethanol to remove extra salts and
dried. Minimum volume of TE (10:1) was used
to dissolve DNA at room temperature. This
quality DNA was stored at -20°C. DNA
concentration was estimated by loading on
agarose gel (0.8 per cent) with known
concentration of λ DNA.

ISSR analysis : For ISSR analysis reaction
mixture was optimized by trying varying
concentrations of PCR reagents as 10X PCR
buffer B 1X, dNTP mix 0.2 mM, 0.15 mM, 0.1
mM; MgCl2 1mM, 1.25mM, 1.5mM; Taq
polymerase 0.33U, 0.5U, 0.8U; primer 20
picomoles, 40 picomoles, 60 picomoles;
template DNA 50ng, 75ng, 100ng, made final
volume of 20 µL by adding sterile distilled
water. Total 24 ISSR primers (UBC 807, 808,
809, 811, 822, 824, 825, 827, 834, 835,
840, 841, 842, 849, 853, 854, 855, 856,
857, 886, 888, 889, 890, and UBC 892) were
screened. Amplification was carried out with
initial denaturation step at 94°C for 3 min
followed by 35 cycles of 94°C for 30 seconds,
50-60°C (primer specific) for 45 sec, 72°C for
2 min and final elongation step of 72°C for 5
min. Here, only annealing temperature was
varied from 50-60°C. The amplified products
were analyzed on 1.5 per cent agarose gel at
100 V for 3 hours and detected by staining with
ethidium bromide. UV trans- illuminated gels
were photographed. Molecular weights of the
bands were estimated using 1 kb DNA ladder as
standard. 

Results and Discussion

Quantity and purity of extracted genomic
DNA plays crucial role for analysis of molecular
diversity and for optimization of different
parameters for PCR (Weeden et al., 1992;
Staub et al., 1996). Among different
concentrations of extraction buffer tried, EDTA-
20 mM, Tris-HCl (pH 8.0)- 100 mM, NaCl-1.4
M, CTAB- 2%; β-mercaptoethanol- 0.2%
significantly influenced yield and quality of
genomic DNA belonging to these vegetables.
This standardized protocol yielded good quality
genomic DNA and values ranged from 100-
200 ng/µL which were estimated by loading on
agarose gel (0.8 per cent). As cucurbitaceous
vegetables viz., bottle gourd, sponge gourd,
bitter gourd, cucumber showed phenolic
exudation, the chloroform: isoamyl alcohol
(24:1) treatment step was repeated. Similarly,
polysaccharides have been the most commonly
reported problem in DNA extraction from
cucumber and melon (Baudracco, 1995; Fang
et al. 1992). Use of β-mercaptoethanol 0.2%
minimized this problem. Major problem in
recovering good quality DNA was phenols and
polyphenols and its co-precipitation with DNA.
To overcome this problem we have optimized
the contents of homogenization buffer and
volume of buffer. Use of one gram poly vinyl
pyrrolidone (PVP) per gram leaf tissues for
cucurbitaceous (bottle gourd, sponge gourd,
bitter gourd, cucumber etc.) and solanaceous
vegetables (tomato, brinjal and chilli) helped in
the removal of phenolics and other impurities.
Addition of PVP along with CTAB may bind to
polyphenolic compounds by forming a complex
with hydrogen bonds and may help in removal
of impurities to some extent (Sane et al. 2012).
For most of the vegetables we used tender
leaves, as DNA yield depend upon number of
nuclei per unit area or weight of plant sample,
which are always more in growing organs such
as leaves, shoots, roots and meristems than
resting structures like rhizomes, corms, bulbs
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and seeds. Narayanan, (2006) reported 2.33-
3.33 times better yield and quality of genomic
DNA from fresh leaves than seeds of Tectona
grandis L.f. Addition of RNase A and
incubation at 37°C for an hour ensured
complete removal of RNA contaminants
observed in most of the vegetables. The final
DNA pellet was colourless and completely
dissolved in TE buffer, which indicated the
absence of any other contaminants.

For ISSR analysis, concentrations of DNA
as well as that of primer and the annealing
temperature are critical parameters for
obtaining reproducible banding pattern. We got
best results from third set of combinations of
PCR reagents which consists of 10X PCR
buffer B 1X which was common to all the three
sets of reaction mixtures because, primary
purpose of this component is to provide an
optimal pH and monovalent salt environment
for the final reaction volume. Another

component was dNTP mix which was
optimized at 0.1 mM concentration, while
magnesium chloride (MgCl2) was optimized at
the concentration of 1.5 mM. Taq polymerase
was taken at the rate 0.8U; when it was taken
in low concentration there was insufficient
amplification product. Similar findings were
reported by (Saiki, 1989). There was no
amplification at 20 pm primer concentration in
bottle gourd, sponge gourd and weak bands
were observed at 40pm concentration in chilli,
ridge gourd and French bean. Thus it was
optimized at 60 pm concentration for all
vegetables. 

Out of 24 ISSR primers screened, 09
primers (UBC 807, UBC 808, UBC 809, UBC
811, UBC 815, UBC 823, UBC 825, UBC
886 and UBC 890) showed amplification for
most of the vegetable crops (Fig. 1). Detail crop
wise primer used and annealing temperature is
depicted in Table 1. Template DNA was
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optimized at 100ng concentration because low
concentration was unable to amplify in some
vegetable crops. Among different temperatures
tried, annealing temperature at 55°C and 58°C
showed clear, visible bands (depending on

primer). Annealing temperature (Ta) is
primer specific (Bornet and Branchard, 2001)
and depends on GC content of the primer used
and usually ranges from 45-65°C (Reddy,
2002). 
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Fig. 1. Agarose gel images showing characterization of the different varieties of vegetable crops
using different ISSR markers. Polymorphic bands are shown by arrow, while M is the DNA
ladder.

a) Bitter gourd varieties characterized with markers UBC 807, UBC 808, UBC 825 and UBC
854; b) Brinjal and Chilli varieties characterized with marker UBC 815; c) Brinjal varieties
characterized with markers UBC 808 and UBC 823; d) Tomato varieties characterized with marker
UBC 815; e) Ridge gourd and Snake gourd varieties characterized with marker UBC 809; f) Sponge
gourd and Cucumber varieties characterized with marker UBC 808; g) Dolichos bean, Pea and
Broccoli varieties characterized with marker UBC 807; h) Onion varieties characterized with marker
UBC 815; i) Bottle gourd varieties characterized with marker UBC 809; j) French bean varieties
characterized with marker UBC 809



One or more than one polymorphic ISSR
markers used in the present study could
distinguish the vegetable varieties of respective
crop from each other (Fig. 1). This is very
important in any characterization programme.
Only in case of sponge gourd, the amplified
primers could not distinguish between the two
varieties used and there is a need of using
additional markers for distinguishing the two
varieties. Of the different ISSR primers used,
ISSR 807 and 809 were found more useful as
they could distinguish between the varieties in
seven different vegetable crops (Table 1). 

We also used SSR markers for
characterizing varieties of brinjal, chilli, onion,
tomato, cucumber, pea, dolichos bean but
majority of them showed monomorphic
banding pattern on agarose gel; while for the
same varieties/hybrids ISSR markers used in
the present study were found to exhibit
polymorphism. Hence, it may be concluded
from this study that, ISSR markers used in this
study can be effectively used for
characterization of vegetable crops, particularly
when large numbers of SSR markers are not
available in these crops.
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Miniature roses are true roses, bred to stay
small in size. Most miniature roses also have
smaller flowers than standard rose bushes, but
they come in a variety of types and colors.
Despite their small size, miniature roses are
extremely hardy. In fact, they are more winter
hardy than most tea roses. Miniatures also tend
to be repeat profuse bloomers. Miniature roses
are perfection on a small scale. They grow well
indoors or out and are useful colorful plantings
in areas where space is limited. Many varieties
of miniature also emulate the classic high-
centered hybrid tea flower shape and can be
found as single, semi-double, double or in
clustered form. Miniature roses are great in
containers, make lovely borders and are perfect
for those with a small yard or balcony.
Although miniature roses do quite well in
containers having suitable growing media and
often sold as houseplants. Considering this, an
experiment on standardization of growing
media composition for pot grown miniature

rose was undertaken to find out the suitable
media to improving growth, quality and yield of
flower.

Material and Methods

The present investigation was carried out in
the field of All India Co-ordinateted Research
Project on Floriculture, NARP; Ganeshkhind,
Pune to standardize growing media
composition for pink colour miniature rose.
The experiment was conducted in open field
during the year 2011 to 2013 with seven
treatment involving different soil and soilless
media compotions replicated thrice in
completely randomized design.  Budded plant
of miniature roses were planted in plastic pots
of 22.5cm diameter were filled with growing
media as per the treatments viz., T1- Soil +
FYM @1:1, T2 - Soil + FYM + leaf mould
@1:1:1, T3 - Soil + Vermicompost @1:1, T4 -
Soil + Cocopeat + FYM @1:1:1, T5 - Soil +
Cocopeat + leaf mould @1:1:1, T6 - Perlite +
Cocopeat + FYM @1:1:1 and T7 - Soil +
Vermicompost + FYM @1:1:1. The
observations were recorded on different growth
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Abstract
The seven potting compositions were studied in completely randomized design with three replications to

standardize growing media composition for growing of pink colour miniature rose. Results indicated that the
combinations of growing media significantly influenced the vegetative growth and quality flower production
of miniature rose. The overall superior performance was recorded in Soil + Cocopeat + FYM @1:1:1 media
in respect of plant height (34.04 cm), number of branches per plant (5.63), flower diameter (2.40cm), flower
bud length (0.57cm), and stem length (21.12 cm).The growing media consisting Perlite + Cocopeat + FYM
@1:1:1 exhibited the minimum days (19.18) for flower emergence.
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and flowering characters of miniature rose. At
the end of experiment the data was pooled.

Results and Discussion 

The study revealed that the growing media
played a significant role in the vegetative
growth as well as flowering quality of miniature
rose. The pooled data regarding the different
growth characters of pink colour miniature rose
as influenced by growing media are presented
in Table 1. Among the different seven
combinations of growing media studied, Soil +
Cocopeat + FYM @1:1:1 (T4) recorded the
significantly maximum plant height (34.04cm),
plant spread at East x West (26.21cm) and
North x South (31.53cm) and number of
branches plant-1 (5.63). This might be
attributed the good physico- chemical
properties viz., higher porosity, neutral PH ,
minimum EC value and porosity of this media
encourages root aeration and availability of
nutrients particularly minor elements (Bunt,
1976). Thus, this might have helped in initial
vigour and better metabolic activities especially
with the production of branches per plant.
These results are similar to the findings of
Dhananjaya and Sulladmath (2003) in
anthurium and Gupta et al. (2004) in gerbera.

Soil + Cocopeat + FYM @1:1:1 (T4) media
produced the plant with vigorous growth is that
they might have taken a maximum time for
flower emergence (24.89days) as compared to
other media used in experimentation and
minimum days (18.19) to flower emergence
was recorded in Perlite + Cocopeat + FYM
@1:1:1 (T6). Minimum plant height (28.04 cm),
plant spread East x West (21.37 cm) and North
x South (23.00 cm) and number branches
plant-1 (3.83) were observed in treatment
Perlite + Cocopeat + FYM @1:1:1 (T6). 

The flower quality parameters viz., flower
diameter, flower bud length and stem length
were found significantly superior in T4 viz., Soil
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+ Cocopeat + FYM @1:1:1 (T4). The data
presented in Table 2, revealed that significantly
superior quality flower were produced in Soil +
Cocopeat + FYM @1:1:1 (T4) media
composition. The maximum flower diameter
(2.40 cm), flower bud length (0.57 cm) and
stem length (21.12 cm) were also found in Soil
+ Cocopeat + FYM @1:1:1 (T4) treatment. The
increase in flower diameter, flower bud length
and stem length might be due to the cumulative
effect of all growth parameters observed
throughout the growing period. The increase in
growth and quality parameters of the flowers in
growing media resulted by higher porosity and
adequate nutrient availability in the Soil.
Nitrogen greatly influenced plant growth and
photosynthetic activity and increases the
number, size and length of vegetative as well as
reproductive organs as reported by Enggels and
Marschner (1995). It was observed that
maximum quality flower production was
obtained in treatment Soil + Cocopeat + FYM
@1:1:1 (T4) media composition. It may be due
to the physico-chemiacal properties of
cocopeat and FYM. FYM contain most of the
nutrients in the available form and has large
particular surface area that provides many
microsites for microbial activities and for strong

retention of nutrients. Similar results were
reported by Panj et al. (2011) in gerbera with
cocopeat + FYM + Rice husk. 

Significantly maximum number of flower
plant-1 seasons-1 (67.27) was exhibited with
Soil + Cocopeat + FYM @1:1:1 (T4) media
which were at par (62.68) with Soil + FYM +
Leaf mould @1:1:1 (T2) media composition.
The increase in the yield can be attributed to
use of cocopeat with combination of soil and
FYM in the media which provide good physico-
chemical properties, which exerts substantial
effect on growth of plant. The variation in
flowers plant-1 season-1 and treatment may be
attributed to environmental and physico-
chemical properties of the media, respectively.
The highest flower yield was recorded by
Barreto and Jagtap (2006) when cocopeat
combined with either compost or
Vermicompost (1:1, v/v). The lowest flower
yield (31.59) was obtained in Perlite +
Cocopeat + FYM@1:1:1 treatment.

The potting media comprising Soil +
Cocopeat + FYM@1:1:1 (T4) was found to be
ideal for better growth and quality flower
production of miniature rose.  
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Table 2. Effect of different media composition on quality and yield of pot grown miniature rose

Treat- Flower dia. Flower bud length Stem length No. of flower plant-1
meant (cm) (cm) (cm) season-1

–––––––––––––––––––––– –––––––––––––––––––––– ––––––––––––––––––––––––– ––––––––––––––––––––––––––
10- 11- 12- Poo- 10- 11- 12- Poo- 10- 11- 12- Poo- 10- 11- 12- Poo-
11 12 13 led 11 12 13 led 11 12 13 led 11 12 13 led

T1 1.90 1.50 1.60 1.67 0.25 0.30 0.28 0.28 19.80 17.50 19.03 18.78 55.20 58.40 50.70 54.77
T2 2.30 2.00 1.80 2.03 0.35 0.37 0.32 0.35 20.00 16.70 17.50 18.07 64.80 66.83 56.40 62.68
T3 1.80 1.70 1.50 1.67 0.45 0.48 0.40 0.44 17.40 15.60 16.40 16.47 56.70 58.77 54.90 56.79
T4 2.50 2.00 2.70 2.40 0.58 0.60 0.54 0.57 20.77 21.80 20.80 21.12 69.50 71.50 60.80 67.27
T5 2.30 1.80 2.00 2.03 0.28 0.29 0.30 0.29 16.17 14.00 15.70 15.29 60.30 62.40 53.20 58.63
T6 1.60 1.00 1.30 1.30 0.18 0.20 0.20 0.19 18.30 16.50 17.60 17.47 29.37 31.80 33.60 31.59
T7 1.80 1.60 1.50 1.63 0.27 0.28 0.22 0.26 20.50 18.70 18.40 19.20 49.90 52.70 46.50 49.70
S E± 0.06 0.06 0.12 0.10 0.01 0.01 0.01 0.01 0.58 0.28 0.46 0.44 2.60 0.36 0.20 1.50
C D 0.19 0.18 0.37 0.31 0.02 0.02 0.03 0.04 1.81 0.86 1.38 1.38 8.11 1.11 0.60 4.67
at 5%



References
Barreto, M. S. and Jagtap, K. B. 2006. Assessment of

subtracts for economical production of gerbera
(Gerbera jamesonii Bolus ex Hooker F.) flower under
protective cultivation. Journal of Ornamental
Horticulture, 9(2): 136-138.

Bunt, A. C. 1976. Modern potting compost. In George
Allen and Unwin Ltd. p. 277.

Dhananjaya, M. V. and Sulladmath, V. V. 2003.
Assessment of suitable media among tissue culture
derived plant of Anthurium andreanum cv. Singapore
Hybrid, Journal of Ornamental Horticulture, 6(4):
310-315.

Enggels, C. and Marschner, H. 1995. Plant uptake and
utilization of nitrogen, In P.E. Bacon (ed)  Nitrogen
Fertilization in the environment. New York: Marcel
Dekker, pp. 41-81.

Gupta, Y. C., Dein, L. Q., Dhiman, S. R. and Jain, R.
2004. Standardization of growing media under
protected environment for gerbera in mid hill of
Himachal Pradesh, Journal of Ornamental
Horticulture, 7(1): 99-102.

Panj, F. G., Sunila Kumari and Parmar, P. B. 2011.Effect
of growing media on growth, yield and quality of
gerbera (Gerbera jamesonii Bolus ex Hooker F.) under
protected condition, Journal of Ornamental
Horticulture, 14(3 and 4): 34-39.

Jadhav et al.40

J. Agric. Res. Technol., 41 (1) : 040-043 (2016)

Effects of Nutrient Chemicals and Growth Regulators on Post
Harvest Vegetative Growth and Flowering in Alphonso Mango

(Mangifera Indica L.)

K. R. Patil1 and M. M. Burondkar2

Department of Agril. Botany, Mahatma Phule Krishi Vidyapeeth, Rahuri - 413 722 (India)
(Received : 10-03-2015)

Abstract
All the treatments significantly influenced the, duration and percentage of post harvest vegetative growth

and flowering along with yield. Among the treatments Potassium nitrate (3%) was found to have significant
effect on early induction and higher percentage of vegetative growth in both the types of shoots (Old: 87.67%
and New: 55.67%) over control (65% and 40.33%) followed by 2% Ammonium nitrate (76.67%) and 2%
urea (77%). Regarding the induction of flowering, both the sources of nitrogen i.e. Thiourea (0.5%) and
potassium nitrate (3%) resulted in significantly higher flowering percentage (77.17% and 67.5%) over rest of
the treatments, whereas KNO3 induces early flowering (j19.87 days) over control. Fruit yield was found to be
significantly and positively correlated with number of fruits retained per panicle at peanut stage. Among the
treatments, (3%) had retained significantly higher number of fruits per panicle (4.20) over control.

Key words : Growth regulators, vegetative growth, flowering, mango.

______________

Mango (Mangifera indica L.), the oldest and
choicest fruit among the world. India secures
topmost position in area (2.2 m ha.) and
production (13.79 m MT). Maharashtra is one
of the largest mango producing states and the
Konkan is the largest mango growing belt of
state, famous for the Alphonso variety which

has export quality potential due to its
marketable qualities like pleasant aroma, typical
sugar-acid blend, and tasty pulp. Inspite of
these it is not preferred by mango growers due
to its poorest yielding capacity (2.5-3 tones ha-
1) compared to Indian productivity (6-7 tones
ha-1). Physiological disorder like alternate
bearing habit is the most acceptable reason for1. Ph.D. Scholar and 2. Professor.



its low yield potential. This is occurred because,
after harvest of previous crop plants largely
remains dormant up to October-November and
then turned into major vegetative flush, due to
this late vegetative flush in current season plant
escape flowering in current season (Sen and
Mallik 1941, Naik and Rao 1942). It is need to
develop the strategies to induce early vegetative
flush after harvesting of previous season. Some
of the chemicals like Paclobutrazole, Hydrogen
cyanamide (Dormex) shown promising results
by various scientists. 

The present study was carried to study effect
of foliar application of nutrient chemicals and
growth regulators on induction of post harvest
vegetative growth and find out suitable
treatment for vegetative flush in relation to
induction of early and profuse flowering in
Alphonso mango.

Material and Methods

Experiment was conducted during the
mango cropping season of 2008 on 34 years
old Alphonso mango trees, expected to have
off year in current season. Eight treatments
comprising four nutrient chemicals (T1 - 2%
Urea, T2 - 2% Thiourea, T3 - 3% Potassium
nitrate, T4 - 2% Ammonium nitrate), three
growth regulators (T5 - 50 ppm GA3, T6 - 2%
hydrogen cyanamide and T7 - 3000 ppm
Ethrel) with control. 100 panicles each of fruit
bearing and non fruit bearing panicles of
previous season were selected and tagged
before first spray to record the observations i.e.
days required for induction of vegetative growth
and flowering initiation, percentage of
vegetative growth and flowering, total numbers
of fruits panicle-1 and plant-1. Observations
were taken at four different stages of growth
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Table 1. Influence of Nutrient Chemicals and Growth Regulators vegetative growth and flowering behavior on old and new
shoots of Alphonso mango

Treat- Days required Days required  Vegetative Days required Total 
ments for bud for complete growth for flowering flowering

breaking shoot exertion observed (%) initiation percentage
–––––––––––––––– ––––––––––––––– –––––––––––––––––– ––––––––––––––––– ––––––––––––––––––
Old New Old New Old New Old New Old New

T1 85.00 88.67 12.73 12.11 75.6 53.00 91.67 100.00 45.70 49.00
(60.50) (46.72) (42.24) (44.34)

T2 104.00 112.67 15.33 15.38 66.6 42.00 103.33 95.33 85.00 69.33
(54.76) (40.38) (67.49) (56.69)

T3 83.33 87.33 14.22 14.16 87.6 55.67 88.67 87.33 67.00 68.00
(69.54) (48.25) (55.56) (56.01)

T4 98.00 103.33 13.35 13.38 76.67 52.33 103.67 110.67 46.33 53.33
(61.68) (46.34) (42.16) (46.92)

T5 95.00 95.33 16.22 16.33 72.00 45.33 95.33 88.67 24.00 23.00
(58.19) (42.32) (28.77) (28.40)

T6 90.67 97.33 14.17 13.61 70.33 46.00 102.33 103.67 57.33 52.00
(57.08) (42.69) (49.32) (46.11)

T7 106.33 103.33 16.88 16.33 65.33 39.33 100.33 110.67 32.00 34.00
(53.98) (38.81) (33.15) (34.37)

T8 106.33 113.67 16.28 16.33 65.00 40.33 110.67 113.67 48.33 58.67
(53.85) (39.39) (44.04) (50.03)

Mean 98.49 102.10 15.20 15.23 70.31 45.05 101.90 103.05 42.64 41.97
(57.32) (42.12) (40.48) (39.94)

S. E.m 4.481 4.211 0.60 0.64 2.785 1.764 4.725 4.783 7.104 7.229
C.D. 13.08 12.29 1.74 1.86 8.130 5.150 13.793 13.961 20.745 21.101



i.e. before bud break stage and bud break stage,
flowering initiation, fruit initiation stage and at
harvest state. The data were statistically
analyzed in randomized block design with thee
replications by the methods given by Panse and
Sukhatme (1967) for interpretation ofresults.

Results and Discussion

The experimental findings of different
nutrient chemicals and growth regulators on the
performance of post harvest growth are
presented (Table 1).

Effects on vegetative growth attribute:
The results were analyzed on two groups of
shoots i.e. old shoots and new shoots.
Irrespective of the treatments the old shoot
shows positive effects on all attributes viz. lesser
times required for bud break (98.49 day over
102.02 days) and production of more
vegetative flush percentage (70.31) over the
group of new shoots (45.05). It means that,
stored assimilates and hormones possess the
important role on vegetative growth of next
season. The results influenced by different
treatments of chemicals indicated the
acceleration of vegetative growth. KNO3 @ 3%
treatment requires lowest number of days
(85.33 days) for bud breaking. Foliar urea,
ammonium nitrate and hydrogen cyanamide
significantly took fewer days (12.42, 13.36,
13.89 days) for completed exertion of panicle
compared to control.

The percent vegetative flush observed on
old shoots was significantly more (70.31%)
than new shoots (45.05%). The applied
treatment of foliar KNO3 (3%) recorded
maximum percentage of vegetative growth in
both the types of shoots (87.67% and 55.67%
respectively) followed by foliar urea (77%) and
atomonium nitrate (76.67%) compared to
control (65% and 40.33%). The higher
percentage of vegetative growth observed on
old shoots were the results of higher levels of

gibberellins like compounds remained from last
year. Similar results of GA3 synthesis in mango
were reported by Burondkar et al. (1991),
Rajput et al. (1992) and Shinde et al. (2002). 

Effects on flowering attribute : The
flowering percentage observed on selected
plants varies with different factors like maturity
of vegetative shoots, variety, crop load and
hormonal regulation. In present investigation,
among the two types of shoots, old shoots
flowers earlier (101.9 days) than new shoots
(103.05 days). The aggregate mean of two
shoots stated that KNO3 registered lowest
number of days for flowering (88 days) followed
by foliar application of GA3 (92 days) than
control (112.17 days). The data regarding
flowering percent observed amongst the 8
treatments,  foliar Thiourea (77.17%) and
KNO3 (67.5%) recorded maximum flowering
percentage over control (53.50%).

Among the two types a shoots i.e. old and
new shoots KNO3 exhibited early (19.87 to

Patil and Burondkar42



23.17 days) and profuse flowering (19% and
11.52% more) than control. The better results
of flowering also given by Thiourea (11.38 days
early and 15.42% more flowering) over control.
Nitrates present in the chemicals helps to
induce the positive effect on length of flowering
panicle and number of secondary branches per
panicle in ON year reported by Sanyal et al.
(1996) and Oosthyuse (1997).

Effects on yield contributing
attributes: The present study indicates the
promising results by different nutrient chemical
treatments on flowering pattern and
encouragement of fruit set on old and new
shoots. The number of fruits retained per
panicle was found to be significantly higher in 3
per cent KNO3 (4.20) over control. In spite of
this, there was significant increase in yield in
terms of number of fruits tree-1 induced by
foliar urea (158.83 old shoot and 140.83 new
shoots) and GA3 (154.50 old shoots and
136.17 new shoots) over control (114.00). the
KNOs also found to have significantly higher
fruit weight (41.71) over followed by 2 per cent
foliar urea (39.71) compared to control
(34.33). It is clear that, fruit set is primarily
dependent on the amount of hermaphrodite
flowers produced per panicle KNO3 shows
beneficial effects due to presence of nitrogen
which is one of the essential nutrient required
for growth and fruit retention. The positive role
of KNO3 i.e. in fruit set and increasing final
yield was mentioned by Sergent et al. (1996),
Ataide and Jose (2000) and Oosthuyse(1997).

The study revealed that nutrients (KNO3,
NH4(NO3)2) as a foliar spray are more effective
in induction of post harvest early and profuse
vegetative growth as well as flowering. While,

growth regulators (GA3, Dormex) hasten
vegetative growth and significantly increase the
fruit setting and final yield. 2 per cent foliar
application of potassium nitrate significantly
increases induction of vegetative growth,
percent flowering over all other treatments.
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Onion (Allium cepa L) is a bulb vegetable,
cultivated in almost all the countries of the
world and consumed across the globe. Onions
are often chopped and used as an ingredient in
various healthy warm dishes. Onions are said to
be have therapeutic, antibacterial and
antifungal beneficial properties. Generally
mature onion bulbs are more often eaten, they
also eaten at immature stage. The young onion
plants harvested before bulbing and used as a
whole scallions. In India onions are cultivated
on 12.03 lakh ha area with production of
194.01  lakh   MT and productivity of 16.10
MT ha-1. Maharashtra is said to be Onion bags
of India having lion's share of  38 per cent of
the country's total production. Which is
cultivated on  4.68  lakh ha area with
production of  58.64 lakh  MT and productivity
of 12.50 MT ha-1. After meeting huge
domestic demand,  it is a important commodity
among the exported horticulture produce.
During the year 2013-14, 9.53 lakh MT fresh
onions have been exported from which
Rs.229.33 crore of foreign exchange earned.

This contributes about 21.10 per cent of total
horticulture produce export earnings.
(Anonymous, 2014).

In green top onion to get maximum
economic benefits in traditional onion
cultivation, most efficient use of fertilizers is pre
requisite. Macro and micronutrients can be
applied through foliar sprays (Jeyabal et al.
1998). All the essential elements can be taken
by the plants through foliage, but only in small
quantities at a time. Foliar application of growth
regulators and micronutrients is not a substitute
for soil application but it is an effective
additional means of supplying sudden increased
demands of nutrients. In foliar application,
nutrients are supplied directly to where they are
required. It is also effective when the bulb
growth is restricted due to pest and disease
attack, it serves effective for quick recovery of
the crop. In green top onion, fertilizers are
applied in addition to foliar application of
nutrients and growth regulators, which
increases significantly the yield level and
biomass of vegetables. With these view the
present investigation was carried out to study
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A field investigation entitled "Effect of plant growth regulators and nutrients on growth and yield of green

top onion (vegetable purpose)" was carried out at Onion Storage Scheme, MPKV, Rahuri during Kharif and
Late Kharif seasons of 2011 and 2012. The results revealed that, in green top onion two sprays of 19:19:19
water soluble fertilizer @ 0.5 per cent at 30 and 45 days after transplanting along with basal dose of fertilizer
FYM 10 t ha-1 and 50:50:50 NPK kg ha-1 recorded significantly the maximum plant height (72.13 cm), plant
weight (53.80 g) and green top yield (35.17 t ha-1) with highest B:C ratio 2.11.
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the effect of different plant growth regulators
and nutrients on growth and yield of green top
onion.

Material and Methods  

The present investigation entitled "Effect of
plant growth regulators and nutrients on growth
and yield of green top onion (vegetable
purpose)" with four trials was undertaken at
Onion Storage Scheme, Mahatma Phule Krishi
Vidyapeeth, Rahuri (Maharashtra) during
Kharif and Late Kharif seasons of 2011 and
2012 with plot size of 3.0 x 2.40 M2 and 15 x
10 cm spacing in a randomized block design
with three replications. The seed of onion
cultivar Phule Samarth was used for nursery
rising. Seven week old healthy and uniform
seedlings were used for transplanting. Upper
one third portions of seedlings were cut at the
time of transplanting to reduce the
transpiration losses and for best establishment
of crop. The basal dose of fertilizer FYM 10 t
ha-1 and 50:50:50 NPK kg ha-1 was applied
for all the treatments. 

All recommended crop management
packages of practices were followed to raise the
crop. In present investigation seven foliar
treatments were tried and which were applied
twice at 30 and 45 days after transplanting.

Among these treatments T1, T2, and T3
comparises different concentrations of
Gibbrelic acid (25, 50 and 75 ppm
respectively). The treatment T4 was Tricontanol
@ 1 ml lit-1. and the treatment T5 was 0.5 per
cent foliar spray of water soluble fertilizer
mixture of grade 19:19:19. In the treatment T6
effect of foliar spray of micronutrient mixture
(Fe, Cu, Mo, Bo etc) i.e. multiplex @ 1 ml lit-1.
The treatment T7 was kept unsprayed as a
control. The onion crop was harvested 60 days
after transplanting for its green top yield. The
observations were recorded on ten randomly
selected plants in each replication on plant
height, neck thickness, number of leaves
plant-1, weight of plant and weight of ten
leaves. The data was statistically analyzed with
methods suggested by Panse and Sukhatme
(1985).

Results and Discussion 

The pooled yield data of four trials is
presented in Table1 revealed that, the
maximum green top onion yield obtained with
foliar sprays of the treatment T5 0.5 per cent
water soluble fertilizer 19:19:19 at 30 and 45
days after planting was 32.61 t ha-1, 32.01 t
ha-1 36.76 t ha-1 and 39.27 t ha-1 during
Kharif - 2011, Late Kharif 2011, Kharif
2012 and Rangada or Late Kharif
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Table 1. Pooled yield performance (t ha-1) of green top onion with different foliar treatments cv. Phule Samarth

Treatments Kharif Late Kharif Kharif Late Kharif Pooled
2011 2011 2012 2012 mean

T1 - GA3 (25 ppm) 26.35 28.45 30.38 34.82 30.00
T2 - GA3 (50 ppm) 27.85 30.70 32.66 35.87 31.78
T3 - GA3 (75 ppm) 26.18 27.60 31.51 35.48 30.20
T4 - Tricontanol (1 ml lit-1) 25.64 26.62 28.56 29.34 27.54
T5 - 0.5 % water soluble fertilizer (19:19:19) 32.61 32.01 36.76 39.27 35.17
T6 - Micronutrient (Multiplex)-1 ml lit-1 27.28 27.55 32.20 33.66 30.17
T7 - Control (unsprayed) 24.63 26.15 29.50 30.72 27.75
S.E.± 1.73 0.96 1.70 1.44 1.49
C.D. at 5% 5.35 2.97 5.26 4.43 4.25
C.V. % 11.05 5.88 9.34 7.29 9.84



2012 respectively. 

The overall pooled data showed the same
trend. The treatment  T5 (0.5% water soluble
fertilizer 19:19:19) foliar spray at 30 and 45
days after translanting recorded significantly

maximum green top yield (35.17 t ha-1), plant
height (72.13 cm), neck thickness (1.14 cm),
average plant weight (53.80 g) and ten leaves
weight (58.30 g). The control (unsprayed)
treatment recorded lowest yield (27.75 t ha-1),
plant height (57.10 cm) neck thickness (0.93

Bhalekar et al.46

Table 2. Pooled ancillary observations of green top onion cv. Phule Samarth with different foliar treatments (2011-12)

Treatments Plant Neck No. of Av. wt. Wt. of Remarks
height thick- leaves of plant ten 
(cm) ness plant-1 (g) leaves

(cm) (g)

T1 - GA3 (25 ppm) 60.12 0.94 9.80 50.20 35.50 Green leaves, soft , 
good quality

T2 - GA3 (50 ppm) 70.47 1.03 10.80 52.84 44.10 Green leaves, soft , 
good quality

T3 - GA3 (75 ppm) 63.58 0.96 9.90 50.40 36.40 Green leaves, soft , 
good quality

T4 - Tricontanol (1 ml lit-1) 58.38 0.91 9.60 44.92 32.09 Green leaves, soft , 
good quality

T5 - 0.5% water soluble fertilizer (19:19:19) 72.13 1.14 10.80 53.80 58.30 Dark green leaves, shining, 
attractive, soft ,  excellent 
quality.

T6 - Micronutrient (Multiplex)-1 ml lit-1 64.29 1.02 10.01 50.29 38.40 Green leaves, soft , 
good quality

T7 - Control (unsprayed) 57.10 0.93 9.60 44.98 32.40 Green leaves, soft , 
good quality

S.E.± 0.79 0.03 0.40 2.20 0.43
C.D. at 5% 2.42 0.11 N.S. 6.79 1.33
C.V. % 2.136 6.10 - 7.69 1.33

Table 3. Economics of different foliar treatments in green top onion cv. Phule Samarth

Treatments Av. Total Gross Net B:C
yield expenditure monetary monetary ratio
(T ha-1) (Rs. ha-1) returns returns

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

T1 - GA3 (25 ppm) 30.00 83552 1,50,000.00 66,448.00 1.80
T2 - GA3 (50 ppm) 31.78 84752 1,58,896.00 74,144.00 1.88
T3 - GA3 (75 ppm) 30.20 85952 1,50,975.00 65,023.00 1.76
T4 - Tricontanol  (1 ml lit-1) 27.54 82592 1,37,704.00 55,112.00 1.67
T5 - 0.5% water soluble fertilizer (19:19:19) 35.17 83352 1,75,829.00 92,477.00 2.11
T6 - Micronutrient (Multiplex)-1 ml lit-1 30.17 83272 1,50,867.00 67,595.00 1.81
T7 - Control (unsprayed) 27.75 81624 1,38,767.00 57,143.00 1.70
S.E.± 1.49 - 2,511.83 2,512.00 0.028
C.D. at 5 % 4.25 - 7,463.00 7,463.00 0.085

(Rate of Sale Rs. 500 q-1)



cm), plant weight (44.98 g) and ten leaves
weight (32.40 g). However, non significant
variations were observed in number of leaves
plant-1 was non significant (Table 2). These
results are in close confirmation with Singh et
al. (1983), Shukla et al. (2010), Ballabh and
Rana (2012) and Shidne et al. (2013). 

In green top onion production, leaves
quality is the foremost important factor. In
present investigation an attempt was made to
improve quality of green tops. The treatment
T5 (0.5% water soluble fertilizer 19:19:19)
foliar spray at 30 and 45 days after
transplanting observed dark green leaves,
attractive, shining, soft with better quality (Table
2) . These results are in accordance with Shukla
et al. (2010) Ballabh and Rana (2012) and
Shinde et al. ( 2013).

As regards economic study, it was observed
that the treatment T5 (0.5% water soluble
fertilizer 19:19:19) foliar spray at 30 and 45
days after planting recorded significantly
maximum gross monetary returns
(Rs. 1,75,829/-) and net monetary returns
(Rs. 92,477/-) with maximum B:C ratio of
2.11 (Table 3). Similar results were noticed by
Shinde et al. (2013).

Present investigations can be summarized as

the treatment T5 (0.5% water soluble fertilizer
19:19:19) foliar spray at 30 and 45 days after
transplanting gave the highest green top onion
yield (35.17 t ha-1), gross returns
(Rs. 1,75,829/-  ha-1) and net monetary
returns (Rs. 92,477/- ha-1) with highest B:C
ratio of 2.11.
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Mungbean (Vigna radiata (L.) Wilczek) is
one of the short duration, major pulse crop
supplementing the cereal-based diet of the poor
in Asia today. It is one of the most important
legumes and widely cultivated in different
season in India. High in protein content and
easy to digest, mungbean consumed in
combination with cereals can significantly
increase the quality of protein in a meal. The
productivity of mungbean is less as compared
to other pulse crops due to various reason like
biotic and abiotic stresses and adaptation of
poor agronomic practices. There is urgent need
to increase the production and productivity for
food and nutritional security. Farmers are in
want of variety which is having large seed size,
long pod, powdery mildew resistant, well
adopted and short duration. Among the yield
contributing parameters seed weight has been
very important trait not only for increasing seed
yield but also for better milling quality. 

Materials and Methods

The six diverse parents were used for
effecting three direct crosses of mungbean
during Kharif-2011 and F1 generations were
raised during summer-2012 for getting F2 seed
for raising F2 generation at Botany section,
College of Agriculture, Dhule. The parents, F1
and F2 generations of three crosses were used
for conducting an experiment in Randomized
Block Design with three replications, during
Kharif-2012. The observations were recorded
on randomly selected 5 plants in parents and
F1s  and 40 in F2 generations in each
replication on  number of clusters plant-1,
number of pods plant-1, pod length, number of
seeds pod-1, 100-seed weight and seed yield
plant-1. The data collected on individual
character were subjected to the statistical
analysis as per the procedure given by Panse
and Sukhatme (1995). The transgressive
segregants were estimated by calculating
normal deviation (N. D.) value  as per the
formula given below.
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Abstract
The highest percentage of transgressive were observed for clusters plant-1 (16.6%) in cross AKM 9910

x BPMR-145, followed by number of pods plant-1 (16.6%) and seed yield plant-1 (15.0%) in cross BM-2005-
1 x NVL-605. In general, in all the three the highest proportion of transgressive segregants were recorded
for number of pods plant-1 (46) followed by seed yield plant-1 (43), number of clusters plant-1 (41), pod length
(40), number of seeds pod-1 (36) and 100-seed weight (28). The dependency of grain yield on these
characters and production of individual segregants and simultaneous transgressants of seed yield in
combination with 3 or 4 characters indicated the feasibility of funneling such ideotype in mungbean. If these
segregants hold true in further generations, will be of high value in fixing characters, hence their further
generations are under evaluation.
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P–(+) + 1.96 x σ P–(+) - X–

N.D.value = ––––––––––––––––––––––––
σ

Where, P–(+) = Mean of increasing parent,
σ P–(+) = Standard deviation of increasing
parent, X– = Mean of segregating generation
and σ = Standard deviation of respective
segregating  generation.

The segregants showing deviation beyond
the normal deviation value would be the
transgressive segregants. 

Results and Discussion

Transgressive segregation is considered as

an important tool for the plant breeder to bring
about crop improvement. In certain cases, due
to segregation and recombination,
transgressive segregants are produced in F2 or
latter segregating generations by accumulation
of favourable genes from the parents involved
in hybridization. Generally diverse parents
having better combining ability are more likely
to give transgressive segregants.  

Transgressive segregants in desirable
direction were observed for all the six
characters in F2 generation of all the three
crosses. The highest percentage of
transgressive segregants were observed for
number of clusters per plant (16.6%) followed
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Table 1. Threshold value (TV), Normal deviation value (ND), Frequency, Percentage and range in the values of  transgressive
segregants for six characters in three crosses of Mungbean

Characters N. D. T. V. Transgressive segregation in
F2 generation

––––––––––––––––––––––––––––––––––––––––––
Frequency T. S. Range in
of T. S. % values

of T. S.

Cross I: AKM 9910 x BPMR 145
No. of clusters plant-1 0.91 07.03 20 16.60 08.00-09.00
No. of pods plant-1 1.17 29.74 15 12.50 31.00-36.00
Pod length (cm) 1.57 10.15 12 10.00 10.16-11.20
No.  of seeds pod-1 1.16 14.24 11 09.16 15.00-17.00
100-seed weight (g) 1.48 05.61 14 11.66 05.89-06.53
Seed yield plant-1 (g) 1.57 11.74 11 9.16 11.77-13.97

Cross II: BM-2005-1 x NUL-605
No. of clusters plant-1 2.13 07.40 09 07.50 07.50-08.00
No. of pods plant-1 1.31 27.42 11 09.16 28.00-31.00
Pod length (cm) 1.32 112.02 13 10.80 12.09-12.89
No.  of seeds pod-1 1.44 14.74 15 12.50 14.95-15.15
100-seed weight (g) 1.42 04.95 06 5.00 04.97-05.65
Seed yield plant-1 (g) 1.15 11.94 14 11.66 12.05-14.82

Cross III: Vaibhav x Naval
No. of clusters plant-1 1.84 07.66 11 09.16 08.00-09.00
No. of pods plant-1 0.89 25.38 20 16.66 26.00-29.00
Pod length (cm) 1.51 11.69 16 13.30 11.70-12.70
No.  of seeds pod-1 1.21 14.51 10 08.33 14.60-15.60
100-seed weight (g) 1.69 5.19 08 15.00 05.22-05.98
Seed yield plant-1 (g) 1.09 11.03 18 15.00 11.22-13.88



by number of pods plant-1 (12.5%) in cross I,
while in cross II, they were highest for number
of seeds pod-1 (12.5%) followed by seed yield
plant-1 (11.66%). In cross III, the highest
proportion of transgressive segregants were
recorded for number of pods plant-1 (16.66%)
followed by seed yield plant-1 (15.0%), (Table
1). 

In general, the highest proportion of
transgressive segregants were recorded for
number of pods plant-1 (46) followed by seed

yield plant-1 (43), number of clusters plant-1

(41), pod length (40), number of seeds pod-1

(36) and 100-seed weight (28), in total three
crosses. Kant and Singh (1998) observed the
transgressive segregants for plant height,
branches plant-1 and 100-seed weight in lentil.
Dole and Reddy (2011) and Sabale and Girase
(2014) observed the transgressive segregants
for plant height, number of clusters plant-1,
number of pods plant-1, number of seeds
pod-1, 100-seed weight and seed yield plant-1

in mungbean.
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Table 2. Performance of rare and important transgressive segregants

Generation Plant No. of No. of Pod No. of Seed Seed Percentage of
no. clusters pods length seeds weight yield increase over

plant-1 plant-1 (cm) pod-1 (g) (g) increasing parent

F2 71 9.00 36.0 11.20 12.00 6.34 13.9 61.3
AKM-9910 5.60 26.0 8.77 11.36 3.66 8.66
BPMR-145 4.30 22.0 9.12 12.66 4.63 7.64
F2 88 5.00 31.0 12.40 15.15 4.14 14.82 69.8
BM-2005-1 5.66 16.6 8.98 12.33 4.05 7.75
NUL 605 4.00 21.3 10.66 13.33 4.62 8.73
F2 07 5.26 25.0 12.20 5.98 5.98 13.88 76.6
Vaibhav 5.26 18.3 8.10 3.37 3.37 7.74
Naval 4.36 19.6 10.18 4.44 4.44 7.86

Table 3. Percentage of simultaneous transgressive segregants

Cross Percentage of Characters for which transgressants was simultaneous
no. simultaneous

transgessants

1 1.66 Seed yield plant-1, number of pods plant-1, pod length and number of seeds pod-1

2 2.50
3 2.50
3 0.83 Seed yield plant-1, number of pods plant-1, number of seeds pod-1 and 100-seed weight
1 2.50 Seed yield plant-1, number of cluster plant-1 and pod length
2 2.50
3 2.50
1 1.66 Seed yield plant-1, pod length and 100-seed weight
2 0.83
3 0.83
1 1.66 Yield plant-1, number of clusters plant-1 and 100-seed weight
2 0.83
3 0.83



It is also interesting to note here that the
concept of transgrssive segregation has been
effective for extending the intensity of character
expression. The recovery of character was
greater in cross I for clustes plant-1 (9 clusters),
pods plant-1 (36 pods), seeds pod-1 (17 seeds)
and 100-seed weight (6.53 g). The highest
expression of seed yield plant-1 (14.82 g) and
pod length (12.40 cm) were found in cross II
(Table 2). The seed size and seed weight are the
important traits contributes greatly in total
production of mungbean. Hence, research
workers must consider both the traits for
improvement by different breeding approaches.
On the basis of performance of transgressive
segregants, it is concluded that, when the
desired intensity of a character is not available
in the parents, the concept of transgressive
segregation can be successfully used to extend
the limit of character expression. The most
promising transgressive segregants No.71 of
cross I, No.88 of cross II and No.7 of cross III,
produced 61.3 , 69.8  and 76.6 per cent more
seed yield plant-1, respectively  than their
respective increasing parents. Dhole and Reddy
(2011) and Sabale and Girase (2014) also
observed the transgressive segregants for all
these trait in mungbean.                    

