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Poultry manure is rich source of nutrients
which contains 3.03 per cent nitrogen, 2.63
per cent phosphorus and 1.4 per cent
potassium which plays an important role in
plant growth and increasing yield (Gaur et al.
2002). Amongst the various agronomic
management practices nutrient management
plays an important role in deterioration of soil
health and increased environmental pollution.
Continuous cropping without adding organic
manures resulted in nutrient imbalance leading
to adverse effect on soil health.

In recent years use of polythene mulch
technique in agriculture production, is
becoming popular. By using black polythene
mulch the soil temperature is raised through
conduction of solar heat and weeds are
controlled due to its opaque nature. The yield
potential of tropical vegetable like chilli can be
raised substantially, when planted with

polythene mulch in rabi season. Fertigation
saves about 30-40 per cent fertilizer dose and
ultimately improves yield and quality of crop
(Marwaha, 2003). Thus an attempt was made
to evaluate response of chilli to fertigation and
poultry manure levels grown under black
polythene mulch.

Materials and Methods

A field experiment on chilli var. Pusa Jwala
was conducted during rabi-cum - hot weather
season i.e. in the month of December 2004 to
April 2005 at College of Agriculture, Dapoli.
The soil was clay loam with a pH of 6.35,
available nitrogen 324.72 kg, available
phosphorus 12.08 kg and available potash
249.8 kg ha-1. The trial consisted of four main
plot treatments F1 was fertilizer application as
per recommendation and F2, F3, F4 were the
fertigation treatments with 75, 100 and 125
per cent of recommended dose (150 : 50 : 50
kg N, P2O5, K2O kg ha-1) respectively. The
subplot treatments consisted of levels of poultry
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Response of Chilli (Capsicum annuum L.) to Fertigation and
Poultry Manure Levels Grown Under Black Polythene Mulch

N. R. Talpade1, P. P. Shinde2 and Y. H. Nangale3

Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli -  415 712 (India)
(Received  : 16-12-2007)

Abstract
The fertilizer application as per recommendation recorded significantly superior plant height at 90 DAT,

average weight of fruit and weight of fruits per hill. However, it was at par with fertigation, 100 per cent of
RDF in case of weight of fruits per hill and average weight of fruit. The treatment fertigation, 125 per cent
of RDF recorded significantly superior number of fruits per hill over the rest of the fertigation levels. The plant
spread at 90 DAT, average fruit length and fruit yield was not statistically influenced by levels of fertigation.
The poultry manure @ 12.5 t ha-1 recorded statistically superior plant height, plant spread at 90 DAT, number
of fruits per hill and fruit yield over the 5.0, 7.5 and 10.0 t poultry manure per hectare. The highest net
returns (Rs. 1,11,393/- ha-1) with a B:C ratio (1.64) was recorded by the treatment fertigation, 125 per cent
of RDF. Similarly, the highest gross returns (Rs. 2,87,760/- ha-1) and B:C ratio (1.58) was recorded by the
poultry manure @ 12.5 t ha-1.

Key words : Fertigation, poultry manure, green chilli, black polythene mulch.
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Thane, 2. Asstt. Prof. and  3. M. Sc. (Agri.) student.



manure M1, M2, M3 and M4 with a dose of 5,
7.5, 10.0 and 12.5 t per hectare, respectively.

For F1 treatment 100 per cent P, K and 1/3
quantity of N was given as a basal dose and
remaining 2/3 dose of N was given through
urea in two equal splits at 30 and 60 DAT. The
N, P and K was supplied through urea, single
super phosphate and muriate of potash,
respectively. The basal dose was applied by
band placement method and remaining
quantity of nitrogen was applied through urea
by using fertigation pump. For F2, F3 and F4
treatment wise NPK dose was applied through
solid soluble fertilizer 19:19:19 grade through
irrigation water in the three split with a interval
of 15 days from transplanting. Remaining
quantity of nitrogen was supplied through urea
in three equal split doses with an interval of 15
days after application of NPK dose through

solid soluble fertilizer.

Treatment wise poultry manure was applied
by using band placement method as basal dose
before spreading the black polythene mulch.
The trial was conducted in a split plot design
with three replications. The paired row planting
pattern with a spacing of 30-30 x 60 cm and
lateral spacing was 90 cm. The crop was
transplanted on 9th December, 2004 and
pickings were carried out during the period of
18th February to 25th April, 2005. The
irrigation was scheduled using pan evaporation
data at 80 per cent of ET. The operating
pressure of 0.7 kg cm-2 was maintained while
irrigating the crop. The gross plot of
experimental area was covered by spreading
black polythene mulch before transplanting.
The black polythene film used for mulching had
90 cm width, 25 micron thickness with 100 per

Talpade et al.356

Table 1. Growth, yield attributes, water use efficiency and economics of chilli as influenced by levels of fertigation and poultry
manure.

Treat- Plant Plant Dry Fruits Wt. Wt. Fruit Green Irri- Field Total Gross Net Ben-
ment height spread matter hill-1 of of length chilli gation water cost ret- ret- efit:

(cm) (cm) hill-1 fruits fruit (cm) yield water use (Rs. urns urns Cost
at 90 at 90 (g) hill-1 (g) (t sup- effici- ha-1) (Rs. (Rs. Ratio
DAT DAT at 90 (g) ha-1) plied ency ha-1) ha-1) (B:C

DAT (ha - (q ha-1 Ratio)
cm) -cm)

F1 61.17 48.70 29.84 33.06 109.88 2.79 9.22 22.40 45.24 4.95 171669 268800 97131 1.57
F2 58.67 49.02 25.90 36.41 112.87 2.64 9.34 20.77 45.24 4.59 159671 249240 89569 1.56
F3 55.85 46.57 25.73 36.87 110.06 2.71 10.04 22.88 45.24 5.06 167785 274560 106775 1.63
F4 59.18 48.95 26.57 42.31 104.16 2.28 10.13 23.68 45.24 5.23 172767 284160 111393 1.64
S.E.± 0.25 0.49 0.36 0.34 0.28 0.02 0.05 0.38
C.D. 0.86 N.S. N.S. 1.18 3.05 0.08 N.S. N.S.
at 5%
M1 56.68 45.57 24.72 35.19 106.48 2.57 9.36 20.39 45.24 4.50 164819 244680 79861 1.48
M2 56.67 48.12 31.56 36.02 112.82 2.64 9.69 22.40 45.24 4.95 172252 268800 96548 1.56
M3 58.78 50.62 25.83 38.43 107.52 2.62 9.76 22.95 45.24 5.07 176264 275400 99136 1.56
M4 62.73 48.93 25.92 39.01 110.15 2.60 9.92 23.98 45.24 5.30 181236 287760 106524 1.58
S.E.± 0.28 0.33 0.37 0.29 0.18 0.03 0.06 0.18
C.D. 0.82 0.97 1.07 0.84 2.00 N.S. N.S. 0.54
at 5%

F1 - Fertilizer application as per recommendation, F2 - Fertigation, 75 per cent of RDF, F3 - Fertigation, 100  per cent of
RDF, F4 - Fertigation, 125  per  cent  of RDF, M1 - Poultry manure @ 5.0 t ha-1, M2 - Poultry manure @ 7.5 t ha-1, M3 -
Poultry manure® 10.0 t ha-1, M4 - Poultry manure @ 12.5 t ha-1.



cent elasticity. The perforations as per the crop
spacing were made before spreading the
polythene. Growth and yield observations were
recorded periodically.

Results and Discussion

The data on growth, yield attributes, water
use efficiency and economics influenced by
levels of fertigation and poultry manure were
presented in Table 1 indicated that the mean
plant height at 90 DAT was influenced
statistically by fertigation and poultry manure
levels. F1 recorded significantly superior mean
plant height (61.17 cm) over the F2, F3, and
F4. The treatment M4 recorded significantly
superior plant height (62.73 cm) over the M1,
M2 and M3. The growth attributes viz., plant
spread and dry matter per hill was not
influenced statistically by the fertigation levels.
The treatment M3 recorded significantly
superior mean plant spread (50.62 cm) over
M1 while the treatment M2 and M4 was at par
with former treatment. Statistically superior
mean dry matter per hill at 90 DAT was
recorded by the treatment M2, over M1, M3
and M4.

The green chilli yield attributes viz., number
of fruits hill-1, statistically superior values by
treatment F4 and M4 over rest of the fertigation
and manure levels. The statistically superior
values of weight of fruits hill-1 was recorded
under F2 over F4, while the treatment F1 and
F3 were at par with F2. The treatment M2
recorded significantly superior weight of fruits
hill-1 over the rest of the poultry manure levels.
In case of average weight of fruit, the treatment
F1 recorded significantly superior value over F2
and F4, while it was at par with F3. The average
fruit length was not influenced statistically by
fertigation and poultry manure levels. All the
treatments of fertigation recorded statistically
equal green chilli yield.

The addition of higher quantity of poultry

manure reflected in a better vegetative growth,
yield attributes and green chilli yield. The
highest field water use efficiency was recorded
by the treatment F4 (fertigation 125 per cent of
RDF) amongst the fertigation levels and by the
M4 (poultry manure @ 12.51 ha-1) amongst the
poultry manure levels. The crop was supplied
with 45.24 ha-cm of irrigation water.

Economics : Cost of drip irrigation unit
was Rs. 1,02,000/- per hectare for chilli crop
grown with 60-30 x 30 cm spacing, with
annual depreciation of Rs. 25,160/- per
hectare. The highest total cost (Rs. 1,72,767
ha-1) was recorded by treatment F4 (fertigation,
125 percent of RDF) while lowest total cost (Rs.
159671 ha-1) was recorded by treatment F2
(fertigation, 75 per cent RDF). The highest net
returns (Rs. 1,11,393 ha-1) and B:C ratio 1.64
was recorded by the treatment F4 (fertigation,
125 per cent of RDF). Timely and availability of
enough number of labours in agriculture is
limiting factor in vegetable production. The
treatment F1 which involved application of
fertilizers in manually opened bands which
needs higher labours. By application of 25 per
cent of higher dose of N, P, K nutrients resulted
in a higher yields with minimizing the labour
cost and thereby higher net returns. Similar
findings were also reported by Deolankar and
Firake (1999).

Similarly, the highest total cost (Rs.
1,81,236 ha-1) with highest gross returns (Rs.
2,87,760  ha-1) and B:C ratio (1.58) was
recorded by the treatment M4 (poultry manure
@ 12.5 t ha-1). Organic matter supplies
required plant nutrients for plant growth which
helps in improving physical properties and
thereby help in enhancing water retention
capacity of soil alongwith proper air and water
relations through improved pore space of soil
mass. Similar findings were also reported by
Gaur et al. (2002). The addition of higher
quantity of poultry manure reflected in better
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vegetative growth, yield attributes and yield of
chilli.

From above investigation, it could be
concluded that for obtaining higher net return
and B:C ratio, chilli crop may be supplied with
poultry manure @ 12.5 t ha-1 at the time of
planting by band placement and solid soluble
fertilizer through fertigation with a dose of 25
per cent higher than RDF 187.5 kg N, 62.5 kg
P2O5 and 62.5 kg K2O ha-1.
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Effect of Integrated Nutrient Management on Growth and
Yield of Soybean-Wheat Cropping Sequence

A. T. Virkar1 and A. D. Tumbare2

Mahatma Phule Krishi Vidyapeeth, Rahuri - 413 722 (India)
(Received : 01-06-2009)

Abstract
A field experiment was conducted to study the effect of integrated nutrient management on growth and

yield of soybean-wheat cropping sequence during the year 2006-07. The result of experiment revealed that
application of recommended dose of fertilizer (50 kg N + 75 kg P2O5 ha-1) + 5 t FYM ha-1 + biofertilizers
(Rhizobium + PSB) to preceding crop soybean recorded significantly higher seed (30.86 q ha-1) and straw
(32.12 q ha-1) yield, protein (41.43 %) and oil (18.53 %) content as compared to rest of the treatments
followed by 100 per cent recommended dose of fertilizers + biofertilizers (Azotobacter + PSB) to wheat crop
during rabi season producing significantly higher grain (42.25 q ha-1) and straw (53.17 q ha-1) yield, nutrient
uptake and soybean equivalent yield (35.06 q ha-1) in soybean-wheat cropping sequence. 

Key words : Integrated nutrient management, growth, yield, quality and nutrient uptake.

______________

Soybean-wheat cropping system is one of
the important cropping sequence in the
country. This sequence helps to increase the
production potential of the both the crops and
restore the fertility status of the soil. However,
there is scope to increase the productivity of
both the crop by using different methods of
nutrient management. Hence, the efforts has

been made to increase the production potential
of soybean and wheat crops by using different
organic sources alone and in combination with
inorganic fertilizers.

Materials and Methods

A field experiment was conducted during
kharif and rabi season of 2006-07 at Post
Graduate Institute Research Farm, Mahatma
Phule Krishi Vidyapeeth, Rahuri (M.S.). The

1 . P. G. Student, 2. Associate Professor, Department
of Agronomy.



soil was clayey in texture, low in available
nitrogen (171.00 kg ha-1), medium in available

phosphorus (20.37 kg ha-1) and high in
available potash (415.00 kg ha-1) content with
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Table 1. Growth, yield and quality of soybean as influenced by different treatments.

Treatment Plant Bran- Comp- Pods Pod Seed Hund- Dry Pro- Oil Seed Straw
hei- ches ound pla weight weight red matter tein con- yield yield
ght pla- leaves nt-1 plant-1 plant-1 seed plant-1 cont- tent (q (q 
(cm) nt-1 plant-1 (g) (g) weight (g) ent (%) ha-1) ha-1)

(g) (%)

T1 : Control 41.50 4.28 1.77 30.30 10.57 7.17 11.50 27.00 37.55 17.66 14.42 21.32

T2 : GRDF (5t FYM 51.81 7.88 2.50 60.01 22.26 16.65 17.30 37.31 41.43 18.53 30.86 32.12
ha-1+ 50:75 kg N, 
P2O5, ha-1) 
+ biofertilizers

T3 : 50 % RDF + 51.70 7.48 2.42 59.50 21.66 16.10 16.86 36.97 40.99 18.26 30.45 31.80
50 % N through 
FYM + biofertilizers

T4 : 50 % RDF + 50.81 7.22 2.39 58.93 21.66 15.82 16.76 36.51 40.93 18.23 29.16 31.10
50 % N through 
vermicompost + 
biofertilizers

T5 : 50 % RDF + 45.71 5.27 1.95 45.15 15.33 10.50 12.96 30.17 39.93 18.00 22.90 24.97
50 % N through 
neem cake + 
biofertilizers

T6 : 100 % N through 45.25 5.41 2.06 49.24 17.66 11.70 13.26 31.28 40.62 18.20 23.45 26.18
FYM + biofertilizers

T7 : 100 %N through 44.25 5.31 1.99 47.77 16.84 11.32 13.16 30.99 40.56 18.06 23.17 25.47
vermicompost + 
biofertilizer

T8 : 100 % N through 44.87 5.17 1.77 42.19 13.35 8.86 12.33 30.19 38.25 17.76 21.35 23.86
neem cake + 
biofertilizers

T9 : 50 % N through FYM 45.15 5.28 1.97 45.35 15.44 10.53 13.03 30.92 40.49 18.06 23.73 25.30
+ 50 % N through 
vermicompost + 
biofertilizers

T10 : 50 % N through 45.35 5.24 1.90 42.64 14.04 9.17 12.63 30.46 38.80 17.76 21.80 23.99
vermicompost + 
50 % N through neem 
cake + biofertilizers

T11 : 50 % N through 45.30 5.25 1.95 45.13 14.36 10.04 12.96 30.48 39.06 17.80 22.50 24.82
neem cake + 50 %N 
through FYM + 
biofertilizers

T12 : 1/3 N each through 45.97 5.59 2.06 50.35 18.57 12.24 13.50 31.79 40.93 18.20 27.23 28.99
vermicompost +  
FYM + neem cake + 
biofertilizers

S.Em ± 1.14 0.21 0.10 1.41 0.76 0.30 0.46 0.32 0.77 0.31 0.72 1.32

C.D. at 5 % 3.36 0.64 0.31 4.13 2.25 0.89 1.37 0.95 2.33 N.S. 2.11 3.88



slight alkaline in reaction (pH 8.2). The
experiment was laid out in a randomized block
design during kharif and in split plot design
during rabi season. The experiment was
conducted on fixed site during both the
seasons. There were twelve treatments for
kharif soybean viz., control; general
recommended dose of fertilizer (GRDF) (5 t
FYM + 50:75 kg N, P2O5 ha-1) + biofertilizers
(Rhizobium + PSB); 50 per cent RDF + 50 per
cent N through FYM + biofertilizers; 50 per
cent RDF + 50 per cent N through
vermicompost + biofertilizers; 50 per cent RDF
+ 50 per cent N through neem cake +
biofertilizers; 100 per cent N through FYM +
biofertilizers; 100 per cent N through

vermicompost + biofertilizers; 100 per cent N
through neem cake + biofertilizers; 50 per cent
N through FYM + 50 per cent N through
vermicompost + biofertilizers; 50 per cent N
through vermicompost + 50 per cent N
through neem cake + biofertilizers; 50 per cent
N through neem cake + 50 per cent N through
FYM + biofertilizers; 1/3 N each through FYM,
vermicompost and neem cake + biofertilizers.
There were three sub-plot treatments to rabi
wheat viz., 50 per cent RDF + biofertilizers
(Azotobacter + PSB); 75 per cent RDF +
biofertilizers; 100 per cent RDF + biofertilizers.
The treatments were replicated thrice. The
kharif soybean crop was sown on 8th July,
2006 at the spacing of 30 x 10 cm while rabi
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Table 2. Growth, yield and quality of wheat as influenced by different treatments.

Treat- Plant Tillers Panicles Length Grains Grain 1000 Grain Straw Protein Soybean
ment height meter-1 meter-1 of pani- weight grain yield yield content equivalent

(cm) length length panicle cle-1 panicle-1 weight (q ha-1) (q ha-1) (%) yield
(cm) (g) (g) (q ha-1)

Main plot treatment (kharif soybean) :
T1 74.75 100.67 96.35 6.43 28.66 1.35 31.18 17.07 22.79 10.18 13.66
T2 95.31 121.84 117.64 8.65 42.44 2.05 40.40 43.82 51.92 11.12 35.06
T3 95.08 121.82 117.51 8.61 42.35 2.04 39.66 39.30 50.17 10.87 31.28
T4 94.28 121.76 117.49 8.47 42.11 1.99 39.37 39.09 48.18 10.75 31.44
T5 85.31 112.38 93.68 7.46 36.80 1.75 35.35 32.30 42.45 10.50 25.84
T6 85.57 112.62 103.62 7.70 37.62 1.84 35.90 27.46 37.64 10.37 18.44
T7 85.51 112.53 103.58 7.69 38.40 1.78 34.35 23.04 32.59 10.31 25.43
T8 85.51 112.40 104.20 7.73 38.20 1.83 37.76 21.50 29.83 10.62 17.20
T9 85.54 112.58 104.04 7.26 35.68 1.66 34.67 31.78 42.70 10.50 21.98
T10 85.59 112.51 104.09 7.54 36.86 1.72 36.75 33.23 43.11 10.56 26.58
T11 85.60 112.56 103.76 7.57 36.60 1.68 34.72 33.02 43.73 10.31 26.42
T12 85.55 112.60 104.33 7.76 38.93 1.92 35.43 38.78 48.80 10.68 31.03
S.Em± 0.90 1.71 2.90 0.14 1.03 0.06 0.72 0.88 0.96 0.38 1.32
C.D. at 5% 2.51 4.75 8.94 0.43 2.86 0.17 2.01 2.59 2.82 1.19 3.93

Sub plot treatment (rabi wheat) % RDF + biofertilizer :
F1 : 50 86.13 111.46 101.02 7.35 36.12 1.63 33.73 21.88 30.03 10.43 17.51
F2 : 75 86.87 113.24 106.84 7.80 38.01 1.81 35.96 30.96 40.27 10.50 24.77
F3 : 100 87.96 116.86 109.72 8.08 39.52 1.96 36.71 42.25 53.17 10.62 33.81
S.Em± 0.46 1.44 1.79 0.10 0.50 0.05 0.35 0.34 0.39 0.14 1.75
C.D. at 5% 1.27 4.00 4.97 0.29 1.39 0.16 0.99 0.98 1.11 0.45 5.21

Interaction :
S.Em± 1.59 5.01 6.22 0.36 1.75 0.17 1.24 1.20 1.35 3.21 5.41
C.D. at 5% N.S. N.S. N.S. N.S. N.S. N.S. N.S. 3.42 3.84 N.S. N.S.



wheat crop was sown on 16th November, 2006
at 22.5 cm line spacing. As per the treatments
half dose of nitrogen and full dose of
phosphorus and potassium were applied at the
time of sowing and remaining half dose of
nitrogen was applied as a top dressing one
month after sowing to wheat crop. The
irrigation and plant protection measures were
carried out as and when necessary. The analysis
of organic inputs viz., FYM, vermicompost and
neem cake were done as per the standard
methods. The biofertilizers were applied as a
seed treatment before sowing of soybean for all
the treatments except control during kharif
season, while, during rabi season.

Results and Discussion

Effect on soybean : Data presented in
Table 1 revealed that, all the growth and yield
attributes of soybean recorded significantly
higher values due to application of
recommended dose of fertilizer + 5 t FYM
ha-1 + biofertilziers as compared to rest of the
treatments. Application of recommended dose
of fertilizers + 5 t FYM ha-1 + biofertilizers to
soybean registered significantly maximum seed
(30.86 q ha-1) and straw (32.12 q ha-1) yield as
compared to rest of the treatments. However, it
was at par with 50 per cent recommended dose
of fertilizer + 50 per cent N through FYM +
biofertilizers and 50 per cent recommended
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Table 3. Total uptake of nitrogen, phosphorus and potassium by soybean - wheat cropping sequence as influenced by
different treatments.

Treatment Soybean (kg ha-1) Wheat (kg ha-1)
–––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––
Nitrogen Phosphorus Potassium Nitrogen Phosphorus Potassium

Main plot treatment (kharif soybean) :
T1 96.16 9.61 37.07 35.34 7.68 34.86

T2 225.54 30.08 93.30 98.76 27.55 94.45

T3 219.48 28.10 90.64 87.44 24.96 88.79

T4 209.68 25.92 87.11 85.54 23.31 84.41

T5 159.45 16.93 63.45 68.69 16.48 71.26

T6 168.79 19.76 69.38 58.37 14.53 63.15

T7 165.79 18.95 67.29 49.09 11.79 54.11

T8 143.06 13.97 47.50 46.69 10.84 49.44

T9 163.82 17.84 66.08 68.33 15.00 71.01

T10 147.58 15.37 52.37 71.23 17.09 72.33

T11 152.98 16.15 58.57 69.12 16.35 73.42

T12 195.04 23.68 78.04 83.88 21.57 83.84

S.Em± 5.77 0.97 3.28 2.59 0.57 1.77

C.D. at 5% 16.94 2.85 9.63 7.68 1.69 5.18

Sub plot treatmetn (rabi wheat) % RDF + biofertilizer :
F1 : 50 - - - 47.04 11.28 49.78

F2 : 75 - - - 66.1 16.03 67.70

F3 : 100 - - - 90.96 22.55 91.34

S.Em± - - - 1.26 0.32 0.69

C.D. at 5% - - - 3.57 0.91 1.95

Interaction :

S.Em± - - - 4.35 1.10 2.37

C.D. at 5% - - - 12.36 3.14 6.75



dose of fertilizer +50 per cent N through
vermicompost + biofertilizers. This might be
due to the combine application of inorganic,
organic and biofertilizers increase the use
efficiency of added nutrients and supply it
continuously to the plant throughout the crop
growth period. These results are in close
conformity to those of Tiwari et al. (2002).

Data presented in Table 2 revealed that
application of recommended does of fertilizers
+ 5 t FYM ha-1 + biofertilizers to soybean
recorded significantly higher total uptake of
nitrogen, phosphorus and potassium by seed
and straw of soybean and protein (41.43 %)
and oil content (18.53 %) than rest of the
treatments. Similar results were reported by
Paneerselvam et al. (2000) and Singh and Rai
(2004).

Residual effect on succeeding wheat :
Data presented in Table 2 showed that
application of recommended dose of fertilizers
+ 5 t FYM ha-1 + biofertilizers to preceding
crop soybean during kharif season exhibited
significantly higher grain (43.82 q ha-1) and
straw (51.92 q ha-1) yield of wheat than rest of
the treatments. However, among the organic
treatments application of 1/3 nitrogen each
from FYM, vermicomopst and neem cake +
biofertilizers found second in order in respect of
grain and straw yield of wheat crop. Similar
results was reported by Ghose et al. (2004).

Application of recommended dose of
fertilizer + 5 t FYM ha-1 + biofertilizers to
preceding crop soybean during kharif season
recorded significantly higher soybean equivalent
yield of wheat (35.06 q ha-1) than rest of the
treatments. These results are in agreement with
those reported by Singh and Singh (2005).

Application of recommended dose of
fertilizer + 5 t FYM ha-1 + biofertilizers to
preceding crop soybean during kharif season
registered significantly higher uptake of

nitrogen (98.76 kg ha-1), phosphorus (27.55
kg ha-1) and potassium (94.45 kg ha-1) by
wheat crop as compared to rest of the
treatments (Table 3). Similar results were
reported by Kurlekar et al. (1993) and Jain et
al. (2005).

Application of 100 per cent recommended
dose of fertilizer + biofertilizers recorded
maximum grain (42.25 q ha-1) and straw
(53.17 q ha-1) yield of rabi wheat than 50 and
75 per cent recommended dose of fertilizers +
biofertilizers. Application of organic manures,
inorganic fertilizers and biofertilizers to previous
crop showed great impact of yield of
succeeding wheat crop due to synergistic effect
and built up residual fertility. These results are
in close conformity to those of Ghosh et al.
(2004).

Application of 100 per cent recommended
dose of fertilizer + biofertilizers to wheat crop
during rabi season registered significantly
higher soybean equivalent yield of wheat
(33.81 q ha-1) than 50 and 75 per cent
recommended dose of fertilizer. These results
are in agreement with those reported by
Shikha-Jain et al. (2004).

Application of 100 per cent recommended
dose of fertilizer + biofertilizers to wheat crop
recorded maximum and significantly higher
total uptake of nitrogen (90.96 kg ha-1),
phosphorus (22.55 kg ha-1) and potassium
(91.34 kg ha-1) by wheat and protein content
(10.62 %) than 50 and 75 per cent
recommended dose of fertilizer + biofertilizers.
These results are in confirmity with those
reported by Prasad and Kumar (1999).

Application of recommended dose of
fertilizer + 5 t FYM ha-1 + biofertilizers to
preceding crop soybean during kharif season
and 100 per cent recommended dose of
fertilizer + biofertilizers to succeeding wheat
crop during rabi season recorded significantly
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higher grain (43.82 q ha-1) and straw (51.92 q
ha-1) yield than rest of the treatment
combinations. However, the next best
treatment combination was 50 per cent
recommended dose of fertilizer + 50 per cent N
through FYM + biofertilizers to preceding
kharif crop and 100 per cent recommended
dose of fertilizer + biofertilizers to succeeding
wheat crop during rabi season. These results
are in close conformity to those of Singh and
Singh (2005).
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Nutrient management is key input in
intensive cropping. Organic manuring is an
important component of environmentally
sound sustainable agriculture. It is important in
maintaining soil organic matter, necessary for
favourable soil physical, chemical and biological
properties. The beneficial effects of farm yard
manure and vermicompost in improving the
soil fertility and productivity is documented
(Baran et al. 1998). Inadequate and
imbalanced use of plant nutrients is one of
the major constraints for low productivity of
pulse crops. Hence, an experiment was
conducted to assess the residual effect of
different INMS treatments and inorganic
fertilizer application on growth, yield,
economics and nutrient uptake of chickpea cv.
Digvijay in summer cotton-chickpea cropping
sequence.

Materials and Methods

The experiment was conducted during
summer season of 2006-07 and 2007-08 at
the Post Graduate Institute Research Farm,
Department of Agronomy, Mahatma Phule
Krishi Vidyapeeth, Rahuri, Dist. Ahmednagar
(Maharashtra). The soil of the experimental
field was medium black with fair drainage. The
textural class was clayey. A dominant type of
clay mineral was montmorillonite and grouped
under order vertisol. The chemical composition
indicated that the soil was low in available
nitrogen (168.33 kg ha-1), medium in organic
carbon (0.52 %), low in available phosphorus
(13.46 kg ha-1) and very high in available
potassium (467.33 kg ha-1). The soil was
alkaline in reaction (pH 8.01).

The seven INMS main block treatments
applied to summer cotton were T1 : Gross
recommended dose of fertilizer (GRDF) i.e. 10
t farm yard manure (FYM) ha-1 +
recommended dose of fertilizer (RDF) as
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100:50:50 kg NPK ha-1, T2 : 75 per cent RDF
+ 25 per cent recommended dose of nitrogen
(RDN) through vermicompost, T3 : 50 per cent
RDF + 50 per cent RDN through
vermicompost, T4 : 25 per cent RDF + 75 per
cent RDN through vermicompost, T5 : 100%
RDN through vermicompost, T6 : fertilizer dose
according to soil test crop response (STCR)
equation and T7 : Control. The sub plot
treatments applied to rabi chickpea were S1 :
Control, S2 : 50 per cent RDF, S3 : 75 per cent
RDF and S4 : 100 per cent RDF (25:50:00
NPK kg ha-1). The experiment was laid out in
split plot design with three replications. A full
dose of inorganic fertilizer as per treatments
was applied to chickpea at sowing as basal.

Results and Discussion

Growth attributes and yield : Residual
effect of GRDF (10 t FYM ha-1 + RDF) applied
to summer cotton was found at par with 100
per cent RDN application through
vermicompost and 25 per cent RDF + 75 per
cent RDN through vermicompost and recorded
significantly higher values in respect of plant
height, plant spread, total dry matter plant-1,
grain yield and straw yield of chickpea in rabi
season compared to rest of the different INMS
treatments and control during both the years of
experimentation (Table-1). This might be due to
residual effect of organic manures applied to
preceding crop as it provided major as well as
micronutrients for longer period. These results

Journal of Agriculture Research and Technology 365

Table 1. Growth attributes of chickpea as influenced by different treatments.

Treatment Rabi 2006-07 Rabi 2007-08
–––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––
Plant Plant Dry Plant Plant Dry
height spread matter height spread matter
(cm) (cm) plant-1 (cm) (cm) plant-1

(g) (g)

INMS to cotton (summer) :
T1 : GRDF (10 t FYM ha-1 + RDF) 49.36 40.42 60.13 50.56 45.64 60.89
T2 : 75 % RDF + 25 % RDN through VC 43.33 34.57 39.21 44.41 37.73 40.43
T3 : 50 % RDF + 50 % RDN through VC 46.10 38.13 47.08 47.63 42.21 49.26
T4 : 25 % RDF + 75 % RDN through VC 46.97 38.69 54.26 48.21 41.56 55.30
T5 : 100 % RDN through VC 48.26 39.13 58.61 48.31 44.63 62.31
T6 : Fertilizer dose according to STCR equation 44.60 35.21 40.26 45.73 37.68 41.63
T7 : Control 41.52 33.64 39.31 41.83 37.27 39.81
SE± 0.49 0.44 0.52 0.86 0.56 0.70
C.D. at 5% 1.48 1.32 1.54 2.38 1.63 2.07

Fertilizer levels to chickpea (rabi) :
S1 : Control 41.01 33.55 43.44 41.80 36.69 44.81
S2 : 50 % RDF 45.60 37.01 48.46 46.79 41.07 50.00
S3 : 75 % RDF 47.81 38.62 50.45 48.70 42.74 52.07
S4: 100% RDF 48.52 39.27 51.28 49.38 43.33 52.91
SE± 0.30 0.22 0.27 0.25 0.22 0.29
C.D. at 5% 0.89 0.67 0.81 0.76 0.66 0.87

Interaction (T x S) :
SE± 0.62 0.55 0.71 1.03 0.78 0.91
C.D. at 5% NS NS NS NS NS NS
Mean 45.73 37.11 48.41 46.67 40.96 49.95



are in conformity with those reported by
Channabasavanna et al. (2008).

Chickpea with the application of 100 per
cent RDF was found at par with the application
of 75 per cent RDF and produced significantly
higher plant height, plant spread, total dry
matter accumulation plant-1, grain yield and
straw yield compared to its lower level and
control during both the years of investigation
and in pooled (Table-2). The results are in
conformity with those reported by Patel et al.
(2007).

Economic returns : Residual effect of
GRDF (10 t FYM ha-1 + RDF) treatment
applied to summer cotton was at par with the
application at 100 per cent RDN through

vermicompost and showed the highest gross
and net monetary returns of chickpea due to
built up of residual soil fertility compared to rest
of the INMS treatments and control. This has
clearly brought out that application of organic
manures alongwith suboptimal levels of
recommended dose to preceding crop summer
hybrid cotton has an added advantage to
enhance the returns (Table-3). Similar results
were reported by Tamboli et al. (1996) and
Gupta (2004). Numerically higher B:C ratio of
chickpea was recorded due to residual effect of
application of GRDF (10 t FYM ha-1 + RDF) to
summer cotton.

Application of 100 per cent RDF to
chickpea recorded the highest gross monetary
returns (Rs. 40080 and Rs. 48929 ha-1,
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Table 2. Yield of chickpea as influenced by different treatments.

Treatment Rabi 2006-07 Rabi 2007-08 Pooled
––––––––––––––––––––– ––––––––––––––––––––– –––––––––––––––––––––
Grain Straw Grain Straw Grain Straw
yield yield yield yield yield yield
(kg ha-1) (kg ha-1) (kg ha-1) (kg ha-1) (kg ha-1) (kg ha-1)

INMS to cotton (summer) :
T1 : GRDF (10 t FYM ha-1 + RDF) 2264 2646 2617 3129 2441 2887
T2 : 75 % RDF + 25 % RDN through VC 1598 1901 2033 2412 1815 2157
T3 : 50 % RDF + 50 % RDN through VC 1942 2256 2306 2662 2124 2459
T4 : 25 % RDF + 75 % RDN through VC 2037 2285 2382 2678 2209 2481
T5 : 100 % RDN through VC 2191 2242 2595 3015 2393 2779
T6 : Fertilizer as per STCR equation 1952 2250 2289 2648 2120 2449
T7 : Control 1202 1369 1643 1869 1422 1619
SE± 48.8 58 65.5 76 22.5 25
C.D. at 5% 135.3 162 181.3 212 65.2 73

Fertilizer levels to chickpea (rabi) :
S1 : Control 1280 1497 1794 2128 1537 1812
S2 : 50 % RDF 1848 2147 2209 2580 2029 2363
S3 : 75 % RDF 2164 2477 2473 2857 2319 2667
S4: 100% RDF 2243 2593 2589 2957 2416 2775
SE± 59.3 68 49.8 89.2 17 27
C.D. at 5% 164.2 190 125.6 225.4 49 79

Interaction (T x S) :
SE± 157 181 159 183 45 72
C.D. at 5% NS NS NS NS NS NS
Mean 1884 2178 2266 2630 2075 2404



respectively) and net monetary returns (Rs.
28324 and Rs. 35507 ha-1, respectively) and
numerically higher B:C ratio (3.41 and 3.65,
respectively) during both the years of
experimentation. This was due to the increased
grain and straw yield of chickpea with increased
levels of fertilizer application. The statistical
parity of net monetary returns among 100 per
cent RDF and 75 per cent RDF again
confirmed the saving of fertilizers to the extent
of 25 per cent. The results are in conformity to
those observed by Gawai and Pawar (2005).

Nutrient uptake : The total nitrogen,
phosphorus and potassium uptake (Table 3) of
chickpea was the highest due to residual effect
of application of GRDF (10 t FYM ha-1 + RDF)

followed by 100 per cent RDN through
vermicompost and 25 per cent RDF + 75 per
cent RDN through vermicompost compared to
rest of the INMS treatments and control during
first year. During second year of
experimentation, application of GRDF (10 t
FYM ha-1 + RDF) was found at par with 100%
RDN through vermicompost and 25% RDF +
75% RDN through vermicompost and recorded
significantly higher total nitrogen, phosphorus
and potassium uptake by chickpea compared to
the rest of the INMS treatments and control.
The higher nutrient uptake in these treatments
might be due to the application of organic
manures, the slow releasing sources alongwith
lapse of time in mineralization process, would
have restricted the losses of nutrients either
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Table 3. Economics of chickpea influenced by different treatments in cotton-chickpea sequence.

Treatment Cost of Gross mone- Net mone- Benefit : 
cultivation tary returns tary returns Cost
(Rs. ha-1) (Rs. ha-1) (Rs. ha-1) ratio

–––––––––––––– ––––––––––––––––– ––––––––––––––––– –––––––––––––––
2006- 2007- 2006- 2007- 2006- 2007- 2006- 2007-
07 08 07 08 07 08 07 08

INMS to cotton (summer) :
T1 : GRDF (10 t FYM ha-1 + RDF) 11261 12901 40474 49505 29214 36604 3.59 3.84
T2 : 75 % RDF + 25 % RDN through VC 11261 12901 28575 38446 17314 25545 2.54 2.98
T3 : 50 % RDF + 50 % RDN through VC 11261 12901 34714 43311 23454 30410 3.08 3.36
T4 : 25 % RDF + 75 % RDN through VC 11261 12901 36379 44995 25118 32094 3.23 3.49
T5 : 100 % RDN through VC 11261 12901 39153 49063 27893 36162 3.48 3.80
T6 : Fertilizer as per STCR equation 11261 12901 34874 43269 23613 30368 3.10 3.35
T7 : Control 11261 12901 21470 31050 10209 18149 1.91 2.41
SE± - - 874 1242 874 1238 - -
C.D. at 5% - - 2419 3428 2419 3428 - -

Fertilizer levels to chickpea (rabi) :
S1 : Control 10625 12232 22872 33773 12247 21541 2.15 2.76
S2 : 50 % RDF 11191 12828 33029 41769 21838 28941 2.95 3.26
S3 : 75 % RDF 11471 13121 38671 46750 27200 33629 3.37 3.56
S4: 100% RDF 11756 13422 40080 48929 28324 35507 3.41 3.65
SE± - - 1060 1129 1060 1129 - -
C.D. at 5% - - 2935 3126 2935 3126 - -

Interaction (M x S) :
SE± - - 2806 2989 2806 2989 - -
C.D. at 5% - - NS NS NS NS - -
Mean - - 33663 42805 22402 29905 2.98 3.31



through leaching or volatilization. The nutrient
uptake due to inorganic fertilizers alone i.e.
RDF according to STCR equation recorded
comparatively lower values of nutrient uptake in
chickpea, proved the superiority of application
of inorganic fertilizers in conjunction with
organic manures like vermicompost (Table-4).
Similar results were reported by Gupta (2004)
and Karande et al. (2007).

The nutrient uptake due to graded levels of
fertilizer to chickpea was increased significantly
with the increased levels of inorganic fertilizers.
Application of 100% RDF was found at par
with the application of 75 per cent RDF and
recorded significantly higher values for total
nitrogen, phosphorus and potassium uptake by
chickpea than those of 50 per cent level of
inorganic fertilizer and control during both the
years of experimentation. Adequate supply of

major plant nutrients under 100% RDN might
have supplemented by the beneficial residual
effects of INMS treatments (mineralization and
slow release nutrients and reduction in losses of
nutrients by volatilization and leaching) resulting
in higher uptake of nutrients due to increase
nutrient use efficiency of fertilizers applied to
summer hybrid cotton. The results are in
agreement with those reported by Patel et al.
(2007).

It is concluded that GRDF treatment applied
to summer cotton followed by 100 per cent
RDN through vermicompost is better
preposition for achieving higher productivity
and profitability of chickpea in summer hybrid
cotton- chickpea cropping sequence under
irrigated condition in inceptisols of Western
Maharashtra.
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Table 4. Uptake of nitrogen, phosphorus and potassium by chickpea as influenced by different treatments.

Treatment Nitrogen (kg ha-1) Phosphorus (kg ha-1) Potassium (kg ha-1)
––––––––––––––––––––– –––––––––––––––––––––– –––––––––––––––––––––
2006-07 2007-08 2006-07 2007-08 2006-07 2007-08

INMS to cotton (summer) :
T1 : GRDF (10 t FYM ha-1 + RDF) 123.51 130.06 22.02 26.91 54.35 62.81
T2 : 75 % RDF + 25 % RDN through VC 90.23 103.84 15.78 17.88 39.28 49.95
T3 : 50 % RDF + 50 % RDN through VC 97.71 103.79 14.46 18.73 45.77 54.33
T4 : 25 % RDF + 75 % RDN through VC 104.23 109.39 12.37 15.97 46.73 54.64
T5 : 100 % RDN through VC 113.37 122.05 18.33 23.26 49.35 58.45
T6 : Fertilizer as per STCR equation 83.34 85.32 15.57 19.78 35.24 41.32
T7 : Control 56.33 67.51 11.65 13.03 32.00 43.75
SE± 2.37 3.25 0.91 1.28 1.39 1.54
C.D. at 5% 6.87 9.45 2.63 3.76 4.08 4.52

Fertilizer levels to chickpea (rabi) :
S1 : Control 84.31 89.25 13.79 17.18 38.78 46.9
S2 : 50 % RDF 95.21 103.3 15.79 19.32 43.28 52.25
S3 : 75 % RDF 100.71 108.88 16.56 20.29 45.09 54.41
S4: 100% RDF 101.9 111.12 16.81 20.68 45.82 55.15
SE± 1.15 1.31 0.12 0.16 0.74 0.87
C.D. at 5% 3.36 3.83 0.36 0.48 2.16 2.52
Interaction (M x S) :
SE± 1.51 4.26 0.87 1.26 3.31 2.17
C.D. at 5% NS NS NS NS NS NS
Mean 95.53 103.14 15.74 20.65 43.24 52.18
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Abstract
A field experiment was conducted to study the effect of organic and inorganic sources of nutrients applied

in soybean-wheat cropping system. The productivity of crops in this system was higher in fertilizer as per soil
test treatment followed by fertilizers as per STCR equation through the inorganic sources. Similar trend was
noticed in soybean equivalent yield, the yield of these treatments were improved by 10.03 and 05.68 per cent
than chemical fertilizers, respectively. Among the integrated nutrient treatments NPK through 25 per cent
organic + 75 per cent inorganic sources recorded the highest soybean equivalent yield. Maximum uptake of
NPK by soybean and wheat was recorded in fertilizers as per soil test treatment. Application of organic
manures resulted in significantly higher soil organic carbon, available NPK than chemical fertilizers but was
on par with the integrated nutrient treatment. Economic returns were highest in fertilizer as per soil test
treatment. However, B:C ratio was highest in fertilizers as per STCR equation through inorganic sources and
was at par with fertilizer as per soil test treatment.

Key words : Cropping system, organic, inorganic, soybean, wheat, soybean equivalent, soil fertility,
economics.
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Soybean in rainy season and wheat during
winter season is the predominant cropping
system in medium deep vertisols of central

India. The productivity of cropping system
depends largely on the judicious and balanced
application of nutrients besides the amount of
irrigation water available for the wheat crop.
Now there is a growing awareness among the1.and 3. Assistant Professor, 2. Jr.Res.Assistant.



farmers to cultivate crops under organic
farming system because of the escalating cost
of chemical fertilizers, decrease soil fertility in
respect of organic matter, secondary and micro
nutrients, environmental and health concern
due to pesticide usages and premium price for
the organically produced crops (Ramesh et al.
2005). One of the important aspect in organic
farming that needs attention is the soil fertility
management to optimize the productivity of
crops/cropping system. Organic manure
influences soil productivity through their effect
on soil physical, chemical and biological
properties. The management of manures
within a crop rotation can have large effects on
yields and crop quantity (Stein-Bechinget and
Werner, 1997). Generation of information
regarding the influence of organic and
inorganic management practices and chemical
or integrated management practices on the
crop/cropping system productivity, soil fertility
and economics is important to the farmers and
community at large. The present experiment
was conducted with an objective to study the
effect of organic and inorganic sources of
nutrients on soybean - wheat productivity, soil
fertility and economics on medium deep

vertisols of sub montane zone of Maharashtra.

Materials and Methods

A field experiment was conducted during
2005-06 to 2009-10 at Agricultural Research
Station. Karad on medium deep vertisols. The
soil of the experimental field is clayey b texture
with initial pH 8.42, EC-0.24 dsm-1 and
organic carbon concentration of 0.74 per cent.
The available soil nitrogen, phosphorus and
potassium were 181.7, 14.05 and 337.6 kg
ha-1, respectively. Experiment was conducted
with eight treatment combinations (T1 -
Control, T2 - NPK as per STCR equation
through inorganic fertilizer, T3 - NPK as per
STCR equation through organic fertilizer, T4 -
75% NPK through organic + 25% NPK
through inorganic fertilizer, T5 - 50% NPK
through organic + 50% NPK through inorganic
fsrtilizer, T6 - 25% NPK through organic + 75%
NPK through inorganic fertilizer, T7 - RDF to
soybean and wheat, T8 - fertilizers as per soil
test) with three replications in a randomized
block design. Soybean variety DS-228 was
sown at 30 x 10 cm and wheat variety Trimbak
was sown at 22.5 cm row spacing. The sowing
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Table 1. System productivity (q ha-1) and economics.

Treatment Soybean Wheat Soybean Total Total B:C
–––––––––––––– –––––––––––––– equiva- monetary net ratio
Grain Straw Grain Straw lent returns (Rs. returns (Rs.

000 ha-1) 000 ha-1)

T1 - Absolute control 17.52 9.94 36.40 33.13 44.68 60.41 25.28 1.72

T2 - STCR in-organic 28.17 16.05 56.16 52.33 70.13 96.35 57.80 2.49

T3 - STCR organic 20.19 11.59 46.34 43.14 54.86 74.63 32.87 1.79

T4 - 75% organic + 25% inorganic 22.28 12.37 50.90 49.38 60.38 82.36 41.41 2.01

T5 - 50% organic + 50% inorganic 26.42 13.85 54.17 51.28 66.93 91.55 51.41 2.28

T6 - 25% organic + 75% inorganic 26.39 15.09 54.73 51.65 67.25 92.29 52.96 2.34

T7 - RDF to soybean and wheat 26.23 14.47 53.78 51.65 66.36 90.98 50.25 2.23

T8 - Fert. as per soil test. 30.07 18.17 57.66 53.98 73.15 100.61 59.48 2.44

S.E.± 0.94 0.59 0.72 0.78 1.25 2.49 2.46 0.06

CD. at 5% 2.74 1.72 2.10 2.27 3.63 7.22 7.14 0.17

(5 years mean)



of soybean was done in month of June and
harvesting in October during experimental year,
Wheat sowing was done in the month of
November and harvesting in February/March
every year. The organic manures were applied
through FYM as per the treatment before
sowing. The nutrient composition of FYM was
analyzed and quantity of calculated FYM was
given as per treatment and mixed in soil. The
average nutrient composition of FYM were 0.8,
0.65 and 1 per cent N, P and K respectively. In
chemical fertilizer treatments nutrients were
supplied through the chemical fertilizers viz.,
urea, single super phosphate and murate of
potash. The recommended dose of fertilizers of
soybean and wheat were 50:75:00 and
120:60:40 kg NPK ha-1 respectively. Soybean
seed was inoculated with Rhizobium and wheat
seed with Azotobacter culture before sowing
except control treatment. The total rainfall
received during the year was 1331.8, 1265.0,
1064.4, 997.7 and 968.7 mm during 2005,
2006, 2007, 2008 and 2009 respectively. Six
irrigations were given to wheat every year. The
total productivity of the system were expressed
in terms of soybean equivalent yield The soil
samples (0-15 cm depth) were collected at the
end of cropping cycle and analyzed for pH, EC,
OC and available NPK.

Results and Discussion

Productivity : The soybean and wheat
grain and straw yield differences due to different
treatments were found to be statistically
significant in pooled study (Table 1). Fertilizers
as per soil test treatment recorded the highest
grain and straw yield of soybean and wheat
which were significantly superior over other
treatments, except STCR-inorganic treatment,
which was at par with each other except straw
yield of soybean. Similar trend was noticed in
soybean equivalent yield. As per soil test
treatment 10.03 per cent improvement in yield

over chemical fertilizer was noticed. The
increase in productivity of this treatment might
be due to the higher uptake of nutrient. In case
of integrated nutrient management 25 per cent
organic + 75 per cent inorganic fertilizers
treatment recorded the highest soybean
equivalent yield. It might be due to higher
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Table 2. Uptake of NPK (kg ha-1) as influenced by
different treatments.

Treat- Soybean Wheat
ment ––––––––––––––––––– –––––––––––––––––––

N P K N P K

T1 78 7.9 32 84 18.3 86

T2 131 13.5 56 136 29.9 137

T3 95 10.4 42 117 24.7 114

T4 105 11.2 46 125 27.2 128

T5 123 12.7 52 134 28.8 131

T6 124 12.7 53 135 28.8 135

T7 123 12.7 54 134 28.8 135

T8 142 14.6 61 143 33 140

SE± 4.2 0.32 1.9 2.3 0.63 2.4

CD 12.2 0.93 5.5 6.7 1.83 6.8
at 5%

(5 years mean)

Table 3. Nutrient status of soil after harvest of soybean
crop.

Treat- pH EC OC % Av. N Av. P Av. K
ment dsm-1 ––––––––––––––––––––––

(kg ha-1)

T1 8.1 0.29 0.50 151 19.5 201

T2 8.0 0.25 0.62 160 42.1 238

T3 8.0 0.23 0.85 185 50.0 332

T4 8.0 0.28 0.81 178 48.5 331

T5 8.1 0.24 0.74 171 47.8 312

T6 8.0 0.22 0.68 165 46.2 250

T7 8.1 0.25 0.72 173 49.2 285

T8 8.0 0.28 0.65 163 43.2 251

SE± 0.007 0.005 0.005 4.12 2.11 6.25

CD NS 0.01 0.01 12.49 6.39 18.96
at 5%

Initial 8.42 0.24 0.74 181.7 14.05 337.6

(5 years mean)



uptake of nutients and easy availability of
nutrients from inorganic sources.

The crops which requires higher rates of
nitrogen application like wheat respond better
to chemical fertilizers than organic manures
especially in the initial years. Organic nitrogen
applied as manure is slowly available over a
long period compared to chemical fertilizers.
This often limits plant growth due to mismatch
between crop nutrient demand and nutrient
supply from organic sources, especially during
initial phase of conversion from conventional to
organic management system (Pang and Letey,
2000 and Nasholm and Pearson, 2001).

Nutrient uptake : The N, P and K uptake
of soybean and wheat was significantly
influenced by different treatments (Table 2).
Application of fertilizers as per soil test
treatment recorded significantly higher total
uptake of N in soybean and wheat crop 142
and 143 kg ha-1 respectively except in
soybean. It was at par with fertilizer as per
STCR equation through inorganic fertilizers. P
and K uptake were significantly higher in both
the crops in fertilizers as per soil test treatment.
In case of integrated nutrient management
treatment NPK 25 per cent through organic +
75 per cent through inorganic fertilizers
recorded the highest NPK uptake than other
integrated treatment in both the crops
(Soybean : 124.12.7 and 53 NPK kg ha-1 and
Wheat : 135, 28.8 and 135 NPK kg ha-1). The
higher uptake of nutrients might be due to
more availability of nutrients.

Soil fertility : Fertilizers as per STCR
equation through organic manures recorded
(Table 3 and 4) the significantly higher organic
carbon, soil available N, P, and K in both
soybean and wheat crops than chemical
fertilizers (in soybean OC-0.85%, 185.0, 50.0
and 332 kg available NPK ha-1 and in wheat
OC-0.88%, 193.0, 51.1 and 336.0 kg

available NPK ha-1 respectively). The increase
in soil organic carbon with the application of
organic manures can be attributed to addition
of higher organic biomass to the soil. Similar
results were also reported by Badanur et al.
(1990) and Tiwari et al. (2002). The increase in
available P might be due to the organic acids,
which were released during microbial
decomposition of organic matter which helped
in the solubility of native phosphate as a result
of which the available P content increased. The
higher availability of K may be due to beneficial
effect of organic manures on the reduction of
potassium fixation and direct effect of addition
of K through manures. Bulluck et al. (2002)
also reported that K concentration in soil
amended with organic wastes increased as
compared to soils fertilized with chemical
fertilizers 

Economics : In case of economics of the
cropping sequence, significantly higher total
monetary returns were recorded in fertilizers as
per soil test treatment and it was at par with
fertilizers as per STCR equation through
inorganic fertilizers (Table 1). However, benefit
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Table 4. Nutrient status of soil after harvest of wheat crop.

Treat- pH EC OC % Av. N Av. P Av. K
ment dsm-1 ––––––––––––––––––––––

(kg ha-1)

T1 8.0 0.28 0.55 155 21.0 209

T2 8.0 0.27 0.64 167 43.5 243

T3 8.1 0.29 0.88 193 51.1 336

T4 8.1 0.27 0.87 182 50.5 335

T5 8.0 0.29 0.77 173 50.4 314

T6 8.1 0.28 0.69 169 48.9 252

T7 8.1 0.29 0.71 175 50.3 209

T8 8.0 0.27 0.64 165 44.2 254

SE± 0.008 0.005 0.045 4.2 2.33 7.22

CD NS 0.015 0.138 12.7 7.07 21.90
at 5%

(5 years mean)



cost ratio was highest in fertilizers as per STCR
equation through inorganic fertilizers (2.49)
which was significantly superior over all other
treatments, except treatment NPK 25 per cent
through organic + 75 per cent organic and
fertilizer as per soil test which were at par with
each other. Higher returns were obtained in
fertilizers as per soil test treatment may be due
to the higher yield with higher uptake of
nutrients.

It can be concluded from the study that in
soybean-wheat cropping sequence, application
of fertilizers as per soil test values is the best
option for higher productivity with higher,
monetary returns and organic nutrient
management comparable yields, besides
improving soil fertility.
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Sesamum (Sesamum indicum L.) is grown
in all three seasons viz., kharif, rabi and
summer. The sesamum seeds are rich in edible
oil (42-52%). The oil is used as cooking oil, for
anointing the body and manufacturing hair oil
and medical purposes. After extraction of oil,
sesamum cake makes very good feed which is a
rich source of protein, carbohydrate and
minerals like calcium and phosphorus.

Application of inorganic fertilizer no doubt
increased the production but is becoming
costlier day by day. Hence, integrated nutrient
supply system involving biofertilizers, organic
manures and chemical fertilizers is necessary to
meet the crop nutrient demand.

Materials and Methods

The present investigations were carried out

at Post Graduate Institutional Farm, Mahatma
Phule Krishi Vidyapeeth, Rahuri during
summer, 2007 and 2008. The experiments
were laid out in a randomized block design with
three replications and ten treatments. The
different treatments comprised of T1- absolute
control, T2 - 100 per cent (60:40:20 NPK kg
ha-1) recommended dose of fertilizer (RDF), T3
- 75 per cent N (urea) + 25 per cent N (FYM)
+ recommended P2O5 and K2O, T4 - 50 per
cent N (urea) + 50 per cent N (FYM) +
recommended P2O5 and K2O, T5 - 75 per cent
N (urea) + 25 per cent N (vermicompost) +
recommended P2Os and K2O, T6 - 50 N (urea)
+ 50 N (vermicompost) + recommended P2O5
and K2O, T7 - 75 per cent (urea) + seed
treatment of Azospirillum and PSB +
Recommended P2O5 and K2O, T8 - 50 per
cent N (urea) + seed treatment of Azospirillum
and PSB + recommended P2O5 and K2O, T9 -
RDF + 5 t FYM ha-1 + 5 t vermicompost ha-1
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Abstract
The maximum nitrogen (3.82 and 0.927 %), phosphorus (0.307 and 0.168 %) and potassium

concentration (0.125 and 0.610 %) in grain and straw, respectively, was recorded with RDF + 5 t FYM
ha-1 + 5 t vermicompost ha-1 + seed treatment of Azospirillum and PSB. The minimum nitrogen (3.09 and
0.803 %), phosphorus (0.254 and 0.123 %) and potassium concentration (0.113 and 0.556 %) was recorded
under control. However, it was at par with the application of 75 per cent RDF + 5t FYM ha-1 + 5 t
vermicompost ha-1 + seed treatment of Azospirillum and PSB. The total uptake of nitrogen was the highest
(89.42 kg ha-1) with RDF + 5 t FYM ha-1 + 5 t vermicompost + seed treatment of Azospirillum and PSB.
The lowest total uptake of nitrogen (25.14 kg ha-1), phosphorus (2.58 kg ha-1) and potassium (5.69 kg ha-
1) was found with the control. At harvest, the highest available nitrogen (253.59 kg ha-1), phosphorus (29.29
kg ha-1) and potassium was (533.73 kg ha-1) recorded with the application of RDF + 5 t FYM ha-1 + 5
vermicompost ha-1 + seed treatment of Azospirillum and PSB. However, it was at par with the application
of 75 per cent RDF + 5 t FYM ha-1 + 5 t vermicompost ha-1 + seed treatment of Azospirillum and PSB
except available phosphorus.

Key words : Uptake, summer sesamum, integrated nutrient management.
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+ seed treatment of Azospirillum and PSB,
T10 - 75 per cent RDF + 5 t FYM ha-1 + 5 t
vermicompost ha-1 + seed treatment of
Azospirillum and PSB. The gross and net plot
sizes were 4.5 x 4.0 m and 3.6 x 3.6 m,
respectively. The soil of the experimental field
was clayey in texture with low in available
nitrogen (237.67 kg ha-1), medium in available
phosphorus (22.18 kg ha-1) and high in
available potassium (427.52 kg ha-1). The soil
was moderately alkaline in reaction (pH 8.3).
The experimental crop was sown by dibbling at
45 x 10 cm spacing on 12th March, 2007 and
14th March, 2008 and harvested on 6th June,
2007 and 9th June, 2008, respectively, during
2007 and 2008.

At harvest, the seed yield of five
observational plants was recorded and from
this, per plant seed weight was calculated. The
plants from net plot were separately harvested
and the seed and straw yields were recorded on
hectare basis.

Results and Discussion

Nitrogen concentration : In case of
grain, the application of RDF + FYM + 5 t
vermicompost ha-1 + seed treatment of
Azospirillum and PSB recorded (Table 1) the
maximum nitrogen concentration (3.821 %)
and it was significantly superior to most of the
treatments except control. The lowest nitrogen
concentration recorded with the control (3.09
%). These results are similar to those reported
by Jaishankar and Wahab (2005).

The application of RDF + 5 t FYM ha-1 + 5
t vermicompost ha-1 + seed treatment of
Azospirillum and PSB recorded the maximum
nitrogen concentration (0.927 %) in straw was
significantly superior over most of the
treatments. However, it was at par with the
application of 75 per cent RDF + 5 t FYM
ha-1 + 5 vermicompost ha-1 + seed treatment
of Azospirillum and PSB (0.921 %) and also

RDF application (0.914 %). The lowest
nitrogen concentration was recorded with the
control (0.803 %). 

Phosphorus concentration : The
application of RDF + 5 t FYM ha-1 + 5 t
vermicompost ha-1 + seed treatment of
Azospirillum and PSB recorded the maximum
phosphorus concentration of 0.168 and 0.307
per cent in straw and grain, respectively, which
was significantly superior over most of the
treatments (Table 1). However, it was at par
with 75 per cent RDF + 5 t FYM ha-1 + 5 t
vermicompost ha-1 + seed treatment of
Azospirillum and PSB (0.162 and 0.296 %),
75 per cent N (urea) + seed treatment of
Azospirillum and PSB + recommended P2O5
and K2O (0.159 and 0.296 %), 50 per cent N
(urea) + seed treatments of Azospirillum and.
PSB + recommended P2O5 and K2O (0.157
and 0.292 %) and 75 per cent N (urea) + 25
per cent N (FYM) + recommended P2O5 and
K2O (0.156 and 0.287%) for straw and grain,
respectively. The lowest phosphorus
concentration of 0.123 and 0.254 per cent,
respectively in straw and grain, was recorded
with 50 per cent N (urea) + 50 per cent N
(vermicompost) + recommended P2O5 and
K2O (0.131%). 

Potassium concentration : In case of
potassium concentration in straw  and grain,
the data revealed that the application of RDF +
5 t FYM ha-1 + 5 t vermicompost ha-1 + seed
treatment of Azospirillum and PSB recorded
maximum potassium concentration of 0.610
and 0.125 per cent, respectively, which was
significantly superior over most of the
treatments (Table 1). However, it was at par
with the application of 75 per cent RDF + 5 t
FYM ha-1 + 5 t vermicomost ha-1 + seed
treatment of Azospirillum and PSB (0.603 %)
which was also at par with RDF application
(0.601 %), 75 per cent N (urea) + 25 per cent
N (FYM) + recommended P2O5 and K2O
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(0.594 %) and 75 per cent N (urea) + 25 per
cent N (vermicompost) + recommended P2O5
and K2O (0.587%) in case of straw. The lowest
potassium concentration in straw and grain was
recorded as 0.556 and 0.113 per cent,
respectively, under control which was at par
with 50 per cent N (urea) + seed treatment of
Azospirillum and PSB + recommended P2O5
and K2O (0.569 %) and 50 per cent N (urea) +
50 per cent N (vermicompost) + recommended
P2O5 and K2O (0.572). Similar results were
observed by Sarita et al. (2002). 

Total nitrogen uptake : The application
of RDF + 5 t FYM ha-1 + 5 t vermicompost  ha-

1 + seed treatment of Azospirillum and PSB
recorded the highest total nitrogen uptake
(89.42 kg ha-1) and was significantly superior to
most of the treatments. The application of 75
per cent RDF + 5 t FYM ha-1 + 5 t
vermicompost ha-1 + seed treatment with
Azospirillum and PSB recorded higher total
nitrogen uptake (84.87 kg ha-1). The lowest
total nitrogen uptake (25.14 kg ha-1) was

recorded under control.

Total phosphorus uptake : The
application of RDF + 5 t FYM ha-1 + seed
treatment of Azospirillum and PSB recorded
the highest total phosphorus uptake (10.35 kg
ha-1) and it was significantly superior to most of
the treatments. The application of 75 per cent
RDF + 5 t FYM ha-1 + 5 vermicompost ha-1 +
seed treatment of Azospirillum and PSB
recorded second position in total phosphorus
uptake (9.47 kg ha-1). The lowest total
phosphorus uptake (2.58 kg ha-1) was recorded
under control (Table 2). 

Total potassium uptake : The
application of RDF + 5 t FYM ha-1 + 5 t
vermicompost ha-1 + seed treatment of
Azospirillum and PSB recorded the highest
total potassium uptake (22.56 kg ha-1) and was
significantly superior to most of the treatments.
The application of 75 per cent RDF + 5 t FYM
ha-1 + 5 t vermicompost ha-1 + seed treatment
of Azospirillum and PSB recorded second
highest position in total potassium uptake
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Table 1. Mean pooled per cent of nitrogen, phosphorus and potassium content in grain and straw of sesamum as affected
by different treatments.

Treatment Grain (%) Straw (%)
––––––––––––––––––– –––––––––––––––––––
N P K N P K

T1 - Control 3.098 0.254 0.113 0.803 0.123 0.556
T2 - 60:40:20 NPK (RDF) 3.783 0.282 0.121 0.914 0.155 0.601
T3 - 75 % N (urea) + 25 % N (FYM) 3.757 0.287 0.120 0.902 0.156 0.594
T4 - 50 % N (urea) + 50 % N (FYM) 3.702 0.279 0.118 0.846 0.142 0.579
T5 - 75 % N (urea) + 25 % N (vermi.C.) 3.720 0.281 0.120 0.889 0.149 0.587
T6 - 50 % N (urea) + 50 % N (vermi.C.) 3.687 0.273 0.117 0.827 0.131 0.572
T7 - 75 % N (urea) + seed tr. Azo. & PSB 3.712 0.296 0.118 0.878 0.159 0.581
T8 - 50 % N (urea) + seed tr. Azo. & PSB 3.653 0.292 0.116 0.829 0.157 0.569
T9 - RDF + 5 t FYM ha-1 + 5 t Vermi.C ha-1 + seed tr. Azo & PSB 3.821 0.307 0.125 0.927 0.168 0.610
T10 - 75 % RDF + 5 t FYM ha-1 + 5 t Vermi.C ha-1 + seed tr. Azo & PSB 3.804 0.296 0.122 0.921 0.162 0.603
Mean 3.674 0.285 0.119 0.874 0.150 0.585
SEm± 0.065 0.005 0.003 0.006 0.004 0.006
CD (P= 0.05) 0.192 0.014 N.S. 0.018 0.013 0.016

A dose of P2O5 (40 Kg ha-1) and K2O (20 Kg ha-1) was applied uniformly from 2 to 9 treatments.
RDF = Recommended dose of fertilizer (60:40:20 N, P, K kg ha-1), PSB = Phosphate solubilizing bacteria



(20.92 kg ha-1, however, it was the lowest
under control (5.69 kg ha-1).

The uptake of N, P2O5 and K2O were
positively correlated with the yield. Similar
results were observed by Ravinder et al. (1996),
Basavraj et al. (2000), Attia (2001) and Singh
et al. (2001).

Available nitrogen : The application of
RDF + 5 t FYM ha-1 + 5 t vermicompost ha-1

+ seed treatment of Azospirillum and PSB

recorded the highest available nitrogen (253.59
kg ha-1) in soil after harvest of sesamum and it
was significantly superior over rest of the
treatments except application of 75 per cent
RDF + 5 t FYM ha-1 + 5 vermicompost ha-1 +
seed treatment of Azospirillum and PSB
(249.66 kg ha-1) and 75 per cent N (urea) + 25
per cent N (FYM) + recommended P2O5 and
K2O (246.35 kg ha-1). The lowest available
nitrogen (202.57 kg ha-1) was recorded under
control. More amount of nutrients were
supplied through different organic and
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Table 2. Mean pooled Uptake of nitrogen, phosphorus and potassium in grain straw and total at harvest by summer
sesamum and available nutrients in soil after harvest.

Treatment Uptake (kg ha-1) Available nutrients 
––––––––––––––––––––––––––––––––––––––––––––––––––––––––– in soil after harvest 

Grain Straw Total (kg ha-1)
––––––––––––––––– ––––––––––––––––– –––––––––––––––––– ––––––––––––––––––––––
N P K N P K N P K N P K

T1 - Control 17.87 1.47 0.65 7.27 1.11 5.04 25.14 2.58 5.69 202.57 10.52 409.84

T2 - 60:40:20 45.21 3.37 1.45 22.94 3.89 15.08 68.11 7.26 16.53 249.12 27.02 526.68
NPK (RDF)

T3 - 75 % N (urea) + 43.93 3.36 1.40 21.30 3.69 14.03 65.23 7.05 15.43 246.35 23.08 522.79
25 % N (FYM)

T4 - 50 % N (urea) + 34.03 2.57 1.09 13.53 2.27 9.26 47.56 4.84 10.35 234.78 18.97 514.94
50 % N (FYM)

T5 - 75 % N (urea) + 35.22 2.66 1.14 16.41 2.75 10.84 51.63 5.41 11.98 241.03 22.98 518.42
25% N (Vermi.C.)

T6 - 50 % N (urea) + 31.73 2.35 1.01 12.10 1.92 8.37 43.83 4.27 9.38 229.87 18.17 513.92
50 % N (Vermi.C.)

T7 - 75 % N (urea) + 34.52 2.75 1.10 14.94 2.71 9.89 49.46 5.46 10.99 239.41 19.91 516.57
Seed tr. Azo. & PSB

T8 - 50 % N (urea) + 25.10 2.01 0.80 9.51 1.80 6.53 34.61 3.81 7.33 227.94 16.48 509.84
Seed tr. Azo. & PSB

T9 - RDF+ 5 t FYM ha-1 + 58.03 4.66 1.90 31.39 5.69 20.66 89.42 10.35 22.56 253.59 29.29 533.73
5 t Vermi.C ha-1 + 
Seed tr. Azo. & PSB

T10 - 75 % RDF + 55.64 4.33 1.78 29.23 5.14 19.14 84.87 9.47 20.92 249.66 27.72 531.04
5 t FYM ha-1 + 
5 t Vermi.C ha-1 + 
Seed tr. Azo. & PSB

General Mean 38.14 2.96 1.23 17.87 3.10 11.88 56.01 6.05 13.12 237.43 21.41 509.78

SEm± 0.89 0.06 0.03 0.33 0.10 0.20 1.12 0.14 0.20 1.50 0.36 2.45

CD (P= 0.05) 2.65 0.19 0.10 0.97 0.30 0.61 3.31 0.40 0.60 4.46 1.01 7.27

A dose of P2O5 (40 Kg ha-1) and K2O ( 20 Kg ha-1) was applied uniformly from 2 to 9 treatments 
RDF = Recommended dose of fertilizer (60:40:20 N, P, K kg ha-1), PSB = Phosphate solubilizing bacteria



inorganic sources which in turn more available
nitrogen (Table 2). Similar results were
observed by Mondal et al. (1992) and
Palaniappan et al. (1999).

Available phosphorus : The application
of RDF + 5 t FYM ha-1 + 5 t vermicompost  ha-

1 + seed treatment of Azospirillum and PSB
recorded the highest available phosphorus
(29.29 kg ha-1) in soil after harvest of sesamum
and was significantly superior to rest of the
treatments followed by the application of 75
per cent RDF + 5 t FYM ha-1 + 5 t
vermicompost ha-1 + seed treatment of
Azospirillum and PSB (27.72 kg ha-1) which
was at par with RDF application (27.02 kg
ha-1). The lowest available phosphorus (20.52
kg ha-1) was recorded under control. Similar
results were observed by Palaniappan et al.
(1999).

Available potassium : The application of
RDF + 5 t FYM ha-1 + 5 t vermicompost ha-1

+ seed treatment of Azospirillum and PSB
recorded the highest available potassium
(533.73 kg ha-1) in soil after harvest of
sesamum. It was significantly superior over
most of the treatments. However, it was at par
with 75 per cent RDF + 5 t FYM ha-1 + 5 t
vermicompost ha-1 + seed treatment of
Azospirillum and PSB (531.04 kg ha-1) and
RDF application (526.68 kg ha-1). The lowest
available potassium (409.84 kg ha-1) was
recorded under control (Table 2). The nutrients
supplied through different organic and
inorganic sources might have increased the
availability of potassium to sesamum crop.
These results are similar to those reported by

Imayavaramban et al. (2002).
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Application of adequate inorganic fertilizer
supplemented with organic manures on soil test
basis will certainly be helpful for increasing
productivity of sugarcane with better soil health
(Patil et al. 1994 and Jadhav et al. 2002).
Ramamoorthy et al. (1967) also proved that,
the fertilizer application based on targeted yield
approach was found beneficial in increasing
cane yield. The yield target concept has clearly
brought out the fact that the critical level for
nutrient differs from soil to soil and crop to
crop. This is very fundamental to the usefulness
of soil test as a guide to fertilizer
recommendation (Goswami, 2006). Excessive
and indiscriminate use of inorganic fertilizer
creates imbalance of nutrition causing decline in
productivity and simultaneously increased cost
of production tonne-1 of cane. The research
workers are more or less successful in achieving
the targeted yield of sugarcane ( Sonar et al.
1989 and Jadhav et al. 2002). The present

investigation was undertaken to assess the
feasibility of fertilizer prescription equations of
yield target approach in sugarcane using
cultivar Co 94012 recommended for seasonal
cultivation.

Materials and Methods

A field experiment was conducted during
2006-07, 2007-08 and 2008-09 for seasonal
sugarcane grown on inceptisol at Central
Sugarcane Research Station, Padegaon M.S.)
in a randomized block design, with ten
treatments and three replications. The
sugarcane planting and harvesting were done in
three successive years as given bellow:
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Abstract
A field experiment was conducted to assess the feasibility and economics of fertilizer application based on

soil test and yield target approach for sugarcane cv. Co 94012.Significantly highest cane yield (145.0 t ha-1)
and CCS (23.28 t ha-1) was achieved by the application of fertilizer with target of 150 t ha-1 with FYM @
20 t ha-1. Significantly highest average cane weight and number of millable canes hector-1 were also recorded
by the same target. Organic carbon and available nutrients in soil were higher by the target of 150 t ha-1 with
FYM @ 20 t ha-1 at harvest. The economics of fertilizer application based on yield target approach of 150 t
ha-1 with FYM for seasonal sugarcane was found beneficial with maintaining soil fertility. The target of 150
t ha-1 yield can be achieved with deviation of 3.33 per cent. 

Key words : Sugarcane, yield target, organic, inorganic, fertilizer.
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Table 1. Sugarcane planting and harvesting schedule.

Year Planting date Harvesting date

2006-07 18.01.2006 06.02.2007
2007-08 23.02.2007 22.01.2008
2008-09 12.01.2008 15.01.2009



Equations :
–––––––––––––––––––––––––––––––––––––––––––––––––––
Without FYM With FYM
–––––––––––––––––––––––––––––––––––––––––––––––––––
FN = 4.76T - 1.34 SN 6.60T -2.30SN -1.69FYM
FP2O5 = 1.24T - 1.25 SP 2.10T- 8.00SP - 0.75FYM
FK2O = 2.73T - 0.21SK 2.60T -0.38SK -1.26FYM
–––––––––––––––––––––––––––––––––––––––––––––––––––

Soil samples at initial and after harvest of
each crop were collected and used for
determination of available N, P and K with

other chemical properties using standard
procedures. Soil samples were analyzed for pH
and EC in 1:2.5 soil suspension ratio,organic
carbon were estimated as per Nelson and
Sommers (1982), available N by alkaline
permanganate method (Subbiah and Asija,
1956), available P as per method of Olsen et
al. (1954) and available K by flame
photometrically as described by Knudesn et al.
(1982). Plant samples were analyzed for total
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Table 2. Effect of different treatments on yield parameters of sugarcane.

Treatment Yield CCS ACW NMC CCS
(t ha-1) (t ha-1) (kg) (000 ha-1) (%)

T1 - RDNPK (250:115:115 kg ha-1) with FYM 107.7 17.41 1.27 78.77 16.11
T2 - Fertilizer dose as per soil test (AST) with FYM 126.4 20.41 1.43 84.61 16.13
T3 - Yield target 100 t ha-1 with FYM 105.8 17.91 1.31 77.10 16.24
T4 - Yield target 125 t ha-1 with FYM 124.7 20.31 1.33 88.23 16.31
T5 - Yield target 150 t ha-1 with FYM 145.0 23.28 1.86* 96.85* 16.06
T6 - RD NPK (250:115:115 kg ha-1) without FYM 102.9 16.61 1.48 76.16 16.14
T7 - Fertilizer dose as per soil test (AST) without FYM 114.9 19.14 1.52 83.50 16.66
T8 - Yield target 100 t ha-1 without FYM 91.9 15.17 1.23 75.38 16.51
T9 - Yield target 125 t ha-1 without FYM 104.7 17.51 1.32 79.27 16.71
T10 - Yield target 150 t ha-1 without FYM 135.9 20.74 1.70* 91.13* 16.46
SE± 3.76 0.84 0.07 4.10 0.22
CD at 5% 11.77 2.48 0.22 12.19 NS
CV% 5.62 7.70 - - -

ACW : Average Cane Weight, NMC : Number of Millable Canes, CCS : Commercial Cane Sugar.

Table 3. Effect of different treatments on soil chemical properties at harvest.

Treatment pH EC Org. C. Avail. N Avail. P Avail. K
(dSm-1) (%) (kg ha-1) (kg ha-1) (kg ha-1)

Initial status : 7.66 0.25 0.83 200 23* 382*
T1 - RDNP(250:115:115) kg ha-1) with FYM 7.72 0.18 0.83 226 22 349
T2 - Fertilizer dose as per soil test (AST) with FYM 8.01 0.20 0.80 226 26* 353
T3 - Yield target 100 t ha-1 with FYM 8.03 0.15 0.84 218 25* 346
T4 - Yield target 125 t ha-1 with FYM 8.05 0.13 0.84 222 19 356
T5 - Yield target 150 t ha-1 with FYM 7.87 0.15 0.86 234* 23* 387*
T6 - RD NPK (250:115:115 kg ha-1) without FYM 8.28 0.22 0.74 206 22* 339
T7 - Fertilizer dose as per soil test (AST) without FYM 7.97 0.22 0.74 218 20 348
T8 - Yield target 100 t ha-1 without FYM 7.95 0.27 0.72 203 18 331
T9 - Yield target 125 t ha-1 without FYM 7.92 0.23 0.75 208 23* 338
T10 - Yield target 150 t ha-1 without FYM 7.95 0.26 0.76 223 23* 381
SE± 0.13 0.02 0.02 1.23 0.86 2.56
CD at 5% NS 0.06 0.05 5.71 2.56 7.6



nutrient uptake as per method given by
Parkinson and Alien (1975). Cane juice quality
was determined by using procedure outlined by
Spencer and Meade (1964) and commercial
cane sugar (CCS) was calculated. The data
obtained on chemical properties of soil, uptake
of nutrient by plant, juice quality and yield of
sugarcane were analyzed statistically by using

procedure laid down by Panse and Sukhatme
(1978).

Results and Discussion

Yield parameters : The treatment of yield
target of 150 t ha-1 with FYM recorded
significantly higher yields of sugarcane (145.00
t ha-1) and CCS (23.28 t ha-1) over rest of the
treatments. Results indicated that, the yield
target of 150 t ha-1 with FYM can be achieved
with deviation of 3.33%. Whereas in case of
CCS per cent the results are non significant
(Table 2). Jadhav et al. (2001) and More et al.
(2008) reported that application of adequate
inorganic fertilizer with FYM on soil test basis
found beneficial in increasing cane and CCS
yields of sugarcane with maintaining soil
fertility.

Soil studies : The data presented in Table
3 indicated that, there was no much change in
soil pH and EC due to different treatments.
However, there were slight improvement in
organic carbon content in soil at harvest.
Significantly higher organic carbon and
available P content in soil were recorded in
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Table 4. Effect of different treatments on nutrient uptake
by sugarcane plant.

Treat- kg ha-1 kg t-1
ment ––––––––––––––––––– –––––––––––––––––

N P K N P K

T1 172 42 21 1.60 0.39 1.96
T2 175 49 214 1.38 0.39 1.69
T3 135 46 223 1.28 0.44 2.11
T4 237 57 249 1.90 0.46 1.99
T5 251* 62* 291* 1.73 0.43 2.01
T6 185 41 238 1.80 0.40 2.33
T7 165 37 221 1.44 0.32 1.92
T8 163 32 198 1.77 0.35 2.15
T9 195 41 229 1.86 0.39 2.19
T10 211 53 259 1.55 0.39 1.91
SE± 3.41 1.81 4.08 - - -
CD at 5% 10.13 5.38 12.12 - - -

Table 5. Economics of sugarcane as influenced by different treatments.

Treatment Nutrient applied (kg ha-1) Yield Mon. Total Net B:C
–––––––––––––––––––––––––– (t ha-1) returns cost profit ratio
N P K (Rs.) (Rs.) (Rs.)

T1 250 115 115 101.12 111557 91367 23389 1.27
T2 313 115 58 119.43 131629 98487 43129 1.49
T3 166 11 140 96.56 106409 89262 19884 1.23
T4 331 64 205 114.33 125992 96599 36570 1.40
T5 496 116 270 137.30 151369* 107193 58784 1.65
T6 250 115 115 94.40 104337 83381 26169 1.29
T7 313 115 58 112.80 124290 87481 49124 1.66
T8 208 88 193 88.20 97119 40809 43403 1.32
T9 327 119 261 107.40 118026 87795 41776 1.55
T10 446 150 329 126.00 139020 94806 60053 1.76
SE± - - - 2.4 2941 4870 7229 0.05
CD at 5% - - - 7.1 8735 14456 21470 0.16

Rates of fertilizer :
Urea = Rs. 4.85 kg-1, Single super phosphate = 3.68, Murate of patash = Rs. 4.60 kg-1 FYM = Rs. 500.0 t-1

Cost of cultivation : Rs. 77805 ha-1 (excluding cost of fertilizer and manures), Cane price : Rs. 1102 t-1



treatment of yield targeting approach of 150 t
ha-1 with FYM @ 20 t ha-1 than other
treatments. Similar type of results were also
reported by Patil et al. (1994).

In general, after harvest of sugarcane,
available soil N, P and K were minimum in all
treatments where the FYM was not used.
Further, soil fertility was maintained in the
treatments where FYM was used (T1, T2, T3,
T4 and T5 ) indicating the need of application
of chemical fertilizer along with organic
manures. Yadav and Singh (1989 ) reported
considerable depletion of NPK under
continuous sugarcane-paddy cropping system
without addition of organic sources.

Nutrient uptake : The lowest uptake of N,
P and K kg t-1 and kg ha-1 were observed in the
treatments without FYM, thereby resulted into
maximum depletion of available N, P and K in
soil at harvest, whereas maximum uptake of
NPK was recorded by application of FYM with
improvement in available N, P and K in soil at
harvest (Table  4 ). Similar results were also
noticed by More et al. (2008). 

Economics : An application of NPK
fertilizer as per 150 t ha-1 yield target with FYM
gave higher monetary returns (Rs. 1,51,369
ha-1) over rest of the treatments. Whereas
significantly higher net profit (Rs. 60,053 ha-1)
and B:C ratio (1.76) were seen in the treatment
of T10 i.e. yield of 150 t ha-1 without FYM. 

Conclusion : The economics of fertilizer
application based on yield target approach of
150 t ha-1 with FYM for seasonal sugarcane
(cv. Co 94012) was found beneficial with
maintaining soil fertility. Target of 150 t ha-1

yield can be achieved with deviation of 3.33 per
cent.
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Dianthus caryophyllus is commercially
more important as cut flower crop due to
perpetual flowering (Mii et al. 1990) and
presence of single and multi-colour cultivars,
this crop is well exploited to develop
regeneration protocols for clonal multiplication
(Kantia and Kothari, 2002). Generally one or
more viruses (Bierly, 1994, Bierly and Smith,
1957 and Ram and Zaidi, 1999); bacteria or
fungi (Forsberg, 1963, Holley and Baker,
1963, Thakur et al. 2002) infect stem cutting
of this plant. Adventitious organogenesis for
multiple shoot induction is a preferred system
as it enables to retain the clonal fidelity since
many ornamental species and cultivars that are
propagated for one or more unique
characteristics (Kantia and Kothari, 2002). The
potential advantage of this technique involves
the evaluation of large number of genotypes by
using very small space in the laboratory and
reduction of time between two successive
generations by controlling the environmental

and nutritional conditions along with
differences in morphology and stages of
development. The present investigations were
undertaken to develop an efficient protocol for
in vitro propagation comparing the effect of
different growth regulators on callus induction
and shoot regeneration in two different cultivars
viz., Wimbledon and Domingo.

Materials and Methods

Apical and nodal meristems were used as
explants for callus induction. The explants were
obtained from All India Co-ordinated Research
Project on Floriculture, Ganeshkhind, Pune-7
(M.S., India). The explants were washed in
running tap water and then washed thoroughly
by adding a few drops of tween-20. They were
then surface sterilized in a 0.1 per cent
mercuric chloride solution for five minutes
followed by rinsing them in double distilled
sterile water in laminar flow. These explants
were cut into 2.0 mm size and used for
culturing on the callus induction medium (CIM)
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Abstract
Callus induction, shoot regeneration and in vitro rooting from apical and nodal meristem, of Dianthus

caryophyllus has been obtained on Murashige and Skoog (1962) medium supplemented with different levels
of auxins and cytokinins in two varieties. For callus initiation the variety Wimbledon required less number of
days (18.38 days) as compared to variety Domingo (30.47 days) on MS media supplemented with different
levels of 2, 4-D. For days to shoot initiation and number of shoots/explant, the variety Domingo recorded
less days (7 days) and more number of shoots/explant (5.67). For rooting response, the media containing MS
+ IAA and 1/2 MS basal recorded minimum days to root initiation in both the varieties. Interaction effects of
variety x treatments were also studied. Further, these plants were successfully hardened in the carrier
vermiculite.

Key words : Carnation, in vitro, callus, shoot regeneration.
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Associate Professor.



comprising of Murashige and Skoog (1962)
basal medium supplemented with different
concentration of auxins and cytokinins
alongwith 30 g l-1 sucrose and 0.9 per cent
agar. Hyperhydracity is one of the major
physiological disorder in in vitro culture of
carnation resulting in the complete loss of the
cultures. (Bora et al. 2006). To minimize the
problem of hyperhydracity the agar content in
the media was increased to 0.9 per cent. The
pH of the medium was adjusted to 5.8 before
autoclaving at 15 psi for 15 minutes. The
cultures were maintained at 22 + 2°C under
cool florescent light intensity with 16 hrs light
and 8 hrs dark photoperiod cycle. For callus
induction the different concentrations of 2, 4-
dichlorophenoxy acetic acid (2, 4-D) was used
(Table-1). For shoot induction and proliferation
MS media containing different concentration
and combination of cytokinins was used (Table-
2). For rooting MS media was supplemented
with different concentration of auxins like
napthelic acetic acid (NAA) and Indole 3- acetic
acid (IAA) along with basal and 1/2 basal media
containing no auxins (Table-3). The plants
which were showing the signs of vitrification
were rejected and only non-vitrified plants were
taken and cultured in ten bottles comprising of
five plants each. The data were recorded on
different growth parameters and statistically
analyzed by using factorial completely
randomized design (Panse and Sukhatme,
1985). The rooted plants were hardened in the
hardening unit and planted in 10 cm diameter
pots containing different carriers and the
survival percentage was recorded.

Results and Discussion

Nodal meristem were taken as explants for
induction of callus in both the cultivars. These
explants were cultured on seven different 2, 4-
D levels to find out the effect on days to callus
initiation and callusability response (%) in both
the carnation varieties. Significant effect was

observed for days to callus initiation in
Wimbledon which required less number of days
to initiation of callus (18.38) as compared to
Domingo which required more (30.47) days for
days to callus initiation. Among different
treatments 0.75, 1.5 and 2.0 mg l-1 2, 4-D
required less number of days (21.50) for callus

Rajput et al.384

Table 1. Effect of 2, 4-D on callus induction in Carnation.

Treatment Days to Collusability
callus response
initiation (%)

Variety-1 (Wimbledon) 18.38 90.71 (80.16)
Variety-2 (Domingo) 30.47 88.57 (77.47)
SE± 0.27 2.62
CD (5%) 0.79 NS
T1 - MS + 0.25* 33.67 62.50 (52.50)
T2 - MS + 0.50* 27.5 92.50 (80.57)
T3 - MS + 0.75* 21.5 92.50 (80.57)
T4 - MS + 1.00* 21.67 100.00 (90.00)
T5 - MS + 1.50* 21.5 87.50 (77.50)
T6 - MS + 2.00* 21.5 92.50 (80.57)
T7 - MS + 2.50* 23.67 100.00 (90.00)
SE± 0.51 4.90
CD (5%) 1.48 14.19

Variety x Treatment interaction
V1T1 - V1 x MS + 0.25* 35.00 66.67 (55.00)
V1T2 - V1 x MS + 0.50* 23.67 100.00 (90.00)
V1T3 - V1 x MS + 0.75* 14.00 100.00 (90.00)
V1T4 - V1 x MS + 1.00* 14.00 100.00 (90.00)
V1T5 - V1 x MS + 1.50* 14.00 75.00 (65.00)
V1T6 - V1 x MS + 2.00* 14.00 93.33 (81.15)
V1T7 - V1 x MS + 2.50* 14.00 100.00 (90.00)
V2T1 - V2 x MS + 0.25* 32.00 58.33 (50.00)
V2T2 - V2 x MS + 0.50* 31.00 85.00 (71.15)
V2T3 - V2 x MS + 0.75* 29.00 85.00 (71.15)
V2T4 - V2 x MS + 1.00* 29.33 100.00 (90.00)
V2T5 - V2 x MS + 1.50* 29.00 100.00 (77.50)
V2T6 - V2 x MS + 2.00* 29.00 91.67 (80.57)
V2T7 - V2 x MS + 2.50* 33.33 100.00 (90.00)
SE± 0.72 6.93
CD (5%) 2.10 NS

* mg l-1 2-4D. Figures in parenthesis indicate are sin values,
Colour of callus in MS was yellowish green while type of
callus V x T interaction was friable.
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Table 2. Effect of cytokinins on shoot initiation, shoot number and shoot height.

Treatment Days to shoot Number of Shoot height
initiation shoots/explant (cm)

Variety-1 (Wimbledon) 8.11 4.80 5.86
Variety-2 (Domingo) 7.00 5.67 4.79
SE± 0.14 0.13 0.12
CD (5%) 0.39 0.37 0.34
T1 - MS + 0.5 mg l-1 Kinetin 6.83 3.67 5.97
T2 - MS + 1.00 mg l-1 Kinetin 6.83 3.33 6.97
T3 - MS + 1.50 mg l-1 Kinetin 6.33 3.67 6.92
T4 - MS + 2.00 mg l-1 Kinetin 6.17 4.33 6.33
T5 - MS + 0.50 mg l-1 BAP 6.83 4.17 4.42
T6 - MS + 1.00 mg l-1 BAP 7.33 5.67 5.17
T7 - MS + 1.50 mg l-1 BAP 8.00 6.00 4.75
T8 - MS + 2.00 mg l-1 BAP 8.00 4.83 4.42
T9 - MS + 0.50 mg l-1 BAP +Kinetin 8.67 5.67 6.08
T10 - MS + 1.00 mg l-1 BAP +Kinetin 8.33 8.17 5.25
T11 - MS + 1.50 mg l-1 BAP +Kinetin 8.33 7.83 3.83
T12 - MS + 2.00 mg l-1 BAP +Kinetin 8.50 5.50 3.75
SE± 0.34 0.32 0.29
CD (5%) 0.96 0.91 0.83
Variety x Treatment interaction
V1T1 - V1 x MS + 0.50 mg l-1 Kinetin 7.33 3.00 7.93
V1T2 - V1 xMS+ 1.00 mg l-1 Kinetin 7.00 3.00 7.83
V1T3 - V1 xMS+ 1.50 mg l-1 Kinetin 7.33 3.67 7.67
V1T4 - V1 x MS + 2.00 mg l-1 Kinetin 8.00 4.00 7.17
V1T5 - V1 x MS + 0.50 mg l-1 BAP 7.33 3.33 5.50
V1T6 - V1 xMS + 1.00 mg l-1 BAP 8.00 5.00 5.83
V1T7 - V1 xMS + 1.50 mg l-1 BAP 8.33 5.00 4.67
V1T8 - V1 x MS + 2.00 mg l-1 BAP 9.00 4.00 4.33
V1T9 - V1 x MS + 0.50 mg l-1 BAP+Kinetin 8.67 5.67 6.17
V1T10 - V1 x MS + 1.00 mg l-1 BAP+Kinetin 8.33 7.67 5.67
V1T11 - V1 x MS + 1.50 mg l-1 BAP+Kinetin 9.33 7.00 3.83
V1T12 - V1 x MS + 2.00 mg l-1 BAP+Kinetin 8.67 6.33 3.67
V2T1 - V2 x MS + 0.50 mg l-1 Kinetin 6.33 4.33 4.00
V2T2 - V2 x MS + 1.00 mg l-1 Kinetin 6.67 3.67 6.10
V2T3 - V2 x MS + 1.50 mg l-1 Kinetin 5.33 3.67 6.17
V2T4 - V2 x MS + 2.00 mg l-1 Kinetin 4.33 4.67 5.50
V2T5 - V2 x MS + 0.50 mg l-1 BAP 6.33 5.00 3.33
V2T6 - V2 x MS + 1.00 mg l-1 BAP 6.67 6.33 4.50
V2T7 - V2 xMS  + 1.50 mg l-1 BAP 7.67 7.00 4.83
V2T8 - V2 x MS + 2.00 mg l-1 BAP 7.00 5.67 4.50
V2T9 - V2 x MS + 0.50 mg l-1 BAP+Kinetin 8.67 5.67 6.00
V2T10 - V2 x MS + 1.00 mg l-1 BAP+Kinetin 8.33 8.67 4.83
V2T11 - V2 x MS + 1.50 mg l-1 BAP+Kinetin 8.33 8.67 3.83
V2T12 - V2 x MS + 2.00 mg l-1 BAP+Kinetin 8.50 4.67 3.83
SE± 0.48 0.45 0.42
CD (5%) 1.35 1.29 1.18



initiation as compared with other treatments.
Interaction effects were significant in V1T3,
V1T4, V1T5, V1T6 and V1T7 treatments which
showed less period for days to callus initiation
as compared with other interactions. Bonga
(1987) reported that the type of explant used
for induction of callus mainly depends upon the
juvenility of the explant.

For callusability response, Wimbledon
showed more callus formation (90.71%) as
compared to cv. Domingo (88.57%). Among
different treatments 1.0 and 2.5 mg l-1 2,4-D
showed cent per cent callusability response,
while interaction effects were non-significant
for callusability response. In all the treatments
the friable type of callus was observed and these
callus were yellowish green in colour with signs
of vitrification were observed in these callus.
These callus were unsuitable for regeneration.
Kumar and Kumar (2006) observed maximum
callus induction on MS supplemented with 1.0,
1.5 and 2.0 mg l-1 2, 4-D in gerbera.

The callus obtained were subjected to
regeneration in plain MS medium, however, the
plants regenerated showed high level of
vitrification making the regenerated plantlets
unsuitable for further multiplication. Hence, the
nodal meristem were used for induction of
shoots in both the cultivars. The multiple shoots
were repeatedly subcultured every 21 days.
Domingo required less number of days for
shoot initiation (7.00 days) as compared to cv.
Wimbledon (8.11 days). Among different
treatments 2 mg l-1 Kinetin followed by 1.5 mg
l-1 Kinetin required less number of days for
shoot initiation as compared with other
treatments. Interaction effects were also
significant in V2T4, V2T3 as compared with
other interactions. Salehi (2006) compared
different cultivars for proliferation in MS media
containing different Kinetin and BAP levels.
The mean shoot number observed ranged from
1.75 to 2.67 in all the cultivars studied.
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Table 3. Effect of auxins on root initiation and root
number.

Treatment Days  Number  
to of
root roots
initia- plant-
tion let-1

Variety-1 (Wimbledon) 21.50 4.14
Variety-2 (Domingo) 22.50 4.06
SE ± 0.19 0.11
CD (5%) 0.53 NS
T1 - MS + 0.5 mg l-1 NAA 21.67 3.17
T2 - MS + 1.00 mg l-1 NAA 23.50 3.67
T3 - MS + 1.50 mg l-1 NAA 24.17 4.50
T4 - MS + 2.00 mg l-1 NAA 24.33 4.00
T5 - MS + 3.00 mg l-1 NAA 26.67 3.50
T6 - MS + 0.50 mg l-1 IAA 22.00 4.50
T7 - MS+ 1.00 mg l-1 IAA 18.50 4.50
T8 - MS+ 1.50 mg l-1 IAA 18.67 4.17
T9 - MS + 2.00 mg l-1 IAA 19.17 4.00
T10 - MS + 3.00 mg l-1 IAA 22.33 3.17
T11 - MS Basal  (no hormone) 24.67 5.17
T12 - 1/2 MS Basal (no hormone) 18.83 4.83
SE± 0.46 0.27
CD (5%) 1.31 0.78
Variety x Treatment interaction :
V1T1 - V1 x MS + 0.5 mg l-1 NAA 21.00 3.33
V1T2 - V1 xMS + 1.00 mg l-1 NAA 21.33 4.00
V1T3 - V1 x MS + 1.50 mg l-1 NAA 22.67 5.33
V1T4 - V1 x MS + 2.00 mg l-1 NAA 23.67 3.67
V1T5 - V1 x MS + 3. 00 mg l-1 NAA 25.67 3.67
V1T6 - V1 x MS + 0.50 mg l-1 IAA 21.00 5.33
V1T7 - V1 xMS + 1.00 mg l-1 IAA 18.00 3.67
V1T8 - V1 xMS + 1.50 mg l-1 IAA 18.33 3.67
V1T9 - V1 x MS + 2.00 mg l-1 IAA 21.00 3.33
V1T10 - V1 x MS + 3.00 mg l-1 IAA 23.67 2.67
V1T11 - V1 x MS Basal (No hormone) 24.33 5.67
V1T12 - V1 x 1/2 MS Basal 18.33 5.33

(No harmone)
V2T1 - V2 x MS + 0.5 mg l-1 NAA 22.33 3.00
V2T2 - V2 xMS + 1.00 mg l-1 NAA 25.67 3.33
V2T3 - V2 x MS + 1.50 mg l-1 NAA 25.67 3.67
V2T4 - V2 x MS + 2.00 mg l-1 NAA 25.00 4.33
V2T5 - V2 x MS + 3.00 mg l-1 NAA 27.67 3.33
V2T6 - V2 x MS + 0.50 mg l-1 IAA 23.00 3.67
V2T7 - V2 xMS + 1.00 mg l-1 IAA 19.00 5.33
V2T8 - V2 xMS + 1.50 mg l-1 IAA 19.00 4.67
V2T9 - V2 x MS + 2.00 mg l-1 IAA 17.33 4.67
V2T10 - V2 x MS + 3.00 mg l-1 IAA 21.00 3.67
V2T11 - V2 x MS Basal (No hormone) 25.00 4.67
V2T12 - V2 x 1/2 MS Basal 19.33 4.33

(No hormone)
SE± 0.65 0.39
CD (5%) 1.85 1.10



For number of shoots per explants more
number of shoots were observed in cv.
Domingo (5.67) as compared to cv. Wimbledon
(4.80). Among different treatments highest
number of shoots were found in 1.00 mg l-1

BAP + Kinetin followed by 1.5 mg l-1 BAP +
Kinetin. Interaction effect was significant with
highest number of shoots per explant in 1.00
mg l-1 BAP + Kinetin and 1.5 mg l-1 BAP +
Kinetin as compared to other treatments.

For shoot height the cv. Wimbledon showed
highest shoot height (5.86 cm) while in cv.
Domingo it was 4.79 cm. Among treatments
1.00 mg l-1 Kinetin followed by 1.5 mg l-1

Kinetin showed more shoot height i.e. 6.97
and 6.92cm as compared with other
treatments. Interaction effect were also
significant and cv. Wimbledon showed the
highest shoot height in 0.5 mg l-1 Kinetin
followed by 1.00 mg l-1 Kinetin. Ali et al.
(2008) observed maximum multiple shoots on
MS media containing 1.0 mg l-1 BAP. Increase
in Kinetin and BAP levels hampered the shoot
multiplication rate. Van et al. (1992) and
Yantcheva et al. (1998) reported highest
number of shoots per explant on MS medium
containing 0.9 mg l-1 BA and 0.3 mg l-1 NAA.

The high variability was observed for rooting
in both the cultivars (Table 3). Significant results
were observed in cv. Wimbledon for days to
root initiation i.e. 21.50 days as compared to
cv. Domingo (22.50 days). Among different
treatments 1.0 mg l-1 IAA and 1.50 mg l-1 IAA
required the minimum days for root initiation
followed by 2.00 mg l-1 IAA. Interaction effect
were also significant and treatment 2.0 mg l-1

IAA followed by 1.00 mg l-1 IAA and 1.5 mg l-
1 IAA showed the least number of days as
compared to other treatment.

For number of roots plant-1 the results were
found to be non-significant among varieties.

The mean range varied from 4.06 to 4.14 cm
for number of roots plant-1. Among treatments
MS + basal (without any growth regulator)
showed the highest number of roots plant-1

(5.17) followed by 1/2 MS + basal (4.83) as
compared with other treatments. There are
several reports (Mii et al. 1990, llahi et al.
1995) on suitability of growth regulator free
medium for rooting of carnation cultivars.
However, in this study IAA was found to be
good for inducing roots in Domingo. Similar
results were also reported by Cuzzuol et al.
(1996) and Jagannatha et al. (2001) where the
plants having more roots usually have shorter
root length. Chen et al. (1998) reported better
rooting in IBA than IAA in carnation.

Interaction effects showed highest number
of roots in V1T1 and V2T12 while the least was
observed in V2T1.

Different carriers were studied to find out
the most efficient carrier for hardening the
carnation seedlings. Out of five carriers i.e.
vermiculite, soilrite, coco-peat, soilrite + coco-
peat (1/1 v/v) and soil it was found that the
carrier vermiculite proved to be the best and
most effective for better growth of the plantlets,
recording the highest survival (70%) followed by
the substrate coco-peat (65%). Hundred per
cent mortality was observed in plants planted in
soil and only 15 per cent survival was observed
in soilrite. Similar results have been reported
where the carrier vermiculite was found the best
followed by coco-peat for establishment and
better exvitro growth of the plantlets of
carnation (Bora et al. 2006). Further, Ali et al.
(2008) found best response for hardening of
Dianthus caryophyllus in the mixture of sand
+ peat + soil (1:1:1) at 95 per cent humidity
level under light conditions.
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Sesamum (Sesamum indicum L.) also
known as til or gingerly is an important and
ancient oil yielding crop. The sesamum seed is
a rich source of edible oil and protein. An acute
shortage of edible oil is being felt in India since
last three decades. The average ha-1 yield of
this crop in India is only 310 kg, while world
average per ha yield is 410 kg. So production
of this important oil seed crop has to be
stepped up by evolving high yielding varieties
and for the same purpose the plant breeder
must know the relationship between different
yield contributing characters and their direct
and indirect effects.

Materials and Methods

A field experiment was conducted at the
research farm, Department of Agricultural
Botany, College of Agriculture, Dapoli, Dist.
Ratnagiri, (M.S) during kharif 2008. Fifty

different genotypes of sesamum collected from
the Oilseed Research Station Jalgaon,
Maharashtra and Oilseed Research Station,
Amreli, Gujarat were grown in randomized
block design with three replications. Each
genotype was raised in three rows of 3 m
length spaced at 30 cm between rows and 15
cm between plants. Observations were
recorded on five randomly selected plants of
each genotype in each replication for days to
first flowering, days to 50 per cent flowering,
days to maturity, plant height, number of
primary branches plant-1, number of secondary
branches plant-1, leaf area, number of
internodes plant-1 number of capsules plant-1,
capsule length, capsule diameter, number of
seeds capsule-1, 1000 seed weight, oil
percentage, harvest index and seed yield
plant-1. Correlation between sixteen quanti-
tative characters was estimated according to the
method given by Singh and Chaudhary (1977);
where as path coefficient analysis was done by
method given by Dewey and Lu (1959).
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Abstract
Correlation and path analysis was studied for sixteen characters with fifty genotypes of sesamum

(Sesamum indicum L.). The correlation study revealed that the characters viz., number of capsules plant-1,
plant height, number of internodes plant-1 and number of primary branches plant-1 had highly significant
positive correlation with seed yield plant-1 at both phenotypic and genotypic level. Further the path coefficient
analysis revealed that the characters number of internodes plant-1, days to first flowering, days to maturity,
number of primary branches plant-1, number of secondary branches plant-1, number of seeds capsule-1,
1000 seed weight and harvest index exhibited positive direct effect on seed yield plant-1. From this study, it
is clear that seed yield plant-1 could be improved through simultaneous selection of number of primary
branches plant-1, number of internodes plant-1, number of capsules plant-1 and harvest index. It is desirable
to give more weightage to these characters in selection programme. 

Key words : Correlation, path analysis, sesamum.

*Part of M. Sc. (Agri.) thesis submitted by Sr. author to
Dr. B.S.K.K.V., Dapoli.

1., 3. M. Sc. (Agri.) student, 2. Professor.



Patil et al.390
Ta

bl
e 

1
.

Es
tim

at
es

 o
f 

ge
no

ty
pi

c 
(a

bo
ve

 d
ia

go
na

l) 
an

d 
ph

en
ot

yp
ic

 (b
el

ow
 d

ia
go

na
l) 

co
rr

el
at

io
n 

co
ef

fic
ie

nt
s 

fo
r 

di
ffe

re
nt

 y
ie

ld
 c

on
tr

ib
ut

in
g 

ch
ar

ac
te

rs
 in

 s
es

am
um

.

C
ha

-
D

ay
s

D
ay

s
D

ay
s

P
la

nt
P
ri

-
S
ec

o-
Le

af
In

te
r-

C
ap

-
C

ap
-

C
ap

-
S
ee

ds
1
0
0
0

O
il

H
ar

-
S
ee

d
ra

c-
to

to
to

he
ig

ht
m

ar
y

nd
ar

y
ar

ea
no

de
s

su
le

s
su

le
su

le
ca

p
-

se
ed

p
er

-
ve

st
yi

el
d

te
rs

fi
rs

t
5
0
 p

er
m

at
-

(c
m

)
br

an
-

br
an

-
(c

m
2
)

p
la

nt
-1

p
la

nt
-1

le
ng

th
di

a-
su

le
-1

w
ei

gh
t

ce
n-

in
de

x
p
la

nt
-1

fl
ow

-
ce

nt
ur

it
y

(X
4
)

ch
es

ch
es

(X
7
)

(X
8
)

(X
9
)

(c
m

)
m

et
er

(X
1
2
)

(g
)

ta
ge

(%
)

(X
1
6
)

er
in

g
fl
ow

-
(X

3
)

p
la

nt
-1

p
la

nt
-1

(X
1
0
)

(m
m

)
(X

1
3
)

(X
1
4
)

(X
1
5
)

(X
1
)

er
in

g
(X

5
)

(X
6
)

(X
1
1
)

(X
2

)

X
1

1.
00

0
0.

77
8*

*
0.

63
8*

*
0.

26
9

0.
13

9
0.

18
1

0.
29

1*
0.

26
1

0.
21

1
0.

08
9

0.
11

6
0.

31
5*

-0
.0

78
0.

10
8

-0
.3

70
**

0.
15

1

X
2

0.
65

7*
*

1.
00

0
0.

79
5*

*
0.

32
8*

0.
17

3
0.

32
3*

0.
23

7
0.

31
8*

0.
33

9*
-0

.1
03

-0
.1

84
0.

05
6

0.
03

3
0.

09
3

-0
.5

24
**

0.
13

7

X
3

0.
57

0*
*

0.
73

1*
*

1.
00

0
0.

22
4

-0
.0

16
0.

07
8

0.
02

8
0.

21
9

0.
25

8
-0

.1
97

-0
.0

99
0.

01
4

0.
02

3
0.

22
3

-0
.3

35
*

0.
12

8

X
4

0.
11

0
0.

21
8

0.
16

7
1.

00
0

-0
.0

83
-0

.2
75

0.
06

3
0.

94
2*

*
0.

54
2*

*
0.

13
3

-0
.2

08
0.

04
1

0.
12

3
0.

22
0

-0
.1

90
0.

48
6*

*

X
5

0.
14

0
0.

16
6

0.
02

8
0.

01
6

1.
00

0
0.

64
5*

*
0.

15
3

-0
.0

51
0.

47
7*

*
0.

09
6

0.
05

6
0.

08
2

0.
02

0
0.

13
0

-0
.1

45
0.

37
9*

*

X
6

0.
10

0
0.

24
3

0.
08

8
-0

.1
22

0.
56

1*
*

1.
00

0
0.

17
9

-0
.2

44
0.

49
8*

*
0.

11
1

0.
18

0
0.

02
6

-0
.0

44
0.

06
3

-0
.3

28
*

0.
14

7

X
7

0.
18

3
0.

19
3

0.
01

2
0.

10
9

0.
08

6
0.

14
9

1.
00

0
0.

07
8

0.
20

3
0.

16
0

-0
.0

65
0.

19
0

-0
.2

10
-0

.1
92

-0
.0

53
0.

02
8

X
8

0.
13

0
0.

19
3

0.
15

3
0.

95
6*

*
0.

03
4

-0
.0

95
0.

12
1

1.
00

0
0.

54
7*

*
0.

16
8

-0
.2

44
0.

01
6

0.
15

3
0.

22
3

-0
.2

05
0.

48
0*

*

X
9

0.
19

9
0.

30
1*

0.
23

3
0.

46
0*

*
0.

42
1*

*
0.

41
2*

*
0.

21
2

0.
46

3*
*

1 
00

0
0.

05
0

-0
.1

50
-0

.0
17

-0
.0

49
0.

09
7

-0
.1

84
0.

69
2*

*

X
10

0.
04

1
-0

.0
77

-0
.1

48
0.

01
5

-0
.0

06
0.

00
2

0.
09

8
0.

00
0

0.
03

6
1.

00
0

0.
36

4*
*

0.
57

4*
*

0.
11

5
-0

.4
20

**
-0

.2
72

0.
01

7

X
11

-0
.0

09
-0

.1
84

-0
.1

05
-0

.1
40

-0
.0

83
0.

09
5

0.
01

6
-0

.1
47

-0
.1

08
0.

17
5

1.
00

0
0.

36
1*

*
-0

.0
97

-0
.2

91
*

-0
.3

92
**

-0
.2

62

X
12

0.
23

4
0.

03
8

-0
.0

11
0.

02
2

-0
.0

17
0.

01
5

0.
15

8
0.

02
3

0.
00

5
0.

40
0*

*
0.

19
5

1.
00

0
-0

.0
86

-0
.2

34
-0

.3
28

*
-0

.1
63

X
13

-0
.0

64
0.

06
2

0.
03

1
0.

09
2

-0
.0

01
-0

.0
28

-0
.1

79
0.

11
6

-0
.0

47
0.

03
7

-0
.0

49
-0

.0
66

1.
00

0
0.

03
1

-0
.1

54
0.

14
5

X
14

0.
09

4
0.

07
3

0.
18

3
0.

20
2

0.
11

2
0.

07
1

-0
.1

54
0.

22
2

0.
07

7
-0

.2
94

*
-0

.1
55

-0
.2

22
0.

02
7

1.
00

0
0.

06
2

0.
15

8

X
15

-0
.1

92
-0

.3
81

**
-0

.2
23

-0
.1

84
-0

.1
80

-0
.2

22
-0

.0
69

-0
.1

85
-0

.1
92

-0
.1

04
-0

.1
59

-0
.1

72
-0

.1
40

0.
03

7
1.

00
0

0.
30

7*

X
16

0.
09

9
0.

12
0

0.
11

4
0.

41
0*

*
0.

34
0*

0.
18

0
0.

05
9

0.
39

4*
*

0.
64

7*
*

0.
04

3
-0

.1
71

-0
.1

30
0.

11
8

0.
13

0
0.

24
5

1.
00

0

* 
Si

gn
ifi

ca
nt

 a
t 

5%
, 

**
 s

ig
ni

fic
an

t 
at

 1
%

.



Results and Discussion

In the present investigation magnitude of
genotypic correlation coefficients (Table 1) were
higher than phenotypic correlation coefficients
between all the characters studied. This
indicates that there was a strong inherent
association between the values of characters
studied and the genetic expression of the
correlation was comparatively less influenced
by environmental deviations. The character
seed yield plant-1 showed highly significant
positive correlation with plant height, number
of primary branches plant-1, number of
internodes plant-1 and number of capsules
plant-1 at genotypic level. Similar results were
also reported by Manjunatha et al. (2008) for
plant height and Sudhakar et al. (2007) for
number of primary branches plant-1. Harvest
index showed significant positive correlation
with seed yield plant-1 and it was in
confirmation with Rai et al. (1997). It showed
that simultaneous selection of above characters
would lead to high seed yield. The character
number of seeds capsule-1 and capsule
diameter showed negative non significant
correlation with seed yield plant-1.

Days to first flowering showed positive
significant correlation with days to 50 per cent
flowering, days to maturity, leaf area and
number of seeds capsule-1, whereas negative
significant correlation with harvest index. Days
to 50 per cent flowering had positive significant
correlation with days to maturity, plant height,
number of secondary branches plant-1, number
of internodes plant-1 and number of capsule
plant-1, while it showed negative highly
significant correlation with harvest index. Days
to maturity had positive non significant
correlation with most of the characters except
harvest index which showed negative significant
correlation. Plant height showed highly
significant correlation with number of capsules
plant-1 and number of internodes plant-1. The
character number of primary branches and

number of secondary branches plant-1 had
positive highly significant correlation with
number of capsules plant-1. Also number of
secondary branches plant-1 had positive
significant correlation with number of primary
branches plant-1 and negative correlation with
harvest index. Number of internodes plant-1

had positive significant correlation with number
of capsules plant-1. The character number of
capsules plant-1 had positive non significant
correlation with oil percentage which was in
agreement with Reddy and Reddy (2004).
Capsule length had positive highly significant
association with capsule diameter and number
of seeds capsule-1 and negative highly
significant correlation with oil percentage.
Capsule diameter showed positive highly
significant correlation with number of seeds
capsule-1 and significant negative correlation
with oil percentage and harvest index. Number
of seeds capsule-1 exhibited negative
correlation with 1000 seed weight, oil
percentage and harvest index. Singh et al.
(2000) reported similar results for oil
percentage. Thus, the correlation studies
revealed that improvement in component
characters including plant height, number of
primary branches plant-1, number of secondary
branches plant-1, number of internodes plant-1

and harvest index through selection is expected
to result in the improvement of seed yield
plant-1.

Path coefficient analysis (Table 2) important
to obtain the information about different ways
in which the component characters influence
the seed yield. The path coefficient analysis
revealed that the direct effects of days to first
flowering, days to maturity, number of primary
branches plant-1, number of secondary
branches plant-1, number of internodes plant-1

number of seeds per capsule, 1000 seed weight
and harvest index were positive and hence
direct selection through these characters is
more effective. These results are in agreement
with the earlier findings of Manjunatha et al.
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(2008) for days to maturity, number of primary
branches plant-1 and 1000 seed weight,
Bhuyan and Sarma (2004) for number of
secondary branches plant-1, Karuppayan and
Ramasamy (2000) for number of seeds per
capsule and Biabani and Pakniyat (2008) for
harvest index. Whereas the characters days to
50 per cent flowering, plant height, leaf area,
number of capsules plant-1, capsule length,
capsule diameter and oil percentage exhibited
negative direct effect on seed yield plant-1.
Although the character plant height showed
negative direct effect on seed yield plant-1, its
indirect effects via, days to first flowering, days
to maturity, number of internodes plant-1,
capsule diameter, number of seeds per capsule
and 1000 seed weight were positive which
resulted in highly significant positive correlation
with seed yield plant-1. The indirect positive
effects were also reported by Manjunatha et al.
(2008) for days to maturity, Reddy et al. (2001)
for number of seeds capsule-1 and Sumathi et
al. (2007) for 1000 seed weight. Similarly the
character number of capsules plant-1 showed
negative direct effect on seed yield plant-1 but
its indirect effect via days to first flowering, days
to maturity, number of primary branches
plant-1, number of secondary branches plant-1,
number of internodes plant-1 and capsule
diameter which give rise to highly significant
positive correlation with seed yield plant-1.
Thus, these two characters should be taken into
consideration while selection with characters
having direct positive effect on seed yield
plant-1. The residual path effect was 0.31533
indicating that 68.47 per cent variation has
been exploited through the yield attributes
studied in present investigation. From this study
it is clear that seed yield plant-1 could be
improved through simultaneous selection of
number of primary branches plant-1, number of
internodes plant-1 number of capsules plant-1
and harvest index. It is desirable to give more
weightage to these characters in selection

programme.
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The present production level of 93 million
tones of rice needs to be increase up to 140
million tones by the year 2020 to meet the
demand of increasing population and maintain
self- sufficiency from the available land, water
and human resources. In Maharashtra rice is
the second important crop of the people, which
is grown over an area of 14.74 lakh hectares
with an annual rice production of 25.97 lakh
tones. The average productivity of the state is
1.76 t ha-1 which is low as compared to other
rice growing states (Anonymus 2005-06).
There was a need for fine and early duration
rice variety to substitute Ratna for kharif and
rabi season in Konkan region with higher yield
and superior grain quality than Ratna.
Accordingly, the efforts were made at the
research station and early maturing rice variety
Karjat-7 (KJT-15-1-38-15-27) was developed
to fulfill the requirements of the Konkan region
and the Maharashtra State.

Materials and Methods

The F1 plants were raised during kharif
1992. The progeny was evaluated under name
KJT 15-1-38-15-27 up to kharif 1998. Station
trials were conducted from 1999 to 2000.
Multilocation trials were conducted from 2001
onward in a randomized block design with a
spacing 15 x 15 cm and plot size of 4.30 x
3.00 m replicated three time. Recommended
dose of fertilizers i.e. 100:50:50 NPK ha-1 was
applied. This culture was tested at 27 locations
in All India Rice Coordinated trial during kharif
2004. The quality analysis was carried out at
DRR during kharif 2006. Adaptive trials were
conducted on cultivator s fields in Maharashtra
during kharif 2005 along with check Ratna on
an area of 500 sq. m each. The pooled analysis
of 3 years yield data was worked out as per the
methods suggested by Panse and Sukhatme
(1957).

Results and Discussion

Performance in station trials : Karjat-7

J. Agric. Res. Technol., 36 (3) : 394-396 (2011)

Karjat-7, An Early Rice Variety in Transplanted Condition for
Maharashtra State

D. S. Sawant1, R. L. Kunkerkar2, B. D. Waghmode3, P. B. Vanave4 and B. B. Jadhav5

Regional Agricultural Research Station, Karjat - 410 201 (India)
(Received : 31-08-2010)

Abstract
A culture KJT-15-1-38-15-27, a progeny of the cross between Patel 3 x KJT 9-333, recorded yield
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a hybrid derivative of Patel 3 x KJT 9-333 was
tested along with check Ratna at Regional
Agricultural Research Station, Karjat during the
year 1999 to 2000 (Anon. 2000-01). The yield
differences due to varieties were significant.
The promising culture KJT-15-1-38-15-27
gave mean yield of 36.06 q ha-1 which was
21.61 percent higher over check Ratna (29.65
q ha-1) in IVT (Stn.) - Early during kharif 1999
and 33.05 q ha-1 which is 17.12 per cent
increase over check Ratna (28.2 q ha-1) in AVT
(Stn.) - Early during kharif 2000 (Table 1).

Performance in multilocation trials :
The multilocation trials were conducted at 9
locations for one year in Initial Varietal Trial (M)
Early, during 2001 and two Advance Varietal
Trial (M) Early, from 2002 to 2003. On the
basis of average of 9 multilocation trials tested
during kharif 2001, KJT-15-1-38-15-27
recorded 16.68 per cent higher yield (45.31 q
ha-1) than check Ratna (38.83 q ha-1). In
Advance Varietal Trial (Mah) Early, conducted
during kharif 2002, this culture recorded
(38.61 q ha-1) higher grain yield than Ratna
(34.12 q ha-1) which is 13.15 per cent increase
over check. While, Advance Varietal trial (Mah)
Early conducted during kharif 2003, this
culture (45.22 q ha-1) recorded  11.08 per cent
higher yield than check Ratna (40.70 q ha-1)

(Anon. 2002, 03 and 04).

Performance in all India coordinated
trials : Newly developed promising culture
KJT-15-1-38-15-27 (IET 18226) was tested at
27 different locations in All India Coordinated
Trials under IVT-IME trial during kharif 2004.
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Table 1. Summary of yield performance of Karjat 7 in various trials.

Trial name Location Av. yield (q ha-1) % SE± CD
–––––––––––––––––––––––––––––––––––––– increase (0.05)
Karjat 7 Ratna Sasyasree over

check

IVT (Stn) 1 36.06 29.65 - 21.61 3.56 10.72
AVT (Stn) 1 33.05 28.21 - 17.12 3.00 9.23
IVT (M) 9 45.31 38.83 - 16.68
AVT-I (M) 9 38.61 34.12 - 13.15
AVT-II (M) 9 45.22 40.70 - 11.08
IVT- IME (AICRIP) 27 47.35 - 45.86 3.24
Adaptive trial (kharif) 24 47.05 42.21 - 11.48
Mean 41.80 35.62 13.48

Karjat - 7

Plot

Grain Kernel



This culture recorded average grain yield of
47.35 q ha-1 (Anon. 2004).

Performance in adaptive trials : KJT-
15-1-38-15-27 promising rice culture was
tested at Raigad, Ratnagiri, Thane, Sindhudurg,
Kolhapur, Gadchiroli, Bhandara, Nashik and
Chandrapur districts of Maharashtra State
during kharif 2005. On an average of 24 trials,
KJT-15-1-38-15-27 yielded the highest and
gave 11.48 per cent increase in yield over
check Ratna.

Disease and pest reaction : The culture
KJT-15-1-38-15-27 was found to be resistant
to leaf blast, BLB and it also exhibited resistant
reaction to BPH, stem borer and leaf folder.
(Table 2) (Anon. 2004b).

Quality analysis : The grain quality
character of KJT-15-1-38-15-27 (IET 18226)
was analyzed at Directorate of Rice Research,
Rajendranagar, Hyderabad during kharif 2006
is presented in Table 3. This culture showed
better quality characteristic than Ratna with
respect to milling, HRR and amylose content.

Being high yielding and superior over Ratna
in station trials, multilocation trials, adaptive
trials and grain quality analysis this variety KJT-
15-1-38-15-27 (IET 18226) has been released
under the name Karjat-7 for commercial
cultivation in Maharashtra by State Variety
Release Committee, Maharashtra on 11 Aug.
2007 (Anon. 2007). The different characters of
KJT-7 in comparison of Ratna are described in
Table 3.
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Table 2. Reaction to major diseases and insect pests of
Karjat-7 in MSCRIP-MSN trials.

Disease Karjat Ratna Insect Karjat Ratna
-7 (ckeck) pest -7 (check)

Leaf blast 2.33 5.00 BPH 1.00 1.33
Neck blast 6.33 4.33 Stem 2.00 2.00

borer
BLB 2.00 4.33 Leaf 1.00 3.00

folder

Table 3. Grain quality and Ancillary characters of Karjat 7
and Ratna.

Characteristc Karjat 7 Ratna

Milling percentage 76.00 75.00
Head rice recovery (%) 56.70 52.60
Kernel length (mm) 6.43 6.65
Kernel growth (mm) 1.93 2.00
Length breadth ratio 3.33 3.52
Grain type LS LS
Grain chalkiness VOC VOC
Volume expansion ratio 5.00 4.50
Water uptake 205.00 235.00
Kernel length after cooking 9.60 10.90
Elongation ratio 1.49 1.63
Amylose content (%) 25.20 24.93
Alkali spreading value 4.00 4.00
Gel consistency (mm) 26.00 35.00
Aroma Non- Scented Non-Scented
Days to 50% flowering 87.00 82.00
Days to maturity 115.00 109.00
Plant height (cm) 89.00 91.00
Test weight (g) 23.80 24.80
Panicle length (cm) 23.50 24.30

______________



Garland chrysanthemum, (Chrysanthemum
coronarium L.), is an annual under the
chrysanthemum group of flowers. It is hardy,
vigorous and grows taller. The flowers are in
various shades of yellow, white, having single or
double forms (Desai, 1962). They are
hermaphrodite. The plant is self-fertile and
propagated by seed. 

In present investigation an attempt was
made to increase the productivity of garland
chrysanthemum by manipulating plant popula-
tion per unit area. Planting geometry was
varied in different treatments, which resulted in
different population levels. The growth influ-
enced by various population levels in garland
chrysanthemum is presented in this paper.

Materials and Methods

The study was carried out at Floriculture unit
of Main Agricultural Research Station,
Department of Horticulture, University of
Agricultural Sciences, Dharwad, during the

years 2007-2009. The objective of study was
to evaluate the effect of planting geometry on
growth parameters of garland chrysanthemum
(C. coronarium L.). The experiment was
conducted with five spacing treatments
corresponding to different populations as S30 x

30 (111111), S40 x 30 (83333), S45 x 45
(49383), S60 x 45 (37037) and S60 x 60
(27778).

The experiment was laid out in a
randomized block design with four replications,
having a gross plot size of 3.9 x 3.3 m which
allowed a net plot size of 3.6 x 3.0 m. The data
recorded on each character were analyzed by
following Panse and Sukhatme (1967). 

Results and Discussion

Number of flowers per plant : The
number of flowers plant-1 exhibited significant
differences among the different levels of
planting geometry during both the seasons. In
kharif, S60 x 60 level recorded the highest
number of flowers plant-1 (58.59) which was
significantly superior to closer level S40 x 30
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(39.11) whereas, a minimum of 34.65 flowers
plant-1 was recorded by S30 x 30. In rabi, S60 x

60 level had the most productive plants with
71.66 flowers plant-1 which were significantly
superior to S40 x 30 (58.82).

Flower yield plot-1 : Flower yield plot-1

exhibited significant differences among the
different levels of planting geometry during
both the seasons (Table 1). In kharif, S30 x 30
level recorded the highest number of flowers
plot-1 (4158) which was significantly superior to
wider levels S45 x 45 (2264.6) whereas, a
minimum of 1757.7 flowers plot-1 were
recorded by S60 x 60. In rabi, S30 x 30 level was
the most productive with 5367.6 flowers
plant-1 on par with S40 x 30 (3979.2 flowers
plot-1) but significantly superior to S45 x 45
(2823.4 flowers plot-1).

Seed yield plant-1 : Planting geometry
significantly influenced seed yield plant-1 during
both the seasons. During kharif, S60 x 60 level
recorded the highest seed yield plant-1 (12.49
g) which was significantly superior to S30 x 30
(7.79 g) but on par with rest of the levels.
During rabi, S60 x 60 level was the most
productive with 22.14 g seed plant-1 which was
followed by S30 x 30 (14.57 g) but on par with
other treatments. During both seasons,
minimum seed yield plant-1 was recorded by
S30 x 30 and was at par with wider spacings up

to S60 x 45 (12.10 g and 21.63g).