In most of the transgressive segregants, in
each of the three crosses, better parent yield
was transgressed simultaneously with
transgression of one or several other
characters. Simultaneous transgression of seed
yield plant-1 in association with number of pods
plant-1, pod length and number of seeds pod-1

were observed to the extent of 1.66, 2.50 and
2.50 per cent  in cross I, II and III, respectively
(Table 3). In second case, the transgression of
seed yield plant-1 in association with number of

clusters plant-1 and pod length to the extent of
2.50 per cent consistently in all the three
crosses. In third case, transgression of seed
yield plant-1 in association with number of pods
plant-1, pod length and number of seeds pod-1

were observed to the extent of 1.66, 2.50 and
2.50 per cent in cross I, II and III, respectively.
It is concluded that either seed yield  is
dependent on these characters or there may be
linkage drag among themselves, so that genes
controlling  these characters move together.
Girase and Deshmukh (2002) also observed the
simultaneous transgressive segregation for seed
yield and its attributes in chickpea.     

These transgressive segregants needs to be
evaluated further for consistency in their
performance. If they hold true in further
generations, will be of high value in fixing
characters, hence their further generations are
under evaluation. If they found promising may
be identified for release as  a varieties or used in
further breeding programme for amalgamation
of genetic constellations in a hybrid derivative    
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Rice (Oryza sativa) is a major staple food for
higher percentage of the world's population
particularly in Asia, where more than 90 per
cent of rice is grown. The Asia-pacific region
produces and consumes more than 90 percent
of the total world's rice. Therefore rice is not
only a staple food of the region but also a way
of life. In India rice occupies an area of 43.75
million hectares with production of 85.30
million tonnes. India has largest area under rice
crop in the worlds (Anonymous, 2009) .In
Maharashtra, rice ranks third in respect of
acreage among important cereal crops. The
total area occupied by this crop is about 15.50
lakhs hectares, with annual production of
28.55 lakhs tonnes. In konkan region of
Maharashtra rice is grown on an area of 4.10
lakhs hectares with production 10.25 lakhs
tonnes (Anonymous, 2008).

Storage of seeds till the next sowing season

is an essential segment of seed industry. The
seed deterioration begins immediately after
physiological maturity and is reflected in terms
of loss in viability and vigour. The viability and
vigour largely depends on the genotypes,
production, location, mechanical injury to the
seed, initial seed quality, seed treatment,
packaging material and storage conditions
(Verma et al., 1993).About 80 percent of the
certified seeds produced in India require storage
for one planting (6-7 months) and 20 percent
of the seed is carried over for subsequent
sowing (Bal, 1976). Out of several factors
affecting the seeds in storage, seed moisture,
relative humidity and storage temperature are
the most important (Agrawal,1976). Saibabu et
al., 1983) reported that viability of paddy seed
was maintained for longer periods when stored
with initial seed moisture of 11 percent in
moisture proof containers like polyethylene
bags (600 gauge) and metal containers, under
ambient conditions. Storage studies in hybrid

J. Agric. Res. Technol., 41 (1) : 052-058 (2016)

Effect of Fumigation and Different Packaging Material on
Storage of Paddy (Oryza sativa L.) Seed

A. K. Shinde1, V. Y. Bharambe2, U. V. Mahadkar3 and S. B. Bhoye4

Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli - 415 712 (India)
(Received : 10-07-2015)

Abstract
Experiment was conducted to study the effect of fumigation and packaging material on storage of paddy

seed. The processed seed was dryed to 10 per cent moisture fumigated with Aluminium phosphide 56 per
cent and packed in different packaging material. The results revealed that there was a significant difference
in seed germination of paddy seed stored at 11, 13 and 15 months of storage due to packaging material. At
15 months of storage the fumigated seed of paddy stored in polylined HDPE (bag) showed significantly higher
germination (87.02%) and field emergence (82.0%) over control and rest of the treatments. The seed
fumigated with insecticide and stored in PLHDPE bag showed higher seed germination, field emergence,
speed of germination, vigor index, lower electrical conductivity, pest incidence and moisture level. On basis
of pooled data of the study revealed that the paddy seed fumigated with Aluminium phosphide (56%) and
packed in polylined HDPE bag is promising for storage of paddy seed.

Key words : Paddy seed, fumigation, storage material.
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rice and their parental lines revealed that
polythene bag proved better in maintaining
viability and vigour as compared to cloth bags
(Yogalakshmi, 1995). Sharma et al., 1998
revealed that the polylined gunny bags proved
better container both for laboratory as well as
bulk storage in seed godowns which maintain
viability for longer period through minimum
variation in seed moisture during storage.

In Konkan region of Maharashtra the paddy
seeds remain viable only for 9 to 10 months.
Therefore, the objective of this experimentation
was to study the effect of packaging material
and fumigation on storage of paddy seed. 

Material and Methods

Experiment was conducted at Seed Testing
Laboratory, Dr. Balasaheb Sawant Konkan
Krishi Vidyapeeth, Dapoli to study the effect of
packaging material and fumigation on storage
of paddy seed. The seed of rice variety
Ratnagiri-4 was used for this study. The
experiment was carried out during 2012-13,

2013-14 and 2014-15 by using previous
Kharif season seed. The processed seeds was
dried up to 10 per cent moisture and fumigated
with Aluminium phosphide 56 per cent. One
gm Aluminium phosphide 56 per cent sachet
was used for 100 kg paddy seed lot fumigated
at 48 hrs. time interval. The seed lot without
fumigation was kept for comparison. The seed
was bagged (10 kg) in various packaging
material. There were 6 treatments and 12
treatments combinations.

The experiment was conducted in Factorial
Complete Randomised Design with four
replications. The seed bags were kept on racks
in Seed Testing Laboratory at ambient
condition. The germination test was carried out
by between paper method at monthly interval
and seed moisture was determined by hot air
oven method (ISTA, 1999). The incidence of
rice moth and weevil was recorded. The data
was subjected to statistical analysis in
accordance with the procedure (Snedecor and
Cochran, 1994).
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Table 1. Pooled analysis of effect of different packaging materials on seed germination (%) of paddy

Treatment Initial October December Febreaury
(11 months (13 months (15 months
of storage) of storage) of storage)

T1F1 - Polylined bag 92.77 (74.41)* 89.89 (70.73) 87.23 (69.07) 76.42 (60.95)
T1F2 - Polylined bag 93.28 (74.99) 85.42 (68.14) 75.70 (63.22) 65.92 (54.29)
T2F1 - Gunny bag 92.26 (73.86) 88.45 (70.15) 62.02 (51.95) 53.67 (47.10)
T2F2 - Gunny bag 91.28 (72.83) 83.69 (66.18) 51.02 (45.58) 43.08 (41.02)
T3F1 - HDPE bag 92.92 (74.59) 89.42 (71.05) 61.10 (51.42) 53.25 (46.86)
T3F2 - HDPE bag 93.51 (75.24) 87.84 (69.60) 52.68 (46.53) 52.75 (46.58)
T4F1 - Polylined gunny bag 93.59 (75.33) 89.83 (71.46) 81.92 (64.83) 78.02 (62.04)
T4F2 - Polylined gunny bag 93.59 (75.36) 87.83 (69.61) 74.01 (59.35) 68.67 (55.96)
T5F1 - Polylined HDPE bag 93.58 (75.35) 89.22 (70.84) 88.36 (70.06) 87.02 (68.88)
T5F2 - Polylined HDPE bag 93.38 (75.13) 88.50 (70.20) 79.21 (62.87) 76.50 (61.01)
T6F1 - Control (Cotton bag) 93.50 (75.26) 72.67 (58.48) 40.61 (39.59) 22.00 (27.97)
T6F2 - Control (Cotton bag) 93.42 (75.15) 68.02 (58.59) 31.50 (34.14) 18.67 (25.60)
Mean 93.09 (74.79) 85.00 (67.92) 65.78 (54.89) 58.00 (49.86)
SE ± 0.38 0.38 0.22 0.21
CD @1% NS 1.47 0.85 0.81

* Figures in parenthesis are arc sine transformed.



Results and Discussion

There was no significant difference in seed
germination at initial stage due to packaging
material. There was significant difference in
seed germination of paddy seed stored at 11,
13 and 15 month of storage due to packaging
material during last 3 years and pooled mean

(Table 1). It was observed that the seed
germination percentage decreased with
advancement of storage period irrespective of
packaging material and fumigation. At 11 MOS
T1F1 (Polylined bag) showed significantly higher
seed germination (89.89%) which was at par
with T5F1, T5F2, T4F1, T4F2, T3F1, T3F2 and
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Table 2. Effect of different packaging materials on field emergence (%) of paddy seed

Treatment Initial October December Febreaury
(11 months (13 months (15 months
of storage) of storage) of storage)

T1F1 - Polylined bag 90.10 84.40 82.00 71.10
T1F2 - Polylined bag 90.20 82.70 74.70 60.40
T2F1 - Gunny bag 91.00 83.70 58.10 48.60
T2F2 - Gunny bag 90.50 83.10 46.90 38.10
T3F1 - HDPE bag 90.90 84.20 56.60 48.20
T3F2 - HDPE bag 90.50 82.50 48.30 42.30
T4F1 - Polylined gunny bag 91.10 85.20 75.90 72.50
T4F2 - Polylined gunny bag 91.50 84.10 70.00 62.30
T5F1 - Polylined HDPE bag 92.00 86.80 83.30 82.00
T5F2 - Polylined HDPE bag 91.30 85.00 75.20 71.00
T6F1 - Control (Cotton bag) 91.50 66.60 34.50 17.30
T6F2 - Control (Cotton bag) 90.90 60.70 25.10 13.60
SE ± 1.10 0.43 0.35 1.72
CD @1% NS 1.62 1.40 6.40

Table 3. Effect of different packaging materials on electrical conductivity (mmhos/cm) of paddy seed

Treatment Initial October December Febreaury
(11 months (13 months (15 months
of storage) of storage) of storage)

T1F1 - Polylined bag 120.10 191.50 208.30 229.90
T1F2 - Polylined bag 122.80 211.00 222.60 240.30
T2F1 - Gunny bag 121.90 215.10 229.00 253.40
T2F2 - Gunny bag 124.00 220.90 242.90 270.80
T3F1 - HDPE bag 124.80 213.60 230.50 255.00
T3F2 - HDPE bag 127.00 221.90 248.70 272.70
T4F1 - Polylined gunny bag 123.70 178.00 209.80 222.80
T4F2 - Polylined gunny bag 126.10 189.50 220.10 241.50
T5F1 - Polylined HDPE bag 125.00 161.80 194.20 211.10
T5F2 - Polylined HDPE bag 126.80 179.20 212.40 230.30
T6F1 - Control (Cotton bag) 122.90 231.10 235.50 261.80
T6F2 - Control (Cotton bag) 124.00 241.30 252.00 284.40
SE ± 1.21 3.40 3.30 4.80
CD @1% NS 12.80 13.10 17.50



T2F1 over control i.e. cotton bag (68.02%) and
other treatments. At 13 MOS T5F1 (PLHDPE
bag seed fumigated) showed significantly higher
seed germination (88.36%) which was at par
with T1F1 (87.23%) over other treatments and
control i.e. cotton bag (31.50%). At 15 MOS
T5F1 (PLHDPE and seed fumigated) showed

significantly higher seed germination (87.02%)
over control (18.67%) and other treatments.
From 3 years pooled data revealed that the
seed fumigated with Aluminium phosphide
56% and packed in polylined HDPE bag is
promising treatment for storage of paddy seed.
Saibabu (1983) recorded viability of paddy
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Table 4. Effect of different packaging materials on speed of germination of paddy seed

Treatment Initial October December Febreaury
(11 months (13 months (15 months
of storage) of storage) of storage)

T1F1 - Polylined bag 30.00 25.30 22.60 19.70
T1F2 - Polylined bag 29.60 22.60 21.30 17.50
T2F1 - Gunny bag 29.10 20.00 18.70 16.80
T2F2 - Gunny bag 29.00 18.70 17.10 15.00
T3F1 - HDPE bag 28.50 19.80 17.90 17.10
T3F2 - HDPE bag 28.30 18.90 16.40 15.70
T4F1 - Polylined gunny bag 27.80 27.80 24.30 20.00
T4F2 - Polylined gunny bag 27.50 25.00 21.40 17.30
T5F1 - Polylined HDPE bag 31.10 28.20 26.60 22.30
T5F2 - Polylined HDPE bag 31.90 25.60 23.00 18.10
T6F1 - Control (Cotton bag) 29.60 20.60 17.10 12.00
T6F2 - Control (Cotton bag) 30.00 18.30 15.50 10.70
SE ± 1.80 0.78 0.82 0.65
CD @1% NS 2.65 3.00 2.00

Table 5. Effect of different packaging materials on vigour index of paddy seed

Treatment Initial October December Febreaury
(11 months (13 months (15 months
of storage) of storage) of storage)

T1F1 - Polylined bag 1910.00 1749.00 1103.00 913.00
T1F2 - Polylined bag 1905.00 1634.00 1056.00 807.00
T2F1 - Gunny bag 1850.00 1445.00 927.00 719.00
T2F2 - Gunny bag 1871.00 1320.00 890.00 615.00
T3F1 - HDPE bag 1974.00 1471.00 959.00 748.00
T3F2 - HDPE bag 1970.00 1352.00 911.00 701.00
T4F1 - Polylined gunny bag 1985.00 1751.00 1453.00 1185.00
T4F2 - Polylined gunny bag 1997.00 1686.00 1307.00 1009.00
T5F1 - Polylined HDPE bag 2004.00 1885.00 1624.00 1403.00
T5F2 - Polylined HDPE bag 1996.00 1755.00 1395.00 1125.00
T6F1 - Control (Cotton bag) 2010.00 1250.00 873.00 650.00
T6F2 - Control (Cotton bag) 1991.00 1103.00 725.00 521.00
SE ± 41.70 38.60 55.10 57.90
CD @1% NS 112.90 150.90 182.00



seeds for longer periods with initial seed moist-
ure of 11 percent and packed in moisture proof
containers like polyethylene bags (600 gauge).

There was no significant difference in field
emergence of paddy seeds at initial stage due to
packaging material (Table 2). At 11 MOS T5F1
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Table 6. Effect of different packaging materials on pest incidence (%) of paddy seed

Treat- Initial July- Aug- Sept- Oct- Nov- Dec- Jan- Feb-
ments (Nov. 2014 2014 2014 2014 2014 2014 2015 2015

2013) (8 mon- 9 mon- 10 mon- 11 mon- 12 mon- 13 mon- 14 mon- 15 mon-
ths of ths of ths of ths of ths of ths of ths of ths of
storage) storage) storage) storage) storage) storage) storage) storage)

T1F1 00 00 00 1.00 1.00 5.00 6.00 7.00 8.00
T1F2 00 00 1.00 1.00 3.00 6.00 7.00 7.00 9.00
T2F1 00 00 00 1.00 1.00 10.00 11.00 12.00 12.00
T2F2 00 1.00 1.00 3.00 4.00 13.00 14.00 16.00 19.00
T3F1 00 00 00 1.00 1.00 20.00 21.00 23.00 24.00
T3F2 00 1.00 2.00 2.00 2.00 5.00 11.00 13.00 15.00
T4F1 00 00 00 1.00 1.00 12.00 15.00 16.00 20.00
T4F2 00 1.00 2.00 3.00 4.0 5.00 5.00 7.00 7.00
T5F1 00 00 1.00 1.00 1.00 3.00 3.00 4.00 4.00
T5F2 00 1.00 2.00 3.00 4.00 5.00 5.00 6.00 6.00
T6F1 00 00 00 1.00 2.00 18.00 20.00 22.00 22.00
T6F2 00 1.00 2.00 4.00 5.00 20.00 22.00 24.00 25.00
SE ± 00.00 0.15 0.39 0.46 0.78 1.06 0.57 0.78 0.82
CD @ 1% 00.00 NS NS NS NS 4.08 2.20 3.01 3.17

T1F1 - Polylined bag, T1F2 - Polylined bag, T2F1 - Gunny bag, T2F2 - Gunny bag, T3F1 - HDPE bag, T3F2 - HDPE bag,
T4F1 - Polylined gunny bag, T4F2 - Polylined gunny bag, T5F1 - Polylined HDPE bag, T5F2 - Polylined HDPE bag, T6F1 -
Control (Cotton bag), T6F2 - Control (Cotton bag)

Table 7. Effect of different packaging materials on seed moisture content (%) of paddy seed

Treatment Initial October December Febreaury
(Nov. (11 months (13 months (15 months
2013) of storage) of storage) of storage)

T1F1 - Polylined bag 10.20 11.20 11.20 11.90
T1F2 - Polylined bag 10.10 11.30 12.00 12.20
T2F1 - Gunny bag 10.00 12.50 13.50 14.30
T2F2 - Gunny bag 10.00 12.70 13.50 14.00
T3F1 - HDPE bag 10.10 12.90 13.50 13.90
T3F2 - HDPE bag 10.30 13.00 13.80 14.00
T4F1 - Polylined gunny bag 10.20 11.80 12.00 12.40
T4F2 - Polylined gunny bag 10.30 12.00 12.20 12.50
T5F1 - Polylined HDPE bag 10.20 11.90 12.10 12.30
T5F2 - Polylined HDPE bag 10.00 12.10 12.30 12.50
T6F1 - Control (Cotton bag) 10.10 13.50 14.20 14.30
T6F2 - Control (Cotton bag) 10.10 14.00 14.30 14.50
SE ± 0.64 0.45 0.38 0.44
CD @ 1% NS NS NS NS



(seed fumigated & PLHDPE bag) significantly
higher field emergence (86.80%) which was at
par with T4F1 (PL Gunny bag-seed fumigated)
(85.2%) over control (60.70%) and other
treatments. At 13 MOS T5F1 showed
significantly higher field emergence (83.30%)
which was at par with T1F1-PLHDPE bag-seed
fumigated (82.0%) over control (25.10%). At
15 MOS T5F1 showed significantly higher field
emergence (82.0%) over control (13.60%) and
other treatments. Similar results were also
recorded by Sharma and Swaran Lata (2006)
that seed stored in HDPE bags showed higher
field emergence during storage. 

Electrical conductivity of paddy seed was
found to be increased with advancement of
storage period irrespective of packaging
material (Table 3). Lower electrical conductivity
was noticed in T5F1 (seed fumigated and
packed in PLHDPE bag) than other treatments
and control. Chandran and Rajgopal (2002)
recorded the lower EC in tria-aluminium foil
pouches. 

Significantly higher speed of germination
was observed in T5F1 (PLHDPE bag-seed
fumigated) at 11, 13 and 15 month of storage
(Table 4). Similar trend was recorded by
Basavegouda and Nanjareddy (2008) and
reported that speed of germination decreased
with increased the storage duration mainly due
to decreased germination percentage. 

Vigour index decreased with advancement
of storage period. Significantly higher vigour
index was observed in T5F1 (PLHDPE-seed
fumigated) at 11, 13 and 15 MOS over control
and other treatments (Table 5). The results of
the study is closely agreement with Nautiyal et
al. (2001). He reported that vigour index of
seedling decreased with increased in storage
period. 

There was less incidence of pests in T5F1

(Seed fumigated-PLHDPE bag) than other
treatments. In control (cotton bag) there was
more pest incidence in seed stored at 12, 13,
14, 15 (Table 6). Similar trend was recorded by
Rasheed et al. (2004) and reported that
increased in storage period there was increased
in pest incidence in control than other
treatments. 

There was no significant difference in seed
moisture content due to various packaging
material (Table 7). Higher seed moisture
content was recorded in control (cotton bag).
Bera et al. (2008) also recorded that the paddy
seeds stored at 11 percent moisture content
can safely be stored up to one year under
modified atmosphere conditions.

Based on present study it can be concluded
that the paddy seed should be stored in
polylined HDPE bag after fumigation with
Aluminium phosphide (56%) which can
maintain seed germination above seed standard
upto 15 month of storage. Thus, this seed can
be used for Kharif as well as Rabi season.
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Abstract
An experiment on effects of extended sowing dates on different linseed varieties was conducted. The

sowing date of 45MW (2nd week of November) was found  superior for growth, yield attributes and yield of
linseed. The linseed variety PKVNL-260 was found, better under extended sowing dates with regards to
growth, yield attributes and yield (18.12 q ha-1). Economically, PKVNL-260 linseed variety in 45MW (2nd

week of November) sowing date obtained higher gross (79728 Ra. ha-1), net monetary returns (36026 Rs.
ha-1) and B:C ratio (1.82).

Key words : Linseed, extended sowing dates, linseed varieties.

______________

Linseed (Linum usitatissimum L.) is one of
the oldest, conventional and important rabi
oilseed crop of India. It is sixth largest oilseed
crop in the World and is one of the oldest
cultivated plants. It is herbaceous annual plant,
which attains the height of 30-120 cm
depending up on the type of cultivar.  It is an

industrial crop cultivated for its seeds, fibres and
oil purpose. All parts of the plant have
extensive and varied uses. The oil content of
seed varies from 32 to 46 per cent and has an
industrial value, it is also used as proteinaceous
feed for livestock. 

Linseed oil possesses a very healthy fatty
acid profile, particularly, Omega-3 (Alpha

1., 4., 5. M.Sc. (Agri.) students, 2. and 3. Associate
Professor.



Linolenic Acid), the richest source only in
linseed (58%),  ALPHA provides beneficial
effects in numerous clinical conditions such as
cardiovascular disease, inflammatory disorders,
immune function and cancer etc.     

An impact of changed climate on crop
production is expected for various latitude limits
for all the crop seasons and the linseed crop is
most affected during winter season. Linseed
crop require cool climate and moderate
temperature (not exceeds above 32°C).
Increase in temperature affects flowering and
results low yield. Amongst various agronomic
practices, the time of sowing plays an
important role in influencing the quality and
yield of linseed. Normal sowing have longer
growth period which consequently provide an
opportunity to accumulate more biomass as
compared to late sowing hence manifested in
higher seed and biological yield (Dixit et al.
1992).

Material and Methods

An experiment on effects of extended
sowing dates on different linseed varieties was
conducted at, Agronomy Farm, College of
Agriculture, Pune during the year of 2012-
2013 in rabi season. The soil of experimental
field was clay loam in texture, normal in
reaction (pH 7.8) with low available nitrogen
(178.48 kg ha-1), high available phosphorous
(19.34 kg ha-1) and high available potassium
(475.00 kg ha-1). 

The experiment was laid out in split plot
design with four sowing times and three
varieties replicated thrice. The treatments were
of four sowing dates viz., S1 : 44 MW (1st week
of November), S2 : 45 MW (2nd week of
November), S3 : 46 MW (3rd week of
November), S4 : 47 MW (4th week of
November) and three varieties viz., V1 :
PKVNL-260, V2 :  NL-97,  V3 : Padmini.
Linseed crop was sown as per sowing

treatment 1st sowing on 1st November, 2nd

sowing on 8th November, 3rd sowing on 16th

November and 4th sowing on 23rd November
2012. The gross plot size was 3.60 m x 2.40
m and net plot size 2.40 m x 1.80 m.

Results and Discussion

The sowing of linseed on 45 MW recorded
significantly higher plant height and spread
which was at par with 44 MW and significantly
superior over rest of sowing date (Table 1).
These results indicate that sowing of the linseed
in 45 MW was most suitable for plant height
and spread. This might be associated with the
linseed sown in 45 MW was exposed to low
temperature, more dew formation, higher
coldness and resulted in higher plant height and
spread. The results are in the conformity with
those of Abdul EL-Dayem et al. (1998) and
Naik and Satapathy (2000). The mean number
of branches plant-1 were found to be non
significant for the sowing dates. 

The 45 MW accumulated significantly more
dry matter plant-1 over rest of the sowing dates.
The vegetative growth and dry matter
production were less in extended sowing dates.
This was mainly due to rise in temperature
which forced to late sown linseed to mature
earlier and this enforced maturity resulted in
shorting of growing period. This decreased
growth period might have reduced dry matter
production with late sowing. These results
confirm the findings of Dudhade et al. (1994),
Ciriciofolo and Bonciarelli (1994), Singh et al.
(2003) and Singh et al. (2002). 

The highest plant height, spread and
number of branches of linseed was observed in
PKVNL-260 which was significantly superior
over rest of the linseed varieties.  Significantly
lower growth attributes were recorded in the
variety Padmini. The increased in these yield
attributes in linseed is genetically governed
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phenomenon, hormone balance, nutrient
absorption capacity and conversion of radiant
energy into chemical energy in presence of
chlorophyll. Similar results were recorded by
Shahidullah et al. (1997), Dubey and Srivastava
(1999), Dubey (2000) and Mohapatra et al.
(2007).

The dry matter plant-1 of linseed was
influenced significantly due to various varieties.
The dry matter accumulation is the result of all
growth attributes viz., plant height, number of
branches plant-1, plant spread and yield
attributes. Similar results were obtained by
Mohapatra et al. (2007) and Pali and Tripathi
(2000).

The number of number of capsule plant-1,
seed capsule-1 and seed weight plant-1 was
influenced significantly due to extended sowing
dates of linseed. The sowing of linseed at 45
MW recorded maximum capsule plant-1, seed
capsule-1 and seed weight plant-1 which was at

par with 44 MW and significantly superior over
rest of sowing dates. The differences in all these
yield attributes might be due to different sowing
dates expose the linseed crop to climatic
condition hence, obstruction in seed filling in
capsule of linseed varieties and adversely
reflects it in number of seed capsule-1 and seed
weight plant-1. Results are in agreement with
those obtained previously by  Dudhade et al.
(1994),  Dixit et al. (1992),  Shahidullah et al.
(1997) and Abdul EL-Dayem et al. (1998).  

The linseed varieties were differing in their
number of seeds capsule-1 , number of plants
plant-1 and seed weight plant-1. The number of
seeds capsule-1 , number of plants plant-1 and
seed weight plant-1 were found significantly
higher in linseed variety PKVNL-260 which
was at par with variety NL-97 and significantly
superior over Padmini. This might be because
of genetical makeup of these varieties were
different for seed settling and seed development
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Table 1. Effect of extended sowing dates and linseed  varieties on growth and yield contributing characters

Treatment Plant No. of Plant Dry No. of No. of Seed Test
height branches spread matter capsule seeds weight weight
(cm) plant-1 (cm) plant-1 plant-1 capsule-1 plant-1 (g)

(g)

Sowing times :
S1 : 44 MW 64.45 4.20 15.94 8.58 54.00 9.80 4.55 8.43
S2 : 45 MW 69.51 4.23 16.97 9.87 59.00 10.17 4.71 8.53
S3 : 46 MW 60.54 4.19 15.73 7.56 51.66 9.56 4.26 8.37
S4 : 47 MW 44.49 4.18 14.71 7.12 49.10 9.13 2.05 8.36
S.E. m ± 1.71 0.16 0.37 0.05 1.81 0.14 0.12 0.09
C.D. at 5% 5.16 N.S. 1.12 0.17 5.45 0.44 0.38 NS

Varieties :
V1 : PKVNL-260 64.32 4.87 16.93 9.23 62.00 10.02 5.14 8.43
V2 : NL-97 58.83 3.95 15.83 8.38 51.51 9.77 4.23 8.42
V3 : Padmini 56.10 3.78 14.75 7.25 46.81 9.20 3.82 8.41
S.E. m ± 0.70 0.17 0.06 0.02 1.02 0.10 0.02 0.07
C.D. at 5% 2.10 0.54 0.18 0.07 3.06 0.31 0.07 NS

Interaction :
S.E. m ± 1.43 0.09 0.12 0.04 2.04 0.21 0.04 0.12
C.D. at 5% N.S. N.S. N.S. 0.13 6.10 0.64 0.13 NS
General mean 59.75 4.20 15.83 8.28 53.44 9.67 4.39 8.42



in capsule. The mean test weight (g) were found
to be non significant for the varieties. Similar
results were reported by Pali and Tripathi
(2000) and El-Refaey et al. (2008).

The seed yield was maximum (18.43 q ha-1)
at 45 MW which was significantly superior over
the rest of sowing dates (Table 2). Sowing date
45 MW was favorable to high seed production
because the post anthesis period coincide with
the relatively low temperature. However, late
sowing 46 and 47 MW were unfavorable to
seed yield since low temperature during early
sowing might have adversely affected the initial
vigour. The results are in conformity with the
findings by Kalita et al. (1999) and Shahidullah
et al. (1997).

The straw yield was maximum (29.76 q
ha-1) at 45 MW which was significantly superior
over rest of sowing dates. The second best
sowing date was 44 MW which produced
significantly more straw yield (28.68q ha-1)

over 46 and 47 MW. Seed yield is directly
related to growth and yield attributes. All yield
attributes were higher in 45 MW sowing. The
reduction in straw yield was due to reduced
growth in terms of plant height, number of
branches plant-1and dry matter accumulation.
In the late sowing 46 and 47 MW the period
between anthesis and leaf senescence was
curtailed by the onset of relatively higher
temperature. Similar results were obtained by
Chaudhary et al. (1991) and Ciriciofolo and
Bonciarelli (1994).

The seed yield of linseed was influenced
significantly due to linseed varieties. The seed
and straw yields were significantly higher in
PKVNL-260 (18.12 q ha-1 and 28.69 q ha-1

respectively) and significantly superior over rest
of linseed varieties. The variety Padmini
recorded significantly lower seed  and straw
yields. The differences in seed and straw yields
in linseed varieties might be due to inherent

Journal of Agriculture Research and Technology 61

Table 2. Effect of extended sowing dates and linseed varieties on yield, quality and economics

Treatment Seed Straw Oil Oil Gross Cost of Net B:C
yield yield content yield monetory cultivation monetory ratio
(q ha-1) (q ha-1) in seed (kg ha-1) returns (Rs. ha-1) returns

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

Sowing times :
S1 : 44 MW 17.21 28.68 38.22 657.77 75724 43758 31966 1.73 
S2 : 45 MW 18.43 29.76 37.88 698.13 81092 43758 37334 1.85 
S3 : 46 MW 15.10 24.62 37.77 570.33 66440 43647 22793 1.52 
S4 : 47 MW 14.86 23.72 37.33 554.72 65384 43647 21737 1.50 
S.E. m ± 0.12 0.16 0.04 5.61 243.12 148.34 
C.D. at 5% 0.37 0.48 N.S. 16.80 729.37 445.05 

Varieties :
V1 : PKVNL-260 18.12 28.69 38.08 690.00 79728 43702 36026 1.82 
V2 : NL-97 16.04 26.20 37.75 605.51 70576 43702 26874 1.61 
V3 : Padmini 15.04 25.20 37.58 565.20 66176 43702 22474 1.51 
S.E. m ± 0.02 0.12 0.06 5.30 285.34 145.12 
C.D. at 5% 0.07 0.38 N.S. 15.50 856.01 435.38 

Interaction :
S.E. m ± 0.05 0.24 0.12 10.61 571.68 290.26 
C.D. at 5% 0.16 0.74 N.S. N.S. N.S. N.S.
General mean 16.39 26.69 37.80 620.14 72160 43702 28458 1.50 



genetical potential of linseed varieties and
source single relationship. These results are in
conformity with findings by Chaudhari et al.
(1991) and Shahidullaha et al. (1997).

The sowing of linseed in different
meteorological weeks did not influenced the oil
content in seed. The linseed sown on 45 MW
recorded statistically significant oil yield over
rest of the sowing dates. The 45 MW sowing
produced higher seed yield resulted in higher oil
yield.

The varieties PKVNL-260, NL-97 and
Padmini were statistically non significant for oil
content in seed. The oil content in seed is
genetic character of genotype. The linseed
variety PKVNL-260 recorded statistically
significant oil yield over the varieties NL-97 and
Padmini as it has higher seed yield.  Similar
results were reported by Shahidullaha et al.
(1997).

The gross (81,092 Rs. ha-1) and net
monetary returns (37,334 Rs. ha-1 ) and B:C
ratio (1.85) were significantly influenced by
extended sowing dates. The sowing of linseed
in 45 MW recorded significantly higher gross
and net monetary returns and B:C ratio than
rest of sowing dates. 45MW sowing treatment
gave higher yield which ultimately increased
gross, net monetary returns and B:C ratio. This
might be due to delayed sowing caused
significant reduction in seed and straw yield
which reflects decreased in gross and net
monetary returns and B:C ratio.  

The gross (79728 Rs. ha-1) and net
monetary returns (36026 Rs. ha-1) and B:C
ratio (1.82) were significantly influenced by
linseed varieties. The significantly higher gross
and net monetary returns and B:C ratio was
observed in linseed variety PKVNL-260. This
variety gave higher yield which ultimately

increased the gross and net monetary returns
and B:C ratio.

Thus, it can be concluded that the sowing
date of 45MW (2nd week of November) was
found superior for growth, yield attributes and
yield of linseed. The linseed variety the PKVNL-
260 sown on 45MW (2nd week of November)
was suitable for extended sowing dates with
regards to growth, yield attributes, yield and
economics.
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Abstract
The red coloured shadenet with 50 per cent shading intensity found more suitable to obtain significantly

maximum growth, yield attributes and fruit yield of okra (20.03 q unit-1 of shadenet) followed by green +
white colour (19.50 q unit-1 of shadenet). The open field condition recorded significantly minimum growth,
yield attributes and fruit yield of okra (11.41 q unit-1 of 756 m2) as compared to different coloured shadenets.
The genotype Phule Utkarsha was found significantly superior over Mahyco-64 in respect of growth, yield
attributes and fruit yield of okra (17.40 q unit-1 of shadenet). The red coloured shadenet registered
significantly maximum absorbed photosynthetically active radiations and at par with green +  white and green
coloured shadenets at all crop growth stages.

Key words : Okra, Coloured shadenet, fruit yield.
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Okra (Abelmoschus esculentum L.) also
known as "lady finger" belongs to the
Malvaceae family leading first in world and it is
grown through out the country in almost all
states. Okra crop mostly cultivated in summer
and kharif season in open field condition.
Looking to the productivity of okra under open
field condition, there is need to improve

productivity of okra to meet out the growing
demand of population. Green house the latest
word in Indian agriculture is one such means,
where the plant are grown under controlled or
partially controlled environment resulting in
higher yields than that is possible under open
conditions (Navale et al. 2003). Photoselective
shade-netting is an emerging approach in
protected cultivation. Shading nets are used in
agriculture to protect crops from either

1. 



excessive solar radiation (i.e. shading), or
environmental hazards (e.g. hail, strong winds,
sand storms) or flying pests (birds, fruit-bats,
insects). The available netting products are
either woven or knitted or embossed. They may
vary in their texture, design, mechanical
properties and durability. Different coloured
nets represent a new agro-technological
concept, which aims at combining the physical
protection, together with differential filtration of
the solar radiation for specifically promoting
desired physiological responses that are light
regulated. At present the green shadenet
houses were used for growing of vegetables to
improve quality of produce, however in the
worldwide different coloured shadenets are
used to enhance the productivity and quality of
vegetables. Hence, the efforts has been made
to increase the productivity and quality of okra
under different coloured shadenet houses. 

Materials and Methods

An experiment was conducted at Mahatma
Phule Krishi Vidyapeeth, Rahuri during
summer season of  2014. The soil used in
shadenet house was red sandy clay in texture
and well drained. The EC and PH of the
experimental site was 0.32 dS m-1 and 7.10,
respectively. Available N, P and K were
observed as 159.85 , 18.79 and 433.55 kg
ha-1, respectively. The shadenet house was flat
top type having the height of 3.25 m. The
shadenet house had an area of 2800 m2 (70 m
x 40 m), out of which 756 m2 (36 m x 21 m)
was used for conduct of this experiment. Four
beds of 18.0 m x 1.2 m size were prepared in
each coloured shadenet (18.0 m x 6.0 m).The
two drip line were arranged on each bed along
the crop row and drippers were placed to each
plant at the spacing of 45 cm. The shadenet
house was provided foggers to protect the crop
from excessive heat and to control the
humidity. 

The experiment consisted of six coloured

shadenets including open field and two
genotypes viz., Phule Utkarsha and Mahyco-
64. These treatments were replicated three
times in factorial randomized block design. The
net plot size was 3.0 m x 3.0 m with 30 cm x
15 cm spacing between the rows and plants. A
basal recommended dose of  100 : 50 50 kg
NPK ha-1 was applied through urea, single
super phosphate and  potash. The farmyard
manure @ 2 kg meter-2 was applied at 15 days
before preparation of Broad Bed Furrows in
shadenet house. Raised beds of 45 cm in
height, 18 m in length and 1.20 m in width
were prepared along the shadenet house with
walking space of 30 cm between the beds. In
shadenet house irrigation was applied at every
alternate day based on pan evaporation data
starting from sowing up to last picking whereas
in open field irrigation was applied at every 75
mm CPE with 7.5 cm depth.

Results and Discussion

Growth parameters : It could be seen
from the Table 1. among the coloured
shadenets, the red coloured shadenet exhibited
significantly higher growth attributes viz., plant
height (206.90 cm), length of internode (14.86
cm) and dry matter plant-1 (63.26 g) and at par
with green + white coloured shadenet in
respect of plant height and dry matter plant-1

while green + white and green coloured
shadenets in respect of length of internode.
Significantly higher stem girth (69.1 mm) was
observed under black coloured shadenet and
which was at par with white and blue coloured
shadenets. This might be due to the shading
effect of red coloured shadenet that could be
offering better microclimate development in
respect of air temperature, relative humidity
and light intensity which leads to increase in
growth characters. The crop grown on open
field registered significantly minimum growth
attributes viz., plant height (95.12 cm), stem
girth (64.2 mm), length of internode (12.87
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cm) and dry matter plant-1 (28.81 g) than all
types of coloured shadenets, because of low
relative humidity and high temperature leads to
heat stress and reduces length of internode,
plant height and ultimately dry matter plant-1.
These result are in confirmity with Mercodo et
al. (1997), Shamir et al. (2001), Shahak et al.
(2009) and Yan Qinyan et al. (2011) .

Among the genotypes, Mahyco-64 recorded
significantly higher plant height (190.47 cm)
and length of internode (14.61 cm), however
significantly higher stem girth (69.2 mm) and
dry matter plant-1 (58.41 g) was recorded by
Phule Utkarsha. This might be due to Mahyco-
64 genotype suitably adjusting the soil and
microclimatic conditions of shadenet house and
its faster growing habit compared to Phule
Utkarsha.

Yield : Among the coloured shadenets, the
red coloured shadenet exhibited significantly
higher yield attributes viz., number of fruits
plant-1 (52.83), fruit length (13.92 cm), fruit
girth (5.21 cm) and fruit weight plant-1 (1104
g) and at par with green + white coloured
shadenet in respect of number of fruits plant-1

and fruit weight plant-1 while, at par with green
+ white, green and blue coloured shadenets in
respect of fruit length, however, fruit girth was
at par with green and blue coloured shadenets
(Table 1). This might be due to the red and
green + white colour have more reflection and
scattering of light resulting in to higher
absorption of photosynthetically active
radiations, photosynthesis and dry matter
accumulation ultimately increases the yield
attributes of okra plants. The crop grown on
open field condition registered significantly
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Table 1. Growth parameters of okra as influenced by different treatments

Treatments Growth parameters Yield attributes Fruit %
–––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––– yield increase
Plant Stem Length Dry No. of Fruit Fruit Fruit unit-1 of over
height girth of inter- matter fruits length girth weight shade- open
(cm) (mm) nodes (g plant-1 (cm) (cm) (g net-756 field

(cm) plant-1) plant-1) m2 (kg)

Coloured shadenets - 50% shading intensity  (C)
C1 - White 199.58 69.0 13.69 60.83 48.00 13.17 5.10 1000.00 1814 58.94
C2 - Blue 202.65 68.9 13.80 61.13 46.00 13.27 5.12 0925.00 1678 47.02
C3 - Green+White 206.70 66.7 14.84 63.18 50.67 13.51 5.09 1075.00 1950 70.86
C4 - Green 205.57 67.5 14.82 62.73 48.83 13.76 5.14 1041.00 1890 65.56
C5 - Red 206.90 66.0 14.86 63.26 52.83 13.92 5.21 1104.00 2003 75.49
C6 - Black 197.52 69.1 13.47 60.55 46.33 13.62 5.01 0854.00 1549 35.76
C7 - Open field 95.12 64.2 12.87 28.81 33.33 12.61 4.57 0629.00 1141 -
S.E.m (±) 0.18 0.12 0.06 0.13 0.75 0.22 0.03 13.499 9.0 -
CD at 5 % 0.54 0.36 0.17 0.40 2.18 0.66 0.09 39.240 27.0 -

Okra Genotypes  (G)
G1 - Phule Utkarsha 185.97 69.2 13.49 58.41 50.10 13.91 5.16 963.68 1740 4.68
G2 - Mahyco-64 190.47 65.4 14.61 56.02 43.05 12.90 4.91 930.04 1695 -
SEm ( ±) 0.09 0.10 0.03 0.07 0.40 0.12 0.04 7.215 10.1 -
CD at 5 % 0.28 0.30 0.09 0.21 1.16 0.36 0.12 20.975 29.6 -

Interaction  (C x G)
S.E.m (±) 0.26 0.1 0.08 0.19 1.06 0.32 0.11 19.09 9.50 -
CD at 5 % 0.76 NS 0.24 NS NS NS NS NS NS -
General mean 187.72 67.3 14.05 57.23 46.57 13.41 5.03 946.86 1718 -



minimum yield attributes viz., number of fruits
plant-1 (33.33), fruit length (12.61 cm), fruit
girth (4.57 cm) and fruit weight plant-1 (629 g)
than all types of coloured shadenets. This might
be due to high temperature photosynthates
partitioning and distribution for the final sink
were reduced resulting in poor quality and
lower yield attributes in okra. Similar results
were reported by Shahak et al. (2009) and
Medany et al. (2009).

The red coloured shadenet exhibited
significantly higher fruit yield (20.03 q unit-1 of
shadenet) and at par with green + white, green
and white coloured shadenets. The fruit yield
obtained under red coloured shadenet was
75.49 per cent higher than open field
condition. The fruit yield obtained under
different coloured shadenets was significantly
more than open field condition except blue

coloured shadenet. This was attributed to the
fact that, red colour might have scattered more
light resulted into availability of more diffused
radiation causing higher absorbtion of PAR
resulting in more photosynthetic rate. The crop
grown under open field condition registered
significantly lower fruit yield (1141 kg unit-1 of
shadenet). This might be due to higher light
intensity causes heat stress leads to dropping of
flowers resulted in reduction in number of fruits
plant-1. Secondly, it also increased soil
temperature which affects the moisture and
nutrient availability to crop reflected in
decreasing growth and yield attributes of crop
as well as reduced the number of fruit pickings.
Similar result were reported by Zoran et al.
(2011) and  Rajasekar et al. (2013). 

Among the genotypes, Phule Utkarsha
recorded significantly higher yield attributes
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Table 2. Periodical absorbed photosynthetically active radiation in okra as influenced by different treatments

Treatment Absorbed photosynthetically active radiation (µmol m-2s-1)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
30 DAS 45 DAS 60 DAS 75 DAS At least

picking

Coloured shadenets - 50% shading intensity (C)
C1 - White 254.33 356.00 463.83 411.50 377.17
C2 - Blue 349.50 451.83 557.33 517.83 485.50
C3 - Green+White 457.17 557.17 665.67 625.17 588.00
C4 - Green 455.83 557.00 663.00 619.33 585.50
C5 - Red 464.83 566.67 671.00 625.33 591.17
C6 - Black 232.33 334.67 441.00 397.50 368.17
C7 - Open field 647.00 749.50 857.83 807.83 780.33
S.E.m (±) 3.31 3.55 2.84 2.79 2.53
CD at 5 % 9.64 10.32 8.27 8.12 7.36

Okra Genotypes  (G)
G1 - Phule Utkarsha 412.57 514.19 623.10 579.05 545.81
G2 - Mahyco-64 404.86 506.62 611.10 565.10 533.00
S.E.m (±) 1.8 1.90 1.52 1.49 1.35
CD at 5 % 5.2 5.52 4.42 4.34 3.94

Interaction (C x G)
S.E.m (±) 4.1 4.35 3.48 3.42 3.10
CD at 5% NS NS NS NS NS
General mean 408.71 510.40 617.10 572.07 539.40



viz., number of fruits plant-1 (50.10), fruit
length (13.91 cm), fruit girth (5.16 cm) and fruit
weight plant-1 (963.68 g) over the Mahyco-64
genotype. This might be due to Phule Utkarsha
genotype recorded higher photosynthetic rate
and it suitably adjusting microclimatic
environment of shadenet house which help to
increase the growth and yield attributes of crop.

The genotype, Phule Utkarsha recorded
significantly higher fruit yield (1740 kg unit-1 of
shadenet) over the Mahyco-64 genotype. The
fruit yield of Phule Utkarsha genotype was 4.68
per cent higher over the Mahyco-64 genotype.
This might be due all the growth and yield
attributes were significantly higher in Phule
Utkarsha which reflected on fruit yield of okra.

Absorbed Photosynthetically Active
Radiation (APAR) : Among the coloured
shadenets, the red coloured shadenet registered
significantly higher absorbed photosynthetically
active radiation and at par with green + white
and green coloured shadenet at all crop growth
stages (Table 2). This might be due to complete
transmission of light to the absorbing surface of
okra, it has more selectivity for light flux
required for photosynthesis. The open field
condition recorded highest absorbed
photosynthetically active radiation at all crop
growth stages as compared to shading effect of
different shadenet colour because of high light
intensity increases APAR value. These result
are in confirmity with the finding of Sica and
Picuno (2008) and Arthurs et al. (2013).