Seed yield plot-1 : There were significant
differences with respect to seed yield plot-1

among the different levels of planting geometry
during both the seasons (Table 2). During
kharif, S30 x 30 level recorded the highest seed
yield plot-1 (934.3 g) which was significantly
superior to widest level S60 x 60 (374.6 g) but at
par with all the other planting geometry levels.
In rabi, S30 x 30 level was the most productive
with 1748.8 g plot-1 seed yield which was on
par with other spacing levels except S60 x 60
(664.3 g).

Plant height : Significant differences
existed in the plant height due to planting
geometry at all growth stages during both the
seasons. Mean plant height increased from
36.82 cm at 25 DAT to 91.16 cm at 65 DAT
during kharif, whereas during rabi it increased
from 27.94 cm at 25 DAT to 97.13 cm at 85
DAT. At 65 DAT during kharif, maximum plant
height (122.48 cm) was recorded by the
planting at 30 x 30 cm (S30 x 30). It was
significantly superior to the next wider spacing
(S40 x 30) which recorded a plant height of
103.51 cm. The plant height was minimum
(65.12 cm) with S60 x 60 which was on par with
S50 x 45 (79.01 cm). At 85 DAT during rabi,
maximum plant height (129.41 cm) was
recorded by S30 x 30. It was followed by
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Table 1. Flower and seed yield as influenced by planting geometry.

Treatment Flower yield plat-1 (kg) Seed yield plot-1 (g)
––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––
Kharif Rabi Mean Kharif Rabi Mean

30 x 30 cm 7.02 11.14 9.08 934.3 1748.8 1341.6
40 x 30 cm 6.12 9.89 8.01 662.3 1221.4 941.8
45 x 45 cm 5.23 8.64 6.94 495.6 895.9 695.7
60 x 45 cm 5.22 8.62 6.92 484.1 865.4 674.7
60 x 60 cm 5.17 8.55 6.86 374.6 664.3 519.4
Mean 5.75 9.37 7.56 590.2 1079.1 834.7
SEm± 0.39 0.54 0.47 1.49 2.43 1.96
CD at 5% 1.14 1.59 1.37 4.35 7.10 5.73



S40 x 30 (110.63 cm) while the minimum plant
height was recorded by S60 x 60 (69.60 cm)
which was significantly lesser to that of S60 x 45
(84.44 cm).

Leaf area plant-1 : There were significant
differences in leaf area plant-1 due to planting
geometry at all growth stages during both the
seasons. Mean leaf area plant-1 showed an
increase from 613.7 cm2 at 25 DAT to 1420.8
cm2 at 65 DAT during kharif, whereas during
rabi it increased from 491 cm2 at 25 DAT to
1450.9 cm2 at 85 DAT. At 65 DAT during
kharif, maximum leaf area (1751.7 cm2) was
recorded by planting geometry level of 60 x 60
cm. However, it was on par with all other
treatments except S30 x 30 (1113.7). At 85
DAT during rabi, maximum leaf area (1857.7
cm2) was recorded by S60 x 60 which was at par
with closer levels until S45 x 45 (1397.1 cm2)
but significantly superior to S40 x 30 and S30 x

30. Minimum leaf area plant-1 (1156.9 cm2)
was recorded in S30 x 30.

Dry matter accumulation plant-1 : The
total dry matter accumulation plant-1 was
significantly differed among various levels of
planting geometry at all growth stages during
both the seasons (Table 2). Mean total dry
matter increased from 12.19 g plant-1 at 25
DAT to 29.93 g plant-1 at 65 DAT during
kharif, whereas during rabi, it was increased

from 9.63 g plant-1 at 25 DAT to 26.72 g
plant-1 at 85 DAT. At 65 DAT during kharif,
maximum dry matter (39.83 g plant-1) was
recorded by the planting geometry level S60 x

60 which was on par with S60 x 45 (35.04 g
plant-1), while the minimum total dry matter
plant-1 was recorded by closer level of planting
geometry S30 x 30 (19.72 g plant-1) which was
at par with S40 x 30 (24.96 g plant-1). At 85
DAT during rabi, maximum total dry matter
plant-1 (34.92 g) was recorded by S60 x 60
which was on par with S60 x 45 (31.42 g
plant-1), while the minimum total dry matter
plant-1 was recorded by closer level of planting
geometry S30 x 30 (16.60 g) which was
significantly lower than S40 x 30 (23.05 g ).

Leaf area index : There were significant
differences in leaf area index values due to
planting geometry levels at all growth stages
during both the seasons. Mean leaf area index
showed an increase from 0.34 at 25 DAT to
0.81 at 65 DAT during kharif, whereas during
rabi the value increased from 0.27 at 25 DAT
to 0.83 at 85 DAT. At 65 DAT during kharif,
maximum leaf area index (1.24) was recorded
by S30 x 30 which was on par with S40 x 30
(1.04) but significantly superior to S45 x 45
(0.68) whereas the leaf area index was
minimum in the plots with a planting geometry
level of 60 x 60 cm (0.49). At 85 DAT during
rabi, maximum leaf area index (1.29) was
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Table 2. Dry matter accumulation plant-1 as influenced by planting geometry.

Treatment Kharif Rabi
–––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––––
25 DAT 45 DAT 65 DAT 25 DAT 45 DAT 65 DAT 85 DAT

30 x 30 cm 8.19 14.56 19.72 6.47 11.50 15.58 16.60
40 x 30 cm 10.19 18.52 24.96 8.05 14.63 19.72 23.05
45 x 45 cm 12.19 22.49 30.11 9.63 17.76 23.79 27.59
60 x 45 cm 14.19 26.45 35.04 11.21 20.90 27.69 31.42
60 x 60 cm 16.19 30.42 39.83 12.79 24.03 31.47 34.92
Mean 12.19 22.49 29.93 9.63 17.76 23.65 26.72
SEm± 1.58 2.09 1.99 1.25 1.65 1.57 1.60
CD at 5% 4.74 6.27 5.96 3.74 4.95 4.71 4.78



recorded by S30 x 30 which was on par with S40

x 30 (1.07) but significantly superior to S45 x 45
(0.69), whereas the minimum value was
recorded with S60 x 60 (0.52).

Leaf area duration : The leaf area
duration significantly differed among various
levels of planting geometry at all growth stages
during both the seasons. Mean value of leaf
area duration increased from 181.30 days (25
- 45 DAT) to 262 days (45 - 65 DAT) during
kharif, whereas during rabi leaf area duration
increased from 145.04 days (25 - 45 DAT) to
259.24 days (65 - 85 DAT). Between 45 and
65 DAT during kharif, maximum leaf area
duration (334.05 days) was recorded by S60 x

60 which was on par with closer levels of
planting geometry until S45 x 45 (257.36 days).
S60 x 60 was followed by S40 x 30 (225.18 days).
Between 65 and 85 DAT during rabi,
maximum leaf area duration (326.56 days) was
recorded by S60 x 60 which was on par with S60

x 45 (284.36 days) but significantly superior to
S45 x 45 (250.50 days).

Crop growth rate : Significant differences
existed among crop growth rate values due to
planting geometry at majority of growth stages
during both the seasons (Table 3). Mean crop
growth rate decreased from 2.76 g m-1 day-1

(25 - 45 DAT) to 2.07 g m-2 day-1 (45 - 65
DAT) during kharif, whereas during rabi the
value decreased from 2.18 g m-2 day-1 (25 - 45
DAT) to 0.70 (65 - 85 DAT). Between 45 and
65 DAT during kharif, maximum crop growth
rate (2.87 g m-2 day-1) was recorded by S30 x

30, which was on par with wider levels until
S45 x 45 (1.88 g m-2 day-1) but significantly
superior to S60 x 45 (1.59 g m-2 day-1). The
crop growth rate was minimum (1.31 g m-2

day-1) with the treatment S60 x 60. Between 65
and 85 DAT during rabi, maximum crop
growth rate (0.57 g m-2 day-2) was recorded by
S30 x 30 but there were no significant
differences with other treatments. However,

between 45 and 85 DAT significant differences
were observed wherein S30 x 30 recorded
maximum crop growth rate (2.27 g m-2 day-1)
which was at par with S40 x 30 (2.12 g m-2

day-1) but significantly superior to S60 x 45 (1-26
g  m-2 day-1). The crop growth rate was at
minimum (1.03 g m-2 day-1) with S60 x 60.

Net assimilation rate : The effect of
planting geometry on net assimilation rate was
found significant at all growth stages during
both the seasons (except at final stage during
rabi). Mean net assimilation rate decreased
from 3.16 x 10-2 g dm-2 day-1 (25 - 45 DAT)
to 1.56 x 10-2 g dm-1 day-1 (45 - 65 DAT)
during kharif, whereas during rabi the value
decreased from 3.12 x 10-2 (25 - 45 DAT) to
0.51 x 10-2 g dm-2 day-1 (65 - 85 DAT).
Between 45 and 65 DAT during kharif,
maximum net assimilation rate (2.69 x 10-2 g
dm-2 day-1) was recorded by S30 x 30 which was
on par with S40 x 30 (2.15 x 10-2 g dm-2

day-1). S30 x 30 was significantly superior to S45

x 45 (1.32 x 10 g dm-2 day-1) while the
minimum value was recorded by S50 x 60 (0.71
x 10-2 g dm-2 day-1). Between 65 and 85 DAT
during rabi, maximum net assimilation rate
(0.50 x 10-2 g dm-2 day-1) was recorded by
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Table 3. Crop growth rate as influenced by planting
geometry in garland chrysanthemum during
kharif and rabi.

Treatment Crop growth rate (g m-2 day-1)
–––––––––––––––––––––––––––––––––––––

Kharif Rabi
–––––––––––––– ––––––––––––––––––––––
24-45 45-65 24-45 45-65 65-85
DAT DAT DAT DAT DAT

30 x 30 cm 3.54 2.87 2.79 2.27 0.57
40 x 30 cm 3.47 2.68 2.74 2.12 0.83
45 x 45 cm 2.54 1.88 2.01 1.49 0.94
60 x 45 cm 2.27 1.59 1.79 1.26 0.69
60 x 60 cm 1.98 1.31 1.56 1.03 0.48
Mean 2.76 2.07 2.18 1.63 0.70
SEm± 0.35 0.34 0.28 0.27 0.21
CD at 5% 1.06 1.02 0.84 0.81 NS



S30 x 30 but the differences were not significant.
Between 45 and 65 DAT the net assimilation
rate was maximum (2.65 x 10-2 g dm-2 day-1)
at planting geometry level S30 x 30 which was
on par with S40 x 30 (2.12 x 10-2 g dm-2

day-1). S30 x 30 was significantly superior to S45

x 45 (1.30 x 10-2 g dm-2 day-1) while the
minimum value was recorded by S60 x 60 (0.69
x 10-2 g dm-2 day-1).

The flower yield as well as seed yield plot-1

in terms of weight is found to be highest at S30

x 30 level which is at par with S30 x 40 level in
both kharif and rabi seasons. Flower yield in
terms of number of flowers plot-1 also showed
the same trend. With wider spacing levels, yield
parameters were found to decrease
significantly. The higher yield in terms of
flowers as well as seeds unit-1 area can be
attributed to the higher population per unit area
with closer spacing levels. Arora and Saini
(1976) and Narayanagowda (1985) found that
the flower production increase with the
increase in plant density square-1 meter in case
of china aster. Plants at high density might have
fully exploited space, efficiently utilized the
available resources as expressed by Rajanna
(2001), Vijayakumar et al. (1988) in china aster
and Venugopal (1991) in helichrysum.

However, the number of flowers plant-1 was
increasing as the plants were spaced widely.
The increase was non- significant from S30 x 30
to S45 x 45 levels. The highest number of
flowers plant-1 were recorded at S60 x 60 level,
which was significantly superior to plant
spacing levels from S30 x 30 to S45 x 45. Similar
observations were also recorded by Jaswinder
Singh and Arora (1990) in marigold,
Vijayakumar et al. (1988) in china aster. The
enhanced production in widely spaced plants
was attributed to increased number of
branches, number of leaves, leaf area and total
dry matter production plant-1 (Rajanna, 2001).

The highest leaf area plant-1 was observed
with S60 x 60, it had been more significantly
superior during earlier stages. At the advanced
stage i.e. 65 DAT during kharif and 85 DAT
during rabi, the leaf area plant-1 was recorded
at par among all the spacing levels except at
S30 x 30. The values of leaf area index clearly
established that closely spaced plants were
more significantly successful to maintain a
higher leaf cover per unit of ground area on
account of higher population, thus taking an
advantageous situation in harvesting maximum
amount of light energy. On the contrary, widely
spaced plants in spite of maintaining higher
number of leaves and leaf area plant-1, were left
with less than 50 per cent of leaf area unit-1

ground area at the final stage compared to the
plants at S30 x 30 treatment. Similar report of
decrease in leaf area index at wider spacing
levels was also reported in china aster
(Vijayakumar et al. 1988).

However, leaf area duration values indicated
that significantly superior leaf area plant-1 had
been maintained among different growth stages
at wider spacing levels of S60 x 60 and S60 x 45
compared to closer spacing levels of S30 x 30,
S30 x 40 and S45 x 45. This shows that the
differences among the leaf covers exhibited at
different spacing levels were multiplied over
time between two successive growth stages and
became more significant. This can perhaps
explain how widely spaced plants were able to
record more number of flowers plant-1. It is
interesting to note that widely spaced plants
were also superior in terms of number of
branches plant-1. Each of such branches
terminated with flowers, which later produced a
few more flowers from the buds located below
the terminal bud, thus contributing to enhance
flower yield. However, since leaf area duration
did not take ground area into account, it does
not explain the yield differences on plot-1 basis.

An examination of dry matter partitioning
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among various parts of plant revealed that
plant-1 dry matter production was more in case
of widely spaced plants. Significantly higher
total dry matter plant-1 was recorded at a
spacing level S60 x 60, on par with S60 x 45. The
same trend was also observed by different parts
of plant. With increase in spacing level, the
corresponding increase in dry matter
partitioned to leaf and stem was lesser to that
partitioned to flowers. Thus it might had led to
more significant increase in the number of
branches and number of flowers plant-1 rather
than leaf area plant-1 by increasing spacing
level from S30 x 30 to S60 x 60. More total dry
matter plant-1 at wider spacing was positively
related to flower yield plant-1 in marigold
(Nalawadi, 1982), in helichrysum (Venugopal,
1991) and in gaillardia (Hugar, 1997). A three-
fold reduction in above ground bio-mass
production by C. coronarium and Anacylus
radiatus plants at high density was reported by
Bastida and Menendaz (2003). On the
contrary, the total dry matter plot-1 decreased
significantly with increase in the spacing level,
showing that above ground bio-mass
production plot-1 had been drastically cut down
as the spacing level increased from S30 x 30 to
S60 x 60.

Further, crop growth rate and net
assimilation rate was more between 25 to 45
days after transplanting compared to later
intervals of crop life. Maximum growth rates
per unit ground area as well as unit-1 leaf area
were recorded at closer spacing levels of S30 x

30 and S40 x 30 which were at par with each
other. Since these indices took the ground area
into consideration, they explained how closely
spaced garland chrysanthemum plants had
been able to produce more flowers and seeds
plot-1. These differences can be attributed to
those in plant population unit-1 area in the
respective spacing levels. Growth indices, viz.,
crop growth rate, relative growth rate and net
assimilation rate were recorded at maximum

with closer spacings in china aster (Vijayakumar
et al. 1988).
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Rajmash also known as french bean is one
of the most important vegetable and pulse crop
highly nutritious and has a special culinary
significance. In the country it is mainly
cultivated in hilly tracts of Jammu and Kashmir,
Himachal Pradesh and Uttar Pradesh.
Cultivation has also spread to plains particularly
in some parts of Maharashtra and adjoining
Belgaum district of Karnataka as a rainy season
crop as dry beans fetch more price in the
market compared to traditional pulses. In the
interior Karnataka, rajmash is relatively a new
crop hence its cultivation has not made much
head way and even in the border areas
adjoining Maharashtra the crop productivity is
very low due to exclusive cultivation of local
genotypes. Ghodake (2002) reported
cultivation of this crop is viable and economical
compared to traditional pulses like greengram,
cowpea, blackgrarn, peas etc. However, it is
needless to emphasize that unless suitable

cultivars are identified and proper agronomic
practices are developed, it is difficult to realize
crop potential. Among the different practices,
sowing at optimum time plays an important
role as it helps to provide optimum growing
conditions to the crop. Further, it is a well-
known fact that a specified genotype does not
exhibit the same phenotypic expressions under
different environmental conditions and different
genotypes respond differently to a specified
environment. An experiment was, therefore,
conducted to evaluate response of rajmash
genotypes to sowing dates in the Northern
Transitional Zone (Zone 8) of Karnataka during
rainy season of 2003.

Materials and Methods

The experiment was conducted at Main
Agricultural Research Station, University of
Agricultural Sciences, Dharwad, Karnataka on
black clayey soil having 7.5 pH and low in
available nitrogen (245 kg ha-1), medium in
phosphorus (28.25 kg ha-1 P2O5) and high in
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potassium (303 kg ha-1 K2O). The year 2003
was exceptionally dry with hardly 178.1 mm of
rainfall against the average of 761 mm. During
cropping period only 72.4 mm of rainfall was
received. However, overcast conditions and
high relative humidity (82% in July and August
and 75% during June) prevailed during
cropping period. Two life saving irrigations of 5
cm depth were given in the months of July and
August as there was prolonged dry spell. Three
genotypes viz., Contender, Waghya (popular
local ) and HPR 35 (the former taking 80 to 90
days and the latter two about 75-80 days) were
sown at four dates viz., June 15th and 27th and
July 7th and 19th using a split plot design with
three replications. Crop was sown at a spacing
of 30 x 10 cm and provided with a uniform
dose of 62.5:100:75 kg ha-1 N, P2O5 and K2O
respectively. Observations on total dry matter,
yield attributes, seed and protein yields,
monetary returns and proximate analysis were
recorded.

Results and Discussion

Rajmash sown during first fortnight of June

produced significantly higher total dry matter
than other sowing dates (Table l). However,
crop sown during second fortnight of June was
on par with first fortnight sown crop while crop
sown during July recorded lower dry matter.
Interestingly, genotypes did not reveal any
significant variation in total dry matter
produced plant-1. Even the interaction effects
were not significant indicating no differential
behavior of genotypes when sown during
different times in the season. Regarding
physiological maturity, the crop sown during
first fortnight of June took significantly more
days to reach maturity (67.6 days) over other
dates of sowing except June second fortnight
which was at par. Among the genotypes,
Waghya and Contender took more days to
maturity compared to HPR 35. However, there
was no interaction influence of time of sowing
on days to maturity in different genotypes.

The number of seed differed significantly
due to dates of planting and genotypes
however, interaction effect was not significant.
Pods from June sown crop had significantly
higher number of seeds than July sown crop
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Table 1. Dry matter production, days to physiological maturity, number of seeds pod-1 and  100-seed weight-1 in rajmash
genotypes as influenced by dates of sowing.

Treat- Dry matter production Days to physiological No. of seeds 100-seed
ment (g plant-1) maturity plant-1 weight

–––––––––––––––––––––––– ––––––––––––––––––––––––– –––––––––––––––––––––– ––––––––––––––––––––––––––
Date Genotypes Genotypes Genotypes Genotypes
of so- –––––––––––––––––––––––– ––––––––––––––––––––––––– –––––––––––––––––––––– ––––––––––––––––––––––––––
wing G1 G2 G3 Mean G1 G2 G3 Mean G1 G2 G3 Mean G1 G2 G3 Mean

D1 16.99 16.48 17.52 17.00 68.30 69.80 64.50 67.60 5.20 4.21 4.03 4.48 35.40 30.90 39.30 35.20
D2 15.88 15.34 16.68 15.97 66.80 68.30 62.70 65.90 4.87 4.15 3.72 4.29 33.20 29.17 37.10 33.15
D3 14.07 14.24 14.58 14.30 64.30 66.00 60.30 63.60 4.10 3.78 3.10 3.66 30.95 27.31 34.25 30.84
D4 13.00 13.08 13.55 13.21 63.30 64.30 58.00 61.90 3.87 3.20 2.85 3.31 28.59 25.21 30.15 27.98
Mean 14.99 14.79 15.58 - 65.70 67.10 61.40 - 4.51 3.84 3.43 - 32.04 28.15 35.20 -

S.Em.± LSD S.Em.± LSD S.Em.± LSD S.Em.± LSD
(P=0.05) (P=0.05) (P=0.05) (P=0.05)

Date of sowing (D) 0.43 1.48 1.12 3.88 0.14 0.47 1.10 3.80
Genotype (G) 0.38 NS 1.11 3.32 0.13 0.39 0.95 2.84
D x G 0.76 NS 2.13 NS 0.25 NS 1.90 NS

Note : D1 - June I fortnight, D2 - June II fortnight, D3 - JuIy I fortnight, D4 - July II fortnight, G1 -  Contender, G2 - Waghya,
G3 - HPR 35, NS-Not significant.



(Table 1). Contender recorded more number of
seeds than Waghya and HPR 35. Similar to
seed count, June first fortnight sown crop also
recorded significantly higher 100-seed weight
(35.20 g) than the crop sown in first and
second fortnights of July. HPR 35 recorded less
number of seed pod-1 and bolder seeds (35.2 g
100 seeds-1) than the other two genotypes,
however, cultivar Waghya had smaller seeds
among all.

Dates of sowing revealed profound influence

on seed, haulm, litter and total protein yields of
rajmash (Table 2). Sowing in the first fortnight
of June recorded significantly higher yield than
crop sown during first and second fortnights of
July. Among the genotypes, HPR 35 recorded
significantly higher seed and protein yield than
Waghya, while differences in haulm were not
significant among the genotypes. Contender
and HPR 35 were on par and both were
significantly superior to Waghya with regard to
litter yield. The interaction effects were not
significant with all these attributes.
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Table 2. Grain, haulm, leaf litter yield and protein yields in rajmash genotypes as influenced by dates of sowing.

Treat- Grain yield Haulm yield Leaf litter yield Protein yield
ment (kg ha-1) (kg ha-1) (kg ha-1) (kg ha-1)

–––––––––––––––––––––––– ––––––––––––––––––––––––– –––––––––––––––––––––– ––––––––––––––––––––––––––
Date Genotypes Genotypes Genotypes Genotypes
of so- –––––––––––––––––––––––– ––––––––––––––––––––––––– –––––––––––––––––––––– ––––––––––––––––––––––––––
wing G1 G2 G3 Mean G1 G2 G3 Mean G1 G2 G3 Mean G1 G2 G3 Mean

D1 943 839 976 919 1147 1207 1126 1160 1033 890 995 973 186 178 233 199
D2 869 770 897 845 1108 1155 1103 1122 966 844 945 918 166 157 211 178
D3 735 647 761 714 1092 1063 1050 1068 895 763 868 842 139 127 175 147
D4 589 496 561 549 956 895 881 881 835 718 818 790 111 95 122 109
Mean 784 688 799 - 1076 1080 1040 - 932 804 907 - 151 139 185 -

S.Em.± LSD S.Em.± LSD S.Em.± LSD S.Em.± LSD
(P=0.05) (P=0.05) (P=0.05) (P=0.05)

Date of sowing (D) 32 112 36 125 33 113 8 26
Genotype (G) 24 71 35 NS 29 86 7 21
D x G 50 NS 67 NS 57 NS 14 NS

Note : D1 - June I fortnight, D2 -J une II fortnight, D3 - July I fortnight, D4 - July U fortnight, G1 -  Contender, G2 - Waghya,
G3 - HPR 35, NS-Not significant.

Table 3. Economics of rajmash production during different dates and proximate composition of rajmash genotypess.

Treatment Net returns (Rs. ha-1) B:C Ratio Proximate composition (%)
–––––––––––––––––––––––––– –––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––

Date Genotypes Genotypes Genotypes
of –––––––––––––––––––––––––– –––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––
sowing Conte- Waghys HPR 35 Conte- Waghys HPR 35 Consti- Conte- Waghys HPR 35

nder nder tuent nder

June I fortnight 11902a 9643c 12602a 2.35a 2.09bcd 2.42a Protein 19.17 20.09 23.04
June II fortnight 10303bc 8155d 10874b 2.17abc 1.93cd 2.23ab Fat 1.65 1.31 1.51
July I fortnight 7410d 5564e 7942d 1.85de 1.64ef 1.90d Moisture 9.68 9.15 9.84
July II fortnight 4313f 2267g 3697f 1.50fg 1.27g 1.43fg Phosphorus 0.81 0.73 0.69

Mineral 4.25 4.12 4.36

Note : Means with same alphabet do not differ.



Time of sowing plays an important role to
exploit genetic potential of a crop variety which
is critical from the point of optimum supply of
environmental recourses. Sowing date also
determines the time available for vegetative
phase before the onset of flowering which
determines the source size and sink capacity. In
the present study because of the longer period
taken for physiological maturity and consequent
larger source (TDM) and sink (seed number as
well as seed size), first date of sowing helped to
realize maximum crop potential as well as
quality produce than July sown crop. Early
sowing also enhances translocation efficiency.
Khajehpour and Naeni (2002) also reported
higher seed yields with early sown crop.
Probably inadequate moisture, besides other
environmental factors in July sown crop
reduced the length of growing period. In fact,
there was hastened maturity almost by a week's
period in late sown crop. Similar results were
also reported by Bhore and Kenjale (1991) and
Bharadwaj et al. (1994).

Increases in grain yield in HPR 35 and
Contender over Waghya were to the extent of
13.9 and 12.2 per cent respectively. Ghodake
(2002) revealed better performance of these
varieties under normal, June sown crop. Bhore
and Kenjale (1991) and Saini and Negi (1998)
also reported differential performance of
varieties. The genotypes differed significantly in
protein content (Table 2). HPR 35 had higher
seed protein followed by Waghya and
Contender, hence the former cultivar recorded
significantly higher protein yield than other
varieties (Table 2). Proximate analysis revealed

relatively higher seed fat and phosphorus
content in Contender (Table 3).

The economic analysis indicated
significantly higher net returns (Rs. 12602/-
ha-1) arid B:C ratio (2.42) with HPR 35 sown
in first fortnight of June followed by Contender
sown during same period (net returns of Rs.
11902/- ha-1 and B:C ratio of 2.35).
Monetary returns with Waghya particularly
when sown during last fortnight of July were
the lowest.

Thus, the present investigation lays
emphasis on proper time of sowing and use of
suitable genotypes for higher returns. Early
sowing in the month of June using cultivars
HPR 35 or Contender is advantageous.
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In addition to being a highly productive
biomass producer, sweet sorghum is also
known to possess high drought and water-
logging resistance and salinity tolerance. For
these reasons among the biomass energy
crops, it is considered as the camel (Li, 1997).
Sorghum [Sorghum bicolor (L.) Moench] is
normally utilized as animal feed in many
countries, but in recent years it has been studied
as a source of fermentable sugars (Martin and
Kelleher, 1984). Sugarcane and sugar beet are
the main sources of sugar production in the
world (Pennington and Baker, 1990), but both
these crops have many problems such as long
growing season and high requirements of water
and fertilizer. Comparatively, sweet sorghum
appears to be attractive especially under
resource-poor conditions. Most studies on
sweet sorghum have been concerned with
identifying productive lines and understanding
the agronomy of the crop. There have been
few studies on these type of sorghums to
compare their productivity and efficiency, to
identify morphological and physiological
characters closely associated with high biomass

and carbohydrate yields, and to find out how
these characters are affected by variations in
environment and management.

Materials and Methods

A field experiment was carried out at the
research farm of Nimbkar Agricultural Research
Institute, Phaltan, Maharashtra during kharif
2008 and 2009 and rabi 2008-09. In all seven
CMS-based sweet sorghum hybrids which were
made during rabi 2007-08 were tested along
with three checks viz., Madhura, RSSV-9 and
SSV-84 in a randomized block design
replicated thrice to assess their performance for
cane and juice yields. In each season the trial
was planted in a different plot having black soil.
Therefore, soil parameter values varied from
7.7 to 8.41 for pH, 0.16 to 0.38 dSm-1 for
E.C., 0.3 to 0.9 per cent for organic carbon,
100 to 183 kg ha-1 for N, 5 to 35 kg ha-1 for
P and 550 to 645 kg ha-1 for K. The total
rainfall of 365 and 615 mm was received
during kharif 2008 and 2009 cropping
seasons respectively while 58 mm rainfall was
received during rabi 2008-09 cropping season.
Therefore, the sweet sorghum experiments
received only two irrigations during kharif
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2008 and one irrigation during kharif 2009
while five irrigations were given during rabi
2008-09. Recommended agronomic practices
were followed to grow a healthy crop. Five
random plants of each entry were used to
record observations on plant height upto
panicle tip (PHPT) and brix per cent. However,
whole net plot/entry was considered for
recording observations on days to 50 per cent
flowering, fresh biomass yield, cane yield, grain
yield and juice yield.

The plant height was measured with a
measuring scale and the measurement of brix
per cent of juice was carried out by using brix
hydrometer. The calculation of total sugar index
(TSI) was carried out by using the method of
Reddy et al. (2007). Cane yield and juice yield
were calculated by using the formulae given
below.

Biomass weight (t ha-1) x 
Stripping %

Cane yield (t ha-1) = ––––––––––––––––––––––
100

Cane yield (t ha-1) x 
Juice extractability % 

Juice yield (t ha-1) = –––––––––––––––––––––––
100 

The data collected from kharif 2008 and
2009 were pooled and later both the season's
data (kharif and rabi) were analyzed
statistically. Differences among the treatment
means were compared by using least significant
difference (LSD) at 5 per cent probability level.

Results and Discussion

Results of the trial showed that the
differences due to genotypes were significant
for most of the traits studied, indicating thereby
that high variability was present among the
hybrids evaluated in both the seasons. Data
from Table 1 show that days to 50 per cent

flowering among the hybrids evaluated ranges
from 58 to 71 days after emergence (DAE) and
65 to 72 DAE during kharif and rabi
respectively. On an average most of the hybrids
flowered 3-4 days late in rabi than in kharif.
The plant height upto panicle tip (PHPT) was
observed to range from 265 to 318 cm and
217 to 283 cm in kharif and rabi season
respectively. Five sweet sorghum hybrids out of
seven along with hybrid check Madhura
exhibited significantly higher PHPT than the
check RSSV-9 (221 cm) in rabi season. The
entry SSH-8 recorded the highest PHPT (283
cm) during the rabi season and the lowest value
(265 cm) during the kharif season. Similarly, it
was the only entry having higher PHPT during
rabi than in kharif.

Fresh biomass yield of CMS-based sweet
sorghum hybrids ranged from 33 to 55 t ha-1

and 22 to 35 t ha-1 during kharif and rabi
respectively. During kharif the hybrid SSH-4
registered significantly higher fresh biomass as
compared to other hybrids and checks
evaluated. However, it was on par with the
hybrid SSH-5 and check Madhura. While
during rabi season the significantly highest
fresh biomass yield was recorded by the hybrid
SSH-13 (34.91 t ha-1) as compared to rest of
the hybrids and checks except the hybrids,
SSH-1 and SSH-2. On an average there was
30 per cent reduction in fresh biomass yield in
rabi than in kharif.

Cane yield of CMS-based sweet sorghum
hybrids evaluated ranged from 21 to 38 t ha-1

and 13 to 21 t ha-1 during kharif and rabi
seasons, respectively. Out of the seven hybrids
only two hybrids in kharif and six hybrids in
rabi season along with check Madhura
recorded significantly higher cane yield than the
check RSSV-9 (28 and 13 t ha-1 respectively).
Among the tested CMS-based sweet sorghum
hybrids, maximum reduction in cane yield
recorded during rabi was in SSH-4 (61 %)
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Table 1. Days to 50% flowering, plant height upto panicle tip (cm) and fresh biomass yield (t ha-1) of sweet sorghum hybrids
as influenced by kharif and rabi seasons.

Name of Days to 50% % Plant height upto % Fresh biomass %
entry flowering increase/ panicle tip (cm) increase/ yield (t ha-1) increase/

–––––––––––––––– decrease –––––––––––––––––– decrease –––––––––––––––––– decrease
Kharif- Rabi- over Kharif- Rabi- over Kharif- Rabi- over
2008 2008 kharif 2008 2008 kharif 2008 2008 kharif
and -09 and -09 and -09
2009 2009 2009

SSH-1 69.17 71.67 3.61 304.50 269.53 -11.48 37.47 31.08 -17.05
SSH-2 71.33 71.00 -0.46 267.50 217.20 -18.80 35.91 34.53 -3.84
SSH-4 62.50 68.67 9.87 315.87 256.13 -18.91 55.36 28.00 -49.42
SSH-5 66.50 67.33 1.25 318.50 277.63 -12.83 50.27 29.31 -41.69
SSH-8 58.17 69.00 18.62 264.70 282.67 6.79 32.91 22.21 -32.51
SSH-9 60.00 65.00 8.33 280.70 247.87 -11.70 41.33 30.24 -26.83
SSH-13 64.33 65.67 2.08 312.00 278.73 -10.66 42.05 34.91 -16.98
Madhura (c) 63.33 72.00 13.69 317.08 280.40 -11.57 46.62 29.68 -36.34
RSSV-9 (c) 62.67 65.67 4.79 295.50 221.53 -25.03 40.05 23.05 -42.45
SSV-84 (c) 71.00 70.67 -0.46 300.57 205.10 -31.76 37.22 17.08 -54.11
Mean 64.90 68.67 - 297.69 253.68 - 41.92 28.01 -
LSD at 0.05% 2.59 1.05 - NS 28.24 - 8.75 4.13 -
SEM± 0.92 0.37 - 18.48 10.08 - 3.05 2.55 -
C.V 5% 2.45 0.94 - 10.75 6.89 - 12.59 8.83 -

Table 2. Seasonal impact on cane yield, juice yield and brix (%) of sweet sorghum hybrids during kharif and rabi seasons.

Name of Cane yield % Juice yield % Brix %
entry (t ha-1) increase/ (t ha-1) increase/ (%) increase/

–––––––––––––––– decrease –––––––––––––––––– decrease –––––––––––––––––– decrease
Kharif- Rabi- over Kharif- Rabi- over Kharif- Rabi- over
2008 2008 kharif 2008 2008 kharif 2008 2008 kharif
and -09 and -09 and -09
2009 2009 2009

SSH-1 24.92 18.40 -26.16 11.76 8.42 -28.40 15.67 10.33 -34.08
SSH-2 23.23 20.52 -11.67 9.18 7.96 -13.29 17.58 17.83 1.42
SSH-4 37.68 14.68 -61.04 14.68 6.42 -56.27 17.08 10.00 -41.45
SSH-5 31.59 15.05 -52.36 12.44 10.54 -15.27 14.33 13.50 -5.79
SSH-8 20.67 13.42 -35.07 10.74 6.00 -44.13 15.00 17.00 13.33
SSH-9 25.38 15.92 -37.27 11.64 6.99 -39.95 15.50 10.83 -30.13
SSH-13 28.74 21.39 -25.57 12.72 8.22 -35.38 16.92 10.67 -36.94
Madhura (c) 31.51 16.17 -48.68 12.16 6.82 -43.91 14.83 7.17 -51.65
RSSV-9 (c) 28.09 12.76 -54.57 9.73 4.72 -51.49 16.67 14.17 -15.00
SSV-84 (c) 26.42 7.32 -72.29 9.05 2.91 -67.85 13.83 10.17 -26.46
Mean 27.82 15.56 - 11.41 6.90 - 15.74 12.17 -
LSD at 0.05% 7.15 2.02 - 4.32 1.94 - NS 1.99 -
SEM± 2.49 0.72 - 1.51 0.69 - 0.59 0.71 -
C.V % 15.50 8.35 - 20.77 17.37 - 6.44 10.09 -



which was followed by SSH-5 (52 %). The juice
yield of CMS-based sweet sorghum hybrids
evaluated ranged from 9 to 15 t ha-1 in kharif
season and 6 to 10 t ha-1 in rabi season. Six
hybrids out of the seven along with Madhura
recorded significantly higher juice yield than
RSSV-9 (9.73 t ha-1) in kharif season (Table 2).
SSH-5 gave the significantly higher juice yield
in both kharif and rabi. The maximum
reduction in juice yield in rabi season was
recorded by SSH-4 (56 %) while the lowest
reduction in juice yield compared to kharif was
recorded by SSH-2 (13%).

The values of brix of juice in CMS-based
sweet sorghum hybrids evaluated ranged from
14.33 to 17.58 and 10 to 17.83 per cent in
kharif and rabi seasons, respectively. Two
hybrids SSH-2 and SSH-8 out of the seven
recorded significantly higher brix than the best
check RSSV-9 (14.17 %) in rabi season. The
hybrid SSH-2 performed well in both the
seasons (17.58 and 17.83 %). SSH-8 was the

only hybrid giving substantial increase in brix in
rabi season over kharif. This may have been
due to its relatively greater growth and lower
grain yield in rabi. Total sugar index (TSI) of
CMS-based sweet sorghum hybrids evaluated
ranged from 1.5 to 3.05 and 0.64 to 1.44 t
ha-1 in kharif and rabi seasons, respectively.
Two hybrids out of the seven recorded
significantly higher TSI than the best check
Madhura (0.49 t ha-1) during rabi season.

The grain yield of CMS-based sweet
sorghum hybrids evaluated ranged from 5.56 to
12.02 and 26.91 to 65.79 q ha-1 during kharif
and rabi seasons. Hybrids SSH-5, SSH-4 and
SSH-13 recorded significantly higher grain
yields than the best check Madhura (49 q ha-1)
in rabi season. The highest increment in grain
yield among the hybrids during rabi was
recorded by SSH-4 (663 %) which was followed
by SSH-1 (493 %) (Table 3).

In kharif season the genotype SSH-4 had
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Table 3. Total sugar index, grain yield and total sugar index + grain yield of sweet sorghum hybrids as influenced by kharif
and rabi seasons.

Name of Total sugar index % Grain yield % TSI + grain %
entry (t ha-1) increase/ (q ha-1) increase/ (q ha-1) increase/

–––––––––––––––– decrease –––––––––––––––––– decrease –––––––––––––––––– decrease
Kharif- Rabi- over Kharif- Rabi- over Kharif- Rabi- over
2008 2008 kharif 2008 2008 kharif 2008 2008 kharif
and -09 and -09 and -09
2009 2009 2009

SSH-1 1.90 0.89 -53.15 5.56 32.95 492.63 24.56 41.85 70.40
SSH-2 1.50 1.42 -5.33 9.49 35.08 269.65 24.49 49.28 101.22
SSH-4 3.05 0.64 -79.01 7.98 60.86 662.66 38.48 67.26 74.79
SSH-5 1.78 1.44 -19.10 12.02 65.79 447.34 29.82 80.19 168.91
SSH-8 1.82 1.02 -43.95 10.01 26.91 168.83 28.21 37.11 31.55
SSH-9 1.98 0.76 -61.61 8.11 29.95 269.30 27.91 37.55 34.54
SSH-13 2.33 0.88 -62.23 11.51 53.75 366.99 34.81 62.55 79.69
Madhura (c) 2.04 0.49 -75.98 8.40 48.59 478.45 28.80 53.49 85.73
RSSV-9 (c) 1.89 0.67 -64.55 5.96 32.93 452.52 24.86 39.63 59.41
SSV-84 (c) 1.62 0.30 -81.48 0.65 30.12 4533.85 16.85 33.12 96.56
Mean 1.99 0.85 - 8.00 41.69 - - - -
LSD at 0.05% NS 0.36 - NS 16.00 - - - -
SEM± 0.24 0.13 - 0.71 5.70 - - - -
C.V % 21.14 26.04 - 15.40 23.52 - - - -



the maximum TSI + grain (38.48 q ha-1)
followed by SSH-13 (34.81 q ha-1), while
hybrid SSH-5 showed maximum yielding ability
in rabi season (80.19 q ha-1) and was followed
by SSH-4 (67.26 q  ha-1). The maximum
differences between kharif and rabi in TSI +
grain was recorded by SSH-5 (169 %) while the
minimum was recorded by SSH-8 (31%) (Table
3).

The studies carried out during kharif and
rabi season showed that among the CMS-based
sweet sorghum hybrids tested SSH-4 and SSH-
5 showed the highest fresh biomass yield, cane
yield and TSI + grain yield in kharif season
while SSH-2 and SSH-13 had the highest
biomass and cane yields in rabi season. TSI +
grain yield were relatively high in SSH-4, SSH-
5, SSH-13 and Madhura in kharif and rabi
seasons which confirms good adaptability of
these genotypes for both the seasons (Table 3).
In general, it has been observed that TSI and
brix were higher during kharif season than in
rabi while the grain yield was higher in rabi
season than in kharif. This finding suggested a
close association between sugar accumulation
in sweet sorghum stalk and grain yield. The
results are in agreement with the findings of
Fischer and Wilson (1975). The hybrids SSH-2
and SSH-8 maintained their high brix
observations during kharif in rabi also as they
produced relatively low amount of grain.

Assis and Mendez (1984) found that
photoperiod effect and increasing day length
caused a delay in flowering and increased stalk
yield and sugar content. However, though the
flowering was generally delayed in rabi
compared to kharif, stalk and sugar yields were
much lower than in kharif in our experiments.

The results (Table 3) show that sweet
sorghum hybrids SSH-4, SSH-13 and SSH-5
have maximum TSI + grain yield during kharif

and rabi seasons. Therefore, their planting may
help to enhance the production efficiency of
ethanol during both the seasons. The results are
in agreement with the findings of Clegg et al.
(1986) who reported that hybrid producing
higher grain yield with slightly less biomass had
higher alcohol production potential than the
lower grain producing variety.

Higher ethanol recovery in genotypes may
be attributed to their higher leaf area index and
rate of photosynthesis and also depends on
plant height (Channappagoudar et al. 2007).
The sugar-accumulating potential of sweet
sorghum can be effectively used in ethanol
production. Currently, Indian ethanol industries
utilize only sugarcane molasses as raw material;
however, the dwindling supplies of sugarcane
molasses due to fluctuations in sugarcane
production have forced the industries to look
for supplementary raw material that can be
used along with sugarcane molasses. Sweet
sorghum is one of an increasing number of
energy crops that can be used as a source of
bioenergy on commercial scale to meet the
ethanol needs in an economic and ecofriendly
manner.
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Abstract
Vipula (PT-9230) pigeonpea variety is developed by hybridization through pedigree selection method

from a cross ICPL -151 x Prabhat DT. It has indeterminate growth habit having a maturity period of 145-
160 days. The variety is resistant to Fusarium wilt and moderately resistant for sterility mosaic disease. The
genotype PT-9230 gave average seed yield of 1628 kg ha-1 at 34 locations during the year 1999-2005
which was 17.37 per cent significantly higher than check varieties. In Irrigated condition, the genotype gave
2977 kg ha-1 seed yield which was 24.45 per cent higher than AKT-8811 and 22.51 per cent higher than
TAT-10. The variety is released and notified under the name "Vipula" for Maharashtra State in February
2007.

Key words : PT-9230, resistance, high yield.
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Pigeonpea in Maharashtra occupies an area
of 11.15 lakh ha with production of 9.29 lakh
tons and average productivity of 833 kg ha-1

(Anonymous, 2008). In comparison with area
under this crop in India (3.4 million ha) it
constitutes approximately 33.67 per cent and
also shares equal contribution in total
production. Thus, Maharashtra state is a
leading producer of pigeonpea at national level.
Though India is largest producer of pulses,
huge quantity of pulses is being imported every
year to meet the requirement. Hence to be self

sufficient in pulses production, the development
of high yielding, disease resistant and fertilizer
responsive varieties of pulses is a need of the
hour. Considering these, efforts were made in
pigeonpea for development of high yielding,
early to medium maturing disease resistant/
insect-pest tolerant varieties. 

Materials and Methods

The genotype PT-9230 has been evolved
from a cross of ICPL-151 x Prabha DT at
Pulses Improvement Project, Mahatma Phule
Krishi Vidyapeeth, Rahuri during the year
1994. Among the several selections made in

1. Scient (Plant Pathology), 2., 4. Sr. Scient (Plant
Breeding), 3. Professor, 5. Scientist (Plant Breeding) and
6. Principle Scientist.



segregating populations, a promising strain PT-
9230 was tested in various trials viz., Large
Scale Yield Trial (LSYT), Regional Varietal Trial
(RVT), State Multilocation Varietal Trial
(SMVT). It was also tested for irrigated and
rainfed conditions in Initial Varietal Trial (IVT)
along with standard checks viz., C-11, ICPL-
87119, BSMR-736, TV-1, BSMR-853 and
BDN-708 during the year 1999-2002.
Simultaneously, it was evaluated in Initial
Varietal Trial (IVT) and also in Advance Varietal
Trial (AVT) at national level at various locations
during the year 2002-2005 along with standard
checks (Table-1). The statistical analysis was
carried out according to Panse and Sukhatme
(1967).

Results and Discussion

Performance in different trials : The

culture Phule Tur (PT)-9230 gave grain yield of
1086 kg ha-1 which was higher than the checks
i.e. 24.39 per cent (C-11) and 24.54 per cent
(ICPL-87119) in large scale yield trial (LSYT).
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Table 1. Performance of pigeonpea genotype Phule T-9230 in comparison with check in various trials.

Year Name of Loca- Yield kg ha-1

the trial tions ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Phule Check variety % increase
T-9230 ––––––––––––––––––––––––––– over (c)

1999-2000 LSYT 1 1086 C-11 873 24.39
ICPL-87119 865 24.54

2000-2001 RVT-I 4 1603 C-11 1469 15.24
ICPL-87119 1273 32.99
BSMR-736 1608 5.28
T.V.-1 1289 31.34

2001-2002 SMVT-I 7 1592 ICPL-87 830 91.8
BSMR-853 1387 14.78
T.V-1 1360 17.05
BDN-708 1303 22.17

2002-2003 IVT(CZ) 5 1781 BDN-708 1175 51.57
2003-2004 IVT (SZ) 6 1104 UPAS-120 944 16.94

ICPL-84031 860 28.27
2004-2005 IVT (Rainfed) 1 2814 UPAS-120 1944 44.75

TAT-10 1907 47.56
2004-2005 AVT (CZ) 5 1612 UPAS-120 1522 5.91

ICPL-87 1341 12.94
2004-2005 AVT (SZ) 3 1385 UPAS- 120 1218 13.71

ICPL-87 707 95.89
2004-2005 Irrigated (one) 1 2977 AKT-8811 2392 24.4

TAT-10 2430 22.51
2004-2005 Rainfed 1 2801 AKT-8811 1986 41.03

TAT-10 2000 40.05
Total 34 1628 1387 17.37

Table 2. Performance of PT-9230 in adaptive trials on
farmers field (kharif-2004-05).

District Trials Yield (kg ha-1)
––––––––––––––––––––––––––
PT-9230 AKT-8811 (Ch)

Kharif 2004-05 :
Nandurbar 6 1588 1280
Ahmednagar 9 2024 1657
Nashik 2 1834 1513
Pune 1 2022 1635
Parbhani 1 2211 1811
Raingad 1 1836 1491
Mean 20 1914 1564
% increase - - 22.37



Under regional varietal trial (RVT) at 4
locations during the year 2000-2001, the
genotype PT-9230 recorded 1693 kg ha-1

grain yield which was higher than the checks,
viz., C-11 (1469 kg ha-1), ICPL -87119 (1273
kg ha-1), BSMR-736 (1608 kg ha-1) and TV-1
(1289 kg ha-1), whereas in state multiplication
varietal trial (SMVT), the same culture was
tested at 7 locations, it recorded 1592 kg ha-1

grain yield which was higher than the best
checks viz., ICPL-87 (830 kg ha-1), BSMR-
853 (1387 kg ha-1), TV-1 (1360 kg ha-1) and
BDN-708 (1303 kg ha-1).

In coordinated initial varietal trials under
central and south zone, PT-9230 recorded
1781 kg ha-1 grain yield which was 51.57 per
cent higher than the check BDN-708 (1175 kg
ha-1) whereas in south zone, this genotype gave
better yield (1104 kg ha-1) than the national
check varieties viz., UPAS-120 (944 kg ha-1)
and ICPL-84031(860 kg ha-1) with 16.94 and
28.27 per cent increase respectively. In initial
varietal trial, PT-9230 showed significantly
higher yield (2814 kg ha-1) which was 44.75
per cent higher than check UPAS-120 (1944
kg ha-1) and 47.56 per cent than TAT-10

(1907 kg ha-1) under rainfed condition.

At central and south zone, the genotype PT-
9230 (1612 and 1385 kg ha-1) out yielded the
national checks i.e. ICPL-87(1341 and 760 kg
ha-1) and UPAS-120 (1522 and 1218 kg ha-1)
during the year 2004-2005 in advance varietal
trial. Similarly this genotype performed better
(2977 kg ha-1) under irrigated condition and
out yielded than the checks by a margin of
24.40 per cent over AKT-8811 (2392 kg ha-1),
22.21 per cent over TAT-10 (2430 kg ha-1). It
also showed superior performance in rainfed
condition (2801 kg ha-1) (Table-1).
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Table 3. Per cent incidence of Fusarium wilt, sterility mosaic disease on Phule Tur -9230 in wilt sick plot.

Year Per cent incidence of wilt in sick plot
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
PT-9230 AKT-8811 TAT-10 T.V.-l ICPL-87 BSMR-736 ICP-2376 BDN-708

Fusarium wilt :
2004-05 6.02 78.57 - 87.50 - 5.55 100.00 55.76
2003-04 4.00 52.08 40.38 - 55.83 29.33 100.00 27.22
2002-03 8.90 50.86 - 47.61 - 18.89 100.00 -
2001-02 15.70 78.56 - 78.81 - 54.70 100.00 -
Mean 8.65 65.00 40.38 71.30 55.83 27.11 100.00 41.49

Sterility mosaic disease :
2004-05 7.69 80.40 - 83.33 - 5.00 100.00 72.77
2003-04 7.86 47.36 38.95 - 17.81 3.12 100.00 23.25
2002-03 37.31 49.10 - 36.00 - - 100.00 -
2001-02 6.60 95.71 9.25 90.09 44.11 14.98 100.00 -
Mean 14.85 68.14 24.10 69.80 30.96 7.70 100.00 48.01

Table 4. Quality parameters of pigeonpea genotype PT-
9230.

Characters PT-9230 AKT-8811

Protein content 19.29 22.62
Fat% 2.47 1.04

Dal character (%) :
Split peas (Dal) 67.42 58.5
Broken and powderd 9.53 12.8
cotyledons (churi)
Seed coat (Bhusa) 18.28 20.2
Whole seed (Gota) 4.77 8.5



In adaptive trials conducted on farmers fields
PT-9230 showed 22.37 per cent increase over
the check variety AKT-8811 (Table-2).

Wilt and sterility Mosaic : The genotype
PT-9230 was tested (Table 3) for reaction to
Fusarium wilt under sick plot having inoculum
load of 2 x 107 cfu g-1. It was also tested in
sterility mosaic nursery plot at Pulses
Improvement Project, MPKV, Rahuri during the
year 2001-2005. The genotype PT-9230 was
found to be resistant for wilt disease and
moderately resistant for sterility mosaic disease.

Quality parameter : The genotype PT-
9230 contains 19.29 per cent proteins (Table
4) and 2.47 per cent fat. It has 67.42 per cent
split peas with 9.53 per cent of broken and
powderd cotyledons (churi), 18.28 per cent
seed coat and 4.77 per cent whole seed. It is
superior in dal characters than the check variety
AKT-8811.

The genotype PT-9230 is high yielding with
maturity period  of 145-160 days in
Maharashtra conditions. It is having
indeterminate growth habit, red colour, medium
size seeds, good dal recovery (67.42 per cent).
It is released for the cultivation in Maharashtra
during the year 2006 by state varietal release
committee. (Notification No. S.O. No. 122(E),
6.02.2007)
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Maize is the third most important crop in
India after rice and wheat that occupied about
8.11 million hectares having production of
19.70 million tones with an average
productivity of more than 2.4 tonnes ha-1.
Whereas, in Maharashtra the area, production
and productivity was 6.48 lakh hectares, 14.50
lakh tones and 2.25 tonnes ha-1 respectively,
during the year 2008-09. 

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

Materials and Methods

Single cross maize hybrid Rajarshi (KMH-
22168) has been evolved from a cross of GPM-
456 x GPM-342 at All India Coordinated Maize

Improvement Project, Kolhapur during the year
2002. Among the several crosses made
amongst different inbreds, a single cross KMH-
22168 appeared to be most promising. It was
therefore, tested in station trial along with the
national check BIO-9681 at Kolhapur in the
year 2003-2007. Looking into the promising
performance, this hybrid was promoted to
multilocation trial and tested at 6 locations
under kharif and rabi condition from the year
2003-2007. It was tested in inter university trial
at Kolhapur, Parbhani and Nagpur during
2006-2007. This hybrid was also tested in
zonal coordinated trial (Table 5) over 5
locations in zone 4 (comprising of Hyderabad,
Karimnagar, Kolhapur, Coimbatore, Mandya
and Arbhavi) during kharif-2006. The
performance of this hybrid was consistently
superior over the national check BIO-9681 for
yield as well as resistance to turcicum leaf blight
and stem borer. It was therefore, released for
commercial cultivation under kharif and rabi
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Abstract
Rajarshi(KMH-22168), a single cross maize hybrid from public sector in Maharashtra is derived from the

cross between GPM-456 x GPM-342 through hybridization method. It is high yielding, orange yellow, semi-
flint type, late maturing, resistant to turcicurn leaf blight, least susceptible to stem borer (Chilo partellus) and
weevil (Sitophilus oryzae L.) under storage condition, high starch content (72.25%) than the check BIO-
9681(71.98%) and is suitable for kharif and rabi season. In various state and varietal trials the maize hybrid
KMH-22168 consistently recorded best performance. During kharif season, KMH-22168 recorded 7173 kg
ha-1 grain yield which was 24.32 per cent higher than BIO-9681(5770 kg ha-1) whereas, in rabi season, it
recorded 9558 kg ha-1 grain yield which was 12.95 per cent higher than BIO-9681(8497 kg ha-1). Overall
KMH-22168 recorded 18.63 per cent higher yield (8366 kg ha-1) over the national check BIO-9681(7134
kg ha-1) in kharif and rabi season.The maize hybrid is released under the name, 'Rajarshi' for kharif and rabi
season for Maharashtra state in 2009. 

Key words : Maize hybrid, Rajarshi (KMH-22168), resistance, high yield, starch.
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season in Maharashtra in 2009 under the
name, 'Rajarshi'. The statistical analysis was
carried out according to Panse and Sukhatme
(1967).

Results and Discussion

Performance of KMH-22168 in
different trials : In station trial during kharif
2003-2007, maize hybrid yield differences due
to genotypes were significant. Maize hybrid
KMH-22168 gave grain yield of 6839 kg ha-1
(Table 1) which was 28.92 per cent higher than
the check BIO-9681 (5305 kg ha-1). In multi
location trial, KMH-22168 recorded 22.23 per
cent higher grain yield (6841 kg ha-1) than the
check BIO-9681 (5597 kg ha-1). Whereas,

under inter university trial it gave 7390 kg ha-1

grain yield which was 40.04 per cent higher
than the check BIO-9681 (5277 kg ha-1).
Under zonal coordinated trial, KMH-22168
gave grain yield of 6299 kg ha-1 which was
18.38 per cent higher than the check BIO-
9637 (5659 kg    ha-1). Under coordinated and
adaptive trials, KMH-22168 gave highest grain
yield of 8316 kg ha-1 and 6477 kg ha-1

respectively, which was 44.47 and 11.15 per
cent higher than the check BIO-9681(5756
and 5827 kg ha-1).

Under rabi season, it gave grain yield of
9787 kg ha-1 which was 19.83 per cent higher
than the check BIO-9681 (8167 kg ha-1) in
station trial. Under multi location trial, KMH-
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Table 1. Summary table showing grain yield potentiality of maize hybrid KMH-22168.

Name of Location Year Grain yield (kg ha-1) % increase over
the trial ––––––––––––––––––––––––––––––– ––––––––––––––––––––––––

KMH- BIO- Shakti- BIO- BIO- Shakti- BIO-
22168 9861 man-1 9637 9861 man-1 9637

Kharif :
Station trial Kolhapur 2003 to 6839 5305 5109 - 28.92 33.86 -

2007
MLT Kolhapur, Gadhinglaj, 2003 to 6841 5597 5103 - 22.23 34.06 -

Pune, Savlivihir, Karad, 2007
Dhule

Int. Univ. MLT Kolhapur, Parbhani, 2006 to 7390 5277 5681 - 40.04 22.57 -
Nagpur 2007

Zonal Coordinated Hyderabad, Karimnagar, 2006 6299 - - 5695 - - 18.38
trial Arbhavi, Coimbatore, 

Kolhapur
Coordinated trial Kolhapur 2007 8316 5756 - - 44.47 - -
Adaptive trial 23 No. 2007 6477 5827 - - 11.15 - -
(kharif-2007)

Mean 7173 5770 5298 - 24.32 35.39 18.38

Rabi :
Station trial Kolhapur 2003-04 9787 8167 6087 - 19.83 60.78 -
MLT Kolhapur, Digraj, Dhule, 2007-08 9798 8769 - - 11.73 - -

Rahuri, Pune, Niphad
Coordinated trial Kolhapur 2004-05 10259 9564 - - 7.27 - -
(AET 1st year)
Adaptive trial 25 No. 2007-08 8387 7487 - - 12.02 - -
(rabi-2007-08)

Mean 9558 8497 6087 - 12.95 64.66 -
Mean 8366 7134 5495 - 18.63 49.94 -



22168 recorded 9798 kg ha-1 grain yield
which was 11.13 per cent higher than the
check BIO-9681 (8769 kg ha-1). In AET
coordinated trial, it gave 10259 kg ha-1 which
was 7.27 per cent higher than the check BIO-
9681(9564 kg ha-1). In adaptive trials KMH-
22168 gave 8387 kg ha-1 grain yield which,
was 12.02 per cent higher than the check BIO-
9681(7457 kg ha-1).

In 72 trials conducted on research and
farmers field during 2003-04 to 2007-08;
maize hybrid KMH-22168 showed superior
performance and gave 8366 kg ha-1 mean
grain yield which was 18.63 per cent higher
than the national check BIO-9681 (7134 kg
ha-1). The maize hybrid KMH-22168 was
evaluated along with check BIO-9681 on 48
farmers field for grain yield in various districts of
Maharashtra, during karif-2007 and rabi-2007-
08. It gave higher grain yield (7432 kg ha-1)
which wasl 1.64 per cent higher than the

national check BIO-9681 (6657kg ha-1).

Pests and diseases : Maize hybrid KMH-
22168 was least susceptible to stem borer
(Chilo partellus sw) and store grain pest viz.,
weevil (Sitophilus oryzae L.) under artificial
infestation during kharif and rabi season (Table
3). Similarly, it is resistant to turcicum leaf
blight (Table 4).

Quality characters : In quality studies
KMH-22168 recorded highest starch content
(72.25%) than BIO-9681 (71.98%). It has 7.99
per cent protein (Table 5).

This hybrid is of late duration (95-100 days
to maturity), semi spreading in growth, medium
bold size (33g 100 seeds-1), responsive to
recommended fertilizer dose (120:60:40 N:P:K
kg ha-1) performing high yield under kharif and
rabi season. Being a high yield potential and
consistent resistance to turcicum leaf blight and
stem borer (Chilo partellus), the maize hybrid
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Table 2. Mean grain (kg ha-1) and stover yield (kg ha-1) of maize genotypes (medium maturity group ) as affected by different
nitrogen levels during kharif-2007, Kolhapur.

Entry Nitrogen levels (kg ha-1) Mean % increase over
–––––––––––––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––– ––––––––––––––––

60 120 180 Grain Stover Grain Stover
––––––––––––––– –––––––––––––––– –––––––––––––––––
Grain Stover Grain Stover Grain Stover

DMR-181 2875 4385 3836 5433 4744 6364 3818 5401
DMR-182 4033 5553 5211 6831 5975 7553 5073 6646
DMR-183 3003 4503 4041 5616 5133 6753 4059 5624
DMR-184 3483 5086 4664 6167 5275 6909 4474 6054
KMH-22168 5605 6325 5644 6865 6291 7311 5846 6834
Karveer 3950 5479 4552 6061 4867 6629 4456 6056 31.19 12.85
Mean 3824 5221 4658 6162 5380 6920 4621 6103

Grain yield
Nitrogen Genotype Interaction

S.E.± 182 146 165
C.D. at 5% 543 437 492*

Stover yield
Nitrogen Genotype Interaction

S.E.± 133 172 144
C.D. at 5% 401 513 427*
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KMH-22168 was identified for release during
2010 for kharif and rabi season of
Maharashtra for commercial cultivation to the

farmers (Anonymous, 2009).
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Table 4. Reaction of KMH-22168 against turcicum leaf
blight caused by Helminthosporium turcicum
under natural condition during kharif 2007.

Entry Mean PDI

KMH 2448 18.84 (25.60)*
KMH 2485 23.64 (29.08)
KMH 2438 24.36 (29.53 )
KMH 24102 26.49 (30.95 )
KMH 2461 17.57 (24.71)
KMH 2483 16.44 (23.72)
KMH 2449 18.35 (25.25)
KMH 24 104 19.90 (26.38)
KMH 24 105 24.54 (29.59)
KMH 2453 17.65 (24.68)
KMH24114 14.70 (22.39)
KMH 24136 14.24 (21.88)
KMH 23 10 17.95 (24.92)
KMH 24 173 16.31 (23.64)
KMH 22168 10.33 (18.75)
KMH 2542 17.95 (25.05)
Bio 9681 14.85 (22.64)
Super groom 18.05 (24.98)
SE± 0.911
CD at 5% 2.619
CV % 6.26

* Figures in parenthesis indicates arc-sin transformed values
0.00 : Free, 1-15: Resistant, 16-25 : Moderately resistant,
26-50 : Moderately susceptible, Above 50 per cent :
Susceptible.

Table 5. Chemical Analysis of KMH-22168.

Determination KMH- Bio-
22168 9681

Moisture content % 10.40 12.20
Starch content %  (Dry weight basis.) 72.25 71.98
Protein content % (Dry weight basis.) 7.99 10.07

______________



Soybean (Glycine max (L.) Merril) is an
important oilseed crop in India. It is infested by
275 insect species (Sharma and Shukla, 1997).
Of which stem fly (Melanagromyza sojae
Zehnter) is an important pest infesting soybean.
Venkatesan and Kundu (1994) recorded stem
tunnelling due to M. sojae to the extent of 10
to 20 per cent inflicting 2.75 to 3.81 per cent
loss in soybean grain yield. The chemical
constituents of plant play vital role in
determining the relative susceptibility of crop
varieties to insect pests. The pest resistant crop
varieties do not involve extra cost and hence,
they should be advocated as safe component of
integrated pest management programme. The
present investigation was aimed to screen seven
cultivars of soybean for their resistance to stem

fly based on biochemical characteristics.

Materials and Methods

A field experiment on biochemical basis of
resistance to stem fly infesting soybean cultivars
was conducted in a randomized block design
using seven cultivars viz., MAUS-81, JS-98-63,
MAUS-71, MAUS-158, JS-335, MACS-1055
and Bragg replicated three times at the farm of
College of Agriculture, Latur during kharif
2007. Observations were recorded on
randomly selected five plants net plot-1 (4.90 x
3.60 sq. m) of each cultivar at weekly interval
on incidence of stem fly. For this, one sq. m
area from the center of each cultivar was
selected for recording observations on the
number of infested plants due to stem fly in
each meteorological week. Other five
observational plants net plot-1 of each cultivar
were also randomly selected for recording the
observations on tunnelled length of the stem

J. Agric. Res. Technol., 36 (3) : 421-424 (2011)
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Abstract
The soybean cultivars viz., MAUS-81 and MACS-1055 showed lowest number of stem fly maggots (2.33

maggots plant-1), whereas cultivar JS-98-63 recorded least per cent infested plants due to stem fly (27.63)
and per cent tunnelled stem length due to stem fly maggots (28.40). The cultivar JS-98-63 showed lowest
total sugar (0.49 mg g-1), free amino acids (0.30%) and proteins (23.00%). Whereas, the susceptible check,
cv. Bragg recorded significantly highest content of total sugars (0.71 mg g-1), free amino acids (0.32%) and
proteins (25.13%) from the stem portion. The phenol content was significantly highest (36.00 mg g-1) in the
stems of soybean cv. JS-98-63. However, the significantly lowest amount of phenols was recorded in the stem
of susceptible check, Bragg (20.00 mg g-1). There was significant positive correlation between per cent
infestation due to stem fly and biochemical constituents like total sugars, free amino acids and proteins.
Whereas, it was significantly and negatively correlated with phenol content              (-0.850). Similar trend
of correlation was noticed in respect of per cent stem tunnelled length due to stem fly maggots and the
biochemical constituents of soybean cultivars. 
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due to stem fly maggots in each meteorological
week. When the infestation of stem fly on
soybean observed highest at 60 days after
sowing, 25 g stem portion of healthy stems of
each of soybean cultivars was collected for
biochemical analysis. The samples were oven
dried at 60°C for 12 hours to remove moisture
and moulds. The oven dried samples were
grinded into fine powder and stored in
polyethene bags. The representative sample
(500 mg) of each cultivar from each replication
was used for biochemical analysis. The
biochemical constituents like total sugars, free
amino acids, proteins and phenols in healthy
stems of soybean cultivars were estimated using
the methods described by Dubois et al. (1956),
Moore and Stein (1948), Lowry et al. (1951)
and Malick and Singh (1980), respectively. The
mean values of all observations were used for
statistical analysis. The square root and angular
transformations were made for the values in
number and percentage, respectively.

Results and Discussion

Data presented in Table 1 revealed that, the
number of stem fly maggots plant-1 (2.33 to
3.00), per cent infestation (27.63 to 92.00)
and per cent tunnelling due to maggots (28.40
to 56.00) of stem fly on different soybean
cultivars varied significantly from each others.
The soybean cultivars viz., MAUS-81 and
MACS-1055 showed lowest number of stem fly
maggots plant-1 (2.33 maggots plant-1),
whereas cultivar JS-98-63 recorded least per
cent infested plants due to stem fly (27.63) and
per cent tunnelled stem length due to stem fly
maggots (28.40). It was followed by JS-98-63,
MAUS-158 and MAUS-71 for respective traits.
However, these were at par with each other.
Significantly highest infestation (92%) and stem
tunnelling (56%) due to stem fly was recorded
on susceptible check, Bragg.

The present results on incidence/infestation

of stem fly on soybean cultivars are in good line
with Satish Kumar and Bhattacharya (1988)
and Sekhar et al. (2000). According to Satish
Kumar and Bhattacharya (1988), the
considerable increase in damage to soybean
due to stem fly (63.0 to 73.37%) was observed
in the last week of September. Sekhar et al.
(2000) reported 28.9 to 41.70 per cent stem

Ambenagare et al.422

Table 1. Incidence of stem fly on different soybean
cultivars.

Cultivar Number of Infestation Stem
maggots (%)** tunnel
plant-1 (%)**

MAUS-81 2.33 (1.68) 53.33 (46.96) 34.33 (35.86)
JS-98-63 2.67 (1.78) 27.63 (31.71) 28.40 (32.18)
MAUS-71 3.00 (1.87) 54.33 (47.76) 32.76 (34.91)
MAUS-158 2.67 (1.78) 36.09 (36.92) 51.03 (45.59)
JS-335 3.00 (1.87) 67.33 (55.24) 39.66 (39.03)
MACS-1055 2.33 (1.68) 69.33 (56.43) 40.61 (39.58)
Bragg 3.00 (1.87) 92.00 (73.58) 56.00 (48.48)
SE± 0.04 3.48 1.15
CD at 5% 0.12 10.7 3.55
CV (%) 3.82 12.1 5.08

* Figures in parentheses indicate square root transformed
values, Bragg = Susceptible check, ** Figures in parentheses
indicate angular transformed values

Table 2. Biochemical constituents in stems of soybean
cultivars.

Cultivar Total Free Proteins Phe-
sugars amino (%) nols
(mg acids (mg 
g-1) (%) g-1)

MAUS-81 0.61 0.31 (3.22) 23.21 (28.80) 30.00
JS-98-63 0.49 0.30 (3.16) 23.00 (28.65) 36.00
MAUS-71 0.51 0.31 (3.21) 23.16 (28.76) 30.00
MAUS-158 0.63 0.30 (3.16) 23.50 (28.99) 33.00
JS-335 0.55 0.31 (3.21) 24.00 (29.33) 23.00
MACS-1055 0.70 0.32 (3.24) 24.16 (29.44) 21.00
Bragg (Check) 0.71 0.32 (3.25) 25.13 (30.08) 20.00
SE± 0.01 0.01 0.23 1.08
CD at 5% 0.03 0.04 0.71 3.32
CV (%) 3.19 0.67 1.37 6.78

Figures in parentheses indicate angular transformed values.



tunnelling due to stem fly in 39 genotypes of
soybean.

The cultivar JS-98-63 showed lowest total
sugar (0.49 mg g-1), free amino acids (0.30%)
and proteins (23.00%) (Table 2), followed by
MAUS-71.   Whereas, the susceptible check,
cv. Bragg recorded significantly highest content
of total sugars (0.71 mg g-1), free amino acids
(0.32%) and proteins (25.13%) from the stem
portion. The phenols content was significantly
highest (36.00 mg g-1) in the stems of soybean
cv. JS-98-63, followed by MAUS-71 and
MAUS-81. However, the significantly lowest
amount of phenols was recorded in the stem of
susceptible check, Bragg (20.00 mg g-1).

The correlation studies (Table 3) revealed
that there was significant positive correlation
between per cent infestation due to stem fly and
biochemical constituents like total sugars, free
amino acids and proteins. Whereas, it was
significantly and negatively correlated with
phenol content (-0.850). Similar trend of
correlation was noticed in respect of per cent
stem tunnelled length due to stem fly maggots
and the biochemical constituents of soybean
cultivars. This indicated that the per cent stem
tunnelling due to stemfly maggot was increased
with increase in the contents of total sugars,
free amino acids and proteins and decrease in
the content of phenols in the stems of soybean

cultivars. The path analysis studies revealed
that, protein had significantly highest direct
positive effect (0.5520) followed by total sugars
(0.4437) on the number of stem fly maggots.
Jat and Pareek (2003) showed that there was
positive correlation between free amino acids,
crude protein and total sugars with infestation
of brinjal fruit borer. While there was negative
correlation between total phenol content and
fruit damage. In conclusion the genotypes JS-
98-63 followed by MAUS-71 were found to be
promising soybean cultivars from the plant
resistance point of view to stem fly.
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Table 3. Correlation coefficient and path analysis of infestation of stem fly with biochemical constituents of soybean cultivars.

Correlation coefficient Path analysis
––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––

Biochemical Infested Tennelled Number Infested Tennelled Number
constituents plants stem of plants stem of

(%) length maggots (%) length maggots
(%) plant-1 (%) plant-1

Total sugars 0.596* 0.728* -0.128 0.0665 0.7980* 0.4437
Free amino acids (%) 0.788* 0.437* -0.010 0.3737 0.3127 0.0479
Proteins (%) 0.471* 0.504* 0.380 0.0174 0.2181 0.5520*
Phenols (%) -0.850* -0.474* -0.081 -0.5984* -0.0885 -0.0311

* Significant at 5% level.
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Abstract
Germination percentage, vigour index, number of nodules plant-1 and dry weight of nodules at 30 DAS,

50 DAS and harvest was significantly increased in the treatment of seed inoculation with Rhizobium @25 g
kg-1 seed over the rest of the treatment. Rhizobium seed treatment and thiram seed treatment (@ 3 g kg-1

of seed) showed highest number of branches plant-1, number of pods plant-1, test weight (100 seeds) and
yield over rest of the agrochemicals treatments. Microbial population were inhibited by alachlor, thiram,
carbendazim and endosulfan in soybean field. The bacterial population, fungal population and Rhizobium
population were restored after 30 days spraying.

Key words : Agrochemicals, Rhizobium, biometric characters, soybean, microorganisms.

______________

The residual effect of some chemicals is
highly toxic, which directly or indirectly affect
human welfare. Now time has come to study
quantitative and qualitative study of chemicals
and beneficial and harmful effects. Therefore,
this study was undertaken in soybean ecology
and their influence on different parameters,
microbial population and yield.

Materials and Methods

The experiment was carried out during
kharif season of 2008 on the experimental
farm of Agronomy in arandomized block design
with three replication and seven treatments (i.e.

seed treatment with Rhizobium japonicum @25
g kg-1, seed treatment with thiram @3 g kg-1,
pre-emergence spray of alachlor @2 kg ha-1,
@4 kg ha-1 carbendazim @10 g 10-1 lit of
water, endosulfan 35 EC @17 ml 10-1 lit of
water and control. Soybean (JS-335) was sown
on 29th June 2008 with a spacing of 30 x 10
cm in 6.0 x 3.0 m plot. The observation were
recorded on different biometric characters at
30th, 50th and at harvest and analyzed as
following Panse and Sukhatme (1967).

Microbial analysis : The number of
colony forming unit (cfu) in the selective media
were determined by methods of the serial
dilution and pour plate technique (Salle, 1973).1. Professor, Plant Pathology.



Results and Discussion

Effect on germination and vigour
index : The inoculation of Rhizobium has
brought about maximum increase in
germination (Table 1) and vigour index
3806.38 (30 DAS), 5010.71  (50 DAS) and
6206.74 (at harvest) followed by thiram
3279.4 (30DAS), 4845.00 (50 DAS) and
5076.8 (at harvest). Minimum vigour index was
recorded with endosulfan spray treatment
2636.35 (3O DAS), 4268.38 (50 DAS) and
4337.57 (at harvest).

Effect on nodule count and dry weight
of nodules : At 50 DAS, control plot indicated
highest number of nodules plant-1 (41.33)
whereas carbendazim recorded lowest number
of nodules (24.46). Nodule count in seed
treatment with thiram recorded highest count
(21.5) and the treatment Rhizobium
inoculation with carbendazim spray was 17.5

and 16.5, nodules respectively. The dry weight
of nodules (g plant-1) at 50 DAS was recorded
highest in control (37.2) plot followed by
Rhizobium inoculation treatment.

Effect on soybean yield : Seed
inoculation with Rhizobium recorded
maximum number of branches (3.44 plant-1)
followed by carbendazim (3.00 plant-1) and
minimum branches recorded in control
treatment (2.11 plant-1). An inoculation of
Rhizobium had resulted maximum increase in
pods (23.11 plant-1) and which was followed by
carbendazim (22.36 plant-1). Minimum pods
recorded in control plot (18.66 plant-1). An
inoculation of Rhizobium had resulted
maximum increase of test weight (14.25 g)
followed by carbendazim (14.07 g) and
minimum test weight was recorded in control
plot (12.01 g) for 100 seeds.

The grain yield (Tabte 1) as influenced by
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Table 1. Effect of Agro-chemicals and Rhizobium on different biometric and microbial characters of soybean at harvest and
yield.

Treatments Germi- Vigour Nodules Dry Bran- Pods Test Yield Bact- Fungal
nation index plant-1 weight ches plant-1 weight (q erial popu-
(%) of plant-1 (100 ha-1) polpu- lation

nodules seed) lation (cfu x 
(g g (cfu x 103)
plant-1) 106)

Seed inoculation with 83 6206.74 31.60 37.2 3.44 23.11 14.25 23.70 42.6 25.33
Rhizobium @ 25 g kg-1

seed

Seed treatment with 76 5076.8 32.00 15.0 2.70 21.66 13.58 21.14 40.33 27.6
thiram @ 3 g kg-1 of 
seed

Pre-emergence spray 76 4791.04 25.66 24.5 2.44 19.33 13.07 19.58 36.6 22.6
of alachlor @ 2 kg ha-1

Pre-emergence spray 73 4436.94 28.40 24.4 2.88 20.44 13.20 18.50 42.6 30.3
of alachlor @ 4 kg ha-1

Spraying of 71.33 4219.88 24.46 24.5 3.00 22.36 14.07 19.60 42.33 37.6
carbendazim @ 0.1%

Spraying of endosulfan 71.33 4337.57 31.00 28.8 2.75 21.11 12.08 21.10 40.00 33.6
35 EC @ 0.1%

Control 80.66 4591.16 41.33 42.4 2.10 18.66 12.01 21.20 48.00 44.6

SE± 0.72 4.50 3.6 0.82 0.17 0.45 0.63 2.97 3.65

CD at 5% 2.27 14 11 2.29 0.53 1.37 1.88 9.1 11.2



different agrochemicals was ranged from 18.50
to 23.70 q ha-1. The seed treatment with
Rhizobium showed highest yield (23.70 q ha-1)
and superior over rest of all other treatments.

The findings of present investigations are
more or less similar as that of earlier workers
Votes et al. (1974), Singh et al. (1993), Singh
et al. (1998), Sumarjeet Singh (1988) and Patil
et al. (2004).

Bacterial population : The result at 30
DAS in various treatment indicated that the
control plot had maximum bacterial count
(21.7 x 106). Whereas at 50 DAS in seed
inoculation with Rhizobium and control
showed highest bacterial count (34.6 x 106)
followed by seed inoculation with thiram (29 x
106). At the time of harvest, control plot
recorded highest bacterial count (48 x 106). 

Fungal population : The result at 30 DAS
in various treatment indicated that control plot
has maximum fungal count (15 x 103) which
was significantly superior and was at par with
thiram (13.65 x 103) and followed by
carbendazim (13.5 x 103). The significant
lowest fungal count (8 x 103) was observed in
endosulfan spray. At 50 DAS, the control plot
recorded highest fungal count (52.33 x 103)
than rest of all other treatment. While pre-
emergence spray of alachlor (2 kg ha-1)
indicated significantly lowest fungal count
(32.67 x 103).

Donderski et al., (1992) studied the effects
of atrazine on soil microorganism population
dynamics. The atrazine resulted in decline the
population of bacteria, actinomycetes and fungi

to minimum at 14 days after treatment, but
thereafter raised in all plots. Similar results were
obtained by several research workers (Shukla et
al., (1997) and Khan and Masood Ahmed,
2002).
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Rhizobium and PSB inoculants helps to
increase the yield of legume crop by fixing
atmospheric nitrogen in root nodules of legume
crop and also by converting the insoluble
phosphate present into soluble form in soil
respectively. Though the biofertilizers helps to
provide nutrient elements to crop plants, these
can not replace the mineral fertilizers.
Application of mineral fertilizers alone helps to
get higher yields but they can not sustain the
fertility of soil on a long term basis. Also the
fertilizer use efficiency is low in all mineral
fertilizers and organic manures when used
separately or alone (Prasad, 1996; Singh and
Dwivedi, 1996). Hence, the present
investigation was undertaken to study the effect
of bio-inoculants and farm yard manure on
productivity and quality attributes of soybean
(Glycine max (L.) Merill.) under rainfed
conditions.

Materials and Methods

The present field experiment was conducted

during kharif season of 2009-2010 at the
Experimental Farm, Agronomy Section,
College of Agriculture, Latur (Maharashtra).
The soil of experimental plot was deep black in
colour with good drainage. The topography of
experiment plot was uniform and fairly leveled.
The soil of the experimental plot was clayey in
texture, low in available nitrogen (216 kg ha-1),
medium in available phosphorus (16.54 kg
ha-1), high in available potassium (465 kg ha-1)
and low in sulphate. The soil was slightly
alkaline in reaction (8.02 pH).

The experimental site is situated at 18° 5' to
18° 24' North latitude and 77° 36' East
longitude. Its height above mean sea level is
about 633.85 m and has subtropical climate.
The experiment was laid out in a randomized
block design with eight treatments viz., no
fertilizer and manure (T1), 100 per cent NPK
through fertilizer (T2), 75 per cent NPK +
Rhzobium (T3), 75 per cent NPK + PSB (T4),
75 per cent NPK + FYM @ 5 t ha-1 (T5), 75 per
cent NPK + Rhizobium + PSB (T6), 75 per
cent NPK + Rhizobium + PSB + FYM @ 5 t
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ha-1 (T7) and Rhizobium + PSB + FYM @ 5 t
ha-1 (T8) with three replications. The
recommended dose of N : P2O5 : K2O (100%
RDF) used for soybean was 30 : 60 : 30 kg
ha-1. Entire dose of nitrogen, phosphorus and
potassium were applied at sowing through
urea, single super phosphate and muriate of
potash, respectively. The FYM was also spread
uniformly and mixed immediately in the soil as
per treatment in the required plots fifteen days
prior to the sowing date.

Soybean (MAUS-71) at 45 x 5 cm spacing
was sown in first week of July during kharif and
harvested at 93 days in first week of October.
The total rainfall received during 2009 from
June to October was 671 mm. The plants
selected for biometric observations were used
for generating the data on yield attributes viz.,
weighing of pods plant-1, number of grains
plant-1, weight of grains plant-1 and test weight.
For seed yield the plants from each net plot
were harvested and threshed and grains were
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Table 1. Effect of different fertilizer treatments on yield and its components in soybean.

Treatments Pod Grain Test Grain Straw Bio- Har-
yield yield weight yield yield logical vest
plant-1 plant-1 (g) (kg (kg yield index
(g) (g) ha-1) ha-1) (kg 

ha-1)

T1 - Control 12.04 10.24 117.23 1023 1743 2766 36.98
T2 - 100%NPK 19.86 15.78 121.36 1697 2652 4349 39.02
T3 - 75% NPK + Rhizobium 18.19 14.47 118.96 1514 2502 4016 37.69
T4 - 75% NPK + PSB 17.78 14.06 118.45 1471 2469 3940 37.33
T5 - 75% NPK + 5 t FYM ha-1 19.23 15.24 120.48 1631 2611 4242 38.44
T6 - 75% NPK + Rhizobium + PSB 18.69 14.89 119.29 1565 2550 4115 38.03
T7 - 75% NPK + Rhizobium + PSB + 5 t FYM ha-1 20.25 16.12 121.67 1742 2762 4504 38.67
T8 - Rhizobium + PSB + 5 t FYM ha-1 13.79 11.42 117.85 1193 2013 3206 37.21
Mean 17.17 14.02 119.41 1479.5 2412.8 3892.2 37.92
S.E.± 0.43 0.36 0.37 44.10 59.87 100.40 -
C.D. at 5% 1.29 1.08 1.12 132.36 179.69 301.20 -

Table 2. Protein content, protein yield, oil content and oil yield as influenced by different treatments.

Treatment Seed Protein Yield of Oil Yield of
yield content protein content oil
(kg ha-1) (%) (kg ha-1) (%) (kh ha-1)

T1 - Control 1023 38.15 390 19.95 204
T2 - 100%NPK 1697 40.27 683 21.09 357
T3 - 75% NPK + Rhizobium 1514 39.54 598 20.41 309
T4 - 75% NPK + PSB 1471 39.38 579 20.48 301
T5 - 75% NPK + 5 t FYM at ha-1 1631 39.83 649 20.87 340
T6 - 75% NPK + Rhizobium + PSB 1565 39.76 622 20.64 323
T7 - 75% NPK + Rhizobium + PSB + 5 t FYM at ha-1 1742 40.05 697 21.02 366
T8 - Rhizobium + PSB + 5 t FYM at ha-1 1193 38.71 462 20.11 239
Mean 1479.50 39.46 585 20.57 304.88
S.E.± 44.10 0.09 - 0.18 -
C.D. at 5% 132.36 0.27 - 0.55 -



cleaned by winnowing and weight of seed kg
net plot-1 was recorded. Before threshing,
weight of sun dried total biological yield from
each net plot was recorded. Also weight of
dried leaves collected from each net plot was
also added in biological yield. Then grain
weights were subtracted from total biological
yield and remaining weights are counted as
straw yield. Biological yield was calculated by
sum of seed yield and straw yield. Oil content in
soybean seed was estimated by Nuclear
Magnetic Resonance (NMR) instrument at
Agriculture research station, Raichur
(Karnataka). Nitrogen percentage was
estimated by microjheldhal method (AOAC,
1975), protein percentage of grain was
estimated by multiplying the nitrogen
percentage by 6.25.

Data obtained on various variables were
analysed by analysis of variance method (Panse
and Sukhatme, 1967). 

Results and Discussion

Yield attributes : It is seen from Table 1
that the mean pod yield plant-1, grain yield
plant-1 and test weight were 17.17, 14.02 and
119.41 g, respectively. Also the data shows
that the highest pod yield plant-1 (20.25 g),
grain yield plant-1 (16.12 g) and test weight
(121.67 g) were recorded when 75 per cent
NPK applied along with Rhizobium, PSB and
FYM @ 5 t ha-1 (T7) to soybean crop. This
treatment was found at par with the 100 per
cent NPK application (T2) and 75 per cent NPK
with FYM @ 5 t ha-1 (T5) and was significantly
superior over rest of the treatments. 

Yield : It is observed from the Table 2 that
the mean grain yield, straw yield, biological
yield and harvest index were 1479.5, 2412.8,
3892.2 kg and 37.92, respectively. The lowest
grain, straw, biological yield and harvest index
was observed in control treatments. The data
also showed that the application of 75 per cent

NPK + Rhizobium + PSB + FYM @ 5 t ha-1

(T7) to soybean crop produced significantly
higher grain yield (1742 kg ha-1), straw yield
(2762 kg ha-1) and biological yield (4504 kg
ha-1) over rest of the treatments except
treatments with 100 per cent NPK (T2) and 75
per cent NPK + FYM @ 5 t ha-1 (T5). The
highest harvest index was observed in
treatment when 100 per cent NPK (T2) was
applied to soybean crop and lowest was
recorded when there was no manure and
fertilizer application.

Quality attributes : Data on protein
content, protein yield, oil content and oil yield
presented in Table 3 showed that the
application of 100 per cent NPK (T2) to
soybean crop recorded highest per cent protein
content (40.27%) and oil content (21.09%) in
soybean seed and was found significantly
superior over rest of the treatments except
treatment 75 per cent NPK + Rhizobium +
PSB + FYM @ 5 t ha-1 (T7). This treatment
produced higher protein yield (697 kg ha-1) and
oil yield (366 kg ha-1) due to higher seed yield
ha-1 though its oil content and protein content
was less than 100 per cent NPK treatment.
Overall, the combined use of manures and
inorganic fertilizes with biofertilizers rhizobium
and PSB played a significant role in increasing
the yield attributes, yield and quality attributes
of soybean crop.
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Safflower (Carthamus tinctorius L.), is an
ancient indigenous oilseed crop of India,
occupied on an area of 3.20 lakh hectares with
the production of 2.25 lakh tones and
productivity of 701 kg ha-1 during 2007-08.
Maharashtra state contributes 72 per cent
(2.31 lakh hectares) and 69 per cent (1.55 lakh
tones) area and production of the country,
respectively with the productivity of 667 kg
ha-1. The safflower seeds contain 28-32 per
cent oil, 14-19 per cent proteins and 5-8 per
cent moisture. The safflower oil is highly
nutritious with 70-80 per cent linoleic acid, an
essential polyunsaturated fatty acid. The
safflower oil as well as petals have medicinal
importance for the heart patients because of
rich profile of the polyunsaturated fatty acids.
The oil also contains 2-3 per cent stearic acid
and 6-8 per cent oleic acid. Safflower cake is
also an elegant feed for the animals. In China,

Dajue and Mundel (1996) recognized safflower
as a medicinal and high quality oil crop.
Further, Dajue and Griffee (2001) reported that
in China and India, the safflower corolla is used
for medicinal purposes and the cultivar with a
red flower, spinelessness and narrow branching
angle are much better than the cultivars with
the spiny and yellow flower.

Safflower is mostly grown under rainfed
conditions. However, it is affected by a number
of insect pests and diseases causing substantial
losses in yield (Singh et al., 1999; Mallapur et
al., 2002 and Singh and Prasad, 2005). Of
these, insect pests viz., aphids (Uroleucon
compositae Theob.), pod borer (Helicoverpa
armigera Hub.) and diseases viz., leaf spots
(Alternaria/Cercospora), root rot (Rhizoctonia
bataticolaButl.) and wilt (Fusarium oxysporum
f. sp. carthami Schl.) are the most destructive
(Akashe et al. 1999 and Anonymous, 2003).
The safflower aphid causes 37 to 74 per cent
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losses in yields (Rathore, 1983; Bhardwaj et
al., 1990; Singh et al., 1999 and 2000). In
Maharashtra, the yield losses due to aphid have
been reported to the extent of 20 to 55 per
cent (Narangalkar and Shivpuje, 1990 and
Ghorpade, 1995). The pod borer infestation is
more (30 %) when, safflower is grown as an
intercrop with chickpea (Devaiah et al. 1975).
Hanumantharaya et al. (2007) undertaken the
survey for safflower pests and their natural
enemies in Karnataka and concluded that sole
safflower and safflower inter cropped with
Bengal gram harbored more insect pests and
the natural enemy population (Chrysoperla and
Coccinellids) on aphid was higher when
safflower was inter cropped with coriander and
sorghum.

Therefore, an Integrated Pest Management
(IPM) of key pest is very essential for sustainable
and profitable production of safflower.
Dhembare (1998) also published a brief review
of safflower aphid (Uroleucon compositae
Theob.) as a serious insect pest of safflower in
India. A brief review on the integrated
management of safflower aphid for two
decades is summarized below :

A. Seasonal incidence : The activity of
safflower aphid differs location wise. It was
found active from November to February at
Hyderabad (Khan, 1964), December to March
at Udaipur due to low temperatures and high
humidity (Upadhya et al., 1980), December to
February in Deccan area of Maharashtra
(Chavan, 1960), January to April at Jabalpur
(Rathore and Pathak, 1981) and November to
January end in drought prone areas of
Maharashtra and Karnataka (Dhoble, 1985).
The temperature of 15.3°C and RH of 44.2
per cent were most favorable for aphid
multiplication (Rathore, 1983). The minimum
temperature of 10.5 to 13.5 °C and RH of 47
to 70 per cent were found congenial for aphid
multiplication during December and January at

Solapur, M. S. (Akashe et al. 1995a). Kumar et
al. (1998) also reported peak infestation of
safflower aphid from January end to first week
of February. Singh (2007) reported that
minimum and maximum temperatures of 15-
17 and 31-35°C, respectively coupled with
minimum and maximum RH of 21-30 and 69-
81 per cent, respectively and rainfall of 31 mm
during 5th MW were more congenial for aphid
population built up on safflower. Akashe et al.
(2010) also reported that low temperatures and
high RH were conducive for the multiplication
of this pest. Accordingly, aphid population
attained a peak of 147.5 aphids 5 cm twig-1

plant-1 in 52 SMW when the mean minimum
and maximum temperatures and morning and
evening RH were 11.4°C, 31.6°C, 71 and 28
per cent, respectively.

B. Biology/Life history : The biology of
safflower aphid has studied by many workers
(Bhumannvar and Thontadarya, 1981;
Rathore, 1983; Pote, 2007 and Singh and
Singh, 2007). Bhumannvar and Thontadarya
(1981) reported that only viviparous
reproduction was observed. The nymphal stage
consisting of four instars lasted for 9.34 days.
Adult life span, pre-reproductive and
reproduction periods occupied 14.9, 1 .28 and
14.6 days, respectively. Further a single female
produced 8.5 nymphs day-1 (Dhembare and
Nimbkar, 1994) and 13 nymphs day-1

(Rathore, 1983). Pote (2007) studied the
biology of safflower aphid (Uroleucon sonchi
L.) during the winter season under laboratory
conditions and reported that the aphid passed
through 4 instars before reaching the adult
stage and the average life span of aphid was 15
days. A single female deposited 24.60 nymphs
in her life span with the deposition rate of 7.13
female-1 day-1. Singh and Singh (2007) also
reported the more or less similar type of aphid
biology under laboratory conditions. Further,
they reported that aphid completed its life cycle
in shorter period (15 days) on the susceptible
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host CO-1 with highest fecundity index (1.0)
whereas, it took more time (22 days) to
complete one life cycle on tolerant hosts viz.,
A-1 and BIP-2 with lowest fecundity index of
0.28 and 0.34, respectively.

C. Behavior study : Aphid appear in the
field by migration of alate and invade over the
field by immigrated apterae (Rathore, 1983). At
the end of period (February to March) the
population decreases considerably. A
generation of winged adults is produced which
colonize on plants growing parts and moist
places. Often winged adults emigrate to hills
from where they return to the places during
winter when the safflower crop occurs in the
field.

D. Host plant resistance : Safflower
being a crop of marginal farmers and is mainly
grown under rainfed conditions, the selection of
improved varieties like Bhima, Girna, Sharda,
Nira, APRR-3, Manjira, JSF-1, GSI-7, A-l, A-2,
A-300, HUS-305 etc. is one of the prime
important management strategy. The hybrids
DSH-129, NH-1, NH-15 and varieties Phule
Kusuma, PENS-12, AKS-207, AKS-311 are
released during last few years. Recently, two
non spiny varieties viz., SSF-658 and PBNS-40
are released at national level (Anonymous,
2008 and Joshi et al., 2009) which were
superior than the existing non spiny varieties
(NARI-6, JSI-7 and JSI-121). However,
spineless varieties suffer more due to aphid
than spiny ones (Jagtap et al. 1985). Akashe et
al. (1995b) screened promising safflower
entries for multiple resistence to aphid and
alternaria and concluded that only one entry
viz., PI-307078 from aphid tolerant group and
two alternaria tolerant entries viz., GMU-822
and GMU-1921 exhibited better tolerance
against both aphid and alternaria. During the
study on reassessment of the aphid tolerant
safflower entries Akashe et al. (1996) identified
eight most promising aphid tolerant sources

viz., GMU-174, 178, 1630, 5130, 5133,
5135, 5142 and PI-307077 which were quite
suitable for the exploitation in breeding
programme to develop high yielding varieties
with tolerance to aphid. Similarly, an
experiment under both field and caged
conditions was conducted with 9 promising
safflower germplasm lines and on the basis of
aphid population, foliage drying grades, seed
yield and morphological characters 6 entries
viz., SSF-268, GMU-3644, 3955, 4480,
4484 and JLSF-322 were identified as tolerant
to aphids and recommended for their
exploitation in breeding programme (Akashe et
al. 1997). Balikai (2000) evaluated 26
promising safflower cultivars for aphid
resistance and reported that seven entries viz.,
PI-2457, PI-199932, PI-306934, PI-306983,
PI-220283, PI-77 and N-1536 recorded grade-
1 (HT). Other seven viz., PI-35, JLSF-88,
JLSF-103, SSF-3, SSF-40, SSF-17 and SSF-
31 were in grade-2 (T) and remaining entries
were categorized as moderately tolerant in
grade-3. Bharaj et al. (2003) screened 23
safflower accession under field condition and
reported that none of these showed promising
aphid tolerance and better yield. Most of the
accession showed moderately tolerance and
better yields up to some extent.
Hanumantharaya et al. (2009) also screened
190 safflower germplasm lines against aphid
under field condition. Out of these the
genotypes, SF-513, AS-2518, SSF-684, SF-
514, AS-06-2668, 17-16-4, SSF-678, AS-05-
09, SSF-679, AS-2542, SSF-690, AS-05-
2584, 7-29-4, 10-11-4, AS-96-1-5, AKS-301,
AS-2641, GMU-2351, 3-2-1-4 and 98-183-3
were found to be resistant to moderately
resistant with lower aphid population.

E. Bio-physical bases : The dwarf plant-
type with thin and wiry peduncles, tiny capitula
and small sized seeds has a high degree of
resistance to aphids (Karve, 1980).
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Balakrishanan et al. (1994) evaluated the
safflower germplasm collections for
morphological characters and its association
with reaction to aphid infestation. They
reported that bushy and cone shaped plant
types were tolerant to aphids than appressed
and erect plant types. Also, the plant types with
many or intermediate number of longer spines
on upper stem leaves and outer involucral
bracts (OIB) showed better tolerance to aphids
than those with no spines or only a few spines.
On the other hand plant types with fleshy
upper leaves were more susceptible than those
with normal and leathery leaves. Early
physiological maturity was closely associated
with tolerance to aphid infestation. Singh and
Singh (2007) while studying the biology of
safflower aphid on different safflower
genotypes under both laboratory and field
conditions emphasized the spiny nature of the
genotypes contributed to make them aphid
tolerant, as these did not allow its free
movement over them. Non-spiny appearance
of plants and succulent stem contributed for
aphid susceptibility. Thus, they reported that
safflower genotypes viz., 97-OPP-4, 97-OPP-
10, BIP-2, SSF-413-1, A-1 (NC) and Bhima
(LC) were resistant to aphids, while CO-1 was
susceptible. Likewise, spiny, thick and leathery
leaves, hard stem, thin, woody and thorny
peduncles, leaves with more and longer spines,
basal branching etc. characters had a negative
correlation with aphid infestation.

F. Cultural practices :

Effect of sowing time : Sowing during
2nd fortnight of September in the drought
prone areas of Maharashtra (Jagdale et al.
1990) and September to mid October in
irrigated conditions had aphid population below
ETL because of asynchrony between adequate
aphid population and susceptible stage of crop
(Singh et al. 1999). The crop sown late
(November) suffers severe damage from aphids

(Singh et al. 1994).

Host range crop sanitation : Although,
the safflower aphid is host specific one besides
safflower it also feeds on other economical
plants such as niger and groundnut in kharif
and winter annuals like arctotis, aster, callopsis,
chrysanthemum, dahalia, gallardia,
helichrysum, laune, sweet sultan, vernonia etc.
in rabi season (Rathore, 1983) and mulberry
(Devaiah et al. 1975). These hosts are
responsible for its perpetuation. Therefore,
clean cultivation and destruction of alternate
and collateral hosts reduces the incidence of
pests and diseases in safflower. As per recent
reports also the aphid was found surviving on
some collateral/alternate hosts during the
season and during off-season as well
(Anonymous, 2009).

G. Biological control : A number of
natural enemies viz., Pseudendaphis spp.,
Endaphis aphidimyza, Brumus suturalis,
Coccinella seplempunclala, Menochilus
sexmaculatm and Scymus nubilus are
associated with safflower aphid (Bhumannvar
and Thontadarya, 1979; Shivpuje and Raodeo,
1985; Singh et al. 1994 and Ali et al. 2001).
The complete description of male and female
midges (Endaphis aphidimyza) was undertaken
by Shivpuje and Raodeo (1985) and a new
parasitic midge on safflower aphid (Uroleucon
compositae Theob.) was recorded for the first
time in India. The percentage parasitism due to
these midges was 46 in February 1982.
However, subsequently it was reduced to 6.66
per cent. Ali et al. (2001) studied the searching
and predatory behavior of seven spotted lady
beetle larvae (C. septempunctata L.) on
safflower aphid and reported that 3rd and 4th

instars larvae were found more efficient in
aphid predation. Patil (2007) reported that
Chrysoperla carnea was a highly potential
predator in reducing the aphid population and
as a best suited candidate in Integrated Pest

Journal of Agriculture Research and Technology 433



Management programme of safflower aphid
(Uroleucon carthami). Singh (2007) inferred
that when the natural population of 4-7
coccinellid beetles aphid-1 colony was observed
in field condition, there is no need to follow any
insecticide measures for the management of
safflower aphid.

H. Economic threshold level : Earlier, a
critical crop growth stage and exposure period
were considered for aphid control and thus the
control measures were undertaken immediately
after first incidence up to three weeks after first
occurrence i. e. from branch initiation to first
flowering stage of the crop growth
(Anonymous, 1987). However, the ETL of
safflower aphid numerically varied from 20 to
48 aphids on 5 cm apical twig plant-1 (Akashe
et al. 1997; Mallapur et al. 2002; Anonymous,
2002 and Patil 2007). Thakare et al. (2003)
reported aphid colonies on 30 per cent plants
as an ETL for safflower aphid. Besides, the
numerical ETL for safflower aphid control
Akashe et al. (1997) and Patil (2007) also
reported the exposure period of about 2-3
weeks from first aphid occurrence in order to
realise safflower as a profitable crop. 

I. Use of chemicals and botanicals :
Several insecticides have been tried and
recommended in India. Dhoble et al. (1985)
reported the usefulness of dust formulations
twice at 15 days interval commencing from first
aphid appearance. Azadirachtin was found to
be effective against D. carthami (Devkumar et
al. 1986). Carbofuran seed treatment @ 60 g
kg-1 was effective up to 6 weeks (Naik et al.
1987). Spraying cypermethrin 0.001 per cent
once at peak incidence of aphids protected the
crop (Pawar et al. 1987). Oxy-demeton methyl
0.025 per cent or endosulfan 0.07 per cent
were effective and safe to the predators (Singh
et al., 1988). The effectiveness of MIPC 0.07
per cent, dimethoate 0.03 per cent and
chinimix 0.07 per cent was reported by

Dhange et al. (1996) and Charati and Pawar
(1998). One spray of 5 per cent NSE a week
after first incidence followed by 0.05 per cent
dimethoate 15 days later successfully managed
the aphids (Anonymous, 2001). Peripheral
application of NSE 5 per cent followed by
dimethoate 0.05 per cent was observed to be
equally effective as that of full coverage (Akashe
et al. 2003). Spraying of 1 per cent neem oil
or 5 per cent NSE one at the appearance of
safflower aphid and second spray 15 days
thereafter are recommended for the efficient
and eco-friendly management of safflower
aphid in the scarcity zone of Maharashtra
(Anonymous, 2005). Akashe et al. (2007) and
Gore et al. (2010) reported the new
insecticides viz., thiamethaxam 0.005 per cent
and acetamiprid 0.004 per cent which proved
to be quite efficient in managing the safflower
aphid. Sharma et al. (2009) also tested some
newer insecticides against safflower aphid (U.
carthami HRL) and reported that the
ethofenprox @ 0.01 and 0.02 per cent and
cartap hydrochloride @ 0.05 and 0.10 per cent
provided effective suppression of aphids
followed by dimethoate (0.05 %) and malathion
(0.05 %).

J. Integrated pest management : The
IPM package comprising timely sowing, seed
treatment with carbendazim (2 g kg-1), ETL
based border sprayings (first application of 5 %
NSE and second with 0.05 % dimethoate),
installing bird perches @ 25 ha-1 and
pheromone traps @ 5 ha-1 proved effective and
remunerative against safflower aphid
(Suryawanshi et al. 2004). Hanumantharaya et
al. (2008) emphasized the need of integrated
pest management approaches of safflower
aphid for sustainable and profitable safflower
production. Mahajan et al. (2009) studied the
effect of improved technology on safflower
productivity in Maharashtra and reported the
use of improved varieties and productive
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irrigation contributed for 13.1 per cent and
38.3 per cent increase in safflower productivity,
respectively, while, plant protection measures
contributed for 30.5 per cent increase in the
safflower productivity.

K. Genetic studies : Jagtap et al. (1986)
reported that safflower aphid preferred top
succulent plant parts of main stem and
branches for their feeding while its remaining
portion for breeding. Singh and Nimbkar
(1993) studied the combining ability, nature and
magnitude of genetic variance for aphid
resistance in 8-parent diallel of safflower.
Combining ability analysis revealed mean
squares due to GCA and SCA to be highly
significant for aphids plant-1 and foliage drying
grades, indicating the importance of both
additive and non-additive gene actions. Among
the aphid tolerant parents, NS-1021-1 and
GMU-178 appeared to be the best general
combiners for both components. The crosses
NS-1021-1 x CO-1 (H x L gca), NS-1021-1 x
NRS-209 (H  x L gca) and NS-1021-1 x GMU-
178 (H x H gca) were the most promising
combinations for both the traits.
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Abstract
The trainers' training module improved the awareness of majority of the trainees regarding drudgery

reducing technology intervention for women in agriculture. Based on the feedback obtained from trainees, it
revealed that in a descending order, the aspects of the module most preferred by the respondents were
training techniques for intervention, language, content, pictures, conceptual framework and graphic
illustration used in different chapters of the module. Majority of the trainees (90-95 %) expressed that,
language used in module is simple to understand, content of the chapters is clear, graphic illustrations and
conceptual framework used is very informative and art pictures used are synchronizing with the theme and all
training techniques are helpful in bringing expected outcome. Hence, developed module and intervention
programme were effective and useful in imparting knowledge regarding drudgery reducing technology
intervention for women in agriculture.

Key words : Drudgery reducing technologies, technical module.

______________

A large share of work done by women is
strenuous, painful and less rewarding (Gill et al.
2002). The technologies developed by research
and development institutes for women  (Rogan
and O'Neill, 1993) has not reached women to
the desired extent. Probe on measures to
mitigate drudgery indicate that women need
technical trainings in a phased manner so that
they know the technological options available,
gain confidence in their usage and realize the

benefits of technologies for drudgery reduction.
Modular training is an effort made in the
direction of building middle and grass root level
functionaries for handling drudgery reduction in
a programmed way for women.

The training module would orient them to
the content and prepare them to address
practical problems of rural women. Hence, the
study was undertaken to develop training
module for drudgery reducing technology, to
translate it into regional language, to identify
trainers and provide technical backup to them
and test effectiveness of module.

1. Senior Scientist and 2. Research Associate, AICRP
FRM, Dept. of Family Resource Management, College of
Home Science.



Materials and Methods

Workshop was organized in the year 2008-
2009 by Technical Coordinator of AICRP
(FRM) at Hyderabad on development of
technical module. Drudgery reducing
technologies for farm women developed and
tested by all nine centers of AICRP (Home
Science) viz., Pantnagar, Ludhiana, Parbhani,
Hyderabad, Jorhat, Palampur, Dharwad,
Udaipur and Hisar were introduced in the
module. Trainers' training module on "drudgery
reducing technology intervention for women in
agriculture" was developed in english in the
year 2008-2009 by technical coordinator in
coordination with all the AICRP (FRM) units of
nine agricultural universities of India. AICRP

MAU, Parbhani center, translated english
module in to marathi language in the year
2009-2010.

Three days capacity building workshop was
organized in the College of Home Science for
KVK, Home scientist of Maharashtra from 4-6
February 2010, during which effectiveness of
given module was tested from trainees. Training
programme was conducted for 30 Subject
Matter Specialist (Home Science) on the use of
module. Pre testing of awareness regarding the
drudgery reducing technology intervention
practices was carried out before starting the
training programme. The awareness score was
also recorded after the training of intervention
programme to assess the impact of training.
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Table 1. Mean scores of awareness regarding the content of the chapters of the module.

Topics Pretest Posttest 't'
score score value

Introduction to drudgery 63.0 ± 2.95 100 ± 0.00 78.38**
Agriculture a livelihood in India 55.0 ± 4.66 96.5 ± 2.20 55.33**
Women in agriculture 71.5 ± 1.93 98.0 ± 1.30 102.71**
Drudgery and women 66.5 ± 2.4 98.0 ± 1.30 85.59**
Women and work related health disorders 71.5 ± 1.93 90.0 ± 2.81 49.73**
Management of drudgery reduction programme 53.0 ± 3.14 95.0 ± 3.25 274.5**
Monitoring and evaluation 50.0 ± 2.40 91.5 ±1.69 133.44**

** significance at 1 per cent level.

Table 2. Awareness regarding the training techniques explained.

Training techniques Pretest Posttest 't'
score score value

Introducing each other 91.5 ± 2.73 100 ± 0.00 17.06**
Introduction to course objectives 88.0 ± 1 .90 100 ± 0.00 37.97**
Identifying cropping systems of the village 61.5 ± 3.00 93.0 ±1.94 168.44**
Gender and division of labour in agriculture 53 .0 ± 2.25 88.0 ±1.90 159.4**
Identification of drudgery prone activities in agriculture 50.0 ± 3.46 88.0 ± 5.27 45.51**
Identification of body disorders due to work in agriculture 53.0 ± 2.25 86.5 ± 2.56 150.9**
User satisfaction on prevalent technology 50.0 ± 3.46 88.0 ± 5.27 45.51**
Technology awareness evaluation 53.0 ± 2.25 91.5 ± 1.69 175.0**
Technology knowledge evaluation 50.0 ± 3.46 93.0 ±1.94 82.06**
Conducting technology intervention 61.3 ± 3.0 99.0 ± 0.88 71.70**
Monitoring and evaluation 53.0 ± 2.25 95.0 ± 3.25 98.13**

** significance at 1 per cent level.



Use of training techniques and formats during
the field exercise was explained to them. Field
exercise for technology intervention was
conducted for them. After providing technical
backup to the trainers, the opinions on the
effectiveness of the module as per the schedule
prepared was obtained to elicit the feedback on
effectiveness of the trainers' training module.

Per cent awareness score was calculated to
compare the awareness level of trainees before
and after intervention by the methodology of
Maheshwari et al. (2002). The significant
difference in the pretest and posttest score was
analyzed by applying 't' test. Weighted mean
score and ranking was used to show overall
effect.

Results and Discussion

General information of the trainees reveals
that majority of the trainees (47%) selected for
the training were between the age group of 25-
35 years followed by 40 per cent trainees in the

age group of 36-45 years. Majority of the
trainees were postgraduate having more than
10 years experience.

Mean per cent score of awareness of
content and training techniques explained in
the module were recorded before and after the
intervention (Table 1 and 2). The trainees had
good awareness regarding women in
agriculture and women related health disorders
(71.5 MPSs) and drudgery of women (66.5
MPSs). The respondents had moderate level of
awareness regarding training techniques to be
used for drudgery reducing intervention
programme. There was a significant difference
in pretest and posttest score of awareness.
Posttest awareness score of the respondents
was found to be increased significantly after
intervention.

Feedback was collected from trainees
through schedule on different aspects of
module. Feedback of the trainees regarding
language used, content and art pictures used in
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Table 3. Feedback regarding the language used, content and art pictures used in different chapters of the module.

Title of chapter Language Content Art pictures
––––––––––––––– –––––––––––––––––––––––– –––––––––––––––––––––
Simple Diffi- Clear Not Vague Synchro- Not
to cult to clear nising synchro-
under- under- with nising
stand stand the theme with

the theme

Introduction to t)rudgery 28 2 30 - - 28 2 
(93.33) (6.66) (100) (93.33) (6.66)

Agriculture- a livelihood in India 26 4 27 3 - 25 5
(86.66) (13.33) (90.00) (10.00) (83.33) (16.66)

Women in agriculture 25 5 29 1 - 27 3
(83.33) (16.66) (96.66) (3.33) (90.00) (10.00)

Drudgery and women 27 3 29 1 - 29 1
(90.00) (10.00) (96.66) (3.33) (96.66) (3.33)

Women and work related health disorders 30 00 26 4 - 27 3
(100.00) (86.66) (13.33) (90.00) (10.00)

Management of drudgery reduction programme 28 2 25 5 - 27 3
(93.33) (6.66) (83.33) (16.66) (90.00) (10.00)

Monitoring and evaluation 27 3 25 4 1 28 2
(90.00) (10.00) (83.33) (13.33) (3.33) (93.33) (6.66)

Figure in parenthesis indicate percentage.



different chapters of the module is illustrated in
Table 3. Majority of the trainees had expressed
that out of the 7 chapters of the module, five
chapters were easy to understand. The
chapters preferred for language were
introduction to drudgery, drudgery and women,
work related health disorders of women,
management of drudgery reduction

programme, monitoring and evaluation. Only
13-16 per cent respondents had given the
comment that language used is difficult to
understand.

Opinions regarding the content of different
chapters of the module were collected through
schedule. Majority of the chapters (4) given in
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Table 4. Feedback regarding the tables/graphic illustrations and conceptual framework used in   different chapters of the
module.

Title of the chapter Table/graphic illustrations Conceptual framework

Very Infor- Not Very Infor- Not
infor- mative Infor- infor- mative Infor-
mative mative mative mative

Introduction to drudgery 27 10 - 25 5 -
(90.00) (10.00) (83.33) (16.66)

Agriculture- a livelihood in India 22 7 1 19 11 -
(73.33) (23.33) (33.33) (63.33) (36.66)

Women in agriculture 18 9 3 21 9 -
(60.00) (30.00) (10.00) (70.00) (30.00)

Drudgery and women 22 7 1 26 4 -
(73.33) (23.33) (3.33) (86.66) (13.33)

Women and work related health disorders 22 8 - 19 11 -
(73.33) (26.66) (63.33) (36.66)

Management of drudgery reduction programme 21 9 - 21 5 4
(70.00) (30.00) (70.00) (16.66) (13.33)

Monitoring and evaluation 20 10 - 21 8 1
(66.66) (33.33) (70.00) (26.66) (3.33)

Figure in parenthesis indicate percentage.

Table 5. Feedback regarding training techniques explained in the module.

Training techniques Helpful in brining Not helpful in brining
expected income expected income

Introducing each other 30 (100) -
Introduction to course objectives 30 (100) -
Identifying cropping systems of the village 28 (93.33) 2 (6.66)
Gender and division of labour in agriculture 26 (86.66) 4 (13.33)
Identification of drudgery prone activities in agriculture 30 (100) -
Identification of body disorders due to work in agriculture 30 (100) -
User satisfaction on prevalent technology 29 (96.66) 1 (3.33)
Technology awareness evaluation 30 (100) -
Technology knowledge evaluation 29 (96.66) 1 (3.33)
Conducting technology intervention 30 (100) -
Monitoring and evaluation 29 (96.66) 1 (3.33)

Figure in parenthesis indicate percentage.



module were found to be clear by 90-100 per
cent trainees. Only three chapters such as
women and work related health disorders,
management of drudgery reduction pogramme
and monitoring and evaluation of intervention
were not clear to 13 to 16 per cent trainees.
Similar types of responses were obtained
regarding art pictures used in different chapters
of module. Majority of trainees (90-96 %)
expressed that art pictures given in different
chapters of module are synchronizing with the
theme of the chapters.

Feedback regarding the tables/graphic
illustration and conceptual framework used in
the different chapters of the module were
collected on three point scale such as very
informative, informative or not informative
(Table 4). About 66 to 90 per cent trainees
were of opinion that graphic illustrations used
in the different chapters of the module are very
informative. Only 10 per cent trainees felt that
graphic illustrations in the chapter 'women in
agriculture' are not informative. Trainees'
perception regarding conceptual framework
used in the chapters of the module was also
recorded on three-point scale. Majority of the
trainees (63-86 %) expressed that the
conceptual framework used in majority of the
chapters of the module is very informative.
Only 13 per cent trainees felt that conceptual
framework of management of drudgery
reduction programme is not informative.

Table 5 indicated that 11 training techniques
were introduced in the module for conducting
intervention programme and 100 per cent
respondents agreed that, techniques suggested
for introducing each other, and to course
objectives, identification of drudgery prone
activities in agriculture and body disorders due
to work in agriculture, technology awareness
evaluation and conducting technology
intervention were helpful techniques in bringing
expected out come. Thirteen per cent trainees

expressed that techniques suggested for gender
and division of labour in agriculture were not
helpful in bringing expected out come.

Feedbacks collected with the help of
schedule were analyzed using weighted score.
Based on the weighted score, ranking for the
different aspects of module was done. Results
revealed that the training techniques explained
for intervention was the most preferred topic by
the trainees (rank I) followed by language used
in module, content of the module and pictures
used in chapters (rank II). Graphic illustrations
and conceptual framework of the chapters were
ranked III at the last position.

It can be concluded from the intervention
programme that the trainers' training module
improved the awareness of majority of the
trainees regarding drudgery reducing
technology intervention for women in
agriculture. Based on the feedback obtained
from trainees that in a descending order, the
aspects of module most preferred by the
respondents were training techniques for
intervention, language, content, pictures,
conceptual framework and graphic illustrations
used in different chapters of the module.
Majority of the trainees (90%) expressed that
language used in the module is simple to
understand, content of the chapters is clear,
graphic illustrations and conceptual framework
used is very informative and art pictures used
are synchronizing with the theme and all
training techniques are helpful in bringing
expected out come. Hence, developed module
and intervention programme were effective in
imparting knowledge regarding drudgery
reducing technology intervention for women in
agriculture.
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Abstract
The present study was conducted in Satara district in Western region of Maharashtra state. Findings of

the study revealed that nearly fifty per cent of the respondents of self help groups belonged to young age
group, nearly one-third of the women were educated up to college level, majority of them belonged to open
category followed by OBC category. The higher proportions of women respondents were married and nearly
two-third of respondents had medium family size having over half of them belonged to nuclear type of family
system. Two third of respondents had high annual income of above Rs. 60, 000/- and majority of
respondents were from marginal category of land holding and above fifty per cent of them had participated
in social organization to medium extent.

Key words: Socio-economic, women and self help group.

______________

Women are the best change agent to touch
the core of poverty (Renuka Rani, 2003) and
are very important segment in development
from local to global level. For women
development Government adopted various
schemes in early nineties, the informal self help
groups promoted by NGOs are being
recognized by financial institutions and
Government of India.

Self help group is a small group of people
who are living in the same area conducting
similar or varied activities, maintaining an
almost equal living standard a political and
secular, aiming to achieve a common goal of

prosperity through thrift and credit and also
facing similar problems, help each other to
solve their problems (Raheem and Sultana,
2007).

Self help group facilitated providing
institutional loans to woman in rural area. Due
to formation of self help group rural women are
getting economic and social entitlement.
Formation of self help group has greatly helped
rural women to understand their rights,
freedom of expression, confidence building,
access to credit, improve their personality and
respect in the society (Sarada et al. 2007).Thus
it is important to have a clear understanding the
socio-economic profile of women members
working in self help group. The study has
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clearly exposed the socio-economic profile of
women's member of self help group of Satara
district in western region of Maharashtra state.

Materials and Methods

The present study was conducted in Satara
district of Western Maharashtra region. There
are eleven Panchayat Samiti in Satara district.
From the list of eleven Panchayat Samiti of
Satara, Koregaon and Khatav Panchayat Samiti
were purposively selected on the basis of
maximum number of SHG. On the criterion of
maximum number of women self help group
from these three Panchayat Samities of Satara
district the four villages from each Panchayat
Samiti were selected. Thus, in all 12 villages
were purposively selected. From these selected
villages, the list of women self help groups
which has completed minimum three years of
functioning were obtained and two women self
help groups from each village were selected.
From each self help group five women
members were selected and thus 120
respondents were obtained by adopting
random sampling method. The data were
collected with the help of structured interview
schedule developed for this purpose. Simple
statistical techniques like frequency,
percentage, mean were used for analysis of
data.

Results and Discussion

To know the socio-economic profile of
women member in self help groups namely
age, education, caste, marital status, family size,
family type, land holding, family income and
social participation were studied. 

Age : Data in Table-1 indicated that nearly
half of the respondents (48.33%) were young,
followed by 44.17 per cent women of the
respondents from middle age group and a very
small number i.e. about 7.50 per cent
respondents were from old age group. It is

therefore, concluded that maximum number of
respondents (48.33%) of self help groups
belonged to young age group Mankar et al.
(2007) had reported similar observations
wherein most of the women members of SHG
belonged young age group. 

Education : Among the group 25.83 per
cent women were educated upto high school
followed by 29. 17 per cent were educated up
to college level. Further more, it was noticed
that 20 per cent respondents were educated up
to middle school level. Respondents belonging
to primary school level and illiterate category
were 12.50 per cent each. Thus it could be
inferred that nearly one-third of the women
members of the self help group were educated
up college level. The findings of present study
are in accordance with the findings reported by
Katole (2001), Gunjkar (2005) and Mankar et
al. (2007).

Caste : Data in indicated that (41.67%) of
the respondents belonged to open category,
followed by 26.67 per cent of the respondents
from OBC category, whereas 18.33 and 12.50
per cent of the respondents were belonged to
other (NT/SBC/VJ and SC) category,
respectively. A very meager i.e., 0.83 per cent
belonged to ST category. The findings are in
the line with those of Tayade (2006) and
Sarada et al. (2007).

Marital status : Majority (90%) of the
women members were married and only 10 per
cent women members belonged to unmarried
category. Bhagyalaxmi et al. (2003), Tayade
(2006) and Sarada et al. (2007) had similar
observations.

Family size : The data revealed that
(60.33%) of respondents had medium family
size with 4 to 6 members; above one fourth
(26.66 %) of the respondents were from large
family size and only 12.50 per cent belonged to
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small size family. Thus it is concluded that
nearly two-third of women respondents of self
help group had medium family size having 4 to
6 members in their family. The findings are in
line with those of Mankar et al. (2007).

Family type : It is apparent from the data
that over half of the respondents (55%) were
from nuclear type of family and 45 per cent
respondents were from joint type of family.
Family is a typical rural characteristic in our
country. Similar types of findings have been
reported by Tayde (2006). 

Family income : The 67.50 per cent
respondents had annual income above Rs.
60,000/- whereas 20.35 per cent of them had
income in between Rs. 40,001 and Rs.
60,000/- while 10 per cent of them could earn
income between Rs. 20,001 and Rs 40,001.
The percentage of respondents annual income
up to Rs. 20, 000 and below poverty line (BPL)
were meagre (1.67%). It is concluded that two
third of women respondents of self help group
had high annual income of above Rs. 60,000/.
The findings of this study are contrary to the
findings of Tayade (2005) who found that
majority of respondents were from medium
income group. 

Land holding : It was observed that 41.67
per cent of the respondents belonged to
marginal category of land holding having land
holding upto 1.00 ha, followed by 22.50 per
cent of the respondents belonged to landless
category whereas, 18.33 per cent of
respondents having small land holding between
1.01 and 2.00 ha land. Respondents belonged
to semi-medium (2.01 to 4.00 ha) and medium
(4.01 to 10.00 ha) category of land holding
were 10 and 7.50 per cent, respectively. None
of the respondents were in the category of large
land holding (above 10.00 ha) It has been
concluded that majority of women respondents
in the study were grouped in marginal category
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Table 1. Distribution of respondents according to their
socio-economic characteristics.

Category Frequency Per-
(n = 120) centage

Age (years) :
Young 58 48.33
Middle 53 44.17
Old 09 07.50
Total 120 100.00

Education (Std.) :
Illiterate 15 12.50
Primary school 15 12.50
Middle school 24 20.00
High school 31 25.83
College 35 29.17
Total 120 100.00

Caste :
SC 15 12.50
ST 01 0.83
Other(SBC/NTA/J) 22 18.33
OBC 32 26.67
Open 50 41.67
Total 120 100.00

Marital status :
Unmarried 12 10.00
Married 108 90.00
Toatl 120 100.00
Family size :
Small 15 12.05
Medium 73 60.83
Large 32 26.67
Total 120 100.00

Family type :
Nuclear 66 55.00
Joint 54 45.00
Total 120 100.00

Family income :
Upto Rs. 20,000/- 02 01.67
Rs. 20,001 to 40,000/- 12 10.00
Rs. 40,001 to 60,000/- 25 20.83
Above Rs. 60,001/- 81 67.50
Total 120 100.00

Land holding :
Landless 27 22.50
Marginal 50 41.67
Small 22 18.33
Semi-medium 12 10.00
Medium 09 07.50
Large 00 00.00
Total 120 100.00

Social participation :
Low 21 17.50
Medium 64 53.33
Large 34 29.17
Total 120 100.00



of land holding. The findings of this study are in
the line with the findings of Tayde (2006).

Social participation : It is evident that
53.33 per cent of the respondents had
participated in social organization to medium
extent category followed by 29.17 per cent in
high category of social participation whereas
17.50 per cent of respondents had participated
in various social organization to a lower
extent. 

It is concluded that majority of respondents
were found in the middle category of social
participation. The present findings are similar
to the findings of Tayde (2006) and Mankar et
al. (2007).  This it is concluded that the
majority of the members of SHG were from
young age groups, educated from open
category, married with medium family size,
marginal land holding, more annual incomes,
medium level of social participation. It implies
that more women having above charactertics of
rural areas should be motivated to earn more
income through SHG.
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In Maharashtra, the Konkan region is well
known for mango production. The warm and
humid climate through out the year and rain
free season from November to May prevalent in
this region is ideal for mango production.  The
Government of Maharashtra initiated a
horticultural development programmes through
"Employment Guarantee Scheme" during the
Eighth Five Year Plan. Input subsidy for
plantation of mango is being provided as an
incentive to the farmers. As a result; area under
mango cultivation has increased drastically
Alphanso variety of Konkan has a good export
potential. Hence this crop has become popular
cash crop of this region. Considering the
importance of this crop, the study was
undertaken to workout the profitability and
resource use efficiency of Mango in Ratnagiri
district.

Materials and Methods

A random sample of 120 mango growers
from two tahsils and 12 villages of Ratnagiri

district were selected for the study.
Comprehensive data were collected for
agricultural year 2007-08. The data were
collected by the personal interviews of farmers
with the help of specially designed schedules.

The stratification was carried out with the
help of statistical tools in three different size
small, medium and large groups of mango
orchards  with below 1.20, 1.21 to 2.76 and
above 2.76 hectare orchard size holding having
40, 48 and 32 growers respectively.

Analytical tools : For studying the
efficiency of resources, following Cobb.
Douglas type of production function was used.

Y = Axi
bie

Where, Y = Per farm mango yield, Xi =
Explanatory variable, bi = Regression
coefficient of respective variables, e = Error
term. 

Xj = Area in ha, No. of bearing trees per
farm, Age of orchards (yrs), Male labour,
Female labour, Manures (quintal), Nitrogen (kg),
Phosphorus (kg), Potassium (kg), Plant
protection (Rs.).
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Marginal productivity : The following
formulae were used to work out marginal
physical product and marginal value product.

1. Marginal physical product (M.P.P.) 

M.P.P.xi = bi Y/Xi

Where, bi = Production elesticities of ith
input, Y = Geometric mean of output, Xi =
Geometric mean of ith input. 

2. Marginal value product (M.V.P.)

MVPxi = MPPxi x price per unit of output.

Results and Discussion

Collected data was analysed to workout
cost, returns and benefits are presented in
Table-1. It is revealed that, the hectare-1 total
cost of cultivation was Rs. 73436, Rs. 73449,
and Rs. 77592 on small, medium and large
group respectively. At the overall level, it was
Rs. 74550. This indicated that the cost of
cultivation was maximum in large group. The
net returns at overall level was Rs. 21961.
Groupwise figure indicated that it was Rs.
25536 in small size orchards, Rs. 20108 in
medium orchards and Rs. 20273 in large
orchards. 