Among the genotypes, significantly higher
absorbed photosynthetically active radiation
was observed in Phule Utkarsha genotype at all
growth stages as  compared to Mahyco-64
genotype. This might be due to the more crop
canopy in Phule Utkarsha genotype compared
to Mahyco-64 genotype which intercepts

maximum photosynthetic active radiation.
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Pigeonpea (Cajanus cajan (L.) Millsp.)
commonly known as Redgram, Tur, Arhar etc.,
is an erect and short-lived perennial shrub
legume. India accounts for about 75 per cent of
world production. Economically it is the second
most important pulse crop after chickpea in
India accounting for about 20 per cent of total
pulse production. India annually produces about
2.0 - 2.5 million tones. Most of the pests attack
the crop at reproductive stage causing direct
losses. It is particularly difficult to estimate
losses caused by pests as the crop has a good
ability to compensate for defoliation up to 50
per cent even if it occurs in the podding stage.
Like other pulses, pigeonpea is susceptible to a
large number of diseases and insect pests which

cause heavy losses. H. armigera being
polyphagous pest has become a key pest in the
pulse growing regions during the kharif as well
as rabi season. With the introduction of
transgenic cotton, incidence of Helicoverpa
had gone down for a few years, but now it is
again staging a comeback. In medium and late
duration varieties, Maruca vitrata, Helicoverpa
armigera, Melanagromyza obtusa and
Exelastis atomosa, Lampides boeticus are the
dominant pests. A number of insecticides have
been found reported to be effective for
controlling H. armigera on pigeonpea (Ujagir,
2000). Exploring new insecticides with lesser
residues and lower environmental threat has
become imperative. In recent years, newer
compounds with novel modes of action are
being evolved to check infestation by this insect
pest. The present study is aimed at evaluating
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Abstract
A field experiment was conducted to determine the efficacy of newer insecticides against Helicoverpa

armigera (Hubner) infesting pigeonpea at Pulses Improvement Project, Mahatma Phule Krishi Vidyapeeth,
Rahuri-413 722 during Kharif season of 2011-12, 2012-13 and 2013-14. The pooled results revealed that
all the insecticidal treatment recorded less survival larval population at 7 days after spray and pod damage was
ranged in 0.33 to 1.3 larvae/5plants and 4.94 to 12.69 per cent, respectively as against 2.7 larvae/5plants
and 18.93 per cent in untreated control. However, Flubendiamide 20 WDG @ 60 g a.i. ha-1 was found the
most effective in reducing the H. armigera larval population and pod damage of pigeonpea followed by
Rynaxypyr 18.5 SC @ 30 g a.i. ha-1 and Emamectin benzoate 5 SG @ 11 g a.i. ha-1. The highest yield (2590
kg ha-1) and maximum net income (Rs. 46056 ha-1) was recorded in the treatment of Flubendiamide 20
WDG @ 50 g a. i. ha-1 followed by Rynaxypyr 18.5 SC @ 30 g a.i. ha-1 (2327 kg ha-1 and Rs.36239
ha-1) and Emamectin benzoate 5 SG @ 11 g a.i. ha-1 (2239 kg ha-1 and Rs.35745 ha-1). The decreasing
order of incremental cost benefit ratio (ICBR) in pigeonpea of different insecticides recorded was Quinalphos
25 EC @ 250 g a.i. ha-1 (1:8.80) > Flubendiamide 20 WDG @ 50 g a.i. ha-1 (1:6.28) > Emamectin benzoate
5 SG @ 11 g a.i. ha-1 (1:5.19) > Indoxacarb 14.5 SC @ 60 g a.i. ha-1 (1:3.76) > Rynaxypyr 18.5 SC @
30 g a.i. ha-1 (1:3.69) > Spinosad 45 SC @ 73 g a.i. ha-1 (1:13.37). 
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the efficacy of certain new insecticides against
the H. armigera in pigeonpea ecosystem.

Materials and Methods

The experiment was conducted during
kharif season of 2011-12, 2012-13 and 2013-
14 at Pulses Improvement Project, Mahatma
Phule Krishi Vidyapeeth, Rahuri. Seven
treatments viz., Spinosad 45 SC @ 73 g a.i.
ha-1, Indoxacarb 14.5 SC @ 60 g a.i. ha-1,
Quinalphos 25 EC @ 250 g a.i.ha-1,
Emamectin benzoate 5 SG @ 11 g a.i.ha-1,
Flubendiamide  20 WDG @ 50 g a.i.ha-1,
Rynaxypyr 18.5 SC @ 30 g a.i. ha-1 along with
an untreated control were tried against H.
armigera on a pigeonpea cv. Vipula. There
were four replications (4 rows of 4 m length in
each replication) in a randomized block design
(RBD). Two seeds were dibbled at a depth of 5

cm below the soil surface in black cotton soils
with 90 cm spacing between rows, 20 cm
between the plants, normal agronomic
practices were followed for raising the crop.
Intercultural and weeding operations were
carried out as needed. Three sprays were
applied commencing at 50 per cent flowering,
second at pod initiation stage and last at 50 per
cent podding stage with hand operated
knapsack sprayer with a spray volume of 500
litre ha-1. Twenty five inflorescences (30 cm
length) were selected at random in  each  plot
from  the  middle  two rows  for  the
Observations on larval population of H.
armigera. At maturity, number of pods
showing H. armigera damage was recorded
and expressed as a percentage of the total
number of pods. All the pods were then
threshed and grain yield was recorded after
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Table 1. Efficacy of newer insecticides against larval population of Helicoverpa armigera (Hubner) in pigeonpea (Pooled
data three years i.e. 2011-12, 2012-13 and 2013-14)

Treatment Dose Mean survival larval population / 5 plants
g a.i. ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
ha-1 0 DAS* 3 DAS 7 DAS

––––––––––––––––––––––––– –––––––––––––––––––––––––– –––––––––––––––––––––––––
2011 2012 2013 Mean 2011 2012 2013 Mean 2011 2012 2013 Mean
-12 -13 -14 -12 -13 -14 -12 -13 -14

Spinosad 45 SC 73 1.80 2.90 3.20 2.63 1.60 1.80 1.70 1.70 0.70 0.95 0.70 0.78
(1.67)* (1.97) (2.05) (1.90) (1.61) (1.67) (1.63) (1.64) (1.30) (1.39) (1.29) (1.33)

Indoxacarb 14.5 SC 60 1.70 3.10 2.80 2.53 1.90 1.97 1.90 1.92 0.80 1.00 0.85 0.88
(1.64) (2.02) (1.95) (1.87) (1.70) (1.72) (1.70) (1.71) (1.34) (1.41) (1.36) (1.37)

Quinalphos 25 EC 250 2.30 3.25 2.90 2.82 1.90 2.40 2.10 2.13 0.85 1.80 1.25 1.30
(1.82) (2.06) (1.97) (1.95) (1.70) (1.84) (1.76) (1.77) (1.36) (1.66) (1.50) (1.51)

Emamectin 11 2.50 3.00 3.10 2.87 1.20 1.65 1.10 1.32 0.65 0.90 0.50 0.68
benzoate 5 SG (1.87) (2.00) (2.02) (1.96) (1.48) (1.62) (1.44) (1.51) (1.28) (1.37) (1.22) (1.29)

Flubendiamide 20 WDG 50 1.90 2.95 3.30 2.72 1.00 0.69 0.80 0.83 0.45 0.30 0.25 0.33
(1.70) (1.99) (2.07) (1.92) (1.41) (1.30) (1.34) (1.35) (1.20) (1.14) (1.12) (1.15)

Rynaxypyr 18.5 SC 30 2.00 3.30 2.75 2.68 1.10 1.01 0.90 1.00 0.58 0.60 0.36 0.51
(1.73) (2.07) (1.93) (1.91) (1.45) (1.41) (1.37) (1.41) (1.25) (1.26) (1.17) (1.23)

Untreated check - 3.00 3.35 3.10 3.15 3.84 3.10 2.80 3.25 3.12 2.60 2.40 2.71
(2.00) (2.08) (2.02) (2.03) (2.20) (2.02) (1.94) (2.05) (2.03) (1.89) (1.84) (1.92)

SE ± 0.19 0.10 0.13 0.14 0.03 0.12 0.09 0.08 0.03 0.09 0.05 0.06

CD at 5 % NS NS NS NS 0.08 0.35 0.29 0.24 0.09 0.24 0.15 0.16

CV % 12.99 8.23 11.66 10.96 13.09 10.22 10.08 11.13 9.10 8.27 11.32 9.56

*DAS : Days after spraying, *Figure in the parenthesis are square root n+1 transformed values.



discarding the damaged grains. The monetary
returns and incremental cost-benefit ratios of
the treatments were also worked out for
selecting economical treatments against the
pest. 

Results and Discussion

Larval incidence : Pooled results of three
years (2011-12, 2012-13 and 2013-14) data
are presented in Table 1. The larval count of H.
armigera before spraying was non-significant.
The results on surviving larval population of H.
armigera indicated that the differences in larval
population at 3 and 7 days after spraying (DAS)
were found to be significant during the present
investigation. All the insecticide treatments
were recorded significantly lower larval
population than untreated control. At 3 DAS,
the lowest mean larval population of H.
armigera (0.83 larva/5 plants) was noticed in
the treatment with Flubendiamide 20 WDG @

50 g a.i. ha-1 and it was significantly lower than
the other treatments except Rynaxypyr 18.5
SC @ 30 g a.i. ha-1 and Emamectin benzoate 5
SG @ 11 g a.i. ha-1. These treatments were
recorded 1.00 and 1.32 larvae/5 plants of H.
armigera, respectively. Similar results were also
noticed at 7 days after spray treatments.
Flubendiamide 20 WDG @ 50 g a.i. ha-1

showed significantly lesser number of H.
armigera (0.33 larva/5 plants). However, it
was at par with Rynaxypyr 18.5 SC @ 30 g a.i.
ha-1 and Emamectin benzoate 5 SG @ 11 g
a.i. ha-1 which recorded 0.51 and 0.68  larva/
5 plants, respectively. 

Pod damage : The results of three years
data of 2011-12, 2012-13 and 2013-14 in
respect to pod damage caused by H. armigera
are presented in Table 2. The treatment of
Flubendiamide 20 WDG @ 50 g a.i. ha-1

recorded significantly lower mean per cent  pod
damage  (4.94). However, it was at par with
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Table 2. Efficacy of newer insecticides against Helicoverpa armigera (Hubner) pod damage and grain yield of pigeonpea
(Pooled data of three years i.e. 2011-12, 2012-13 and 2013-14)

Treatments Dose Pod damage (%) Grain yied (kg ha-1)
g a.i. –––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––
ha-1 2011-12 2012-13 2013-14 Mean 2011-12 2012-13 2013-14 Mean

Spinosad 45 SC 73 11.00 8.58 7.10 8.89 2683 1610 1960 2084
(19.37)* (16.95) (15.43) (17.25)

Indoxacarb 14.5 SC 60 13.00 10.65 8.40 10.68 2502 1450 1890 1947
(21.13) (18.95) (16.79) (18.96)

Quinalphos 25 EC 250 16.10 11.47 10.50 12.69 2386 1200 1710 1765
(23.58) (19.73) (18.88) (20.73)

Emamectin benzoate 5 SG 11 10.30 7.31 5.60 7.74 2733 1750 2235 2239
(18.72) (15.66) (13.61) (16.00)

Flubendiamide 20 WDG 50 5.75 5.17 3.90 4.94 3008 2129 2410 2515
(13.88) (13.05) (11.19) (12.71)

Rynaxypyr 18.5 SC 30 7.10 6.01 4.75 5.95 2772 1910 2300 2327
(15.45) (14.12) (12.48) (14.02)

Untreated check - 19.75 16.99 20.05 18.93 1450 950 1040 1146
(26.35) (24.27) (26.58) (25.73)

SE ± 1.10 0.89 1.12 1.04 149.83 134.00 125.16 136.32

CD at 5 % 5.01 2.74 3.46 3.74 326.00 350.00 385.69 353.90

CV % 13.25 8.75 11.85 11.28 17.13 14.05 11.20 14.13

* Figure in the parenthesis are arc sin transformed values.



Rynaxypyr 18.5 SC @ 30 g a.i. ha-1 and
Emamectin benzoate    5 SG @ 11 g a.i. ha-1

which were recorded 5.95 and 7.74 per cent
pod damage, respectively. Rest of the
treatments were significantly reduced the pod
damage in the ranged of 8.89 to 12.69 per
cent caused by H. armigera as against
untreated control (18.93). The descending
order of pod damage was Flubendiamide >
Rynaxypyr > Emamectin benzoate > Spinosad
> Indoxacarb > Quinalphos > untreated
control.

Grain yield : The pooled results of grain
yield presented in Table 3 revealed that all the
insecticide treatments recorded significantly
higher grain yield than untreated control. The
significantly higher (2515 kg ha-1) grain yield
was obtained from the treatment of
Flubendiamide 20 WDG @ 50 g a.i. ha-1 and it
was at par with Rynaxypyr 18.5 SC @ 30 g a.i.
ha-1 (2327 kg ha-1) and Emamectin benzoate 5
SG @ 11 g a.i. ha-1 (2239 kg ha-1).

Economics : From the Table 3, it revealed
that maximum net income (Rs.46056/ha)
received from the treatment of Flubendiamide

20 WDG @ 50 g a.i. ha-1 followed by
Rynaxypyr 18.5 SC @ 30 g a.i. ha-1 (Rs.36239
ha-1) and Emamectin benzoate 5 SG @ 11 g
a.i. ha -1 (Rs.35745 ha-1) over untreated
control. Irrespective of net profit, highest ICBR
(1:8.80) was obtained in the treatment
Quinalphos 25 EC @ 250 g a.i. ha-1 followed
by Flubendiamide 20 WDG @ 50 g a.i. ha-1

(1:6.28), Emamectin benzoate 5 SG @ 11 g a.i.
ha-1 (1:5.19), Indoxacarb 14.5 SC @ 60 g a.i.
ha-1 (1:3.76), Rynaxypyr 18.5 SC @ 30 g a.i.
ha-1 (1:3.69) and Spinosad 45 SC @ 73 g a.i.
ha-1 (1:3.37) with maximum monetary returns
over untreated control.

Satpute and Barkhade (2012) studied the
different doses of Rynaxypyr 18.5 SC against
the pod borer complex (H. armigera, M.
obtusa and E. atmosa) of pigeonpea. It
revealed that the significant differences among
the treatments and the higher doses of
Rynaxypyr 18.5 SC (30 and 40 g a.i. ha-1)
were found most effective in reducing the pod
damage as well as the pest population.
Irrespective of larval population of the
treatments, the conventional insecticides were
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Table 3. Economics of different insecticides used in pigeonpea for the control of Helicoverpa armigera (Pooled data of three
years i.e. 2011-12, 2012-13 and 2013-14)

Treatments Dose Pooled Increase Net Cost of insecticide Net ICBR
g a.i. yield in yield monetary and spraying income
ha-1 (kg ha-1) over control returns charges (Rs. ha-1)

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

Spinosad 45 SC 73 2084 938 36582 8365 27217 1:3.37

Indoxacarb 14.5 SC 60 1947 801 31239 6558 24681 1:3.76

Quinalphos 25 EC 250 1765 609 24141 2463 21678 1:8.80

Emamectin benzoate 5 SG 11 2239 1093 42627 6882 35745 1:5.19

Flubendiamide 20 WDG 50 2515 1369 53391 7335 46056 1:6.28

Rynaxypyr 18.5 SC 30 2327 1181 46059 9820 36230 1:3.69

Untreated check - 1146 - - - - -

Rates:

1. Spinosad : Rs. 14,866/- L-1 2. Indoxacarb : Rs. 4,380/- L-1 3. Quinalphos : Rs. 441/- L-1

4. Emamectin benzoate: Rs. 8,700/- kg-1 5. Flubendiamide : Rs. 8,260/- kg-1 6. Rynaxypyr : Rs. 14,466/- L-1

7. Cost of grains : Rs. 3,900 /- quintal-1 8. Cost of spraying : Rs. 1140/- for three sprays



found at par with the higher doses of
Rynaxypyr 18.5 SC (30 and 40 g a.i. ha-1).

The results of the present finding is in
agreement with Wadaskar et al. (2013) who
reported that mean reduction of H. armigera
larval population  at 7 and 14 days after  spray,
highest yield, monetary returns and incremental
cost benefit ratio rendered flubendiamide as a
cost effective alternative for pod borer
management in pigeonpea. They also reported
that other treatments viz., indoxacarb,
emamectin benzoate and spinosad were
economic feasibility and may recommend as
potent alternatives in management of pod
borer complex of pigeonpea.

Sreekanth et al. (2014) reported that
Helicoverpa larval population and pod damage
per plant was lowest in plots treated with
Chlorantraniliprole 18.5 SC, Flubendiamide
480 SC and Spinosad 45 SC as against
untreated control plot. Highest grain yield was
in  Chlorantraniliprole  18.5 SC followed  by

Flubendiamide  480 SC and Spinosad 45 SC.
The cost effectiveness of Chlorantraniliprole
and Flubendiamide was also high and very
favorable with incremental cost-benefit ratios of
1:4.64 and 1:4.50 respectively, followed by
Indoxacarb (1:3.67), Emamectin benzoate
(1:3.13) and Spinosad (1:2.97). These results
are in line with the present findings.
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India is a major safflower (Carthamus
tinctorius L.) growing country in the world with
an area of 1.84 lakh ha, production of 1.09
lakh tones and productivity of 591 kg ha-1

(Anonymous, 2014a). Maharashtra state
contributes nearly 57 per cent (1.05 lakh ha)
and 53 per cent (0.58 lakh tones) to the total
area and production of the country,
respectively. However, the productivity of
safflower in Maharashtra state and also in the
country are comparatively low (552 and 591 kg
ha-1), respectively. The low productivity in
safflower is attributed to inadequate follow up of
improved technology and careless management
of insect-pests and diseases.

One of the important reasons for low
productivity is that the crop is affected by a
number of insect-pests and diseases causing
substantial losses in yield (Singh et al., 1999).
Among various pests, safflower aphid

(Uroleucon compositae Theobald) is the most
destructive infesting the crop from elongation
stage up to flowering period (Akashe et al.,
1999). Aphid (U. compositae) causes 52.14 to
92.77 per cent losses in safflower yield
(Anonymous, 2014b). Several insecticides have
been recommended for its management
(Neharkar et al., 2003; Akashe et al., 2008;
Sharma et al., 2009 and Bisen et al., 2012).
Farmers mainly depended upon chemical
insecticides only. The major limitations of
chemical insecticides are hazards to human
beings, animals and the ecosystem besides their
high cost. This has necessitated looking for
some alternate eco-friendly and effective
management strategies. The evolution of high
yielding safflower varieties with resistance/
tolerance to aphid would be the safest and
cheapest method for aphid control. The
present exercise was, therefore, made to
reassess and identify aphid resistant/tolerant
sources for their exploitation in breeding
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Abstract
Forty eight genotypes of safflower, which were already identified as promising against aphid (Uroleucon

compositae T.), were reassessed for their reaction to aphid under late sown field condition during rabi 2013-
14 at the All India Coordinated Research Project on Safflower, Zonal Agricultural Research Station, Solapur-
413 002, Maharashtra, India. Out of these, 14 entries viz., GMU-174, GMU-1087, GMU-1628, GMU-
1811, GMU-2020, GMU-2066, GMU-2130, GMU-2775, GMU-3256, GMU-5097, GMU-5130, GMU-
5136, GMU-5142 and SF-10-4 secured tolerant grade (i.e. 1.5 to 2.0 foliage drying grade (FDG)) whereas
24 entries were found moderately tolerant (i.e. 2.5 to 3.0 FDG) on the basis of aphid population, FDG and
seed yield at harvest. The National check, A-1 was categorized as moderately tolerant (FDG 3.0) whereas the
susceptible check, CO-1 was rated as highly susceptible (FDG 5.0). The genotypes with high degree of
tolerance to aphids may be used in breeding programme to evolve high yielding varieties with in-built aphid
tolerance. 

Key words : Elite sources, safflower, aphid resistance.
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programme. The genotypic response of
safflower to aphid has been studied by earlier
workers also (Akashe et al., 1996 and 1997;
Mane et al., 2012 and Rathod et al., 2012)
and some genotypes were reported relatively
resistant. 

Material and Methods

Location/study area : The field experi-
ment was conducted during rabi 2013-14 at All
India Coordinated Research Project on
Safflower, Zonal Agricultural Research Station,
Solapur, Maharashtra, India under untreated
late sown condition (1st week of November).
Forty eight entries (Table 2) which were already
identified promising were grown in an
augmented randomized block design with two
replications. Susceptible check (CO-1) and
tolerant/national check (A-1) were used for
comparison and both the checks were sown
after every 10th row of test entries and CO-1
was also grown all around the tier of the test
material as an infester. Each accession was
planted in a single row of 2 m length with inter-
row and intra-row spacing of 45 cm and 20
cm, respectively. Forty eight safflower
genotypes which were observed consistently
tolerant to aphid at different locations were
collected and tested. 

Observations and seed yield : The data

on actual aphid count on 5 cm apical twig per
plant on five randomly selected plants in a row
were recorded at peak aphid incidence i.e. one
month after the first incidence. The per cent
aphid population in each entry was compared
to standard check considering aphid number on
A-1 as 100 per cent. The observations on
extent of premature foliage drying (1 to 5
grades) due to aphid infestation were recorded
by visual score method one month after the
peak incidence (Table 1). The seed yield per
plant (g) was recorded at harvest. 

The data on two parameters viz., aphid
count and FDG of entries was subjected to the
statistical analysis.

Results and Discussion

The data presented in Table 2 revealed
significant differences among various genotypes
in respect of aphid population (No. of aphids
on 5 cm apical twig per plant) and foliage
drying grades as well. All the entries except
GMU-7187 recorded significantly lower aphid
population than the susceptible check (CO-1).
GMU-7187 was at par with CO-1 in respect of
aphid population. Among the 48 genotypes,
24 viz., GMU-174, GMU-178, GMU-1087,
GMU-1562, GMU-1628, GMU-1630, GMU-
1811, GMU-2020, GMU-2066, GMU-2130,
GMU-2775, GMU-3256, GMU-3944, GMU-
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Table 1. Foliage drying grades and categorization of safflower entries due to aphid

Foliage drying Category of Per cent foliage Visible symptoms
grade/ scale the entry drying range

1 Highly Tolerant (HT) 0 to 20 % Healthy plants with normal capitula, seed yield equal to 
protected plants.

2 Tolerant (T) 21 to 40 % Healthy plants but yellowing and drying of leaves on 
main stem and branches, normal capitula.

3 Moderately Tolerant (MT) 41 to 60 % Drying of 50 % leaves on tender shoots of the plant, 
small to medium capitula with low seed setting. 

4 Susceptible (S) 61 to 80 % Drying of leaves and tender shoots, withering of 
branches, stunted growth, less number of capitula with 
very poor seed setting.

5 Highly Susceptible (HS) Above 80 % Death of plant before maturity and no seed yield.
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Table 2. Re-evaluation of safflower germplasm accessions for aphid resistance

Entry Av. aphids / 5 cm Percent Foliage drying Cate- Seed
twing plant-1 aphids grades (Av.) gory yield

––––––––––––––––––––––––––– over ––––––––––––––––––––––––– g 
RI RII Mean A-1 RI RII Mean plant-1

GMU-174 130 140 135 83.1 2 2 2.0 T 1.70
GMU-178 140 150 145 89.2 2 3 2.5 MT 1.50
GMU-579 180 170 175 107.7 3 3 3.0 MT 1.10
GMU-589 185 195 190 116.9 3 3 3.0 MT 1.00
GMU-632 210 220 215 132.3 4 4 4.0 S 0.00
GMU-1087 145 135 140 86.2 2 2 2.0 T 1.75
GMU-1251 150 160 155 95.4 3 3 3.0 MT 0.95
GMU-1562 130 140 135 83.1 2 3 2.5 MT 1.00
GMU-1628 90 80 85 52.3 1 2 1.5 T 2.10
GMU-1630 110 120 115 70.8 2 3 2.5 MT 0.90
GMU-1811 115 125 120 73.9 2 2 2.0 T 1.70
GMU-2020 70 80 75 46.2 1 2 1.5 T 2.00
GMU-2066 130 140 135 83.1 2 2 2.0 T 1.55
GMU-2130 120 130 125 76.9 2 2 2.0 T 1.60
GMU-2775 90 100 95 58.5 1 2 1.5 T 1.90
GMU-3256 130 140 135 83.1 2 2 2.0 T 1.75
GMU-3944 110 120 115 70.8 2 3 2.5 MT 1.00
GMU-3955 120 130 125 76.9 2 3 2.5 MT 1.00
GMU-4480 170 180 175 107.7 3 3 3.0 MT 0.70
GMU-4484 180 190 185 113.9 3 3 3.0 MT 0.65
GMU-4608 210 220 215 132.3 4 4 4.0 S 0.00
GMU-4609 120 110 115 70.8 2 3 2.5 MT 0.80
GMU-4627 170 180 175 107.7 3 3 3.0 MT 0.50
GMU-5097 110 120 115 70.8 1 3 2.0 T 1.12
GMU-5130 100 110 105 64.6 1 2 1.5 T 1.80
GMU-5131 170 180 175 107.7 3 4 3.5 S 0.00
GMU-5132 200 190 195 120.0 3 3 3.0 MT 0.55
GMU-5133 180 190 185 113.9 3 3 3.0 MT 0.60
GMU-5134 165 175 170 104.6 3 3 3.0 MT 0.90
GMU-5135 180 190 185 113.9 3 3 3.0 MT 0.85
GMU-5136 110 120 115 70.8 1 2 1.5 T 2.12
GMU-5137 140 150 145 89.2 2 3 2.5 MT 0.75
GMU-5142 110 100 105 64.6 1 2 1.5 T 2.00
GMU-5145 170 180 175 107.7 3 4 3.5 S 0.00
GMU-6299 180 190 185 113.9 3 3 3.0 MT 0.58
GMU-6401 160 170 165 101.5 3 3 3.0 MT 0.60
GMU-7152 220 230 225 138.5 4 4 4.0 S 0.00
GMU-7172 210 220 215 132.3 4 4 4.0 S 0.00
GMU-7187 230 240 235 144.6 4 4 4.0 S 0.00
GMU-7188 230 220 225 138.5 4 4 4.0 S 0.00
SSF-682 170 180 175 107.7 3 3 3.0 MT 0.70
SSF-684 180 190 185 113.9 3 3 3.0 MT 0.66
SSF-695 190 200 195 120.0 3 4 3.5 S 0.00
SSF-704 180 190 185 113.9 3 4 3.5 S 0.00
SSF-714 140 150 145 89.2 2 3 2.5 MT 0.80
SSF-734 130 140 135 83.1 2 3 2.5 MT 0.75



3955, GMU-4609, GMU-5097, GMU-5130,
GMU-5136, GMU-5137, GMU-5142, SSF-
714, SSF-734, SSF-807 and SF-10-4
registered statistically lower aphid population
than the national check A-1. The lowest aphid
population (< 100) was harbored by GMU-
2020 (75) followed by GMU-1628 (85), GMU-
2775 (95) and SF-10-4 (95). The maximum per
cent decline in aphid population over tolerant
check A-1 (100.0) i.e. 46.2, 52.3, 58.5 and
58.5 was recorded by GMU-2020, GMU-
1628, GMU-2775 and SF-10-4, respectively
(Table 2).

Foliage Drying Grades (FDG) : The data
on FDG presented in Table 2 indicated that
none of the entries showed highly tolerant
reaction to aphids. However, 14 entries viz.,
GMU-174, GMU-1087, GMU-1628, GMU-
1811, GMU-2020, GMU-2066, GMU-2130,
GMU-2775, GMU-3256, GMU-5097, GMU-
5130, GMU-5136, GMU-5142 and SF-10-4
secured tolerant reaction (1.5-2.0 FDG) against
aphid. Twenty four entries viz., GMU-178,
GMU-579, GMU-589, GMU-1251, GMU-
1562, GMU-1630, GMU-3944, GMU-3955,
GMU-4480, GMU-4484, GMU-4609, GMU-
4627, GMU-5132, GMU-5133, GMU-5134,
GMU-5135, GMU-5137, GMU-6299, GMU-
6401, SSF-682, SSF-684, SSF-714, SSF-734
and SSF-807 were rated as moderately tolerant

(2.5-3.0 FDG) to aphid. The national check (A-
1) was categorized as moderately tolerant (3.0
FDG) whereas, the susceptible check (CO-1)
was highly susceptible (5.0 FDG) to aphid.

As regards the seed yield, 15 entries yielded
more than or equal to the tolerant check A-1
(Table 2). The maximum seed yield of 2.20 g
plant-1 was recorded from SF-10-4 as against
1.12 g per plant in A-1. It was followed by
GMU-5136 (2.12 g per plant), GMU-1628
(2.10 g per plant) and GMU-5142 (2 g plant-1).
The susceptible check (CO-1) and the entries
observed in the susceptible FDG produced no
seed yield under untreated late sown field
condition.   

Similar results were reported by Akashe et
al. (1996 and 1997), Mane et al. (2012) and
Rathod et al. (2012) who evaluated the
germplasm accessions and identified some
safflower genotypes as resistant against aphid.
The results are in conformity with Akashe et al.
(1996) in respect of GMU-174, GMU-178,
GMU-1630, GMU-5130, GMU-5133, GMU-
5135 and GMU-5142 and Akashe et al.
(1997) in respect of GMU-3955, GMU-4480
and GMU-4484. The present findings in
respect of SSF-682, SSF-695 and SSF-714 are
in conformity with the results of Mane et al.
(2012) and those of GMU-589, SSF-682, SSF-
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SSF-807 130 140 135 83.1 2 3 2.5 MT 0.60
SF-10-4 100 90 95 58.5 1 2 1.5 T 2.20
A-1 (NC) 160 165 162.5 100.0 3 3 3.0 MT 1.12
CO-1(SC) 250 240 245 150.8 5 5 5.0 HS 0.00
S. E. ± - 3.87 - - - 0.27 - -
C. D. 5 % - - 11.01 - - - 0.77 - -
C. V. % - - 3.49 - - - 13.95 - -

T = Tolerant, MT = Moderately Tolerant, S = Susceptible, HS = Highly Susceptible.

Table 2. Conted.

Entry Av. aphids / 5 cm Percent Foliage drying Cate- Seed
twing plant-1 aphids grades (Av.) gory yield

––––––––––––––––––––––––––– over ––––––––––––––––––––––––– g 
RI RII Mean A-1 RI RII Mean plant-1



714 and SSF-734 are in agreement with the
results of Rathod et al. (2012). Akashe et al.
(2014) reported the safflower genotype, GMU-
4854 as tolerant to aphid (Uroleucon
compositae), Alternaria leaf spot (Alternaria
carthami) and wilt (Fusarium oxysporum f.
sp. carthami), whereas the genotype GMU-
4547 was moderately tolerant and tolerant
against aphid and Alternaria leaf spot,
respectively. 

From the above study, it could be concluded
that out of 48 genotypes, 14 viz., GMU-174,
GMU-1087, GMU-1628, GMU-1811, GMU-
2020, GMU-2066, GMU-2130, GMU-2775,
GMU-3256, GMU-5097, GMU-5130, GMU-
5136, GMU-5142 and SF-10-4 exhibited
tolerance against safflower aphids, whereas 24
entries viz., GMU-178, GMU-579, GMU-589,
GMU-1251, GMU-1562, GMU-1630, GMU-
3944, GMU-3955, GMU-4480, GMU-4484,
GMU-4609, GMU-4627, GMU-5132, GMU-
5133, GMU-5134, GMU-5135, GMU-5137,
GMU-6299, GMU-6401, SSF-682, SSF-684,
SSF-714, SSF-734 and SSF-807  were found
moderately tolerant on the basis of aphid
population, FDG and seed yield. The National
check (A-1) was categorized as moderately
tolerant (3.0 FDG) whereas, the susceptible
check (CO-1) was rated as highly susceptible
(5.0 FDG) to aphid. 
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Chicken production is the main type of
poultry farming, although other species
documented include turkeys, ducks, guinea
fowls, pigeons, geese and ostriches (Terence
and Clovice, 2009).The rationale for the
promotion of poultry production is predicated
on the fact that it can be rapidly expanded to
replace red meat in countries like Nigeria, with
high growth rates, it improves human
nutrition, generates regular income for women
and other disadvantaged groups, supplies input
(e.g. manure) for crop production and is
generally accepted by a majority of the
population.  

According to NAERLS/PCU 2005, based
on provisional partial census of livestock
population in 22 states (out of 36 states
constituting the Federal Republic of Nigeria and
the Federal Capital Territory), Nigeria has an
estimated poultry population for both local and

improved breeds of about 122.9 million,
compared with 48.8 million, 53.6 million and
60.8 million for cattle, sheep and goat,
respectively. The prevailing situation was
worsened in 2006 by the reported outbreak of
the Highly Pathogenic Avian Influenza (HPAI)
sub type H5N1, in some states of the
federation. Obayelu (2007) reported that the
avian-flu outbreak led many poultry farmers
into psychological breakdown due to losses
incurred and it also affected animal protein
intake of a large sector of Nigerian population.
Akpabio et al., 2007 asserted, that in some
areas of the country like Akwa Ibom State
where the viral outbreak was not  observed, a
similar morbid scare of poultry products
occurred and this caused a lull in the production
and marketing of poultry products (especially
egg and broiler meat). Poultry products (poultry
Cluster in some cases), constitute the major
sources of protein for many households, as a
major source of income and employment of
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Abstract
The study investigated the farmers' attitudes and hygienic practices employed by the poultry farmers

against the occurrence of Avian Influenza epidemic in Kwara State. Random sampling technique was used to
select 121 respondents from the population of 160 poultry farmers in the Poultry Association of Nigeria
(PAN), Kwara State branch. A well structured questionnaire was used to elicit information from the
respondents. The result revealed that poultry farmers were aware of personal hygiene to prevent the outbreak
of avian influenza. The most commonly used management system was deep litter and they were more into
broilers and layers production respectively. The respondents' most preferred source of information on avian
influenza was farmers group and they were very highly prepared to take all necessary hygiene attitude and
practices to prevent and control the occurrence and spread of avian influenza virus. Karl Pearson coefficient
correlation indicated a positive and significant relationship with farmers' educational status and years of
poultry experience. 

Key words: Poultry farmers, hygienic practices, avian influenza.
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labour, the poultry industry plays a significant
role in the socio-economic life of Nigerians, in
which the growth of the industry in recent times
has witnessed a serious setback largely because
of notifiable disease outbreak, particularly the
Avian influenza. 

In view of global spread and possible risk of
human infection especially by H5N1 strain of
the virus, the threat of bird flu pandemic is one
of the major public health issues facing the
international community (Bawa et al., 2010).
To control AI, knowledge, attitudes, and
practices (KAP) concerning AI play important
roles. A KAP survey conducted in affected area
like Vietnam found that only half of participants
washed their hands every time after handling
poultry, while around one-fourth never changed
their clothes (Academy for Educational
Development, 2006). In addition, a majority of
households lacked knowledge of avian
symptoms. A survey study of KAP conducted in
Cambodia concluded that participants had high
levels of anxiety concerning AI symptoms
(Academy for Educational Development,
2005). However, they were uncertain of the
risk factors. These behaviours will definitely be
concerned for the infection and outbreak of the
disease in the future. Consequently, UNICEF
adopted a program of interventions in Vietnam,
Cambodia, and Lao PDR that focuses on hand-
washing campaigns, the development of
sources of AI information, and other media to
improve the AI prevention practices of these
populations (Tavorn et al., 2007). However,
little study has been undertaken in Thailand and
Africa on knowledge, attitudes, and practices of
AI. A KAP survey in 2004 in Nakhon Phanom
Province, Thailand, found that about 98% of
the study population received information
about AI from the mass media, especially
through television programs. The study
indicated that, among people who live in
contaminated areas in Thailand, 68.5 per cent

did not know the symptoms or characteristics of
the disease. 

Although studies in several countries
indicate some level of awareness about HPAI,
practices and attitudes for preventing and
controlling HPAI disease spread and outbreaks
have not changed (Fielding et al. 2005, Maton
et al. 2007, DiGiuseppe et al. 2008, Leslie et
al. 2008). Therefore, there is a need to assess
knowledge attitudes, and practices of people in
risk areas to use the information obtained for
further prevention of the disease (Tavorn et al.,
2007). The campaign to eradicate and or
prevent the future occurrence of bird flu in
Nigeria can only be achieved if all stakeholders
in the poultry industry are involved or
sensitized. Adequate knowledge of the
symptoms at the grass root level is required to
facilitate the adoption of preventive measures
to avoid future occurrence as this will also
provide an entry point for agricultural extension
work and services to function effectively.
Understanding people's knowledge, attitudes,
practices, and perceptions (KAPP) about and
toward risk is an important step in determining
which cost-effective measure to adopt. It also is
important in assessing poor people's willingness
to adopt cost-effective prevention and control
measures for reducing the risk of highly
pathogenic avian influenza (HPAI). 

Materials and Methods

The study was carried out in Kwara State
which is the North Central part of Nigeria and
it lies in the middle belt region. The people are
engaged in farming and poultry production
(Kwara Diary, 2011). Agriculturally, the state is
divided into 4 ADP Zones: A, B, C and D. The
population of the study was one hundred and
sixty (160) poultry farmers who were registered
members of the Poultry Farmers Association of
Nigeria (PAN), Kwara State Chapter. A random
sampling technique was used to select one
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hundred and twenty one (121) active poultry
farmers across the four Agricultural
Development Project (ADP) administrative
zones in the state. A well-structured
questionnaire was used to elicit information
from the respondents and the results obtained
were analysed using simple descriptive statistics
such as mean, frequency counts, percentages,
and standard deviation. Pearson correlation
analysis was used to test for the relationship
between selected socio-economic
characteristics of poultry farmers and their
attitude and hygienic practices.

Results and Discussion

Source of Information on Avian Influenza:
Table 1 showed the respondents sources of
information about avian influenza. The most
preferred and effective source of information
are Farmers' group, Radio and Television
(100%, 99.2% and 99.1% respectively).

Poultry farmers' attitude and hygienic
practices towards measures to control
avian influenza (Table 2) : It is observed
that the opinion of the respondents are not
varied as the practices were highly used by all
the farmers as measures to control the spread
of avian influenza and also hygiene attitude of
the farmer towards the control was not varied,
meaning that the farmers are not varied in their
opinion with respect to the fact that avian
influenza is a threat to farmers, their families
and neighbors. On the other hand they are
varied on the fact that it is good to breed birds
at home, the removal of cages from home to
prevent AI occurrence and effect on human
health. On prevention and control measures
adopted, farmers were not varied in their
opinion but highly use all the conditions to
prevent and control AI except use of protective
masks which showed very highly un-used level
among the farmers. 

Relationship between selected socio-

economic characteristics of poultry farmers and
their attitude and hygienic practices: It is
observed that all the selected socio economic
characteristics (educational status, poultry
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Table 1. Sources of Information on AI (Preferred)

Source No Not Most
preferred preferred

School 12 41.7 58.3

Community 133 15.2 84.8

Radio 119 0.8 99.2

Television 117 0.9 99.1

Farmers group 121 - 100.0

Health personnel 20 5 95.0

Veterinary personnel 86 1.2 98.8

Source: Field Survey, 2014.

Table 2. Poultry farmer's attitude and practice towards
measures to control avian influenza

Hygiene Practice Mean S.D

Cleaning of cages for transport 1.26 0.67

Washing of hands after handling birds 1.18 0.71

Washing of hand after sneezing 1.42 0.95

Washing of hands after  toileting 1.16 0.58

Washing of hands after slaughtering  1.24 0.72

Disinfection of shore before entering 1.20 0.68

Washing for cooking poultry 1.47 0.93

Hygiene Attitude

AI is a threat to farmers 1.17 0.56

AI is threat to family and neighbor 1.23 0.66

Good to breed birds at home 1.60 1.11

AI is preventable 1.37 0.93

Protect equipment (wash hand  and 1.18 0.58
protection equipment with soap and water)

Remove of cage from home to   1.50 1.12
prevent AI 

Preventive/Control/ Measure

Use of protective mask 1.06 0.99

Use of protective gloves 1.63 0.63

Use of outer garment 1.82 0.44

Use of boot covers 1.78 0.41

Use of soap & water after handling 1.91 0.31



experience, and farm labour) of the poultry
farmers were significant at 5 per cent level of
significance. The implication of this that the
more the educational status the more the
farmers are brace-up with the right attitude and
practices to prevent the occurrence of avian
influenza. Also the more the farm labour, the
more the farmers are equipped with adequate
manpower to face the challenges of avian
influenza outbreak.

It is noteworthy that all farmers were very
conscious of the outbreak of avian influenza as
a threat not only to their poultry farms but
family and neighbours. Farmers group (Poultry
Association of Nigeria) was their most preferred
and consistent source of information because
meetings are scheduled fortnightly or on
monthly basis where current and updated
information are regularly discussed. They are all
aware of the necessary positive attitudes and
hygienic practices to improve the farm
biosecurity measure, except breeding birds at
home which some agreed that poultry
production should be done away from domestic
household since both man and chickens are
monogastric (infection can easily transfer to
human). All preventive measures were mostly
observed by the respondents but use of
protective mask was not. Pearson correlation
coefficient analysis showed a positive and
significant relationship between the farm
labour, poultry experience and educational
status of the respondents and their attitudes and
hygienic practices towards protecting birds
against AI outbreak.

Extension agents must be co-opted in the
fight against avian influenza to effectively
disseminate information and campaign to
educate poultry farmers on how to keep track
of the poultry diseases outbreak and its spread.
Female empowerment and gender equality is of
national and global concern presently, so

female poultry farmers should be encouraged
into the industry to improve production and
sustainably increase the household livelihood
and income generation. Adequate and periodic
capacity building should be instituted through
the state and federal veterinary services to help
train poultry farmers on more biosecurity
measures to be taken to avoid outbreak of
communicable diseases of poultry in future.
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Pearl of oil called as "soya". Soybean
(Glycine max L. merill) became the miracle
crop of the 21st century.On the global scale, it
is tops on the list of oil seed crops. It is
introduced as an oilseed crops in India to
increase edible oil resources in the country due
to its high yield potential. Madhya Pradesh is
the first and Maharashtra is second largest
soybean producing States in India. Madhya
Pradesh produced 70 per cent and
Maharashtra produced 18 per cent of countries
soybean production. Vidarbha becomes the
main region of soybean production in
Maharashtra. Cotton was main crop of this
region in kharif season but from last five years
farmers prefer soybean crop because of less
input with high output and requires less
agronomical practices as compared to cotton
crop.

To improve the agricultural production some
form of improved technology is necessary. The
plant protection is an important and vital aspect
of agricultural crop production. Weed is the
serious problem in soybean production, day by
day productivity of soybean crop is reduced
because of weed infestation. Manual weed
control is difficult and costly because of
unavailability of labours and high cost of labour.
To overcome these problem chemical weed
control by using herbicides is necessary. The
importance of herbicides for improving crop
productivity is not only in situation where
labour is scarce and expensive but also where
labour is plentiful and cheap as well as relatively
less effective. Keeping these facts in mind the
study was under taken with specific objective, to
study the personal, socio-economic, situational,
communicational and psychological
characteristics of soybean growers, knowledge
of farmers about the use of herbicides in
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Abstract
Soybean is the most important pulse crop in vidarbha region. Vidarbha becomes the main region of

soybean production in Maharashtra. Therefore, the study was undertaken to assess the knowledge level of
soybean growers about herbicide application practices.The study was conducted in Akola district of
Maharashtra State. With the help of exploratory research design, data was collected from 120 soybean
growing farmers and analyzed with the help of suitable statistical methods. Findings revealed that, more than
half (53.33%) of soybean growers was having medium level of knowledge about herbicide application
practices, followed by high level (40.84%) of knowledge and remaining 5.83 per cent soybean growers
belonged to low level of knowledge. It was also found that majority of soybean growers have no knowledge
about important herbicide application practices like calibration of spray pump (97.50%), quantity of water to
be used for spraying of herbicide (80.84%) and recommended dose of herbicide. Hence, it is recommended
that the State Department of Agriculture should organize regular trainings/workshops, demonstrations and
prepare printed material on use of herbicides before sowing season in consultation with SAU scientists. So
that soybean growers will get technical knowledge for effective use of herbicides.

Key words : Knowledge, soybean growers, herbicide application practices.
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soybean crop and relationship between selected
characteristics of farmers with their knowledge
about the herbicide application practices. 

Materials and Methods

The present study was conducted in Akola
Panchayat samiti of Akola district. Ten villages
were selected randomly. Exploratory research
design of social research was used for the study.
Twelve farmers from each village were selected
with the help of random sampling method and
total 120 farmers were selected for the study.
Data was collected personally by contacting all
the respondents with the help of pre tested
interview schedule. To measure the knowledge
level of soybean farmers a knowledge index was
prepared by taking 14 herbicide application
practices. These practices were decided by
referring university diary and with the help of
subject matter specialist.

The practice wise knowledge of herbicide
application practices were measured on two
point continuum i.e. Yes and No. Then index
was developed and extent of knowledge was
measured. Relational analysis between
independent and dependant variables was also
computed. The knowledge level categories
were formulated as low, medium and high by
equal interval method.

Results and Discussion

Profile of the selected soybean
growers : The data regarding profile of the
selected farmers have been depicted in Table 1.
The data clears that more than half (53.33%) of
the farmers observed in middle age group,
followed by old (30%) and young (16.67%) age
group. Maximum (38.33%) farmers have high
school level education, only 2.50 per cent have
college level education. Land holding of the
respondents revealed that maximum number of
the respondents were from semi-medium to
small land holding group. While considering the
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Table 1. Personal, Socio-economic, situational,
communication and psychological characteristics
of respondents

Characters No. of respond-
ents (n=120)

–––––––––––––––––
Freq- Percen-
uency tage

Age
Young 20 16.67

Middle 64 53.33

Old 36 30.00

Education
Illiterate 03 02.50

Primary school 10 08.33

Middle school 19 15.84

High school 46 38.33

Higher secondary school 39 32.50

College level 03 02.50

Land holding
Marginal (Up to 1.00 ha) 14 11.67

Small (1.01 to 2.00 ha) 38 31.67

Semi-medium (2.01 to 4.00 ha) 50 41.66

Medium (4.01 to 10.00 ha) 15 12.50

Large (Above 10.00 ha) 03 02.50

Annual income
Up to 75,000/- 40 33.33

75,001 to 1,50,000/- 53 44.17

1,50,001 to 2,25,000/- 14 11.67

2,25,001 to 3,00,000/- 10 08.33

Above 3,00,000/- 03 02.50

Area under soybean (ha)
Up to 1.00 ha 36 30.00

1.01 to 2.00 ha 43 35.83

2.01 to 4.00 ha 29 24.17

4.01 to 10.00 ha 12 10.00

Experience in soybean cultivation
Low (Up to 6 years) 36 30.00

Medium (7 to 12 years) 72 60.00

High (Above 12 years) 12 10.00

Productivity of soybean (q ha-1)
2.50 to 7.50 29 24.16

7.51 to 12.50 68 56.67

12.51 to 17.50 19 15.84

17.51 to 22.50 04 03.33



annual income of the soybean growers data
clears that 44.17 per cent of the farmers have
annual income in the range of Rs. 75,001 to
1,50,000/-. Majority of the farmers have  area
under soybean crop in the range of 0.40 to 2
ha. Maximum number of selected farmers have
7 to 12 years experience in soybean cultivation.
More than half (56.67%) of the farmers get the
soybean productivity in the range of 7.51 to
12.50 quintals per hectare. Social participation
was not observed amongst 42.50 per cent
farmers. Medium level of extension contact
(71.66%) and economic motivation (60.83%)
level was noted with the selected farmers.

Knowledge about herbicide
application : A data in Table.2 revealed that
as regards to practice wise knowledge, majority
of (98.33%) soybean farmers have knowledge
about clean water to be used for spraying of
herbicide followed by sufficient moisture is
required  in soil at the time of herbicide
application (96.66%), name of recommended
herbicides used for soybean (95.84%),
knowledge about to avoid spraying during high
speed and cloudy weather (94.16%),
knowledge regarding name of any one post-
emergence herbicide used for soybean
(95.84%) and inter-cultural operation should
not be take for 5-10 days after herbicide
application (93.33%), appropriate time of
application of post-emergence herbicides
(90.83%), flat fan or flood jet type of nozzle
should be used (70.83%), power spray never
used (62.50%) and  45.00 per cent of the
soybean growers have knowledge about
recommended dose of herbicides.

It is also apparent from the data that
majority of soybean farmers had no knowledge
about various herbicide application practices
like calibration of spray pump (97.50%)
followed by name of any one pre-emergence
herbicide for soybean (92.50%), time of
application of pre-emergence herbicides

(87.50%) and 500 liter water per hectare
should be used for spraying herbicides
(80.84%).  

Overall knowledge level of soybean farmers
about selected 14 herbicide application
practices was computed and respondents were
distributed into three categories by equal
interval method in Table 3. 

The data in Table 3 revealed that, more than
half (53.33%) of the  respondents possessed
medium level of knowledge about selected
herbicide application practices in soybean crop.
While, about 40.84 per cent respondents
possessed high level of knowledge and
remaining 5.83 per cent farmers noted in low
level of knowledge. Similar finding were
observed by Jadhav (2008) and Kale et al.
(2014).

Correlation analysis : Regarding the co
relational data from Table 4 revealed that
among 10 variables six variables viz.,
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Social participation
No participation 51 42.50
Office bearer of formal organization 04 03.33
Member of formal organization 12 10.00
Office bearer of informal organization 08 06.67
Member of informal organization 45 37.50

Extension contact
Low (Up to 7) 20 16.67
Medium (8 to 12) 86 71.66
High (Above) 14 11.67

Economic motivation
Low (Up to 20.86) 28 23.34
Medium (20.87 to 27.16) 73 60.83
High (Above 27.16) 19 15.83

Table 1. Contd.

Characters No. of respond-
ents (n=120)

–––––––––––––––––
Freq- Percen-
uency tage



education, land holding, annual income,
experience in soybean cultivation, extension
contact and economic motivation were found to
be positively and highly significant correlation
with their knowledge at 0.01 level of
probability. The reason behind this is all these
variables directly influences the knowledge of
the farmers. Only the variable i.e. area under
soybean crop were found to have positive and
significant correlation with their knowledge at
0.05 level of probability.  While, age was
negatively correlated with knowledge level at
0.01 level of probability. The variable
productivity and social participation did not
show any significant relationship with
knowledge. The findings confirm with findings
of Shinde (2000), Jadhav (2008), Ashish kumar
(2012), Mohite (2013) and Dhenge (2013).

Based on the study it can be concluded that,
53.33 per cent soybean growers belonged to
middle age group and 38.33 per cent of the
respondents were educated up to high school.
Maximum number (41.66%) of respondents
belonged to semi-medium category of land

holding and 44.17 per cent respondents had
annual income between 75,000 to 1,50,000/-
. The 35.83 per cent respondents had put put
1.01 to 2.00 ha area under soybean and 60.00
per cent respondents had medium experience
about soybean cultivation. Majority (56.67%) of
respondents  had 7.51 to 12.50 q ha-1

productivity and about 42.50 per cent
respondents had no participation in any social
organization. Majority of respondents belonged
to medium category of extension contact and
economic motivation. More than half (53.33%)
of soybean growers had medium level of
knowledge about herbicides application
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Table 2. Distribution of the soybean farmers according to their knowledge of herbicide application practices

Herbicide application practices Respondents (n=120)
–––––––––––––––––––––––––––
Yes No

Name of any recommended herbicides used for soybean crop 115(95.84) 05 (04.16)
Recommended dose of any herbicide used for soybean crop 54 (45.00) 66 (55.00)
Appropriate time of application of pre-emergence herbicides for soybean 15(12.50) 105 (87.50)
Name of any one pre- emergence herbicides used for soybean 09 (07.50) 111 (92.50)
Appropriate time of application of post-emergence herbicides 10 (90.83) 11 (09.17)
Name of any one  post-emergence herbicide used for soybean 112 (93.33) 08 (06.67)
It is necessary to have sufficient moisture in soil 116 (96.66) 04  (03.34)
Avoid herbicide spraying during high speed wind and cloudy weather 113(94.16) 07(05.84)
Power spray is never used for spraying 75 (62.50) 45 (37.50)
Calibration of spray pump (10 x10 m =100 sqm : 5 lit for 1 ha: 500 lit.) 03 (02.50) 117 (97.50)
Muddy water is never used for spraying herbicide 118 (98.33) 02 (01.67)
Flat fan or flood jet type of nozzle should be used 85 (70.83) 35  (29.17)
Quantity of water used for spraying ( 500 L/ha) 23 (19.16) 97 (80.84)
Not to take any inter-cultural operation up to 5-10 days after herbicide application 112 (93.33) 08 (06.67)

Figures in parenthesis indicate percentage

Table 3. Distribution of the respondents according to their
overall knowledge level of herbicide application
practices

Category Respondents (n=120)
––––––––––––––––––––––––––
Frequency Percentage

Low (Up to 33.33) 7 5.83
Medium (33.34 to 66.66) 64 53.33
High (Above 66.66) 49 40.84
Total 120 100.00



practices followed by high level (40.84%)
category of knowledge.  But, it was also found
that majority of soybean growers have no
knowledge about some important herbicide
application practices like calibration of spray
pump (97.50%), quantity of water to be used
for spraying of herbicide (80.84%) and
recommended dose of herbicide. Hence, it is
recommended that the State Department of
Agriculture should organize regular
trainings/workshops, demonstrations and has
to prepare printed material on use of herbicides
before sowing season with the help of SAU
scientists specially on calibration of spray
pump, quantity and quality of water used,
recommended dose of herbicides, etc so that
soybean cultivators will get technical knowledge

for effective use of herbicides.

Correlation analysis indicated that the
education, land holding, annual income,
experience in soybean cultivation, extension
contact and economic motivation of farmers
showed positive significant relationship with
knowledge level of farmers. That means among
all independent variables education, land
holding, annual income, area under soybean,
experience in soybean cultivation, extension
contact and economic motivation were the
important variables for influencing the
knowledge of soybean farmers about herbicides
application practices.
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Table 4. Relationship between socio-economic
characteristic of soybean farmers and their
knowledge about herbicide application practices

Characteristics Correlation 
coefficient (r)

Age -0.5341**
Education 0.6530**
Land holding 0.2738**
Annual income 0.3092**
Area under soybean 0.2386*
Experience in soybean cultivation 0.2981**
Productivity 0.0263
Social participation 0.0645
Extension contact 0.4506**
Economic motivation 0.4770**

**  Significant at 0.01% level of probability, * Significant at
0.05 % level of probability

______________



Various studies revealed the producible
capacity of all cultivated crops in the
Maharashtra as well as the whole country. The
productivity levels of different crops in different
soils and climatic conditions have been
exploited with the help of available technology
to the considerable extent (producible capacity).
Many estimates, predictions and forecastings
are being made by the research workers every
year to alarm the people, Government and
policy makers about the productivity of each
crop and agriculture as a whole. Now, people,
farmers, research workers and the Government
are bound to think over the severity of
production problem in consideration of
increasing population of living beings. Hence,
the development of production technology is
continued and will continue. 

The general behavior of different food crops

in the different regions (agro-climatic
conditions) is very fluctuating due to climatic
conditions as a result the growth rates varies
from crop to crop and region to region
depending upon situations. Therefore, the
different types of studies pertaining to growth
process have been done following the linear,
exponential, power functions, etc., which have
been followed by the different research workers
(Arunachalam and Balkrishna, 2012; Dhekale,
2009; Borthakur and Bhattacharya, 1998;
Joshi and Saxena, 2002; Kumar and
Rosegrant, 1994, Kumar, 1997; Patel et al.,
1986 and many others). Out of all, some
methodologies are suitable while others are not.
This is the reason that the method suitable to
the food crops in the Northern part of the
country to a particular crop is not exactly
following in the Southern region because of the
variability of the climatic conditions. So is the
case with the present selected food crops for
the study as a whole. Experimental analysis of
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Abstract
The general behavior of different food crops in the different regions (agro-climatic conditions) is very

fluctuating due to climatic conditions as a result the growth rates varies from crop to crop and region to
region. Logistic model was used to explain the growth process of the selected food crops. Growth rates of
overall productivity of Western Maharashtra in cereals, the bajara crop was found highest 0.196 kg-1 ha-1

yr-1 followed by rabi jowar 0.101 kg-1 ha-1 yr-1 and lowest for wheat crop 0.053 kg-1 ha-1 yr-1. In Pulses,
the growth rates of productivity were highest in mung crop 0.167 kg-1 ha-1 yr-1 then for gram 0.032 kg-1

ha-1 yr-1 and it was negative or decreasing trend for the tur -0.035 kg-1 ha-1 yr-1 in Western Maharashtra.
In Sangali district the growth rate of productivity of wheat was more 0.105 kg-1 ha-1 yr-1, for rabi jowar
Kolhapur has highest growth rate 0.403 kg-1 ha-1 yr-1 and for bajra Ahmednagar district has higher growth
rate 0.196 kg-1 ha-1 yr-1 than others. Highest growth rates for gram, mung and tur were found in Sangali
0.228 kg-1 ha-1 yr-1, Dhule and Pune districts 0.383 and 0.157 kg-1 ha-1 yr-1.
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different statistical models like the parametric
(Linear or Non-linear models) by assuming the
linear or exponential functional forms and non-
parametric models is mandatory to get the
statistical estimation of the productivity of the
crop and its future predictions. In most of the
studies exponential model was not found
suitable as the best fitted model because of lack
of assumptions of residuals, though some
earlier reports by Bera et al. (2002) and Yadav
and Das (1990) found exponential model as
suitable.

Since, area under crop is independent in
relation, so, a change in area does not affect
the productivity. The study of area and
production is not that important but the study
of productivity is very essential because it
depend upon the soils, agro-conditions and
proper adoption of agro-technologies. Keeping
all these points in consideration the present
study has been concentrated on the productivity
so that the impact of the agricultural
technologies can be estimated and predicted.

For this purpose few food crops were
selected in the region of Western Maharashtra.
Hence, specifically, logistic model has been
used to explain the growth process of the
selected food crops with the objectives to study
the districtwise productivity performance of
selected food crops and to examine the
productivity trend of selected food crops based
on logistic model.

Materials and Methods

Productivity data of selected three food
crops each from Cereals: Wheat, Rabi / Kharif
Jowar (Sorghum) and Bajra (Pearl Millet);
Pulses: Gram (Chick pea), Mung (Green gram)
and Tur (Red gram) for the year from 1981-82
to 2009-10 was procured from web site
www.agricoop.nic.in.

Districtwise performance of various selected

crops is examined for 29 years of the period
under study. For estimating growth rates, the
following non-linear (Logistic) functional
relationship between productivity (Y) and time
factor t in years (Draper and Smith, 1998) was
used.    

c
Y = –––––––––––

1 + be-at

where, Y = the productivity (kg ha-1) of the
selected food crop, a = asymptotic growth rate,
b = constant, c = highest attainable crop
productivity, t = year

Data analysis was performed using SAS 9.3
software (SAS, 2013).

Results and Discussion

The performance of a crop is generally
expressed in terms of average productivity
which has been worked out for selected food
crops for all the districts in the jurisdiction of
Mahatma Phule Krishi Vidyapeeth, Rahuri.

Wheat : It is clearly evident from Table 1
that the productivity of wheat was highest in
Kolhapur (1797 kg ha-1) while lowest in
Solapur (1083 kg ha-1). Variability in
productivity might be due to agro-climatic and
inputs variation. Overall performance of
productivity of wheat crop in Western
Maharashtra region was 1403 kg ha-1 as a
whole. Variability of wheat productivity ranged
from 19.34 per cent (Ahmednagar) to 32.35
per cent (Jalgaon). 

By logistic method the growth rate of wheat
in Western Maharashtra from the study of 29
years productivity data obtained were from
0.015 for Ahmednagar  to 0.105 kg-1 ha-1

yr-1 for Sangali. Growth rates of the
productivity in Jalgaon, Nasik, Satara and
Solapur are comparable which indicated that
the productivity of wheat is tending to
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consistency in these districts. Overall
productivity growth rate of Western
Maharashtra was 0.053 kg-1 ha-1 yr-1 (Table 2).

Rabi jowar : Average performance of the
productivity of rabi jowar crop was found
minimum (422 kg ha-1) in Ahmednagar district
while maximum (1216 kg ha-1) in Jalgaon
district (Table 1). No doubt, the performance of
rabi jowar varied due to different agro-
conditions. Overall performance of productivity
of rabi jowar crop in Western Maharashtra
region was 716 kg ha-1 as a whole. Variability
of rabi jowar productivity was ranged from
23.52 per cent (Jalgaon) to 35.70 per cent
(Kolhapur).

Similarly, the growth rates of rabi jowar
were found minimum in Pune (0.011 kg-1 ha-1

yr-1) whereas the highest was in Kolapur (0.403
kg-1 ha-1 yr-1) indicating the suitability of soil in
Kolapur district. The comparable districts in
respect of growth rates are Sangali, Satara and
Solapur with 0.167, 0.231 and 0.217 kg-1

ha-1 yr-1, respectively. Overall productivity
growth rate of Western Maharashtra was 0.101

kg-1 ha-1 yr-1 (Table2).

Bajra : Lowest yield of bajra was obtained
in Sangali (310 kg ha-1) while the highest in
Jalgaon (905 kg ha-1). Average performance of
the productivity of bajra crop in Western
Maharashtra region was 558 kg ha-1 as a whole
(Table 1a). The variability of bajra productivity
was ranged from 27.55 per cent (Pune) to
53.64 per cent (Kolhapur).

Growth rates of bajra were varied from
0.130 in Solapur to 0.278 kg-1 ha-1 yr-1 in
Ahmednagar district. Again, it is evident that
there was suitable condition for bajra crop in
Ahmednagar district. The comparable growth
rates of bajra were obtained in Jalgaon, Nasik,
Sangali and Satara with productivity ranging
from 0.248 to 0.264  kg-1 ha-1 yr-1. In case of
region as whole of Western Maharashtra 0.196
kg-1 ha-1 yr-1 growth rate was observed for
bajra productivity (Table 2).

Gram : Since, gram is a specific type of
crop, the yield had been obtained lowest in
Solapur (412 kg ha-1) and the highest in

Nimbalkar et al.90

Table 1. Productivity performance of selected cereals and Pulse crops in the districts of Western Maharashtra

Crop Cereals Pulses
––––––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––

Wheat Rabi jowar Bajra Gram Mung Tur
–––––––––––––– –––––––––––––– –––––––––––––– ––––––––––––––– –––––––––––––– –––––––––––––
Mean C. V. Mean C. V. Mean C. V. Mean C. V. Mean C. V. Mean C. V.
(kg (%) (kg (%) (kg (%) (kg (%) (kg (%) (kg (%)
ha-1) ha-1) ha-1) ha-1) ha-1) ha-1)

District
Ahmednagar 1365 19.34 422 32.79 497 44.23 549 23.06 379 45.47 467 34.01
Dhule 1296 29.75 903 35.27 779 31.73 615 28.29 570 41.78 564 34.43
Jalgaon 1574 32.35 1216 23.52 905 27.79 740 28.43 490 23.95 685 23.39
Kolhapur 1797 20.86 1147 35.70 347 53.64 697 19.08 441 33.36 509 42.19
Nasik 1233 27.17 533 29.35 633 41.62 533 22.47 585 37.18 640 25.52
Pune 1370 23.54 489 25.60 620 27.55 585 28.43 534 22.74 431 42.28
Sangali 1377 25.49 499 30.08 310 47.03 593 33.91 414 45.41 501 40.46
Satara 1535 22.56 805 32.89 458 43.86 564 23.60 496 35.11 510 41.73
Solapur 1083 23.68 427 35.57 379 30.88 412 49.26 407 51.20 315 38.48
Western 1403 22.29 716 23.12 558 28.54 588 22.16 482 19.93 514 23.30
Maharashtra



Jalgaon (740 kg ha-1). Average performance of
the productivity of gram crop in Western
Maharashtra region was 588 kg ha-1 (Table 1).
Variability in gram productivity was minimum in
Pune (22.47%) and maximum in Solapur
(49.26%).   

As far as the growth rates of gram are
concerned, it was the lowest in Pune (0.007
kg-1 ha-1 yr-1) while highest in Sangali (0.228
kg-1 ha-1 yr-1) indicating the suitability of agro-
conditions of Sangali for the gram crop.
Comparable district with respect to growth
rates of gram productivity are Solapur, Nasik,
Ahmednagar and Satara. Overall productivity
growth rate of Western Maharashtra was 0.032
kg-1 ha-1 yr-1 (Table2).

Mung : Being a pulse crop, performance of
mung was similar to gram crop. Lowest mung
yield was obtained in Ahmednagar (379 kg
ha-1) and the highest in Nasik (585 kg ha-1).
Average performance of the productivity of
mung crop in Western Maharashtra region was
482 kg ha-1 (Table 1). Variability was more in
Solapur (51.20%) and less in Pune (22.74%).

Growth rates of mung was more as
compared to all the other crops under study in
all the districts of the Western Maharashtra

region. Out of all, the lowest growth rate of
mung productivity was found 0.080 kg-1 ha-1

yr-1 in Satara while the highest 0.383 kg-1

ha-1 yr-1 in Dhule indicating the suitability of
agro-conditions of Dhule for the Mung crop.
Comparable district with respect to growth
rates of mung productivity were Pune and
Sangali with 0.278 kg-1 ha-1 yr-1 while
Ahmednagar, Jalgaon and Kolhapur with
0.187 kg-1 ha-1 yr-1. The overall productivity
growth rate of Western Maharashtra obtained
was 0.167 kg-1 ha-1 yr-1 (Table 2).

Tur : No doubt, tur is produced in all the
districts of Maharastra in which Western
Maharashtra and Marathwada are the major
producers in the State. Lowest productivity of
tur was obtained in Solapur with 315 kg ha-1

and it was the highest in Jalgaon with 685 kg
ha-1. Mean performance of the productivity of
tur crop in Western Maharashtra region was
514 kg ha-1 (Table 1). Variability ranged from
23.39 per cent (Jalgaon) to 42.28 per cent
(Pune).

Only the tur crop in Pune district was
observed an increasing growth rate (0.157 kg-1

ha-1 yr-1), while all other districts in Western
Maharashtra exhibited negative growth rates
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Table 2. Growth rate (kg-1 ha-1 yr-1) of selected food crops in the districts of Western Maharashtra

District Cereals Pulses
–––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––
Wheat Rabi Jowar Bajra Gram Mung Tur

Ahmednagar 0.015 0.016 0.278 0.057 0.189 -0.008
Dhule 0.029 0.030 0.157 0.025 0.383 -0.020
Jalgaon 0.091 0.032 0.264 0.029 0.196 -0.003
Kolhapur 0.027 0.403 0.058 0.156 0.187 -0.018
Nasik 0.094 0.143 0.204 0.045 0.082 -0.009
Pune 0.037 0.011 0.156 0.007 0.278 0.157
Sangali 0.105 0.167 0.249 0.228 0.265 -0.015
Satara 0.096 0.231 0.250 0.052 0.080 -0.019
Solapur 0.095 0.217 0.130 0.048 0.088 -0.002
Western Maharashtra 0.053 0.101 0.196 0.023 0.167 -0.035



tending to -0.002 kg-1 ha-1 yr-1.  Decreasing
growth rates in all the districts in the region
except Pune indicated that the production
technology of tur had not been utilized
efficiently. Hence, there is scope to increase the
productivity by introducing advanced
technologies and proper extension work.
Overall productivity growth rate of Western
Maharashtra was also exhibited decreasing
trend of  - 0.035 kg-1 ha-1 yr-1 (Table 2).

The negative growth rates in respect of tur
crop in all the districts in the region except
Pune indicated the production technology of tur
not been utilized efficiently. Hence, there is
need to strengthen the extension activities for
this crop.
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The general notion is that the farmers are
not fully exploiting the available technologies
and thereby a wide gap between the potential
production and actual production. Our
agricultural production is very low as compared
to developed countries.  This situation can be
changed with the adoption of improved
technology, which plays a vital role in
increasing agricultural production.  Use of high
yielding varieties, fertilizers, plant protection
measures, post-harvest technology can help to
enhance the agricultural production. 

The success of Agricultural and Rural
Development strategy depends on planning, its
implementation and development.  Transfer of
technology is a very complex task which is
multidisciplinary approach.  The total impact of
all components of the new agricultural
production technologies taken together would
be reflected in the level of yield obtained.

Transfer of technology from lab to land has
brought economic benefit to farmers.  

The strategy for increased agricultural
production adopted by the State Government
plays major emphasis on intensive farming
which necessitates use of large quantities of
new inputs with sufficient technical knowhow of
the modern technology with a view to achieving
higher level of production. 

Adoption of recommended technologies to
get optimum level of output, farmers has to
face many constraints and these constraints
may reduce the potential production of crops
and affect total agricultural productivity.  The
use of new agricultural technology varies widely
from farmer to farmer in the same village also.
Hence, under these conditions total impact of
all the components of the new agricultural
technology taken together would be reflected in
the level of yield obtained. 

The pulse crops are important to provide

J. Agric. Res. Technol., 41 (1) : 093-098 (2016)

Technology Adoption Gap in Gram of Western Maharashtra

C. A. Nimbalkar1, S. D. Shinde2, V. S. Wani3 and V. A. Jadhav4

Department of Statistics, Post Graduate Institute, Mahatma Phule Krishi Vidyapeeth, Rahuri - 413 722 (India)
(Received : 20-07-2015)

Abstract
The preparatory tillage, sowing time, spacing, seed rate, fertilizer doses of N, P and K, inter culturing and

irrigation are major contributors in gram production of which preparatory tillage, manure, sowing distance,
phosphorous application, inter culturing and irrigation have explained 87.27 per cent contribution in gram
productivity. Out of 70 gram cultivators 29, 41 and 0 per cent were categorized in low, medium and high
adoption group, respectively. The recommended technologies properly adopted by low and medium adoption
groups were sowing time, spacing and seed rate for the gram production. The major recommended
technologies including land-use, preparatory tillage  (1 ploughing and 2   harrowing), application of manure,
sowing distance (30 x 10 cm), application of phosphorus (50 kg ha-1), inter culturing (1 hoeing and 1
weeding) and  irrigation  influenced the gram output. These technologies be widely popularized among the
farmers to enhance the gram production. 

Key words : Gram, technology adoption indices, Principal Component Analysis.

1. Asso. Prof. 2. S.R.A., 3. Asstt. Prof. and 4.
Professor and Head, Dept. of Statistics, SRTMU, Nanded.



high value food, nutritional security and
alleviate malnutrition for poor masses. Pulses
play a vital role in improving soil health and
conserve natural resources which are essential
for sustainable agriculture. Gram is a major rabi
pulse crop of the India occupying 8.2 million ha
area with the production of 7.3 million tonnes
having productivity of 895 kg ha-1. In
Maharashtra, the total production of gram is
1.30 million tonnes from an area of 1.42
million ha with average yield of 914 kg ha-1

(Anonymous, 2013). 

The technological development has taken
place in different crops according to their
situational requirement. These techniques have
been essential somewhere partially or fully
depending upon the adoption of different
techniques for individual crop or as a whole.
So, the impact of techniques adopted could be
quantified in terms of increase in production.
To identify the importance of technique(s)
adopted, several kinds of indices were
developed by different scientists for
quantification of contribution of different
techniques in various crops for different
purposes. Therefore, in the present case
among all the techniques and indices, the
principle component analysis (PCA) was utilized
to index the importance of the technique(s).
Keeping this in view, the method of PCA was
used to develop indices for technology adoption
to know the impact in case of the gram crop
production with the objectives to study
technologies adopted by the farmers in gram
crop production, to develop adoption index for
gram production and to measure the
contribution of each components of technology
in gram production. 

Singh and Chahal (2009), Balai et al.
(2013), Samui et al. (2000), Jayramanne et al.
(2002) and Purushottam et al. (2009)
conducted study on technology adoption in
wheat, vegetables, groundnut, pulses and tea,
respectively adopting different methodologies.

Materials and Methods

Secondary data was procured from the
Agricultural Research Officer, Scheme for
Strengthening of Research in Agricultural
Economics, Mahatma Phule Krishi Vidyapeeth,
Rahuri (India) during the year 2012-13.

Recommended technology : The term
recommended technology refers to the
cultivation practices recommended by the
University for gram. The recommended
technologies developed by the Mahatma Phule
Krishi Vidyapeeth (MPKV), Rahuri for gram
crop were used for the present study
(Anonymous, 2015). Technologies developed
by State Agricultural Universities' (SAU) for
cultivation of gram crop were recorded by
consulting the Pulse Breeder, MPKV, Rahuri
and MPKV, Krishidarshani (diary).

Adoption of technology refers to actual
practices adopted by the farmers for cultivation
of particular crops. The University has
undertaken various research programs for
different crops and made various
recommendations about technologies. For the
present study land use, preparatory tillage,
manure, variety,  sowing time, spacing, seed
rate, seed treatment, fertilizer doses (N, P and
K), inter-culturing,  irrigation and  crop
protection were studied. 

Actual level of adoption for each item of
technology was identified. Using the SAU's
recommended technologies, efficiency of each
technology was calculated. All efficiency scores
were scaled down to 0 to 1 and all the groups
of farmers were classified as zero adoption,
greater than zero to 0.5, 0.5 to 0.8 and 0.8 to
1. The efficiency of each technology was
calculated with the help of following formula.

Adoption effici-       Practices actually adopted
encyof particular = ––––––––––––––––––––––––
practices                Practices recommended 
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Development of composite index

A) Development of index by Principal
Component Analysis

The main objectives of the principal
component analysis are to refer the dimension
of a complex multiplicative problem. It is not
uncommon, if the variations in variables, some
of which are closely correlated with one
another. In this situation the multiple regression
analysis often fails to provide clear and
meaningful analysis. The coefficient of
independent variables become unreliable and
sometimes carries wrong signs in this situation.
Since these become distorted by the inclusion
of other independent variable with which these
show a high degree of association. The
component analysis on the other hand, takes
the correlation matrix into account and
produces components which are uncorrelated
with one another, to bypass the problem of
multicolinearity.

Secondly, the component analysis produces
components in descending order of their
importance that is the first component explains
the maximum amount of variation and the last
component minimum. It is further found that
first 5 or 6 components variables account for a
sizeable amount of variation (about 75 %). It is
therefore, possible to represent all variables in
terms of eigen components.

The efficiency of any choice of 'k' linear
functions depends on the extent to which the 'k'
linear functions enable us to reconstruct the 'p'
original variables. One method of
reconstructing the variables 'Ui' is by
determining its best linear predictor on the
basis of 'k' linear functions, which case the
efficiency of prediction, may be measured by
the residual variance 'λi

2' . An overall measure
of the predictive efficiency is Σλi

2. The best
choice of the linear functions, for which Σλi

2 is

minimum, is the first k principle components of
U (Kleinburm and Kupper, 1978).

B) Development of composite index of
technology

The components of technology
recommended by the University for different
crops in terms of adoption scores (X1, ..... ,Xn)
were utilized for developing composite index of
technology adopted. A composite index is a
single numerical value representing the net
adoption of all components of technologies
whose values lies between 0 and 1. The
principle component analysis (PCA) approach
was used for developing composite index. PCA
based on correlated components was a matrix
between kth component of technology compu-
ted. A set of k components explaining 100 per
cent of total variation of all components of
recommended technologies was considered for
correlation matrix where row represents
variables and columns represents eigen vectors
from which weight (Wi) coefficients of
components of technology determined as,

Mi
Wi = ––––––––––

Σ Mi

Where, Wi = Weight or coefficient of
component of technology, Mi = Maximum
element in ith row, ΣMi = Sum of maximum
element in ith row 

The required linear function for deriving
composite index is,

Si = W1X1 + W2X2 +.... + WnXn

Where, Si = composite index score, Xi
's =

adoption scores for individual component of
technology.

This provides adoption index (of all
components of technologies) for each
cultivator. The composite index obtained in the
process lie between 0 and 1.
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The composite score of farmers was
classified as low (40-60%) medium (60-80%)
and high level (above 80%) level of adoption.

Contribution of each components of
technology

To measure the contribution of each
component of technologies in the yield gap, the
data collected from 70 gram cultivators was
used along with the adoption level of
technologies and the yield gap was estimated in
relation to the recommended yield. Some
farmers had not adopted all the technologies
therefore the farmers were deleted from
contribution analysis considering the size of
farmers. 

The yield gap is considered as a function of
level of adoption and the contribution of each
technology in yield gap will be worked out by
fitting linear regression between the level of
adoption of each technologies and yield gap.

[Xij - Xj]
Zij = ––––––––––

Sj

where, 

Σi
n[Xij - Xj]2

Sj
2 = ––––––––––––,

n

Σi
nXij

X– j = ––––––––––––,
n

i = 1, 2, 3, ..... n and j = 1, 2, 3, ..... k, Zij
denotes the matrix of standardized indicators.

Yield gap between standard and actual yield
by the farmer is regressed on standardized value
of indicators and best fit was obtained.
Contribution of each indicator in yield gap was
studied to conclude yield gap and technological
adoption gap.
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Table 1. Distribution of selected cultivators according to
composite index

Low adoption level Medium adoption level
–––––––––––––––––––––––– –––––––––––––––––––––––
Farmer Composite Farmer Composite
No. index No. index

2 0.472 1 0.630

3 0.447 8 0.631

4 0.472 9 0.623

5 0.590 10 0.789

6 0.378 11 0.677

7 0.464 12 0.663

13 0.592 15 0.685

14 0.591 17 0.611

16 0.560 18 0.702

19 0.571 20 0.621

21 0.533 22 0.602

23 0.564 26 0.635

24 0.467 27 0.695

25 0.548 29 0.602

28 0.540 34 0.622

30 0.484 36 0.681

31 0.503 37 0.723

32 0.559 38 0.756

33 0.319 39 0.701

35 0.419 40 0.704

44 0.525 41 0.700

46 0.571 42 0.798

47 0.583 43 0.663

48 0.587 45 0.663

49 0.413 52 0.682

50 0.556 53 0.611

51 0.558 55 0.613

54 0.413 56 0.761

70 0.421 57 0.659

58 0.653

59 0.710

60 0.638

61 0.704

62 0.750

63 0.637

64 0.797

65 0.666

66 0.738

67 0.774

68 0.757

69 0.606



Results and Discussion

Using the method of Principle Component
Analysis, the composite indices for individual
farmers were worked out. All the farmers under
study were grouped according to composite
index ranging from 0.00 to 0.60 in low, 0.60
to 0.80 in medium and above 0.80 in high
technology adoption groups. It is evident from
Table 1 that the 29 farmers were categorized
under low technology adoption group and 41
farmers categorized in medium technology
adoption group. Surprisingly, there was no
farmer coming under high technology adoption
group. The composite index of individual
farmer showed the adoption of recommended
technologies in the gram cultivation.

The composite Index of adoption : The
total 70 cultivators have been classified
according their adoption level as low, medium
and high adopters. 

Technology adopted by gram
cultivators : The average of individual
technology adopted by group of farmers has
been presented in Table 2 indicated that the
level of adoption is near about equivalent for
preparatory tillage (0.62 and 0.66), sowing
distance (0.76 and 0.83) and application of
fertilizer K  (0.31 and 0.34) in low and medium
group, respectively. It is also noticed that the
land use, seed treatment, application of N, crop
protection indices was less in low adoption
group as compared to medium adoption group
and application of manure was negligible in
both the groups of gram cultivators.

The yield harvested by the selected
cultivators ranged from 10.53 to 12.74 q ha-1.
Wide yield gap was observed in low adoption
(12.47 q ha-1) than the medium adoption group
(10.26 q ha-1) which indicates the benefit of
technology adoption resulted in reduction of
yield gap. The non-adoption practices at its
recommended level has reduced yield below

51.22 per cent than the potential yield. 

Contribution of technologies in yield
gap : The abstract of contribution of gram
cultivation technologies for the yield gap (Table
2) revealed that the inter-culturing (42.64%),
irrigation (12.80%), preparatory tillage
(11.91%), application of P fertilizer (9.47%)
and application of manure (6.08%) were the
major contributors to the gram production,
whereas, sowing distance (4.38%), seed
treatment (3.46%), crop-protection (2.92%)
and land-use (2.17%), had also played a
contributory role in yield gap in the gram
production. Vidya Sagar (1978) reported
similar type of results.

Based on present study it can be concluded
that there was better adoption of technologies
viz., sowing time, sowing distance, seed rate,
fertilizer doses of N and P and irrigation in
chickpea production. The recommended
technologies sowing distance and seed rate
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Table 2. Technology adopted by gram cultivators and
contribution of technologies in yield

Technology Level of adoption Contri-
–––––––––––––––––––––––––– bution
Low Med- High Ove- (%)

ium rall

Land use 0.48 0.76 - 0.64 2.17
Preparatory tillage 0.62 0.66 - 0.64 11.91
Manure 0.02 0.05 - 0.04 6.08
Variety use 0.62 0.81 - 0.73 0.02
Sowing time 0.66 0.88 - 0.79 0.43
Sowing distance 0.76 0.83 - 0.80 4.38
Seed rate 0.90 1.00 - 1.00 0.25
Seed treatment 0.28 0.42 - 0.36 3.46
N 0.52 0.86 - 0.72 2.72
P 0.65 1.00 - 0.86 9.47
K 0.31 0.34 - 0.33 0.77
Inter-culturing 0.54 0.695 - 0.63 42.64
Irrigations 0.71 0.98 - 0.87 12.80
Crop protection 0.41 0.68 - 0.57 2.92
Seed yield 10.53 12.74 - 11.82
Yield gap 12.47 10.26 - 11.18



were properly adopted by low group and
variety use, sowing time, sowing distance,
sowing rate, application of N and P fertilizers
and irrigation were properly adopted by
medium group. Application of manure and K,
inter culturing and crop protection technologies
were not properly adopted by the gram
cultivators, resulted in yield gap. Out of these
14 technologies, nine technologies viz.,
preparatory tillage, manure, sowing distance, P
application, inter culturing and irrigation have
explained 87.27 per cent contribution in gram
productivity, hence more attention in proper
adoption in these technologies be paid to
enhance the gram production.

The major recommended technologies
including land-use, preparatory tillage  (1
ploughing and 2 harrowing), application of
manure, sowing distance (30 x 10 cm),
application of phosphorus (50 kg ha-1), inter
culturing (1 hoeing and 1 weeding) and
irrigation  influenced the gram output. These
technologies be widely popularised among the
farmers to enhance the gram production in
Western Maharashtra. 
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In recent years increased attention has been
focused on utilization of healthy foods. Fresh
beetroots were exposed to spoilage due to their
high moisture content. One of the preservation
methods ensuring microbial safety of biological
products was drying, (Mathlouthi, 2001). The
beetroot (Beta vulgaris) being an alkaline food
with pH from 7.5 to 8.0. has been claimed for
its health benefits, in particular for its disease
fighting antioxidant potential, significant
amount of vitamin C and vitamins B1, B2,
niacin, B6, whilst the leaves are an excellent
source of vitamin A (Singh et al., 2013).

Drying is a difficult operation because it
brings about undesirable changes in quality.
The extent of changes in quality depends on the
care taken in preparing the material before
drying and on the drying process used (Sablani
2006). Dried foods keep well because the
moisture content is low so that spoilage

organisms cannot grow. It also creates a hard
outer-layer, helping to stop micro-organisms
from entering the food. Drying is one of the
oldest methods of preserving high moisture
foods (Chauhan and Srivastava 2009).

Open sun drying (OSD) which was the most
common method of crop drying,. despite
several disadvantages, it was widely practiced
because it was a simple way of drying. Crop
temperature, temperature around the crop,
solar temperature, and rate of moisture
evaporation are the important parameters in
OSD. In India, sun drying is the most
commonly used and traditional method to dry
the agricultural produce like grains, fruits and
vegetables. In sun drying, the crop is spread in
a thin layer on the ground and exposed directly
to the sun. This form of drying has many
drawbacks such as degradation by windblown,
debris, rain, insect infestation, human and
animal interference will result in contamination
of the product. Drying rate also affected due to
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Abstract
Cabinet solar dryer integrated with stainless steel reflector system is developed and its performance for

drying of beetroot slices was evaluated. A cabinet solar dryer integrated with stainless steel reflector system
was developed and evaluated. The size of the cabinet dryer was 1.5 x 1.0 x 1.25 m. Average temperature in
drying chamber, solar intensity, ambient temperature were recorded as 54°C (25-59°C), 761.7 W m-2 and
29°C (15-31°C), respectively. The temperature in the drying chamber was approximately double than
ambient.  Drying time for 6.5 kg beetroot slices of 2.5 to 3 mm thicknessfor reducing moisture content of
10.76 per cent to 4.71 per cent (db) was found to be 10 h in the solar dryer equipped with reflectors where
as it was 15 h in the open sun drying. The temperature in the dryer varied between 30 to 60°C at ambient
temperature range of 15 to 32°C during test run Beetroot. Thermal efficiency of the solar dryer with reflector
was found to be 36 per cent.

Key words : Beetroot, sensory evaluation, solarcabinet drying, SPV panel.
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intermittent sunshine, wind and wetting by rain,
(Sodha et al. 1985).

Use of stainless steel reflector for the
improvement of performance of solar dryer has
been proposed by several investigators.
However, this enhanced efficiency is
accompanied by substantial increase in pressure
loss, which results in higher running cost of the
system. So, the solar energy collection system
should be optimized in such a way that it will
give energy with minimum cost. In the present
study, domestic solar cabinet dryer with
stainless steel reflector was used to increase the
drying rate with economical way. Such system
will be useful for drying agricultural produce
during the period of less sunshine hours.Drying
plays an important role to preserve the
agricultural products for long duration and it is
the process of heat and mass transfer during
the removal of moisture from the products
(Sharma et al. 1995). 

Material and method

The experimentation was carried out at the
Department of Unconventional Energy Sources
and Electrical Engineering, Dr. PDKV, Akola.
The selection of material was based on its
availability in nearer market at low cost. The
selected material should be easily maintained
and repair on local basis. The material should
have the great structural and mechanical
property to increase the strength and durability
of gadget. The physical and chemical
properties of the materials are strong enough to
withstand heat, vibration, humid air, fatigue and
stress without failure during operation.

Solar dryer design considerations:

1. Capacity of dryer.

2. The amount of moisture to be removed
from the given quantity of beetroot
slices. 

3. The daily sunshine hours. 

4. The quantity of air needed for drying. 

5. Daily solar radiation to determine energy
received by the dryer per day. 

6. Wind speed for the calculation of air vent
dimensions.

Design details of a modified domestic
cabinet solar dryer integrated with
stainless steel reflector : A modified
domestic cabinet solar dryer integrated with
stainless steel reflector having capacity of 6.5
kg/batch was designed and fabricated. The
capacity was based on size and types of product
to be dry. The cabinet was fabricated in
trapezoidal shape by using L-angle having
bottom frame. Top, middle and bottom sliding
trays were fixed in the cabinet at a vertical
distance of 15 cm fixed on L angle of 2.54 cm
x 3 mm thickness size. The cabinet having
bottom frame size (150 x 100 cm) and top (150
x 20 cm). Top (150 x 50 cm) middle (150 x 75
cm) and bottom (150 x 90 cm) sliding trays
were fixed in the cabinet. The tray was
fabricated in wire mesh and M.S. flat. The air
vents were provided at the bottom of both sides
and front and back. The cabinet was covered
with ultra violet stabilized polyethylene film of
200 micron thickness. On the top two
chimneys with exhaust fans were provided to
remove hot moist air. The chimney (40 cm
height and 15 cm dia.) were fabricated by using
M.S. sheet. Main part is the reflector of
stainless steel fabricated and hanging at
distance by using two rods on the back sides of
the cabinet at center of L-angle. The provision
was made to change the angle so as to track the
sun. To remove moist hot air inside the dryer,
11mm diameter 12V DC fans were installed
inside the chimney. The fan was fitted inside
the top of chimney by using clamps. It was
driven by using solar panel of 10 W, 12V which
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were connected with 12V 7A battery and 12V
charge controller. The schematic view of the
dryer with stainless steel reflector is shown in
Fig.1

Mechanism of dryer with stainless
steel reflector : In order to receive maximum
solar radiation inside the cabinet dryer a
Stainless steel reflector sheet was provided at
the adjacent side of the dryer. During day

hours, solar energy transmitted through
polyethylene sheet in the solar dryer and inside
temperature of dryer increased due to
greenhouse effect. The solar radiation was
entered from the UV stabilized polyethylene
film and side reflector was provided to radiate
the direct solar radiations in the cabinet and
thus increased the cabinet temperature. The
heat accumulated in the cabinet was used for
removing the moisture from the product. The
draught was created due to removal of hot and
moist air from the chimney and the fresh air
entered into the cabinet through the air
windows provided at the bottom of the dryer.
To avoid the heat loss from the bottom side of
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Fig. 1. View of domestic cabinet solar dryer
integrated with reflector
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Fig. 2. Mechanism of drying by domestic solar
cabinet dryer

Table 1. Design detail of solar cabinet dryer

Details of solar cabinet dryer Dimensions

Total area of dryer 150 cm x 100 cm x 65cm
Total perforation area (0.90+0.90+0.30) = 2.1 m2
Absorber plate Iron metal sheet with painted black coated with thermocoal sheet
L-angle 1.0  inch
Thickness of polyethylene sheet 200µ
Height of stand 20 cm
Ventilation hole dimension at inlet (0.5 x 0.5 mm ) wire mesh
Height and Diameter of chimney (both) 40cm and 15 cm
Size of the drying trays, (three in number) Bottom(150 x 100 cm), 

Middle(150 x 75cm),
Top(150 x 50cm)

Size of the stainless steel reflector sheet 150 x 60 cm
Distance between two trays 15 cm
SPV panel used 10W
Battery used 12V, 7A
Charge controller 12V 



the cabinet the thermocol sheet was used and
sandwiched between GI sheet which acted as a
heat insulating material. Mechanism of dryer
assisted with reflector is shown in Fig.2 

Detail of experimental set up : A
domestic cabinet solar dryer integrated with
stainless steel reflector (6.5 kg batch-1 capacity)
was developed and installed at Department of
Unconventional Energy Sources and Elec.
Engg. Dr. PDKV, Akola. It consisted of cabinet,
drying trays, UV stabilised PE sheet as a
cladding material, stainless steel reflector and
two chimneys with exhaust fans which can
operated by using SPV panel. The dryer was
oriented to east-west to maximize the solar
radiation incident on the dryer. In order to
evaluate the performance of the domestic
cabinet dryer integrated with stainless steel
reflector, the beetroot slices were tested in the
system. 