The cost-benefit ratio at over all level was
1.29 which varied from 1.34 in small size
orchard to 1.27 in medium orchard and 1.26 in
large orchard. The cost-benefit ratio was more
than unity indicating mango cultivation is
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Table 1. Average hectare-1 costs, returns and benefits.

Size Total Gross Net B:C
group cost returns profit ratio

(Rs.) (Rs.) (Rs.)

Small 73436 98972 25536 1.34
Medium 73449 93557 20108 1.27
Large 77592 97865 20273 1.26
Overall 74550 96511 21961 1.29

Table 2. Elasticity coefficients for selected variables.

Variables Size groups
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Small Medium Large Overall

Intercept -13.645400 (2.356490) -23.3173 (12.3539) -110.35 (25.3078) -11.5911 (6.179666)
X1 - area (ha) 3.207992 (2.250660) 5.790114** (1.949829) 1.070075 (20.62132) 2.484859 (2.937579)
X2 - bearing 0.105324** (0.047271) 0.042810 (0.032077) 0.332849 (0.202704) 0.170659** (0.043528)

trees
X3 - age of 0.547727** (0.137464) 0.668824 (0.410663) 0.145849 (1.00816) 0.825728** (0.310279)

orchard (years)
X4 - manures (q) 0.369578** (0.0869030) 0.151459 (0.077604) -0.01871 (0.93585) 0.186224** (0.055083)
X5 - N (kg) 0.005494 (0.0119670) 0.074304** (0.02827) 0.068974** (0.02383) 0.04045** (0.01 1965)
X6 - P205 (kg) 0.045184 (0.037572) -0.02731 (0.033237) -0.04105 (0.026029) 0.007167 (0.014909)
X7 - K20 (kg) -0.029470 (0.022378) 0.29672 (0.019106) 0.034857 (0.028037) 0.024954 (0.01393)
X8 - male labour -0.041030 (0.043096) - 0.00881 (0.02481) -0.05450 (0.047178) 0.039448 (0.022484)

(days)
X9 - female labour 0.108613 (0.060280) 0.043213 (0.052114) 0.292558 (0.108262) -0.10563** (0.040709)

(days)
X10 - plant protection 0.001626** (0.000572) 0.0009810 (0.000506) 0.003425** (0.003535)0.0000304 (0.00067)

(Rs.)
R2 0.947446 0.954905 0.958948 0.969726
Return to scale (Σbi) 4.3210 6.7653 1.7911 3.7689

**Significant at 5 per cent level of probability (Standard Error of each variable is given in respective parenthesis).



profitable venture. 

Functional analysis : The production
function expressing farm-1 yield in quintals as a
function of different inputs (factors) used in the
mango cultivation was estimated to know the
resource use efficiency in mango cultivation.
Following Cobb-Douglas production function
was used Y= aX1

bl.X2
b2.X3

b3.X4
b4.X5

b5.
X6

b6.X7
b7.X8

b8.X9
b9.X10

b10 for small,
medium and large orchards groups separately
and also worked out at the overall level. 

Small orchard : It is revealed from Table
2, that the elasticity coefficient for bearing trees

(X2), age of orchard (X3), manures (X4) and
plant protection (X10) were positive and found
to be statistically significant at 5 per cent level
of probability whereas the elasticity coefficient
though positive for area (X1), nitrogen (X5),
phosphorus (X6) and female labour (X9) but
found statistically non significant indicating no
significant effect of these variables on yield of
mango. The elasticity coefficient for potassium
(X7) and male labour (X8) were negative
(-0.02947 and -0.04103 respectively)
indicating excessive use of these variables.

The value of coefficient of multiple
determination (R2) was 0.9474 indicating
94.74 per cent variation in mango cultivation
jointly explained by independent variables
included in the function. The value of (R2)
seemed to be statistically significant. The sum
of production elasticity was 4.3210 and it was
tested for its deviation from the unity. The
applied 't' test indicated that increasing return to
scale have prevailed in mango production in
small orchard.

Medium orchard : The elasticity
coefficient for area (X1) and nitrogen (X5) were
positive and found to be statically significant at
5 per cent level of probability, whereas, the
elasticity coefficient though positive for bearing
trees (X2), age of orchard (X3), manures (X4),
potassium (X7), female labour (X9) and plant
protection (X10) but were found out statistically
non significant indicating no significant effect of
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Table 3. Geometric mean levels of input resources.

Input Geometric mean
resources –––––––––––––––––––––––––––––––––––

Small Medium Large Overall

Area (ha) 0.82 1.48 3.45 1.52
Manures (q) 30.7281 76.2149 199.564 72.7807
N (kg) 93.4667 372.472 620.368 269.172
P205 (kg) 28.6357 91.7095 462.338 95.7762
K20 (kg) 36.3559 126.129 623.94 127.627
Male labour 129.969 270.204 576.953 259.176
(days)
Female labour 78.3196 171.906 339.601 158.61
(days)
Plant protection 3189.33 7883.45 9245.92 6148.22
(Rs.)
Estimated total 399.47 349.89 939.01 568.19
returns (Ý) at  
G.M. level of Xi 
(Rs. per farm)

Table 4. Marginal value product and factor price in small size group.

Variables MPP MVP MVP/FC Remarks

X1 - area (ha) 1565.667 3460134.0 2.88 Under utilization
X2 - manures (q) 4.804856 10618.73 70.7915 Under utilization
X3 - N (kg) 0.0234639 51.8554 5.76 Under utilization
X4 - P205 (kg) 0.6303199 1393.001 77.3889 Under utilization
X5 - K20 (kg) -0.323809 -715.610 -71.561 Excess use
X6 - male labour (days) -0.126742 -280.100 -3.50 Excess use
X7 - female labour (days) 0.55398 1224.30 20.400 Under utilization
X8 - plant protection (Rs.) 2.029E-04 0.44840 0.45 Excess use



these variables on yield of mango. The elasticity
coefficient for phosporus (X6) and male labour
(X8) were negative.

The value of coefficient of multiple
determination (R2) was 0.9549 indicated 95.49
per cent variations in mango cultivation were
explained by identified input variables included
in the function. The value of (R2) seemed to be
statistically significant at 5 per cent level of
probability. The sum of production elasticity
was 6.7653. It was tested for its deviation from
the unity. The applied 't' test indicated that
increasing returns to scale have prevailed in
mango cultivation in medium orchard.

Large orchard : The elasticity coefficient
for nitrogen (X5) and plant protection (X10)
were positive and found to be statistically
significant, where as the elasticity coefficient
though positive for area (X1), bearing trees (X2),
age of orchard (X3) potassium (X7) and female

labour (X9) but found out to be statistically non-
significant indicating no significant effect of
these variable on yield of mango. The elasticity
coefficient for manures (X4) phosphorus (X6)
and male labour (X8) were negative and non-
significant.

The value of coefficient of multiple
determination (R2) was 0.9589 indicated 95.89
per cent variation in mango cultivation was
explained by variables included in the function.
The value of (R2) seemed to be statistically
significant at 5 per cent level of probability. The
sum of production elasticity was 1.7911. It was
tested for its deviation from the unity. The
applied 't' test indicated that increasing returns
to scale have prevailed in mango cultivation in
large orchard. 

Overall : The elasticity coefficient for
bearing trees age of orchard (X3), manures (X4)
and nitrogen (X5) were positive and found to be
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Table 5. Marginal value product and factor price in medium size group.

Variables MPP MVP MVP/FC Remarks

X1 - area (ha) 1368.83 3359099.9 2.80 Under utilization
X2 - manures (q) 0.695511 1706.784 11.38 Under utilization
X3 - N (kg) 0.0697954 171.277 19.03 Under utilization
X4 - P205 (kg) -0.144154 -353.754 -19.6529 Excess use
X5 - K20 (kg) 0.082301 201.9789 20.1978 Under utilization
X6 - male labour (days) -0.011396 -27.9658 -0.35 Excess use
X7 - female labour (days) 0.087954 215.829 3.60 Under utilization
X8 - plant protection (Rs.) 0.0000435 0.106847 0.11 Excess use

Table 6. Marginal value product and factor price in large size group.

Variables MPP MVP MVP/FC Remarks

X1 - area (ha) 291.2291 699823.74 0.58 Excess use
X2 - manures (q) -0.08799 -211.431 -1.41 Excess use
X3 - N (kg) 0.104395 250.8612 27.87 Under utilization
X4 - P205 (kg) -0.083474 -200.588 -11.144 Excess use
X5 - K20 (kg) 0.052463 126.0691 12.6069 Under utilization
X6 - male labour (days) -0.088701 -213.1473 -2.6643 Excess use
X7 - female labour (days) 0.808934 1943.8684 32.3978 Under utilization
X8 - plant protection (Rs.) 0.00347853 8.35891 8.35891 Under utilization



statistically significant, where as the elasticity
coefficient though positive for area (X1),
phosphorus (X6), potassium (X7), male labour
(X8) and plant protection (X10) but found to be
statistically non-significant indicating no
significant effect of these variable on yield of
mango. The elasticity coefficient for female
labour (X9) was negative and significant at 5 per
cent level of probability indicating excessive use
of female labour.

The value of coefficient of multiple
determination (R2) was 0.9697 indicated 96.97
per cent variation in mango production was
explained by variables included in the function.
The value of (R2) seemed to be statistically
significant at 5 per cent level of probability. The
sum of production elasticity was 3.7689. It was
tested for its deviation from the unity. The
applied 't' test indicated that increasing returns
to scale have prevailed in mango production at
overall level. 

Allocative efficiency : Marginal value
products of the selected variables were
computed by multiplying marginal physical
product at geometric mean level with the per
crate prices.

To find out input productivity and efficiency
of input use, geometric means of the input
resources and estimates of total returns (γ) at
geometric means levels of inputs (Xi) were
found out with the help of estimated production

functions.

The marginal value product of different
variables viz., area (X1), manures (X2), N (X3),
P2O5 (X4) and female labour were positive
(Table 4). Ratio of MVP/FC were more than
unity in case of area, manures, nitrogen, P2O5
and female labour etc. indicating the scope of
expanding the use of these inputs. But the
expenditure on other variables needs to be
curtailed. The MVP/FC ratio for non-cash
inputs factors like age of orchards and number
of bearing trees could not be worked out.

The marginal value product of variables viz.,
area (X1), manures (X2), nitrogen (X3),
potassium (X5) and female labour (X7) were
positive (Table 5). Ratio of MVP/FC was more
than unity in case of area, manures, nitrogen,
potassium and female labour indicating scope
of expanding the use of these inputs. But the
expenditure on other variables i.e. phosphorus
(X4), male labour (X6) and plant protection etc.
need to be curtailed. The MVP/FC ratio for
non-cash inputs factors like age of orchard and
number of bearing trees could not be worked
out.

The marginal value product of variables
nitrogen (X3), K2O (X5), female labour (X7) and
plant protection (X8) were positive (Table 6).
The ratio of MVP/FC was more than unity in
case of nitrogen, K2O, female labour and plant
protection measures indicating the scope of
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Table 7. Marginal value product and factor price at overall level.

Variables MPP MVP MVP/FC Remarks

X1 - area (ha) 928.916 2409608.1 2.0080 Under utilization
X2 - manures (q) 1.453635 3770.73 25.1382 Under utilization
X3 - N (kg) 0.08539 221.502 24.61128 Under utilization
X4 - P205 (kg) 0.042518 110.2917 6.12730 Under utilization
X5 - K20 (kg) 0.111094 288.1783 28.81780 Under utilization
X6 - male labour (days) 0.086481 224.3317 2.80400 Under utilization
X7 - female labour (days) -0.37839 -981.5670 -16.3595 Excess use
X8 - plant protection (Rs.) 2.809E06 0.0072865 0.007287 Excess use



expanding the use of these inputs. The
expenditure on other variables needs to be
curtailed.

The marginal value product of variable area
(X1), manures (X2), nitrogen (X3) phosphorus
(X4), potassium (X5) and male labour (X6) were
positive (Table 7). The ratio of MVP/FC was
more than unity in the case of area, manures,
nitrogen, phosphorus, potassium and male
labour indicating the scope of expanding the
use of these inputs. The expenditure on other
variables i.e. female labour and plant protection
measures etc. need to be curtailed. The
MVP/FC ratio for non-cash input factors like
age of orchard and number of bearing trees
could not be worked out.

The resource use efficiency across different
orchard size of mango revealed that mango
growers needs to be provided adequate

technical knowledge for resource management
and their use. The mango growers can increase
their profitability in mango production by
proper reallocation of resources.
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Chilli is one of the most valuable spice crops
of India. Andhra Pradesh, Karnataka,
Tamilnadu and Maharashtra are the major
producing states in India. Gadhinglaj tahsil of
Kolhapur district is one of the tahsils having
chilli as a major crop in Maharashtra. The
Mahatma Phule Krishi Vidyapeeth, Rahuri has
evolved the chilli varieties viz., Phule Sai, Phule
Jyoti, Phule Mukta and recommended for
cultivation Pant C-1.The objectives    of the
present investigation were to study the socio-
economic characteristics of farmers, to study
the knowledge level about improved chilli
production technology and relationship
between socio-economic characteristics and
knowledge level of the farmers about improved
chilli production technology and constraints

faced by chilli growers about improved
production technology.

Materials and Methods

The study was conducted in the Gadhinglaj
tahsil of Kolhapur district. In all, 12 villages
from the tahsil were selected randomly. From
each of these selected villages, 10 chilli growers
were selected randomly. The chilli growers
were personally interviwed with the help of
structured interview schedule. In all, 120 chilli
growers were interviewed for the study.

Results and Discussion

It is revealed from Table 1 that a majority
(41.66%) of the chilli growers belonged to the
age group of 25 to 35 years, more than half
(58.33%) of the chilli growers had secondary
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and higher secondary education. The 46.67
per cent of the chilli growers had medium size
families. All the chilli growers had agriculture as
their main occupation and dairy as their
seconday occupation, 51.67 per cent of the
chilli growers had land holding less than one
hectare, while 35.00 per cent of the chilli
growers received annual income of Rs.
1,50000/- and above from agriculture as their
main occupation.

Knowledge level of the respondents
about improved Chilli production
technology : The data from Table 2 revealed
that almost all the chilli growers had complete
knowledge about selection of soil and
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Table 1. Distribution of socio-economics characteristics of
respondents.

Characters Number of Percentage
respondants (N=120)

Age :
Young (up to 35 years) 50 41.67
Middle (36-55 years) 48 40.00
Old (56 and above) 22 18.33

Education :
Illiterate 10 08.33
Primary 16 13.34
Secondary 42 35.00
Higher secondary 28 23.33
Degree and above 24 20.00

Family size :
Small (up to 5 members) 28 23.33
Medium (6-9 members) 56 46.67
Big (more than 9 members) 36 30.00
Occupation :
a) Main : Agriculture 120 100.00
b) Secondary : Dairy 120 100.00

Land holding :
Less than 1.00 ha. 62 51.67
1.0 1-2.00 ha. 28 23.33
More than 2.01 ha. 30 25.00
Source of irrigation :
Well 92 76.67
Bore well 28 23.33
River 28 23.33
Canal 10 08.33

Annual Income :
Less than 50,000 /- 20 16.67
50,001 /- to 1,00,000/- 24 20.00
1,00,000 /- to 1,50,000/- 34 28.33
More than 1,50,000 42 35.00

Table 2. Distribution of farmers according to their
knowledge level about improved chilli production
technology.

Improved Knowledge (N=120)
production –––––––––––––––––––––––––––––––––– 
technology Complete Partial No

Selection of soil 120 (100.00) - -
Preparatory tillage 120 (100.00) - -
Selection of seed 114 (95.00) 06 (5.00) -
Varieties 103 (85.83) - 17 (14.17)
Nursery 86 (71.67) - 34 (28.33) 
management
Planting methods 108 (88.33) 11 (9.17) 03 (2.50) 
Spacing 107 (89.17) 13 (10.83) -
Fertilizer 80 (66.67) 29 (24.17) 11 (9.17) 
management
Transplanting 120 (100.00) - -
Intercultural 114 (95.00) 06 (5.00) -
operations
Irrigation 120 (100.00) - -
management
Plant protection 84 (70.00) 27 (22.50) 09 (7.50)
Harvesting 120 (100.00) - -

Figures in the parentheses indicates percentages.

Table 3. Relationship between socio-economic
characteristics of chilli growers and level of
knowledge about improved production
technology.

Independent variables Correlation
coefficient
(c)

Age -0.219**
Education 0.712**
Size of Family 0.567**
Occupation 0.635**
Land holding 0.497**
Source of Irrigation 0.435**
Annual Income 0.564**

**significant at 0.01 level of probability



preparatory tillage operations, transplanting,
irrigation management and harvesting. Majority
of the chilli growers had complete knowledge
about intercultural operations, selection of seed
(95.00%), spacing (89.17%), varieties (88.83%)
and plariting methods (88.33%).

The findings of the present study are similar
to those of Sasane and Jagdale (2009),
Shrivastava et al. (2002) and Kadam and
Jagtap (1991).

Relationship between the socio-
economic characteristics and knowledge
about improved chilli production
technology : The negatively significant
relationship was observed (Table 3) between
age of farmers and their knowledge level. The
relation of education and occupation of the
farmers was highly significant with knowledge

level. A highly significant relationship was
observed between size of family, land holding,
source of irrigation and annual income of the
farmers and their knowledge level about
improved chilli production technology.

Constraints faced by the chilli growers
about improved chilli production
technology : Majority (98.33%) farmers faced
problem of load shading of electricity, 95.00
per cent farmers faced the constraint of high
cost of seeds, fertilizers, insectisides, and
pesticides, while 85.83 and 81.67 per cent
farmers faced the constraints of lack of
marketing facilities and labour problem.
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Table 4. Distributions of the chilli growers according to
their constraints.

Particulars No. of Percen-
farmers tage
(N=120)

Load shading problem of electricity 118 98.33
Non availability of seeds and fertilizers 114 95.00
Lack of marketing fascilites 103 85.83
Non availability of Labour 98 81.67

______________



The promotion of Self Help Groups (SHGs)
by external intervention is of recent origin.
There appears to be a fairly good progress of
developmental activities which have helped to
attain bigger goals like empowerment of rural
women. The SHGs have great potential in
accelerating pace of rural development, hence
it was considered worth while to analyze the
group development from close quarter to assess
the constraints associated with the SHGs and
economic analysis of selected agrobased
enterprises.

Materials and Methods

The present investigation was carried out in
Akola, Barshitakli and Telhara talukas of Akola
district, Bhatkuli, Chandur Rly. and Nandgaon
Khandeshwar of Amravati district and
Malegaon, Risod and Washim of Washim
district. From these talukas two SHGs engaged
in dairy and goat rearing were selected. Thus,
18 SHGs were purposively selected. An ex-post
facto research design of social research was
used.

All members in the selected SHGs were
considered as respondent for the present study.
A sample of 91 members from dairy enterprise
and 82 members from goat rearing enterprise.
Thus, from 18 SHGs, total 173 respondents
were selected from three districts. A structured
interview schedule was prepared and used for
data collection.

Results and Discussion

Economic analysis of dairy unit of one
buffalo : A perusal at Table 1 indicates the
economics analysis of dairy unit for one buffalo.
In the Table 1, Cost A, B, C has been worked
out to find the economic feasibility of the dairy
unit of one buffalo. In order to have clear
picture of the economic aspects, cost of
practices recommended by the department of
dairy science of university for running dairy unit
were also considered. At the same time, cost of
practices followed by the members of SHG
were also obtained and the data is given in the
Table 2. 

At cost A, total fixed cost of dairy unit of
one buffalo as recommended by University
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Table 1. Economic analysis of dairy unit of one buffalo.

S. Practices recommended by Dairy Practices adopted by the SHG
N. Department members

–––––––––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––––––
Particulars Cost Particulars Cost

in Rs. in Rs.

A Fixed cost
Cost of animal (Rs. 20,000) Cost of animal (Rs. 20,000)

1. a) For 1st year capital (considering 1,905 a) Capital for 1st year 1,905
the depreciation value)                                (considering the depreciation value)

b) Interest @ Rs. 8 1,600 b) Interest @ Rs. 8 1,600
2. a) Building cost (10 ft x 7ft animal-1) 280 - -

construction cost @ Rs 200/
sq.ft. for70ft = Rs. 14000
building life 50 years

b) Interest @ 8% 1,120 - -
3. Equipments/ implements

a) Hand chaft cutter      3,000 a) Hand chaft cutter       3,000
b) Milking pale                200 b) Milking pale                 200
c) Chain                        150 c) Chain                         150
d) Milking can                 300 d) Milking can                  300
e) Bucket                       100 e) Bucket                        100
f) Others                       400 f) Others                        400
Total                           4,150 Total                            4,150
a) Life of equipments 10 yrs capital 415 a) Life of equipments 10 yrs capital 415
b) Interest @ Rs 8 b) Interest @ Rs 8 415
A) Total fixed cost (1-3) 5,735 4,335

B. Movable cost
Dry fodder 6 kg day-1 lactation 3,600 Dry fodder 5 kg day-1 1,500
period 300 days @ Rs 2 kg-1 @ Rs. 1 kg-1

Green fodder 12 kg, 6 kg cereal, 3,600 Green fodder 1,500
6 kg legume @ Rs 1 (300 x 12)
Concentrate for maintenance  1 kg Cotton seed cake 4 kg day-1 9,600

for milking         2 kg for 300 days @ Rs. 8
@ Rs. 7 (900 kg)
Labour charges @ Rs. 5 x 300 days 1,500 - -
Water and Electricity charges 500 - -
Medicine health care (AI) 500 Medicine heath care (AI) 500
Insurance 500 Insurance 500

B) Total of movable cost (1-7) 17,400 13,600
C) Total cost (fixed + movable) 23,135 17,935
D) Per day milk production 7 lit Milk production 33,600

Per day for 300 day (2100 lit) @ Rs. 16 lit-1 7 lit for 300 days
a) @Rs 18 37,800 (2100 lit.)
b) Dung 3000
c) Calf 1000
d) Gunny bag 200
Total production (D) 42,000 33,600

E) Income (D-C) 18,865 15,665



Dairy Department was Rs. 5735. Cost A
included fixed cost which contains cost of
animal, interest, building cost, interests, cost of
equipments, etc. Similarly, fixed cost A worked
out from the responses of SHG members was
Rs. 4335. It means a difference of Rs. 1400
was observed. Members of SHG didn't
construct special shed for one buffalo hence the
cost of this components is excluded i.e.
building/shed cost.

Movable cost B included the cost of dry
fodder, green fodder, concentrates, labour
charges, water, electricity charges, medicine
and insurance charges. The cost B as calculated
by University Department was Rs. 17,400.
Whereas, the calculated B cost of Dairy Unit of
SHG member was Rs. 13,600. The university
Department provides the concentrate for
maintenance and making costing Rs. 7,200,
whereas, the respondents paid Rs. 9,600 for
feeding cotton seed cake to buffalo, for which
they paid Rs. 2,400 more than cost paid for
concentrates suggested by Dairy Department.

At cost C i.e. total cost comes to Rs.
23,135 of University Department of Dairy
whereas, cost C as reported by the members of
SHG was Rs. 17,9357- indicates a difference

of Rs. 5200 at Cost C. After considering all the
component to run a dairy unit of one buffalo
University Department of dairy had showed a
net income of Rs. 18,865 per annum from one
buffalo unit which includes the costs of dung,
calf and gunny bags. Whereas, net profit
income calculated from the responses of SHG
members was Rs. 15,665 as the respondents
did not included the cost of dung, which is used
in their own field and cost of calf and gunny
bags. A difference of Rs. 3,200 was observed
in the net income given by the department and
the SHG members. The reason for this
difference is due to the fact that SHG members
did not considered the profit from dung, calf
and gunny bags in the total cost of milk
production. It was also observed that the
respondents did not followed the scientific
feeding schedules as per the recommendations
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Table 2. Economic analysis of goat unit for 6 goats.

Practices followed by members of SHGs Cost per year

A. Loan Rs. 15,000 to repay in 5 years Rs. 3,000 (Capital)
@ Rs 8% Rs. 2,000 (interest)
For first year Rs. 5,000
Labour Charges for grazing @ Rs 50 month-1 goat-1 for 6 goat Rs. 3,600
Health care Rs. 2,000
Total cost rearing of goats (A) Rs. 10,600

B. Production of meat @ Rs. 2000 goat-1 Rs. 26,000
Total 13 goats
Milk NIL
Total production (B) Rs. 26,000

C. Income Rs. 26,000 - Rs. 10,600 Rs. 15,400

Table 3. Information regarding loan borrowed from
financial institutions.

Name of Bank Respondants (n=173)
–––––––––––––––––––––––
No. %

State Bank of India 87 50.29
Rural Bank 30 17.34
Allahabad Bank 25 14.45
Bank of India 31 17.92



of the university. It is clear from the total that a
net profit of Rs. 15,665 is assured from the
dairy unit of one buffalo by the SHG to take up
this enterprise on commercial basis but at the
same time, awareness training programmes
shall also be organized for these groups in order
to have adoption of dairy management
practices as recommended by the university. 

Economic analysis of goat unit for six
goats : An economic analysis of goat units for
6 goats was calculated, it was noticed that the
total cost of rearing of goat unit of 6 goats was
estimated at Rs. 10,600 per annum which
included the repayment installment for first year
and its interest @ 8 per cent, labour charges for
grazing @ Rs. 50 per month per goat. The
health care is the most critical aspects in case of
goat rearing. Respondents spent Rs. 2000 per
annum for health care of six goats. They did
not used the milk for consumption purpose nor
for sale in the market. Cent per cent goats were
sold for meat purpose in the market with
estimated cost of each goat was Rs. 2000 per
goat. Every goat gave birth of two kids twice in
a 15 months. Considering all these aspects, an
amount of Rs. 26,000 was obtained from the

goat unit of 6 goats with a net profit of Rs.
15,400 per annum. Similar results were also
repoted by Shinde and Vaidya (2004). The
members of SHGs expressed that rearing of
goat was more risky in terms of health aspects.
They have to protect from contagious diseases
particularly in rainy season.

Information regarding loan borrowed
from financial institutions : Distribution of
respondents according to loan borrowed from
various institutions/ banks is presented in Table
3. It could be noted that State Bank of India
was the main source of SHG members to
borrow loans (50.29%). Loans from Bank of
India, Rural Bank and Allahabad Bank was
availed by 17.92, 17.34 and 14.45 per cent
members, respectively.

Constraints faced by the members of
SHG :  The constraints faced by the members
of SHG while running the enterprises through
SHGs and the data thus obtained have been
furnished in Table 4.

It is evident that subsidies are not available
on bank loan was the major constraints
expressed by 60.69 per cent respondents.
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Table 4. Constraints faced by the members in running the enterprise through SHGs.

Constraints Respondants Percentage Rank

Constraints of the SHG :
Subsidies are not available on bank loan 105 60.69 I
Basic infrastructure facilities are not provided by the Government 97 56.07 II
Illiteracy 88 50.87 III
Lack of co-operation between members of SHG 85 49.13 IV
Irregularity in attending the meeting by members 58 33.53 V

Constraints in agrobased enterprise :
High rates of animal feeds 97 56.07 I
Lack of proper marketing to the produce 92 53.18 II
Lack of irrigation facilities to cultivate green fodder 92 53.18 II
Low rates in market for produce 88 50.87 III
Lack of training facilities on agrobased enterprises 85 49.13 IV
Lack of veterinary facilities 85 49.13 IV
No guidance from the extension functionaries 75 43.35 V
Lack of getting improved breed of animals from Government 58 33.53 VI



Basic infrastructure facilities not provided by
the government, illiteracy and lack of co-
operation between members of SHGs were the
constraints expressed by 56.07, 50.87 and
49.13 per cent respectively. Irregularity in
attending the meeting by the members was the
constraints faced by 33.53 per cent
respondents.

The major constraint observed in running
the enterprise was high rates of animal feeds
which was expressed by 56.07 per cent
respondents. However, lack of proper
marketing to the produce and lack of irrigation
facilities to cultivate green fodder were the
constraints expressed by 53.18 per cent each.
Lack of veterinary facilities and lack of training
facilities were the constraints expressed by

49.13 per cent respondents. Low rates in
market, no guidance from extension
functionaries and lack of getting improved
breed of animals were the constraints stated by
50.87, 43.35 and 33.53 per cent respectively.

The present findings are in partial
conformity with the findings reported by Gunjal
(2007) and Komal Kashid (2008).
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Abstract
The majority of the farmers faced the natural constraints like excess rainfall, abnormal distribution of

rainfall and inadequate rainfall, reported by 26.55, 58.82 and 49.39 per cent farmers respectively at overall
level. Constraints regarding HYV seed material were high cost of seed, inadequate supply and non availability
in time which was reported by 100, 27.21 and 39.69 per cent farmers respectively. Non availability of labour
and other inputs at peak period, high cost of key inputs, low price to produce and lack of technical knowledge
were the major constraints faced by cultivators in adoption of rice technologies.
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In Maharashtra, rice ranks third in respect of
area among the important cereal crops. In

Konkan region of Maharashtra state, rice
occupies an area of 4.54 lakh ha with
production 10.40 lakh tones and average
productivity of 2.29 tones per hectare which is
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highest in Maharashtra, but less than world's
average of 3.70 tones per hectare (Anonymous
2007).

Materials and Methods

The present study was undertaken in Lanja
and Dapoli tahsils of Ratnagiri District of
Maharashtra, which were purposively selected
because of having maximum area under rice
cultivation i.e. Lanja (43.98%) and Dapoli
(36.98%).

A list of rice cultivators from each selected
village was obtained from the revenue records
maintained at village level. Fifteen cultivators
from each village were selected randomly.
Thus, final sample consisted of eight villages
and 120 cultivators from Ratnagiri district.

The primary data were collected from the
selected cultivators by survey method for the
year 2008-09. The sample farmers were
interviewed personally with the help of
pretested schedules specially designed for the
purpose. Simple statistical tools, percentages,
ratios and averages were used for the analysis
of data.

Results and Discussion

It is seen from Table 1 that, natural
constraints like excess rainfall, abnormal
distribution of rainfall and inadequate rainfall
were reported by 26.55, 58.82 and 49.39 per
cent farmers, respectively at overall level. More
than 70 per cent low adopters stated that
rainfall was not adequate. Abnormal
distribution of rainfall was the reason stated by
76 per cent moderate adopters. Constraints
regarding HYV seed material were high cost of
seed, inadequate supply and non availability in
time, which were reported by 100, 27.21 and
39.69 per cent farmers, respectively. About 50
per cent of the farmers from low adopters
group and moderate adopters group opined

that seed was not available in time. Cent per
cent adopters of all the three categories quoted
the constraint of high cost of seed. About
chemical fertilizers problem like high cost,
inadequate supply, untimely supply and lack of
knowledge about use of fertilizers were
reported by 74.76, 28.35, 51.77 and 13.15
per cent farmers, respectively. About 83 per
cent low adopters and moderate adopters
expressed their views that, cost of fertilizers was
high. While problem of availability was stated
by 66 per cent low adopters and 53 per cent
moderate adopters. Availability of labour was
another important constraint. Inadequate
supply of labour, high wage rates and non
availability of labour in peak period were
reported by 37.16, 94.05 and 38.15 per cent
sample farmers, respectively. High adopters
use many technologies and hence require more
labour. Among these group 82.14 per cent
farmers stated that wage rate was high.

Regarding credit, inadequate owned capital,
complicated loan procedure, untimely supply
and inadequate supply were the difficulties
reported by 38.19, 34.11, 28.61 and 37.32
per cent sample farmers, respectively. Cent per
cent sample farmers reported high interest
rates as a major credit constraint in all the
groups. Inadequate supply of loan was
constraint to 50 per cent farmers in low
adopters groups and 43 per cent of high
adopters groups. Regarding the insecticides
use, high cost and non availability in time were
reported by 85.71 and 8.33 per cent farmers,
respectively. This was the problem to all types
of adopters. In case of seed treatment,
constraints like unawareness and high cost
were expressed by 39.37 and 15.52 per cent
farmers respectively. It was observed that
unawareness, more labour requirement and
time consuming were the major constraints of
line transplanting, which were reported by
11.11, 89.29 and 62.33 per cent farmers,
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Table 1. Constraints faced by the farmers in adoption of modern technologies in rice production.

Particular Low Moderate High Overall
adopter adopter adopter adopter

Constraints regarding rainfall :
Excess 20.83 33.82 25.00 26.55

Abnormal distribution of rainfall 50.00 76.47 50.00 58.82

Inadequate 70.83 30.88 46.43 49.39

Constraints regarding HYV seed :
High cost 100 100 100 100

Inadequate supply 37.5 44.12 00 27.21

Non availability in time 54.17 47.06 17.86 39.69

Fertilizer application :
High cost 83.33 83.82 57.14 74.76

Inadequate supply 29.17 55.88 00 28.35

Untimely supply 66.67 52.94 35.71 51.77

Lack of knowledge about fertilizers 29.17 10.29 00 13.15

Labour constraints :
Inadequate 41.61 17.65 53.57 37.61

High wage rates 100 100 82.14 94.05

Non-availability at peak period 29.17 35.29 50.00 38.15

Credit constraint

Inadequate owned capital 83.33 19.12 14.29 38.91

Complicated loan procedure 45.83 27.94 28.57 34.11

Untimely supply 37.5 16.18 32.14 28.61

Inadequate supply 50.00 19.11 42.86 37.32

High interest rate 100 100 100 100

Plant protection measures :
Inadequate supply 00 00 00 00

Higher cost 100 100 57.14 85.71

Non availability in time 25.00 00 00 8.33

Seed treatment :
Unawareness 62.50 37.76 17.86 39.37

High cost 33.33 13.24 00 15.52

Line transplanting :
Unawareness 33.33 00 00 11.11

Labour requirement is more 100 100 67.86 89.29

It is time consuming method 100 44.12 42.86 62.33

Improved implements :
High cost 29.17 19.12 17.86 22.05

Poor economic condition 58.33 19.12 00 25.82

Small and fragmented land holding 62.50 11.76 25.00 33.09

It requires trained man power 00 00 00 00

Lack of technical know-how 88.42 29.41 10.71 42.85

Low price to produce 100 88.24 85.71 91.32



respectively at overall level. In low and
moderate adopters groups major constraints
regarding line transplanting in adoption of
modern technologies in rice production were
high labour requirement and time consuming
method. Cent per cent adopter in low
and moderate group expressed their views
about it.

Constraints regarding adoption of improved
implements were high cost, poor economic
condition and small and fragmented land
holding reported by 22.05, 25.82 and 33.09
per cent farmers, respectively. Lack of technical
know-how which was one of the constraints in
attaining higher yields, was expressed by 88.42
per cent low adopters, 49.41 per cent
moderate adopters and 10.71 per cent high
adopters. The low price to farm produce was
reported by cent per cent in low adopters,
88.24 per cent in moderate adopters and
85.11 per cent in high adopters with 91.32 per
cent at overall level. Since rice is a major staple
food crop of Konkan region and the

productivity is directly related with adoption
level, the constraints experienced by the sample
farmers need to be attended.
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Rice (Oryza sativa L.) is one of the most
important staple food grain crops of the world.
India is the world's second largest producer and
consumer of rice next to China. Total area
under rice in India was 43.70 million hectares
with production of 84.3 million tones
(Anonymous 2008). In Maharashtra, rice ranks
third in respect of area among the important
cereal crops. In Konkan region of Maharashtra
state, rice occupied an area of 4.54 lakh ha
with production 10.40 lakh tones and average
productivity of 2.29 tones per hectare which
was the highest in Maharashtra, but less than
world's average of 3.70 tones per hectare
(Anonymous 2007). The present study was
conducted in tahsils having maximum area
under rice cultivation. The information for
kharif 2009 was obtained through personal
interview with the sample farmers. Simple
statistical tools, percentages, averages and
different cost concepts were used for analysis of
data.

Materials and Methods

The present study was undertaken in Lanja
and Dapoli tahsils of Ratnagiri District of
Maharashtra, which were purposively selected
because of these tahsils having maximum area
under rice cultivation (Lanja 43.983 and Dapoli
36.98%). A list of rice cultivators from each
selected village was obtained from the revenue
records maintained at village level. Fifteen
cultivators from each village were selected
randomly. Thus, final sample consisted of eight
villages and 120 cultivators from Ratnagiri
district.

The primary data were collected from the
selected cultivators by survey method for the
year 2008-09. The sample farmers were
interviewed personally with the help of
pretested schedule specially designed for the
purpose.

For accessing the impact of technology
parameters were used, proportion of area
under HYV and hybrid rice, recommended
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Abstract
The per hectare total cost of cultivation of rice of high adopter group was Rs. 57100/- as against in low

and moderate adopter group were Rs. 47767/- and Rs. 52793/-, respectively. This indicated that more
investment was done by high adopters as compared to low and moderate adopters adopting improved
technologies. Per hectare gross return highest in high adopters (Rs. 59865) followed by moderate adopters
(Rs. 53437) and low adopters (Rs. 46310). The production of rice in high adopter group showed a net profit
of Rs. 2764.87 ha-1 and in moderate adopter group, it was Rs.643.65 ha-1. While in low adopter group,
the production of rice showed a net loss of Rs. 1457.84 ha-1. The benefit cost ratio was observed to be
1:0.97 in low adopter, 1:1.01 in moderate adopter and 1:1.05 in high adopter groups. 
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rice.

1. Dy. Director of Research, 2. and 3. Ex-Post
Graduate Students, Deptt. of Agril. Economics.



dose of NPK and organic manure.

On the basis of this information the
"Technology Adoption Index" of each farmer
was estimated by using following formula.

1     Ahi Nai Pai Kai Oai
TAIi = –– + ––– + ––– + ––– + ––– + ––– x 100

N     Cai Nri Pri Kri Ori

Where,

i = Number of farmers say 1 ,2,3 ...... 120

TAIi = Technology adoption index of the ith
farmer

Ahi = Area under HYV and hybrid rice (ha)

Cai = Total area under rice (ha)

Nai = Quantity of nitrogen applied for rice (kg
ha-1)

Nai = Recommended dose of nitrogen for rice
crop (kg ha-1)

Pai = Quantity of phosphorus applied for rice
(kg ha-1) 

Pri = Recommended dose of phosphorus for
rice crop (kg ha-1)

Kai = Quantity of potash applied for rice crop
(kg ha-1)

Kri = Recommended dose of potash for rice
crop (kg ha-1)

Oai = Quantity of organic manure applied for
rice (kg ha-1)

Ori = Recommended dose of organic manure
for rice crop (kg ha-1)

With the help of technology adoption index
sample of 120 farmers was analysed and
classified as shown in Table 1. 

The data collected from the selected farmers
were analyzed by using suitable mathematical
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Table 1. Classification  of sample farmers on  the  basis
of technology adoption index (TAI).

TAI range (%) Farmers Adoption level

Upto 33 24 Low
34 to 66 68 Moderate
Above 66 28 High
Total 120

Table 2. Distribution of area under different varieties of rice.

Paticulars Low adopters Moderate adopters High adopters Total

Local :
Suvarna 5.15 (58.52) 25.65 (61.51) 4.55 (28.35) 35.35 (53.12)
Sonam 2.00 (22.73) 1.80 (4.32) 1.20 (7.48) 5.00 (7.51)
Kolamb 1.00 (11.66) 1.20 (2.88) 0.80 (4.98) 3.00 (4.51)
Total 8.15 (92.61) 28.65 (68.71) 6.55 (40.81) 43.35 (65.14)

HYV :
Jaya - 4.40 (10.55) 5.00 (31.15) 9.40 (14.12)
Karjat-184 0.30 (3.41) 4.35 (10.43) 2.50 (15.58) 7.15 (10.74)
Ratnagiri-24 0.35 (3.98) - 0.40 (2.49) 0.75 (1.13)

Hybrid :
Sahyadri - 4.30 (10.31) 1.60 (9.97) 5.90 (8.87)
Total (B+C) 0.65 (7.39) 13.05 (31.29) 9.50 (59.19) 23.20 (34.86)
Grand total 8.80 (100.00) 41.70 (100.00) 16.05 (100.00) 66.55 (100.00)

(Figures in ha) Figures in parentheses are percentages to grand total.



and statistical tools such as percentage, ratios,
average, frequency distribution etc.

Results and Discussion

The important HYV's observed in the study
area were Jaya, Karjat-184 and Ratnagiri-24,
in hybrid Sahyidri and local varieties were
Suvarna, Sonam and Kolamb. The total area
under kharif rice was 66.55 hectares of which
65.14 per cent was under local varieties and
34.86 per cent was under HYV at overall level.

Out of the total area under, rice the area under
different local varieties was found to be 53.12
per cent under Suvarna, 7.51 per cent under
Sonam and 4.51 per cent under Kolamb.
Whereas, the area under individual HYV was
observed to be 14.12 per cent under Jaya,
10.74 per cent under Karjat-184, 1.13 per
cent under Ratnagiri-24 and 8.87 per cent
under Sahyadri. This shows that Suvarna
variety was most popular among the cultivators
as a local variety and in case of HYV; Jaya was
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Table 3. Per hectare operationwise labour utilization (days) by low adopters.

Operation Family labour Hired labour Total Total
––––––––––––––––––– ––––––––––––––––––– human bullock
Male Female Male Female labour labour (pair)

Rabbing 5.67 9.46 1.57 0.57 17.27 (9.07) -
Ploughing and spreading FYM 6.65 8.56 3.27 2.54 21.02 (11.03) 5 54 (24.94)
Seedbed preparation and sowing 4.32 8.32 2.78 3.57 18.99 (9.97) -
Puddling and transplanting 5.59 14.09 4.62 9.43 33.73 (17.18) 12.27 (55.25)
Fertilizer application 2.49 1.24 0.10 - 3.83 (2.01) -
Plant protection 0.56 0.33 - - 0.89 (0.47) -
Weeding 5.35 11.92 2.13 9.50 28.90 (15.17) -
Harvesting 8.27 13.83 4.27 10.44 36.81 (19.32) -
Threshing and transportation 6.62 12.08 4.27 6.10 28.07 (14.73) 4.40 (19.81)
Total 45.52 79.83 23.01 40.15 190.51 (100) 22.21 (100)

(23.89) (41.90) (12.08) (21.08)

Figures in parentheses are percentage to total.

Table 4. Per hectare operationwise labour utilization (days) by moderate adopters.

Operation Family labour Hired labour Total Total
––––––––––––––––––– ––––––––––––––––––– human bullock
Male Female Male Female labour labour (pair)

Rabbing 4.06 6.26 2.11 1.33 13.76 (6.76) -
Ploughing and spreading FYM 7.11 6.55 4.37 5.42 23.45 (11.53) 6.06 (25.96)
Seedbed preparation and sowing 5.26 8.51 3.59 1.83 19.19 (9.43) -
Puddling and transplanting 8.70 15.24 3.42 11.73 39.09 (19.22) 11.88 (51.12)
Fertilizer application 2.54 1.59 0.52 0.16 4.81 (2.36) -
Plant protection 1.75 0.87 0.31 0.01 2.94 (1.45) -
Weeding 7.69 12.63 3.11 9.40 32.83 (16.14) -
Harvesting 9.49 12.65 5.49 11.42 39.05 (19.20) -
Threshing and transportation 5.45 11.18 5.03 6.62 28.28 (13.90) 5.3 (22.81)
Total 52.05 75.48 27.95 47.92 203.4 (100) 23.24 (100)

(25.59) (37.11) (13.74) (23.56)

Figures in parentheses are percentage to total.



most popular followed by Karjat-184.
Percentage area under HYV of different
adopters groups indicated that the adoption of
HYV was observed among the cultivators from
all the adopters groups.

Labour is an important input in crop
production. The labour utilization for three
different adopters groups was studied and the
information is presented in Table3,4 and 5,
respectively for low, moderate and high

adopters groups.

Labour utilization by low adopters :
The per hectare operationwise labour utilized
by low adopters is given in Table 3. It is
observed from Table3, that, per hectare labour
utilized for rice production in low adopters
group were 190.51 human days. As regards
the composition of labour nearly 66 per cent of
labour were supplied by farm family and only
36 per cent were hired. Regarding
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Table 5. Per hectare operationwise labour utilization (days) by high adopters.

Operation Family labour Hired labour Total Total
––––––––––––––––––– ––––––––––––––––––– human bullock
Male Female Male Female labour labour (pair)

Rabbing 5.01 6.90 1.93 3.81 17.65 (8.29) -
Ploughing and spreading FYM 7.86 7.56 4.81 3.39 23.16 (10.88) 7.27 (29.94)
Seedbed preparation and sowing 6.37 8.05 3.57 2.88 20.87 (9.80) -
Puddling and transplanting 8.89 13.52 5.84 10.29 38.54 (18.10) 11.27 (46.42)
Fertilizer application 2.66 1.69 0.30 0.23 4.88 (2.29) -
Plant protection 2.69 1.01 0.11 0.11 3.92 (1.84) -
Weeding 6.13 13.06 5.00 8.52 32.71 (15.36) -
Harvesting 8.40 13.79 5.32 9.98 37.49 (17.61) -
Threshing and transportation 7.13 11.77 5.08 9.72 33.70 (15.33) 5.74 (23.64)
Total 55.14 77.35 31.96 48.47 212.92 (100) 24.28 (100)

(25.90) (36.33) (15.01) (22.76)

Figures in parentheses are percentage to total.

Table 6. Per hectare operalionwise labour utilization (days) at overall adopters.

Operation Family labour Hired labour Total Total
––––––––––––––––––– ––––––––––––––––––– human bullock
Male Female Male Female labour labour (pair)

Rabbing 5.71 6.30 1.93 1.34 15.28 (7.56) -
Ploughing and spreading FYM 6.18 6.83 4.54 2.28 19.83 (9.81) 6.07 (28.86)
Seedbed preparation and sowing 6.21 7.56 1.40 1.80 16.97 (8.39) -
Puddling and transplanting 9.66 12.47 6.19 10.46 38.78 (19.18) 9.43 (44.84)
Fertilizer application 2.59 1.55 0.35 0.15 4.64 (2.29) -
Plant protection 1.46 0.80 0.17 0.05 2.48 (1.23) -
Weeding 6.67 12.54 4.63 11.80 35.64 (17.62) -
Harvesting 7.55 13.91 4.17 11.46 37.09 (18.34) -
Threshing and transportation 7.90 10.39 3.90 9.33 31.52 (15.59) 5.53 (26.30)
Total 53.93 72.35 27.28 48.67 202.23 (100.00) 21.03 (100.00)

(26.67) (35.78) (13.49) (24.07)

Figures in parentheses are percentage to total.



operationwise labour required, it was found that
harvesting required maximum number of labour
i.e. 36.81 days (19.32%) followed by puddling
and transplanting 33.73 days (17.70%),
weeding 28.9 days (15.17%), threshing and
transportation 28.07 days (14.73%), rabbing
17.27 days (9.07%), ploughing and spreading
FYM 21.02 days (11.03%), seedbed
preparation and sowing 18.99 days (9.97%),
fertilizer application 3.83 days (2.01%) and
0.89 days (0.47%) for plant protection
measures. Out of the total human labour 35.97

per cent were male labour and rest were female
labour. Total bullock labour utilized were 22.21
pair days. Out of which, 24.94 per cent were
used for ploughing, 55.25 per cent for puddling
operation and only 19.81 per cent for
threshing and transportation of harvested crop.

Labour utilization by moderate
adopters : It is seen from Table 4 that, per
hectare labour utilized for rice production in
moderate adopters group were 203.4 human
days. Regarding operationwise labour required,
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Table 7. Per hectare cost of cultivation of low adopters.

Items Unit Qty. Rste Amount Per-
(Rs.) (Rs.) centage

Hired human labour :
i. Male Days 23.01 150.00 3451.50 7.23
ii. Female Days 40.15 120.00 4818.00 10.09
Bullock labour Pair days 22.21 250.00 5552.50 11.62
Seed kg 60.00 15.00 910.81 1.91
FYM q 4.78 375.00 1792.50 3.75
Rab material q 6.50 250.00 1625.00 3.40

Fertilizer 
i. Nitrogen kg 60.95 11.09 675.67 1.41
ii. Phosphorus kg - -
iii. Potash kg - -
Plant protection Litre 0.214 500.00 106.97 0.22
Interest on working capital (13% for 6 months) 1230.64 2.58
Depreciation 364.28 0.76
Land revenue 178.00 0.37

Cost-A 20705.87 43.35
Rental value of owned land (1/6th of gross value) 7718.33 16.15
Interest on fixed capital (10% on fixed capital) 865.46 1.81

Cost-B 29289.66 61.32
Family labour
i. Male Days 45.52 6828.00 14.29
ii. Female Days 79.83 9579.60 20.05
Supervision charges (@ 10% on Cost A) 2070.58 4.33

Cost-C 47767.84 100.00
Yield
i. Main produce q 33.76 38824.00
ii. By produce q 37.43 7486.00
Total 46310.00
B:C ratio 0.97



it was found that harvesting required maximum
number of labour i.e. 39.05 days (19.20%)
followed by puddling and transplanting 39.09
days (19.22%). weeding 32.83 days (16.14%),
threshing and transportation 28.28 days
(13.90%), ploughing and spreading FYM
23.45 days (11.53%), seedbed preparation and
sowing 19.19 days (9.43%), rabbing 13.76
days (6.76%), fertilizer application 4.81 days
(2.36%) and plant protection 2.94 days
(1.45%). Out of the total human labour 62.70
per cent were supplied by farm family and

37.30 per cent were hired. Total utilization of
bullock labour were 23.24 pair days. Out of
which, 25.96 per cent were used for ploughing
and spreading FYM, 51.12 per cent were used
for puddling operation and 22.81 per cent
were used for threshing and transportation of
harvested crop.

Labour utilization by high adopters : It
is observed from Table 5 that, per hectare
labour utilized in high adopters group were
212.82 human days. As regards the
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Table 8. Per hectare cost of cultivation of moderate adopters.

Items Unit Qty. Rste Amount Per-
(Rs.) (Rs.) centage

Hired human labour :
i. Male Days 27.95 150.00 4192.50 7.94

ii. Female Days 47.92 120.00 5750.40 10.89

Bullock labour Pair days 23.24 250.00 5810.00 11.01

Seed kg 55.14 18.00 992.52 1.88

FYM q 5.10 375.00 1912.50 3.62

Rab material q 4.80 250.00 1200.00 2.27

Fertilizer 

i. Nitrogen kg 92.68 1525.50 2.89

ii. Phosphorus kg 14.48

iii. Potash kg 14.48

Plant protection Litre 0.755 500.00 377.50 0.72

Interest on working capital (13% for 6 months) 1414.43 2.68

Depreciation 353.22 0.67

Land revenue 123.00 0.23

Cost-A 23651.57 44.80

Rental value of owned land (1/6th of gross value) 8906.67 16.87

Interest on fixed capital (10% on fixed capital) 1001.91 1.90

Cost-B 33560.15 63.57

Family labour

i. Male Days 52.05 150.00 7807.50 14.79

ii. Female Days 75.48 120.00 9057.60 17.16

Supervision charges (@ 10% on Cost A) 2368.10 4.48

Cost-C 52793.35 100

Yield

i. Main produce q 38.98 1150.00 44827.00

ii. By produce q 43.05 200.00 8610.00

Total 53437.00

B:C ratio 1.01



composition of labour 62.23 per cent labour
were supplied by farm family and remaining
37.77 per cent were hired. Regarding
operationwise labour required, it was found that
puddling and transplanting required maximum
number of labour i.e. 38.54 days (18.10%),
followed by harvesting 37.49 days (17.61%),
weeding 32.71 days (15.36%), threshing and
transportation 33.70 days (15.33%), ploughing
and spreading FYM 23.16 days (10.88%),
seedbed preparation and sowing 20.87 days
(9.80%), rabbing 17.65 days (8.29%), fertilizer

application 4.88 days (2.29%) and plant
protection measures 3.92 days (1.84%). Total
utilization of bullock labour was 24.28 pair
days.

Labour utilization at overall level : It is
seen from Table 6, that at overall level per
hectare labour utilization were 202.23 human
days. Puddling and transplanting required more
labour i.e. 38.78 days (19.18%) followed by
harvesting 37.09 days (18.34%),. weeding
35.64 days (17.62%), threshing and
transportation 31.52 days (15.59%), ploughing
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Table 9. Per hectare cost of cultivation of high adopters.

Items Unit Qty. Rste Amount Per-
(Rs.) (Rs.) centage

Hired human labour :
i. Male Days 31.96 150.00 4794.00 8.39
ii. Female Days 48.717 120.00 5816.40 10.19
Bullock labour Pair days 24.28 250.00 6070.00 10.63
Seed kg 58.28 20.00 1165.60 2.04
FYM q 6.00 375.00 2250.00 3.94
Rab material q 5.20 250.00 1300.00 2.28

Fertilizer 
i. Nitrogen kg 106.45 1839.00 3.22
ii. Phosphorus kg 19.05
iii. Potash kg 19.05
Plant protection Litre 0.877 500.00 438.50 0.77
Interest on working capital (13% for 6 months) 1538.74 2.69
Depreciation 399.54 0.70
Land revenue 165.00 0.29

Cost-A 25776.78 45.14
Rental value of owned land (1/6th of gross value) 9977.58 17.47
Interest on fixed capital (10% on fixed capital) 1212.66 2.12
Cost-B 36967.02 64.74
Family labour
i. Male Days 55.14 150.00 8271.00 14.48
ii. Female Days 77.35 120.00 9282.00 16.25
Supervision charges (@ 10% on Cost A) 2580.61 4.52

Cost-C 57100.63 100
Yield
i. Main produce q 43.85 1150.00 50427.50
ii. By produce q 47.19 200.00 9438.00
Total 59865.50
B:C ratio 1.05



and spreading FYM 19.83 days (9.81%), seed
bed preparation and sowing 16.97 days
(8.39%), fertilizer application 4.64 days
(2.29%) and plant protection measures 2.48
days (1.23%). Total bullock labour utilization
was 21.03 pair days.

The estimation of per hectare labour
requirement at overall level revealed that, the
low adopters group required less labour than
moderate and high adopters group. Therefore,
the labour requirement was more as technology
adoption was more. As the technology
adoption was more in high adopters, labour
requirement was more and in low adopters,
labour requirement was less.

Cost of cultivation of low adopters :
Per hectare total cost of cultivation (cost-C) for
low adopters worked to Rs. 47767.84, out of
which cost-A accounted for Rs. 20705.87
(43.35%) and cost-B was Rs. 29289.66
(61.32%). Among the different items of cost,
human labour (both hired and family) shared 52
per cent of the total cost followed by bullock
labour (11.62 %). Per hectare quantity of seed
used was 60.02 kg and that of FYM was 4.78q.
Per hectare quantity of nitrogen was 60.95 kg
and was applied in the form of urea. The use of
phosphorus and potash application was not
observed. Other inputs such as seed, fertilizer,
FYM shared 1.91 per cent, 1.41 per cent,
3.75 per cent of the total cost, respectively.
Rab material was contributed 3.40 per cent of
the total cost. The rental value of owned land
worked out to Rs. 7718.33 (16.15 %) and
depreciation was Rs. 364.28 (0.76 %). The
share of family labour to the total cost was
34.34 per cent. Supervision charges shared
4.33 per cent to the total cost. The yield
obtained was 33.76 q of main produce and
gross value of main and by produce came to Rs.
46310, which was less compared to the total
cost. As a result, the benefit cost ratio was 0.97
which indicated that rice was not profitable in

this group.

Cost of cultivation of moderate
adopters : It is seen from the Table 8 that per
hectare total cost (cost-C) worked out to Rs.
52793.35, out of which Rs. 23651.57
(44.80%) was cost-A and Rs. 33560.15
(63.57%) was cost-B. Among the different
items, human labour (both hired and family)
shared 50.78 per cent of the total cost followed
by bullock labour (11.01%). Per hectare
quantity of seed used was 55.14 kg and that of
FYM was 5.10 q. The per hectare quantity of
nitrogen, phosphorus and potash were 92.68,
14.48 and 14.48 kg, respectively and applied
in the form of urea and mix fertilizer like
suphala (15:15:15). Other inputs such as seed,
fertilizer, FYM, rab material and plant
protection shared 1.88, 2.98, 3.62, 2.27 and
0.72 per cent of the total cost, respectively.

The rental value of owned land worked out
to Rs. 8906.67 (16.87%), depreciation and
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Table 10. Groupwise profitability at different cost levels.

Particulars Low Moderate High
adopters adopters adopters

Gross income 46310.00 53437.00 59865.50
Cost-A 20705.87 23651.57 25776.78
Cost-B 29289.66 33560.15 36967.02
Cost-C 47767.84 52793.35 57100.63
Profit at cost-A  25604.13 29785.43 34088.72
(farm business income)
Profit at cost-B 17020.34 19876.85 22898.48
(family labour income)
Profit at cost-C -1457.84 643.65 2764.87
(net farm income)

Table 11. Yield and returns in different groups.

Particulars Low Moderate High
adopters adopters adopters

Yield (q ha-1) 33.76 38.98 43.85
Cost ha-1 (Rs.) 47767.84 52793.35 57100.63
Cost q-1 (Rs.) 1193.16 1133.49 1086.95



land revenue were Rs. 353.22 (0.67%) and
123 (0.31%), respectively. Interest on fixed
capital shared 1.90 per cent to the total cost.
Supervision charges were 4.48 per cent. The
yield obtained was 38.98 q of main produce
and 43.05 q of by-produce. Gross value of
main and by-produce came to Rs. 53437. As a
result, the benefit cost ratio was 1.01.

Cost of cultivation of high adopters : It
is seen from Table 9 that, per hectare total cost
of cultivation of kharif rice in high adopters
worked out to Rs. 57100.63, of which share of
cost-A was 45.14 per cent and that of cost-B
was 64.74 per cent. As regards, itemwise cost,
it was found that maximum cost (30.73%) was
incurred on family labour. Contribution of other
items ranged from 0.29 per cent on land
revenue to 17.47 per cent on rental value of
owned land. The yield obtained by high
adopters was 43.85 q of main produce and
47.19 q of by-produce. The gross returns of
the main and by-produce was Rs. 59865.50,
which is high as compared to other adopters
groups. As a result, the benefit cost ratio was
1.05 indicated that rice was more profitable in
high adopters than low and moderate adopters
groups.

It is seen from Table 10 that yield of rice was
profitable in moderate and high adopters
groups. In low adopters group, yield of rice was
profitable at cost-A and B; however, there was
a loss at cost 'C' level. In moderate and high
adopters groups, yield of rice was profitable at
all costs level. The profit at cost 'C' level (net
profit) was more in high adopters than other
groups. This revealed that the profitability was
more in high adopters group. This was due to
high technology adoption. The net returns
were Rs. 2764.87 in high adopters and Rs.
643.65 in moderate adopters. The net loss in
low adopters is Rs. 1457.84.

It is seen from Table 11, that per hectare

yield was less in low adopters than moderate
and high adopters. It was 43.85q in high
adopters, 38.98q in moderate adopters and
33.76q in low adopters i.e. per hectare yield is
directly related to adoption level. The per
hectare cost was directly related to adoption
level as, the adoption level was more, per
hectare cost was more and vice-versa. As
regards to per quintal cost of production, it was
inversely related to adoption level. Per quintal
cost of production was more in low adopters as
compared to moderate and high adopters and it
was less in high adopters.

Table 12 revealed that income levels of high
adopter group were more. Various input like
fertilizer, plant protection etc., were used more
by this category of farmers. Hence per hectare
labour utilization was maximum (212.92 day)as
compared with moderate (203.4 days) and low
adopters (190.51 day). Per hectare income
obtained by high adopter was Rs.59865.50
followed by moderate adopters (Rs.53437.00)
and low adopters (Rs.46310.00) group. The
B:C ratio was also more in high adopters group
(1.05) followed by moderate adopters (1.01).
While low adoptes have shown negative B:C
ratio (0.97). Therefore, it can be concluded that
for economical rice production all the new
technologies in rice production need to be
adopted.

The productivity of rice can be increased by
adoption of HYV and  hybrid varieties and the
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Table 12. Groupwise comparative hectare-1 expenditure
and income.

Group Human Total Total B:C
labour expen- income ratio
(days) diture (Rs.)

(cost C 
in Rs.)

Low adopters 190.51 47767.84 46310.00 0.97
Moderate adopters 203.40 52793.35 53437.00 1.01
High adopters 212.92 57100.63 59865.50 1.05



technologies given by the agricultural university.
There is big gap in the productivity at farmer's
field and potential yield on research station.
This gap can be bridge by proper extension
activities
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Weather decides success or failure of
agricultural crop production. Weather manifests
its influence on agricultural operations and farm
production through its effects on soil and plant
growth. Out of total annual crop losses, a
substantial portion is because of aberrant
weather. The loss could be minimised by
making adjustment with coming weather
through timely and accurate weather
forecasting. Agricultural operations can be
advanced or delayed with the help of advanced
weather forecast from three to ten days. An
agriculturally relevant forecast is not only useful
for efficient management of farm inputs but
also leads to precise impact assessment (Gadgil,
1989). This paper attempts to verify the
suitability of the medium range weather
forecasts and its impact on economic returns
for the crops grown in south konkan region of
Maharashtra state.

The south konkan region of Maharashtra is

located between 17° 45' N to 16° 2' N latitude
and between 73° 26' E to 73° 42' E longitude
with 720 km seacoast. The elevation varies
between 200 to 250 meters above mean sea
level. The south konkan comprises of two
districts viz., Ratnagjri and Sindhudurg. The
average annual rainfall of the region is
3500mm. The main crops are rice,
fingermillet, prosomillet, vegetables,
groundnut, short duration pulses and
horticultural fruit crops like mango and cashew
and off season vegetables with protective
irrigation. In addition poultry, dairy, fishery are
the important activities in the region.

Materials and Methods

The south west monsoon season is more
important for crop production in this region
and it was highly useful to the small and
marginal farmers. Medium range forecast on
rainfall (mm), cloud cover (okta), maximum and
minimum temperature issued for the period
from 1997 to 2006 for the south konkan
region was compared with the observed values
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of respective weather parameters of the station
located at the University of Dr. B. S. Konkan
Krishi Vidyapeeth, Dapoli. To assess the
reliability of weather parameters, different
verification methods were used. The forecast of
rainfall, temperature and cloud covers have
been verified by calculating the error structure.
The correct and usable cases summed up and
the combined values indicate the per cent
usability of the forecasts of occurrence of
rainfall to the total events. Hanssen and
Kuipers' Score (H.K. Score) indicates the ability
to discriminate between rainy and non rainy
days. It ranges between ±1 through the 0, the
zero indicating no skill. The verification of
weather forecasts was done for four seasons
viz., pre monsoon (April to May), monsoon
(June to September), post monsoon (October
to November) and winter (December to March)
as decided by India Meteorological Department
and methods prescribed by NCMRWF (Singh et
al. 1999) were used for verification of
forecasts.