Performance evaluation of domestic
solar dryer : Performance of the system was
evaluated at no load and full load condition by
drying beetroot slices. Under no load
conditions, air temperatures inside the cabinet
dryer across different trays were recorded at
definite intervals of time during a typical sunny
day. In full load testing 6.5 kg fresh beetroot
slices was spread in the drying trays uniformly
and loaded in the cabinet dryer for drying in the
month of December.The product drying time,
drying temperature in the cabinet dryer, solar
intensity, moisture content of the product
during drying, ambient temperature, relative
humidity and product weight were measured
during the experimentation. The increase of
temperature due to use of stainless steel
reflector during the day was measured.
Temperature was measured using pre-calibrated
digital thermometers with recordes. Relative
humidity of the ambient air was measured by
using hygrometer and then drying efficiency of
the solar dryer was estimated.

Determination of moisture content :
The quantity of moisture present in a material
was determined on wet basis and expressed as
percentage. The initial (Mt) and final mass (Md)
of the samples were recorded with the help of
electronic balance. The procedure was
repeated for every one hour interval till the end
of drying of beetroot slices.

Mt - Md
MC, (%) = –––––––––– x 100       .........(1)

Mt

Determination of moisture ratio : The
Moisture ratio of the sample was computed by
following formula,

M - Me
MR = ––––––––––                     ........ (2)

M0 - Me

Where, M = Moisture content (db), per cent,
Me = EMC, (db), per cent, M0 = IMC, (db), per
cent.

Determination of drying rate (DR) :
The drying rate of the sample during drying
period was determined as follows,

ΔW
DR =  ––––––                         .......... (3)

Δt

Where, ΔW = Weight loss in one h interval
(gm 100-1 gm bdm min.), Δt = Difference in
time reading (h).

Drying Efficiency (%) : Drying efficiency
is defined as the ratio of the energy required to
evaporate the moisture inside the product to
the energy supplied to the dryer. Total heat in
this case of solar dryer is the available solar
radiation upon the collector surface supplied to
the dryer. The system drying efficiency is
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calculated from

W x Lv
ηdryer = ––––––––––––––––          ......... (4)

t x Ac x IT

Where,

W = moisture evaporated, kg, Lv = Latent
heat of vaporization of water, MJkg-1, T =
Time, sec., Ac = Collector area, m2, IT = Total
solar radiation, MJm-2.

Results and discussion

Testing of solar cabinet dryer no load
and without reflector : Performance of the
cabinet solar drying system was evaluated at no
load condition.Maximum temperature at the
top tray of solar dryer was found to be 58°C,
middle tray 54.4°C and bottom tray 51°C with
corresponding ambient temperature, Rh, solar
insolation and wind velocity of 30°C, 28 per
cent, 769 W m-2 and 2.2 m s-1, respectively.

Testing of solar cabinet dryer at no
load and with reflector : Performance of the
cabinet solar drying system was evaluated at no
load condition with stainless steel reflector.
Maximum temperature at the top tray of solar
dryer was found to be 59°C, middle tray 54°C
and bottom tray 49.5°C with corresponding

ambient temperature, Rh, solar insolation and
wind velocity of 27°C, 28 per cent, 694 W
m-2 and 1.6 m s-1 respectively.

Evaluation of the dryer for drying
Beetroot slices : The solar dryer was tested
for drying of beetroot slices of average
thickness of 2.5 to 3 mm. The weight loss of
beetroot slices taken from top tray, middle tray,
bottom tray and open sun drying.The
temperature in the solar dryer was 35 to
64°C.The ambient temperature and relative
humidity during the experiment were 21 to
32.75°C and 10 to 28 per cent, respectively.
The solar intensity during day was 104.4 to
728.8 W m-2. Drying time for drying of
beetroot slices from initial moisture content of
10.76 per cent (db) to 4.71 per cent (db) at top
tray was found to be 7 h. Drying time for drying
of beetroot from initial moisture content of
10.07 per cent (db) to 4.8 per cent (db) at
middle tray was found to be 10 h. Drying time
for drying beetroot from initial moisture content
of 10.07 per cent (db) to 4.8 per cent (db) at
bottom tray was found to be 10h in the solar
dryer as compared to 15 h in the open sun
drying. Drying efficiency of the drying system
was estimated to be about 36 per cent. As in
Fluidized bed drying (FBD) process, the drying
completed mostly in falling rate period (Khanna
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Fig. 3. Variation in temperature, relative
humidity and solar intensity with time
in the solar cabinet dryer at no load
without stainless steel reflector sheet.

Fig. 4. Variation in temperature, relative
humidity and solar intensity with time
in the solar cabinet dryer at no load
with stainless steel reflector sheet



2009).

Sensory evaluation of beetroot
powder : A powder of dried beetroot was
prepared for sensory evaluation. The data
obtained on sensory evaluation was statistically
analyzed using ANOVA in CRD format and the
results were depicted as in Table 3. The sensory
evaluation were performed for various
organoleptic characteristics viz., colour, flavor,
texture and overall acceptability of the beetroot
powder obtain by different way i.e. from top
tray, middle tray, bottom tray of dryer and open
sun drying. Sensory evaluation revealed that
beetroot dried in solar cabinet dryer maintained
good quality colour, flavor and texture. 

Economics of domestic solar cabinet
dryer for drying of Beetroot slices : The
economic feasibility of the domestic solar
cabinet dryer for the drying of above sample

was calculated by considering the initial
investment of the dryer, average repair and
maintenance cost, cost of raw material and
selling price of the material after drying. Based
on the study net present worth, Benefit cost
ratio, payback period and average parameter
were calculated for economics analysis of
different samples depicted in Table 4. It is
revealed that in investment is economically
viable as benefit cost ratio is more than 1 and
NPW is positive.

The cabinet dryer integrated with stainless
steel reflector system was developed and found
suitable for beetroot slicesdrying.During  no
load test, the maximum temperature in the
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Table 2. Moisture loss from beetroot slices during testing
process

Time Top Middle Bottom Open
tray tray tray sun

drying

0 100 100 100 150

60 78 81.2 79.1 130.3

120 58.3 64.8 62.8 110

180 42 50 50.3 89.1

240 23.8 36.9 36.4 72

300 15.4 24.4 24.4 59.4

360 13.3 17.1 17.4 51.2

420 13 13.7 14.9 43.9

480 13.4 14.2 42.3

540 11.8 13.5 37.58

600 11.5 13.1 29.6

660 21.5

720 19.5

780 18.65

840 17.75

900 17.45

Table 3. Mean score of sensory characteristics for
beetroot powder

Charac- Beetroot powder
teristis –––––––––––––––––––––––––––––––––––––––

Cabinet dryer Open sun C.D.at 
assisted with drying 5%
reflector

Colour 7.93 5.7 0.504

Flavour 8.13 6.3 0.731

Texture 7.96 5.9 0.706

OA 7.96 6.0 0.576

Table 4. Economic analysis of domestic solar cabinet
dryer for following products sample drying

Description Amount

Initial investment (Rs) 10000

Annual use of no. of batches 80 (6.5 Kg)

Cost of raw material (Rs Yr-1) @40 kg = 20800

Cost of labour or drying 00.00

Operation and maintenance cost 200

Total dried product 64 g

Cost of finished product @375 kg-1 = 24000

Economic indicators

Net present worth, Rs 425167.57

Benefit cost ratio 1.05

Payback period 5 month



solar dryer was found to be (58°C) 31.6 to
58°C during day time in the month of
December,2014 corresponding to the average
ambient temperature of 29.5°C (19-29.5°C)
and solar intensity 82.4 to 684.8 W m-2.
Drying time required for drying of 6.5 kg
beetroot slices for reducing moisture content of
10.76 per cent to 4.71 per cent (db) was found
to be 7 h. in the cabinet solar dryer equipped,
where as it took 15 h. in the open sun drying.
The temperature in the dryer varied between
35-64.5°C corresponding to the ambient
temperature of 21-32.75°C during experimen-
tation. Thermal efficiency of the solar dryer
with reflector system was found to be 36%.The
colourof the solar dried beetroot slices was
observed to be reddish as compared to the
open sun dried beetroot slices.The sensory
evaluation of beetroot powder suggested overall
acceptability in colour, taste and flavour.

References
Chauhan A. K. S. & Srivastava A. K. 2009.Optimizing

Drying Conditions for Vacuum-Assisted Microwave
Drying of Green Peas (Pisumsativum L.).Drying
Technology, 27(6), 761-769.

Khana M. Ali (2009). Microwave Assisted Fluidized Bed
Drying of Beetroot. Dept. of Post HarvestEngg.&
Tech., A.M.U., Aligarh, India

Mathlouthi M (2001). Water content, water activity, water
structure and the stability of foodstuffs. Food Control
12, 409-417.

Sablani S.S. 2006. Drying of fruits and vegetables:
Retention of nutritional/functional quality. Drying
Technology, 24 (2), 123-135. 

Sharma, V.K, A. Colangelo and G. Spagna
(1995).Experimental investigation of different solar
dryers suitable for fruit and vegetable drying.Energy. 6:
413 - 424

Singh B. And  Hathan B. (2013). Optimization of
Osmotically Dehydrated Beetroot candy using
response surface methodology. Dept. of Food Tech.
Panniwalamota, Sirsa, IJFANS, 2320-7876

Sodha, M.S., Dang, A., Bansal, P. K., and Sharma

Journal of Agriculture Research and Technology 105

______________



Sweet Neem (Murraya koenigii) a tree
which produce an aromatic leaves used in
Indian cooking. The sweet Neem tree is a
tropical to sub-tropical tree in family Rutaceae
which is native to India and Sri-lanka. Its leaves
are used in many dishes in India and
neighboring country, often used in curries, the
leaves are generally called by curry leaves also
called Curry Leaves tree in Indian language.
Generally these leaves are fried along chopped
onion in first stage of preparation. The leaves
of Murraya koenigii are also used as an herb in
auryvedic medicine they are believe to possess
anit-diabatic property. Medicinal value of leaves
reported as anti-bacterial, phyto constituents
such as glycozoline, xanatoxin, volatile oil etc.
The leaves are also used as anti-dysenteric,
extremely cures eruptions, anti-omitting tonic
and stomach ache purpose. The effect on
leaves on blood glucose, plasma, insulin level is
induced. Fresh curryleaves has chlorophyll,
terrenes and anti-oxidants which may also
contributes in hypo glycemic effect and
increased insulin secretion. In their fresh form

they have a short shelf life and do not keep well
in refrigerator. They are also available in dried
form but their aroma is inferior because of
open sun drying.

Fruits such as, mango and  pineapple are
produced in large quantities and the  incomes
derived from these products are normally
minimal due to inadequate conservation and
storage  facilities and lacking marketing
structures hence to preserve such a useful
products drying is proposed (Bala et al. 1999).
Rathore et al. 2012 evaluated the performance
of solar tunnel dryer for grape drying.Ayyappan
and Mayilsamy (2010) studied a natural
convection type solar tunnel drier integrated
with sensible heat storage material developed to
test its performance for copra drying. Sharma
et al. (1995) reported solar drying of tomatoes,
chillies and mushrooms.

Materials and methods

The experimentation was carried out on
solar tunnel dryer installed at Ramkrushana
Agro. Vegetables and Fruit Products, Kodoli,
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Abstract
Solar tunnel dryer (STD) of 3x6x2 m design installed at the Ramkrushna Agro vegetables and Food

Products, Kodoli Tal-Phanhalla, Dist-Kolahapur, was used for experimental studies. Performance of the
system was evaluated at no load and full load test by drying the Sweet Neem leaves. The experimented
conducted in the October month. At no load test, the average temperature and relative humidity during
daytime in the STD was 50.67°C and 15.77 per cent and in OSD was 32.16 °C and 36.22 per cent,
respectively. In full load test average temperature and relative humidity during daytime in STD was 47.58° C
and 19.70 per cent and in OSD was 32.32°C and 33.41 per cent in the said peroid.
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Tal-Panhalla, Dist- Kolhapur which is Installed
by Dept. of UCES & EE, Dr. P.D.K.V.,
Akola.Fresh products were chosen for the
experimentation. Fresh sweet Neem were used
for the experiment. The drying experiment was
conducted at no load and full load condition of
the solar tunnel dryer. The discolored, damaged
and diseased Sweet Neem leaves were sorted.
After sorting of Sweet Neem leaves were
separated or cut from the stalks manually. For
the experimentation only leaves of Sweet Neem
was used. The technical specifications of solar
tunnel dryer are as follows

Drying Method

Open sun drying : Sun drying was done
by spreading the samples in OSD in thin layers.
The experiment was conducted in post
Monsoon (October 2014). The initial weight
and moisture content of the samples were
recorded. The samples were weighted at an
interval of 30 minutes and corresponding
temperature, relative humidity and solar
radiation were recorded.

Performance evaluation of solar
tunnel dryer : Garg et al., 2000 studied the

performance under natural circulation as well
as under forced circulation mode of solar tunnel
dryer.The volume flow rate and the rise in the
inlet air temperature have been optimized for
natural circulation mode with respect to the
design parameters, viz., length and radius. The
performance of the solar tunnel dryer was
evaluated for drying of sweet Neem leaves. The
performance of the system was evaluated by
conducting no load and full load test.

No load testing of solar tunnel dryer :
The variation of temperature and relative
humidity with solar radiation had been studied.
The solar tunnel dryer with corresponding
ambient parameter were recorded to evaluate
the solar tunnel dryer without product during
post monsoon season. The test was conducted
between 9.00 to 17.00 h. 

Full load testing of solar tunnel dryer:
In full load test the leaves of 20 kg sweet Neem,
were spread over the perforated plastics tray.
The experiment was conducted in post
Monsoon season (October 2014). The initial
weight of the samples was recorded. The
samples were weighed regularly at an interval of
30 minutes and simultaneously the
temperature, relative humidity, solar radiation
and wind velocity inside of solar tunnel dryer
was measured. Drying was conducted between
9.00 to 17.00 h daily.

Study of drying characteristics : The
drying mechanism depends on simultaneous
heat and mass transfer phenomenon and
factors dominating each process determined
the drying behaviour of the product. The drying
rates were computed from the experimental
data and drying characteristics curves i.e.
moisture ratio (db) vs. time, drying rate vs. time
and moisture content (db) vs. time  were
plotted.

Determination of moisture content :
Initial moisture content of sample was
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Table 1. Technical specifications of solar tunnel dryer

Particulars Specifications

Aperture area, m2 24.25
Width of dryer, m 3.00
Length of dryer, m 6.00
Drying tray area, m2 2.5 (1.6 m x 1.6 m)
Number of trays 05 on each trolley
Number of trolleys 2 Nos., (1.67 x 3.12 x 1.2 m)
Height of tunnel, m 2.0
Plastic cover, UV stabilized 200 µm
Chimney 2 Nos., Ø 0.15 m, H =0.75m
Fresh air vent area, m2 0.05
Exhaust Fan, single phase, 1Nos, Brushless AC
40 Wp, 1400 rpm
Door 1.80 m x 0.75 m



determined by the hot air oven drying method
(Ranganna, 1986). Samples were weighed
using electronic weighing balance of least count
0.01g. The samples of sweet neem were placed
in hot air oven at 70 ± 0.50 C for 12.00 h.
Following formulae were used.

(W1 - W2)
M.C. (db)% = ––––––––––––––     ..........(1)

(W2)

Where, W1 = Weight of sample before
drying, (g), W2 = Weight of bone dried sample,
(g) 

Determination of moisture ratio : The
moisture ratio of the produce was computed by
following formula (Chakravert A)

(M - Me)
Moisture Ratio (M.R.)=–––––––––– ........(2)

(M0 - Me)

Where, M = Moisture content (db), per cent,
Me= EMC, (db), per cent, M0= IMC, (db), per
cent

Determination of drying rate : The
drying rate of sample during drying period was
determined as follows (Chakraverty A).

ΔW
Drying rate (DR) = ––––––– ...........(3)

Δt

Where, ΔW = Weight loss in one h interval
(gm 100-1gm bdm min.), Δt = Difference in
time reading (h)

Drying efficiency (η) : The drying
efficiency of solar tunnel dryer is the ratio of
heat gained to the heat input. The heat input
was calculated by considering total solar
radiation incident in aperture area of solar
tunnel drier during total drying hours in day.

(M - λ)
η, (%) = –––––––––––––––– ........... (4)

(IAC x A x t)

Where, M = Mass of water evaporated, kg, 
λ = Latent heat of vaporization, MJ kg-1, IAC =
Total solar radiation, MJ m-2, A = Collector
area m2, t = time, sec.   

Result and discussion

Results and their discussion are reported
with respect to drying and drying characteristics
of Sweet Neem using different drying methods.
The effect of drying in solar tunnel dryer and
open sun drying on quality parameters of this
sample was studied and discussed.

Testing of solar tunnel dryer

No load testing of solar tunnel dryer :
Fig.1 showed the highest temperature inside
the solar tunnel dryer with respect to time
achieved its peak value at 13:00 h. was found
to be  62ºC with corresponding ambient
temperature, relative humidity and solar
radiation of  34.7ºC, 27percent and 950
W/m², respectively. It was observed that the
maximum temperature inside the solar tunnel
dryer was found to be 62ºC followed by top
(62ºC) and bottom (61ºC) tray at 13:00 h. The
minimum temperature inside the dryer found to
be 36.5ºC at 9:00 h.

Fig. 2 Showed that during the monsoon
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Fig 1. Average temperature variation during
no load test in STD (Day-1)



season, the maximum peak temperature inside
the solar tunnel dryer with respect to time
achieved its peak value at 13:00 h. was found
to be  61.9ºC with corresponding ambient
temperature, relative humidity and solar
radiation of 35.3ºC, 32 per cent and 960 W
m-2 resp. It was observed that the maximum
temperature inside the solar tunnel dryer was
found to be 61.9ºC followed by top (60ºC) and
bottom (58.9ºC) tray at 13:00 h. The minimum
temperature inside the dryer found to be 36ºC
at 9:00 hr.

A minimum relative humidity inside the solar
tunnel dryer was found to be 10 per cent and
its peak value at 13:00 h and maximum relative
humidity inside the tunnel dryer was found to
be38 per cent and it was achieved at 9:00 h.

It was revealed From Fig 4 that minimum
relative humidity inside the solar tunnel dryer

was found to be 10 per cent and its peak value
at 12:00 h and maximum relative humidity
inside the tunnel dryer was found to be 36 per
cent and it was achieved at 9:00 h.

Full load testing of solar tunnel dryer:
The variation of temperature and relative
humidity inside the solar tunnel dryer with
respect to ambient conditions and solar
intensity during full load testing is presented in
Fig. 5 and 6 respectively.

Fig.5 revealed that the maximum
temperature inside the solar tunnel dryer
achieved its peak value 59ºC at 14:00 h of the
day-1 corresponding to top 58.1ºC and
bottom58.5ºC with corresponding ambient
temperature 36.1 ºC and relative humidity 26
per cent and solar radiation 900 W/m²,
respectively. The minimum temperature
34.6ºC was achieved at 9:00 with
corresponding top 34.6ºC and bottom 35.4ºC
with corresponding ambient  temperature 24.6
with ambient relative humidity  52 per cent and
solar radiation 380 W m-2. Thus the
temperature inside the solar tunnel dryer varied
from 34.6ºC to 59 ºC.

Fig.6 showed that the maximum
temperature inside the solar tunnel dryer
achieved its peak value 58ºC at 13:00 h of the
day-2 corresponding to top 56ºC and bottom
56ºC with corresponding ambient temperature
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Fig 2. Average temperature variation during
no load test in STD (Day-2)

Fig 3. Relative Humidity variation during no
load test in STD (Day-1)

Fig 4. Relative Humidity variation during no
load test in STD (Day-2)



36ºC and relative humidity 30 per cent and
solar radiation 940 W/m² respectively. The
minimum temperature 37.5ºC was achieved at
9:00 with corresponding top 37.6ºC and
bottom 37.5ºC with corresponding ambient
temperature 30.2°C with ambient relative
humidity  49 per cent and solar radiation 490
W/m². Thus the temperature inside the solar
tunnel dryer varied from 37.5ºC to 58ºC.

Fig. 7 revealed that the minimum relative
humidity inside the solar tunnel dryer achieved
its peak value 15 per cent at 14:00 hr of the
day corresponding to the ambient temperature
36.1ºC, ambient relative humidity 31 per cent
with solar radiation 780W/m². The maximum
relative humidity inside the solar tunnel dryer
was found to be 38 per cent at 9:00 of the day
with corresponding ambient temperature
24.6ºC, ambient relative humidity 52 per cent
and solar radiation 380W m-2.

Fig. 8 showed that the minimum relative

humidity inside the solar tunnel dryer achieved
its peak value 19 per cent at 13:00 h of the day
corresponding to the ambient temperature
36ºC, ambient relative humidity 30per cent
with solar radiation 940 W/m². The maximum
relative humidity inside the solar tunnel dryer
was found to be 34 per cent at 9:00 h of the
day with corresponding ambient temperature
30.2ºC, ambient relative humidity 49 per cent
and solar radiation 490 W/m².

Drying characteristics of sweet Neem
leaves in open sun drying and solar
tunnel dryer : The drying characteristics of
Sweet Neem leaves, basil leaves and Sprouted
moth beans samples in natural convection solar
dryer were studied and compared with open
sun drying. The different drying characteristics
in terms of moisture content per cent (db)
drying rate (g 100-1 g b.dm. min) and moisture
ratio were studied. 
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Fig 5. Average temperature variation during
full load test in STD (Day-1)

Fig 6. Average temperature variation during
full load test in STD (Day-2)

Fig 7. Relative humidity variation during full
load test in STD (Day-1)

Fig 8. Relative humidity variation during full
load test in STD (Day-2)



Drying of sweet Neem leaves in STD
and OSD : Fig.9 and Fig.10 revealed that the
drying rate varied from 1.44 to 0.006944 and
0.88888 to 0.003968 gm 100-1 gm bdm min
for drying of sweet Neem in solar tunnel dryer
and open sun drying, respectively. The average
drying rate was found to be 0.065657 and
0.02381 gm 100-1 gm bdm min corresponding
to average moisture ratio of 0.350877 and
0.387655 for STD and OSD, respectively.

Fig.11 and Fig. 12revealed that the average
moisture content per cent (db) of sweet Neem
leaves inside and outside sample "IN" and "ON"
reduced from 400 to 20 per cent and 21.66
per cent from (db) in 12.5 h and 14 h in solar
tunnel dryer and open sun drying, respectively.
Similarly It was observed that the maximum
moisture removal had taken place from 400 to
76.66 per cent and 400 to 148per cent (db) in
8 h during first day of drying.

Based on present study it can be concluded
that at no load test, the average temperature
and relative humidity during daytime in the STD

was 50.67°C and 15.77 per cent and in OSD
was 32.16°C and 36.22 per cent, respectively.
In full load test avg. temperature and relative
humidity during daytime in STD was 47.58° C
and 19.70per cent in OSD was 32.32°C and
33.41 per cent in the month of October.
Moisture content of given samples was reduced
exponentially with drying time. Falling rate
drying period was found in Sweet Neem leaves
found to be increased with increase in drying
temperature.Solar tunnel drying took 12.5h to
bring down the moisture content of Sweet
Neem from 400 to 20.66 per cent (db) as 14 h
under open sun drying.The overall drying
efficiency of Sweet Neem leaves was found to
be 31.73 per cent.
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Abstract
Solar refrigeration is thought of as one of the best alternatives to overcome the problem arises due to

electricity crises and it may be accomplished by using one of the refrigeration systems like vapor compression,
absorption or thermoelectric refrigeration system. Introducing solar refrigerators into the cold chain ensures
that solar refrigerators can provide a more sustainable vaccine cold chain.The solar photovoltaic (PV) system
generates both electrical and thermal energy from solar radiation. Therefore an energy and exergy analysis
of the system was carried out. Energy analysis was concerned only with the quantity of energy use and
efficiency of energy processes. Exergy is the maximum work potential which can be obtained from energy.
The experimental data were used for the calculation of the energy and exergy efficiencies of the PV systems.
The average photovoltaic efficiency was found to be 9.93 and 9.74 per cent for no load and full load
conditions while exergy efficiency was 13.02 and 13.11 per cent, respectively for March month. Photovoltaic
efficiency and exergy efficiency were 8.5 and 12.18 for April month at no load condition and 8.36 and 12.18
per cent at full load condition respectively. Photovoltaic efficiency and exergy efficiency were 8.46  and 11.41
for May month at no load condition and 8.2 and 11.11 per cent  at full load condition respectively. Hence it
is concluded that there was no impact of load on the performance of photovoltaic panel. It was observed that
the PV module temperature had a great effect on the exergy efficiency, could be improved by maintaining
module temperature close to ambient and that could be achieved by removing the heat from PV module
surface. It was concluded that the exergy losses increased with increasing module temperature.

Key words : Exergy efficiency, photovoltaic efficiency, solar photovoltaic, thermoelectric
refrigerator, vapor compression refrigeration.
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Due to the growing concern and awareness
of environmental issues among the scientific

community, power generation from renewable
energy sources, particularly solar energy has
become significantly important from the last
few decades.  The energy efficiency of a solar
panel, is the ratio of the power output to the
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energy originally delivered to the solar panel
and conventionally is used to measure solar PV
efficiency. Energy analysis is based primarily on
the first law of thermodynamics, as compared
with exergy analysis which is based on the
second law. Energy analysis is concerned only
with the quantity of energy use and efficiency of
energy processes. Energy analysis thus ignores
reductions of energy potential, which could be
used productively in other physical and/or
chemical process. Energy analysis can provide
sound management guidance in those
applications in which usage effectiveness
depends solely on energy quantities.

Exergy analysis is used to find out the
energy utilization efficiency of an energy
conversion system. Exergy analysis yields useful
results because it deals with irreversibility
minimization or maximum exergy delivery. 

The exergy analysis has been increasingly
applied over the last several decades largely
because of its advantages over energy analysis.
To perform energy and exergy analyses of the
solar PV, the quantities of input and output of
energy and exergy must be evaluated.

Some researchers conducted experiments
on the performance analysis of photovoltaic
driven vapour compressor refrigeration system.
Kattakayam et al. (1996) studied the electrical
characteristics of a 100W AC operated
domestic refrigerator using R-12 powered by a
field of SPV panels, a battery bank and an
inverter. Charters et al. (2003) suggested its use
in developing countries for essential purposes
such as vaccine serum storage at medical clinics
in remote regions. Eltawil and Samuel (2007)
stated that refrigerated  storage, was believed to
be best method for storing the fruits and
vegetables in fresh form, which were not
available in rural or remote locations where grid
electricity was almost not available. Fatehmulla
et al. (2011) designed and developed low

power refrigeration system using PV modules,
2 modules each of 36 solar cells. Yilanciet al.
(2011) studied the energy analysis of a
refrigerator, powered by a photovoltaics to
obtain efficient operation conditions based on
experimental data. Sobamowo et al. (2012)
designed and developed photovoltaic-powered
dc vapour compression refrigeration system for
developing countries such as Nigeria and
showed its applicability to different climatic
regions in Africa and could be used for
perishable food storage, improvement in the
health services and living conditions in remote
and rural areas which were unable to access
electricity from the grid.

Materials and Methods

In this experimental study, the comparative
energetic and exegetics analysis of solar
photovoltaic (SPV) modules was carried out for
a March, April and May month under the
different climatic conditions.

Experimental system : A SPV
refrigeration system consisted of DC vapor
compression refrigerator of 25 litre capacity.
Considering the power requirement of its
continuous operation, two 80 W SPV panels
were used to convert solar energy into electrical
energy. The panels were arranged in parallel.
The purpose of this arrangement was to have
sufficient potential difference across the 12 V
battery for properly charging of battery. The
panels were kept on fixed masonry structure at
35° (tilt angle) from horizontal, facing south
direction. A battery was used so that it could
give high starting current required to start the
motor of compressor. It consisted of one 12 V
- 150 Ah sealed lead acid batteries connected in
parallel. Panel were connected to the battery
via charge controller which avoided the battery
from getting deep discharge. Battery supplied
DC current to refrigerator as it operated on DC
current.
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Energy efficiency of the solar panel

Photovoltaic efficiency : The efficiency
of the solar panels, defined as the ratio of the
electrical power produced to the incident
radiation. Photovoltaic efficiency of solar panel
was determined at no load and full load
condition by using following formula.

Pmax
ηpv = ––––––––––                     .........(1)

S x Apv

Where, ηpv = Efficiency of photovoltaic
system, Pmax = Maximum power from
photovoltaic system (W) S = Solar irradiance (W
m-2), Apv = Area of the photovoltaic system
(m2)

Exergy analysis : Exergy is defined as the
maximum amount of work that can be done by
a system. 

Photovoltaic exergy : The energy of a PV
module depends on two major components--
electrical and thermal.

Exout = VmIm - (1 - T0/Tcell) [hc x Apv (Tcell -
T0)                                           ..........(2)

Where, Vm = Maximum Voltage of
photovoltaic system, Im = Maximum current of
photovoltaic panel, hc = convective heat
transfer coefficient from the photovoltaic cell to
ambient, Apv = area of the photovoltaic
surface, Tcell - cell temperature, T0 = ambient
temperature.

The convective heat transfer coefficient
from the photovoltaic cell to ambient can be
calculated by using correlation

hc = 5.7 + 3.8 x v                      ........(3)

Where, v = Wind velocity (m)

The cell temperature can be determined by

the following relationship: 

Tcell = 0.943Ta + 0.028 Irradiance - 1.528
Windspeed + 4.3                            .........(4)

Exergy input of the photovoltaic system,
which is the exergy of solar energy, can be
calculated approximately as below

EXin = EXsolar = Apv x S x [1 - 4/3 (T0 /
TSUN) + 1/3 (T0 / TSUN)4]              ..........(5)

Where, TSUN = Temperature of the Sun
taken as 5760 °K

Exergy efficiency of the photovoltaic system
is defined as the ratio of total output exergy
(recovered) to total input exergy (supplied). It
can be expressed as

EXout
ψPV = ––––––––––                  ...........(6)

EXin

Result and discussion

Performance evaluation of photo-
voltaic system at no load : The
performance of the photovoltaic system was
evaluated in terms of photovoltaic energy and
exergy efficiencies during no load testing. Solar
intensity was measured hourly and the open
circuit voltage and short circuit current were
measured during the off cycle of the
refrigeration system. The hourly variation of
conversion efficiency (ηmod) is illustrated in
figures 1 and 2 for March month. It was
observed from figure that the efficiency was
relatively higher during the early and late hours
of the day as compared to midday which was
due to thermal effects. It was found that, the
conversion efficiency is inversely proportional
to the module temperature.  The photovoltaic
efficiency was found in the range of 7.48 to
10.14%.The average efficiency of the
photovoltaic system was observed to be 8.46%
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for May month. The average photovoltaic
efficiency was 9.93 and 8.5% for March and
April months, respectively.

At maximum solar radiation, difference
between exergy in and exergy out was found to
be more. The exergy in was maximum due to
more temperature which was due to more solar
radiation (Eltawil and Samul, 2007). Increased
PV array temperature determine the sensible
decrease of this efficiency. In order to have
maximum exergy efficiency, PV array
temperature should be kept near the ambient
temperature or in other words, PV array
temperature should be controlled. Exergy
efficiency was found to be 8.26 per cent at
13.00 h due to increase in cell temperature (
56.11°C) with maximum solar intensity of
911.90 W m-2. Exergy efficiency  was
determined to be 19.15 per cent at 17.00 h
due to less cell temperature (35.9°C).  Average
exergy efficiency was found to be 11.41 per
cent. Average exergy efficiency for March and
April month were 13.02 and 12.18 per cent,
respectively.

Table 1, 2 and 3 indicated the variation of
solar radiation, photovoltaic efficiency and
exergy efficiency with time at no load
conditions for March, April and May month
respectively.

Performance evaluation of
photovoltaic system at full load : It was
observed that photovoltaic efficiency found
(8.24%) highest in early morning and 10.02
per cent in afternoon at 17.00 h with
corresponding solar radiation of 627.00 and
424.80W m-2, respectively. Thus it was
affected by solar radiation and module
temperature. The average photovoltaic
efficiency was found to be 8.2 per cent for May
month. The average photovoltaic efficiency for
March and April month were 9.74 and 8.36
per cent, respectively.

The performance of photovoltaic system
was evaluated at full load condition by adopting
the same procedure as adopted in no load
condition. From figures it was observed that the
exergy-in of sun was maximum of about
1258.22 W indicated the great potential of sun
to emit power and it increased with increase in
solar radiation. It was analyzed and shown in
the figure that the photovoltaic exergy-out
found 99.58 W found below the maximum
power extracted from the photovoltaic system
due to the high cell temperature produced heat
energy and this heat energy being lost by the
system (Yilanci et al., 2011). The exergy
efficiency was found to be 18.31 per cent at
cell temperature 37.74°C at solar radiation of
424.80 W m-2. At 13.00h the exergy
efficiency found minimum (7.9%) at cell
temperature of 56.97°C and solar radiation
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Fig. 1. Variation of photovoltaic efficiency with
respect to solar radiation and tempera-
ture for March month at no load

Fig. 2. Variation of Exergy efficiency with
respect to solar radiation and tempera-
ture for March month at no load
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Table 1. Variation of solar radiation, photovoltaic efficiency and exergy efficiency with time at no load for March month

Time Solar Power Photovoltaic Tcell Exergy Exergy Exergy
(h) radiation output efficiency (°K) out in efficiency

(W m-2) (w) (%) (W m-2) (W m-2) (%)

9:00 527.00 78.75 10.38 304.19 106.21 705.78 15.05
10:00 687.26 93.85 9.48 309.90 105.29 919.93 11.45
11:00 748.18 96.80 8.98 313.68 104.56 1000.97 10.45
12:00 800.00 105.75 9.18 316.60 103.87 1070.06 9.71
13:00 836.00 106.26 8.82 317.35 103.18 1118.20 9.23
14:00 752.00 100.93 9.32 314.58 104.53 1005.87 10.39
15:00 622.00 94.89 10.59 309.72 105.81 832.38 12.71
16:00 496.16 77.42 10.84 304.70 106.25 664.14 16.00
17:00 356.12 60.36 11.77 307.57 105.53 475.71 22.18
Average 9.93 13.02

Table 2. Variation of solar radiation, photovoltaic efficiency and exergy efficiency with time at no load for April month

Time Solar Power Photovoltaic Tcell Exergy Exergy Exergy
(h) radiation output efficiency (°K) out in efficiency

(W m-2) (w) (%) (W m-2) (W m-2) (%)

9:00 600.02 75.90 8.78 310.78 108.45 802.58 13.51
10:00 696.00 81.79 8.16 314.37 107.71 930.71 11.57
11:00 836.00 99.88 8.30 319.42 105.71 1117.54 9.46
12:00 882.00 108.72 8.56 322.87 105.20 1178.55 8.93
13:00 892.00 105.56 8.22 323.84 104.96 1191.65 8.81
14:00 800.00 85.12 7.39 320.30 106.48 1069.01 9.96
15:00 676.00 83.97 8.63 316.04 107.93 903.54 11.94
16:00 535.00 70.78 9.19 310.54 108.71 715.26 15.20
17:00 400.00 53.76 9.33 305.97 108.38 534.90 20.26
Average 8.5 12.18

Table 3. Variation of solar radiation, photovoltaic efficiency and exergy efficiency with time at no load for May month

Time Solar Power Photovoltaic Tcell Exergy Exergy Exergy
(h) radiation output efficiency (°K) out in efficiency

(W m-2) (w) (%) (W m-2) (W m-2) (%)

9:00 624.40 75.48 8.39 314.45 103.97 834.57 12.46
10:00 736.10 90.32 8.32 317.92 102.98 983.62 10.47
11:00 856.90 94.90 7.69 324.48 101.22 1144.17 8.85
12:00 906.50 101.20 7.57 328.74 100.25 1236.50 8.11
13:00 911.90 104.36 7.95 329.11 100.47 1216.72 8.26
14:00 827.60 89.14 7.48 326.03 101.95 1104.49 9.23
15:00 688.50 88.02 8.88 320.95 103.56 919.10 11.27
16:00 525.00 71.89 9.51 315.60 104.35 701.01 14.89
17:00 406.50 59.34 10.14 308.98 104.02 543.19 19.15
Average 8.46 11.41



943 W m-2 for may month. The avgerage
exergy efficiency was found to be 13.02, 12.18
and 11.11 per cent for March, April and May
month, respectively.

From figure 4 it was observed that the
exergy of the radiation incident on the inclined
plane, i.e., the maximum electrical power
obtainable from the radiation, and the power
supplied by the photovoltaic modules. The
figure showed the influence of the battery
charge controller on the efficiency of the
photovoltaic modules. 

Table 4, 5 and 6 indicated variation of solar

radiation, photovoltaic efficiency and exergy
efficiency with time at full load condition for the
March, April and May Month.

Performance of photovoltaic system at no
load and full load condition were carried out to
assess its technical viability. This study indicated
the necessity and usefulness of energetic and
exergetic techniques to evaluate the
performance of the SPV refrigerator.The study
indicated that the full load condition does not
affect the PV system. The photovoltaic and
exergy efficiency was found less due to the
module temperature hence exergy were
destroyed highly in PV.
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Fig. 3. Variation of photovoltaic efficiency with
respect to solar radiation and tempera-
ture for March month at full load

Fig. 4. Variation of Exergy efficiency with
respect to solar radiation and tempera-
ture for March month at full load

Table 4. Variation of solar radiation, photovoltaic efficiency and exergy efficiency with time at full load for March month

Time Solar Power Photovoltaic Tcell Exergy Exergy Exergy
(h) radiation output efficiency (°K) out in efficiency

(W m-2) (w) (%) (W m-2) (W m-2) (%)

9:00 532.00 79.19 10.34 303.72 105.36 712.48 14.79
10:00 622.14 87.75 9.79 308.66 104.95 832.74 12.60
11:00 692.00 92.20 9.25 312.59 104.36 925.80 11.27
12:00 786.12 102.40 9.05 315.90 103.15 1051.49 9.81
13:00 832.08 105.38 8.79 318.37 102.51 1112.71 9.21
14:00 700.00 92.89 9.22 314.11 104.35 936.07 11.15
15:00 636.00 89.25 9.75 311.00 104.85 850.92 12.32
16:00 492.03 72.14 10.18 306.25 105.38 658.37 16.01
17:00 376.00 61.31 11.32 301.83 105.03 503.31 20.87
Average 9.74 13.02
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Table 5. Variation of solar radiation, photovoltaic efficiency and exergy efficiency with time at full load for April month

Time Solar Power Photovoltaic Tcell Exergy Exergy Exergy
(h) radiation output efficiency (°K) out in efficiency

(W m-2) (w) (%) (W m-2) (W m-2) (%)

9:00 622.00 72.36 8.08 311.88 109.24 831.78 13.13
10:00 700.00 82.67 8.20 315.39 108.54 935.83 11.60
11:00 845.00 88.90 7.31 321.68 106.62 1129.11 9.44
12:00 868.00 109.57 8.77 323.11 106.13 1159.51 9.15
13:00 880.00 104.10 8.21 323.60 106.04 1175.58 9.02
14:00 836.23 92.89 7.71 321.50 106.69 1117.28 9.55
15:00 722.25 89.00 8.56 317.18 108.32 965.36 11.22
16:00 543.80 71.37 9.11 311.98 109.51 726.91 15.07
17:00 412.10 55.46 9.35 306.73 109.38 551.07 19.85
Average 8.36 12.18

Table 6. Variation of solar radiation, photovoltaic efficiency and exergy efficiency with time at full load for May month

Time Solar Power Photovoltaic Tcell Exergy Exergy Exergy
(h) radiation output efficiency (°K) out in efficiency

(W m-2) (w) (%) (W m-2) (W m-2) (%)

9:00 627.00 74.38 8.24 312.96 103.74 838.25 12.38
10:00 737.90 87.24 8.21 321.14 102.76 985.28 10.43
11:00 856.90 92.96 7.53 327.56 101.19 1143.34 8.85
12:00 880.70 101.89 8.03 327.96 100.65 1175.08 8.57
13:00 943.00 104.10 7.67 329.97 99.58 1258.22 7.91
14:00 856.90 92.89 7.53 326.33 101.04 1143.61 8.84
15:00 736.10 89.00 8.40 322.33 102.82 982.63 10.46
16:00 543.80 65.02 8.30 315.17 104.05 726.30 14.33
17:00 424.80 61.31 10.02 310.74 103.92 567.50 18.31
Average 8.2 11.11

______________



Osmotic dehydration is one of the most
novel methods used to remove water partially
upto 50 per cent from materials such as fruits
and vegetables by immersing in aqueous
solutions of sugar or salt. It has potential
advantages of less heat damage, good
blanching effect, less enzymatic browning,
better retention of flavour, texture and energy
saving because no phase change occur
(Ponting et al. 1996). The kinetics of
dewatering and mass transfer properties during
osmotic dehydration process have been
investigated for banana (Pokahrkar and Prasad,
1997), apple (Videv et al., 1990), pineapple
(Parjoko et al., 1996) and onion (Sutar and
Gupta, 2007).  

Sapota is an important tropical fruit and
mainly valued for its sweet and delicious taste.
It has high sugar content (20 %), in addition to

it vitamin A, B1, B2 and C (Ramchandra,
2006). It is highly perishable in nature and its
loss can be minimized to some extent if the fruit
is processed and stored. Therefore, the study of
mass transfer modelling during osmotic
dehydration of sapota slices (Cv. Kallipatti)
prior to drying was undertaken with an
objectives to evaluate the effect of osmotic
dehydration process parameters on water loss
and sugar gain as well as to develop suitable
mathematical models for water loss and sugar
gain.  

Materials and Methods

Investigation was conducted at the
Department of Agricultural Process
Engineering, Dr. Annasaheb Shinde College of
Agricultural Engineering, Mahatma Phule Krishi
Vidyapeeth, Rahuri during the year 2012-13.
The firm, ripened sapota fruits were obtained
from an University Farm  of Mahatma Phule
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Abstract
The sapota slices (Cv. Kalipatti) of  3 mm thickness were first osmotically dehydrated to find out the effect

of sugar concentrations (50, 60 and 70°B), solution temperatures (30, 40 and 50°C), fruit to solution ratio
1:4 (w/v) for 14 hr osmosis time on water loss and sugar gain. Then slices were air dried in tray dryer at 70°C
temperature to safe moisture level of 16 per cent (w.b.). Low temperature-low concentration (30°C-50°B)
gave a low water loss of 35.02 per cent; high temperature-high concentration conditions (50°C-70°B) gave
a higher water loss 48.81 per cent. In case of sugar gain also low temperature-low concentration (30°C-50°B)
gave a low sugar gain 11.96 per cent and high temperature-high concentration conditions (50°C- 70°B) gave
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logarithmic model was found to be the best fit for water loss and solid gain. The developed models could be
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Krishi Vidyapeeth, Rahuri. Fruits were washed,
peeled and cut into 3 mm slices with stainless
steel knife. The sapota slices (approx. 25 g)
were dipped in glass beaker (250 ml)
maintaining 1 : 4 (w/v) slices to sugar syrup
ratio and sugar concentrations of 50, 60 and
70°B were used. The beakers were kept at
desired temperatures (30, 40 and 50°C) in
constant temperature recirculating water bath
(Make Classic Mumbai), then for every 30 min
upto 2 hr, then at an interval of 1 hr upto 6 hr
and afterwards at every 2 hr upto 14 hr one
glass beaker was removed from water bath and
sapota slices were immediately rinsed with
water and placed on tissue paper for 5 min to
remove surface moisture. Slices were weighed
and dried in vacuum oven at 70°C temperature
and maintaining vacuum of 85-100 mm Hg to
constant weight to determine moisture content
(Ranganna, 2000). The experiments were
replicated thrice. The flow chart of the
procedure is as depicted in Fig. 1. 

Water loss (WL) and solid gain (SG) were
calculated using following mass balance
equations (Lenart and Flink, 1984).

Water loss can be defined as net loss of
water from the sapota slices at any time on
intial weight basis. 

Wi.Xi - Wθ.Xθ
WL = ––––––––––––––––––––––– x 100

Wi

The soil gain is the net uptake of sugar by
sapota slices on intial weight basis.

Wθ(1-Xθ) - Wi(1-Xi)
SG = ––––––––––––––––––––––– x 100

Wi

where,  WL = Water loss (g per 100 g mass
of sample), SG =  Sugar gain (g per 100 g mass
of sample), Wθ = Mass of slices after time θ, g,
Wi = Initial mass of slices, g, Xθ = Water

content as a fraction of mass of slices at time θ,
and Xi = Water content as a fraction of initial
mass of slices, fraction

Results and Discussion

Osmotic dehydration of sapota slices :
Average initial moisture content of sapota slices
recorded was 79.23 % (w.b.). Data of water
loss and sugar gain as influenced by various
sugar concentrations and temperatures is
presented in Table 1 and 2, respectively.

When sugar syrup temperature was
increased from 30 to 40°C for 70°B syrup
concentration, water loss increased from 40.74
to 44.66 per cent after 14 hr of osmotic
dehydration causing approximately 3.92 per
cent point increase, however further increase in
syrup temperature to 50°C, the water loss was
48.81 per cent showing 4.15 per cent point
increase (Table 1). Similarly for 60°B syrup
concentration, the water loss was increased
from 38.16 to 42.78 per cent when syrup
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Mature ripened sapota fruits

Washing

Peeling

Cutting into slices of 3 mm thickness

Osmotic dehydration of slices in 50, 60 and
700B sugar solution at 1 : 4 ratio at 30, 40

and 50°C

Tray drying at 70°C after 14 hr osmosis at 1
m sec-1 air velocity to16 % w.b. final moisture

content.

Packaging and storage

Fig. 1. Process flow chart for osmotic
dehydration of sapota slices



temperature increased from 30°C to 40°C
giving only 4.62 per cent point gain and further
increase in syrup temperature from 40 to
50°C, the water loss was increased to 46.80
per cent showing 4.02 per cent point
increment. The similar results were obtained for
50°B sugar syrup concentration also with the
corresponding increase of 3.82 per cent point
when sugar syrup temperature was increased
from 30 to 40°C and 7.13 per cent point when
temperature was increased from 40 to 50°C.

A low temperature-low concentration
(30°C-50°B) gave a low water loss (35.02%
after 14 hr of osmosis) and high temperature-
high concentration conditions (50°C-70°B)
gave a higher water loss (48.81% after 14 hr of
osmosis). The low temperature-high
concentration condition 30°C-70°B gave a
slightly lower water loss of 40.74 per cent after
840 min of osmosis than 50°C- 50°B (45.97%
after 14 hr of osmosis) indicating a slightly
greater temperature effect on water loss. This
indicated that water loss can be increased by

either increasing the sugar syrup temperature
or concentration of solution. However, an
increase in temperature of sugar solution by
20°C has more influence on water loss than
increase in concentration by 20°B. Similar
results were reported by Videv et al. (1990) for
osmotic dehydration of apples. 

Water loss at any concentrations was
affected by the temperature of sugar syrup. It
was increased with increase in syrup
temperature. This may be due to changes in
semi-permeability of the cell membrane of the
fruit, allowing more water to diffuse out in
shorter period. Similar results were obtained by
Conway et al. (1983) for osmotic dehydration
of apples and Kar and Gupta (2001) for air
drying of mushrooms. At higher temperature,
the viscosity of syrup may be decreased,
causing setting of convection currents in the
syrup, which in turn eliminated local dilution
and favoured osmosis. Similar findings were
reported by Sodhi et al. (2006) for osmotic
dehydration kinetics of carrots.

Journal of Agriculture Research and Technology 121

Table 1. Effect of osmosis time on water loss (%) at various temperatures and sugar solution concentrations during osmotic
dehydration of sapota slices

Time Temperature (°C)
(min) –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

30 40 50
–––––––––––––––––––––––––––– –––––––––––––––––––––––––––––– –––––––––––––––––––––––––––

Concentration (°B)
–––––––––––––––––––––––––––– –––––––––––––––––––––––––––––– –––––––––––––––––––––––––––
50 60 70 50 60 70 50 60 70

30 7.58 9.83 11.46 10.79 12.83 14.46 13.91 15.23 17.53
60 11.29 14.09 16.17 15.06 18.75 20.76 20.71 21.58 23.23
90 18.29 21.8 22.6 21.86 25.86 26.97 25.33 27.72 29.04
120 23.7 26.78 28.82 26.04 33.68 32.49 31.35 34.17 35.10
180 25.81 28.25 30.5 28.28 35.07 34.66 33.52 36.85 37.74
240 27.33 30.48 32.74 30.28 37.79 36.47 35.59 38.54 39.63
300 29.52 32.07 34.28 32.6 39.63 38.94 37.13 40.48 41.47
360 31.67 34.02 36.28 34.26 41.75 40.51 39.42 42.78 43.50
480 32.61 35.98 37.84 35.22 42.86 41.40 40.99 43.63 44.70
600 33.78 36.8 38.56 36.25 43.62 42.73 41.29 44.86 45.54
720 34.9 37.78 39.65 37.59 44.68 43.29 42.67 45.97 46.01
840 35.02 38.16 40.74 38.84 42.78 44.66 45.97 46.80 48.81



When sugar syrup temperature is increased
from 30 to 40°C for 70°B sugar syrup
concentration, sugar gain increased from
12.13 to 12.55 per cent causing approxi-
mately 0.42 per cent point increase after 14 hr
of osmosis, however, further increase in syrup
temperature to 50°C, the sugar gain was 13.57
per cent showing 1.02 per cent increment in
the same period of osmosis (Table 2). Similarly,
for 60°B syrup concentration, the sugar gain
increased from 12.03 to 12.27 per cent when
syrup temperature increased from 30 to 40°C
giving only 0.24 per cent point gain and further
increase in syrup temperature from 40 to
50°C, the sugar gain was increased to 12.77
per cent showing 0.5 per cent point increment.
The similar results were obtained for 50°B
sugar syrup concentration also with the
corresponding increase of 0.28 point when
sugar syrup temperature was increased from 30
to 40°C and 0.34 per cent point when
temperature was increased from 40 to 50°C.

A low temperature-low concentration

(30°C-50°B), a low sugar gain (11.96 % after
14 hr of osmosis) was observed and at high
temperature-high concentration conditions
(50°C-70°B) a higher sugar gain of 13.57 per
cent after 14 hr of osmosis was noticed. The
low temperature-high concentration condition
30°C-70°B gave a slightly lower sugar gain of
12.13 per cent after 840 min of osmosis than
50°C-50°B (12.58% after 14 hr of osmosis)
indicating a slightly greater temperature effect
on sugar gain. This indicates that sugar gain
can be increased by either increasing the sugar
syrup temperature or concentration of solution.
However, an increase in temperature of sugar
solution by 20°C has more influence on sugar
gain than increase in concentration by 20°B.
Similar results were obtained by Videv et al.
(1990) for osmotic dehydration of apples.

Modelling and validation of water loss
and sugar gain : The linear, quadratic and
logarithmic models were developed by
regression analysis by plotting the per cent
water loss as well as sugar gain against the time
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Table 2. Effect of osmosis time on sugar gain (%) at various temperatures and sugar solution concentrations during osmotic
dehydration of sapota slices

Time Temperature (°C)
(min) –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

30 40 50
–––––––––––––––––––––––––––– –––––––––––––––––––––––––––––– –––––––––––––––––––––––––––

Concentration (°B)
–––––––––––––––––––––––––––– –––––––––––––––––––––––––––––– –––––––––––––––––––––––––––
50 60 70 50 60 70 50 60 70

30 2.77 2.88 3.00 2.99 3.11 3.87 3.87 4.93 5.49
60 3.58 3.35 3.33 4.2 3.75 3.98 4.34 6.38 7.20
90 4.36 3.57 3.62 5.3 4.89 4.63 4.98 6.92 7.57
120 4.91 4.96 4.95 6.00 6.73 6.05 5.90 7.55 8.13
180 6.77 6.33 6.89 7.01 7.26 6.91 7.49 9.00 9.49
240 7.63 7.76 7.17 8.00 8.62 7.48 8.89 9.46 9.87
300 8.58 9.22 9.01 8.37 9.88 8.09 9.10 10.83 10.81
360 9.26 10.22 9.57 9.88 10.47 9.43 10.15 11.21 11.16
480 10.11 10.75 10.33 10.71 11.18 10.58 10.8 11.59 11.57
600 11.33 11.41 11.28 11.83 11.68 11.54 11.46 11.79 11.80
720 11.63 12.05 11.84 11.97 12.07 11.9 12.2 12.08 12.02
840 11.96 12.03 12.13 12.24 12.27 12.55 12.58 12.77 13.57



of osmosis. The logarithmic model was found
to be the best fit for all the treatment
combinations under consideration for both the
water loss and solid gain (Table 3).  The highest
R2 values for water loss were 0.93 to 0.98,
lowest χ2 values 0.06 to 0.16, lowest RMSE
values 0.17 to 0.30 and lowest per cent error
modulus 0.01 to 0.01 were observed.  For solid
gain these values were 0.94 to 0.98, 0.04 to
0.61, 0.15 to 0.49 and 0.00 to 0.04,
respectively. 

These logarithmic models could be used for
predicting water loss and sugar gain during
osmotic dehydration of sapota slices. These
findings were in confirmation with the results
obtained by Pokharkar and Prasad (1998) in
the mass transfer kinetics during osmotic
dehydration of banana slices. 

The models developed for water loss and
solid gain of sapota slices during osmotic
dehydration of sapota in sugar solution at
different concentrations and temperatures will
be useful to know the osmotic dehydration time
in getting the desired level of sugar gain in
sapota slices. These developed models could be
used in food industry for design and control of
food processes.
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Abstract
The field data pertaining to body weights and body measurements at 1,3,6,9 and 12 months of age of

Sangamneri goats was collected for the year 2004-2007 from the breeding tract and was analyzed by least
square technique. Least squares means for body weight, Chest girth, Body length and wither height of kids
of Sangamneri goats at 1, 3, 6, 9 and 12 months of age were 5.09±0.03, 9.18±0.05, 14.05±0.12,
19.10±0.26 and 22.38±0.36 kg, 39.18±0.12, 48.18±0.13, 55.51±0.22, 61.05 ±0.39 and 65.52±0.53
cm, 35.24±0.10, 42.55±0.10, 48.99±0.21, 55.16±0.37 and 57.82±0.47 cm, 40.27±0.12, 48.59±0.12,
55.71±0.26, 62.34±0.45 and 65.67±0.50 cm, respectively. Effect due to sire was highly significant
(P<0.01) for body weight and body measurements at 1, 3, 6, 9 and 12 months of age. The phenotypic
correlation among body weight and body measurements was positive and highly significant. Regression
coefficient was positive and highly significant for body weight and body measurements except in case of
wither height at 9 and 12 months of age. The regression equation could be effectively used for prediction of
body weight from body measurements.

Key words : Sangamneri goat, sire, growth.

______________

Goat is an important species of livestock in
Indian rural economy, especially in the arid and

semiarid regions. The goats with its multiple
utility combined with its docile, intelligent,
frugal and hardy nature coupled with high
disease resistance, perhaps contributed much

1. M.Sc.(Agri.) student, 2. Associate Professor, 3. and
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to its earliest domestication. On the basis of
archeological evidence, it is believed that goat
was the earliest ruminant and probably the first
animal after dog to be domesticated by man. It
is small sized ruminant economically
maintained for meat, milk, fiber, skin, gut and
manure production. Goats have ability to get
quickly acclimatized under diversified agro
climatic conditions, unfastidious type in
choosing of available forage, high fertility, short
generation interval and practically no religious
restriction for goats and its products among
people.

Economically goat is suited for landless
laborers, marginal farmers, village artisans and
people who are below the poverty line by its
low cost maintenance, short term returns on
capital with low risk capital investment and
thus, they have been described as 'Poor man's
cow' all over the world. Goats mostly reared
under extensive and semi-extensive system of
management. But due to rapid decrease in
natural pastures, it is essential to assess the
growth rate of kids under feed lot conditions.

Prediction of body weight from body
measurements has not been studied inspite of
its importance under field conditions where
weighing facilities are not available. The kids
reared under semi-intensive feeding system had
lower growth rate as compared to kids reared
under stall feeding. Body measurements are
indicative of body size and weight and as such
the live body weight and carcass weight can be
predicted from body measurements. This
information is much valuable in field condition
where weighing facilities are not available. The
different body measurements viz., body length,
chest girth and wither height are most
important for prediction of body weight.

There are number of factors which are likely
to affect the growth. The knowledge of such
factors is essential in planning suitable

managemental practices to overcome the
detrimental, environmental effects to some
extent. 

Materials and Methods

The present study was undertaken in the
breeding tract of Sangamneri goats under field
condition through All India coordinated
research project on goats (Sangamneri field
units) MPKV, Rahuri (M.S.) during the year
2004-2007. 

The necessary data regarding breeding of
does, monthly body weights and body
measurements were recorded for the animals
which were generated through breeding bucks
supplied to the goat farmers through AICRP on
goats. The goats were maintained on grazing
land, harvested field and hillocks for about 6-8
hrs a day. Jowar kadabi, groundnut leaves, fed
bhusa of different pulses and dry grasses to
goats. The green fodder viz., Lucerne and
maize was also fed to the animals as per
availability. Top feeds viz., Acacia spp. Ber,
shevari, Neem were fed during summer and
scarcity period.

The data was analysed by least square
analysis method suggested by Harvey (1990)
and the data was corrected for significant effect
of non genetic factors as per methods
suggested by, Gacula et al.  (1968). The
corrected data was used for estimation of sire
effect, correlation and regression analysis. 

The sire effect was estimated by using the
mathematical model,

Yij = µ + Si + eij

Where, µ = Population mean, Si = Effect of
ith sire (i = 1 to n), eij = random error associated
with  NID  about (0, σ2 e )

In order to find out relationship of body
measurements and body weights, the
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Karl Pearsons coefficient of correlation was
worked out. The body weights at different ages
were predicted from body measurements by
multiple regressions.

Results and Discussion

Growth is first indicator of the future
potential of goat. Evaluation of growth would
help to determine genetic potential of goats
under field condition for their further
improvement.  

Body weight and body measurements
at 1 month of age : The least squares means
for body weight and measurement at the age of
one month are presented in Table 1. The
overall mean for body weight at one month of
age was obtained as 5.09±0.03 kg and
respective mean for chest girth, body length
and wither height were 39.18±0.12,
35.24±0.10 and 40.27±0.12 cm .

Effect of sire : Differences associated with
sire for 1 month of body weight and body
measurement were highly significant (Table
1).The least squares means for body weight
ranged from 4.30±0.11 (sire No.11) to
5.52±0.62 kg (sire No21). The least squares
means for chest girth ranged from 35.78±0.03
(sire No.6) to 41.31±.51 cm (sire No.4). In case
of body length it was ranged from 34.34±0.30
(sire No.18) to 36.84±0.35 cm (sire No.8).
However wither height was ranged from
37.78±0.39 (sire No.12) to 41.03±0.43 (sire
No.8). Higher values were reported by
Anonymous (2006) for 1 month of body
weight.

Body weight and body measurements
at 3 months of age : The least squares
means for body weight and body measurements
at the 3 months are presented in Table
1.Overall mean of body weight at 3 months of
age was obtained as 9.18 ± 0.05 kg and
respective mean for chest girth, body length

and wither height were 48.18 ± 0.013, 42.55
± 0.10, and 48.59 ± 0.12 cm, respectively
(Table 1). Similar values were reported by Roy
et al. (2003) in Jamunapari,   Rana and
Godara  (1991)   in  Beetal, Mittal (1993) in
Barbari and Ganesh Kumar et al. (2005) in
Tellicherry goats.

Effect of sire : Three months body weight
and body measurements were significantly
(P<0.01) affected by sire (Table 1). The least
squares means for body weight ranged from
7.85 ± 0.26 (sire no.11) to 9.88 ± 0.15 kg
(sire no.1). The least squares means for chest
girth ranged from 44.11 ± 0.67 (sire No.11) to
51.00 ± 0.38 cm (sire No.1). In case of body
length the range for measurements was 39.54
± 0.40 (sire No. 6) to 44.83 ± 0.73 cm (sire
No. 5). Values for wither height were ranged
from 44.95 ± 0.67 (sire No.11) to 51.00 ±
0.84 cm (sire No.5). Anonymous (2006)
studied sire wise growth performance and
reported similar values for body weight at 3
months of age. However, significant effect of
sire was reported by Anonymous (2007).

Body weight and body measurements
at 6 months of age : The least squares
means for body weight and body measurements
at the age of 6 months are presented in Table
2. Overall mean body weight at 6 months of
age was 14.05 ± 0.12 kg. The least squares
means for chest girth, body length and wither
height were 55.51 ± 0.22, 48.99 ± 0.21, and
55.71 ± 0.26 cm respectively. Similar body
weights were reported by Rai et al. (2004) in
Marwari goats (14.94 ±0.21) and Anonymous
(1999)  in Osmanabadi goats (14.16 ± 0.01),
Comparatively higher body weighs at 6 months
of age were reported by Pander et al. (1989) in
Beetal (15.30 ± 0.60), Rai et al. (2003) in
Jakhrana (16.47 ± 0.49kg) and Tomar et al.
(2004) in Sirohi (15.33 ± 0.50kg). Whereas,
lower body weights in Black Bengal goats were
reported by Malik et al. (1993), Husain et al.
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(1997), Singh et al. (2000) and Singh et al.
(2002) .

Effect of sire : Effect of sire on body
weight and body measurements at 6 months of
age was highly significant (P<0.01) (Table 2).
The least squares means for body weight were
ranged from 11.43±0.48 (sire no. 11) to
14.47±0.32 kg (sire no. 33). The range for
chest girth was observed to be 52.00±0.92 to
58.90±0.92 cm. Body length was ranged from
45.40±0.86 to 50.80±0.86 cm. However, in
case of wither height the range was nearly
similar to that of chest girth i.e. 52.90±0.06 to
58.20±1.06 cm. 

Anonymous (2006) reported lower values
for body weight at 6 months of age in
Sangamneri kids.                                 

Body weight and body measurements
at 9 months of age : The least squares
means for body weight and body measurements

at the age of 9 months are presented in Table
2. Overall mean body weight at 9 months of
age was 19.10±0.26 kg. The least squares
means for chest girth, body length and wither
height were 61.05±0.39, 55.16±0.37 and
62.34±0.45 cm, respectively. Whereas similar
values were reported by Rai et al. (2004) in
Marwari (19.98±0.22 kg) and Tyagi et al.
(1992) in Jakhrana (18.7±0.39 kg).
Comparatively higher body weights at 9
months of age were reported by Rai et al.
(2003) in Jakhrana (23.27±0.69 kg) and
Swami et al. (2006) in Sirohi (20.15±0.44 kg).
On the contrary lower body weights at 9
months than the present results were reported
by Nahardeka et al. (2001) in Assam Local (AL)
(9.4±0.3 kg), Singh and Singh (1998) in
Jamunapari (11.97±0.00 kg) and Singh and
Singh (2000) in Black Bengal (11.50±0.32 kg).

Effect of sire : The body weight and body
measurements of kids at 9 months age were
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Table 3. Least squares means for body weight (kg) and body  measurements (cm) of Sangamneri goats at twelve months of
age (Sirewise)

Sire N Body Body measurement (cm)
no. weight ––––––––––––––––––––––––––––––––––––––––––––––––––––––––

(kg) Chest girth Body length Wither height

Overall 182 22.38±0.36 65.52±0.53 57.82±0.47 65.67±0.50
1 12 23.34±0.57 67.83±0.90 55.08±0.76 64.58±0.90
6 17 20.08±0.48 64.12±0.76 57.59±0.64 64.88±0.75
9 16 22.00±0.50 65.19±0.78 57.00±0.66 64.37±0.77
10 11 21.45±0.59 65.27±0.94 55.82±0.80 63.81±0.93
11 12 22.11±0.60 62.17±0.90 57.33±0.76 64.16±0.89
13 10 22.30±0.62 63.90±0.99 58.50±0.84 64.30±0.97
14 10 21.00±0.62 62.80±0.99 54.50±0.84 66.40±0.97
16 10 22.46±0.62 64.50±0.99 57.40±0.84 64.80±0.97
17 11 21.77±0.59 63.09±0.94 59.09±0.80 63.90±0.93
18 11 21.42±0.59 63.45±0.94 57.00±0.80 63.63±0.93
19 14 21.55±0.53 64.07±0.84 56.29±0.71 66.07±0.82
20 10 21.53±0.62 66.60±0.99 54.60±0.84 66.00±0.97
28 11 22.55±0.59 66.36±0.94 55.73±0.80 65.55±0.93
32 14 21.16±0.53 63.78±0.84 58.57±0.71 66.57±0.82
33 13 24.18±0.55 66.40±0.87 57.46±0.73 63.76±0.85
Significance ** ** ** NS

**P<0.01, NS- Non significant



significantly affected by sire except body length
(Table 2). The least squares means for body
weight ranged from 16.84±0.42 (sire No. 6) to
19.91±0.48 kg (sire No. 33). The least squares
means for chest girth ranged from 58.00±0.92
to 63.33±0.75 cm. In case of body length the
range was 51.73±0.9 (Sire No. 20) to
54.53±0.75 cm (Sire No. 33). Values for
wither height were ranged from 58.69±0.89
(Sire No. 17) to 64.05±0.68 cm (Sire No. 9).
Anonymous (2006) studied sire wise growth
performance and reported similar values for
body weight at 9 months of age. However,
significant effect of sire was reported by
Anonymous (2007).

Body weight and body measurements
at 12 months of age : The least squares
means for body weight and body measurements
at the age of 12 months are presented in Table
3.The overall mean for body weight at 12
months of age was 22.38±0.36 kg. The least
squares means for chest girth, body length  and
wither height were 65.52±0.53, 57.82±0.47

and 65.67±0.50 cm, respectively.

Effect of sire : The body weight and body
measurements of goats of 12 months age were
significantly affected by sire except wither
height (Table 3). The least squares means for
body weight ranged from 20.08±0.48 (Sire
No. 6) to 24.18±0.55 kg (Sire No. 33). In case
of chest girth the range was 62.17±0.90 (Sire
No. 11) to 67.83±0.90 cm (Sire No. 1). The
least squares means for body length ranged
from 54.50±0.84 to 59.09±0.80 cm. Values
for wither height were ranged from
63.63±0.93 (Sire No.18) to 66.57±0.82 cm
(Sire No. 32). The results revealed that sire had
significantly influenced body weight and body
measurements. Body weight is more economic
trait so efforts should be made to use or
preserve the semen of these breeding bucks for
improvement in body weight under field
condition. Anonymous (2006) reported lower
values for 12 months body weight of
Sangamneri goat.

Correlation : Correlation among body
weights and body measurements of
Sangamneri kids under field condition are
presented in Table 4. The correlation
coefficients presented in the table revealed that
body weight and body measurements were
positively and highly significantly (P<0.01)
correlated at all the stages of age studied.
Highest magnitude of correlation for chest girth
and body weight was observed at 1 months of
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Table 4. Correlation of body weights and body
measurements at various ages for Sangamneri
goat

Weight at 1 M 3 M 6 M 9 M 12 M

Chest girth 0.92** 0.89** 0.78** 0.79** 0.62**
Body length 0.72** 0.78** 0.69** 0.63** 0.42**
Wither height 0.73** 0.78** 0.66** 0.53** 0.24**

** = P<0.01

Table 5. Multiple regression of body weight (kg) on body measurements (cm) in Sangamneri goats at different ages

Independent Dependent traits
traits –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1 Month 3 Month 6 Month 9 Month 12 Month

a -6.391 -7.350 -11.711 -18.692 -13.112
Body length b1 0.095** 0.112** 0.204** 0.238** 0.261**
Chest girth b2 0.181** 0.219** 0.273** 0.424** 0.401**
Wither height b3 0.026** 0.027** 0.011** -0.022** -0.089**

R2 (%) 0.743 0.660 0.687 0.710 0.505

** = P<0.01



age (0.92). The highest correlation coefficient
was observed at 3 months age for body length
(0.78) and wither height (0.78). Generally the
correlation coefficients gradually declined as
age of the animal increased. Positive and highly
significant correlation between body
measurements and body weights indicated the
greater scope for early selection based on
higher values of body measurement for
obtaining higher body weights at desired
age.The present results agreed with Siddiqui et
al. (1981)  in Osmanabadi goat breeds.

Prediction of body weight from body
measurements : The multiple regression
coefficients of body weights on different body
measurements at various ages were estimated
and presented in Table 5 .

It was observed from results that regression
coefficient was positive and highly significant
except wither height at 9 and 12 months of
age. The R2 values obtained for 1, 3, 6, 9 and
12 months of age were 0.743, 0.660, 0.687,
0.710 and 0.505 per cent, respectively. The
regression equations obtained for predicting
body weight from body measurements at 1, 3,
6, 9 and 12 months of age were as follows

Y1 = -6.391 + 0.095X1 + 0.181X2 +  0.026X3

Y2 = -7.350 + 0.112X1 + 0.219X2 + 0.027X3

Y3 = -11.711 + 0.204X1 + 0.273X2 + 0.011X3

Y4 = -18.692 + 0.238X1 + 0.424X2 - 0.022X3

Y5 = -13.112 + 0.261X1 + 0.461X2 - 0.089X3

Where, Y1 = Body weight at 1 months age, Y2
= Body weight at 3 months age, Y3 = Body
weight at 6 months age, Y4 = Body weight at
9 months age, Y5 = Body weight at 12 months
age, X1 = Body length, X2 = Chest girth, X3 =
Wither height
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Abstract
Eighteen Crossbred cows in early, mid and late lactation with a drop in milk production were screened

for serum biochemical profile, using Miura Serum Analyzer. In late lactating cows the serum parameters like
Albumin (3.48 ± 0.58 g dl-1), Creatinine (1.03 ± 0.15 mg dl-1) Triglyceride (19.43 ± 1.37 mg dl-1), Uric acid
(2.60 ± 0.50 mg dl-1) and total proteins (7.55 ± 0.95 g dl-1) are observed on higher side as compared to mid
and early lactating cows, while that of cholesterol (142.08 ± 3.45 mg dl-1) and Glucose (64.30 ± 2.91  mg
dl-1) decreased in late lactating cows as compared to early and mid  lactating cows. Overall serum biochemical
constituents in early and mid lactation showed lower trend as compared to late lactation. The overall lowered
means of serum biochemical constituents in early and mid stages of lactation might be due to large amount
withdrawal by the mammary gland for the synthesis of milk constituents.

Key words : Glucose, total proteins, cholesterol, albumin, creatinine, triglyceride, uric acid.
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Serum biochemical profile have been used
widely to identify problem and to indicate

dietary causes of diseases or low production
(Lee et al. 1978.). The serum biochemical
profile is considered important in evaluating the
health status of animals. The estimates of

1. 



biochemical constituents are the prerequisites
to diagnose several pathophysiological and
metabolic disorders in cattle (Mc Dowell, 1992,
Chaffe, 1976). The present study was
undertaken to study some of the serum
biochemical alterations according to stages of
lactation in crossbred cows. 

Materials and Methods 

Eighteen Crossbred cows maintained at
Research Cum Development Project on Cattle,
Mahatma Phule Krishi Vidyapeeth, Rahuri
(Maharashtra) with a history of drop in milk
production were selected for the study. Detailed
clinical examination of cows in various stages of
lactation was performed. These cows were
divided into three groups with six animals each
in their early lactation, mid lactation and late
lactation. 

Serum samples were collected in a sterile
vial for biochemical analysis. All the serum
biochemical parameters were estimated using
Miura Serum Analyzer. The statistical analysis
was done by applying completely Randomized
Design. 

Results and Dicussion

Serum biochemistry : Serum biochemical
alterations according to stages of lactations are
depicted in table. 

Albumin : The serum Albumin values differ
significantly (P<0.05) amongst mid and late

lactation groups in crossbred cows. The mean
albumin value in early lactating and mid
lactating stage (3.2 ± 0.36 g dl-1) and (3.11±
0.35 g dl-1) was significantly lower as compared
to the late lactating stage (3.48 ± 0.58 g dl-1).

Total protein : During early and mid stage
of lactation, the serum total protein values
(7.20 ± 0.62 g d1-1) and (7.19 ± 0.63 g dl-1)
were slightly decreased than the late lactating
stage (7.55 ± 0.95 g d1-1). Higher serum total
protein concentration might have been
associated with infectious processes i.e.
Mastitis, Metritis or have had improved because
of dietary intake of concentrates. Hagwane et
al. (2009) recorded higher concentration of
total protein than those have been recorded in
present investigation. Total Protein contents
usually used as appraisal of nutritive status of an
animal reflecting feed intake and metabolism. 

Cholesterol : The descending trend in the
serum cholesterol concentration in late lactating
cows as compared to early lactating cows was
observed. These findings are in consistence
with the findings of Nath, et al. (2005).
However, Rowlands, et al. (1990) reported
minimum serum cholesterol concentration
following calving and got build up as the
lactation progresses.

Creatinine and uric acid : The
Creatinine values differ significantly (P<0.05)
amongst different lactating stages of  cows.
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Table 1. Serum biochemical parameters according to stages of lactation

Group Albumin Total Chole- Creat- Uric Serum Trigly-
(g dl-1) protein sterol inine acid glucose ceride

(g dl-1) (mg dl-1) (mg dl-1) (mg dl-1) (mg dl-1) (mg dl-1)

Early lactation 3.20±0.36 7.20±0.62 170.73±3.51 0.75±0.07 2.37±0.39 73.59±3.25 16.73±1.03
Mid lactation 3.11±0.35 7.19±0.63 161.32±3.60 0.87±0.08 2.28±0.35 71.15±3.10 16.48±1.01
Late Lactation 3.48±0.58 7.55±0.95 142.08±3.45 1.03±0.15 2.60±0.50 64.30±2.91 19.43±1.37
F - value 0.39 S 0.34 NS 3.49 NS 0.11 S 0.42 NS 2.99 NS 1.15 NS

S- Significant at 5% level (P<0.05),  NS- Non Significant



The mean serum creatinine value in early
lactating cows (0.75 ± 0.07 mg dl-1) was
significantly lowered as compared to late
lactating cows (1.03 ± 0.15 mg dl-1). This
increased creatinine level could be either due to
increased deamination or increased protein
intake (Oliva et al., 1991, Mulei and Daniel,
1989). Serum uric acid (2.60 ± 0.5 mg dl-1)
trend were on  higher side in late lactating stage
of cows.

Serum glucose and triglyceride : The
serum glucose level is regarded as one of the
indicators of energy status in ruminants. The
higher mean serum glucose values were
observed in early lactating cows (73.59 ± 3.25
mg dl-1) and descending trend thereafter  in mid
and late lactating stages of cows (71.15 ± 3.10
mg dl-1) and 64.30± 2.91 mg dl-1) was noticed.
The lowered means of serum glucose
concentrations in mid and late lactation stages
may be due large amount of serum glucose
withdrawal by the mammary gland for the
synthesis of milk lactose (Schultz, 1968).
However, serum triglyceride (19.43±1.37 mg
dl-1) levels were on higher side in late lactating
stages of cows. 
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In India breeding programme goal of dairy
animal for dairy organization / rural herds is to
improve the milk production and productivity of
dairy animals in particular through maximum
exploitation of genetic resources. The
economics of dairy industries is based on
productivity of animals which is governed by
several genetic and non-genetic factors. There
is a scanty literature on performance of Phule
Triveni synthetic crossbred cattle. Therefore,
present investigation was undertaken.

Materials and Methods

The present investigation was undertaken
by utilizing the data maintained at RCDP on

Cattle, M.P.K.V., Rahuri. The data for a period
of 34 years (1975 to 2008) were collected and
classified according to generation, period of
calving viz., P1 (1997-1982), P2 (1983-1988),
P3 (1989-1994), P4 (1995-2000) and P5
(2001-2008). The data were further divided
into three season of calving viz., S1 (June -
September), S2 (October- January) and S3
(February - May). The data were grouped into
three groups according to peak milk yield viz.,
Y1 (< 12.0 kg), Y2 (12-14 kg) and Y3 (> 14.0
kg) and analyzed by least squares analysis
method (Harvey, 1990). Whenever the effects
were significant the differences between means
were tested for significance by Duncun's
Multiple Range Test (DMRT) as modified by
Krammer (1957). Genetic and phenotypic
correlation among traits and heritability of traits
was estimated.
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Abstract
The present investigation was undertaken by utilizing the data of Phule Triveni cows maintained at RCDP

on Cattle, M.P.K.V., Rahuri for a period of 34 years (1975 to 2008). The overall least squares mean recorded
for first lactation milk yield (FLMY), first lactation length (FLL), First dry period (FDP) and milk yield day-1 of
first calving (MY/FCI) was 2835.05 ± 57.47 kg, 344.16 ± 4.89 days, 114.74 ± 7.54 days and 6.50 ± 0.14
kg, respectively. The analysis of variance revealed that period of calving significantly (P<0.01) affected the
FLMY. FDP and MY/FCI and non-significantly FLL. The season of calving had significant (P<0.01) effect on
FLL while, non-significant effect on FLMY, FDP and MY/FCI. The peak milk yield had significant (P0.01)
effect on FLMY and MY/FCI and non-significant effect on FLL and FDP. The generation had non-significant
effect on all traits. In Phule Triveni cows the genetic correlation of FLMY with FLL and FDP was negative and
significant (-0.114 and -0.559, respectively). The genetic correlation of FLMY with MY/FCI (0.962) was
positive and significant while, the genetic correlation of FLL with FDP (-0.728) and MY/FCI (-0.142) and FDP
with MY/FCI (-0.593) was negative and signillcant. The phenotypic correlation of FLMY with FLL, FDP and
MY/FCI was 0.234, -0.017 and 0.339. respectively. The phenotypic correlation between FDP and MY/FCI
was negative and significant (-0.253). In Phule Triveni cows the heritability of FLMY, FLL, FDP and MY/FCI
was 0.233, 0.138, 0.187 and 0.480, respectively.

Key words : First lactation, production traits, Phule Triveni.
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Results ad Discussion

First lactation milk yield : The overall
mean first lactation milk yield of Phule Triveni
cows recorded at the farm was 2835.05 ±
57.47 kg (Table 2). The analysis of variance
revealed that the period of calving significantly
(P<0.01) affected the first lactation milk yield in
Phule Triveni cows (Table 1). Similar significant
results were reported by Mandakmale and Kale
(1990) in Gir triple crosses, Mudgal et al.
(1990) and Singh and Tomar (1991) in exotic
crossbred cows and Murclia and Tripathi (1992)
in IFG cows. However, the non significant
results were supported by Kurulkar et al.
(2003) in Gaolao crossbreds. The DMRT
indicated that, first lactation milk yield (kg) of
cows calved during period P2 (3096.76 ±
70.43 kg) and P1 (2927.45±58.74) was at par
with each other and were significantly highest
(P<0.01) followed by milk yield of cows calved
during period P4 (2784.66 ± 110.81 kg), P5
(2709.67 ± 236.92) and P3 (2656.692 ±
76.41) and were at par with each other.

The analysis of variance (Table 1) indicated
non-significant effect of season of calving on
first lactation milk yield. The non-significant
results were confirmed by Singh and Tomar
(1991) in Karanfries crossbred cows, Varade et
al. (2002) in Jersey crossbred cows and
Kurulkar et al. (2003) in Gaolao crossbred
cows. However, significant effect of season of

calving on FLMY was confirmed by Bhutia and
Pandey (1988), Bhoite (1996) in JFG
crossbreds and Nanvati and Khan (1997) in Gir
crossbred. The highest FLMY was observed in
cows calved during season S1 (2881.26 ±
79.81) followed by S2 (2816.41 ± 71.03) and
S3 (2807.47 ± 78.56 kg).

The analysis of variance revealed that peak
milk yield significantly (P=0.01) affected the
first lactation milk yield in Phule Triveni cows
(Table 1). The first lactation milk yield of cows
in peak milk yield Y3 (3359.89 ± 77.70 kg)
was significantly highest than cows of Y2
(2827.09 ± 81.17 kg) and Y1 (2318.15 ±
74.91 kg) peak milk yield groups, which also
differed significantly from each other.

The analysis of variance revealed that
generation had non-significant effect on first
lactation milk yield (Table 1). The overall first
lactation milk yield as affected by generation
was 2829.28 ± 47.27 days in Phule Triveni
cows (Table 3). The overall FLMY for
generations were in agreement with results
reported by Kale (1984) in J x G crosses,
Taneja and Bhat (1986) in FG crossbreds. On
the contrary significant effect on FLMY was
reported by Panda and Sandhu (1983) in
halfbred of Haryana and Deshi Bangal cows
crossed with Friesian and Jersey Sire, Kale
(1984) in FG crosses and Nayak and Raheja
(1996) in halfbred of Friesian x Haryana.
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Table 1. Analysis of variance Productive traits of first lactation in Phule Triveni cows

Source of variation d.f. FLMY FLL FDP MY/FCI
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
MSS MSS MSS MSS

Period of calving 4 2040089.208** 4757.441 29796.521** 26.813**
Season of calving 2 179365.608 10062.252* 205.626 3.818
Peak milk yield 2 281082231.015** 720.204 11937.773 135.198**
Error 346 442409.074 3206.995 7578.038 2.827
Generation 6 141445.310 4685.930 4174.097 0.683
Error 348 437427.797 3107.772 7459.101 2.799

** P0.01    * P0.05



The variation might be due to heterosis in
first generation which was not retained in
further  generations. Secondly the selection
pressure applied for generating the forward
generation is also the one contributing factor
for the performances of animals at par with
each other.

First lactation length : The overall mean
first lactation length of Phule Triveni cows
recorded at the farm was 344.16 ± 4.89 days
(Table 2). Similar range of lactation length was
reported by Kulkarni (1985) in FJG group,
Jadhav et al. (1992) in FS, Mohalkar (1995) in
Phule Triveni, Bhoite et al. (1999) in Phule
triveni and JFG, Kamble (2003) in Phule triveni
and Zol (2007) in Phule Triveni. However,
longer lactation length than present
investigation was reported by Kamble (2003) in
BFG (352.7 days).

The analysis of variance indicated non-
significant effect of period of calving on first
lactation length (Table 1). The non-significant

findings were in agreement with D'alal et al.
(1991) in Jersey halfbreds and HF with
Haryana, Thakur and Singh (2001) and Varade
el al. (2002) in JT crossbreds. Whereas, Bhoite
(1996) in FG, JG and Phule Triveni crosses,
Kamble (2003) in Gir crossbreds and Jadhav
(2009) in HF x Gir halfbreds reported
significant findings.

The analysis of variance revealed that
season of calving significantly (P<0.05) affected
the first lactation length in Phule Triveni cows
(Table 1). Similar results were reported by
Varade et al. (2002) in JT crossbred cows and
Deokar and Ulmek (2001) in Jersey cattle.
While, the contradictory results were reported
by Khade (2001) and Kamble (2003) in Gir
crossbred cattle. The first lactation length of
cows calved in season 83 (352.89 ± 6.68 days)
was the highest and was followed by S, (344.94
± 6.79 days) and S2 (334.66 ± 6.04 days).
Significantly lowest first lactation length was
observed in season S2. The first lactation length
observed in season S2 significantly differed
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Table 2. Least squares means of Productive traits of first lactation in Phule Triveni cows

Effect n FLMY FLL FDP MY/FCI
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Mean±S.E. Mean±S.E. Mean±S.E. Mean±S.E.

µ 355 2835.05 ± 57.47 344.16 ± 4.89 1I4.74 ± 7.54 6.50 ± 0.14

Period of calving
P1 135 2927.45a ± 58.74 339.54 ± 5.00 99.89b ± 7.82 6.92h ± O.I4
P2 93 3096.76a ± 70.43 346.45 ± 5.99 73.18c ± 9.48 7.57a ± 0.17
P3 81 2656.69b ± 76.41 358.07 ± 6.50 103.29b ±  10.09 6.06c ± 0.19
P4 38 2784.66ab ± 110.81 349.80 ± 9.43 115.38ab ± 14.51 6.39bc ± 0.28
P5 8 2709.67ab ± 236.92 326.96 ± 20.17 181.98a ± 31.01 5.55c ± 0.59

Season of calving
S1 109 288I.26 ± 79.81 344.94ah ± 6.79 114.38 ± 10.52 6.63 ± 0.20
S2 131 28 16.41 ± 7 1.03 334.66b ± 6.04 116.21 ± 9.38 6.58 ± 0.18
S3 115 2807.47 ± 78.56 352.89a ± 6.68 113.64 ± 10.36 6.29 ± 0.19

Peak milk yield
Y1 115 2318.15c ± 74.91 341.07 ± 6.37 117.30 ± 9.90 5.32c ± 0.18
Y2 109 2827.09h ± 81.l7 345.87 ± 6.9I 103.22 ± 10.75 6.56h ± 0.20
Y3 131 3359.89a ± 77.70 345.55 ± 6.6I 123.71 ± 10.23 7.61a ± 0.19

Means with different superscripts differ significantly from each other



from S3. The first lactation length observed in
season S1 was at par with S2 and S3.

The analysis of variance indicated non-
significant effect of peak milk yield on first
lactation length (Table 1). The highest first
lactation length was observed in cows of Y2
(345. 87 ± 6.91 days) peak milk yield followed
by Y3 (345.55 ± 6.61 days) and Y1 (341.07 ±
6.37 days) peak milk yield.

The analysis of variance noticed that
generation had non-significant effect on first
lactation length in Phule Triveni cows (Table 1).
The overall mean first lactation length as
affected by generation was 345.01 ± 3.98 days
(Table 3). On the contrary significant effect of
generation on FLL was shewed by Kanawade
(1997) in Friesian x Gir, Nagare and Patel
(1997) and Khade (2001) in Gir crossbreds. 

First dry period : The overall mean first
dry period of Phule Triveni cows recorded at
the farm was 114.74 ± 7.54 days (Table 2).
The overall dry period (days) observed in
present study resembled with Dalai et al. (1991)
reported in FH (91.18 ± 3.76), JH (992.66 ±
5.23), Bhoite (1996) in JFG (78.01 ± 3.55),
Kanawade (1997) in FG (86.24 ± 3.56) and JG
(84.67 ± 4.40), Khade (2001) in HG and JHG
crossbred cows (73.44 ± 5.63) and Kamble
(2003) in HG (81.41 ± 3.77) halfbreds.

The analysis of variance revealed that period
of calving significantly (P<0.01) affected the
first dry period in Phule Triveni cows (Table 1).
Significant effect of period of calving on dry
period was consonance with Dalai el al. (1991)
in Haryana halfbreds, Sachota and Gill (1992)
in Friesian x Sahiwal, Bhoite (1996) in JG, FG
and inter.se of Phule Triveni, Khade (2001) in
Gir halfbreds, Varade et al. (2002) in
Tharparkar three breed crosses and Jadhav
(2009) in HF x Gir halfbreds. However, Kamble
(2003) reported non-significant in FG, Phule
Triveni JFG and BFG crossbreds. The first dry
period (days) of Phule Triveni cows in P2 period
of calving (73.18 ± 9.48 days) was significantly
lower than all others. The highest first dry
period was recorded in P5 (181.98 ± 31.01
days) which were performed at par with P4,
followed by P3 (103.29 ± 10.09 days) and P1
(99.89 ± 7.82 days) which were performed at
par with each other.

The analysis of variance indicated non-
significant effect of season of calving on first dry
period (Table 1). These non-significant findings
were in accordance with Navale (1991) in Gir
crossbreds, Nagare and Patel (1997) in Gir
crossbreds, Zol (2007) in Phule Triveni and
Kamble (2003) in HG halfbreds. While
significant findings were reported by Reddy et
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Table 3. Least squares means of Productive traits in Phule Triveni cows as affected by generation

Effect n FLMY FLL FDP MY/FCI
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Mean±S.E. Mean±S.E. Mean±S.E. Mean±S.E.

µ 355 2829.28 ± 47.27 345.01 ± 3.98 115.28 ± 6.19 6.48 ± 0.I2

Generation
G1 88 2892.68 ± 183.47 332.54 ± 5.94 H9.44 ± 9.3I 6.48 ± 0.17
G2 84 2877.68 ± 72.16 352.56 ± 6.08 109.74 ± 9.65 6.51 ± 0.18
G3 70 2887.00 ± 79.05 345.76 ± 6.66 108.95 ± 10.63 6.67 ± 0.20
G4 46 2792.60 ± 97.51 347.44 ± 8.22 113.50 ± 12.73 6.37 ± 0.24
G5 43 2835.47 ± 100.86 343.02 ± 8.50 122.85 ± 13.17 6.42 ± 0.25
G6 13 2778.20 ± 70.50 366.44 ± 15.46 141.92 ± 23.95 6.26 ± 0.46
G7 11 274 1.36 ± 199.41 327.32 ± 16.80 90.55 ± 26.04 6.62 ± 0.50



al. (1987) in Ongole triple crosses and Jadhav
(2009) in HF x Gir halfbreds.

The analysis of variance indicated non-
significant effect of peak milk yield on first dry
period in Phule Triveni cows (Table 1). The
highest first dry period observed in cows of Y3
(123.71 ± 10.23 days) while the lowest in Y2
(103.22 ± 10.75 days) peak milk yield group.

The analysis of variance revealed that
generation had non-significant effect on first
dry period in Phule Triveni cow (Table 1). The
overall mean dry period as affected by
generation was 115.28 ± 6.19 in Phule Triveni
cows (Table 3). These results agreed with the
findings of Bhoite (1996) and Kanawade
(1997) in Gir crossbred cows. However,
significant results were reported by Khade
(2001) in halfbred and triple crosses. 

Milk yield per day of first calving
interval : The overall mean milk yield per day
of first calving interval of Phule Triveni cows
recorded at the farm was 6.50 ± 0.14 kg (Table
2). The overall mean of milk yield day-1 of
calving interval was in agreement with results
reported by Bhatnagar et al. (1986) in
Karanswiss, Parmar et al. (1986) in RS and
Patel and Trivedi (1989) in JK.

The analysis of variance revealed that period
of calving significantly (P<0.01) affected the
milk yield per day of first calving interval in
Phule Triveni cows (Table 1). Similar significant
results were reported by Butte and Deshpande
(1987) in Friesian x Sahiwal halfbreds and
Jadhav et al. (1992) in crossbred cows. The
milk yield per day of first calving interval (kg) of
Phule Triveni cows calved during period P2
(7.57 ±0.17 kg) was significantly higher than
recorded in P1 (6.92 ±0.14 kg), P4 (6.39 ±
0.28 kg), P3 (6.06 ±0.19 kg) and P5 (5.55 ±
0.5 kg). P1 and P4 were at par with each other.
Also P3, P4 and P5 were at par with each other.

The analysis of variance indicated non-
significant effect of season of calving on milk
yield per day of first calving interval (Table 1).
Similar non-significant results were reported by
Butte and Deshpande (1987) in HF x Sahiwal
halfbred cows. However, significant results were
reported by Bhatnagar et al. (1987) in
Karanfries, Singh et al. (1988) in Jersey x
Sahiwal and Jadhav et al. (1992) in Gir crosses.

The analysis of variance (Table 1) revealed
that peak milk yield significantly (P<0.01)
affected the milk yield per day of first calving
interval in Phule Triveni cows. The milk yield
per day of first calving interval of cows having
peak milk yield Y3 (7.61 ±0.19 kg) was
significantly (P<0.01) highest over Y2 (6.56 ±
0.20 kg) and Y, (5.32 ±0.18 kg).