Error Structure :
–––––––––––––––––––––––––––––––––––––––––––––––––––
Rainfall Correct ±10%

Usable ±20%
Temperature Correct ±1.0°C

Usable ±1.0°C to ±2.0°C
Cloud cover Correct ±1 Okta

Usable ±1 to 2.0 Okta
–––––––––––––––––––––––––––––––––––––––––––––––––––

Ratio Score and Hanssen and Kuipers'
Score
–––––––––––––––––––––––––––––––––––––––––––––––––––
Forecast Observed

–––––––––––––––––––––––––––––––––––––––––
Rain(Y) No rain (N)

–––––––––––––––––––––––––––––––––––––––––
Rain(Y) YY NY
No Rain (N) YN NN

–––––––––––––––––––––––––––––––––––––––––––––––––––

Ratio score = (YY + NN) / N * 100

Where, N = YY+NN+YN+NY is the total
number of days

Hanssen and Kuipers score = (YX x NN)-
(YN x  NY) / (YY + NN) - (NY + YN)

Evaluation of implementation of agromet
advisories by the farmers, regular estimation of
benefit/loss on each item of the advisory
realized at the Agro Advisory Services (AAS)
farmers, economic benefit/loss on adoption of
the agro advisory issued by the agromet division
compared with the non Agro Advisory Services
(non-AAS) farmers. For this purpose, 39
farmers from ten villages near the nodal centre
were identified to know the economic benefit
obtained by the farmers adopting the agromet
advisories. A field survey of the study area was
conducted and feedback from ten farmers from
each village were collected and summarized by
recording the yield of the crops from two
situations viz., recommended practices with
agro-advisory and recommended practices
without agro-advisory.
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Table 1. Qualitative analysis of rainfall forecast, realization
received and overall usability (%) analysis of the
forecasted rainfall for all years / seasons at
Dapoli.

Season Mean

Ratio score (%) :
Pre monsoon 87.34
Monsoon 80.58
Post monsoon 82.10
Winter 96.07
Whole year 89.22

Hanssen and Kuipers' score :
Pre monsoon 0.20
Monsoon 0.48
Post monsoon 0.59
Winter 0.17
Whole year 0.78

Rainfall :
Pre monsoon 71.02
Monsoon 49.14
Post monsoon 67.38
Winter 71.71
Whole year 67.16



Results and Discussion

Weather parameters : Data presented in
Table l in terms of the ratio score, their
respective HK score and overall usability
revealed that the main rainfall producing season
recorded lowest percentage of usability from
15.54 to 84.00 with 49.14 per cent as mean
value during 1997-2006. The forecast on
rainfall during post monsoon, winter and pre
monsoon showed 18.29 to 100.00, 19.98 to
100.00 and 17.82 to 100.00 per cent with
mean values to the extent of 67.38, 71.71 and
71.02 per cent usability which indicated that
the per cent usability of rainfall in monsoon and
post monsoon season was lower than pre
monsoon to the extent of 30.70 and 5.12 and
in winter 31.47 and 6.04 per cent,
respectively. Similar observations have also

been reported by Ranbir Singh et al. (2005) for
Delhi, Pantanagar, Ludhiaria and Palampur
agro-climatic regions. The mean HK score was
higher in post monsoon and monsoon seasons
compared to other seasons. Considering the
quantitative data, the overall usability of rainfall,
temperature (Maximum and Minimum) and
cloud cover have been worked out and
presented in Table 2. The mean usability for the
whole year in case of maximum temperature,
minimum temperature and cloud cover
recorded between 75.61, 69.57 and 81.53 per
cent, respectively, indicating that the
predictability during four seasons of 1997 to
2006 was better in accuracy when compared
with observed intensities of above referred
weather parameters.

Monetary benefit : Data presented in
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Table 2. Range and mean usability (%) for temperatures and cloudiness for the period (1997-2006).

Season Maximum temperature (°C) Minimum temperature (°C) Cloud cover (Okta)
––––––––––––––––––––––––––– ––––––––––––––––––––––––––– –––––––––––––––––––––––––––
Range Mean Range Mean Range Mean

Pre monsoon 75.92-93.05 85.58 67.49-88.00 73.98 79.43-86.27 81.91

Monsoon 78.71-85.91 82.31 78.62-96.71 86.02 54.85-77.17 66.01

Post monsoon 81.00-89.07 84.88 54.67-79.66 72.58 86.79-98.34 92.55

Winter 72.43-79.61 76.31 48.32-77.00 68.87 74.52-84.78 80.73

Whole year 21.80-85.64 75.61 41.03-84.70 69.57 75.43-84.62 81.53

Table 3. Economic impacts of agro advisory.

Crop AAS farmers (q ha-1) Non-AAS farmers (q ha-1) Additional Percentage
––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––– income gain over
Yield Rate Returns Yield Rate Returns to AAS non AAS
(q ha-1) (Rs. ha-1) (Rs. ha-1) (q ha-1) (Rs. ha-1) (Rs. ha-1) farmers farmers

(Rs.)

Rice (Local) 35.70 5007/- 178507/- 22.70 5007/- 113507/- 65007/- 57.27

Rice (HYV) 45.00 500/- 22500/- 30.50 5007/- 15250/- 72507/- 47.54

Rice (Hyb.) 74.00 5007/- 370007/- 55.50 5007/- 277507- 92507/- 33.33

Finger millet 20.50 5257/- 10762.50 14.50 5257/- 7612.50 31507/- 41.38

Vegetables 27.90 5500/- 153450/- 22.85 5500/- 125675/- 277757/- 22.10

Mango 35.00 30007/- 1050007/- 25.00 30007/- 750007/- 300007/- 40.00

Cashew 20.18 30007/- 605407/- 12.55 30007/- 376507/- 228907/- 60.80



Table 3 indicated that, the per cent gain of AAS
farmers over non-AAS farmers worked out by
the difference in return values of AAS farmers
verses non-AAS fanners dividing by returns of
non-AAS farmers and multiplied by hundred,
there was a considerable benefit to the range of
22,10 to 60.80 per cent to the AAS fanners
following the agro advisory bulletins, based on
the Medium Range Weather Forecast (MRWF)
by NCMRWF and MD over the non-AAS
farmers. Hence, the MRWF is found beneficial
to the farming community. Such findings were
also reported by Patel et al. (1998) and Ranbir
Singh et al. (2005).
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The practical approach of irrigation
scheduling is the use of pan evaporation data to
calculate evapotranspiration need of the crops
(Dastane, 1972). Generally irrigation
frequency, water application method and
quantity of water per irrigation play an
important role to achieve potential yields,
thereby it becomes essential concern to
scheduling of irrigation. The low temperature
during post rainy season is major constraint for
growth and development of groundnut crop.
Crop grown at low soil temperature delays the
germination and which may results in poor
plant stand.

On an average, there is daily 2.58°C
increase in the soil temperature under

polythene mulched groundnut and total
accumulated temperature increased by
325.77°C during entire growth period
(Kathmale, 2002). Similarly polythene
mulching creates better micro environment for
retention of soil moisture, reduction in
incidence of sucking pests, enhancement in soil
microflora which ultimately result in higher
yield. Planting of groundnut on broad furrows
provides loose soil mass, better aeration and
adequate soil moisture which favorably
influenced easy peg penetration unlike flat bed.

Materials and Methods

A field experiment on groundnut variety
TAG-24 was conducted during rabi 2009-2010
at Department of Agronomy, Dr. Balasaheb
Sawant Konkan Krishi Vidyapeeth, Dapoli. The
soil was sandy clay loam with pH 5.8. The
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Scheduling of Drip Irrigation to Groundnut (Arachis
hypogaea L) under Planting Layouts and Transparent

Polythene Mulch
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Abstract
Check basin recorded statistically superior plant height while significantly superior values of mean plant

spread and dry matter hill-1 were recorded in drip with 100 per cent of ET. Statistically superior values of total
number of pods, number of developed pods, weight of developed pods hill-1, 100 kernel weight, dry pod yield
(37.16 q ha-1) kernel, haulm and oil yield were recorded by the treatment drip 60 per cent of ET over the
rest of the scheduling treatments. Transparent polythene mulch with raised bed recorded significantly
improved plant spread, number of root nodules, dry matter hill-1 over rest of mulch and planting layouts
treatments at 90 days after sowing. Different yield attributing characters viz., number of pods hill-1, weight
of developed pods hill-1, 100 kernel weight, dry pod yield (36.67 q ha-1), kernel, haulm and oil yield were
found significantly superior under transparent polythene mulch on raised bed. Under limited availability of
water, for getting maximum net monetary returns (Rs. 41,007 ha-1) the groundnut may be grown under drip
irrigation, 60 per cent of ET with transparent polythene mulch on raised bed, with a B:C ratio of 1.40 with
WUE of 1.97 q ha-1-cm which saved 62.87 per cent irrigation water over check basin irrigation. The highest
field water use efficiency of 2.16 q ha-1-cm was observed in treatment combination of drip, 40 per cent of
ET with transparent polythene mulch on raised bed with 69.83 per cent of irrigation water saving over check
basin irrigation.

Key words : Groundnut, scheduling, drip, polythene mulch, planting layout.
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available nitrogen was 313.6 kg, with available
P2O5 10.60 kg, available K2O 267.45 kg ha-1.
The trial consisted of five main plot treatments
of scheduling of drip irrigation viz., T1 - drip
irrigation, 100 per cent of ET, T2 - drip
irrigation, 80 per cent of ET, T3 - drip
irrigation, 60 per cent of ET, T4 - drip
irrigation, 40 per cent of ET and T5 - check
basin as per recommendation, while sub plot
treatments comprised of planting layouts and
mulch, M0 - unmulched + flat bed, M1 -
unmulched + raised bed, M2 - transparent
polythene mulch + flat bed and M3 -
transparent polythene mulch + raised bed. The
trial was conducted in a split plot design with
three replications. Five tonnes of poultry

manure + 5 t of F.Y.M. and fertilizer dose of 50
kg N, 100 kg P2O5 and 50 kg K2O hectare-1

was applied as a basal dose in a band excavated
for sowing of groundnut.

For check basin, irrigation was scheduled at
40 mm CPE, as per recommendation while for
treatment T1 to T4 the treatment wise irrigation
was scheduled based on pan evaporation data
thrice a week. The gross plot size was 4.6 x 4.1
m2. The dibbling of groundnut was done at the
spacing of 20 x 20 cm and maintained the
uniform plant stand in all the plots. Drippers of
4 Iph discharge were used with a spacing of 60
cm. The operating pressure of 0.8 kg cm-2 was
maintained while applying irrigation to the
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Table 1. Growth, yield attributes and pod yield of groundnut as influenced by scheduling of drip irrigation, planting layouts
and mulch.

Treat- Growth observation at 90 Effec- Total Deve- Wei- 100 Shel- Dry Ker- Hau-
ment Days after sowing tive pds loped ght ker- ling pod nel lm

––––––––––––––––––––––––––––––––––––– pegs hill-1 pds of nel per- yield yield yield
Plant Lea- Plant Nod Dry hill-1 hill-1 deve- wei- cent- (q (q (q 
height ves spread ules matter loped ght age ha-1) ha-1) ha-1)
(cm) hill-1 hill-1 hill-1 hill-1 pds (g) (%)

(cm) (cm) hill-1

Irrigation scheduling :
T1 21.00 70.63 26.28 140.25 20.17 36.47 29.34 28.82 37.11 50.54 71.86 28.73 20.60 32.78

T2 19.57 66.28 24.65 146.83 18.13 33.73 32.97 29.18 43.83 52.76 71.48 34.55 24.61 38.09

T3 16.17 65.00 23.02 146.00 16.67 38.30 35.27 31.93 45.84 53.17 72.61 37.16 27.05 39.36

T4 15.58 67.68 23.08 138.75 15.92 35.92 31.33 27.58 41.36 50.41 71.91 32.85 23.65 35.56

T5 22.56 74.57 25.90 138.50 19.17 31.90 28.68 23.32 35.78 47.58 69.87 30.23 21.09 33.32

S.E.± 0.39 1.18 0.31 0.28 0.15 0.51 0.20 0.19 0.89 0.35 0.44 0.39 0.35 0.49

CD 1.48 N.S. 1.17 1.06 0.58 1.96 0.77 0.72 3.4 1.32 N.S. 1.51 1.33 1.89
at 5 %

Mulch and layouts :
M0 17.09 68.75 23.79 139.27 17.00 34.29 30.59 26.79 34.39 45.54 72.18 28.63 20.65 31.63

M1 17.51 67.91 24.40 139.87 16.60 36.47 30.81 28.83 41.10 47.31 70.26 29.98 21.03 33.29

M2 20.83 67.95 24.49 143.73 19.17 34.32 32.09 26.68 40.99 54.23 70.94 35.54 25.17 38.53

M3 20.46 70.68 25.67 145.40 19.27 35.97 32.59 28.77 46.64 56.47 72.80 36.67 26.74 39.84

S.E.± 0.18 0.62 0.11 0.16 0.12 0.38 0.17 0.25 0.76 0.31 0.36 0.24 0.20 0.28

CD 0.53 N.S. 0.33 0.48 0.34 N.S. 0.50 0.73 2.23 0.92 N.S. 0.69 0.59 0.83
at 5 %

T1 - Drip, 100 per cent of ET, T2 - Drip, 80 per cent of ET, T3 - Drip, 60 per cent of ET, T4 - Drip, 40 per cent of ET, T5
- Check basin as per recommendation, M0 - Unmulched + flat bed, M1 - Unmulched +raised bed, M2 - Transparent polythene
mulch + flatbed, M3 - Transparent polythene mulch + raised bed



crop. For dibbling of the crop, beds with 80 cm
width and 30 cm walking pathway was
maintained. Four rows were planted with 20
cm spacing on each bed. For raised beds, the
shallow furrows were excavated by using
swastik hoe, designed by Dr. Balasaheb Sawant
Konkan Krishi Vidyapeeth, Dapoli. Dibbling
was done on 15th December, 2009. The plot
area was covered by transparent polythene
mulch by spreading it before dibbling. The
transparent polythene film used for mulching
has, 90 cm width, 0.007 mm (7 micron)
thickness and 100 per cent elasticity. The crop
was harvested on 2nd week of April 2010. The
growth and yield observations were recorded
periodically and economics of the treatments
was studied by calculating net income and
B:C ratio.

Results and Discussion

Among the growth observations recorded at
90 days after sowing, treatment T5 (check basin
as per recommendation) recorded significantly
superior plant height over the rest of the
irrigation schedules (Table 1). In case of plant
spread hill-1 and dry matter hill-1, T1 (drip
irrigation 100% of ET) showed superiority over
the rest of the irrigation schedules, however,
the T1 was at par with T5 for the plant spread
hill-1. Treatment T2 (drip irrigation 80% of ET)
recorded favorably improved number of root
nodules hill-1 over T1, T4 and T5 however, T2
was at par with T3.

At 90 days after sowing, treatment T5
(check basin as per recommendation) recorded
significantly superior plant height due to
development of deep root system in which
sufficient amount of water (5 ha-cm irrigation-1)
was applied at 10 days interval which has
provided congenial condition for better
vegetative growth. Similarly, the plant spread
and dry matter hill-1 favorably increased with
the treatment T1 (drip irrigation, 100% of ET)

due to higher quantity of irrigation water
supplied through drip. For yield attributes viz.,
number of effective pegs, total number of pods,
number of developed pods and weight of
developed pods hill-1, 100 kernel weight, dry
pod, kernel and haulm yields of groundnut,
treatment T3 (drip irrigation 60% of ET)
recorded superior values over the rest of the
irrigation schedules. This might be due to better
soil aeration created in the root zone of the
crop, which reflected in better physiological
activity of plant and thereby increased yield
attributes in groundnut. Similar results were
reported by Parihar et al. (2008).

The treatment M3 (transparent polythene
mulch on raised bed) registered superior growth
attributes viz., plant spread, number of root
nodules and dry matter hill-1 over the rest of
land configuration layouts and mulch
treatments. The number of leaves plant-1,
number of effective pegs plant-1 and shelling
percentage was not statistically influenced by
mulch and planting layouts and yield and yield
attributes viz., total number of pods hill-1,
weight of developed pods hill-1, 100 kernel
weight, dry pod, kernel and haulm yields.
Higher moisture availability and optimum
temperature conditions under transparent
polythene mulch, throughout the crop growth
period resulted into better soil physical
conditions. This could be attributed to increase
in soil temperature through the green house
effect in between soil surface and polythene,
better soil moisture conservation and the
suppression of weed growth which resulted in
better growth of crop and thereby superior
reproductive growth might be resulted in
increased uptake of nutrients by the plant. Due
to higher plant-1 source value available under
broad bed furrow, sink values were significantly
superior to flat bed (Nalawade, 1999).

Economics : The highest gross income (Rs.
143069 ha-1) was recorded with the treatment
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combination T2M2 (drip irrigation 80% of ET
with transparent polythene mulch on flat bed)
while the treatment combination T3M3 (drip
irrigation 60% of ET with transparent
polythene mulch on raised bed) recorded the
highest net profit of Rs. 41,007 ha-1 closely
followed by the treatment combination T2M2.
The highest B:C ratio (1.44) was observed with
the treatment combination T5M3 (check basin
as per recommendation with transparent
polythene mulch on raised bed) closely followed
by (1.40) treatment combination T3M3 (drip
irrigation 60% of ET with transparent
polythene mulch on raised bed). Quantity of
irrigation water applied to T5M3 and T3M3 was
55 and 20.42 ha-cm respectively, the

treatment T3M3 saved 62.87 per cent irrigation
water over T5M3 with considerable saving in
labour required for laying out the field,
irrigation and fertilizer application etc. The
saved irrigation water can be used to irrigate
additional cultivated area thereby increasing
overall productivity. The highest water use
efficiency (2.16 q ha-1-cm) was recorded by the
treatment T4M3 (drip irrigation 40% of ET with
transparent polythene mulch on raised bed) due
to considerable less use of water without
compromising much dry pod yield.

It could be concluded that, under sufficient
water availability, the groundnut crop may be
grown with check basin irrigation as per
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Table 2. Yield, economics, water requirement, water saving and field water use efficiency as influenced by different
treatments.

Treatment Input Total Yield Gross Net B:C Seasonal Water Field
cost cost of dry income income ratio water saving water
(Rs. (Rs. pod (Rs. (Rs. require- over use effi-
ha-1) ha-1) (q ha-1) ha-1) ha-1) ment check ciency

(ha-cm) basin (q ha-1

(%) -cm)

T1M0 41192 82663 23.77 84665 2002 1.02 29.11 47.07 0.82
T1M1 42112 84647 25.33 90133 5486 1.06 29.11 47.07 0.87
T1M2 48392 95704 37.67 112581 16877 1.17 29.11 47.07 1.29
T1M3 49312 98257 34.17 121465 23208 1.23 29.11 47.07 1.17
T2M0 41192 85794 29.09 103450 17656 1.20 24.94 54.65 1.17
T2M1 42112 87726 30.54 108606 20880 1.23 24.94 54.65 1.22
T2M2 49017 102310 40.26 143069 40759 1.39 24.94 54.65 1.61
T2M3 49312 100717 38.23 136226 35509 1.35 24.94 54.65 1.53
T3M0 41192 88028 32.91 116850 28822 1.32 20.42 62.87 1.61
T3M1 42737 128910 36.28 128910 36275 1.39 20.42 62.87 1.77
T3M2 48392 100201 39.27 139562 39361 1.39 20.42 62.87 1.92
T3M3 49312 101817 40.19 142824 41007 1.40 20.42 62.87 1.97
T4M0 41192 86797 30.81 109465 22668 1.26 16.59 69.83 1.86
T4M1 42112 87644 30.42 108114 20470 1.23 16.59 69.83 1.83
T4M2 48392 97220 34.23 121674 24454 1.25 16.59 69.83 2.06
T4M3 49312 99300 35.93 127722 28422 1.28 16.59 69.83 2.16
T5M0 45337 71160 26.56 94465 23305 1.32 55.00 - 0.48
T5M1 46257 72683 27.32 97172 24489 1.33 55.00 - 0.49
T5M2 52537 82931 32.29 114764 31833 1.38 55.00 - 0.59
T5M3 53457 85457 34.75 123482 38025 1.44 55.00 - 0.63



recommendation (55 ha-cm) with transparent
polythene on raised bed with a water use
efficiency of 0.63 q ha-1-cm and the highest
B:C ratio of 1.44. Under limited water
availability to increase the water productivity,
the crop may be grown with drip irrigation
scheduled at 60 per cent of ET (20.42 ha-cm)
with transparent polythene on raised bed to
obtain the highest net profit of Rs 41,007 ha-1

with a B:C ratio of 1.40 and 62.87 per cent
saving of irrigation water over check basin.
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Abstract
Harvesting of groundnut is a labour consuming, expensive and tedious operation. Also to expose the

detached pods which are remain underground needs harrowing operation, hence consume more time, labour
and energy, which ultimately increases the cost of crop production. Hence, the shaking and pod exposing
attachments were developed and tested for performance in the medium black soil for semi spreading variety
- GG - 20 of groundnut. The test results indicated that an average draft requirement of groundnut digger
shaker and pod exposing attachment was 782 kg and 691 kg at an average speed of 3.79 km h-1 and 4.28
km h-1 respectively. The average effective field capacity and field efficiency in case of digger shaker was 0.35
ha h-1 and 80.10 per cent while for the pod exposing attachment was 0.41 ha h-1 and 81.33 per cent at
an average fuel consumption in range of 3.7 to 4.14 l h-1. The average digging efficiency of digger shaker
and pod exposing attachment was 90 and 93.28 per cent respectively. 

Key words : Testing, groundnut pod digger shaker, pod exposing attachment and tractor
drawn groundnut digger.

______________

Harvesting of groundnut (Archis hypogaea
L) or peanut crop means removal of the
groundnut pods with or without  plants from

the soil. Traditionally, in India hand pulling,
bullock drawn blade harrow, improved blade
harrow, tractor drawn blade harrow and similar
operations are carried out to harvest the
groundnut (Gupta et al. 2002). Also improper1., 2. and 3. Asstt. Professor, 4. Sr. Res. Asstt.



penetration of blade due to clogging with vines
and working under hard soil is common
problems faced regarding the blade operating
machineries (Dawelbet, 1993), resulting the
more percentage of pods left out in the field
(Nautiyal et al. 2001). Hence farmer has to go
for harrowing several times to expose the
buried as well as un-dug pods this operation
requires more time, more labour and power,
which ultimately increase in the cost of crop
production (Garg and Verma, 1990). Hence,
the investigation on tractor drawn groundnut
digger-shaker and pod exposing attachment
was carried out.

Materials and Methods

The groundnut digger shaker and pod
exposing attachments was the two attachments
works independently to complete the
groundnut harvesting. These attachments were

fabricated in the Department of Farm
Machinery and Power, College Of Agricultural
Engineering, Junagadh Agricultural University,
Junagadh in 2005. 

Development of groundnut digger
shaker : Groundnut digger shaker attachment
consisted of square bars, round bars and lifting
rods. Two MS square bars of size 25 × 25 mm
having length of 600 mm were rounded at
three points  to hold three tynes freely with the
help of bushes to fulcrum vertically and actuate
as and when required by the eccentric drive. On
either side of blade three pieces of 20 mm MS
round bar, each having 300 mm length and 20
mm diameter were taken and at one end of
each round bars outer threading was provided
so that it can be tightened with holes in square
bar. On the each square bar seven lifting rods
were fitted above the round bars with help of
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Fig. 1. Tractor drawn groundnut digger shaker



nuts, which were made from 20 mm diameter
of conduit pipe. The lengths of lifting rods were
ranged in between 600 to 400 mm. These
lifting rods were bolted on square bars at 70
mm spacing with help of nuts so that during
exposing it can be removed and pod exposing
attachment can be fitted with the help of same
nut bolts. The lifting rods were bended
downward at rear end with the help of suitable
fixture so that a groundnut plant after digging
passes backward easily. The 20 mm diameter
of MS round bar was laterally attached to lifting
rods in such a way that all lifting rods remain
separated at same spacing. The other
constructional details regarding the digger
shaker attachment is shown in Fig. 1.

Development of groundnut pod
exposing attachment : Groundnut pod
exposing attachment (Fig. 2) consists of two
rectangular frames having 600 mm length and
410 mm width made of MS flats. In each
rectangular frame series of MS flats having size

25 x 5 mm are welded in such a way that they
were 25mm apart and at an angle of 20° with
frame. Both the rectangular frames were bolted
on the square bars with the help of 10 mm
nuts. This attachment was attached after
detachment of digger shaker attachment. 

Power transmission system : The power
transmission system consists of gear box
assembly and eccentric drive arrangement.  The
gear box assembly is used for transmitting
power from tractor PTO to the shaking/pod
exposing attachment. It consisted of four bevel
gears, which were mounted in housing on steel
shafts. This housing was attached to the ring
gear. The bevel gears mesh with two side gears.
The side gears are attached to the two counter
shafts of mild steel having diameter 25 mm.
The outer shafts transmit power to connecting
rod. The gear ratio was 2:1 which was decided
by trial and error method in such a way that
there would no damage to machine parts
during the harvesting operation.
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Two circular flanges, called cranks,
were provided on the outer side of both shafts
having 200 mm diameter and made from 20 x
10 mm MS plate. On each flange two holes
were provided so that displacement of
connecting rod can be adjusted as per
requirement of the operation. 

Eccentric drive arrangement consists of two
crank rods/link (fitted eccentrically to the crank
wheel) and connecting rods/link (fitted to the
extreme ends of the square bar at bottom).
Crank rods and connecting rods were made
from 20 mm MS flats. One end of crank rod
was attached to the circular crank wheel with
the help of ball bearing and another end
connects rear end of the connecting link.
Forward end of the connecting link was bolted
to the square bar. Connecting rod used in the
system converts the rotary motion of the shaft
into vertical up and down motion. 

The drive was taken from PTO of the tractor
to gearbox of the working unit through
universal joint. Then drive was transmitted to
the output shaft which again delivers the power
to the crank wheel-rod and finally from
connecting rod to the digger shaker /pod
exposing attachment.  

Methodology of performance testing :
The working performances of the developed
groundnut pod digger shaker and pod exposing
attachments were tested in terms of field
parameters, operating parameters and
performance parameters as per the standard
procedure given in ISI test code No. IS:11235-
1985.

Field parameters : Field parameters
consists mainly the termination of field
selection, moisture content and density. The
experimental test plot was 0.25 ha as per the
recommendation of the ISI test code which was
located at the instructional farm of Junagadh

Agricultural University, Junagadh. The soil
moisture was determined by gravimetric
method. Bulk density was determined by the
core cutter method, in which the samples were
weighed and dry weights of the samples were
also measured. From the moisture content (db),
the ratio of dry weight of soil to volume gave
the bulk density.

Operating parameters : Depth of cut,
width of cut, operating speed and wheel
slippage were the operating parameters that
were calculated for both digger shaker and pod
exposing attachment. The depth of cut was
determined by measuring the vertical distance
between horizontal soil surfaces to the bottom
of dug furrow and the width of cut was
determined by measuring the horizontal
distance cut by blade with the help of measuring
tape. The operating speed for digger shaker
and pod exposure unit was determined by
observing the time required to travel 50 m
distance between two poles by front end of the
tractor with the help of stopwatch.

Per cent wheel slip was calculated by the
following formula,

P - Q
Per cent wheet slip = ––––––– x 100

P

Where,  P = revolutions of drive wheels with
load condition, Q= revolutions of drive wheels
without load.

Performance parameters : Performance
parameters for digger-shaker and pod exposing
attachment were determined by the following
methods. 

The fuel consumption was calculated by
amount of fuel required during the operating
time. Two tractors were used for draft
measurement. A dynamometer was attached
horizontally between two tractors with the help
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of S-shaped hook. The front tractor was
operated and the second was kept in off
position with in neutral gear without
implement. The horizontal pull was measured
for pulling the tractor only. After this, the
developed attachment was attached to the rear
tractor, in working condition then the front
tractor was started so that the rear tractor with
developed was drawn in working position and
the pull was recorded. The difference between
two readings indicated the required pull for the
groundnut digger shaker/pod exposing
attachment and draft was calculated with the
help of following equation. 

Draft = P cos θ, Where, P= Horizontal pull
(kg f), θ = 0°

The power requirement, theoretical field
capacities, effective field capacities and field
efficiency for digger shaker and pod exposing
attachment were calculated by the following
formulae; Power requirement (hp) = Draft (kg)
x Speed (m s-1)/75, Power field capacity (ha
h-1) = (width of cut, m) x (spped, km ha-1)/10,
Effective field capacity (ha h-1) = (width of cut,
m) x (length of strip, m)/(time taken, h) x
10000, Field efficiency (%) = Effective field
capacity x 100/Theoretical field capacity.

Pod losses for groundnut digger shaker :
After completion of digging operation, three
plots of 2 x 1.2 m were demarked randomly for
determining the harvesting losses. From all
sample areas, the harvested plants along with
pods were collected and the damaged pods
were separated. The exposed pods, which were
lying on the surface, were collected. The buried
pods and un-dug pods were also collected. The
losses were calculated with the help of following
formulae; i) Total quantity of pods A = B + C 

Where, A = Total quantity of pods collected
from plant in a sample area, B = Quantity of
clean pods collected from the plants dug in the

sample area, exposed pods lying on the surface
and the buried pods, C = Quantity of damaged
pods collected from the plants in the sample
area, 

C
ii) Percentage of damaged pods = –––– x 100   

A

G
iii) Percentage of exposed pod loss = –– x 100

A

Where, G = Quantity of detached pods lying
exposed on surface 

H
iv) Percentage of buried pod loss =  ––– x 100

A

Where, H = Quantity of left out pods buried
into the soil in the sample area.                      

K
v) Percentage of un-dug pod poss = ––– x 100  

A

Where, K = Quantity of pods remained
undetached from the un-dug plants in the
sample area. 

Digging efficiency = 100 - losses in (ii + iv + v)

Pod loss for groundnut pod exposing
attachment : After completion of pod
exposing operation, the exposed pods were
collected from the three randomly selected
plots (size 4 X 1 m). The losses were calculated
by the following formulae; 1) Total Quantity of
Pod (a) = b + c

Where, b = Quantity of damaged pods
collected from sample area and c = Quantity of
left-out pods after exposing

b
2) Percentage of damaged pod loss = –––    

a
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c
3) Percentage of left-out pod loss = –––    

a

Exposing Efficiency = 100 - (Sr. 2 +3)

Results and Discussion

The developed groundnut digger-shaker and
pod exposing attachments were tested for its
performance as per ISI test code No.
IS:11235-1985 for semi-spreading variety
(GG-20) of groundnut, grown at 60 cm row
spacing with plant density of 9 plants per meter
length. Moisture content at the time of
operating the digger-shaker and pod exposing
attachment were 14.26 and 12.97 % (db)
respectively. The bulk density of soil was 1.42
g cc-1. The lateral pod distribution pattern in
the soil was found to be 20 cm on either side of
tap root. The maximum depth of pod setting
was found to be 10 cm and about 96.8 per cent
of pods were set within the periphery of 35 cm.
The remaining percentage of pods was situated
between 35 to 40 cm peripheries. The other
details' regarding the soil and crop parameters
at the time of operation is given in Table 1.

Performance of developed groundnut
digger shaker : While working with
groundnut digger shaker the operating depth
ranged between11 to 13 cm with an average
depth of 12 cm. This was adequate for digging
the groundnut plants without any damage
because the pod zone depth of groundnut was
up to 10 cm from the ground surface (Rajput,
1999). The average speed of operation was
3.79 km h-1 which produces an average draft
of 782 kg at an average working depth of 12
cm. Groundnut digger-shaker was found to be
operating at lower speed as compared to the
pod exposing attachment; it may be due to
higher moisture content in the soil at the time
of digging (Marviya et al. 1988). 

An average calculated power required for
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Table 1. Preliminary observations at the time of
harvesting of groundnut crop.

Parameter Specification

Variety of crop Semi spreading (GG-20)
Type of soil Medium clay
Row spacing 60 cm
Date of sowing 17/06/2005
Date of harvesting 11/10/2005
Crop duration 110 days
Soil moisture content (%) 14.26
(For digger shaker)
Soil moisture content (%) 12.97
(For Pod exposing)
Bulk density g/cc 1.42
Plant density 17 plants m-1

Length of field plot 104 m
Width of plot field 24 m
Area of plot 0.25 ha

Table 2. Field test observations of groundnut digger
shaker and pod exposing attachment.

Observation Groundnut Groundnut
digger shaker pod exposing
attachment attachment

Depth of cut (cm) 12 13
Width of cut (cm) 120 120
Time required for 47.33 42
50 m run (s)
Starting time (am) - -
Finishing time (am) - -
Net total time (min) 31.33 30
Total time loss (min) 10 7
Total working time (min) 41.33 36
Pull with tractor (kg) 426.66 426.7
Pull with tractor and 1208.66 1118
implement
Net Pull (kg) 782 691.3
Angle of Inclination 0 0
(degree)
Draft (kg) 782 691.3
Speed of operation  3.79 4.28
(km h-1)
Power requirement (hp) 10.96 10.93
Theoretical field 0.45 0.51
capacity (ha h-1)
Effective field capacity 0.35 0.41
(ha h-1)
Field efficiency (%) 80.10 81.33
Fuel consumption (l h-1) 4.14 3.7
Percent slip (%) 8.97 11.41



operating the digger shaker was 10.96 hp
which was within the available drawbar
horsepower (approximately 21 hp) of 35 hp
tractors, so the implement can perform
effectively even at higher depths/drafts also for
the same attachment. The effective field
capacity of the digger shaker (0.36 ha h-1) was
low as compared to the pod exposing
attachment (0.41 ha h-1), because much of time
was lost in cleaning the blades and frequent
clogging of vines in round bars. This resulted
80 per cent field efficiency.

The fuel consumption in case of digger
shaker operation was 4.14 l h-1. Also, an
average wheel slip was 8.97 per cent. The slip
increases with increase in forward speed of
operation. 

An average exposed pod losses, buried pod
losses and damaged pod losses were observed
to be 5.04 per cent, 2.67 per cent and 2.29
per cent respectively. Thus, the average total
pod losses obtained were 10 per cent with an
average digging efficiency of 90 per cent.
Those pods remained underground by the
digger shaker operation were recovered
exposed by the pod exposing attachment (Table
3).

Performance of developed pod
exposing attachment : Pod exposing
attachment was worked well in the operating
depth ranged between 12 to 14 cm with an
average depth of 13cm. This was also an
adequate depth of operation because the pod
zone depth which was till uncovered by the
digger shaker due to configuration of
longitudinally placed round bars and the pods
which were till imposed in the volume of soil
was, were covered/handled by laterally placed
rectangular frame of the pod exposing
attachment. The average speed of operation
was 4.28 km h-1 which was quite higher than
the digger shaker, produced an average draft of

691.3 kg at an average working depth of 13
cm. The draft experienced in case of this
attachment was slightly less than that of the
digger shaker (782 kg), even though the depth
of operation was more (13 cm), this is because
the moisture present at the time of working was
reduced due to handling of soil before and
hence the operation which caused reduction in
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Table 3. Observations of field losses during operation of
groundnut digger shaker.

Observation Mean

Quantity of damaged pods collected from 8.4
the plant in a sample area. (g)

Quantity of left-out but exposed pod in 18.4
the soil. (g)

Quantity of left-out but buried pod in 9.8
the soil. (g)

Quantity of left out but pods with un-dug -
plants. (g)

Quantity of undamaged pods collected 331.2
from sample area. (g)

Total quantity of pods collected from 365.5
the plants. (g)

Percentage of Damaged pods 2.29

Percentage of Exposed pods 5.04

Percentage of Buried pods 2.67

Percentage Un-dug pods -

Total Percentage of pod losses. 10.0

Digging Efficiency, (%) 90.00

Sample Area : - 2 x 1.2 m

Table 4. Observations of field losses during operation of
groundnut pod exposing attachment.

Observation Mean

Total quantity of pods exposed (g) 33.7

Quantity of damaged pods during -
exposing (g)

Quantity of left-out pods below soil 2.4
after exposing (g)

Total quantity of pods from sample 36.1
area after digging (g)

Percentage of damaged pods -

Percentage of left-out pods 6.72

Total pod losses (%) 6.72

Exposing efficiency (%) 93.60



specific soil resistance (Table 2). 

The calculated average power required for
operating the digger shaker was 10.93 hp
which was also within the available drawbar
horsepower. The effective field capacity of the
pod exposing attachment was 0.41 ha h-1,
which gave 81.33 per cent field efficiency.

The fuel consumption in case of digger
shaker operation was which 3.70 l h-1. Also, an
average wheel slip was less and was averaged to
per cent. The slip increased with increase in
forward speed of operation. Soft soil and
increased forward speed caused the more slip in
case of pod exposure (11.41 %)

The average lefts out pod losses were
observed as 6.72 per cent while damaged pod
loss were nil. Thus total pod losses were
obtained 6.72 per cent with exposing efficiency
of 93.28 per cent (Table 4).

Cost of harvesting : Considering the cost
of material required and labour charges (Rs.100
and Rs.50 for skilled and unskilled persons) the
cost of developed attachments (shaking and
pod exposing) was calculated Rs. 25,000/-.
The developed machines required only labour,

while for manually harvesting required 14
labour per hectare. The total cost required for
operation i.e. for harvesting with attachments
was Rs. 673.17 ha-1 which saved Rs. 135/- as
against manual harvesting (Rs. 807.804 ha-1). 
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Generally jaggery is prepared in solid form
having different shapes. Jaggery has poor
keeping quality because of its high moisture
content and hygroscopic nature due to
presence of salts and non sugar constituents.
Five to 10 per cent jaggery suffers spoilage in
storage (Suryaprakash Rao and MohanRao,
1957). The probable solution to overcome
poor storability of jaggery could be preparation
of jaggery in powder form , drying to reduce
moisture content to safe limit and packaging it
in moistureproof hygienic packaging material.
Jaggery powder thus prepared could be stored
up to 2 years with negligible physical and
chemical changes (Ramkrishna Rao and
Lakshminarayan, 1999). Powder form of
jaggery possesses fair colour than solid jaggery
and it is very easy to use in food preparation
and consumption like white sugar. Presently
jaggery powder is being prepared manually in
different parts of the country. In the present
study, an attempt has been made to prepare
jaggery powder by mechanical means.

Materials and Methods

The experiment was conducted at All India
Coordinated Research Project on Post Harvest
Technology at Regional Sugarcane and Jaggery
Research Station, Kolhapur. Various trials on
different aspects of jaggery powder production
process viz.; selection of mill, drying of jaggery
and testing of mill for jaggery powder making,
were conducted during the year 2007-08 and
2008-09. The flow process chart of jaggery
powder production is Mature sugarcaneÞ

cleaning (removal of leaves, rootlets etc.)Þcane
crushingÞjuice filtrationÞboiling of juiceÞ

clarification of juiceÞconcentration of juiceÞ

judging jaggery stage (striking point)Þcooling
and stirring of hot jaggeryÞsubjecting the
jaggery into smaller piecesÞdryingÞsize
reductionÞdryingÞsievingÞpacking.

Jaggery processing : Well matured
sugarcane (var. Co 86032) having brix more
than 21° was harvested and used for
production of jaggery  as per standard
procedure (Patil et al. 2007). For quality
jaggery production along with its good friable
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crystals, the striking point temperature of
jaggery was raised by 2°C i.e. from 118° to
120°C (Ramkrishna Rao and
Lakshminarayana, 1999). After attaining the
jaggery stage, the boiling pan was removed
from furnace by frame-wheel-track mechanism
and hot jaggery was poured into cooling pit.
Rigorous stirring of hot jaggery mass was
carried out manually by stainless steel scrapers

in order to accelerate cooling. Stirrings also
helps to dry the jaggery and to improve the
granulation of jaggery. Cross lines were drawn
to hot jaggery by scrapers to get small dried
pieces of jaggery.

Selection of milling machine : The
hammer mill was selected for size reduction of
jaggery. Hammer mill works on the principle of
impact and crushing and produces
comparatively cooled products than other size
reduction machines (Anonymous, 2005). 

Drying of jaggery : Jaggery was dried at
temperature of 45°, 55° and 65°C for 3, 4 and
5 hours. The experiment was carried out in
factorial randomized block design with 3
replications. The dried jaggery pieces were
milled by hammer mill. Sieve analysis of jaggery
powder samples were carried out by standard
procedure with the help of sieve shaking
machine. From sieve analysis fineness modulus
and average particle size were calculated.

Jaggery powder making process : The
hammer mill ( Make -Jupitor CUB) operated by
5 hp electric motor was selected for powder
making. Based on results of 2007-08 (Table 1)
the jaggery pieces were dried in tray dryer at 45
°C temperature for 5 hrs. The well dried 3.0 kg
sample of jaggery pieces was fed to the inlet of
hammer mill. The feed rate of 130.71 kg hr-1
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Table 1. Effect of drying temperature and duration on
particle size of jaggery powder (2007-08).

Treat- Moisture Fineness Average
ment content modulus particle

(% wb) (mm) size
(mm)

Drying temperature (°C) :
45 1.45 5.48 0.73
55 1.68 5.52 0.75
65 1.87 5.77 0.81
SE± 0.035 0.253 0.026
CD 0.05 0.105 NS* NS

Drying period ( hr) :
3 1.76 5.73 0.80
4 1.65 5.58 0.78
5 1.59 5.47 0.73
SE± 0.035 0.253 0.026
CD 0.05 0.105 NS NS

Interaction (A x B) :
SE± 0.061 0.046 0.438
CD 0.05 NS NS NS

*NS -Statistically not significant.

Table 2. Effect of hammer mill parameter on jaggery powder making (2008-09).

Treatment Jaggery Jaggery Hammer mill parameters Jaggery powder size parameters
(concave size) powder wastage –––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––

collcted due to Capacity Efficiency Finess Average
(kg) stickiness (kg ha-1) (%) modulus particle

(kg) (mm) size (mm)

*B S1 (2 mm) 1.556 1.496 46.256 51.072 4.704 0.585
B S2 (3mm) 1.828 1.222 54.010 59.924 4.950 0.632
B S3 (4mm) 1.810 1.240 66.016 59.336 5.189 0.681
B S4 (5 mm) 1.979 1.072 69.804 64.844 5.367 0.719
SE± 0.003 - 2.997 0.020 - -
CD 0.05 0.009 - 9.237 0.061 - -

*B : No. of beaters were 16 for all the trials.



was maintained. The size reduction trials were
conducted by changing concave (screen) size
viz., 2, 3, 4 and 5 mm while number of beaters
(hammer) were maintained to 16 numbers. The
trials were conducted in RBD design with 5
replications. Very fine jaggery powder was
taken off from blower end and jaggery granules
were collected below the concave. The capacity
and efficiency of size reduction were worked
out. Sieve analysis of jaggery powder samples
were carried out by standard procedure with the
help of sieve shaking machine. From sieve
analysis fineness modulus and average particle
size were calculated.

Results and Discussion

Drying of jaggery : The data on effect of
drying temperature and duration on particle
size of jaggery powder are presented in Table 1.
Significantly lowest moisture content (1.45%)
with lowest fineness modulus (5.48 mm) and
lowest average particle size (0.73 mm) were
recorded due to drying of jaggery powder at
45°C temperature, indicating proper fineness
and drying of jaggery. Lowest moisture content
(1.59%), lowest fineness modulus (5.47 mm)
and lowest average particle size (0.73 mm) was
observed due to drying jaggery samples for 5
hrs duration. The interaction effect between
drying temperature and duration on moisture
content and average particle size was not
significant.

Hammer mill testing : The data obtained
from jaggery size reduction trials by hammer
mill were recorded and are presented in Table
2. It is revealed from the data that significantly
highest quantity of jaggery powder was
collected due to screen S4 (5.0 mm) while
significantly lowest was collected due to screen
S1 (2.0mm). Jaggery wastage or losses due to
melting of jaggery was found highest in screen
S1 (1.496 kg) while it was least in screen S4

(1.072 kg). The capacity and efficiency of
hammer mill in making jaggery powder was
found increasing with increase in screen size.
The highest capacity of 69.804 kg hr-1 was
recorded by screen S4 followed by S3 (66.016
kg hr-1). Jaggery powder making efficiency was
significantly more in S4 (64.84%) while
significantly lower efficiency was observed in S1
(51.072%). The fine jaggery powder was
obtained by screen S1 with lowest fineness
modulus (4.704 mm) and average particle size
(0.585 mm). The screen S4 recorded highest
fineness modulus (5.367 mm) and average
particle size (0.719 mm).

Conclusion : Drying of jaggery at 45°C
temperature for 5 hours in tray dryer found
suitable for proper drying and milling of
jaggery. Considering the capacity and efficiency
of jaggery powder making, hammer mill may
be operated by maintaining 16 No. of beaters
and 5 mm concave size. Frequent choking of
concave and wastage of jaggery due to melting
are the constraints which needs to be
overcome.
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Wheat (Triticum aestivum L.) is extensively
cultivated worldwide, India is one of the major
wheat growing country. At present the
productivity of wheat is very low as compared
to other wheat growing countries. There is
scope to increase the production potential of
wheat by efficient utilization of irrigation water
and applied nutrients. Therefore, an effort has
been made to boost the production potential of
wheat by increasing the use efficiency of
applied nutrients and irrigation water.

Materials and Methods

The field investigation was conducted at
Post Graduate Research Farm, Mahatma Phule
Krishi Vidyapeeth, Rahuri (M. S.) during rabi
season of 2007-08. The soil was sandy clay
loam in texture, low in available nitrogen
(157.2 kg ha-1), medium in Phosphorus (17.4
kg ha-1) and high in potassium (280.7 kg ha-1)
with alkaline in reaction (pH 8.20).

The soil moisture content at field capacity,
permanent wilting point was 30.17, 15.04%
respectively and the bulk density of soil was
1.33 Mg M-3. The experiment was laid in a split
plot design with three replication.

The treatments consisted of six irrigation
regimes viz., I1 - 0.8 IW/CPE ratio with 6 cm
depth of irrigation water, I2 - 0.8 IW/CPE ratio
with 8 cm depth of irrigation water, I3 - 1.0
IW/CPE ratio with 6.0 cm depth of irrigation
water, I4 - 1.0 IW/CPE ratio with 8.0 cm depth
of irrigation water, I5 - 1.2 IW/CPE ratio with
6.0 cm depth of irrigation water, I6 - 1.2
IW/CPE ratio with 8.0 cm depth of irrigation
water as main plot treatments and three
treatments of nutrient management viz., F1 -
Recommended dose of fertilizer (120 : 60 : 60
kg N, P205, K20 ha-1 + 10 t FYM ha-1), F2 -
fertilizer dose as per soil test (150:60:45 kg N,
P205, K2O ha-1) and F3 - Fertilizer dose as per
STCRC - 45 q ha-1 yield target (223:37:51 kg
N, P205, K20 ha-1) as sub plot treatments. The
crop was sown on 29th November, 2007 at a
spacing of 22.5 cm between two rows. Basal
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dose of phosphorus and potassium and half
dose of nitrogen was applied as per treatments
at the time of sowing and remaining half dose
of nitrogen was applied at the time of third
irrigation with respect to irrigation treatments.

The irrigations were applied as per
treatments. At each irrigation turn measured
quantity of irrigation water was applied with the
help of 90°V notch weir. 

Results and Discussion

Effect of irrigation regimes : Data
presented in Table 1 revealed that, application
of irrigation at 1.2 IW/CPE ratio with 6.0 cm
depth of irrigation water registered significantly
higher values of growth attributes viz., plant
height (78.43 cm ) and number of functional
leaves plant-1 (13.44), however, it was at par
with I3, I4 and I6. This might be due to
application of frequent and adequate moisture
increased the vegetative growth by greater cell
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Table 1. Growth and yield attributes of wheat as influenced by different treatments.

Treatment Plant Funct- Effective Length Grains Weight 1000 Grain Starw
height ional tillers of pani- of grain yield yield
(cm) leaves meter-1 panicle cle-1 grain weight (q ha-1) (q ha-1)

plant-1 length (cm) panicle-1 (g)

Irrigation regimes :
I1 : 0.8 IW/CPE 69.21 10.34 107.12 5.50 45.19 4.58 38.68 38.06 50.63

with 6.0 cm depth
I2 : 0.8 IW/CPE 65.42 8.70 102.13 4.72 44.94 3.98 36.76 36.88 44.49

with 8.0 cm depth
I3 : 1.0 IW/CPE 78.31 12.98 124.60 7.25 47.87 7.20 42.49 43.87 56.49

with 6.0 cm depth
I4 : 1 .0 IW/CPE 75.13 11.63 116.36 7.20 47.74 7.15 42.30 43.66 55.88

with 8.0 cm depth
I5 : 1.2 IW/CPE 78.43 13.44 115.44 6.78 46.82 6.58 41.39 42.99 54.24

with 6.0 cm depth
I6 : 1.2 IW/CPE 77.10 12.68 112.12 6.10 46.62 5.96 40.41 41.20 52.60

with 8.0 cm depth
S.Em.± 1.08 0.15 1.64 0.09 0.05 0.02 0.07 0.38 0.43
CD at 5 % 3.40 0.49 5.19 0.28 0.15 0.07 0.22 1.19 1.39
Nutrient management :
F1 : GRDF (120:60:60 72.20 11.40 112.97 6.63 47.95 7.71 42.30 40.88 50.91

kg N, P2O5, K2O ha-1

+ 10t FYM ha-1)
F2 : Fertilizer dose as 72.12 10.83 105.92 5.87 47.89 6.92 40.81 38.30 49.02

per soil test (150:60:45 
kg N, P2O5, K2O ha-1)

F3 : Fertilizer dose as 78.46 12.64 119.99 7.29 48.76 8.09 42.94 44.16 57.23
per STCR - 45 q 
ha-1 yield target 
(223:37:51 kgN, 
P2O5, K2O ha-1)

S.Em.± 1.29 0.10 1.80 0.06 0.03 0.01 0.05 0.64 0.68
CD at 5 % 3.79 0.31 5.26 0.18 0.11 0.04 0.16 1.88 1.99
Interaction :
S.Em. ± 3.18 0.26 4.41 0.15 0.09 0.03 0.13 1.58 1.67
CD at 5 % N.S. N.S. N.S. 0.45 0.28 0.11 N.S. 4.62 4.89

GRDF = General recommended dose of fertilizer, STCR = Soil test crop response



elongation and turgidity of plant cells. Similar
results were reported by Singh and Bhan
(1998). Whereas maximum number of tillers
per meter length (124.60) and yield attributes
viz., length of panicle (7.25 cm), number of
grains per panicle (47.87), grain weight per
panicle (7.20 g), 1000 grain weight (42.49 g),
grain yield (43.87q ha-1) and straw yield (56.49
q ha-1) were obtained due to scheduling of
irrigation at 1.0 IW/CPE ratio with 6.0 cm
depth of irrigation water. This might be due to
crop received adequate moisture throughout
the growth period, which increased the
availability of nutrients and increase the
vegetative growth. This resulted in more
photosynthesis and CO2 assimilation and cell
elongation, which ultimately reflected on yield
of wheat. Similar results were reported by Patel
and Upadhyay (1993), Singh and Bhan (1998)
and Parihar and Tiwari (2003).

The maximum total uptake of nitrogen,
phosphorus and potassium by wheat grain and
straw was recorded due to scheduling of
irrigation at 1.0 IW/GPE ratio with 6.0 cm
depth of irrigation water. This might be due to
frequent application of irrigation help to
increase the solubility of added nutrients which
lead to increase in uptake of nutrients by the
crop (Table 2).

Scheduling of irrigation at 0.8 IW/CPE ratio
with 8.0 cm depth of irrigation water reported
significantly higher gluten content in wheat
grain (14.11%) which was at par with 0.8
IW/CPE ratio with 6.0 cm depth of irrigation.
Gluten content increased with decrease in
frequency of irrigation which in turn reduced
uptake of water at low moisture regimes and
increased cell sap concentration. This result is
in agreement with reported by Zhao et al.
(2008). The mean protein content in wheat
grain was maximum and significantly more
(10.87%) due to scheduling of irrigation at 1.0
IW/CPE ratio with 6.0 cm depth of irrigation

water than rest of the treatments except 1.0
IW/CPE ratio with 8.0 cm depth and 1.2
IW/CPE ratio with 6.0 cm depth. This might be
due to adequate moisture availability
throughout the growth period of wheat crop
which increased the uptake of nutrients and in
concentration of solid constituents in cell sap
which resulted in increase in protein content in
wheat grain. Similar results were reported by
Patil et al. (2001).

The net quantity of water applied was varied
from 36 to 52 cm due to scheduling of
irrigation at different regimes. The maximum
consumptive use (34.47 cm) was recorded with
scheduling of irrigation at 0.8 IW/CPE ratio
with 8.0 cm depth of irrigation water, while
minimum consumptive use (29.10 cm) in
scheduling of irrigation at 1.2 IW/CPE ratio
with 6.0 cm depth of irrigation water. This
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Table 2. The uptake of nutrients and quality of wheat as
influenced by different treatment.

Treat- Nitro- Phosp- Pota- Protein Gluten
ment gen horus ssium content content

(kg (kg (kg (%) (%)
ha-1) ha-1) ha-1)

Irrigation regimes :
I1 79.04 20.56 78.12 10.00 13.19
I2 60.08 17.69 68.19 7.75 14.11
I3 98.36 27.53 91.30 10.87 10.75
I4 95.77 25.46 89.41 10.75 11.13
I5 90.66 22.83 86.26 10.56 8.27
I6 84.46 20.85 81.76 10.12 9.71
S.Em.± - - - 0.19 0.62
CD at 5 % - - - 0.59 1.95

Nutrient management :
F1 92.10 22.65 83.74 11.13 10.13
F2 79.48 20.09 77.18 10.25 9.98
F3 108.11 29.81 97.42 12.06 13.48
S.Em.± - - - 0.41 8.81
CD at 5 % - - - 1.23 0.38

Interaction :
S.Em. ± - - - 1.76 2.00
CD at 5 % - - - N.S. N.S.

GRDF = General recommended dose of fertilizer, STCR =
Soil test crop response.



indicated that water use decreased with
increasing frequency of irrigation because of
frequent irrigation increased the losses. Similar
result were reported by Yadav and Ramdeo
(2008).

Scheduling of irrigation at 1.2 IW/CPE ratio
with 6.0 cm depth of irrigation water recorded
significantly higher water use efficiency in
wheat than rest of the irrigation regimes except
irrigation at 1.0 IW/CPE with 6.0 cm depth of
water. Scheduling of irrigation at 0.8 IW/CPE
ratio with 8.0 cm depth of irrigation water
recorded lowest water use efficiency because of
inadequate irrigation water with prolonged
interval and create water stress condition which
resulted in reduction in crop yield. These results
are in collaborative with those reported by
Ashok Kumar et al. (1995). 

Effect of nutrient management : An
application of fertilizer dose as per STCRC

equation (45 q ha-1 yield target) recorded
significantly higher values of growth and yield
attributes than rest of the treatments. This
might be due to balanced fertilization by
considering available soil nutrients and crop
need in respect of nutrients. These result are in
agreement with those reported by Tamboli et
al. (1994), Suri and Verma (1999) and Ray et
al. (2000).

Application of fertilizer dose as per STCRC
equation (45 q ha-1 yield target) registered
higher grain yield (44.16 q ha-1) than rest of the
treatments (Table 3). The yield target of 45 q
ha-1 was achieved by balance fertilization based
by fertilizer prescription equation and proved
the validity of such equations. These results are
in conformity with those reported by Suri and
Verma (1999) and Sharma and Singh (2000).
Application of recommended dose of fertilizer
+ 10 t FYM ha-1 (GRDF) was found second in
order in respect of wheat grain yield.
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Table 3. Moisture studies as influenced by different treatments in wheat.

Treatment Moisture Irrigation Effective Consumptive Yield WUE
depletion applied rainfall use (kg ha-1) (kg ha-1

(cm) (cm)* (cm)** (cm) -cm)

Irrigation regimes :
I1 33.23 36.00 - 33.23 3896 117.24
I2 34.47 36.00 - 34.47 3698 107.22
I3 31.34 42.00 - 31.34 4387 139.98
I4 32.28 44.00 - 32.28 4366 135.25
I5 29.10 48.00 - 29.10 4209 144.64
I6 29.93 52.00 - 29.93 4110 137.32
S.Em.± - - - - 38 1.53
CD at 5 % - - - - 119 4.69

Nutrient management :
F1 31.70 43.00 - 31.70 4088 128.96
F2 30.45 43.00 - 30.45 3830 125.78
F3 32.20 43.00 - 32.20 4416 137.14
S.Em.± - - - - 64 1.96
CD at 5 % - - - - 188 5.73

Interaction :
S.Em. ± - - - - 158 0.81
CD at 5 % - - - - 462 N.S.
General mean 31.63 43.00 - 31.63 4111 130.39

Note : * Initial two common irrigation with 6.0 cm depth was given, ** No rainfall during the investigation.



The maximum total uptake of nitrogen,
phosphorus and potassium by wheat (grain and
straw) was registered due to application of
fertilizer dose as per STCRC equation (45 q
ha-1 yield target), which was found superior
than rest of the treatments. However, it was at
par with recommended dose of fertilizer + 10 t
FYM ha-1 in respect of uptake of potassium by
wheat grain. The maximum uptake of nutrients
by wheat in fertilizer dose as per STCRC
equation (45 q ha-1 yield target) might be due to
plant receives more amounts of nutrients in
balanced proportion as demanded by the crop.
These results are in agreement with those
reported by Naidu et al. (2008).

Application of fertilizer dose as per STCRC
equation recorded significantly higher protein
and gluten content in wheat grain. However, it
was at par with recommended dose of fertilizer
+ 10 t FYM ha-1 in respect of protein content
in wheat grain. Significantly minimum protein
and gluten content was observed with
application of fertilizer dose as per soil test.
These results are in agreement with those
reported by Cucci and Lacolla (2007) and Patil
et al. (2008).

Application of fertilizer dose as per STCRC
equation (45 q ha-1 yield target) registered
significantly higher water use efficiency
(137.14 kg ha-1-cm) than rest of the
treatments.   Application of recommended dose
of fertilizer + 10 t FYM ha-1 (GRDF) was found
second in order but it was at par with
application of fertilize dose as per soil test.

Application of fertilizer dose as per STCRC
equation (45 q ha-1 yield target) with scheduling
of irrigation at 1.0 IW/CPE ratio with 6.0 cm
depth of irrigation water registered higher
wheat grain yield than rest of the treatment
combinations. 
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Brinjal (Solanum melongena L.) is the
popular commonly grown vegetable in India.
Several biotic and abiotic factors contribute to
losses in production of brinjal. Among the biotic
stress factors shoot and fruit borer are the most
serious one, which occurs throughout the year
at all the stages of the crop growth. The losses
caused by this pest were reported around 30-
70 per cent by various workers. Management
of this pest by use of chemicals may reduce the
pest attack to a greater extent, but it causes
adverse effects on environment and human
health.

The association of various physical and
chemical characters with shoot and fruit borer
infestation helps in breeding programmes for
the selection of the promising genotypes.
Efficiency of selection in any breeding
programme mainly depends on the knowledge
for association of characters. The field
experiment was conducted during kharif
season of 2003 in the Department of
Horticulture, Mahatma Phule Krishi
Vidyapeeth, Rahuri. The experimental material
comprised of a cross Ruchira x Solanum
incanum, having six generations (P1, P2, F1,
F2, BC1, and BC2). The experiment was laid
out in a randomized block design with three
replications. All recommended cultural
practices were followed to ensure good crop
stand. Five competitive plants from each parent
and F1, 20 plants from F2 and 10 plants from
BC1 and BC2 in each of the replication were
selected randomly for recording observations
for 13 physical characters on shoot and fruit
borer infestation and different quantitative
characters. The chemical parameters viz., total

sugars, total phenols, N, P, K, Fe, Cu, Zn, Mn,
calcium, crude fibre, ash and silica of fruits.
Except sugars and phenols, all other
parameters of shoots were determined
according to the standard procedure following
A.O.A.C. (1975). The estimate of correlation
was done according to the method given by
Panse (1957).

The per cent infested fruits had significant
positive correlation with per cent infested fruit
weight, total fruit weight, fruit length, calyx
length and fruit girth whereas, negative but
non-significant correlation with fruit skin
thickness. The per cent infested shoots had
significant positive correlation with shoot
thickness and non-significant positive
correlation with total shoots. Thick peel
restricts the entry of caterpillar in the resistant
genotypes has been reported by Darekar et al.
(1991), which is also found in the present
study.

The per cent fruit infestation had significant
positive correlation with total sugars and
potassium whereas, significant negative
correlation with total phenols, copper,
manganese, calcium and ash. However,
nonsignificant but positive correlation with
nitrogen and zinc; negative correlation with
phosphorus, iron, crude fibre and silica were
observed. The per cent shoot infestation had
significant positive correlation with potassium
and zinc whereas, significant negative
correlation with phosphorus, iron, copper,
manganese, calcium, crude fibre, ash and silica.
Panda and Das (1975) reported lower content
of total sugars, higher ash, crude fibre and
silica. High amount of phenols was observed in
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resistant parents and their backcrosses were
also reported by Raju et al. (1987) and phenols
may be responsible for resistance was also
reported by Bajaj et al. (1989). 

K. G. Shinde
S. D. Warade 
J. H. Kadam

Department of Horticulture, 
Mahatma Phule Krishi Vidyapeeth, 
Rahuri - 413 722 (India)
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Effect of Mulches and Potash Levels on Yield and Quality of
Rabi Onion (Alium cepa L.)

______________

Onion is the most widely grown vegetable
cash crop on commercial scale in India. The
crop has considerable importance because of its
universal use as a spice commodity and is an
integral part of several recipes of daily diet.
Maharashtra is the largest producer having area
of 0.75 lakh ha, with production of 15.35 lakh
tones of onion in the country i.e. 20 per cent of
total area under this crop with 25 per cent of
production in India. Onion is mostly cultivated
in rabi season. However, during rabi, there is
problem of irrigation water and under such
condition soil moisture conservation benefits
the growing crop. Mulching conservers soil
moisture, suppresses weed growth, regulates
soil temperature, improves soil structure and
checks the soil erosion. Potassium, one of the
essential plant nutrient, regulates water
condition within plant which reduces tendency

to wilt and helps in better utilization of available
water. Therefore, the present study was
conducted to find out the suitability of mulching
and optimum dose of potash for better bulb
yield and quality of onion.

The experiment was conducted during rabi
2005-06 at Post Graduate Institute Farm,
Mahatma Phule Krishi Vidyapeeth, Rahuri,
Dist. Ahmednagar (MS). The experiment was
laid out in a split plot design with 12 treatment
combinations comprising of three main
treatments viz., soybean straw mulch,
sugarcane trash mulch and no mulch and four
sub-plot treatments of different potash levels 0,
50, 75 and 100 kg ha-1 K2O with four
replications. The soil of experimental plot was
sandy clay loam, low in available nitrogen
(221.90 kg ha-1), moderately high in available
phosphorus (22.5 kg ha-1), high in available



potassium (325.60 kg ha-1) and alkaline in
reaction (pH 8.2). The required quantity of
fertilizer mixture containing entire dose of
P2O5 and half dose of N along with K2O as per
treatment to the experimental plot before
transplanting in small furrows opened with a
weeding hook and mixed thoroughly with soil.
The remaining half dose of N was applied to
each plot 30 days after transplanting. The
seeds were treated with thirum @3 g kg-1 of
seed. Treated seed (8 kg ha-1) was sown on
raised bed nursery and the flat beds for planting
were prepared in a gross plot size of 4.50 x
3.60 m. Transplanting was done considering
healthy and medium sized (cut to half at top)
seedling adopting a spacing of 15 x 10 cm. The
onion crop was mulched 10 DAT @5 t ha-1 as
per treatments. The weeding and
recommended precautionary plant protection
measures were taken as per schedule of cultural
operations. The time of harvesting was
observed on the 50 per cent top fall of the
experimental plot irrespective of treatments.

The results obtained on bolting per cent

were not significant due to different mulches.
Application of mulches significantly influenced
the marketable bulb yield. The yields recorded
under soybean straw (22.79 t ha-1) and
sugarcane trash (22.28 t ha-1) mulches were
more compared to no mulch treatment (19.80
t ha-1). However, both mulch treatments were
found to be at par. These results are in
conformity with those of Khalak and
Kumarswami (1992) and Rekowska and
Fiedorow (1998) who reported that increased
marketable bulb yield due to excellent plant
growth, bulb development and reduced weed
population under mulch treatment. Non-
marketable bulb yield was found non-
significant. The differences in TSS content of
bulb due to mulches were statistically
significant. It was more in mulch treatment
(7.97 °brix) than no mulch (7.22 °brix). These
results are in agreement with those of Rahman
and Khan (2001). Mulches also significantly
influenced the reducing and non-reducing
sugars as well as total sugar content of bulbs
(Table 1). These results are in agreement with
those of Rahman and Khan (2001).
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Table 1. Yield and quality parameters of onion as influenced by mulches and potash levels.

Treatment Yield parameters (t ha-1) Quality parameters
––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––
Market- Non Bolted Twin Total Total Reducing Non
able marketable bulb bulb soluble sugar sugar reducing
bulb bulb solids (%) (%) sugar

(°brix) (%)

Mulches :
Soybean straw 22.79 0.07 0.06 0.01 7.97 8.49 3.66 4.84
Sugarcane trash 22.28 0.06 0.05 0.01 7.96 7.85 3.48 4.37
Control (no mulch) 19.80 0.03 0.02 0.01 7.22 6.85 3.31 3.67
S.E.± 0.33 0.01 0.01 0.01 0.03 0.11 0.04 0.11
C.D. at 5% 1.15 N.S. N.S. N.S. 0.09 0.39 0.13 0.37

Potash levels (kg ha-1) :
0 19.24 0.05 0.04 0.01 7.24 6.70 2.93 3.75
50 21.07 0.07 0.06 0.01 7.59 7.67 3.41 4.26
75 22.45 0.06 0.05 0.01 7.83 8.12 3.66 4.45
100 23.72 0.03 0.02 0.01 8.20 8.59 3.88 4.71
S.E.± 0.15 0.01 0.01 0.01 0.06 0.15 0.08 0.12
C.D. at 5% 0.44 N.S. N.S. N.S. 0.10 0.44 0.23 0.35



Bolting per cent and non-marketable bulb
yield were found non significant due to potash
levels. Potash fertilization significantly
influenced the marketable bulb yield.
Application of 0 to 100 kg K2O ha-1 increased
the marketable bulb yield in the range of 19.24
to 23.72 t ha-1. The results are in agreement
with those of Yadav et al. (2002) who reported
that application of potash improved the bulb
diameter and bulb yield. Similarly, the total
soluble solid was significantly highest (8.20
°brix) with 100 kg K2O ha-1 and lowest (7.24
°brix) with 0 kg K2O. It was increased linear
with increase in potash levels from 0 to 100 kg
K2O ha-1.  These results are in conformity with
those  reported  by Masalkar et al. (2000) and
Yadav et al. (2002). Total non-reducing and
reducing sugars were also followed the similar
trend as reported earlier by Masalkar et al.
(2000).

From the results it is concluded that soybean
straw mulch and 100 kg ha-1 potash level can
produce significantly highest bulb diameter,
marketable bulb yield, sugar per cent and total
soluble solids in onion.

D. B. Raut

M. B. Dhonde
C. B. Gaikwad

Dept. of Agronomy,
Mahatma Phule Krishi Vidyapeeth,
Rahuri - 413 722 (India)
December 24, 2007.
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Analysis of Genetic Parameters for Yield and Certain Yield
Contributing Traits in Foxtail Millet

______________

Variability and diversity are the basic
requirements for any crop improvement
programme. Association among yield and yield
contributing characters help in constructing a
suitable plant type, combining desirable
expression of different yield components to
improve yield. The success of crossing
programme involves selection of best parents.
Among different approaches of selecting

parents, selection based on diversity has its own
significance. Therefore, in the present study
diversity among different genotypes of foxtail
millet was studied which yielded valuable
information that could be useful in suggesting
potent parents for crossing. The considerable
amount of variability in the quantitative
characters appear to lead to wide range of
genetic diversity among the biological



population. Therefore, Mahalnobis's D2

statistics was done to quantify the degree of
divergence among the foxtail millet population
to assess the relative contribution of different
components of the total divergence at inter and
intra cluster levels.

The present investigation was carried out at
Research Farm, Department of Agricultural
Botany, College of Agriculture, Dapoli, Dist.
Ratnagiri during kharif 2006 with thirty
genotypes of foxtail millet collected from all
India co-ordinated small millets Improvement
project, Bangalore in a randomized block
design with three replications. Recommended
cultural practices were followed to raise crop
successfully. Observations were recorded on
fourteen quantitative and qualitative characters
from randomly selected five plants from each
genotype in each replication. Recorded data
were subjected to analysis of variance following
Cochran and Cox (1957). The genetic
divergence was estimated by using Mahalnobis's
(1936) D2 statistics and genotypes were
grouped in clusters according to Tochers's
method (Rao, 1952).

The D2 values computed for all possible 435
pairs of genotypes ranged from 150.17 (in the
genotypes GS-58 and GS-266) to 8422.02 (in
the genotypes SIA-3052 and TNAU-204). 

On the basis of relative magnitude of D2

values, the 30 genotypes could be grouped in
to 11 clusters (Table 1). The clustering pattern
of 30 genotypes of foxtail millet did not follow
any definite pattern and it was absolutely
random. Cluster I comprised the highest
number of genotypes i.e. seven followed by
cluster II involving five genotypes. The cluster
IV included 4 genotypes, while cluster V
included 3 genotypes. Cluster III, VI, VII and
VIII were consisted of only two genotypes each.
The remaining clusters IX, X and XI had only a
single genotype. Mithal (1984) grouped 27

genotypes in 7 clusters, Sheriff (1984) grouped
225 genotypes in 46 cluster, Singh et al.
(1989) grouped 40 genotypes in 5 clusters and
Sheriff and Shivasankar (1992) grouped 225
genotypes in 33 clusters.

A wide range of average inter-cluster D2

values i.e. from 612.964 (between cluster I and
VIII) to 8046.475 (between cluster VII and IX)
revealed higher trend of genetic diversity
indicating a great deal of scope for selection of
parent based on many characters at a time for
future crop improvement. The considerable
magnitude of intra-cluster distance in cluster VII
(545-53), cluster II (484.307), cluster IV
(450.01), cluster V (443.69), cluster VI
(413.53), cluster I (428.19) and cluster VIII
(375.11) indicated that there is a good scope
for selection within the cluster, while the solitary
clusters indicated their identity and importance
due to various unique characters possessed by
them and may serve as potent parent for
breeding programme.

Inter cluster D values were maximum
between VII and IX (89.0702) followed by IX
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Table 1. Clustering of foxtail millet genotypes into
different clusters by Tocher's method.

Cluster No. of Name of genotypes include 
geno- in cluster
types

I 7 GS-58, GS-302, GS-26, GS-161,
GS-224, TNAU-213, GS-266

II 5 PS-4, SIA-3015, SIA-3048, SIA-
3035, SIA-3050

III 2 VMFC-316, SIA-3064

IV 4 GS-201, GS-252, GS-219, GS-119

V 3 SIA-3072, SIA-3032, GPUS-26

VI 2 GS-129, TNAU-209

VII 2 TNAU-204, HMT- 100-1

VII 2 SIA-3062, GS-132

IX 1 SIA-3052

X 1 TNAU-207

XI 1 SIA-3020



and X (77.419), VII and VIII (75.905) and
minimum between I and VIII (24.758). At intra
cluster level maximum value was recorded for
cluster VII (23.357), cluster II (22.007), cluster
IV (21.213), cluster V (21.064), cluster I
(20.693), cluster VIII (19.368) and cluster III
(16.196).

Data on cluster means presented in Table 2
revealed that different clusters differ markedly
in respect of many characters as can be seen
from a wide range of cluster means for days to
maturity (75.98-93.982), plant height (41.25-
71.765 cm) number of total tillers plant-1

(1.09-5.13), weight of grains of main axis
(2.74-8.52 g), straw yield plant-1 (6.33-18.42
g), biological yield plant-1 (11.78-27.755 g),
harvest index (27.59-42.64 %) and grain yield
plant-1 (4.18-10.33 g). Comparatively, narrow
range of variation was observed for characters,
days to 50 per cent flowering (68.73-72.57),
earhead length (14.03-19.87 cm) thousand
grain weight (2.54-3.30 g), protein content
(7.38-10.63%), calcium content (27.46-29.50)
and carbohydrate content (53.37-
57.08%).Thus it is evident that days to
maturity, plant height, number of total tillers
plant-1, harvest index and grain yield plant-1 are
the important characters towards maximum
divergence. The cluster XI having solitary
member (SIA-3020), recorded the highest
cluster mean for number of total tillers plant-1,
earhead length, weight of grains of main axis
and grain yield plant-1. It also recorded least
days to maturity.

Likewise, cluster VII, I, II and VIII were
earlier for days to 50 per cent flowering, cluster
III for plant height, cluster VI for weight of
grains of main axis, cluster VII and VI for
thousand grain weight, cluster VII for straw
yield plant-1, biological yield plant-1 and
carbohydrate content exhibited high mean
performance for respective characters. From
the results it can be stated that the solitary
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member of quite divergent cluster XI (SIA-
3020) can be used as potential parent for
further crop improvement through breeding
due to its distinct superior characters viz., days
to maturity (75.98), number of total tillers
plant-1 (5.13), earhead length (19.87 cm),
weight of grains of main axis (6.78 g) and grain
yield plant-1 (10.33 g).

The superiority of strains, HMT-100-1 for
days to 50 per cent flowering, biological yield
plant-1 and grain yield plant-1, SIA-3050 for
plant height and earhead length, TNAU-209
for weight of grains on main axis, GS-26 for
thousand grain weight, TNAU-204 for straw
yield plant-1, GS-219 for harvest index was
observed. The cluster separated by largest
statistical distance reflected maximum
divergence such as clusters III, VI, VII, VIII, IX,
X and XI in present study. It is logical, therefore
to attempt crosses among genotypes of these
clusters. Selective genotypes from each group
and testing them in diallel mating system may
result paramount success.

S. G. Bhave
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V. W. Bendale

College of Forestry, 
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Impact of Sowing Dates on Linseed (Linum usitatissimum
L.) Varieties in Winter Season

______________

Linseed is an important oilseed and fibre
crop grown both for its seed as well as fibre,
which is used for manufacture of linen. The
seed contains good amount of oil varying from
33 to 47 per cent in different varieties. The oil
is edible and also due to its quick drying
properties is used for the preparation of paints,
varnishes, printing ink, oilcloth, soap, patent
leather and waterproof fabrics. But it is chosen
for a piece of land where only dry land crops

can be grown or placed under different mixed
cropping system to cover risk against the
natural hazards. Under such condition there is
hardly any crop as remunerative as the linseed.
Since very little work on production technology
of this crop has been done in Maharashtra, an
experiment was conducted to identify suitable
varieties and optimum time of sowing for
linseed crop in winter season.



A field experiment was conducted at
Agriculture College Farm, Latur, Marathwada
Agricultural University, during rabi season of
2007-08. The soil of experimental site was
deep black with good drainage, clayey in
texture, low in available nitrogen, medium in
available phosphorus, high in available
potassium and slightly alkaline in reaction. The
field was fallow in kharif season. The
experiment was laid out in split plot design with
three replications with eighteen treatment
combination of date of sowing (D1 - 40, D2 -
41, D3 - 42, D4 - 43, D5 - 44 and D6 - 45th

MW) in main plot and three varieties (V1 -
Kiran, V2- Garima and V3 - RLC-4) in sub plot.
Sowing of crop was done by dibbling. The gross
and net plot size of experimental plot was 6.4
x 3.6 m and 5.4 x 2.4 m, respectively, with a
row spacing of 30 cm and plant to plant
spacing of 10 cm. Basal dose of NPK @
50:25:0 kg ha-1 in the form of urea, single
super phosphate and murate of potash were
applied uniformly to all the plots at the time of
sowing.

The highest number of capsule plant-1 (42),
seeds capsule-1 (9), grain weight plant-1 (2.1 g)
and thousand-grain weight (7.6 g) were
recorded in 40th MW sowing than other date of
sowing (Table 1). The results are in conformity
with the results reported by Verma and Pathak
(1993). The highest grain yield (889 kg ha-1)
and straw yield (2109 kg ha-1) was recorded
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Table 1. Effect of sowing date and varieties on yield attributes, yield, harvest index, oil and protein content of linseed.

Treat- Capsules Seeds Grain 1000 Grain Straw Harvest Oil Oil Protein
ment plant-1 cap- weight grain yield yield index yield content content

sule-1 plant-1 wt. (g) (kg (kg (%) (kg (%) (%)
(g) ha-1) ha-1) ha-1)

Date of sowing :
D1 42 9.0 2.1 7.6 889 2109 29.7 349 40.9 16.3
D2 41 7.9 1.9 7.2 823 1999 29.2 332 40.6 16.4
D3 38 8.3 1.6 7.1 654 1999 24.7 266 40.3 16.6
D4 27 7.4 0.9 7.1 543 1540 26.1 217 39.9 16.7
D5 23 7.6 0.9 7.1 473 1582 23.0 188 39.8 17.1
D6 11 4.6 0.3 7.1 334 979 25.4 134 39.6 17.4
S.E.± 0.46 0.10 0.03 0.07 7.33 10.48 1.55 5.4 0.12 0.33
CD at 5% 1.46 0.31 0.09 0.23 23.12 33.05 3.5 17.2 0.38 0.37

Varieties :
V1 27 7.3 0.9 7.2 613 1619 27.5 248 39.7 16.7
V2 33 7.9 1.7 7.1 656 1773 27.0 258 40.3 16.8
V3 31 7.2 1.1 7.2 588 1712 25.6 237 40.5 16.9
S.E.± 0.31 0.08 0.02 0.03 6.4 6.8 1.26 3.58 0.06 0.09
CD at 5 % 0.91 0.24 0.06 NS 39 19.92 NS 10.5 0.19 NS

Table 2. Effect of sowing date x varieties on seed yield (kg
ha-1) of linseed.

Varieties
Sowing ––––––––––––––––––––––––––––––––––––––
date V1 V2 V3 Mean

D1 880 900 886 889
D2 900 887 681 823
D3 648 707 607 654
D4 581 548 499 543
D5 360 512 545 473
D6 311 381 309 334
Mean 613 656 588
S.E.± 15.84
CD at 5 % 381

V1 = Kiran, V2 = Garima, V3 = RLC-4



when the crop was sown in 40th MW (D1). The
sowing of linseed in 45th MW (D6) reduced the
grain as well as straw yield. A similar trend was
also observed by Samui and Bandopadhayay
(1992). Harvest index (29.7 %), oil content
(40.9 %) and oil yield (349 kg ha-1) was found
more when the crop was sown in 40th MW (D1)
followed by 41st MW (D2). Protein content was
significantly more in sowing at 45th MW than
other date of sowing but, it was at par with
sowing at 44th M.W. The oil content in seed
was higher in early sowing. It may be attributed
to the fact that seeds in late sown crop did not
develop fully and also contain more protein
(Table 1). The present findings are in
agreement with the findings of Rajput and
Gautam (1993). Protein content is negatively
correlated with the oil content (Norton and
Haris, 1975).

The highest number of capsule plant-1,
seeds capsule-1, grain weight plant-1 and
thousand grain weight were recorded in variety
Garima than other varieties (Table 1). Garima
yielded significantly higher seed yield (656 kg
ha-1), straw yield (1773 kg ha-1) and oil yield
(258 kg ha-1) than other two varieties. The
results confirms the findings of Dubey and
Srivastava (1986). Variety RLC-4 recorded
more oil content (40.5 %) and protein content
(16.9 %) followed by Garima and Kiran. 

Interaction effect of sowing date and
varieties for seed yield was found significant
(Table 2). The varieties Garima and Kiran gave
significantly higher yield when sowing of linseed
crop was done in 40th MW (D1) and 41st MW
(D2), respectively. 

F. G. Shaikh
D. N. Gokhale
B. S. Rokade
B. D. Thakur

Department of Agronomy, 
College of Agriculture, 
Latur - 413 512 (India)
December 07, 2008.
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ARIMA Modeling on Area, Production and Productivity of
Kharif Groundnut for Bhavnagar District in Gujarat State

______________

Among the groundnut producing countries
in the world, India ranks first in respect of area,
China in production, while USA in productivity
(Giri, 2002). Gujarat is one of the leading
groundnut producing state of India as it

accounts to approximately 70 per cent of the
total cultivated area involved in oilseed crops
and also approximately 80 per cent share
among other oilseed crops (Meese and
Geweke, 1982).



The univariate time series models known as
Autoregressive Integrated Moving Average
(ARIMA) models (Box and Jenkins, 1976) are
extensively used for forecasting economic time
series. Among others Yule, (1926 and 1927),
Quenouille (1949), Ljung and Box (1978) and
Prindycke and Rubinfeld (1981) also
emphasized the use of ARIMA models.
Therefore, the present investigation was
undertaken to model area, production and
productivity of groundnut crop in Bhavnagar
district.

The data on area, production and
productivity of kharif groundnut for the years
1949-50 to 1999-2000 (except to 1975-76,
1976-77 and 1977-78 due to drought) were
collected from the reports published by
Directorate of Agriculture, Gujarat state,
Gandhinagar (Annonymous, 2004). They were
subjected to ARIMA (p,d,q) Modelling as
suggested by Box and Jenkins (1976). The data
were examined for stationarity conditions
(Pankratz, 1983) and if needed trasformed to
differencing parameter(d). Lags were also
examined for seasonality factor. An AR (p) is
autoregressive component of order p and MA
(q) is moving average component of q order.
The coefficients of model should not exceed
unity which is an invertibility condition of the

model (Box and Jenkins, 1976).

From the tentative ARIMA models, the best
fitted model having significant AR and MA
coefficients, minimum Akaike Information
Criterion (AIC), Schwartz Bayesian Criterion
(SBC) values (Gupta, 1993) and whose residual
fulfils the assumptions of normality and
independence (Shapiro and Wilk, 1965 and
Ljung and Box, 1978) were selected for
prediction of trend in area production and
productivity of groundnut in Bhavnagar district.

The data of time series of area, production
and productivity of groundnut were found non-
stationary therefore, the new variable Xt was
constructed by taking difference of one (d=1) to
make the series stationary. The value of p and
q for ARIMA model were identified using
autocorrelation function (ACF) and partial
autocorrelation function (PACF) coefficients of
various orders of Xt. The candidate models
fitted are give in Table 1.

The results indicated that from the fitted
models ARIMA (1, 1, 0) and ARIMA (0, 1, 1),
had significant AR ((p) and MA (9) term of
which ARIMA (0, 1, 1) had the lowest value of
AIC, SBC and RMSE. All ARIMA models
satisfied the assumptions of residuals. Thus,
ARIMA (0, 1, 1) was the best fitted model for
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Table 1. Fitted ARIMA models for groundnut in Bhavnagar district.

Model AIC SBC AR (O) MA (T) Constant RMSE S-W test B-L test (Q)

Area :
ARIMA (1,1,0) 675.33 679.03 -0.302* 19.98 312.06 .954 10.98
ARIMA (0,1,1) 675.04 678.74 0.305* 19.81 311.09 .953 9.55
ARIMA (1,1,1) 676.96 682.51 -0.118 0.213 19.69 314.12 .954 9.96

Production :
ARIMA (1,1,0) 764.08 767.78 -0.580* 15.55 799.54 .970 14.06
ARIMA (1,1,1) 756.12 761.67 0.064 0.984 16.25* 706.13 .974 7.05

Productivity  :
ARIMA (1,1,0) 700.26 703.96 -0.599* 4.27 405.37 .959 14.38
ARIMA (0,1,1) 687.38 692.93 -0.095 0.994 7.25* 337.79 .981 9.09

*Significant at 5% level.



predicting the trend of area in Bhavnagar
district.

The results for production indicated that
ARIMA (1, 1, 0) had significant AR (ϕ) term
and fulfilled the assumptions of residuals and
hence selected as best fitted model for
production of groundnut in Bhavnagar district.
For productivity ARIMA (1, 1, 1) model had
comparatively lower AIC and SBC values but
AR and MA terms are non-significant, hence
not selected. ARIMA (1, 1, 0) had significant
AR (ϕ) term and satisfy assumptions of residuals
hence selected as best fitted model.

The best fitted model for area, production
and productivity are given as under 

Yt = 19.81 - 0.305εt-1 + εt, - Area

Yt = 15.55 - 0.580 Yt-1 + εt - Production

Yt = 4.27 - 0.599 Yt-1 + εt - Productivity

Where Yt = observed value at 't' time, εt =
error within time period ("t")

The results of the structural and time series
forecast modeling will provide information for
planners, policy makers and to groundnut
oilseed industries for Bhavnagar district.
However, ARIMA models are suitable only for a
short term prediction and hence need to be
updated every year for achieving valid
forecast.

Ripunjai Shukla
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S. K. Dixit
D. J. Parmar

Dept. of Agricultural Statistics
B. A. College of Agrivulture,
Anand - 388 110 (India)
March 30, 2009.
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Jatropha produces seeds with an oil content
of 30-50 per cent by weight. Jatropha plants
raised from seeds reach to fruiting within three
to tour years after planting. However, Jatropha
plants propagated by stem cutting, yield fruits in
about one year from planting (Jones and Miller,
1992). Seeds of Jatropha have limited viability
and can only be stored for 15 months, after
which their viability is reduced to 50 per cent
(Kochar et al. 2008). Stem cutting is traditional
and promising method for the multiplication of
this plant. Many internal factors such as auxins,
rooting co-factors, carbohydrates and nitrogeti
levels have been shown to influence rooting of
stem cuttings (Hertman and Kestar, 1975).
Indole Butyric Acid (IBA) is a synthetic rooting
chemical that has been found to be reliable for
root induction. To standardize the methodology
for propagation of jatropha plant, the present
experiments were designed to determine most
suitable concentration of growth hormone,
ideal length of stem cuttings and proper
substrate for the propagation of Jatropha
curcas on large scale.

The present study was carried out at the
Botanical garden of Modern College of Arts,
Science and Commerce, Pune, Maharashtra.
Elite plants of Jatropha curcas were selected
from natural population around Sinhagad fort
near Pune. Seasonal studies were carried out
for propagation, in which the effects of growth
hormone, length of stem cuttings and
substratum have been evaluated. Healthy and
uniform stem cuttings (20-30cm long and 2-
3cm thick) of J. curcas were obtained from the
middle portion of one year old branches of
three to five year old plants during mansoon
(June/July), winter (December/January) and
spring (March/April) in the year 2008 - 2009.

Stem cuttings were dipped in 0.1 per cent
bavistin fungicide for 2-3 minutes and
subsequently washed in distilled water before
giving hormonal treatment (200, 400, 800,
1400, 2000, 4000 and 8000 mg l-1 IBA). The
basal portions of cuttings (1-2 cm) were dipped
in each concentration of IBA for 5min. Then
the stem cuttings were planted in polythene bag
filled with substrate (Sand:Soil:FYM, 1:2:1).
The experiment was designed in a randomized
complete block design (RCBD), with factorial 3
x 6. Each replication consisted of three
cuttings. The polybags were then kept in
nursery beds and irrigated regularly depending
on weather conditions. Sprouting, rooting and
root character were recorded after 20, 40 and
60 days in three season viz., monsoon, winter
and spring.

To determine the optimum length of the
stem cuttings for vegetative propagation,
healthy cuttings of the branches were collected
from selected locality. After removal of side
branches and leaves stem cuttings of 10, 20,
30, 40 and 50 cm length were made, with
uniform thickness i.e. 2.5- 3.0 cm, planted in
polythene bags (9"x 6" size) containing loam
soil and farm yard manure as substratum. This
experiment was performed in triplicate for
three season and observations viz., survival
percentage, root length, root fresh weight and
root dry weight were recorded on 20, 40 and
60 days.

To study the effect of different growing
media on rooting of cuttings, the experiment
was set up in RCBD with three replications and
one variable factor i.e. different growing media
viz., sand:soil(1:1), sand:soil(1:2), sand:soil:
FYM(1:2:1), sand:soil:cocopeat(1:2:1) and
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sand:soil:vermicompost (1:2:1). Five cuttings
per treatment were inserted in black polythene
bags filled with the required media and in this
way a total 150 cuttings were inserted in five
different media with one control. For assessing
survival percentage, seedlings that survived
after two months were counted and the data
was recorded in percentage.

Auxin treatments : In case of 2000 mg
l-1 IBA treatment, 78.4 per cent cuttings
showed rooting in monsoon season, while
62.72 and 54.72 per cent in spring and winter
respectively. According to Villar and Gaget
Cauroberk (1997), better formation of roots
due to auxin treatment may be due to
accumulation of metabolites at the site of
application, synthesis of new protein, callus
formation, cell division and cell enlargement.
Seasonal variation in rooting behavior of
branch cuttings could be due to difference in the
activities of hydrolyzing enzymes (Jalani and
Moss, 1980 and Handa et al. 2005).

Effect of length of cuttings : Among the
different lengths, 20 cm long stem cuttings
recorded highest survival (76.0%  in monsoon
season, 45.54% in winter and 64.4% in
spring). An irrespective of seasons 10 cm long
stem cuttings recorded lowest survival (46.8,
34.42 and 41.60%). The poor performance of
small size cutting was due to the reason that
cuttings were still under maturity and may be
devoid of sufficient food material for induction
of roots and shoots, (Hegde, 1988).

Role of substratum : The stem cuttings
planted in sand:soil:vermicompost (1:2:1)
showed 78.2, 56.64 and 45.63 per cent
rooting and survival in monsoon, spring and
winter seasons, respectively. Similarly, 20 cm
long stem cuttings treated with IBA showed
best peroformance (74% of rooting) with the
sand:soil:F.Y.M. (1:2:1) in spring while, 58.9
and 37.34 per cent in monsoon and winter,

respectively.

It is concluded from the present study that a
trend of relatively better survival and rooting of
stem cuttings were obtained with
sand:soil:vermicompost (1:2:1) as compared to
other substrate and 20 cm length of cuttings.
The observed results could be due to better
aeration and high water holding capacity of
substrate. The vegetative propagation with
treatment of hormone 2000 mg l-1 (IBA) found
better. This experiment thus has reveled that
the substratum and seasons play an important
role in the survival and establishment of stem
cuttings of Jatropha.
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Screening of Rose Cultivar Against Pest Complex under
Polyhouse Condition

______________

The rose cultivars are attacked by number of
insect and non insect pests during their different
stages of growth. About 50 insect and non
insect pests have been recorded on this crop,
(Butani, 1974). Among those the sucking pests
i.e. thrips, aphids, scale insects, mites and bud
borer are of most serious. These pests cause
heavy losses by reducing the production and
quality of rose flowers and their control
continues to be a major problem as some of
them developed resistance to conventional
insecticides.

Hence, it is essential to find out the
additional source of management of these
pests.   Therefore, the present investigation was
undertaken at Hi-tech Floriculture and
Vegetable Project, College of Agriculture, Pune
during the year 2007-2008. 

Twenty two rose cultivars were planted in
soil media each in a plot of 1.5 x 2.25 m
(Table-1). The distance between two rows and
plants was 0.50 x 0.15 m respectively. These
established 22 cultivars were used in a
randomised block design with three replications
and 22 treatments. The observations on thrips,
aphids, scales, mites, whiteflies population and
bud borer incidence were recorded replication
wise and treatment wise three times, at high
population pressure and the data further utilized

to judge the susceptibility/tolerance of these
cultivars to the pest attack. The grouping of
cultivars into less susceptible, moderately
susceptible, susceptible and highly susceptible
was done as per Hole (1993), Sudhirkumar and
Shelke (2008). 

The data presented in Table - 1 revealed
that the cultivar Sphinx was found to be
significantly superior over other cultivars and
harboured minimum average population of
thrips flower-1 (15.59), aphids (9.37) shoot-1

and mites (6.69) leaf-1. The cultivar Acqua
harboured significantly minimum average
population of scales (5.03) stem-1, Nobless
5.14 whiteflies leaf-1. The cultivar First Red
recorded minimum damaged flowers/buds
(11.16%) by bud borer and was found to be
significantly superior over all other cultivars.
The cultivar Sphinx and Skyline were at par
with it.

The results revealed that Sunking,
Mericolour, Gold strike, Sphinx, Hollywood,
Bianca, Sakira, Shuna and Skyline were found
to be less susceptible to thrips: Sphinx to
aphids, Acqua, Sunking, Gold strike and
Sphinx to scale insects. Sphinx, Skyline,
Temptation, Sunking, Movie star, Naranga and
Mericolour were found to be moderately
susceptible to mites and Nobless, Naranga,



Sphinx, Cindrella, Temptation, Passion,
Hollywood, Iceberg, Sweetness, Poisson,
Mericolour and First Red to whitefly.

S. S. Shelke
M. M. Suryavanshi
A.V. Naphade

Entomology Section, 
College of Agriculture, 
Pune - 411 005 (India)

July 21, 2010.
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Table 1. Screening of rose cultivars against pest complex.

Name of Mean thrips Mean aphids Mean scales Mean mites Mean whiteflies Mean bud borer
cultivar flower-1 shoot-1 stem-1 leaf-1 leaf-1 infestation (%)

Sweetness 27.49 (5.28)* 22.37 (4.77)* 20.54 (4.58)* 19.93 (4.51)* 9.77 (3.10)* 21.49 (27.57)**
Passion 28.64 (5.39) 27.50 (5.29) 18.27 (4.33) 18.84 (4.39) 7.62 (2.85) 26.66 (31.07)
Poisson 32.53 (5.74) 22.18 (4.76) 15.88 (4.04) 17.18 (4.20) 10.33 (3.29) 23.85 (29.21)
Nobless 22.50 (4.79) 16.83 (4.16) 14.64 (3.89) 21.40 (4.67) 5.14 (2.37) 31.33 (34.02)
Hollywood 17.31 (4.21) 11.45 (3.45) 17.65 (4.65) 18.34 (4.33) 8.55 (3.00) 31.10 (33.86)
Sakira 16.58 (4.13) 25.02 (5.05) 17.68 (4.26) 17.65 (4.26) 15.74 (4.03) 20.63 (26.99)
Shuna 15.80 (4.03) 16.18 (4.08) 18.11 (4.31) 17.38 (4.22) 16.34 (4.10) 29.57 (32.92)
Temptation 27.77 (5.31) 23.82 (4.92) 19.32 (4.45) 7.26 (2.78) 7.56 (2.84) 28.05 (31.96)
Gold strike 16.26 (4.09) 11.93 (3.52) 8.80 (3.05) 23.57 (4.90) 17.79 (4.27) 35.26 (36.41)
Red Berline 33.49 (5.82) 31.11 (5.62) 26.06 (5.15) 29.62 (5.48) 18.59 (4.36) 21.52 (27.62)
Cindrella 30.53 (5.57) 19.30 (4.45) 18.37 (4.34) 27.87 (5.32) 7.08 (2.75) 38.82 (38.53)
Naranga 30.06 (5.52) 24.74 (5.02) 18.56 (4.36) 10.68 (3.34) 5.18 (2.38) 26.76 (31.13)
Movie star 28.94 (5.42) 29.88 (5.50) 40.23 (6.37) 9.00 (3.08) 25.27 (5.07) 29.49 (32.86)
Sunking 15.60 (4.01) 24.65 (5.01) 7.43 (2.81) 8.29 (2.96) 24.80 (5.02) 38.22 (38.17)
Bianca 19.56 (4.47) 17.25 (4.20) 18.07 (4.30) 21.34 (4.66) 16.10 (4.07) 28.28 (32.09)
Mericolour 17.84 (4.28) 15.73 (4.02) 17.66 (4.26) 11.84 (3.51) 11.97 (3.53) 18.07 (25.12)
Sphinx 12.97 (3.67) 9.37(3.14) 8.66 (3.02) 6.39 (2.62) 6.53 (2.65) 11.78 (20.06)
Skyline 17.97 (4.29) 27.59 (5.29) 17.98 (4.29) 7.80 (2.88) 15.12 (3.95) 12.00 (20.24)
Grandgala 42.79 (6.57) 30.27 (5.64) 17.90 (4.29) 22.36 (4.78) 22.78 (4.82) 15.70 (23.32)
Iceberg 22.76 (4.82) 14.33 (3.85) 18.25 (4.33) 21.63 (4.70) 9.43 (3.15) 20.10 (26.62)
Acqua 33.95 (5.86) 25.18 (5.06) 5.03 (2.35) 23.86 (4.98) 16.84 (4.16) 24.32 (29.53)
First Red 35.49 (5.99) 28.03 (5.34) 18.06 (4.30) 32.39 (5.73) 14.26 (3.83) 11.16 (19.50)
SE± 0.16 0.15 0.14 0.14 0.12 1.12
CD at 5% 0.47 0.44 0.40 0.40 0.35 3.21

*Figures in parentheses are  √ x + 0.5 square root transformed values. **Figures in parentheses are arcsin transformed values.

______________



The crop of Chrysanthemum coronarium
L. is relatively of short duration and less
photosensitive, thus capable of coming up
throughout the year. It is more hardy, vigorous
and grows taller. Its flowers are in various
shades of yellow, white, having single or double
forms (Desai, 1962). The plant is
hermaphrodite, self fertile and seed
propagated. In India, the crop has been
naturalized and locally called 'Bijli' in Nagpur

(Meshram et al. 2008), 'Baboona' in Haryana
(Mishra et al. 2002) 'Guldhak' in Punjab,
'Market1 in Delhi and 'Gendi' in Uttar Pradesh
area (Arora, 1990).

The present study was carried out at
Floriculture unit of Main Agricultural Research
Station, Department of Horticulture, University
of Agricultural Sciences, Dharwad, during the
years 2007-2009. The objective of study was

J. Agric. Res. Technol., 36 (3) : 513-516 (2011)

Nutritional Studies in Garland Chrysanthemum
(Chrysanthemum coronarium L.)

Table 1. Number of flowers plant-1 and flower yield ha-1 as influenced by nitrogen and phosphorus levels in garland
chrysanthemum during kharif and rabi at Dharwad.

Treatment Number of flowers plant-1 Flower yield hectare-1 (tonnes)
–––––––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––
P0 P1 P2 P3 Mean P0 P1 P2 P3 Mean

Kharif :
N0 14.45 21.31 18.15 17.35 17.18 1.09 1.99 1.54 1.58 1.55
N1 17.38 24.90 21.11 20.81 21.05 2.02 4.02 3.11 2.95 3.03
N2 23.01 30.52 27.92 23.12 26.14 3.72 6.86 5.73 3.88 5.05
N3 20.16 26.83 20.90 20.22 22.03 3.42 4.96 3.52 3.30 3.80
Mean 18.75 25.89 22.02 20.38 21.76 2.56 4.46 3.48 2.93 3.36

S.Em.± CD at 5% S.Em.± CD at 5%
N 0.30 0.91 0.098 0.301
P 0.28 0.86 0.103 0.318
N x P 0.60 1.74 0.224 0.647

Rabi :
Treatment P0 P1 P2 P3 Mean P0 P1 P2 P3 Mean

N0 22.39 33.03 28.13 26.90 27.61 1.83 3.32 2.58 2.64 2.59
N1 26.94 38.60 32.72 32.25 32.63 3.37 6.74 5.21 4.94 5.07
N2 35.67 47.31 43.27 35.84 40.52 6.23 11.49 9.59 6.49 8.45
N3 31.25 41.59 32.39 31.35 34.14 573 8.301 5.90 5.52 6.36
Mean 29.06 40.13 34.13 31.58 33.73 4.29 7.46 5.82 4.90 5.62

S.Em.± CD at 5% S.Em.± CD at 5%
N 0.46 1.42 0.164 0.504
P 0.43 1.33 0.153 0.473
N x P 0.93 2.69 0.375 1.083

Note : N0 - 0 kg ha-1, N1 -100 kg ha-1, N2 - 150 kg ha-1, N3 - 200 kg ha-1, P0 - 0 kg ha-1, P1 - 100 kg ha-1, P2 - 150 kg
ha-1 and P3 - 200 kg ha-1.



to evaluate the effect of graded levels of
nitrogen and phosphorus on yield and quality
parameters of garland chrysanthemum (C.
coronarium L.). The experimental area had a
medium red soil having sandy clay texture with
a pH of 7.2. The soil is moderately fertile.
There were 16 treatments consisting of 4 levels
each of nitrogen viz., N0(0 kg ha-1), N1 (100 kg
ha-1), N2 (150 kg ha-1) and N3 (200 kg ha-1)
and phosphorus viz., P0 (0 kg ha-1), P1 (100 kg
ha-1), P2 (150 kg ha-1) and P3 (200 kg ha-1)
with a constant level of potassium (100 kg
ha-1). The experiment was laid out in 42
factorial randomized block design with three
replications. The gross plot size was 3.0 x 2.1
m and the net plot size was 2.7 x 1.8 m. The
spacing adopted was 30 cm both between rows
and plants within a row.

The fertilizers viz., urea for nitrogen, single
super phosphate for phosphorus and muriate
of potash for potassium were weighed as per
the calculated quantities according to each of
the treatment combinations mentioned above.
Full dose of phosphorus and potassium along
with half dose of nitrogen was applied as basal
dose just before final leveling in each specified
plot. The remaining half dose of N was given at
30 days after transplanting. Transplanting was
done on 5.6.2008 for kharif and 5.10.2008
for rabi. Observations were recorded on flower
yield plant-1, cost of cultivation, gross and net
returns both during kharif and rabi seasons.
The data recorded on flower yield were
analyzed by the ANOVA technique as described
by Panse and Sukhatme (1967). The treatment
means were compared using the critical
difference values calculated at 5 per cent level
of significance.

It was evident that the number of flowers
plant-1 were significantly influenced by different
levels of nitrogen, phosphorus and their
interactions during both the seasons (Table 1).
Application of nitrogen at 150 kg ha-1 recorded
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the highest number of flowers plant-1 (26.14
and 40.52) whereas among phosphorus doses,
phosphorus at 100 kg ha-1 was the best with
25 89 and 40.13 flowers plant-1 respectively
during khanf and rabi. Among the interactions,
the treatment combination of nitrogen at 150
kg ha-1 + phosphorus at 100 kg ha-1 recorded
the highest number of flowers plant-1 (30.52
and 47.31).

The weight of flower ha-1 varied significantly
due to different levels of nitrogen, phosphorus
and their interactions during both the seasons
(Table 1). Application of nitrogen at 150 kg
ha-1 recorded the highest flower yield ha-1

(5.05 t and 8.45 t) whereas, among
phosphorus doses, 100 kg ha-1 was the best
with an yield of 4.46 t ha-1 and 7.46 t ha-1

respectively during kharif and rabi. Among the
interactions, the treatment combination of
nitrogen at 150 kg ha-1 + phosphorus at 100
kg ha-1 recorded the highest flower yield ha-1

(6.86 t and 11.49 t).

There were significant differences due to the
interaction between nitrogen and phosphorus
levels. The number of flowers plant-1 was
maximum at N150:P100 level during kharif
(30.52) and rabi (47.31) seasons when
potassium was applied at 100 kg ha-1. This
indicates that N150:P100 level is optimum for
garland chrysanthemum. The higher number of
flowers plant-1 at this level resulted in higher
flower yield per ha closely followed by
N150:P150 and N200:P100 levels (Table 1).
Similar results were obtained by Mantur (1988)
in china aster, Hugar (1997) in gaillardia and
Ganganagoudar (1997) in golden rod. The
superior performance in terms of reproductive
parameters at the optimum levels of nutrients
was attributed to the better growth, partitioning
of assimilates into reproductive parts at the said
dosages when compared to other dosages.

Garland chrysanthemum was more

productive in rabi season compared to kharif.
As evident from the data, there was progress in
crop growth beyond 65 DAT during rabi
whereas, during kharif the crop was flowering
only up to 65 DAT. Thus, the crop duration was
extended by 20 days giving additional flower
pickings during rabi. It can be inferred that
garland chrysanthemum is more suitable to rabi
season under Dharwad conditions, though it
can be taken up during kharif also.

Besides highest yield, maximum gross
returns and net returns the maximum benefit-
cost ratio were recorded by the treatment
combination of nitrogen at 150 kg ha-1 +
phosphorus at 100 kg ha-1 (2.95 and 5.46)
followed by the combination of nitrogen at 150
kg ha-1 + phosphorus at 150 kg ha-1 (2.21 and
4.25) and nitrogen at 200 kg ha-1 +
phosphorus at 100 kg ha-1 (1.82 and 3.61)
during kharif and rabi seasons. From economic
analysis, the combination of nitrogen at 150 kg
ha-1 + phosphorus at 100 kg ha-1 was found to
be superior in terms of gross returns, net
returns and benefit cost ratio (Table 2). A higher
amount of flower production with relatively
lesser cost of cultivation is shown by this
nutrient level in both seasons. During rabi, this
combination is able to give Rs. 5.46. for every
rupee invested followed by Rs. 4.25. per rupee
as recorded by nitrogen at 150 kg ha-1 +
phosphorus at 150 kg ha-1. The same rank was
recorded in kharif season also by the same
combination with a benefit cost ratio of 2.95,
though the returns were relatively lesser. Thus,
it is proved that nitrogen at 150 kg ha-1,
phosphorus at 100 kg ha-1 is optimum for
garland chrysanthemum at a potassium dose of
100 kg ha-1 during both kharif and rabi under
Dharwad conditions.

A. V. Dorajeerao
A. N. Mokashi

Horticulture Research Station,

Journal of Agriculture Research and Technology 515
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Genetic Divergence in Pigeonpea

______________

Selection of parents is of paramount
importance in any breeding programme, so as
to get maximum heterosis and a wide spectrum
of variability in the segregating generations.
The D2 statistic proposed by Mahalanobis
(1936) is the potent technique to determine the
degree of divergence which is very useful in
selection of parents to be used in a breeding
programme. An attempt in the present
investigation was therefore, made to study the
nature and magnitude of genetic divergence for
seed yield and it's components and also to
identify divergent parents from distantly related
clusters for suitable hybridization.

Forty genotypes of pigeonpea (Cajanus
cajan (L.) Millsp.) from different geographic
origins and showing phenotypic variability for
agronomic and yield characters collected from
Principal Scientist, Agricultural Research
Station, Badnapur were planted in a

randomized block design with three replications
at the Botany section farm, College of
Agriculture, Pune - 5, during kharif 2006.

Table 1. Distribution of 40 genotypes of pigeonpea into
different clusters.

Clus- Genotypes Genotypes
ters included

I 18 ICP 7801, BDN 1, BDN 2, BDN
2010, ICP 7793, ICP 3471, ICP
1523, ICP 7825, AKT 8811, TV
1, ICP 7819, BSMR 853, BSMR
736, ICPL 87119, ICP 7810,
C 11, BDN 2003, ICP 3341

II 14 ICP 3367, BDN 708, ICP 9098,
BDN 2004, ICP 11357, ICP
10912, ICP 11737, ICP 1094, ICP
252

III 5 UPAS 120, ICPL 87, NBPGR 740,
ICP 8863, ISM 8

IV 1 SKM 9264

V 1 ICP 11325

VI 1 ICP 45



Each genotype was represented by a single row
of 4.0 m. length in each replication with a
spacing of 60 cm. between rows and 20 cm.
within rows. Observations were recorded on
five randomly selected plants of each genotype
in each replication for, days to 50 per cent
flowering, days to maturity, plant height at
harvest, plant spread at harvest, number of
primary branches plant-1, number of secondary
branches plant-1 , number of pods plant-1, pod
length, number of seeds pod-1, 100 seed
weight, protein content and grain yield plant-1

(g). The statistical analysis was carried out by
using Mahalanobis's (1936) D2 method and the
genotypes were grouped into different clusters
following Tocher's method as described by Rao
(1952).

The analysis of variance revealed highly
significant differences among the forty
genotypes for all the twelve characters. This
indicated existence of significant amount of
variability among the genotypes for the
characters studied. The computed D2 values
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Table 2. Average intra cluster and inter cluster D2 and D (in parenthesis) values of clusters of pigeonpea genotypes.

Cluster I II III IV V VI

I 263.72 12171.31 14165.62 2461.59 4960.72 20019.51
(16.23) (110.32) (119.01) (49.61) (70.43) (141.49)

II 428.16 51675.57 24836.53 1802.77 1302.41
(20.69) (227.32) (157.59) (42.45) (36.08)

III 377.39 5102.33 35171.78 67049.67
(19.42) (71.43) (187.54) (258.93)

IV 0 13873.75 35814.84
(0) (117.78) (189.24)

V 0 5129.01
(0) (71.61)

VI 0
(0)

Table 3. Cluster mean of different characters and their contribution towards genetic divergence in pigeonpea.

Characters Clusters
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
I II III IV V VI Contribution

towards
divergence (%)

Days to 50 % flowering 134.70 116.21 97.13 144.67 133.33 138.33 3.84
Days to maturity 179.59 208.02 148.87 167.33 197.67 216.67 0.00
Plant height (cm) 162.05 159.11 146.94 177.67 155.67 176.33 0.51
Plant spread (cm) 72.15 68.28 71.44 71.33 56.60 68.87 0.89
No. of primary branches plant-1 15.90 17.43 14.29 16.82 19.13 21.33 0.51
No. of secondary branches plant-1 14.36 14.75 9.84 14.40 16.67 11.07 0.00
No. of pods plant-1 150.64 136.70 130.19 204.27 143.13 120.60 1.41
Pod length (cm) 4.87 4.71 4.99 4.85 5.05 4.90 22.30
No. of seeds pod-1 3.89 3.96 3.98 4.07 4.33 5.00 66.02
100 seed weight (g) 10.92 10.08 10.22 11.20 8.27 7.30 0.38
Protein content (%) 22.75 22.64 23.06 26.33 19.23 18.33 3.84
Seed yield plant-1 (g) 27.07 21.79 26.61 45.71 21.48 17.61 0.25



ranged from 263.72 to 67049.47 showing
high divergence among the different
genotypes. Thombare (1997) also observed
similar trend in pigeonpea. Based on the
degree of divergence, forty genotypes were
grouped into six clusters (Table-1). The cluster I
contained maximum (18) genotypes followed
by cluster II (14), and cluster III (5). The clusters
IV, V and VI were solitary, indicating their
uniqueness from other genotypes. The intra
and inter-cluster D2 (Table 2) indicated that the
intra-cluster distance ranged from 0.00 (solitary
clusters IV, V, VI) to 428.16 (cluster II), whereas
inter-cluster distance was ranged from
D2=67049.67 (cluster III vs.VI) to D2=
1302.41 (cluster II vs. VI). Minimum inter
cluster distance was observed between cluster II
and VI indicating a close relationship while, the
distance was highest between the clusters III
and VI indicating wide diversity between these
two clusters. These maximum distances pointed
out that the selection of the parent for
hybridization programme should be made from
these genetically diverse clusters. The cluster
means for different characters under study
revealed considerable differences between the
genotypes (Table 3). The cluster IV (SKM 9264)
had the highest cluster means for days to fifty
per cent flowering, plant height, number of
pods plant-1, 100 seed weight, protein content
and seed yield plant-1 (g). The lowest yielding
cluster VI (ICP 45) was also characterized by
low cluster means for number of pods plant-1,
100 seed weight and protein content. The
cluster III was characterized by low cluster
means for days to fifty per cent flowering, days
to maturity, plant height and number of

primary and secondary branches plant-1. The
per cent contribution of various characters to
the genetic diversity were worked out from their
rank wise total and showed that, number of
seeds pod-1 (66.02), pod length (22.30)
contributed maximum towards divergence
followed by days to fifty per cent flowering and
protein content (3.84). These results are in
accordance with findings of Asawa et al. (1981)
for seeds pod-1. On the basis of inter-cluster
distances, cluster means and per se
performance, the genotypes viz., ICPL-87
(cluster III), BDN-2010 (cluster I), UPAS-120
(cluster III), SKM-9264 (cluster IV) and ICP-45
(cluster VI) were found superior which may be
used in hybridization programme for obtaining
desirable and useful segregant in pigeonpea.

P. B. Kanade
P. N. Harer
A. N. Kshirsagar

College of Agriculture, 
Pune-411 005 (India)
August 31, 2010.
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Developing high yielding hybrids or variety
is the main aim in almost all the crop
improvement programmes. In any biological
entity, successive improvement requires much
higher effects to achieve even a modest gain.
Though, the latest technologies like genetic
engineering and recombinant DNA technique
are being used in the crop improvement
programme, hybridization method has its own
advantage and frequently used in any breeding
programme aimed as to improve the yield.

The present investigation was conducted at
Sorghum Research Unit, Dr. Panjabrao
Deshmukh Krishi Vidyapeeth, Akola. The
fourcytoplasmic male sterile lines viz., ICS-
40A, ICS-42A, ICS-18A and ICS-516A were
crossed with ten testers viz., ICSR-44347,
ICSR-43743, ICSR-43745, ICSR-43405,
ICSR-43413, ICSR-43407, AKR-73, AKR-
354, AKR-436 and AKR-456 in line x tester
fashion during rabi 2007-08. The resulting 40
hybrids, 14 parents and one check (CSH-16)
were sown during kharif 2008-09 for
evaluation. The 45 x 15 cm spacing was
maintained in randomized block design. The
recommended packages of practices were
followed to raise the good crop. The
observations were recorded for plant height,
panicle length, primaries panicle-1, secondaries
panicle-1, grains panicle-1, 1000-grain weight
and grain yield plant-1 on randomly selected
five plants in each plot in each replication. For
days to 50 per cent flowering, 50 per cent
plants in each plot were recorded. The
heterosis was estimated over mid parent
heterosis (relative heterosis), better parent
(heterobeltiosis) and over check (Standard
heterosis) and the test of significance was
carried out.

The relative heterosis ranged from -15.28
to 1.62 per cent for days to 50 per cent
flowering. Significant and negative heterosis
over mid parents was observed in eight hybrids.
The highest negative heterosis was noted in
hybrids ICS-18A x ICSR-43413 (-15.28%),
followed by ICS-18A x AKR-354 (-13.82%)
and ICS-42A x ICSR-43405 (-13.62%). The
magnitude of heterobeltiosis ranged from -
14.88 to 1.39 per cent. Seven hybrids showed
significant and negative heterobeltiosis. The
magnitude of heterobeltiosis was the highest in
hybrid ICS-18A x ICSR-43413 (-14.88%) and
ICS-42A x ICSR-43405(-13.21). Similar results
were reported by Thanky et al. (1981), Patil
(2000) and Jahagirdar and Borikar (2004).

In case of plant height, thirty nine hybrids
showed significant and positive heterosis over
mid parent. The relative heterosis ranged from
5.56 to 51.24 per cent. The cross ICS-18A x
ICSR-43745 (51.24%) showed highest
heterosis over mid parental value.
Heterobeltiosis ranged from 12.88 to. 57.80
per cent. All 40 hybrids showed significant and
positive heterobeltiosis. The cross ICS-18A x
ICSR-43405 (57.80%) and ICS-18A x ICSR-
43743 (56.96%) showed the highest
magnitude of heterobeltiosis. Standard
heterosis for plant height ranged from -4.07 to
27.15 per cent. The cross ICS-516A x ICSR
44347 (27.15%) exhibited maximum standard
heterosis. Thirty seven hybrids showed
significant and positive heterosis over check.
Rao and Goul (1975) and Rana and Murthy
(1978) reported similar results in their studies.

Heterosis over mid parental value for
panicle length ranged from -35.08 to 18.85
per cent. The highest heterosis was recorded in
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the hybrids ICS-516A x ICSR-43405
(18.85%), ICS-40A x ICSR-43743 (17.76%)
and ICS-18A x AKR 456 (17.37%).
Heterobeltiosis for panicle length ranged from -
37.41 to 14.84 per cent. Eight hybrids showed
significant and negative heterosis over better
parental value. The highest heterobeltiosis was
observed in hybrid ICS-516A x ICSR-43405
(14.84%) and ICS 40A x ICSR-43743
(14.55%). Standard heterosis ranged from -
37.77 to 22.45 per cent. The maximum
standard heterosis was recorded in hybrid ICS-
516A x ICSR-43405 (22.45%) and ICS-516A
x ICSR-. 44347 (19.79%). Desai et al., (1985)
and Patel et al., (1987) reported the similar
results. 

Relative heterosis for primaries panicle-1

ranged from -22.10 to 24.13 per cent. The
maximum heterosis over mid parental value
was depicted by hybrid ICS-40A x ICSR-43407
(24.13%) and ICS-18A x ICSR-43745
(12.33%). Heterobeltiosis ranged from -25.90
to 7.81 per cent. The highest desirable
heterosis over check was recorded in hybrid
ICS-516A x ICSR-43407 (10.79%). The
results are in agreement with the results
reported by Mehtre and Borikar (1992).

Heterosis over mid parental value for
number of secondaries per panicle ranged from
-31.29 to 17.92 per cent. Fourteen hybrids
showed significant and positive relative
heterosis. The cross ICS-40A x AKR-456
(17.92%) showed the highest relative heteorsis.
Heterobeltiosis for secondaries panicle-1
ranged from -50.08 to 8.63 per cent. Crosses
ICS-18A x ICSR-43745 (8.63%) and ICS-40A
x ICSR-43745 (7.85%) showed highest
heterobeltiosis. Only two hybrids showed
significant and positive heterobeltiosis.
Heterosis over check for secondaries per
panicle ranged from -10.03 to 37.36%.
Twenty nine hybrids showed significant and
positive heterosis over check. The maximum

standard heterosis was recorded in hybrid ICS-
42A x ICSR-43407 (37.36%) and ICS-516A x
ICSR- 44347 (37.13%). The results are in
agreement with the results reported by Kaul et
al. (2003).

Relative heterosis for grains panicle-1

ranged from -6.20 to 10.86 per cent. The
maximum heterosis was observed in cross ICS-
40A x ICSR-43413 (10.86%) and ICS-40A x
AKR-354 (10.63%). Five hybrids showed
significant and positive heterosis over mid-
parental value. Heterosis over better parental
value ranged from -6.39 to 10.75 per cent.
Only one cross i.e. ICS-40A x ICSR-43413
(10.25%) showed significant and positive
heterobeltiosis. Nirmala et al. (2005), Patel
(2006) showed similar results in their heterosis
studies.

The crosses ICS -ISA x ICSR- 43407, ICS-
40A x ICSR-43743, ICS-40A x ICSR-43745,
ICS-40A x ICSR-43413 and ICS 516A x ICSR
43405 showed superior performance for grain
yield per plant and yield contributing
characters. So these crosses can be
commercially exploited using heterosis breeding
after its thorough evaluation in subsequent
generations.

D. P. Thakare
R. B. Ghorade
A. B. Bagade

Sorghum Research Unit
Dr. Panjabrao Deshmukh Krishi Vidyapeeth,
Akola - 444 104 (India)
August 31, 2010.
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Response of Watermelon to Drip Irrigation and Mulches

______________

Mulch play an important role in conserving
soil moisture, raising the soil temperature and
suppressing the weed infestation. Besides the
raising of soil temperature black polythene
mulch also improves the quality parameters of
the pulp (Srinivas et al. 1989). Drip irrigation
minimizes the labour required for laying out the
field, watering, weeding, fertilizer application
etc. Considering the above importance the trial
was conducted on combined use of drip
irrigation and black polythene mulch to
minimize the labour and water requirement in
cultivation as well as and boosting the yield and
quality of watermelon.

A field experiment on watermelon (Black
boy) was conducted during rabi season of 2008
at Department of Agronomy, Dr. Balasaheb
Sawant Konkan Krishi Vidyapeeth, Dapoli. Soil
was sandy clay loam with pH 5.09. The
available nitrogen was 320.20 kg with available
P2O5 of 14.04 kg, and available K2O 250 kg

ha-1. The trial consisted of 6 treatments
combining the irrigation methods viz., furrow,
drip irrigation layout and straw and black
polythene mulch. The trial was conducted in
RBD with four replications. The spacing for
furrow irrigation was 2.1 - 0.9 x 0.9 m (paired
row planting) while it was 2.25 x 0.6 m drip
irrigation. Overall 1.35 m2 spacing was
maintained per hill in both the layouts with
7407 hill ha-1. In case of both the layouts the
furrows were open at respective spacing with
the help of ridger. In furrow irrigation the hills
were marked at a spacing of 90 cm to both
sides of the furrow and for drip irrigation hills
were marked at a spacing of 60 cm. In furrow
irrigation at a marked spots the pits of size 0.3
x 0.3 x 0.3 m were excavated manually. For
both the irrigation layout, 4 t of poultry manure
+ 4 t of FYM ha-1 was applied uniformly in a
hill, the fertilizer dose of 50 kg N, P2O5 and
K2O ha-1 was supplied as basal dose through



mixed fertilizer (15:15:15) while remaining
quantity of nitrogen was supplied through urea
after 20 days and 50 days after sowing. Top
dressing of urea was carried out by preparing a
holes by using bamboo stick at the centre of
basin. A stripe of 75 cm width with thickness of
25 micron were spread after basal manuring
and shaping of hills in both the irrigation
layouts. Paddy straw @ 5 t ha-1 was spread only
to covering hills. Before sowing of watermelon
in a black polythene small holes (2-3 cm
diameter) were prepared with the help of
wooden peg. The border of polythene mulch
was covered with soil for trapping of heat and
protect from wind. For drip irrigation laterals
were spread before mulch. The dripper with
4 lph discharge were fixed per hill on lateral
with spacing 60 cm. The unit was operated
with pressure of 0.6 kg cm-2. The irrigation was
scheduled on pan evaporation basis. The crop
was sown on 25th Oct. 2008 and it was
harvested during last week of January 2009.
The yield observations were recorded and
economics was studied by calculating net
income and B:C ratio.

The yield contributing characters (Table 1)
viz., number of fruits per hill, weight of fruits
per hill, average weight of fruit were statistically
influenced by the different treatments under
study. The treatment T6 (Drip irrigation + black
polythene) recorded statistically superior
number of fruits of watermelon over treatments
T1 and T4 (i.e. without mulch treatments).
However, the former treatment was at par with
T2, T3 and T5. Similarly treatment T6 produced
significantly superior weight of fruits per hill
over the treatments T1, T2, T4 and T5 but it
was at par with T3. Significantly superior
average weight of fruits was recorded by
treatment T6 over the treatment T2, T3 and T4
but at par with the treatments T1 and T5.

The statistically superior fruit yield (55.17 t
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ha-1) of watermelon (var. Black boy) was
recorded by the treatment T6 (Drip irrigation +
black polythene) over the rest of the treatment
under study. It is noticed that mulching (straw or
black polythene) is having conginial effect on
improving yield attributes and fruit yield of
watermelon. Similarly drip irrigation also
improved the yield level to the considerable
extent.

The increase in yield under furrow irrigation
with black polythene and drip irrigation with
black polythene, in comparison with furrow
irrigation without mulch was to the extent of
92.49 and 87.49 per cent respectively.

It is observed from the treatment T6 (drip
irrigation + black polythene) recorded highest
net profit of Rs. 2,84,277 and B:C ratio (2.80)
in comparison with rest of treatments under
study. Furrow irrigation treatments used 50 ha-
cm water while drip irrigation treatments 25 ha-
cm irrigation water. The highest water use
efficiency was recorded by the treatment T6
(Drip irrigation + black polythene) while the
lowest water use efficiency was recorded by the
treatments T1 (Furrow irrigation without
mulch).

The pulp colour was attractive (7.8 score)
for treatment T6 (Drip irrigation + black
polythene) while the treatment T5 (Drip
irrigation + straw mlch) recorded superior score
for flavor, texture and over all superior
organoleptic score (8.22).

Black polythene mulch treatment recorded
significantly increase in fruit yield because of
raising soil temperature mainly through
conduction process, more efficient weed
suppression and conservation of soil moisture
for longer time which resulted in better
vegetative growth and fruit yield than straw
mulch and no mulch. Similar findings were
reported by Patel et al. (2009).

Furrow irrigation layout used 50 ha-cm
quantity of water with a interval of
approximately 7-8 days. However, drip
irrigation treatment utilized 25 ha-cm water
which was applied with a interval of 1-2 days.
Due to frequent irrigation optimum amount of
available soil moisture along with proper air and
water proportion in the root zone resulted in
better activity of soil microflora which are
responsible for releasing plant nutrients as per
the need of the crop resulted in a higher yield
of watermelon. Similar findings were reported
by Chakrabarti and Sadhu (2002). It could be
concluded from above investigation that for
saving in irrigation water, labours required for
cultivation and for boosting the yield, quality
and profitability of watermelon, the crop may
be grown with drip irrigation with black
polythene mulch during rabi cum hot weather
season.

P. P. Shinde
S. D. Bure
V. A. Rajemahadik
A. V. Sawant

Dr. Balasaheb Sawant Konkan Krishi
Vidyapeeth,
Dapoli - 415 712 (India)
August 31, 2010.
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In India out of total geographical area 326.8
Mha (about 81 Mha) land is affected by erosion
(Pendke et al. 1998). Similarly, out of net
cultivated area of 185.8 Mha, 56.7 Mha land is
suffering from erosion either due to water or
wind. Out of the 56.7 Mha, 40 Mha land is
severely affected and needs immediate control
measures. An average soil loss due to erosion in
the country is 16.4 tonnes per hectare per year
(Anonymous, 1988).

The conservation structures are an integral
component of the watershed development and
management programme. Conservation
structures not only control the erosion and
conserve water but also help in meeting the
socio-economic demand in various ways. It is
therefore, important to plan the watershed on
sound technical knowledge to save the land
from erosion and degradation, to conserve
water and improve soil for maximum
production (Dhyani, 1991).