The overall mean for MY/FCI as affected by
generations was 6.48 ± 0.012 kg (Table 3) and
was non-significantly affected by generation.

Genetic phenotypic correlation and
heritability : In Phule Triveni cows the genetic
correlation of FLMY with FLL and FDP was
negative and significant (-0.114 and -0.559,
respectively). The genetic correlation of FLMY
with MY/FCI (0.962) was positive and
significant while, the genetic correlation of FLL
with FDP (-0.728) and MY/FCI (-0.142) and
FDP with MY/FCI (-0.593) was also negative
and significant. The phenotypic correlation of
FLMY with FLL, FDP and MY/FCI was 0.234,
-0.017 and 0.339. respectively. The positively
non-significant phenotypic correlation of FLL
with FDP (0.001) was observed. The
phenotypic correlation between FDP and
MY/FCI was negative and significant (-0.253).
In Phule Triveni cows the heritability of FLMY,
FLL, FDP and MY/FCI was 0.233, 0.138,
0.187 and 0.480, respectively.
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Rice is highly diversified crop and
assessment of genetic diversity is essential for
further maintenance of varieties and pre-
breeding programme. The only legal
recognized traditional method in our country
for cultivar protection is grow out test (GOT),
which includes only the morphological
characteristics of a variety. Such method has
been highly successful and efficient, but a
concerted effort of plant breeding programme
tends to produce new varieties. The
morphological traits may not be sufficient for
discrimination and identification of all extant
and new promising varieties, ensuring more
precise technique. The currently available DNA
markers, microsatellites are considered to be
the markers of choice for varietal identification
because of their   co-dominant segregation and
their ability to detect large number of discrete
alleles repeatedly, accurately and efficiently
(Olufowote  et al., 1997).  To avoid the
commercial exploitation of varieties by others
i.e. to protect the varieties, DNA fingerprinting
is essential. The molecular characterization and
fingerprinting of these released varieties using
microsatellite markers were lacking which will
provide sufficient knowledge on diversity
among them at molecular level. Keeping this in
view the present study of fingerprinting of 23
rice varieties was under taken for those have
been extensively cultivated in Konkan region of
Maharashtra and other parts of India through
SSR markers.

In the present investigation nucleus seed of
23 rice varieties released by Dr. B. S. K. K. V.
Dapoli which were available at the research
farm of the Department of Agril. Botany,

College of Agriculture, Dapoli were used. The
details of these varieties are presented in Table
1.  All the 23 rice varieties were grown in the
greenhouse. The leaf samples were collected
from 15 days old seedlings for DNA isolation.
The genomic DNA was isolated from the young
newly flushing leaves by following the protocol
of Doyle and Doyle (1990) i.e. rapid method
with the slight modifications of buffer
composition and concentration (Data not
shown).

PCR amplification reactions were
performed with SSR primers in an Eppendorf,
Master Cycler Gradient. A total of 35 SSR
primers were subsequently used for PCR
amplification (Table 2). PCR reaction was
performed in 20 µl reaction mixture consisting
3U Taq DNA (0.5 µl), 10x Taq assay buffer with
2.5 mM MgCl2 (2.5 µl), 10 mM dNTPs (1 µl),
25 mM MgCl2 (0.5µl), 25 picomoles SSR
primer (1 µl) and 25 ng of template DNA (1 µl).
The amplification profile for SSR consisted of
initial denaturation at 94°C for 5 min, followed
by 30 cycles comprising of a denaturation step
at 94°C for 45 sec. each primer has shown
different annealing temperature for 30 sec and
an extension step at 72°C for 20 sec. The
cycling program was terminated by a final
extension step at 72°C for 7 min.

The amplified products in SSR reaction
were separated by electrophoresis in 1.5 per
cent agarose gel containing ethidium bromide
in 1x TAE Buffer (pH 8.0) and separation was
carried out by applying constant voltage of 80
volts for 1 hour. The gels were photographed
under UV light (Uvi-Tech, Fire reader,
Cambridge, England). 
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Based on the banding pattern obtained the
polymorphism percentage was calculated with
different primers. The amplified products for
each primer were scored as 1 for presence of
the band and 0 for the absence of the band to
create a binary data matrix. Pair-wise similarity
matrices were generated by Jaccard's
coefficient of similarity by using MVSP-A
Multivariate Statistical Package_5785 (Version
3.1). The cluster analysis was performed from
the distance matrix using Jaccard's similarity
coefficients.

The SSR markers having 25 nm OD were
diluted at a concentration of 5 pm µl-1 and
employed for standardization of annealing
temperature. The Tm value of reverse and
forward primers were taken into consideration
and programme was set accordingly. The data
obtained is presented in Table 3. Each primer
has shown different annealing temperature (Fig.
1). The lowest annealing temperature was
observed in primer RM-315 and pTA-248
(52°C) whereas, maximum annealing
temperature was observed in primer RM- 181
(69.9°C). The purity and yield of the reaction
products depend on several parameters, one of

which is the annealing temperature (Ta). At
both sub- and super-optimal Ta values, non-
specific products may be formed and the yield
of products is reduced (Rychlik et al., 1990).

The polymorphism percentage for individual
primer was calculated by the ratio of number of
polymorphic bands obtained over the total
number of bands produced across the 23 rice
genotypes. A total of 35 SSR primer pairs
distributed across the genome were used for
molecular analysis of 23 rice varieties. The
genomic DNA of 23 rice genotypes were
successfully amplified with thirty five
microsatellite primer pairs (Fig. 2 and Fig. 3).
All 35 microsatellite markers were found to be
polymorphic. The level of polymorphism
determined by the PIC values was quite low and
varied from 0.24 to 0.78 with an average of
0.58 per locus. The PIC values observed in our
study were comparable to previous estimates of
microsatellite marker analysis in rice (Singh,
2011, Rahman et al., 2011 and Zhi-zhou et
al., 2012). The PIC value was higher than
earlier observations but equal to previously
reported by Singh (2011), who observed an
average PIC value of 0.82 for the elite
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Fig. 1. Gel photograph of standardized annealing temperature of SSR Marker RM-19 and RM-122



thermosensitive genic male sterile (TGMS) lines
developed at three different research
institutions of India. The overall average size of
amplified products ranged from 121.86 bp to
217.14 bp (Table 4). A total of 184 alleles were
obtained using 35 SSR primer pairs with an
average of 5.26 alleles per primer. The number

of alleles amplified for each primer pair ranged
from 2 to 8. The markers RM-343, RM-112
and RM-224 generated  maximum number of
alleles (8), while the primer RM-315 and RM-
223 produced minimum number of alleles (2).
The number of alleles observed in the present
study corresponds well to some earlier reports
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Fig. 2. Gel photograph of SSR primer RM-276.

Fig. 3. Gel photograph of SSR primer RM-335.



(Chakravarthi et al., 2006  and Rahman et al.,
2011). Our results were also comparable to 2.2
- 5.5 alleles per locus for various classes of
microsatellites reported by Chakravarthi et al.,
(2006), who used similar set of primers. The
number of alleles detected in the present study
was significantly higher than the average
number of alleles in aromatic rice of India and
Bangladesh (Singh, 2011, Rahman et al.,
2011 and Kibria et al., 2009).The availability
of alternative pairs of primers that amplify the
same locus enhances opportunities to select the
most favourable combination of allele and PCR
conditions for efficient multiplexing of SSR
markers in an automated system. 

The genetic distance was computed
considering all the genotypes from the pooled
data and the dendrogram was constructed. The
overall range of the similarity among 23
genotypes was found to be very wide ranging
from 0.016 (Ratnagiri-4 and Karjat-184) to
0.578 (Ratnagiri-4 and Ratnagiri-5) which
indicates there was high variability among the
rice genotypes under study (Data not shown).

Resolution factor (Rf) values ranged from
0.574 with RM 318 to 0.763 in SSR primer
RM-85 with an average resolution factor (Rf)
value of 0.675. The minimum resolution factor
(Rf) value is 0.574 of primer RM-318 while
maximum resolution factor (Rf) value is 0.763
of primer RM-85 (Table 4).

UPGMA cluster analysis was performed
using Jaccard's similarity coefficient matrices
calculated from SSR markers to generate a
dendrogram for 23 rice varieties. A pairwise
similarity index (SI) was calculated and the
UPGMA based dendrogram of 23 rice varieties
generated with Multivariate Statistical Package
(MVSP) is presented in Fig. 4. It was observed
that, there are two major clusters (Table 5). The
first major cluster consists of two sub clusters.
The rice variety Ratnagiri-3 formed the
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Table 1. Molecular polymorphism, PIC values, RF values
and size of loci revealed by SSR primers in rice
genotypes

Primer Range No. % PIV RF
of ampli- of poly-
fication alle- mor-
(bp) les phism

RM-19 178-276 7 100 0.73 0.637

RM-122 160-190 7 100 0.65 0.667

RM-22 154-254 7 100 0.68 0.739

RM-335 100-300 7 100 0.72 0.583

RM-280 130-166 4 100 0.71 0.623

RM-310 65-108 4 100 0.45 0.640

RM-130 15-93 5 100 0.59 0.690

RM-318 90-170 7 100 0.78 0.574

RM-277 86-175 5 100 0.45 0.641

RM-276 62-143 6 100 0.78 0.628

RM-343 70-166 8 100 0.78 0.591

RM-60 135-165 4 100 0.48 0.755

RM-85 65-100 5 100 0.57 0.763

RM-112 65-149 8 100 0.65 0.752

RM-283 110-194 7 100 0.73 0.685

RM-338 116-184 6 100 0.70 0.657

RM-154 125-161 5 100 0.70 0.657

RM-272 57-154 7 100 0.70 0.657

RM-303 166-300 7 100 0.70 0.694

RM-332 37-162 4 100 0.61 0.602

RM-181 90-330 7 100 0.70 0.715

RM-224 94-245 8 100 0.65 0.716

RM-178 80-181 7 100 0.65 0.644

RM-206 63-166 7 100 0.74 0.716

RM-223 150-300 2 100 0.24 0.696

RM-3412 180-220 4 100 0.27 0.644

RM-248 102-110 3 100 0.45 0.697

RM-8094 110-209 3 100 0.50 0.609

pTA-248 600-700 3 100 0.48 0.660

RM-315 110-500 2 100 0.23 0.641

RM-5926 150-220 4 100 0.38 0.727

RM-218 120-200 5 100 0.57 0.647

RM-201 90-209 3 100 0.35 0.663

RM-493 220-250 3 100 0.38 0.756

RM-225 120-150 3 100 0.55 0.661

Total 184 100

Average 121.86- 5.26 100 0.58 0.675
217.14



independent first sub cluster. Second sub cluster
consists of six varieties viz., Ratnagiri-1,
Ratnagiri-2, Karjat-184, Karjat-7, Karjat-6, and
Karjat-8. The second major cluster consisted of
two sub cluster, first sub cluster consisted eleven
rice varieties and second sub cluster included
five rice varieties. Similar studies were made by
different authors using SSR markers (Panaud et
al., 1996). The results obtained should also be
useful in the development of breeding programs
as they provide a valuable tool for the precise
identification of rice genotypes.

Total of 35 SSR primers were polymorphic
and generated 184 alleles with an average of

5.26 alleles per primer. The number of alleles
for each SSR primer ranged from 2 to 8. The
polymorphic information content (PIC) values
of each primer ranged from 0.23 to 0.78 with
an average of 0.58. The UPGMA grouped 23
rice varieties into two main clusters which were
further divided into two sub-clusters. The first
major cluster consisted seven rice varieties and
16 varieties formed a second major cluster.
Most of the closely related cultivars were
identified with the fingerprinting based on the
polymorphic SSR primer pairs. These results
could be useful for resolving the problem that
arises in seed certification programme as well
as the determination of genetic diversity of the
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Table 2. Clustering pattern of 23 rice varieties

Ckuster No. of Name of varieties
varieties

I IA 1 Ratnagiri-3

IB 6 Ratnagiri-1, Ratnagiri-2, Karjat-184, Karjat-7, Karjat-6, Karjat-8

II IIA 11 Ratnagiri-4, Ratnagiri-5, Ratnagiri-24, Ratnagiri-73, Ratnagiri-711,  Palghar-1, Palghar-2, Panvel-
1, Panvel-2, Panvel-3, Phondaghat

IIB 5 Karjat-1, Karjat-2, Karjat-3, Karjat-4, Karjat-5

Fig. 4. Dendrogram constructed using Jaccard's Similarity Coefficient.



rice varieties very quickly. Similarly, it will
protect the varieties from commercial
exploitation by others because of its uniqueness
in amplification pattern.

D. P. Nikam
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Persistence Toxicity of Newer Combination Insecticides
Against Shoot and Fruit Borer, Earias vittella (Fabricius) on

Okra

______________

Okra [Abelmoschus esculentus (L.)
Monech] is one of the important vegetable
crops grown all over India and various tropical
and subtropical parts of the world. India ranks
first in consumption and availability of okra. It is
a source of vitamins, minerals and other
nutritive ingredients. One of major constraints
for the low productivity of okra in India, this is

the susceptibility of this crop to attack of pests'
viz., insects, mite, bacteria and viruses. This
crop is infested by many insect pests like Earias
vittella, Earias insulana, Bemisia tabaci,
Helicoverpa armigera, Thrips tabaci,
Amrasca bigutulla bigutulla, Sylepta
derogata and Dysdercus koiengii (Patel et al.,
1970). The mixture producing greater



insecticidal action than the sum of their
individual component is said to be synergistic
and could be useful for insect control at
premium. The present study was carried out to
investigate the persistence toxicity status of
some ready mix insecticide formulations in okra
fruit at the time of harvest.

The crop was raised at the research farm of
Department of Agricultural Entomology,
Mahatma Phule Krishi Vidyapeeth, Rahuri
during kharif, 2013. Total eight treatments
including control (unsprayed) were replicated
thrice in randomized block design. Mahyco
hybrid-10 variety was sown at a spacing of 30
cm x 10 cm with a gross plot size of 3.0 x 2.7
m2. Three foliar sprays of insecticides were
given at an interval of 10 days starting from 50
per cent flowering stage with the help of
knapsack sprayer by using spray fluid of 500
litres ha-1. The persistent toxicity of different
insecticides were studied against first instar
larvae of okra shoot and fruit borer, E. vittella
under laboratory conditions by releasing them

on the sprayed tender fruits of okra. The
method for mass breeding of the pest used by
Rattan Lal and Dhall (1965) was followed to
ensure continuous supply of desired stage of
larvae. 

The treated fruits were plucked from
different sprayed plots at 1, 3, 5 and 7 days
after spray, separately in the labeled polythene
bags and brought to laboratory. The treated
fruits were kept in glass containers, which
prepared separately for each treatment. Ten
pre-starved first instars larvae were released
with the help of moist camel hair brush in glass
container on treated fruits and covered with
muslin cloth. Each treatment was replicated
four times and untreated okra fruits served as
control. Mortality counts were taken after 24
hours. Moribund insects were counted as dead.
Mortality was corrected by Abbott's (1925)
formula. The persistent or residual toxicity was
determined as per the method elaborated by
Pradhan and Venkatraman (1962). The product
(PT) of average residual toxicity (T) and the

Table 1. Persistent toxicity of newer combination insecticides to Earias vittella on okra

Treatment Dose Corrected mortality (%) P T PT ORT PT50 RP ORP
litre-1 ––––––––––––––––––––––––––––––– (days)

1 DAS 3 DAS 5 DAS 7 DAS

Chlorpyriphos 50 EC + 2.0 ml 90.00* 76.67 65.56 47.78 7 70.00 490.00 3 7.74 1.45 3
Cypermethrin 5 EC

Profenophos 40 EC + 2.0 ml 91.74 74.44 66.67 47.48 7 70.16 491.12 2 7.91 1.48 2
Cypermethrin 4 EC

Deltamethrin 1 EC + 2.0 ml 90.80 74.44 61.11 44.44 7 67.50 472.50 4 6.89 1.29 4
Triazophos 35 EC

Acephate 50 WP + 2.0 g 78.89 57.78 52.22 45.56 7 58.61 410.27 7 5.33 1.00 7
Imidacloprid 1.8 WP

Acephate 25 EC + 2.0 ml 80.00 71.11 48.89 44.44 7 61.11 427.77 6 5.71 1.07 6
Fenvalerate 3 EC

Cypermethrin 3 EC + 2.0 ml 82.22 71.11 53.33 43.33 7 62.50 437.50 5 5.95 1.12 5
Quinalphos 20 EC

Indoxacarb 14.5 SC + 0.8 ml 95.56 82.22 68.89 58.89 7 76.39 534.72 1 9.98 1.80 1
Acetamiprid 7.7 SC

* Mean of four replications
DAS  : Days after spraying PT50 : Persistent toxicity P : Period of observation in day
T : Average percentage mortality ORT : Order of relative toxicity RP : Relative persistence
ORP : Order of relative persistence
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period for which the residual toxicity was
studied served as an index of persistent toxicity. 

The data on corrected per cent mortality at
1, 3, 5 and 7 days after sprayings are presented
in Table 1. The indoxacarb 14.5 SC +
acetamiprid 7.7 SC @ 0.8 ml lit-1 was the most
toxic compound exhibiting 95.56, 82.22,
68.89 and 58.89 per cent mortality at 1, 3, 5
and 7 days after spraying, respectively. It was
followed by profenophos 40 EC +
cypermethrin 4 EC @ 2 ml lit-1 recording
91.74, 74.44, 66.67 and 47.48 per cent.
Chlorpyriphos 50 EC + cypermethrin 5 EC
recorded 90.00, 76.67, 65.56 and 47.78 per
cent mortality at corresponding interval and
ranked third in this respect. Acephate 50 WP +
imidacloprid 1.8 WP @ 2 g lit-1 were
comparatively less toxic with 78.89, 57.78,
52.22 and 45.56 per cent mortalities at
corresponding interval. Persistence of
insecticides as evaluated from PT50 value
indicated that residual toxicity of indoxacarb
14.5 SC + acetamiprid 7.7 SC @ 0.8 ml lit-1

was highest (9.98 days) to first instars larvae of
E. vittella. Whereas it was lowest (5.33 days)
for acephate 50 EC + imidacloprid 1.8 WP.
The decreasing order of persistent toxicity of
newer combination insecticides was indoxacarb
14.5 SC + acetamiprid 7.7 SC (9.98 days) >
profenophos 40 EC + cypermethrin 4 EC
(7.91 days) > chlorpyriphos 50 EC +
cypermethrin 5 EC  (7.74 days) > deltamethrin
1 EC + triazophos 35 EC  (6.89 days) >
cypermethrin 3 EC + quinalphos 20 EC (5.95
days) > acephate 50 WP + imidacloprid 1.8
WP  (5.33 days).

The results of the present findings are in
conformity with Dharne and Kabre (2009) who
reported the ready mixture of indoxacarb 14.5
SC + acetamiprid 7.7 EC 500 ml ha-1 as
effective against fruit borer and sucking pests of
chilli. Longer persistence of indoxacarb 14.5
SC + acetamiprid 7.7 EC which is in

agreement with Mallapur et al. (2012) who
recorded maximum larvicidal action and
persistence upto 10 days against H. armigera.

If a highly persistent insecticide is applied,
the benefits from natural enemies may be
diminished. If an insecticide is persistent, the
chances of contamination of natural enemies by
insecticide residues are greatly enhanced.
Indoxacarb 14.5 SC + acetamiprid 7.7 SC
@300 and 400 ml ha-1 were found to be safe
as with PT50 of 9.98 days against the predatory
fauna like Spider, Chrysoperla and Coccinellids
in okra ecosystem (Mallapur et al., 2012 ). All
these results are lend support to the present
findings.

P. P. Kamble
S. R. Kulkarni
S. K. Patil

Department of Agricultural Entomology, 
Mahatma Phule Krishi Vidyapeeth, 
Rahuri - 413 722 (India)
October 20, 2014.
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Bakery industry in India is considered as one
of the major industries in food processing.
Bakery products are gaining popularity as
processed foods because of their availability,
ready to eat convenience and reasonably good
shelf life. Wheat based baked products like
bread, cookies, and cakes are popular among
the baked products. Cookies hold an important
position in snack foods due to varieties in taste,
crispiness and digestibility. At present cookies
and biscuits are prepared from white flour
which is of poor nutritional quality and low in
fiber content. Now a day interest in dietary fiber
has arisen, fiber rich food acquiring popularity.
Millets, sorghum, and pulses are traditionally
the staple grains for household consumption
(Dayakar Rao et al., 2007). In rural areas of
central Maharashtra, per capita consumption of
sorghum is around 60 kg per annum
accounting  for almost half (48%) of per capita
consumption of all cereals (Parthasarathy Rao
et al.,  2010). Worldwide about 700 million
people are nourished by sorghum, since it
constitutes a source of calories, protein and
minerals. Sorghum is a major cereal in the
semi-arid regions of the world where it is an
important food and feed crop. It is a gluten-free
cereal, which bears significance in the present
day scenario where the occurrence of Celiac
Disease (CD), an immunological response to
gluten intolerance is on the rise. Grain sorghum
contains phenolic compounds like flavonoids
(Shahidi and Naczk, 1995). The starch in
sorghum is digested slowly than other cereals
(Klopfenstein and Hoseney, 1995) and hence it
could be beneficial to diabetics (Toomey, 1988).
Sorghum is consumed in various forms around
the world like baked bread, porridge, tortillas,
couscous, gruel, steam-cooked products,
alcoholic and non-alcoholic beverages and so

on. Sorghum flour is becoming increasingly
common in gluten-free baked goods, mostly
because it has similar nutritional properties to
wheat, is light in colour and bland in flavour
(Lovis, 2003). In addition to composite breads,
several researchers have reported on the
production of gluten-free bread from sorghum
and much of this work is reviewed by Taylor
and Dewar (2001). USA is the largest producer
of sorghum in the world followed by India with
7.15 million tons during 2007 and almost
entire production of sorghum (95%) in the
country (GOI, 2007, www.fao.org). There is
enough potential in this crop to be utilized as a
raw material for bakery products and other food
industries. Hence, the present research project
"Composite Flour of Wheat and Sorghum for
Preparation of Bakery Products" was
undertaken. 

Sorghum grains of Phule Vasudha (variety)
and SPH-1620 (hybrid) were obtained from the
Sorghum Improvement Project MPKV, Rahuri.
Maida, vanaspati ghee, sugar, milk, yeast and
other ingredients were purchased from the local
market. The sorghum grains were cleaned to
remove all extraneous material and ground to
flour. Whole sorghum flour was used for
preparation of bakery products. Maida was
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Composite Flour of Wheat and Sorghum for Preparation of
Bakery Products

Table 1. Proximate composition of Maida and sorghum
flour*

Pariculars Maida Phule SPH-
vasudha 1620

Crude protein (%) 11.80 11.39 9.35
Ash (%) 0.76 4.85 4.14
Total sugar (%) 1.5 2.73 2.43
Soluble protein (%) 1.01 0.99 0.78
Crude fiber (%) 0.64 3.28 2.92

*Results are mean of five replications.



replaced with 0, 10, 20, 30, 40 and 50% by
Phule Vasudha as well as SPH-1620. This
composite flour was utilized in the preparation
of bread and cookies. All other ingredients were
kept constant in all composite flours.
Composite flour of maida and sorghum used
for preparation of cookies according to the
standard method of A.A.C.C. (1975) and the
methods of Kent (1984) were followed in the
bread making procedures. The bread and
cookies were used to analyze for crude protein,
crude fiber, total sugars, soluble protein and ash
contents using standard procedure of
A.O.A.C., (1990). These products were
evaluated by semi-trained judges for different
sensory attributes such as colour and
appearance, texture, flavour and taste using 1
to 9 point hedonic scale (Amerine et al., 1965).
The mean for five judges was considered for
evaluating the quality and statistical analysis was
done as per the procedure given by Panse and
Sukhatme (1967).

The proximate composition of maida, Phule
Vasudha and SPH-1620 was estimated. It is
clear from the result that ash content and crude
fiber content of Maida was lower than

sorghum. This might be due to use of superfine
Maida. Crude protein (11.80%) and soluble
protein (1.01%) content were at higher level in
Maida while ash, total soluble sugars and crude
fiber content were higher in Phule Vasudha and
SPH-1620 genotypes than maida (Table 1).
Except crude protein all other nutrients content
in SPH-1620 were comparable with that of
Phule Vasudha. From the results it was
observed that the incorporation of sorghum
flour with maida improves the nutritional quality
of composite bread especially in terms of crude
fiber, total sugars and ash content (Table 2).
Phule Vasudhas' flour addition to maida for
preparation of bread showed better results in
case of all treatments than SPH-1620s' flour
addition to maida. Statistical observations
showed significant results for all nutritional
quality parameters except soluble protein. 

The control sample was found to contain
highest crude protein (10.37%) whereas lowest
results were observed for treatment T5
(10.21%) in case of P. Vasudha and for
treatment T5 (8.90%) in case of SPH-1620.
Decrease in crude protein content with increase
in sorghum flour was due to lower protein

Table 2. Effect of different levels of sorghum flour on nutritional and sensory quality of bread

Treat- Nutritional quality Sensory quality
ment ––––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––––

Crude Ash Crude Total Soluble Colour Flavour Taste Crust/ Overall
protein (%) fibre sugar protein crumb accepta-
(%) (%) (%) (%) texture bility

T0 10.37 0.90 0.51 4.80 1.06 8.60 8.80 8.40 8.60 8.63
T1 10.21 1.45 0.83 4.96 1.02 8.00 7.60 8.30 8.40 8.13
T2 10.04 2.01 1.16 5.13 0.98 7.30 7.20 8.10 8.00 7.85
T3 9.88 2.54 1.48 5.29 0.94 3.70 3.90 4.60 3.90 4.30
T4 9.72 3.08 1.84 5.45 0.90 2.70 2.40 3.70 3.50 3.08
T5 9.56 3.61 2.14 5.62 0.86 2.10 2.00 2.90 2.00 2.30
SE (m) ± 0.023 0.036 0.024 0.022 0.030 0.15 0.13 0.20 0.16 0.10
CD at 5% 0.066 0.104 0.069 0.065 0.087 0.43 0.38 0.57 0.45 0.29

Whereas, T0=100% Maida+0% sorghum flour; T1=90% Maida+10% sorghum flour; T2=80% Maida+20% sorghum flour;
T3=70% Maida+30% sorghum flour; T4=60% Maida+40% sorghum flour; T5=50% Maida+50% sorghum flour, Results are
mean of three replications.
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content in sorghum flour as compared to
maida. Similar effect has been reported by Eddy
et al. (2007) for Maida/cassava composite
bread. This finding was also agreed with Mongi
et al. (2011) who reported that the substitution
of Maida with cocoyam flour decreased crude
protein content of bread. The breads were
prepared using sorghum flour at different levels
ranging from 0 to 50 per cent with maida.
From sensory evaluation of composite bread it
was observed that addition of Phule Vasudha
flour for preparation of composite bread
showed higher sensory score values for colour,
flavour, taste, crumb and crust texture and
overall acceptability than addition of SPH-1620
flour in the maida for bread preparation (Table
2). It can be conclude that addition of Phule
Vasudhas' flour for preparation of composite
bread is better than SPH-1620s' flour. Overall
acceptability is the total reflection of the scores
obtained for colour, texture, flavour, and taste
of the bread. There was decrease in all these
parameters with the addition of sorghum flour
in the composite bread. The overall
acceptability parameter also scored minimum at
highest level of addition of sorghum flour in the
composite bread. Breads baked with 10 and
20% sorghum flour were not significantly
different in overall acceptability from the

control. Bankar et al. (1986), based on their
results, suggested that bread containing up to
20 per cent sorghum flour could be baked with
acceptable sensory quality. Composite bread
produced from composite flours at the ratios
90:10, 80:20 and 70:30 Maida: sorghum was
found to yield acceptable bread quality (Taha,
2000). 

It was observed that flour of Phule Vasudha
addition to maida for preparation of cookies
showed better results in case of all treatments
than flour of  SPH-1620 addition to maida. It
may be due to Phule Vasudha have superior
nutritional quality than SPH-1620 (Table 3).
The control sample was found to contain
highest crude protein (5.59%) whereas lowest
readings were observed for treatment T5
(5.39%) in case of P.Vasudha and for treatment
T5 (4.10%) in case of SPH-1620. Decrease in
crude protein content with increase in sorghum
flour was due to lower protein content in
sorghum flour as compared to Maida (Gupta et
al., 2011 and Adebowale et al., 2012). The
control sample was found to contain lowest
crude fiber content (0.19%) whereas highest
readings were observed for treatment T5
(1.96%) in case of P.Vasudha and for treatment
T5 (1.68%) in case of SPH-1620. Increase in

Table 3. Effect of different levels of sorghum flour on nutritional and sensory quality of cookies

Treat- Nutritional quality Sensory quality
ment ––––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––––

Crude Ash Crude Total Soluble Colour Flavour Taste Texture Overall
protein (%) fibre sugar protein accepta-
(%) (%) (%) (%) bility

T0 5.59 0.40 0.19 22.09 0.71 8.80 8.80 8.80 8.60 8.75
T1 5.43 0.85 0.52 22.25 0.67 8.20 8.10 8.50 8.20 8.25
T2 5.26 1.30 0.85 22.40 0.62 8.10 7.80 8.10 7.80 7.95
T3 5.08 1.75 1.17 22.56 0.58 6.90 7.50 7.60 7.40 7.35
T4 4.91 2.21 1.51 22.70 0.54 4.00 4.30 4.10 3.60 4.00
T5 4.75 2.67 1.82 22.87 0.52 3.10 3.20 2.90 2.80 3.00
SE (m) ± 0.029 0.025 0.019 0.017 0.010 0.14 0.17 0.15 0.16 0.10
CD at 5% 0.085 0.073 0.055 0.049 0.028 0.39 0.48 0.43 0.44 0.30

*Foot notes as per Table no 2.
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crude fiber content with increase in sorghum
flour was due to higher crude fiber content in
sorghum flour as compared to maida (Chavan
and Patil, 2010 and Chavan et al., 2009).

Cookies prepared with 10, 20 and 30 per
cent sorghum flour were not significantly
different in overall acceptability from the
control (Table 3). Cookies prepared from 40
and 50 per cent  sorghum flour showed low
score for overall acceptability. Sanaa et al.
(2006) reported that the substitution of maida
with 30 per cent  of barley, rye, millet or
sorghum whole grain meal had no significant
effects on the quality (i.e. cookie height and
diameter) of cookie products. Gupta et al.
(2011) reported that the cookies containing 30
per cent  barley seed flour was found to be most
acceptable by the panelists. The results
obtained are in general agreement with those
results from the literature.

Sorghum flour addition into bread
formulation had considerable effects on
physicochemical and sensory properties of
bread. It may be concluded from the present
study that sorghum flour can be successfully
incorporated in refined wheat flour bread up to
a level of 20 per cent  to yield bread of
enhanced nutritional quality with acceptable
sensory attributes. But in case of cookies it was
found that cookies of good nutritional and
sensory qualities could be produced using 30
per cent  level of sorghum  flour substitution in
maida without affecting the cookies quality
adversely and at the same time reduce the
economic and domestic load on maida usage.

U. D. Chavan
K. V. Yewale
B. Dayakar Rao

Department of Food Science and Technology,
Mahatma Phule Krishi Vidyapeeth, 
Rahuri - 413 722 (India)
December 5, 2014
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Stability Analysis for Grain Yield in Rice

______________

Rice (Oryza sativa E.) is the most important
food crop of developing world and the staple
food of more than 60 per cent of Indian
populations. Varietal adaptability to
environmental fluctuation is important for
stabilization of crop production over the years.
An information on genotype x environment (G
x E) interaction and yield stability analysis leads
to be an important in measuring varietal
stability and suitability for cultivation across
seasons and ecological zones. Some model like
Finlay and Wilkinson (1963), Eberhart and
Russell (1966), Perkins and Jinks (1968) and
Freeman and Perkins (1971) have been used
for assessing the stability performance of crop
varieties. Therefore the present investigation
was carried out to assess the performance of
rice varieties for grain yield over the season in
Konkan region (coastal) of Maharashtra state by
using Eberhart and Russell Model.

Six rice varieties viz., Ratnagiri 73,
Ratnagiri 24, Ratnagiri 1, Ratnagiri 3.

Ratnagiri 711 & Ratnagiri 2 were evaluated for
grain yield during kharif 2009 to 2013 for five
years at Agricultural Research Station,
Shirgaon, Ratnagiri (MS). All these varieties
were developed by Dr. B. S. Konkan Krishi
Vidyapeeth, Dapoli (MS) and recommended for
commercial cultivation in Maharashtra State.
The seeds were sown in raised beds and 25
days old seedlings were transplanted in main
field under puddled condition. For each
varieties 2-3 seedlings hill-1 were planted at 20
x 15 cm spacing with plot size of 10 R (Guntha)
in randomized block design (RBD) with four
replications. Recommended package of
practices were followed to raise healthy plant.
Observations were recorded plot-1 basis for
grain yield. Stability parameters were estimated
following Eberhart and Russell (1966) model.

Analysis of variance revealed that the
varieties and environment showed highly
significant differences for grain yield suggesting
presence of variability among the varieties and
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environment. The linear component of
environment was highly significant for grain
yield, indicating influence of environment on
varieties for expression of grain yield. The
significant variance due to pooled deviation was
observed for grain yield indicated large portion
of G x E accorded by non linear component.

The estimation of stability parameters for
grain yield in rice varieties are depicted in Table
1. Among the six varieties, Ratngiri 3 exhibited
high mean, regression coefficient near to one
and non significant deviation from regression
indicating stability of Ratnagiri 3 over all
environmental condition (mean, 39.396 q, bi-
1.198 and S2di- (-0.088)). The variety
Ratnagiri 1 exhibited high mean, regression

value more than one and non-significant
deviation from regression. Flence this genotype
is suitable for favorable environment and there
is reduction in yield unfavorable environment.
From present study, it is concluded that variety
Ratnagiri 3 was stable in performance for grain
yield while as Ratngiri 1 was suitable for
favorable environment.

B. D. Waghmode
S. R. Kadam
P. P. Desai

Agricultural Research Station,
Shirgaon - 415 629 (India)
December 17, 2014.
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Table 1. Stability parameters for grain yield in rice

Variety Grain yield (q ha-1)
–––––––––––––––––––––––––––––––––
Mean bi S2di

Ratnagiri - 73 29.931 0.353 1.291
Ratnagiri - 24 32.282 0.912 -0.952*
Ratnagiri - 1 38.847 1.567 0.274
Ratnagiri - 3 39.396 1.198 -0.088
Ratnagiri - 711 33.552 1.047 0.704*
Ratnagiri - 2 38.954 0.924 -0.554*

* Significance at 5% level
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Preparation of Skim Milk Lassi by Incorporation of Ginger
(Zingiber officinale L.) Juice

______________

Lassi is an ancient thirst quenching
refreshing beverage. In Maharashtra generally
lassi is prepared from buffalo milk curd which
gives creamy appearance with pleasant mild
acidic sweet taste and rich aroma. Milk fat is
composed of higher concentration of saturated

fat and cholesterol which is a matter concern
for caloric conscious people. Hence, preparing
lassi from buffalo skim milk will help in greatly
restricting the caloric intake. Skim milk lassi
may affect the rich taste and pleasant flavor,
however addition of natural herbal flavor may
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suppress the problem.

Ginger, being a major spice, is having
flavouring and medicinal value in food. Fresh
ginger has been used for cold induced diseases,
asthma, nausea, cough, heart palpitation,
swelling and rheumatism. The project aimed at
developing simple technology for preparation
of skim milk lassi by incorporation of ginger
(Zingiber officinale L) juice was conducted.

Fresh buffalo milk was procured from the
Dairy unit of the College of Agriculture, Dapoli
for the preparation of lassi. Lassi was prepared
as per procedure suggested by Sharma (2006)
with slight modifications. The ginger juice was
prepared and analysed in the laboratory.
Ginger juice contained 12.43 per cent total
solids, 1.2 per cent fat, 1.5 per cent protein
and 0.19 per cent acidity (Table 1). Ginger juice
was added as a flavouring agent as per different

treatments. The prepared lassi from different
treatments was served to a panel of an average
ten judges for sensory evaluation. 

The treatments were plain lassi as a control
(T0), ginger juice @ 1.5, 3.0, 4.5 and 6.0 per
cent of lassi as T1, T2, T3 and T4, respectively.
The fat content of lassi was estimated using
standard gerber method as per IS:1224 (Part -
I, 1977). The protein was determined by
estimating per cent nitrogen by Micro-Kjeldhal
method as recommended in IS : 1479 (Part - II,
1961). The per cent nitrogen was multiplied by
6.38 to find out the protein percentage in lassi.
The total solids content was determined by
Gravimetric method as per IS : 1479 (Part - II,
1961). The titratable acidity of lassi expressed
as per cent lactic acid was determined
according to IS : 1479 (Part - I, 1960). The ash
content of lassi was determined by the
procedures given in IS : 1479 (Part - II, 1961).
The sensory attributes of the product such as
colour and general appearance, body and
texture (consistency) and flavour were studied
by the house of panel of an average ten judges
using nine point hedonic scale as per IS : 6273
(Part - II, 1971).

It was revealed that the total solids content
of lassi showed gradual increase with the

Table 1. Chemical quality of skim milk and ginger juice (%)

Constituent Skim milk Ginger juice Curd

Total solids 9.31 12.43 9.42
Fat 0.55 1.2 0.52
Protein 3.53 1.5 3.51
Ash 0.81 - 0.78
Acidity 0.15 0.19 0.78

Table 2. Chemical and sensory quality of skim milk ginger lassi (%) and cost of production

Treat- Chemical quality Sensory quality Cost of production
ment –––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––– –––––––––––––––––––

Total Fat Prot- Ash Titra- General Body &  Flavour Overall Cost Cost
solids ein table appea- texture accept- 100-1 kg-1

acidity rance (consis- ability g (Rs.) (Rs.)
tency)

T0 18.19 0.49 3.49 0.80 0.83 7.75 7.36 6.36 7.30 3.40 34.08
T1 18.39 0.52 3.46 0.79 0.81 7.71 7.48 7.23 7.45 3.48 34.84
T2 18.49 0.52 3.43 0.78 0.79 7.77 7.62 7.53 7.63 3.56 35.60
T3 18.63 0.53 3.39 0.77 0.79 7.73 7.51 7.12 7.43 3.63 36.35
T4 18.72 0.54 3.37 0.77 0.77 7.62 7.50 7.06 7.38 3.71 37.11
SE± 0.010 0.005 0.010 0.005 0.007 - - - - - -
CD at 0.029 0.013 0.028 0.016 0.022 - - - - - -
0.01%
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increase in the level of ginger juice (Table 2).
This simultaneous increased from T0 to T4
may be due to higher amount of total solids
content in ginger juice. The lowest total solids
content was noticed at T0 (18.19 per cent)
while highest total solids content was observed
at T4 (18.72%) i.e. lassi prepared with 6.0 per
cent ginger juice. The incorporation of ginger
juice increased the fat content of lassi. The
increasing trend of fat content can be attributed
to the higher amount of fat in ginger juice than
that of skim milk. The lowest fat content in
control may be due the fact that no ginger juice
was added in lassi. Addition of ginger juice had
significantly affected the protein content of
lassi. Increase in the level of ginger juice
showed gradual decrease in protein content of
lassi. This decrease can be attributed to very
low protein content of ginger juice (1.5 per
cent). The highest protein content was
observed at treatment T0 (control) i.e. 3.49 per
cent whereas lowest value was at treatment T4
(6.0% ginger juice) i.e. 3.37 per cent. Addition
of ginger juice had significantly affected the ash
content of lassi. It was observed that
incorporation of ginger juice decreases the ash
content of lassi. Lowest ash content in lassi
(0.77%) was observed equally at T3 and T4 i.e.
4.5 and 6.0 per cent level of ginger juice and
the highest (0.80%) at control (T0) treatment.
The acidity of lassi showed declining trend with
an increase in the level of ginger juice i.e. 0.83,
0.81, 0.79, 0.79 and 0.77 per cent for
treatment T0, T1, T2, T3 and T4, respectively.
It was observed that incorporation of ginger
juice decreases the acidity of lassi which may be
due to low acidity of ginger juice (0.19%) as
compared to curd (0.78%).

From the sensory scores it was observed
that the score for colour and appearance was
increased upto treatment T2 thereafter score
declined simultaneously (Table 3). The highest
score (7.77) was obtained by the treatment T2

i.e. lassi incorporated with 3.0 per cent ginger
juice. Very negligible differences were observed
in between all the treatments. The data showed
that the lassi prepared with 3.0 per cent level of
ginger juice recorded the highest score for
consistency (body and texture) (7.62). The
lowest score was observed at treatment T0
(control) i.e. lassi without addition of ginger
juice. Lassi prepared with 3.0 per cent ginger
juice possessed highest score for flavour (7.53)
as it was liked much by the judges which may
be due to its sweet and typical acceptable
ginger flavour. Overall acceptability scores
indicated that lassi incorporated with 3.0 per
cent ginger juice is superior over rest of
treatments. However, ginger juice at the rate of
1.5 per cent can produce good quality lassi.
Higher level of ginger juice (4.5 and 6.0 per
cent) showed reduction in acceptability scores
for lassi.

The cost of lassi production was worked out
by considering the prevailing retail costs of
ingredients only and other cost remained
constant for all treatments for which not
accounted for cost estimation (Table 4). The
highest cost (Rs. 37.11 kg-1) was recorded in
case of lassi prepared with 6.0 per cent gingr
juice (T4) whereas lowest cost (Rs. 34.08 kg-1)
recorded for lassi prepared without ginger juice
(T0). It was observed that cost of the lassi was
increased with the increase in the level of ginger
juice. The production cost of most acceptable
level (T2) was  Rs. 35.60 kg-1.

It may be concluded from the results that
ginger juice could successfully be utilized for
lassi preparation. Addition of ginger juice in
lassi improved the sensory quality of the
product. Besides typical flavour it also adds
medicinal properties to the product. Such
flavouring did not appreciably affect the
composition of lassi. The most acceptable
quality lassi can be prepared by using 3.0 per
cent ginger juice. 
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Effect of EM Solution on Growth and Yield of Groundnut

______________

Groundnut is an important oil seed crop as
well as food crop. It is necessary to reduce the
dependency on external inorganic inputs to
ensure quality and food safety of groundnut to
humans. Misuse and excessive use of chemical
fertilizers and pesticides have often adversely
affected the environment and created issues like
food safety, food quality, human and animal
health etc. Microbial inoculants are the
sustainable natural resources which help to
increase yield and quality of crops, without
large scale investment of capital and labour
(Pham, 2004). Effective microorganisms (EM) is
a mixture of beneficial microorganism, which is
used as a microbial inoculants in crop
production. The basic purpose of EM is the
restoration of healthy ecosystem in both soil
and water by using four major genera of
microorganisms such as lactic acid bacteria,
photosynthetic bacteria, yeast and
actinomycetes. The photosynthetic bacteria eg.
Rhodopseudomonas comprise of a group of
independent, self supporting microbes.  These

bacteria synthesis useful substances from
secretions of roots, organic matter and/or
harmful gases, by using sunlight and the heat of
soil as source of energy. The useful substances
developed by these microbes promote growth
and development of plants.  Lactic acid bacteria
eg Lactobacillus bulgaricus produce lactic acid
from sugars and other carbohydrates which are
developed by photosynthetic bacteria and
yeasts. These bacteria also produce
bacteriocins that are ribisomally synthesized,
cationic, hydrophobic peptides with bactericidal
action against many food spoilage and
pathogenic bacteria (Bibek et al., 2001). Yeasts
synthesize antimicrobial and other useful
substances like vitamins required for plant
growth from amino acids and sugars secreted
by photosynthetic bacteria, organic matter and
plant roots. Actionmycete is a most widely
distributed group of microorganisms in nature
and  the antibiotics produced by Streptomyces
spp. degrade fungal cell wall inhibits it's
development and maintain healthy ecosystem
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(Errakhi et al. 2007). Different species of
effective microorganisms (photosynthetic and
lactic acid bacteria, yeast and actionmycete) are
mutually compatible with one another and can
coexist in liquid culture.  In order to provide
nutrients to the crops and maintain the soil
healthy, effective microorganisms have been
recommended by many scientists (Higa and
Parr 1994).

Laboratory study was carried out in the at
Biological Nitrogen Fixation Scheme, College
of Agriculture, Pune and field trial were
conducted at National Agriculture Research
Project, Ganeshkhind, Pune during 2010 to
2012 on summer groundnut. Consortia of pure
cultures of yeast (Saccharomyces cervisiae),
lactic acid bacterium (Lactobacillus
bulgaricus), Streptomyces and photosynthetic
bacterium (Rhodococcus spp.) were used as
EM solution. Commercial EM culture in liquid
form was obtained from the Nirdhar Trust,
Eden Court, Pune-5. 

For compatibility study between four
isolates, the sterilized petriplates were poured
aseptically with nutrient agar medium. After
solidification of medium pure culture of

Streptomyces was transferred with the help of
inoculating needle by putting one spot at a
distance of 2 cm from the centre of the
petriplate, whereas the pure culture of
Saccharomyces cervisiae was placed  on same
plate by keeping 2 cm distance from
Streptomyces. Similar procedure was followed
for compatibility of all isolates with each other.
These plates were incubatated at 28°C
temperature for 4 days and observations were
recorded on the area covered by the respective
isolates.

The field experiment was laid out in
Randomized Block Design with four
replications and five treatments viz., T1
(Control), T2 (100% RDF), T3 (Rhizobium +
75% RDN), T4 (Rhizobium + Phule EM +
75% RDN ) and  T5 (Rhizobium + Commercial
EM +  75% RDN) The summer groundnut
variety, SB-X1 was used. EM solution @ 10 ml
kg-1 of seed and Carrier based inoculants of
Rhizobium and PSB @ 25 g kg-1 of seed were
used for seed treatment at the time of sowing.
The well decomposed farm yard manure @ 5
MT and recommended dose of chemical
fertilizers for groundnut 25:50:00 NPK kg ha-1

were applied. The observations on number of

Table 1. Effect of EM solution on growth and yield parameters and monetary returns of groundnut (Pooled mean, Summer
2010 to Summer 2012)

Treat- No. of No. of Dry Pod Dry Gross Cost of Net B:C
ments nodules pods module yield matter monetary cultiva- profit ratio

plant-1 plant-1 wt. plant-1 q ha-1 wt. plant-1 returns tion Rs. ha-1

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

T1 157.08 34.00 175.00 20.95 31.47 58368 28082 30285 2.01

T2 176.91 43.91 232.75 29.03 35.81 80796 30039 50757 2.63

T3 160.66 43.16 210.5 28.56 34.78 79390 29560 49830 2.70

T4 175.33 49.66 234.5 32.11 37.05 89762 29923 59838 3.13

T5 164.58 41.75 229.58 31.98 36.99 88951 29923 59027 3.09

SE 4.89 1.21 6.11 0.79 0.39 2241 - 2241 0.10

CD at 5% 14.51 3.58 18.12 2.35 1.18 6640 - 6640 0.30

CV 5.86 5.69 5.65 5.56 2.26 5.64 - 8.97 7.64

T1 - Control, T2 - 100% RDF, T3 - Rhizobium + 75% RDN, T4 - Rhizobium + Phule EM + 75% RDN, T5 - Rhizobium +
Commercial EM + 75% RDN
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nodules plant-1, dry nodule wt. plant-1, number
of pods plant-1, dry matter weight plant-1 and
pod yield ha-1 were recorded.

The data presented in Table 1 reveled that,
treatment T4 recorded significantly increased
number of nodules plant-1 (175.33) over
control (157.08) and found at par with other
treatments. Similar results were recorded by
Iqbal and Jilani (2000) in groundnut crop that
the application of EM enhanced the Rhizobium
activity thereby increasing number of effective
nodules and nitrogen content in plants and
strengthened the seed inoculation benefits.
Significantly higher number of pods plant-1

(49.66) were obtained in the T4 and found
significantly superior over rest of the
treatments. Maximum dry weight of nodule
(234.5 mg plant-1) was observed in T4 and
found at par with other treatments whereas
treatment T1 recorded 175 g dry nodule weight
plant-1. Bajwa and Javaid (2002) found that EM
application in maize crop enhanced the growth
of plant during reproductive stage than the
vegetative stage. Significantly higher pod yield
(32.11 q ha-1) was obtained in treatment T4,
followed by T5, both were at par and superior
over T2 and T3, which recorded pod yield of
29.03 and 28.56 q ha-1, respectively and were
at par, whereas, lowest pod yield (20.95 q ha-1)
was recorded in control (T5). The similar results
of EM application on pod yield were recorded
by Yousaf et al. (2000) in groundnut.
Treatment T4 recorded significantly highest dry
matter weight plant-1 (37.05 g) over other
treatments, followed by T5. Javaid et al. (2000)
reported that in green gram  root dry biomass
was enhanced by EM application in green
manure amended soils. Results of the
economics of the treatments revealed higher
net profit of Rs. 59,838/- ha-1 was obtained
with T4, followed by T5 of Rs. 59027/- and
both were at par, with B:C ratio of 3.13 and
3.09, respectively (Table 2). The soil microbial

population in different treatments differed
significantly from each other at 50 per cent
flowering stage. The soil bacterial population
ranged from 11.5 105 cfu g-1 soil to 32 105
cfu g-1 soil. The soil actinomycetes population
ranged from 6.5 104  cfu g-1 soil to 21.5 104
cfu g-1 soil, while the soil fungi number ranged
from 7 103 cfu g-1 soil to 26 103 cfu g-1 soil.
Mean soil microbial population was increased in
all treatments and found maximum in T4 while
it was minimum in T2. Overall results exhibited
that there was 3 folds increase in soil microbial
population due to use of effective
microorganisms, over the control (Table 3).
Higa and Parr (1994) reported that the
microflora of  soil can be controlled through the
application of mixed cultures of selected
beneficial and effective microorganism. 

It can be concluded that the application of
Phule EM (Yeast, Lactic acid bacteria,
Photosynthetic bacteria Rhodopseudomonas
and Streptomyces spp.) and Rhizobium as seed
treatment in combination with 75 per cent of
recommended dose of chemical fertilizers
showed better effect on growth and health of
groundnut crop as well as on microbial activity
in soil. 

Table 2. Effect of EM on soil microbial population at 50%
flowering stage of crop (cfu g-1 soil)

Treatments Soil microbial population
––––––––––––––––––––––––––––––––
Bacteria Actinomy- Fungi
(105) cetes (104) (103)

T1 17.0 8.0 9.0 
T2 11.5 6.5 7.0
T3 22.0 10.0 10.0
T4 32.5 21.5 26.0
T5 28.5 19.5 22.0
Initial cfu count 8.0 3.0 5.0

T1 - Control, T2 - 100% RDF, T3 - Rhizobium + 75%
RDN, T4 - Rhizobium + Phule EM + 75% RDN, T5 -
Rhizobium + Commercial EM + 75% RDN
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Identification of Pigeon pea Genotypes Suitable for Growing
on Rice Bunds

______________

Pulses are the major source of dietary
protein in vegetarian diet in our country.
Besides being a rich source of protein, they
maintain soil fertility through biological nitrogen
fixation in soil and thus play a vital role in
further in sustainable agriculture (Kannaiyan,
1999). In Konkan region of Maharashtra
pigeon pea is grown mainly on rice bunds. This
crop is sown during kharif in month of June-
July after transplanting of rice. This crop
matures in the month of November-December.
Crop is also grown in rice fallows after harvest
of rice on residual moisture during the month of
October and matures in the month of February-
March. The farmers are cultivating any pigeon
pea variety as per availability of seed and
therefore yield is less. It is necessary to identify

the suitable pigeon pea variety for growing on
rice bunds. In Konkan region of Maharashtra
rice is grown on about 4.2 lakh hectare area.
The rice bunds have more residual moisture
than the field. The growing of pigeon pea on
rice bund increase the total cropped area and
this crop grows very well and produces a good
yield. 

A field experiment entitled "Studies on
physiological analysis of pigeon pea (Cajanus
cajan (L) Millsp.) genotypes growing on rice
bunds" was conducted during kharif season of
year 2013-14, at the experimental field of
Department of Agricultural Botany and
Agronomy, College of Agriculture, Dapoli.
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The experiment was laid out in RBD with 3
replications. Fifteen genotypes viz., AKTE-11-
1, BSMR-853, Vipula-1, T-Vishakha, BDN-
711, Phule Rajeshwari, PKV-Tara, ICPL-
87119, AKT-8811, UPAS-120, TAT-10,
BDN-708, BSMR-736, Konkan Tur-1 and
ICPL-87 of pigeon pea were planted (15 day
old seedling) on rice bund in the month of June
2013. Total 33 plants of each genotype were
planted on 10 m bund length at 30 cm distance
in each plant. Recommended dose of fertilizer
25:50 N:P kg ha-1 was given at the time
planting. Two weedings were given at 20 days
interval. Four irrigations were provided at post
monsoon season at 15 days interval. Plant
protection measures were carried out as per
recommendations. The observations on growth
and yield were recorded and data was subjected
to statistical analysis as per Panse and
Sukhatme (1985).

The significantly higher plant height was
recorded by V1 (AKTE-11-1) which was at par
with V14 (Konkan Tur), V5 (P. Rajeshwari) and
V9 over other genotypes (Table 1). Number of
branches plant-1 were maximum in V14 which
was at par with V13, V12, V10, V9, V8, V7, V6
and V3 over other treatments. The leaf area
plant-1 was significantly higher in V1 (AKTE
11-1) which was at par with V6 and V14 over
other genotypes. The days to physiological
maturity were maximum in V1 which was at par
with V7, V8, V12, V13 over other genotypes.
The leaf area index was maximum in V1 which
was at par with V2, V6 and V14 over other
genotypes.

The data on mean number of seeds pod-1,
pods plant-1, mean pod length, mean pod dry
weight (g), 100 seed weight (g),  seed yield
plant-1 (g), biological yield, harvest index are

Table 1. Growth parameters of pigeon pea genotypes grown on rice bunds

Genotype At harvest
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Plant Bran- Leaf area Days to Leaf area Total dry
height ches (dm2) physio- index matter
(cm) plant-1 plant-1 logical (LAI) (g plant-1)

maturity

V1 - (AKTE-11-1) 263.20 15.22 31.53 179.83 1.0510 151.27
V2 - (BSMR-853) 247.33 15.72 28.97 169.00 0.9658 140.62
V3 - (VIPULA-1) 251.20 16.33 27.89 145.16 0.9298 136.99
V4 - (T-VISHAKHA) 235.33 14.17 21.89 134.67 0.7297 108.54
V5 - (BDN-711) 232.77 14.83 26.24 136.83 0.8748 112.60
V6 - (P.RAJESHWARI) 259.03 16.61 29.47 173.44 0.9822 143.48
V7 - (PKV-TARA) 242.00 16.72 27.79 175.77 0.9264 139.51
V8 - (ICPL-87119) 249.67 17.06 26.20 179.73 0.8733 143.66
V9 - (AKT-8811) 253.17 16.44 23.58 170.53 0.7860 144.86
V10 - (UPAS-120) 229.57 16.17 19.76 130.02 0.6588 109.11
V11 - (TAT-10) 243.53 15.28 24.95 129.47 0.8318 106.89
V12 - (BDN-708) 250.67 16.61 25.07 176.55 0.8358 134.22
V13 - (BSMR-736) 241.10 16.94 28.09 178.50 0.9362 140.38
V14 - (KONKAN TUR) 261.13 17.17 29.94 164.69 0.9981 146.59
V15 - (ICPL-87) 227.83 15.17 19.49 128.84 0.6498 100.97
Mean 245.84 16.03 26.06 158.20 0.8686 130.65
SE ± 3.80 0.27 0.77 1.88 0.0255 0.92
CD at 5% 11.02 0.80 2.22 5.45 0.0744 2.67
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presented Table 2. The data revealed that,
genotypic differences were significant for all
yield and yield contributing parameters. The
mean number of seeds pod-1 were 3.67. The
genotype BDN 711 (V5) recorded significantly
the highest mean number of seeds pod-1 (4.40)
which was at par with genotypesV2, V4, V8,
V10, V15 and V14 over other genotypes. The
genotype V9 AKT-8811 recorded lowest mean
number of seeds pod-1 (3.07). The genotype
V10 UPAS-120 recorded significantly highest
number of pods per plant (230.33) which was
at par with V9, V1, V11, V3, V14, V12, V5 and
V2 over other genotypes. The genotype V15 -
ICPL-87 recorded lowest number of pods plant-
1. The mean pod length was 5.48 cm. The
genotype V5 - BDN-711 recorded highest pod
length and was at par with genotypes V14, V5,
V7, V4, V3, V2, V11, V8 and V6. The genotype
V10 - UPAS-120 recorded lowest pod length.
The mean pod dry weight plant-1 was 73.64 g.
The genotype V5 - BDN-711 recorded the

highest pod dry weight plant-1 and was at par
with genotypes V14, V11, V2 and V15 over
other genotypes. The genotype V7 - PKV-
TARA recorded the lowest pod dry weight
plant-1. The hundred seed weight (g) was 9.27.
The genotype V1 AKTE-11-1 recorded
significantly highest mean 100 seed weight
which was at par with genotypes V3, V14, V13,
V2, V5, V6, V8, V9, V10 and V7 over other
genotypes. The genotype V15 ICPL-87
recorded the lowest 100 seed weight. The
mean seed yield plant-1 was 43.24 g. The
genotype V1 AKTE-11-1 recorded significantly
highest seed yield which was at par with
genotypes V14 Konkan Tur over other
genotypes. The genotype V15 ICPL-87
recorded lowest mean seed yield weight plant-1. 

The biological yield, seed yield and harvest
index was 204.29 g. 43.24 g and 21.10 per
cent, respectively. Genotype V1 (AKTE 11-1)
recorded significantly higher biological yield

Table 2. Mean seed yield per plant and yield attributes of different pigeon pea genotypes grown on rice bund

Genotype No. of No. of Pod Pod dry 100 Seed Biological Harvest
seeds pods length weight seed yield yield index
plant plant-1 (cm) plant-1 weight plant-1 plant-1 (%)

(g) (g) (g) (g)

V1 - (AKTE-11-1) 3.13 214.33 5.20 75.69 9.83 51.61 226.96 22.75
V2 - (BSMR-853) 3.80 204.33 5.60 79.52 9.50 46.10 220.15 20.94
V3 - (VIPULA-1) 3.27 212.67 5.10 69.08 9.83 45.75 206.07 22.20
V4 - (T-VISHAKHA) 4.00 197.33 5.67 75.64 8.83 36.94 184.18 20.06
V5 - (BDN-711) 4.40 206.00 6.07 83.89 9.50 38.50 196.49 19.59
V6 - (P.RAJESHWARI) 3.40 175.67 5.53 65.33 9.50 45.12 208.82 21.60
V7 - (PKV-TARA) 3.27 174.00 5.70 61.74 9.00 42.35 201.25 21.06
V8 - (ICPL-87119) 3.80 196.67 5.53 68.11 9.50 45.71 211.77 21.59
V9 - (AKT-8811) 3.07 217.33 5.03 73.83 9.50 48.74 218.69 22.29
V10 - (UPAS-120) 4.00 230.33 4.80 78.23 9.17 38.09 187.33 20.34
V11 - (TAT-10) 3.60 213.00 5.23 80.33 8.83 36.94 187.23 19.73
V12 - (BDN-708) 3.40 206.67 5.53 64.95 8.50 44.29 199.16 22.24
V13 - (BSMR-736) 4.00 195.00 5.67 68.37 9.50 44.45 208.75 21.30
V14 - (KONKAN TUR) 3.87 221.67 5.87 80.38 9.67 50.64 226.97 22.31
V15 - (ICPL-87) 4.00 162.67 5.73 79.50 8.33 33.38 180.47 18.49
Mean 3.67 201.84 5.48 73.64 9.27 43.24 204.29 21.10
SE ± 0.27 6.81 0.20 1.61 0.30 0.76 1.98 0.42
CD at 5% 0.79 19.74 0.58 4.67 0.86 2.21 5.74 1.22

Journal of Agriculture Research and Technology 163



(226.96 g plant-1) which was at par with V14
(Konkan Tur-1) over other genotypes. The
maximum seed yield was recorded by genotype
AKTE 11-1 V1 (51.61 g) which was at par with
V14 (50.64 g plant-1). 

The studies revealed that the genotype
AKTE-11-1 (V1) produced highest seed yield
per plant (51.61 g) which was due to
production of higher pods plant-1 (214.33), test
weight (9.83 g), highest plant height (263.20
cm), branches (26.06), leaf area (30.53 dm2),
total dry matter (151.27 g) and late maturity
periods (179.83 days). This variety also
recorded highest harvest index (22.75%).
Similar results were reported by Sharma et al.
(1987), Nanda and Saini (1989), Sharan et al.
(1988).

The genotype Konkan Tur-1 (V14) also
produced second ranking seed yield plant-1

(50.64 g) which was due to higher pods plant-1

(221.67), pod length (5.87 cm), 100 seed
weight (9.67), plant height (cm), leaf area
(29.94 dm2), total dry matter production
(146.59 g) and branches (17.17). These results
were in conformity with the findings of Singh et
al. (1977a) and Bahal et al. (1979).

Among the different genotypes studied,
genotype V1 (AKTE 11-1) produced higher
seed yield which was due to longer duration
(late maturity period), highest plant height,
branches, leaf area, total dry matter, highest
LAI and harvest index than other genotypes
and lowest above characters in V15 (ICPL-87).
Thus genotype AKTE 11-1 is a promising
genotype for growing on rice bunds in Konkan
region. 

P. B. Bankar  
A. K. Shinde 
S. G. Mahadik 
V. Y. Bharambe 
S. G. Bhave 
U. V. Mahadkar

Dr. Balasaheb Sawant 
Konkan Krishi Vidyapeeth,
Dapoli - 415 712 (India)
January 1, 2015.
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The rhizome bud of ginger var. Mahima
(IISR Calicut) was cultured in-vitro propagation
to know optimum concentration of BAP and
IAA. The response of  BAP (0.00, 1.5, 2.5,
3.5 and 4.5 mg L-1) and IAA (1 mg L-1) were
studied. The minimum days for shoot initiation
(8.75), highest number of shoots (4.25) and
maximum number of leaves (8.25) was
observed and maximum shoot elongation (5.53
cm) was obtained at concentration of BAP (3.5
mg L-1) with  IAA (1 mg L-1). In this context,
efficient protocol was developed by in-vitro
technique to yield multiple number of shoots
and regeneration. 

India is called as the 'Spice Bowl of the
World' for production of variety of spices with
superior quality. Ginger is an important spice
crop grown in India. It is herbaceous
rhizomatous perennial plant belonging to the
family Zingiberaceae, under the natural order
Scitamineae. According to the Bureau of Indian
Standards (BIS), 63 spices are grown in India.
India is the leading country in the world for
production, consumption and export of
spices.The total production of ginger in the
world is 1683.00 thousand tons with the total
acreage of 310.43 thousand ha. China, India,
Nepal and Thailand are the major producers of
ginger in the world, having production of
396.60 thousand tons, 385.33 thousand tons,
210.79 thousand tons and 172.68 thousand
tons respectively (Anonymous, 2010).

In Maharashtra ginger production area is
about 1308 ha and production is 1245 tonnes
year 20010-11. In Aurangabad ginger
production area is about 5330 ha and
production is 106604 tonnes year 2011 in five
year (Anonymous, 2013). Planting of ginger

isdone on the onset of monsoon in
Maharashtra and Northern India.

Some of the prominent indigenous cultivars
are Maran, Kuruppampadi, Ernad, Wynad,
Himachal and Nadia. Exotic cultivars such as
Rio-de-Janeiro have also become very popular
among these cultivators. Some improved
varieties of ginger viz., Suprabha, Suruchi,
Surai, Himgiri, Varada, Mahima, Rejatha,
Karthika and Athira. Especially Mahima (IISR
Calicut) is the best variety for cultivation,
qualities of variety Mahima yield 22.2 t ha-1,
Maturity 200 days, crude fiber 4.0 per cent and
essential oil 2.36 per cent etc. The method of
propagation of ginger is vegetative propagation
through underground rhizome. But, this is slow
process. Rhizome has dormancy period and
only sprouted during the monsoon, 5 to 6
plants can be obtained from one single rhizome
in a year. Rapid method of multiplication is
needed especially for newly developed high
yielding varieties, which are available in small
quantities. Tissue culture tool is best to
overcome the problem of dormancy and to
produce diseases free propagates on a large
scale. Micro-propagation provides a rapid,
reliable system for the production of large
numbers of genetically uniform plantlets. 

Combination of cytokinin and auxin exhibit
a quantitative relationship in the regulation of
morphogenesis, organ formation (Skoog and
miller 1957). The MS medium supplemented
with BAP and IAA as treatments were used to
investigate their synergetic effect on rhizome
nodal explants of ginger. 

Explants and surface sterilization : The
rhizome bud of ginger was collected from
college instructional farm. The rhizome bud of
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ginger (Zingiber officinale Rosc.) Var. Mahima
(IISR Calicut) was cut in to 0.5 cm (Sathyagowri
et al. 2011) length segment and wash with
running tap water to remove dirt. Then
explants were washed with household
detergent (Labolin) for 5 min followed by
repeated  rinsing with distilled water for 5 min.
After that explants were transferred to laminar
air flow for surface-disinfect using 70 per cent
ethanol for 10-20 sec. and further sterilized
with 5.25 per cent Sodium  Hypochlorite
(NaOCl)   solution containing two  drops of
Tween-20 for 20 minutes and wash with
sterilized double distilled water for 5 times. The
explants were trimmed to 0.5 cm long pieces
before transfer to the establishment medium. 

Establishment and proliferation : MS
medium (Murashige and Skoog 1962) was
commonly used for all the experiments,
containing 0.8 per cent agar (w/v)  and 3 per
cent sucrose (w/v) and various concentration of
BAP (1.5, 2.5, 3.5 and 4.5  mg L-1) and IAA
(1 mg L-1). The stock solution mixed in required
proportion along with sucrose. The volume
were made by adding distilled water then check
the pH 5.6-5.8, finally added agar and anti-
fungal supplement (Hi-media) (v/v) to properly
mix the media. The required material and
media were autoclaved at 121ºC for 20 min.
The plant growth regulators, Amino acids and
vitamins may get destroyed during autoclaving,
such chemicals are, therefore, sterilized by

filtration through using syringe- driven filter
membrane 0.22 µm porosity. 

After sterilization of explants were trimmed
(0.5cm) and inoculated on MS media;
supplemented with different combination of
BAP at variable concentration with IAA. The
cut ends of explants were kept in such a way so
as to have maximum contact with the medium.
After aseptic transfers, the explants and tissues
have to be incubated at specific temperature,
the most desirable being 25± 2ºC temperatures
with 16 hrs photoperiod.

Data was recorded on  explants at weekly
intervals, for number of days required for
initiation of shoot as mean number of days,
number of shoots produced explants-1,
elongation of shoots and number of leaves
proliferated. The data obtained on various
observations were analyzed by completely
randomized design (CRD) (Panse and Sukhatme
1967).

Number of days required for shoot
initiation :  Data on days to shoot initiation in
Zingiber officinale Rosc. as influenced by
different concentrations of BAP are presented
in Table 1.

The minimum number of days required for
initiation of shoots as MS+1.0 IAA (16.50)
without BAP while MS + BAP (3.5 mg L-1) +
IAA (1.0 mg L-1) required less number of days

Table 1. Effect of variable concentration of BAP and constant IAA on in vitro gegeneration of ginger

Treatment No. of days required No. of shoots/ No. of leaves Shoot 
(mg L-1) for shoot initiation (DAI) explant shoot-1 height (cm)

T0 - MS + 1.0 IAA Control 16.50 1.22 2.50 2.43
T1 - MS + BAP(1.5) + IAA(1.0) 11.75 2.00 6.75 2.98
T2 - MS + BAP(2.5) + IAA(1.0) 9.50 3.80 8.00 3.73
T3 - MS + BAP(3.5) + IAA(1.0) 8.75 4.25 8.25 5.48
T4 - MS + BAP(4.5) + IAA(1.0) 12.25 1.75 6.80 5.53
Mean 11.75 2.62 6.46 4.03
SE ± 0.413 0.329 0.50 0.20
CD at 1% 1.70 1.359 2.10 0.83
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for initiation of shoot as compared to rest of the
BAP concentration, followed by BAP 2.5 mg
L-1 and BAP 1.5 mg L-1. The presence of
cytokinin in the medium leads to the promotion
of bud differentiation development and shoot
initiation. Similar result was reported by
Wickson and Thimann (1958) and Skoog and
Miller (1967) who reported that the cell division
or cell differentiation was also associated with
auxin and cytokinin. Hirimburegama and
Gamage (1995) found that cytokinin to be
essential for axillary bud break.

Number of shoots explant-1 : The data
on number of shoots explants-1 was presented
in Table 1.

The media combination with  BAP 2.5 mg
L-1 and 3.5 mg L-1 were at par and significantly
recorded maximum number of shoot in
Zingiber officinale Rosc. as compared to rest of
the BAP concentrations and control.
Concentration 1.5 mg L-1 recorded 2.00
shoots per explants 4.5 mg L-1 recorded 1.75
shoots explants-1 and control recorded 1.25
shoots explants-1 were at par with each other.
Cytokinins are used in plant cell culture at
appropriate concentration that may stimulate
axillary and adventitious shoot proliferation.
Similar findings were reported by Nkere et al.
(2009).

Number of leaves proliferation per
shoot 28 DAI : The data presented in Table
1 recorded the mean number of leaves
explant-1 of ginger (8.25). The number of
leaves proliferated in ginger were influenced
due to different concentration of BAP and IAA.

Concentration of BAP 3.5 mg L-1 with
constant IAA recorded maximum number of
leaves (8.25) per explant and found superior
over control. Concentrations of BAP 1.5, 2.5,
3.5 and 4.5 mg L-1 with constant IAA were at
par and all significantly superior over control.

It might be due to combination effect of
cytokinin in medium leads to the leaf
expansion, resulting solely from cell
enlargement in Zingiber officinale
Rosc.Cytokinins are involved in regulation of
various processes of plant appears important in
nutrient signals and morphogenic responses.

Shoot elongation (cm) : Data on shoot
elongation (cm) of main shoot as influenced by
various treatments of BAP concentration are
given in Table 1.

The effect of different concentration of BAP
on height of shoot per explants was found
significant. The concentrations of BAP 3.5 mg
L-1 and 4.5 mg L-1 were at par with each other
and found significantly superior over rest of the
other treatments,  followed by BAP 2.5 and
BAP 1.5 mg L-1.  The control i.e. without BAP
recorded minimum elongation of shoots.
Hence it is concluded that the combination
effect of cytokinin used in media promotes the
growth of shoots and regulates cell division.
Similar results were reported by Mok (1994)
and  Abbas et al. (2011). Combination of
cytokinin and auxin exhibit a quantitative
relationship in the regulation of morphogenesis
and organ formation. Ratio of auxin and
cytokinin in the medium low cytokinin/auxin
ratios favored root formation, while high
cytokinin/auxin ratios promoted bud (shoot)
formation.

Based on present study it is concluded that
the MS + BAP (3.5 mg L-1) + IAA 1.0 mg L-1

recorded maximum number of shoots, number
of leaves, shoot length, and minimum day
required for shoot initiation compared to
control.

Ashwin B. Kshirsagar
V. C. Dhakane

Deptt. of Plant Biotechnology, 
MGM, College of Agricultural Biotechnology,  
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Performance of post emergence herbicide in Soybean +
Pigeonpea Intercropping

______________

Among various constraints in crop
production weed control is important one, but
generally neglected by many farmers. Due to
weeds the crop yield loss is 20 to 77 percent
(Kucheria et al. 2001). Timely weed manage-
ment is an important factor to increase the crop
productivity. The degree of loss depends upon
intensity and kind of infesting weed. Manual
weeding during critical growth stages is
sometimes not possible due to uncertain
weather, soil condition and labour problems.

Inter cropping suppress the growth of weeds
up to 25 per cent (Shobney et al. 1989). It is
very essential to find out alternative to manual
labour for weed control, which has more weed
control efficiency. At present many promising
and selective herbicide are available, which can

control weeds effectively when are used as post
emergence application.

The intercropping of Soybean + Pigeon pea
has been recommended by VNMKV, Parbhani
and adopted on large scale by farmers. A very
limited work on weed management in Soybean
+ Pigeon pea intercropping has been done as
an application of herbicide. The adequate
information regarding use of pre emergence
herbicide is available but due to weather
condition or situation not suitable for pre-
emergence application, the post emergence is
the best option for using weedicide in this
intercropping.

A field experiment was carried out during
kharif 2012 at experimental farm of Weed
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Science Research Center, VNMKV, Parbhani in
a randomized block design with seven
treatments (T1 - PE-Pendimethalin 30% EC @
0.75 a.i. kg ha-1, T2 - POE - Imazethapyr 10%
SC @ 0.100 a.i. kg ha-1 at 25 DAS, T3 - POE
-Quizalofop ethyl 5% EC @ 0.050 kg ha-1 at
25 DAS, T4 - Chlorimuron methyl (POE) 25%
@ 0.010 a.i. kg ha-1 at 25 DAS, T5 -
Imazethapyr + Imazimox (POE) 70% WS @
0.10 kg ha-1 at 25 DAS, T6 - Two Hand
weeding and hoeing at 20 and 40 DAS and T7
- weedy check), replicated thrice. Weedicide
were sprayed as per treatments on crops sown
on 3rd July 2012 in 2:1 row proportion.
Soybean (var. JS 335) and Pigeonpea (var.
BSMR - 736) was sown at 30 x 5 cm and 90 x
20 cm, respectively by drilling. A common dose
of fertilizer 30:60 kg NPK ha-1 was applied at
the time of sowing to main crop. The crop were
harvested at their maturity.

Effect on growth factors : Plant height
(cm), leaf area (dm2) and plant dry matter (8

plant) were significantly highest in treatment of
Imazethapyr + Imazimox 70% wg@ 1.0 kg
ha-1 at 25 DAS as compared to all other weed
control treatments (Table 1).

Effect on grain yield and Straw yield :
Yield of soybean, pigeon pea and soybean
equivalent yield was significantly highest due to
application of Imazethapyr + Imazimox 70%
WG @ 0.1 kg ha-1 treatment and was on par
with treatment of 2 HW and Hoeing at 20 and
40 DAS and superior over rest of the
treatments. Similar trend was observed in case
of straw yield. These results are in confirmation
with Kushwaha and Vyas (2005), Singh and
Jolly (2004) and Reddy et al. (2003).

Effect on dry weed weight and weed
control efficiency : In case of both monocot
and dicot weeds, dry weed weight at 90 DAS
was significantly lowest due to T5 - Imazethapyr
+ Imazimox 70% WS @ 0.1 kg ha-1, which was

Table 1. Dry weed weight (g m-2) , weed control efficiency, Biometric observations, soybean, pigeon pea and soybean
equivalent yield as influenced by various weed control treatments

Treat- Dry weed Weed control Mean Leaf Plant Grain Straw
ment weight efficiency plant height area dry yield yield

at 90 DAS at 90 DAS (cm) (d m2) matter (q ha-1) (q ha-1)
–––––––––––– ––––––––––––– –––––––––––– ––––––––––– –––––––––––– ––––––––––––––– ––––––––––––––––
Mono Di Mono Di Soy P pea Soy P Soy P Soy P SYE Soy P Soy+ 
cot cot cot cot pea pea pea pea PP

T1 11.49 9.30 50 42 56.75 152.20 1.79 48.4 55.43 247.7 13.2 9.4 13.5 22.4 27.3 49.7

T2 14.45 8.76 37 45 56.93 153.87 1.85 50.6 57.60 259.6 15.5 11.5 16.6 24.3 31.4 55.7

T3 6.79 12.41 41 23 57.50 158.23 1.90 52.7 57.17 281.1 16.7 12.9 18.6 25.7 31.7 57.4

T4 13.50 11.46 74 29 55333 152.10 1.70 47.6 54.25 240.6 14.0 10.3 14.8 24.0 30.8 54.8

T5 5.89 7.72 74 52 59.08 176.49 2.01 54.7 62.98 288.5 22.3 15.2 21.9 30.2 35.3 65.5

T6 13.50 8.66 40 44 57.99 157.73 1.73 51.4 57.13 250.7 20.5 13.7 19.7 29.9 32.9 62.8

T7 23.23 16.20 - - 52.29 144.10 1.42 47.6 54.12 238.5 12.8 8.7 12.2 22.0 25.3 47.3

SE± 0.84 0.68 - - 1.22 5.72 0.057 1.10 1.69 0.43 1.31 1.17 0.87 1.29 1.14 -

CD 2.61 2.12 - - 3.78 17.62 0.176 3.41 5.23 1.32 4.05 3.62 2.68 3.97 3.53 -

T1 - PE Pendimethaline 30% EC@0.750 a.i. kg ha-1, T2 - POE - Imazethapyr 10% SC@0.100 a.i. kg ha-1 at 25 DAS, T3 -

Quizalofop ethyl 5% EC (POE) @0.050 a.i. kg ha-1 at 25 DAS, T4 - Chlorimuron methyl (POE) 25% @ 0.0 10 a.i. kg ha-1

at 25 DAS, T5 - Imazethapyr + Imazimox (POE) 70% WS@ 0.10 kg ha-1 at 25 DAS, T6 - Two Hand weeding and hoeing

at 20 and 40 DAS, T7 - Weedy check.
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highest in unweeded control treatment (T7).
Weed control efficiency of monocot and dicot
weeds was significantly highest due T5 as
compared to all other treatments and weedy
check at 90DAS (Table 1). But in case of dicot
weeds, lowest weed control efficiency was
observed in treatment (T3) Quizalofop ethyl 5%
EC POE @ 0.050 a.i. kg ha-1 at 25 DAS.

Application of Imazethapyr + Imazimox
70% WS @ 0.1 kg ha-1 found to be effective in
controlling weeds in soybean + pigeon pea
intercropping and obtaining highest equivalents
yields.

A. S. Jadhav

Cotton Research Centre,
VNMKV, Parbhani - 431 401 (India)

March 10, 2015.

References

Kukheria, S. P., Rathi, G. S., Bhalla, C. S. and Mathew, R.
2001. Bio-efficacy of post emergence herbicides for
weed control in soybean (Glycine max) Indian J. Weed
Science. 33(1 and 2): 34-37.

Kushwaha, S. S. and Vyas, M. D. 2005 Herbicidal weed
control in soybean (Glycine max) Indian Journal of
Agronomy 50(3): 225-227.

Reddy, P. C., Rajur, B. P., Ramchandra, V. T. and
Krishamurty K. 1990. Effects of herbicides and
cultural practices on weed control in soybean. Maysore
J. Agric. Sci. 24(3): 297-301.

Sing, G. and Jolly, R. S. 2004. Effects of herbicides on the
weed infestation and grain yield of soybean (Glycine
max) Acta Agronomica Hurgarica 52(20): 199-203.

Shobney, J. S., Sidhu, M. S., Maran, R. S. and Kumar K.
1989. Intercropping as a system to manage weeds J.
Res. PAU, 26(4): 563:568.

J. Agric. Res. Technol., 41 (1) : 170-174 (2016)

Population dynamics of Woolly aphid, Ceratovacuna
lanigera Zehntner on Adsali Sugarcane in Western

Maharashtra

______________

Sugarcane woolly aphid (SWA),
Ceratovacuna lanigera Zehntner outbreak was
observed in the sugarcane growing areas of
Western Maharashtra and some parts of
Karnataka state during 2002 to 2006. The
area under sugarcane declined and there was
21.41 per cent loss in cane weight in Co
86032 variety and 2.04 units loss in sugar
recovery of Co 94012 variety (Galande, 2007).
Weather parameters play a key role to
population built up of SWA which fluctuated
during crop growth period.  Saputro et al.
(1995) reported the conductive effect of dry
weather with high humidity for population build
up of C. lanigera in Indonesia. The increase of
SWA population due to an increase in
maximum or minimum temperatures or bright

sunshine hours were reported from Assam in
India (Phukan et al., 1977). A decrease in
populations too has been reported due to an
increase in either rainfall or relative humidity.
According to Patil et al. (2004), maximum
temperature of 28.3 to 30.5°C, rainfall of
223.4 mm in 46 rainy days, 55 - 87 per cent
relative humidity in the morning and cloudy
days during June to January favoured the
severe out break of SWA in Western
Maharashtra (India). However, only sporadic
incidences were observed during March to
May. Also, several theoretical models have
been attempted in India by Ganeshaiah et al.
(2003) based on simulations using
DIVA-GIS and GARP to predict the pattern of
spread of the SWA. Therefore, present
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Table 1. Sugarcane woolly aphid population on Adsali Crop and weather parameters during 2004-06 (2nd August 2004 to
2nd February 2006)

Met. Av. woolly Temperature (°C) Relative humidity % Rainfall
week aphid –––––––––––––––––––––––– ––––––––––––––––––––––– (mm)

popula- Tmax. Tmin. RH-I RH-II (RF)
tion

31 0.00 26.01 21.52 94.42 90.71 14.58

32 0.00 28.07 22.08 93.57 81.42 1.04

33 0.00 28.24 21.08 89.85 75.14 3.34

34 0.00 28.31 21.37 94.28 79.85 0.14

35 0.00 29.06 19.67 92.42 75.00 0.00

36 0.00 30.24 21.28 95.28 79.14 4.54

37 3.15 19.14 20.77 96.28 72.28 0.37

38 4.00 31.07 21.22 97.42 46.71 10.21

39 7.59 30.32 21.44 97.42 80.85 9.01

40 10.38 26.28 18.68 84.57 65.25 5.67

41 15.14 31.18 20.77 96.42 65.57 0.00

42 16.20 26.09 15.03 90.28 40.71 0.00

43 17.00 31.42 14.02 83.28 46.85 0.00

44 20.75 29.08 18.74 93.14 65.71 0.00

45 22.34 29.64 17.03 91.14 69.00 0.31

46 27.21 31.15 21.22 96.14 68.42 0.86

47 29.14 30.64 12.92 97.14 39.00 0.00

48 31.17 28.91 10.07 98.00 43.28 0.00

49 32.00 28.58 9.08 98.85 46.42 0.00

50 31.00 28.64 9.17 98.14 52.71 0.00

51 33.00 30.04 9.55 99.85 51.71 0.00

52 34.87 29.00 11.88 98.71 56.00 0.00

1 37.20 33.92 15.01 95.42 46.14 0.00

2 35.14 29.60 9.20 94.00 34.85 0.00

3 33.10 28.60 7.55 91.71 31.14 0.00

4 31.09 31.20 13.6 94.14 45.85 0.00

5 30.05 25.40 10.22 96.57 57.85 1.47

6 24.48 27.02 13.00 94.14 45.71 0.00

7 24.00 34.01 11.7 90.00 43.14 0.00

8 25.07 31.70 10.68 96.85 55.28 0.00

9 23.11 34.72 16.67 93.00 32.71 0.00

10 19.17 33.37 16.02 91.42 46.57 0.05

11 13.23 34.95 14.14 88.41 46.71 0.00

12 8.01 36.44 16.88 77.42 36.85 0.00

13 5.27 37.14 17.68 77.14 38.57 0.00

14 4.00 37.68 21.44 84.00 55.85 0.00

15 0.00 36.8 19.32 89.71 59.14 0.82

16 0.00 38.42 20.98 80.71 48.14 0.00

17 0.00 30.94 20.95 83.85 46.71 0.15

18 0.00 36.47 20.64 89.71 56.28 0.02
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19 0.00 37.44 22.65 87.85 46.71 3.20

20 0.00 39.68 21.44 79.00 35.57 3.20

21 0.00 40.01 24.12 84.42 47.28 3.20

22 0.00 35.34 23.92 89.57 49.57 0.00

23 0.00 38.00 24.35 88.57 51.57 0.00

24 0.00 35.08 23.05 95.85 72.14 6.77

25 0.00 35.52 23.65 91.14 80.42 0.00

26 0.00 28.75 22.94 96.00 88.57 4.38

27 0.00 28.34 22.81 97.14 91.43 4.29

28 0.00 30.12 23.07 94.00 81.57 0.00

29 0.00 32.17 23.27 95.71 62.28 2.00

30 0.00 27.15 22.42 95.28 80.14 7.65

31 0.00 26.56 22.31 96.57 90.86 7.47

32 0.00 27.11 21.46 97.14 84.43 2.21

33 2.01 28.11 21.46 97.29 81.86 1.67

34 2.27 29.00 20.36 97.86 76.57 1.39

35 4.19 31.23 21.51 96.57 64.86 7.01

36 8.10 30.36 22.34 99.43 78.86 155.49

37 8.12 28.31 22.20 98.57 81.14 262.53

38 9.74 28.49 22.17 92.86 74.57 264.04

39 12.00 29.07 20.34 95.86 67.57 270.67

40 17.95 31.13 20.79 97.57 57.14 11.73

41 20.91 32.67 18.69 95.86 46.00 14.87

42 22.04 30.24 21.03 98.57 59.86 30.42

43 22.70 30.79 16.06 96.43 42.29 33.20

44 25.52 30.63 13.71 96.43 37.86 0.00

45 28.10 30.19 11.87 96.43 42.00 0.00

46 29.19 30.40 9.94 96.29 38.57 0.00

47 29.87 30.60 10.47 96.57 45.00 0.00

48 31.04 29.39 13.31 97.29 51.43 0.00

49 32.30 29.41 16.00 94.86 60.71 0.00

50 33.09 28.50 9.00 99.29 51.00 0.00

51 35.20 28.89 8.04 98.14 51.71 0.00

52 35.20 27.86 8.88 99.14 42.00 0.00

1 34.69 27.74 9.27 99.57 47.57 0.00

2 30.82 29.40 11.30 97.71 47.43 0.00

3 28.76 31.97 12.49 98.43 35.86 0.00

4 27.71 28.37 6.56 97.43 31.00 0.00

5 25.24 29.81 8.70 95.71 31.71 0.00

*aphids per 2.5 cm2 leaf area

Table 1. Contd.

Met. Av. woolly Temperature (°C) Relative humidity % Rainfall
week aphid –––––––––––––––––––––––– ––––––––––––––––––––––– (mm)

popula- Tmax. Tmin. RH-I RH-II (RF)
tion
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study was, undertaken to find out the
effect  of weather parameters on  SWA
population of  C. lanigera on  Adsali crop of
sugarcane. 

The experiment was conducted on Adsali
sugarcane planted at research farm of Central
Sugarcane Research Station, Padegaon
(Maharashtra) during 2004-06. Planting of
sugarcane setts of Co 86032 variety was done
on 2nd August, 2004 with 120 x 90 cm
spacing on an area of 0.10 hectare and the
crop was harvested after 18 months on  2nd

February, 2006.  The 60 tonnes of FYM ha-1

as organic source and chemical  fertilizer
dosages  of NPK @ 400 : 170 : 170 kg ha-1

was given as per recommended practices. The
average number of aphid population on five
randomly selected plants at 10 locations was
used for monitoring the level of populations
during the study. Three leaves from top, middle
and bottom of plants were selected and the
incidence of woolly aphid on 2.5 cm2 leaf area
was recorded at weekly interval. The weather
data was recorded daily and weekly averages
were worked out. The population of SWA was
correlated with weather parameters of the
corresponding week and multiple linear
regression equation (prediction model) was
worked out as per the method suggested by
Panse and Sukhatme,  1985.

The SWA population and weather
parameters data during the year 2004 to 2006
for Adsali sugarcane crop are presented in
Table 1. The data revealed two peaks of SWA
during the crop period. In the first peak,
population of SWA initiated during 37th MW i.
e. six weeks after planting with 3.15 aphids per
2.5 cm2 leaf area and gradually increased to a
maximum level of 37.20 aphid per 2.5 cm2

leaf area in 1st MW. During this period,
maximum and minimum temperatures were
between 33.92ºC  and 15.01ºC, respectively

and RH- I (Morning) and RH- II (evening ) was
95.42 per cent  and 46.14 per cent,
respectively. Thereafter, SWA population
showed declined trend and reached at zero level
in 15th MW to 32nd MW i.e. from 9th April,
2005 to 12th September, 2005. The maximum
and minimum temperatures in these weeks
were 26.56 to 40.01ºC and 19.32 to
24.35ºC, respectively and morning and
evening relative humidity ranged from 79.00
to 97.14 per cent and 35.57  to 91.43 per
cent, respectively. Second peak of  SWA was
noticed  in 33rd MW with 2.01 aphids per 2.5
cm2 leaf area. The population showed
increasing trend and reached at peak level with
35.20 aphids per 2.5 cm2 leaf area in 51st and
52nd MW. The maximum and minimum
temperatures in these weeks were between
27.86  to 28.89°C and 8.04  to 8.88°C,
respectively. Morning and evening relative
humidity in these weeks was between 98.14 to
99.14 per cent and 42.00  to 51.71 per cent,
respectively. At harvesting, 25.24 aphids per
2.5 cm2 leaf area were recorded in February,
2006.  

The correlation of SWA population with
weather parameters on Adsali sugarcane crop
during the year 2004-06 was worked out. It
was observed that maximum and minimum
temperatures showed significant negative
correlation for woolly aphid population with ' r'
values of - 0.247*  and - 0. 881** respectively,
whereas, morning and evening relative
humidity showed significant positive and
negative correlations with ' r' values of  0.428**
and - 0.588** respectively.  However, rainfall
did not show significant correlation on woolly
aphid population. The multiple linear
regression equation (prediction model) between
woolly aphid population with minimum
meteorological parameters was worked out as:
Y = -16.761 - 1.635 Tmin.** + 0.756 MRH.**
- 0.189 ERH.** (R2 = 0.83). Where, Y=
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Expected woolly aphid incidence, Tmin. =
Minimum temperature, RH.-I = Morning
relative humidity, RH.-II. = Evening relative
humidity. 

Results obtained in the present study are in
agreement with observations reported by
Cheng et al. (1994), Galande et al. (2003),
Lingappa et al. (2003) and Galande et al.
(2004). Cheng et al. (1994) reported peak
aphid population of SWA between second
fortnight of April and June in Taiwan and high
temperatures caused aphid populations to
fluctuate at lower level in summer. Similarly,
Galande et al. (2003) reported that during
March the  infestation declined as compared to
previous months in all districts of Maharashtra
due to high temperatures. During summer
months SWA survived on the crop under tree
shade, around water channels and river banks
as well as in low lying areas where high
humidity and low temperatures prevails
(Galande et al., 2004). The incidence of C.
lanigera was reported in November by
Lingappa et al. (2003 ).  The incidence of SWA
under field conditions with excess of irrigation
on 8 to 10 months old crop was recorded from
March to May, 2003. The winged forms were
more during December and January and the C.
lanigera population thereafter declined due to
increase in temperature. Similar results are
observed in the present study.

S. M.Galande
B. A.Bade
S. B. Kharbade

College of Agriculture, 
Pune - 411 005 (India)
May 2, 2015.
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