Watershed development programme at
Shamwadi watershed in Aurangabad District
was implemented by Dilasa Janvikas Pratisthan
(NGO), Aurangabad and District Rural
Development Agency (DRDA) under Drought
Prone Area Programme (DPAP) Scheme of
Central Government. The geographical area of
Shamwadi watershed is 1161.54 ha. The
general slope of cultivable land in the watershed
ranges from 3 to 4.5 per cent, whereas slope
of non-cultivable land ranges from 14 to 32 per
cent. 

Average annual rainfall is 760 mm of which
80 per cent is received from south-west
monsoon which extend from mid June to mid
September. The watershed under study mainly

consisted of continuous contour trenches of
32.20 ha, loose boulder structure (82 No.),
earthen nala bund (5 No.) and cement nala
bunds (3 No.).

The data on the depth of silt deposited were
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Evaluation of Soil Conservation Structures in Shamwadi
Watershed

Table 1. Silt deposition at continuous contour trenches
and loose boulder structures.

CCT Year Average Area Volume Weight
line of depth of of silt of silt of silt
No. cons- silt depo- depo- depo- depo-

tru- sition sited sited sited
ction (cm) (m2) (m3) (tones)

Continuous contour trenches :
1 1997 0.230 218.75 50.31 38.70
2 1997 0.225 221.40 49.81 38.31
3 1997 0.225 229.90 51.72 39.79
4 1997 0.228 238.81 54.45 41.88
5 1997 0.225 359.91 56.23 43.25
6 1997 0.230 276.75 63.65 48.96
7 1997 0.220 292.12 64.26 49.43
8 1997 0.210 317.50 66.67 51.28
9 1997 0.220 333.36 73.34 56.41
10 1997 0.225 352.00 79.20 60.92
11 1997 0.230 359.37 82.65 63.58
12 1997 0.235 372.00 87.42 67.24
Total silt deposition at CCT 599.75

LBS No. : Loose boulder structure :
1 1998 0.18 12.20 2.196 1.68
2 1998 0.21 16.30 3.423 2.63
3 1998 0.19 18.87 3.585 2.75
4 1998 0.23 15.03 3.456 2.65
5 1998 0.22 14.80 3.256 2.5
6 1998 0.25 16.05 4.010 3.08
7 1998 0.23 12.08 2.770 2.13
8 1998 0.24 18.20 4.368 3.36
9 1998 0.18 19.18 3.452 2.65
10 1998 0.20 20.30 4.060 3.12
11 1998 0.23 12.18 2.800 2.15
12 1998 0.22 13.48 2.965 2.28
Total silt deposition at LBS 30.98



collected. Small pits were made in impounding
area of structure up to a depth of original
ground surface at different locations and
average depth of silt deposited was measured.
Area of silt deposited was measured in regular
triangles and rectangles. Volume of silt
deposited at each structure was estimated by
multiplying the area of silt deposition and depth
of silt deposited. Weight of silt deposited was
calculated by multiplying the volume of silt and
bulk density of silt. The bulk density of silt was
1.3 g cc-1.

Silt deposition at continuous contour
trenches : The average depth of silt deposited
at continuous contour trenches ranged between
0.21 to 0.235 m. Area of silt deposited at
continuous contour trenches ranged between
218.75 to 372.00 m2. Total 599.756 tonnes
silt has been deposited over the period of 7
years after their construction (Table 1). Thus the
erosion rate on this land worked out to be
10.70 tonnes ha-1 year-1. 

Silt deposition at loose boulder
structure : The average depth of silt deposited
in loose boulder structures ranged from 0.18-

0.25 m and area of silt deposition ranged
between 12.08 to 20.30 m2. The weight of silt
deposited ranged from 1.68 to 3.36 tonnes.
Total silt deposited at all 12 loose boulder
structures was estimated to be 30.98 tonnes
during the six years after the construction.

Silt deposition at earthen nala bunds :
The average depth of silt deposited at different
earthen nala bunds ranged between 0.49 to
0.69 m. The quantity of silt deposited in all five
earthen nala bunds was found to be 1880.90
tonnes during the period of four years after
their construction. The per cent storage
capacity of these earthen nala bunds reduced in
the range of 7.9 to 11.49 per cent (Table 2).

Silt deposition at cement nala bund :
The average depth of silt deposited at different
cement nala bunds 1, 2 and 3 were 0.72, 0.65
and 0.58 m respectively. Areas of silt deposited
at cement nala bunds, 1, 2 and 3 were 878.67,
721.42 and 768.03 m2 respectively. The total
silt deposited at all three CNB was found to be
1190 tonnes during the three years after their
construction.
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Table 2. Silt deposition at earthen and cement nala bund.

ENB Year Catch- Designed Average Area Volume Weight Present Per cent
of ment storage depth of of silt of silt storage reduction
constr- area capacity of silt deposition deposition deposition capacity in storage
uction (m) (m3) deposition (m2) (m3) (tones) (m3) capacity

(m2)

Earthen nala bund :
A 2000 81.50 5008 0.62 928.70 575.7 442.90 4432.30 11.49
B 2000 82.10 4253 0.49 1021.21 500.3 384.90 3852.70 8.989
C 2000 81.24 5218 0.65 903.50 587.2 451.70 4530.80 11.47
D 2000 80.57 4780 0.69 651.92 449.8 346.00 4330.20 9.41
E 2000 84.99 4200 0.58 572.51 332.0 255.40 3668.00 7.9
Total 1880.9

CNB cement nala bund :
1 2001 156.44 3825 0.72 878.87 632.64 486.64 3192.36 16.53
2 2001 239.55 4540 0.65 721.42 468.92 360.71 4071.08 10.32
3 2001 296.98 5200 0.58 768.03 445.45 342.65 4754.55 8.50
Total 1190



Storage capacity of these cement nala bunds
was reduced in the range of 8.50 to 16.53 per
cent over the period of three years after their
construction.

Water level fluctuations in open wells
on downstream side of earthen nala
bunds : The data on water level fluctuations in
the five wells on downstream side of the
earthen nala before development (year1996-
97) of  Shamwadi watershed was 5.80-9.75,
7.50-11.70, 7.60-12.70, 7.50-12.00 and
7.60-12.80 m respectively. 

After Shamwadi watershed development
programme maximum water was observed to
be harvested by earthen nala bunds, and it
automatically helped to increase the water table
level in year 2003-04. Water table in all the five
open wells were ranged between 3.60-8.40,
3.90-10.05, 4.40-11.40, 5.20-10.80 and
5.10-11.50 m respectively i.e. rise of 1.35-
2.20, 1.60-3.60, 1.30-2.80, 1.15-2.70 and
1.05-2.60 m respectively in the post
development period. On an average the water
table depth of the area influencing in the zone
of ENB was observed to be increased by
1.8164 m at post-development period.

Water level fluctuations in open wells
on downstream side of cement nala
bunds : Water level fluctuations in three wells
on downstream side of cement nala bunds
before development of Shamwadi watershed in
1996-97 was 6.3-9.8, 6.1-9.7, and 7.1-11.1
m respectively. After the watershed
development programme, in year 2003-04
water table in all the three open wells were

ranged between 3.50-8.35, 3.20-7.80 and
3.60-8.50 m respectively i.e. 1.30-3.10, 1.25-
3.10 and 1.80-3.50 m rise was observed in
year 2003-04. On an average the water table
depth of the area influencing in the zone of
CNB was increased by 2.40 m at post
development. The development of ground
water table has resulted in increase in irrigation
potential of watershed area. 

The area under crops and vegetables during
summer was increased from 18.20 to 58.12 ha
and horticultural crops like citrus, lemon, and
papaya increased from none to 18.09 ha.

M. D. Abuj
A. P. Magar
P. G. Popale
V. T. Bombale
B.  K. Gavit

Department of Soil and Water Conservation
Engineering, Aditya College of Agricultural
Engineering and Technology, 
Beed - 431 122 (India)
August 31, 2010.

References

Anonymous. 1988.  Evaluation of structure research
highlights. Annual Report of Central Soil and Water
Conserv. Res. and Train. Inst., Dehradun, 99:8-9. 

Dhyani, B. L. 1991. Impact of watershed management
technology on farm income. Indian J. of Soil Cons.,
22(3): 71-77.

Pendke, M. S., Gore, K. P. and Jallawar, D. N. 1998.
Impact of watershed development on farming
community. Karnatka J. of agric.Sci., 12(1-4
combined): 118-122.

Abuj et al.526

______________



Chickpea (Cicer arietinum L.) with 17-24
per cent protein, 41-50.8 per cent
carbohydrates and high percentage of the
mineral nutrients is the most important pulse
crop for human consumption (Jodha and
Subbarao, 1987, Maiti, 2001). It is also one of
the most important legume plants in sustainable
agriculture system as it is having low production
cost, wide climate adaptation, crop rotation
suitability and atmospheric nitrogen fixation
ability. Yield potential of chickpea is low due to
many reasons and to make this crop
competitive with those grown during winter

season, breeding of high yielding and input
responsive varieties is only the solution.
Development of such varieties largely depends
on the amount of genetic variability present in
the base material. The degree of genetic
variation observed in the F2 population of eight
chickpea crosses as a basis for pinpointing their
potential for further consideration in the
subsequent breeding activities is presented
below.

Eight crosses involving nine chickpea
genotypes were made in 2004. The F1
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Genetic Variation in F2 Populations and Their Potential in the
Improvement of Seed Yield in Chickpea 

(Cicer arietinum L.)

Table 1. Genotypic coefficients of variation for seven traits in the F2 populations of eight chickpea crosses.

Cross Days to Days to Plant Primary Pods 100 Seed
flowering maturity height branches plant-1 seed yield

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

GJG 9905 x Vishal 5.21 8.31 57.76 67.69 50.67 33.96 26.04
GJG 9905 x ICC 4958 12.61 15.94 41.74 37.63 45.43 4.36 14.80
GJG 9905 x JCP 27 9.11 24.04 52.86 65.58 92.36 10.45 17.63
GJG 9905 x CSJ 103 9.04 16.48 42.68 75.45 75.90 5.69 12.92
JCP27 x CSJ 103 9.52 23.59 60.84 87.59 83.52 1.86 4.94
JCP 27 x IPC 2000-52 9.03 6.15 43.13 52.10 54.17 4.75 14.27
GJG 01 06 x Phule G 96006 37.51 11.66 65.52 89.63 51.08 3.43 4.30
GJG 0106 x SAKI 9616 11.51 25.28 69.16 35.44 52.49 4.11 8.96

Table 2. Heritability (h2) values for seven traits in the F2 populations of eight chickpea crosses.

Cross Days to Days to Plant Primary Pods 100 Seed
flowering maturity height branches plant-1 seed yield

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

GJG 9905 x Vishal 36.91 46.94 81.98 69.74 42.98 95.72 85.60
GJG 9905 x ICC 4958 66.66 60.92 78.46 65.29 50.24 37.68 85.72
GJG 9905 x JCP 27 60.85 77.21 77.78 76.42 76.57 89.96 94.26
GJG 9905 x CSJ 103 55.33 70.01 77.26 78.80 64.39 56.21 79.09
JCP27 x CSJ 103 56.61 72.21 83.37 89.45 88.86 38.59 58.88
JCP 27 x IPC 2000-52 56.83 53.83 72.93 70.64 73.40 53.14 70.30
GJG 01 06 x Phule G 96006 93.23 81.56 89.38 82.35 85.84 45.50 49.87
GJG0106 x SAKI9616 74.36 89.02 91.97 61.96 77.49 55.63 62.01



generations raised in rabi 2005 to obtain the
F2 seeds. The F2 populations along with their
parents were field grown in randomized block
design with three replications at the
Instructional Farm, Junagadh Agricultural
University, Junagadh during rabi-2006 under
irrigated conditions. Five rows of each F2 and
single row of each parent were grown with the
spacing of 45 x 10 cm. The data were recorded
on randomly selected 75 plants from each F2
and five plants from each parent per
replication. Heritability in the F2 generation of
the different crosses was estimated separately
as per Kearsey and Pooni (1996). Genetic
advance as percentage of mean according to
Allard (1960) and simple correlation
coefficients as per Gomez and Gomez (1984)
were computed.

The genotypic coefficient of variation (GCV)
values were, in general (Table 1), lower for days
to flowering, days to maturity, 100-seed weight
and seed yield plant-1, but comparatively higher
for plant height, primary branches plant-1 and
pods plant-1. The highest GCV was obtained
for pods plant-1 in the cross GJG 9905 x JCP
27 (92.36%) followed by primary branches
plant-1 in the cross GJG0106 x Phule G 96006
(89.63%) and JCP 27 x CSJ 103 (89.59%).
The magnitude of GCV was high for seed yield
plant-1 and 100-seed weight in the cross GJG
9905 x Vishal and for days to flowering in the
cross GJG 0106 x Phule G 96006. Past studies
also reported high magnitude of variation for
these characters in chickpea (Burli et al. 2004).

The values of heritability and genetic
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Table 3. Estimates of genetic advance as percentage of mean for seven traits iruthe F2 populations of eight chickpea crosses.

Cross Days to Days to Plant Primary Pods 100 Seed
flowering maturity height branches plant-1 seed yield

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

GJG 9905 x Vishal 4.77 7.61 52.88 61.97 46.39 23.33 19.65
GJG 9905 x ICC 4958 11.55 14.59 38.22 34.46 41.60 3.99 13.55
GJG 9905 x JCP 27 5.86 22.01 48.39 60.04 84.56 9.57 16.14
GJG 9905 x CSJ 103 8.27 15.09 39.08 69.08 69.49 5.21 11.83
JCP27XCSJ 103 8.72 21.60 55.70 80.19 76.47 1.70 4.53
JCP 27 x IPC 2000-52 8.26 5.63 39.49 47.70 49.60 4.34 13.07
GJG 01 06 x Phule G 96006 34.34 10.67 59.98 82.07 46.77 3.14 3.93
GJG0106 x SAKI9616 10.54 23.14 63.32 32.45 48.06 3.77 8.20

Table 4. Simple correlation coefficients of seed yield with six other traits in the F2 populations of eight chickpea crosses.

Cross Days to Days to Plant Primary Pods 100 seed
flowering maturity height branches plant-1 weight

(cm) plant-1 (g)

GJG 9905 x Vishal -0.07 0.00 0.40** 0.36** 0.73** 0.66**
GJG 9905 x ICC 4958 -0.12 -0.11 0.36** 0.44** 0.79** 0.65**
GJG 9905 x JCP 27 0.09 0.03 0.21** 0.28** 0.64** 0.50**
GJG 9905 xCSJ 103 0.01 -0.02 0.22** 0.35** 0.56** 0.52**
JCP27xCSJ 103 -0.01 0.08 -0.03 0.09 0.60** 0.64**
JCP 27 x IPC 2000-52 0.17* 0.18* 0.35** 0.25** 0.53** 0.54**
GJG 01 06 x Phule G 96006 0.07 0.06 0.13 0.33** 0.68** 0.37**
GJG0106xSAKI9616 0.07 -0.12 0.31** 0.03 0.49** 0.45**



advance would give better idea about the
possible gain of selection and nature of gene
action involved in the expression of a particular
character (Johnson et al. 1955). It is worth
mentioning that crosses GJG 9905 x Vishal,
GJG 9905 x ICC 4958, GJG 9905 x JCP 27
and GJG 9905 x CSJ 103 have shown
heritability values greater than 75 per cent for
grain yield plant-1 (Table 2).This indicated that
cross involving parent GJG 9905 have greater
potential for releasing heritable variation.
Besides this, GJG 9905 x JCP 27 and GJG
9905 x CSJ 103 also exhibited heritability
value greater than 55 per cent for other
characters. Plant height recorded the
heritability values more than 72 per cent in all
the crosses studied. Seed yield plant-1 recorded
moderate to low magnitude of genetic advance
in the crosses studied (Table 3), however, its
value was relatively higher in the cross GJG
9905 x Vishal (19.65%). High heritability along
with relatively high genetic advance for seed
yield plant-1, 100-seed weight and plant height
in the cross GJG 9905 x Vishal suggested the
existence of potential possibilities in this cross
for improving yield and its components through
selection in subsequent generations. Moderate
to high heritability coupled with high genetic
advance and GCV for pods plant-1, primary
branches plant-1 and plant height in all the
genetic background suggested that due
weightage should be given to these traits in
chickpea improvement programme. These
observations are in close agreement with the
reports of Kumar and Arora (2003).

Association of studied traits with seed yield
plant-1 in the F2 crosses is given in Table 4.
Correlation coefficients obtained were non-
significant for days to flowering and days to
maturity in almost all the crosses studied. Plant
height, primary branches plant-1, pods plant-1

and 100-seed weight expressed significant
positive association with seed yield plant-1 in all
the crosses, except plant height in the cross

JCP 27 x CSJ 103 and GJG 0106 x Phule G
96006 and primary branches plant-1 in JCP 27
x CSJ 103 and GJG 0106 x SAKI 9616.
Consistent relationships of seed yield plant-1

with pods plant-1 (r=0.49-0.79) and 100-seed
weight (r=0.37-0.66) implies that yield increase
in chickpea can result from increased pod
number with larger seed size (Sidramappa et al.
2008).

In chickpea breeding programme, efforts
are being made contineously to make several
crosses year-1 to accelerate the development of
varieties. In such situations, handling of
segregating generations is very difficult and
expensive. Therefore, selection of promising
crosses for further advancement may be
necessary. The results of the present study
indicated that more emphasis should be given
to the GJG 9905 x Vishal and GJG 9905 x
JCP 27 in an effort of developing better
yielding variety. It is, however, necessary to do
further study on F2 - derived F3 - F6 population
to see the response of early and advanced
generations for seed yield and other useful
traits. Parents with diverse genetic backgrounds
involving in production of several crosses would
be desirable in order to exert among cross
selection, and achieve accelerated yield
improvement in chickpea.

S. R. Gaikwad
B. A. Monpara

Department of Agricultural Botany, 
Junagadh Agricultural University, 
Junagadh - 362 001 (India)
October 15, 2010.
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Efficacy of Local Isolates of Trichoderma spp. Against
Fusarium udum

______________

Pigeon pea is one of the important pulse
crops of India cultivated mainly in rainy season.
Among various constrains of low productivity of
the crop, wilt incited by Fusarium udum is of
the major concern. Losses to the tune of
97,000 tonnes year-1 have been reported
(Kannian et al. 1984). Besides various
management practices, biological management
is gaining a movement as an essential
component of management strategy because of
eco-friendliness, easiness in handling and
application and low cost of production. In the
present study attempt has been made to isolate
local Trichoderma isolates from various parts
of Marathwada region and evaluate their
efficacy in in vitro to find out effective isolate to
be advocated against this diseases.

Rhizosphere samples from various crops
grown in eight districts of Marathwada region
and Malegaon district were collected from
October, 2003 to February, 2004. Isolations of
Trichoderma spp. were carried out by dilution
and pour plate method on Trichoderma
selective medium C without quintozone (PCNB)

under aseptic condition. The plates were
incubated in the laboratory at 25 ± 1°C. The
fungal colony was transferred on Potato
Dextrose Agar (PDA) medium slants by hyphal
tip method. The isolated fungi were purified by
hyphal tip method after growing on petri dishes
containing sterilized PDA medium. Isolated
fungal organisms were identified up to generic
level based on colony characters and growth
and morphology of the fungus. These
descriptions were compared with the standard
description (Nagmani, 2002).

Efficacy of fifty promising true to type
isolates of Trichoderma spp. was tested against
Fusarium udum in dual culture. For this,
Fusarium udum and Trichoderma isolates
were multiplied on sterilized PDA medium in
petri plates for a week. Growth of the pathogen
(5 mm) was taken out with the help of cork
borer and was placed at one end of the plate,
just opposite to (5mm disc) the respective
Trichoderma spp. Control plates consisted of
growth of the pathogen only. There were two
replications. Plates were incubated at 25 + 1°C



and colony diameter of the pathogen and
Trichoderma spp. were recorded at 3,6 and 9
days after incubation. 

Results presented in Table. 1 indicated that
various isolates of Trichoderma have
significantly reduced growth of Fusarium
udum at all the observation periods

At 3 days after incubation, Trichoderma
isolates 3, 17, 30, 32, 34, 36, 37 and 38 had
growth of the pathogen which was at par with
control. Other isolates of Trichoderma spp.
had significantly less growth of the pathogen
than control. Growth of the pathogen in
Trichoderma isolates 5, 7, 9, 16, 24 and 25
was below 5 mm. Growth of the pathogen in
Trichoderma isolates 6, 12, 23, 39, 41, 42,
44, 46, 49 and 50 was below 10 mm.

At 6 days after incubation, all the
Trichoderma isolates significantly reduced
growth of the pathogen as compared to
control. Minimum growth of pathogen was
observed in isolate 9 which was at par with
growth in isolates 5, 6, 7, 12, 16, 23, 24, 25,
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Table 1. Influenced Trichoderma isolates on growth of
Fusarium udum.

Tricho- Growth of Fusarium Growth of Tricho-
derma udum (mm) derma spp. (mm)
isolates ––––––––––––––––––––– ––––––––––––––––––––

3 DAI 6 DAI 9 DAI 3 DAI 6 DAI 9 DAI

1 20.00 28.50 38.00 21.00 25.00 30.50

2 19.30 23.70 27.05 10.00 12.00 15.10

3 22.00 25.00 30.9 22.50 23.50 25.50

4 17.00 22.50 34.50 13.00 14.50 20.00

5 4.00 6.5 9.00 23.15 28.80 30.60

6 6.50 8.9 9.70 28.40 30.10 35.50

7 2.15 5.3 8.40 3.55 5.6 7.8

8 19.30 22.30 28.10 10.00 12.90 16.60

9 3.55 5.05 9.85 5.15 6.6 9.1

10 17.80 22.05 38.60 24.15 25.10 30.20

11 16.30 17.70 24.00 19.00 21.50 24.10

12 7.80 8.70 12.55 6.75 7.9 10.10

13 13.65 17.70 27.60 5.5 7.0 9.1

14 15.10 17.75 23.05 7.5 8.7 9.5

15 14.30 19.80 30.30 6.65 10.00 15.00

16 4.80 6.30 12.35 6.65 9.5 14.10

17 27.30 28.30 32.30 27.15 28.70 34.10

18 13.30 15.20 25.15 1000 11.60 1360

19 14,00 15.50 20.50 17.00 18.50 23.50

20 15.00 16.80 22.00 34.65 37.70 41.60

21 15.00 16.90 24.60 41.50 43.50 50.70

22 17.50 19.50 28.00 8.65 10.50 16.10

23 6.45 9.10 33.00 10.15 11.60 15.00

24 3.10 5.20 7.30 21.00 25.00 26.50

25 4.60 6.20 28.00 42.00 44.50 50.10

26 17.00 20.50 32.00 8.00 9.5 15.50

27 16.50 19.50 28.00 8.50 11.00 18.50

28 14.00 15.90 28.50 8.5 11 50 18.50

29 20.00 21.50 44.00 10.50 12.50 15.50

30 21.40 22.10 36.00 13.00 15.00 22.00

31 23.00 24.50 27.70 13.00 15.50 22.00

32 29.05 31.60 39.60 10.0 11.50 20.50

33 17.00 18.00 29.00 7.0 9.0 15.50

34 27.50 29.50 38.50 9.5 11.50 15.50

35 20.65 22.70 27.20 10.00 12.00 18.00

36 25.00 27.50 40.50 7.8 10.00 18.00

37 28.00 31.00 39.00 11.00 14.00 20.00

38 21.05 25.20 32.60 13.45 14.10 16.50

39 7.30 9.00 14.00 26.60 27.45 33.00

40 17.30 18.80 30.50 22.00 23.50 28.00

41 6.80 8.20 15.00 9.8 11.30 18.00

Table 1. Contd.

Tricho- Growth of Fusarium Growth of Tricho-
derma udum (mm) derma spp. (mm)
isolates ––––––––––––––––––––– ––––––––––––––––––––

3 DAI 6 DAI 9 DAI 3 DAI 6 DAI 9 DAI

42 6.10 6.90 10.60 15.65 17.60 20.55
43 17.50 20.50 25.00 17.75 21.00 26.50
44 8.50 10.00 18.00 17.50 19.20 22.20
45 15.80 17.90 25.30 9.65 10.65 16.60
46 5.50 7.50 9.00 14.65 15.70 21.10
47 20.30 22.55 33.00 17.30 18,90 2060
48 12.10 13.55 20.10 29.00 30.60 37.20
49 8.65 9.90 15.70 11.50 13.70 17.00
50 9.00 13.00 20.00 12.15 14.70 20.70
51 29.05 51.15 61.90
SE± 3.0117 3.63 5.70 6.60 6.59 7.69
CD 8.335 10.05 15.78 18.28 18.24 21.30
at 5 %

DAI : Days after incubation



39, 41, 42, 44, 46, 48, 49 and 50 and
significantly less than rest of the isolates.
Growths of the pathogen in isolate 24 was at
par with all the later aforesaid isolates and
isolate 18 and was significantly less than rest of
the isolates. Besides these 5, 6, 7, 12, 16, 23,
25, 39, 41, 42, 44, 46 and 49 allowed growth
of pathogen up to 10 mm only. Growth of the
pathogen was restricted between 10 to 20 mm
in isolates 11, 13, 14, 15, 18, 19, 20, 21, 22,
27, 28, 33, 40, 45, 48 and 50.

At 9 days after incubation, minimum growth
of the pathogen was observed in isolate 24
which was at par with growth in isolates
5,6,7,9,12,16,14,19,20,39,41,42,44,46,48
and 49 and significantly less than rest of the
isolates. Growths in isolate 7 was at par with all
the aforesaid isolates and isolate 11 and was
significantly less than rest of the isolates.
Besides these isolates, growth in isolates 5, 6, 9
and 46 was restricted below 10 mm. Isolates
12, 16, 39, 41, 42 and 49 restricted growth of
the pathogen below 20 mm.

The growth of different isolates of
Trichoderma reduced growth of pathogen
significantly at all the observation periods.
Growth of pathogen in isolate 25 and 21 was
at par with growth in isolates 6, 10, 17, 20, 39
and 48 and significantly higher than the rest of
isolates. Growth of pathogen in isolate 20 was
at par with all the later aforesaid isolates and
isolates 1,3,5, 11, 19, 24, 40, 43, 44 and 47
and significantly higher than other isolates.
Trichoderma isolates 1, 3, 5, 6, 10, 17, 24,
39, 40 and 48 were having growth between 20
to 30 mm.

At 6 days after incubation, maximum
growth was observed in isolate 25 which was at
par with isolates 5, 6, 17, 20, 21, 39 and 48
and significantly higher than all the other
isolates. Growth in isolate 21 was at par with all
the later aforesaid isolates and isolate 10 and

significantly higher than all the other isolates.
Isolates 6, 20 and 48 had growth more than 30
mm while isolates 1, 3, 5, 10, 11, 17, 24, 39,
and 40 had growth upto 30 mm. Isolates 7, 9,
12, 13, 14, 15, 16, 26, 33, and 36 had
growth only up to 10 mm.

At 9 days after incubation, growth in isolates
21 and 25 was at par with growth in isolates 1,
5 , 6, 10, 17, 20, 39,and 48 significantly
higher than all the other isolates. Isolate 20 had
more than 40 mm while isolates 1, 5, 6, 7, 9,
10, 17, 39 and 48 had growth in between 30
to 40 mm. Isolates 7, 9, 13, 14 had growth less
than 10 mm.

Several workers in past have reported
effectiveness of Trichoderma spp. against F.
oxysporum f.sp. ciceri and F. udum (Do et al.
1996; Singh et al. 1997; Bidagi and
Gundappagol, 1997; Pandey and Upadhyay,
1999 and 2000; Gowdar and Kulkarni, 2003).

Observations of present study regarding
inhibitory effect of Trichoderma spp. against F.
udum are on similar line to those observed by
Sumitha and Gaikwad (1995), Biswas and Das
(1999) and Pandey and Upadhyay (2000).

It is also evident from the results that few
Trichoderma isolates were fast growing while
others had moderate growth. Various
mechanisms of action for the same have been
suggested (Papavizas and Lumsden, 1980 and
Cook and Baker, 1983).

S. J. Waghmare
B. P. Kurundkar

Dept. of Plant Pathology, 
Marathwada Agricultural University,
Parbhani - 431 402 (India)
September 15, 2010.
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Genetic Variability, Correlation and Path Analysis in Soybean

______________

The knowledge of genetic variation in
respect of quantative characters like yield and
its components is essential for crop
improvement. Hence, an attempt was made to
study the genetic variability in the soybean and
to know the selection criteria for higher seed
yield so that breeding strategy for yield
improvement could be worked out.

The experimental material comprising of 27
genotypes and 3 checks was grown during
kharif 2008, in a randomized block design with
three replications. The field experiment was
conducted at the research farm of the Botany
Department, College of Agriculture, Latur.
Each entry was represented by three rows of 3
m length with 45 cm spacing within rows and 5

cm between the plants. Recommended dose of
fertilizer was given and cultural practices were
adopted. Observations were recorded on
randomly selected five plants from each
genotype for nine characters viz., days to 50
per cent flowering, days to maturity, plant
height, number of primary branches plant-1,
number of pods plant-1, number of seeds
pod-1, test weight, oil content, and seed yield
plant-1. Recorded data was subjected to analysis
of variance. The phenotypic and genotypic
correlations and parameters of genetic
variability were estimated following Singh and
Choudhary, (1997). Path coefficients were
estimated according to Dewey and Lu (1959),
so as to study the direct and indirect effect of
component characters on seed yield.



The mean sums of squares due to
treatments were highly significant for all the
characters. The range of variation indicated the
better variability in all the characters studied.
Looking to the data of genotypic and
phenotypic coefficient of variation it was
observed that the character number of pods
plant-1 exhibited highest magnitude of GCV
and PCV indicating high amount of variation in
number of pods plant-1. The same was
observed for the character plant height. Similar
results were reported by Singh et al. (1996).
The PCV values were higher than GCV values
in all the characters studied, indicating the role

of environment on the expression of the
characters. The maximum value of heritability
was observed for all the characters under study.
High heritability values indeed help in selection.
Number of pods plant-1 and plant height had
high values of genetic advance as well as
heritability indicating role of additive genes in
the expression of the characters (Panse, 1957).

In the present study seed yield plant-1 was
positively and significantly associated with pods
plant-1 both at genotypic and phenotypic levels.
Sinde et al. (1996) and Taware et al. (1997),
reported similar results as present investigation.
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Table 1. Parameters of genetic variability in 30 genotypes of soybean.

Characters Range Mean GCV (%) PCV (%) Heritability Expected
(bs) (%) genetic

advance

Days to 50% flowering 32-46 38.22 8.60 8.74 96.76 17.43
Plant height (cm) 27.13-63.16 43.90 18.64 20.83 80.01 34.34
Primary branches plant-1 2.53-5.00 3.54 14.42 19.21 73.10 28.93
Pods plant-1 26.00-73.00 51.90 24.82 24.89 99.41 50.98
Seeds pod-1 2-3 2.92 7.46 7.52 98.44 15.26
Days to maturity 82-103 95.68 4.86 4.88 99.39 9.99
Test weight (g) 11.17-18.87 14.30 12.91 13.40 92.82 25.64
Oil content (%) 17.40-19.83 18.18 4.04 4.35 86.19 7.73
Seed yield plant-1 (g) 12.43-25.62 20.13 18.32 18.96 93.41 36.48

GCV=Genotypic Coefficient of Variation, PCV=Phenotypic Coefficient of Variation, bs=broad sense.

Table 2. Genotypic path analysis for direct and indirect effects of yield components on seed yield of soybean plant-1.

Characters Days Plant Primary Pods Seeds Days Test Oil GCC
to 50% height bran- plant-1 pod-1 to weight con- with 
flow (cm) ches matu- (g) tent seed
ering plant-1 rity (%) yield

Days to 50% flowering -0.06752 0.01937 -0.06536 0.09362 0.06003 0.06956 0.03557 -0.00394 0.141
Plant height(cm) -0.01532 0.08540 0.04871 0.46884 0.03010 0.04412 -0.00057 0.01109 0.672**
Primary branches plant-1 0.02416 0.02277 0.18272 0.26123 0.03412 -0.03013 -0.00144 0.00248 0.496**
Pods plant-1 -0.00738 0.04672 0.05570 0.85702** -0.05548 0.03257 -0.11545 -0.01363 0.800**
Seeds pod-1 -0.01549 0.00982 0.02382 -0.18163 0.26179 0.00175 0.01603 -0.01540 0.101
Days to maturity -0.03575 0.02868 -0.04191 0.21248 0.00349 0.13137 -0.00481 0.03278 0.326
Test weight (g) -0.01193 -0.00024 -0.00130 -0.49154** 0.02085 -0.00314 0.20130 0.07079 -0.215
Oil content (%) 0.00197 0.00701 0.00336 -0.08650 -0.02986 0.03189 0.10553 0.13503 0.168

Residual effect = 0.3566386, * and ** Indicates significance at 5 and 1 per cent level respectively, GCC=Genotype correlation



The number of pods plant-1 were
significantly and positively correlated with plant
height. Similarly test weight and oil content,
days to 50 per cent flowering and maturity was
also correlated significantly and positively with
each other. Singh and Chaudhary (1997)
reported positive correlation between plant
height and branches. Shelter et al. (1978)
showed positive association between plant
height and branches plant-1 but negative non
significant association between plant height and
100 seed weight. Rasaily et al. (1986b)
reported positive correlation between yield
plant-1 and number of branches.

The character number of pods plant-1 had
the highest positive direct effect (0.8570) on
seed yield plant-1 (Table 2) followed by number
of seeds pod-1, test weight , number of primary
branches plant-1 and test weight. The plant
height, number of primary branches plant-1 and
days to maturity contributed to seed yield
through number of pods plant-1 playing its role
through indirect effect.

Path analysis revealed that number of pods
plant-1, number of seeds pod-1, test weight and
number of primary branches plant-1 were the
most important characters and can be used
effectively for selecting the superior genotypes
in soybean.

M. M. Shaikh
P. B. Wadikar
D.M. Ghodke
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Latur - 413 512 (India)
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Hybrid Vigour Studies in Pearl millet

______________

Identification of cytoplasmic genetic male
sterility (Burton, 1958) and presence of high
degree of natural out crossing have been made
it possible to exploit heterosis in pearl millet.

Hence a study was undertaken to know the
magnitude of heterosis and to explore the
possibilities of utilizing the hybrid vigour at
commercial level.



Five male sterile lines viz., MS 98222 A,
MS 91222 A, MS 88004 A, MS 94555 A and
MS 01333 A were crossed with 10 restorers
viz., 1C 223-2,1C No.72,1C 1845,1C 301,
ABI 117, ABI 2006-2, PPC 7, R 451-1, R
1284 and AIMP 92911 and resultant 50
hybrids were sown along with their parents in a

randomized block design with two replications
during kharif 2009. Each entry was sown in
two rows of 3m length spaced 50 cm apart.
Five plants were randomly selected for
recording the observations on grain yield and
10 yield components. Heterosis over mid
parent (MP), better parent (BP) and standard

Jadhav et al.536

Table 1. Heterotic behaviour (%) over mid parent (MP), better parent (BP) and standard check (SC) for eleven characters
along with top ranking hybrid in pearl millet.

Character Type Range of Hybrids having Top ranking hybrids
heterosis significant heterosis
(%) ––––––––––––––––––––

+ve -ve

Days to 50 % flowering MP -16.6 to -1.22 00 49 MS 98222 Ax 1C 1845
BP -18.60 to -2.42 00 46 MS98222AxR451-l
SC 4.08 to 23.47 50 00 MS 94555 Ax 1C 301

Days to maturity MP -15.84 to-3.0 00 50 MS 01333 Ax 1C 1845
BP -16.92 to -4.81 00 47 MSO 1333 Ax 1C 1845
SC 0.0 to 9.88 42 00 MS94555AxIC301

Plant height MP -0.43 to 45.32 49 00 MS 88004 A x 1C No.72
BP -8.17 to 43.54 38 04 MS 88004 A x 1C No. 72
SC -18.29 to 39.09 42 06 MS01333AxABI117

Tillers plant-1 MP -40.0 to 116.22 17 25 MS01333AxPPC7
BP -42.31 to 8 1.82 00 00 MS01333AxPPC7
SC -41. 18 to -1.96 00 00 MS 88004 A x ABI 2006-2

Effective tillers plant-1 MP -82.61 to 7 1.43 16 24 MS 98222 Ax 1C No.72
BP -87.50 to 50.0 04 40 MS 98222 Ax 1C No.72
SC -90.48 to 42.86 11 37 MS 88004 A x ABI 2006-2

1000 grain weight MP -10.48 to 77.34 46 02 MS 88004 A x 1C 223-2
BP -20.20 to 57.64 32 15 MS 88004 A x 1C 223-2
SC -49.29 to 7.86 00 48 MS91222AxR451-1

Grains per cm2 MP -41.88 to 15.94 01 38 MS 88004 Ax R 1284
BP -43.33 to 15.38 01 40 MS 88004 Ax R 1284
SC 0.0   to 82.35 44 00 MS 9 1222 Ax 1C No.72

Earhead girth MP -3.59 to 38.41 49 01 MS 88004 A x 1C No.72
BP -18.18 to 35.46 26 16 MS 88004 A x 1C No.72
SC -33. 15 to 15.47 14 35 MS 94555 A x PPC 7

Earhead length MP -2.05 to 7 1.85 48 01 MS 91222 Ax 1C 301
BP -11.45 to 45.51 39 07 MS 91222 Ax 1C 301
SC -14.38 to 40.88 40 08 MS 98222 A x R 1284

Grain yield plant-1 MP 12.90 to 194.12 50 00 MS 01333 A x ABI 117
BP -20.23 to 18 1.69 41 03 MS 01333 A x ABI 117
SC -50. 12 to 26.79 09 33 MS88004A x R451-l

Fodder yield plant-1 MP 1.73 to 199.3 8 48 00 MS 98222 A x ABI 117
BP -25.69 to 176.92 29 09 MS 98222 A x ABI 117
SC -59.68 to 29.84 11 35 MS 91222 A x R 1284



check (SC) estimated as proposed by Fonseca
and Patterson ( 1968).

Highly significant differences amongst
parents and hybrids were observed for all the
characters. The mean sum of squares due to
parents vs. crosses which can be taken as a
measure of heterosis was highly significant and
their magnitude was higher for plant height,
1000 grain weight, grain yield plant-1 and
fodder yield plant-1 indicating a substantial
degree of heterosis and variation for these
characters. The differences for males and
females were also highly significant for all the
characters, indicating diversity among them.

The range of mid parent heterosis,
heterobeltosis and standard heterosis, number
of hybrids having significant heterosis and top
ranking hybrids are presented in Table 1.
Earliness in flowering was observed for most of
the crosses, out of which 49 and 46 hybrids
were earlier than their mid parent (MP) and
better parent (BP) respectively. The hybrids
with male sterile line MS 01333 A had
exhibited earliness. The hybrids MS 98222 A x
1C 1845, MS 98222 A x R 451-1 and MS
94555 A x IC 301 showed highest and
significant heterosis (-16.6 %), heterobeltiosis (-
18.60 %) and standard heterosis (4.08%) for
earliness. Earliness in flowering was also
observed by Ahluwalia and Patnaik (1963) and
Phul et al. (1973).

Heterosis for days to maturity ranged from -
15.84 to -3.0, -16.92 to -4.81 and 0.0 to 9.88
over MP, BP and SC respectively. Hybrid MS
01333 A x IC 1845 showed highest mid parent
heterosis (-15.84%) and heterobeltiosis
(-16.92%) and MS 94555 A x IC 301(0.00%)
showed standard heterosis.

Hybrids having tall characters are desirable.
Totally four such hybrids exhibited significant
positive heterosis over BP while six hybrids over

SC. The maximum desirable heterobeltiosis and
standard heterosis was recorded by MS 88004
x IC No. 72 (43.54 %) and MS 01333 x ABI
117 (39.09 %). Chavan and Nerkar (1994),
Aher and Ugale (1995) and Patel et al. (2008)
also recorded high heterosis for this trait.

For total number of tillers, 17 hybrids
exhibited significant positive mid-parent
heterosis. The maximum desirable heterosis
(116.22 %) was recorded by MS 01333 A x
PPC-7. While selecting high yielding line
number of effective tillers is considered as a
major yield components and it has maximum
direct effect on grain yield (Singh et al. 1980).
A high estimate of significant desirable
heterosis was recorded for this trait. The
maximum mid parent (71.43 %) and better
parent heterosis (42.86%) was observed by the
hybrid MS 98222 A x 1C No. 72 and standard
heterosis by MS 88004 A x ABI 2006-2. These
results are in agreement with those of earlier
reported by Chavan and Nerkar (1993), Aher
and Ugale (1995), Karad and Harer (2005) and
Patel et al. (2008).

The highest mid-parent heterosis (77.34%),
heterosbeltiosis (57.64%) was recorded by MS
88004 A x IC 223-2 and standard heterosis
(7.86%) for 1000 grain weight was observed by
MS 91222 A x R 451-1. Aher and Ugale
(1995), Karad and Harer (2005) reported
medium to low magnitude of heterosis for this
trait.

Highest magnitude of standard heterosis for
number of grains cm-2 was recorded by MS
91222 A x IC No. 72 (82.35 %). The
maximum desirable mid-parent heterosis
(15.94 %) and heterobeltiosis (57.64 %) was
observed by MS 88004 A x R 1284.

Estimates of heterosis for earhead girth and
earhead length were low and medium
respectively. The hybrid MS 94555 A x PPC-7
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exhibited maximum standard heterosis (15.47
%) for earhead girth while hybrid MS 98222 A
x R 1284 had maximum positive standard
heterosis (40.88 %).

Higher magnitude of heterosis over mid-
parent and better parent among all the
characters was observed for the character grain
yield plant-1. The higher magnitude of mid-
parent heterosis and heterobeltiosis for this trait
was to the extent of 194.12 and 181.69 per
cent recorded by MS 01333 A x ABI 117
respectively. Wheras standard heterosis was to
the extent of 26.79 per cent (MS 88004 A x R
451-1). Chavan and Nerkar (1994), Aher and
Ugale (1994) and Patel et al. (2008) also
reported similar results.

Estimates of heterosis for fodder yield per
plant were high. The hybrid MS 91222 A x R
1284 exhibited maximum standard heterosis
(29.84%). The hybrid MS 98222 A x ABI-117
exhibited maximum mid parent heterosis
(199.38%) and heterobeltiosis (176.92%),
Karad and Harer (2005) and Patel et al. (2008)
also reported similar results.

Among five combinations which yielded
significantly higher than the check RHRBH
9808, three were with MS 88004 A and two
with MS 94555 A. These crosses also showed
desirable heterosis for most of the yield
components like number of effective tillers,
1000 grain weight, earhead girth.

M. A. Jadhav
P. B. Wadikar

A. A. Chavan 
S. P. Pole
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College of Agriculture, 
Latur - 413512 (India)
September 15, 2010.

References

Aher, V. B. and Ugale, S. D. 1995. Heterosis in pearl
millet. J. Maharashtra agric. Univ., 20(2): 217-220.

Ahluwalia, M. K. and Patnaik, M. C. 1963. A study of
heterosis in pearl millet. Indian J. Genet. 23: 34-38.

Burton, G. W. 1958. Cytoplasmic male sterility in pearl
millet (Pennisetum glaucum L.). J. Agron., 50(4):
230.

Chavan, A. A. and Nerkar, Y. S. 1994. Heterosis and
combining ability studies for grain yield and its
components in pearl millet. J. Maharashtra agric.
Univ., 19(1): 58-61.

Fonseca, S. and Patterson, F. L. 1968. Hybrid vigour in
seven parent diallel cross in common winter wheat
(Triticum aestivum L.J.Crop Sci.8: 85-88.

Karad, S. R. and Harer, P. N. 2005. Line x tester analysis
in pearl millet, J. Maharashtra agric. Univ., 30(2):
180-183.

Patel, K. Y., Kulkarni, G. U. and Patel, D. R. 2008.
Heterosis and combining ability studies for grain yield
and it's components in pearl millet. J. Maharashtra
agric. Univ., 33(1): 12-15.

Phul, P. S., Nanda, G. S. and Gupta, S. P. 1973.
Combining ability in pearl Millet. Indian J. Genet.,
33(3): 334-339.

Singh, Y. P., Kumar, S. and Chuhan, B. P. S. 1980. Path
coefficient analysis of grain yield in pearl millet P.
americanum (L.) Leeke. Madras agric. J. 67(4): 1214-
1219.

Jadhav et al.538

______________



Integrated nutrient management plays an
important role in crop nutrition through
supplementation of part of plant nutrients
required (Saxena et al. 2001). The basic
principle of integrated nutrient management is
to maintain plant nutrient supply to achieve a
given level of crop production by optimizing the
benefits from all possible sources of plant
nutrients, particularly the eco friendly and
cheap ones restoring organic matter in soil and
enhancing nutrient use efficiency and soil
quality (Subba Rao and Reddy, 2005).
Therefore, experiments were carried out to
study the effect of integrated nitrogen use in
groundnut and wheat in groundnut- wheat-
coriander system on component crops
performance and monetary returns under
irrigated condition. 

The field experiments were conducted
during 2006-07 to 2008-09 at National
Agricultural Research Project, Ganeshkhind,
Pune on inceptisol soil with 7.17 pH , EC 0.17
dsm-1 and available N, P and K of 241, 22 and
367 kg ha-1 respectively. The experiment was
laid out in a randomised block design with
seven nutrient treatments imposed on
groundnut cv. JL24 and wheat cv. NIAW 301
preceding coriander (cv. local). The
recommended dose of 40:40:20 NPK kg ha-1

was applied for coriander. The gross plot size
was 4.50 x 3.60 m2 for groundnut, wheat and
coriander were sown at spacing of 30 x 10 cm,
22.5 cm and 22.5 cm, respectively. The
recommended doses for groundnut and wheat
were 10 tones FYM and 25:50:0 NPK kg ha-1

and 10 tones FYM and 120:60:40 NPK kg
ha-1 respectively. For groundnut and wheat
crop recommended nitrogen (N) was applied
partly either through FYM or vermicompost as

organic source and partly through urea as
inorganic source in 1/3 + 2/3, 2/3 + 1/3
proportions or 100 per cent either of these as
per treatments respectively. In case of wheat,
basal dose of nitrogen was supplied through
FYM/vermicompost and top dressing was done
through chemical fertilizer. 

Yield of groundnut did not differ significantly
due to different combination of organic and
inorganic sources of nitrogen. The dry pod and
haulm yields ranged from 2357 to 2711 kg
ha-1 and 3136 to 4144 kg ha-1 respectively.

In wheat the highest grain yield (4443 kg
ha-1) was recorded with the treatment receiving
1/3 recommended dose of nitrogen through
vermicompost and 2/3 through chemical
fertilizer (T6). This treatment was at par with
recommended practice (T1) and (T3) treatment
with application of 1/3 of the recommended
dose of nitrogen through FYM. However, the
succeeding of summer coriander was not
influenced due to integrated use of organic and
inorganic sources in preceding crops. The
coriander yield varied between 2268 to 3055
kg ha-1 and the highest coriander yield of (3055
kg ha-1) being with T4 followed by T1 (3020 kg
ha-1). Similar results were reported by Prasad et
al. (2002) and Shirole et al. (2009).

The groundnut yield equivalent differed
significantly. Groundnut and wheat with
recommended dose followed by (T1) coriander
recorded highest groundnut yield equivalent
(8536 kg ha-1). The treatments T3 and T6
(groundnut with 2/3 recommended dose of
nitrogen through FYM/vermicompost and 1/3
nitrogen through urea - wheat 1/3
recommended dose of nitrogen through
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FYM/vermicompost and 2/3 nitrogen through
urea-coriander with RDF) were at par. These
results corroborate with Gawai and Pawar
(2005), Channabasanagowda et al. (2008) and

Shirole et al. (2009). This might be due to
improved physico-chemical and biological soil
condition due to integrated use of nutrient
sources.
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Table 1. Yield (kg ha-1) of component crops and groundnut equivalent yield (kg h-1) as influenced by integrated nitrogen use
to groundnut and wheat as groundnut-wheat-coriander system.

Treatment Groundnut Wheat Coria- Groun- Cost Gross Net B:C
–––––––––––– ––––––––––––– nder dnut of mone- mone- ratio
Dry Hau- Grain Straw Green yield culti- tary tary
pod lm equiv- vation returns returns

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

T1 - Groundnut (GRD)- 2711 3555 4316 9241 3020 8536 84278 169261 84983 2.02
wheat-coriander

T2 - Groundnut (1/3 N FYM, 2690 3799 3504 7509 2495 7463 78090 149522 71431 1.92
2/3 N inorganic) - 
wheat - (2/3 N FYM, 
1/3 N inorganic) 
- coriander

T3 - Groundnut (2/3 N FYM, 2640 4003 4152 8238 2756 8095 72088 159848 87760 2.27
1/3 N inorganic) - wheat 
- (1/3 N FYM, 2/3 N 
inorganic) - coriander

T4 - Groundnut (100% N 2551 3136 2941 6061 3055 7518 89780 147743 57963 1.65
FYM) - wheat - (100% N 
FYM) - coriander

T5 - Groundnut (1/3 N 2357 3488 3319 6756 2268 6782 87335 136504 49169 1.56
vermicompost, 2/3 N 
inorganic) - wheat - 
(2/3 N vermicompost, 
1/3 N inorganic) - 
coriander

T6 - Groundnut (2/3 N 2571 4144 4443 9195 2751 8210 77813 165281 87468 2.13
vermicompost, 1/3 
N inorganic) - wheat - 
(1/3 N vermicompost, 
2/3 N inorganic)-
coriander

T7 - Groundnut (100% N 2560 3889 2839 5750 2828 7233 104423 145723 41300 1.40
- vermicompost) - wheat 
- (100% N - 
vermicompost) - 
coriander

Mean 84829 153412 68582 1.85

S.E. m± 213 212 199 422 67 353 - 6386 6265 0.10

CD 5% NS NS 614 1301 NS 1089 - 19680 19305 0.31

Market Rates : Wheat grain - Rs. 1300/- q-1, Groundnut dry pod- Rs. 2000/- q-1, Wheat straw - Rs. 10/- q-1, Groundnut
Dry haulms - Rs. 50/- q-1, Coriander - Rs. 2000/- q-1. Fertilizers : N - Rs. 10.76 kg-1, P205 - Rs. 21.75 kg-1, K20 - Rs.70
kg-1.



Overall monetary returns were superior with
integrated nutrient management to groundnut
and wheat. Gross returns as well as B:C ratio
were higher with applicating 2/3 of the
recommended nitrogen either through FYM or
vermicompost to groundnut and 1/3 of the
recommended nitrogen of wheat with the same
sources.

K. P. Pawar
A. A. Bhagat
P. A. Navale

National Agricultural Research Project,
Ganeshkhind, Pune - 411 007 (India)
September 15, 2010.
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Identification of Heterotic Hybrids for Seed Yield and its
Attributes in Pigeonpea

______________

In pulses, exploitation of heterosis or hybrid
vigour is possible through the use of male
sterility or by crossing normal bisexual flowers
manualy. In pigeonpea several heterotic cross
combinations were found in GMS based
hybrids, however there are some inherent
problems to use this male sterility system. The
development of CMS lines in pigeonpea made
it easy to develop hybrids and to exploit the
hybrid vigour commercially. This study was
therefore, conducted to evaluate heterotic
pigeonpea hybrids for seed yield and its
attributing traits.

Twenty four hybrids produced by 3 x 8 LT
were grown in a randomized block design The
best three parents on the basis of per se

performance and three best crosses on the
basis of standard and better parent heterosis
were reported. The per cent heterosis over
better parent was estimated as per Fonesca and
Patterson (1968). Similarly the standard
heterosis i.e. heterosis over standard check
BSMR 736 was also estimated.

The magnitude of per se performance,
heterosis over better parent and standard
heterosis given in Table 1. The parent ICPA
2052 and ICPA 2067 were early in maturity.
The parent ICP 13991 and ICPA 10650
exhibited higher number of primary and
secondary branches, respectively. The parent
ICPL 87119 had higher number of pods
plant-1 and yield ha-1, whereas, parent ICPA
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2067 recorded the highest 100 seed weight.
The standard heterosis for days to flowering
ranged from -2.30 to 32.18 where as for days
to maturity it ranged from -3.08 to 20.00 per
cent. For plant height, standard heterosis
ranged from -32.27 to 11.36. For number of
primary and secondary branches, the range of
heterosis was from -25 to 18.75 and -56.25 to
75.00 per cent respectively. The standard
heterosis for 100 seed weight ranged from -
37.04 to -1.23, whereas, for seed yield it
ranged from -31.41 to 81.69 per cent. None of
the cross was observed with negative heterosis
over better parent for days to flowering and
days to maturity. For plant height highest
heterobeltiosis has been reported in the cross
ICPA 2039 x ICPR 13991 for number of
primary and secondary branches. The cross
ICPA 2052 x HPL 24-63 reported highest
better parent heterosis of 112.30 per cent
followed by ICPA 2052 x HPL -21-3 (94.62%)
for seed yield. The cross ICPA 2052 x ICP
10934 had -2.30 per cent standard heterosis
for days to flowering, whereas for days to
maturity it was -3.08 per cent. For plant height,
standard heterosis of 11.36 per cent has been
observed in the cross ICPA 2039 x ICP 13991.
For number of primary branches, the highest
standard heterosis of 18.75 per cent has been
reported by the cross ICPA 2039 x ICP 13991
and for number of secondary branches by the
cross ICPA 2067 x ICP 87119. Highest
heterosis of 98.39 per cent for number of pods
plant-1 has been observed in the cross ICPA
2039 x ICP 12320. None of the cross had
positive standard heterosis for 100 seed weight.
For seed yield the cross ICPA 2039 x ICP
87119 (81.69%) was with highest standard
heterosis followed by the cross ICPA 2067 x
ICPL 13991 (28.03%).

ICPA 2039 x ICPL 87119 has higher mean
for seed yield, number of pods plant-1, number

of primary and secondary branches plant-1 and
recorded desirable standard heterosis for yield
and other attributes. The significant negative
heterosis for days to 50 per cent flowering has
been reported by Singh et al. (1989) and
Pandey and Singh (2002). The extent of
negative heterosis for days to maturity was
reported earlier by Chaudhary ((1979) and
Pandey and Singh (2002). Similar results were
reported earlier by Sharma et al. (1979)
Narladkar and Khapre (1996), Sekhar et al.
(2004) reported standard heterosis over 40 per
cent in pigeonpea.

I. A. Madrap
A. B. Bagade
V. A. Dalvi

Department of Botany, 
Marathwada Agricultural University,
Parbhani - 431 402 (India)
November 10, 2010.
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Rice (Oryza sativa L.) and wheat (Triticum
aestivum L. emend. Fiori and paol) is the most
dominant cropping system in the Kymore
plateau and satpura hill zone of Madhya
Pradesh under both irrigated and rainfed
production system. In India, it occupies about
10.5 million hectares area (Sharma et al.
2004) in Indo-gangetic plain region. This is the
most important agricultural production system
for food security of india, mainly because of its
higher productivity and wider ecological
adaptability. It share about 23 per cent of the
national food grain production (Yadav et al.
1998). Although this system has been main
stay of food security, employment and income
generation in the IGPR, however since the
system has sustained over the years, yield
gradually stagnates (Nambiar and Abrol, 1992).
This stagnation in productivity can be attributed
mainly to monotony of the system as well as
exhaustive nature, require more irrigation water
of the cereal-cereal crop sequence. Besides,
continuously following the same system has
adverse effect on soil condition, ultimately
reducing the productivity of the system (Kumar
and Yadav, 1993). Crop diversification and
intensification with inclusion of different crops
like pulse, oilseed, vegetable and fodder will
improve the economic condition of farmer
owing to higher price and higher value of their
grain production and by products, to maintain
and enhance soil health, preserve environment
and meet daily requirement of human and
animals. Due to in decrease income while
decreasing the per capita land day by day and
intensification of rice based cropping system
gave the higher crop productivity and net
return. In addition the legume have favourable

impact on improving the soil fertility and help in
increasing the yield of succeeding rice crop
(Kharub et al. 2003). In view of these facts, the
present investigation was carried out to find out
the suitability of different need based pulse or
oil or vegetable or fodder for substituting in
existing rice based cropping system as crop
diversification and introducing need based short
duration crop as intensification.

The field experiment was conducted on rice
based cropping system under irrigated
condition during all three seasons of the year
2008-09 and 2009-10 at Jawaharlal Nehru
Krishi Vishwa Vidyalaya, Jabalpur, (Madhya
Pradesh) under All India Coordinated Research
Project on Integrated Farming System. The
soils of the experimental field was sandy clay
loam in texture, slightly alkaline (pH 7.62) in
reaction with low organic carbon (6.5 kg ha-1),
normal electrical conductivity (0.55 dsm-1),
medium in available N (240 kg ha-1), low in
available P (16.0 kg ha-1) and medium in
available K (448 kg ha-1). The experiment
consisted of twelve treatments which was laid
out in a randomized block design with four
replications. Twelve rice based cropping
systems were evaluated for their production and
economics viz., T1 : rice - wheat (most existing
cropping system of the zone), T2 : rice -
chickpea (Cicer arietinum L), T3 : Hy. rice -
onion - green gram, T4 : rice - berseem
(Trifolium alexandrinum L) as green manure
as well as seed purpose, T5 : Hy. rice - potato
(Solanum tuberosum L) - maize, T6 : Hy. rice
-gobhisarson (Brassica campestris), T7 : Hy.
rice - vegetable pea (Pisum sativum) - sesame
(Sesamum indicum L), T8 : Hy. rice - potato -
groundnut (Arachis hypogaea L), T9 : Hy. rice

J. Agric. Res. Technol., 36 (3) : 544-547 (2011)
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- gobhisarson - groundnut + maize
(intercropping), T10 : Hy. rice - gobhisarson -
okra (Abelmoschus esculentus L), T11 : Hy.
rice - garlic - sorghum+cowpea (Intercropping),
T12 : Hy. rice - marigold (Tagetus erecta L.) -
maize. Groundnut+maize, sorghum+cowpea
were sown in 4:2 row proportion. The plot size
was 8.0 x 4.2 m . Rice cv 'Kranti', 'ProAgro
6444, 'Sugandha-5' and 'JRH-5', were sown
during rainy (kharif) season; wheat 'GW-273',
chickpea 'JG-322', onion 'Pusared', berseem
'JB-5' (for fodder purpose), potato 'Kufri
Sinduri', Gobhisarson Teri Uttam', green pea
'Arkel', Garlic 'G-41', marigold 'African Giant',
during rabi (winter) season; and green gram
'Pusa Vishal', berseem'JB-5' (for seed purpose),
maize 'JM-12', sesame TKG-55', groundnut
'Jyoti', okra 'Parbhani Kranti', sorghum 'MP
Chari (F), cowpea 'Local' (F). during summer
season were raised under irrigated conditions

with recommended packages of practices. N, P
and K were supplied through urea, single super
phosphate and muriate of potash, respectively.
The average rainfall received during the crop
period was 1000 - 1500 mm in 2009 - 2010.
The yield of rabi and summer crops were
converted into rice equivalent yield by
converting the yield into economic value based
on the prevailing prices at the local regulated
market in a year as per Yadav and Nevaj
(1990). Gross returns, net returns, benefit: cost
ratio and production efficiency were worked out
for all cropping sequences.

Rice equivalent yield : Almost all
diversified cropping system produced
significantly higher rice equivalent yield than
both the existing cropping systems of the
locality viz., rice -wheat and rice - chickpea
systems which had REY of 114.54 and 109.18
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Table 1. Rice equivalent yields (REY), production efficiency and economics (Rs. 000 ha-1) under different rice base cropping
system.

Crop sequence REY Crop Production Cost Gross Net Benefit:
(q ha-1 dura- efficiency of returns returns Cost

Kharif Rabi Summer year-1) tion (kg ha-1 culti- ratio
(days) day-1) vation

Rice Wheat - 114.54 257 44.56 35.886 102.942 67.056 2.86

Rice Chickpea - 109.18 244 44.74 32.344 93.61 61.266 2.89

Rice Onion Green gram (G+R) 136.63 330 41.40 50.247 115.135 64.888 2.29

Rice Berseem (F+S) - 143.18 303 47.25 43.059 119.259 76.182 2.76

Rice Potato Maize (C+F) 130.25 323 40.32 54.747 110.866 56.119 2.02

Rice Gobhi sarson Maize (C+F) 108.38 323 33.55 41.677 92.47 50.793 2.21

Rice Vegetable pea Sesame 110.10 323 34.08 43.996 96.586 52.59 2.19

Rice Potato Groundnut 155.92 342 45.59 54.685 132.464 77.779 2.42

Rice Gobhi sarson Groundnut+maize (I.C) 116.64 342 34.10 42.152 99.852 57.70 2.36

Rice Gobhi sarson Okra 184.75 352 52.48 44.203 153.707 109.504 3.47

Rice Garlic Sorghum+cowpea (I.C) 88.69 329 26.95 53.046 75.709 22.663 1.42

Rice Marigold Maize (C+F) 116.50 319 36.52 48.068 99.203 51.162 2.06

S.E.m± 0.36 - 0.231

CD  at 5% 1.05 0.662 0.883 1.057 0.005

F+S = Fodder+Seed, F = Fodder, I.C = Intercropping, C+F = Cob+Fodder, G+R = Grain+Residues.
Sale price of produce (Rs q-1) (a) rice, scented rice, wheat, chickpea, onion, Berseem fodder, Berseem seed, gobhisarson,
vegetable pea, sesame, groundnut, okra, green gram, cowpea, garlic, marigold and maize cobs are 1100, 2200, 500, 70,
10000, 400, 70, 2500, 800, 2200, 2500, 800, 2500, 70, 2500, 1000 and 50 respectively.
And (b) straw of wheat Rs. 100 q-1; haulm or straw of other crops Rs. 50 q-1 respectively.



q ha-1 year-1, respectively. Rice equivalent yield
of Hy. rice - gobhisarson - okra was significantly
higher than other sequences (184.75 q ha-1)
and it was followed by Hy. rice - potato -
groundnut (155.92 q ha-1) and scented rice -
berseem (fodder + seed) (143.18 q ha-1).
Similar results were also reported by Padhi
(1993) and Adisarwanto et al. (2001). The
higher rice equivalent yield in these cropping
systems were owing to replacement of wheat
with high priced vegetable and fodder crops like
potato and berseem. It was closely followed by
Hy. rice-onion-greengram (136.63 q ha-1), Hy.
rice - potato - maize (130.25 q ha-1, Hy. rice -
gobhisarson - groundnut + maize (116.64 q
ha-1) (Table 1). Rice equivalent yield of Hy. rice
- gobhisarson - maize and Hy. rice - garlic -
sorghum+cowpea was lower than above
sequence. Inclusion of oilseeds, vegetables,
ornamental or fodder crops to diversify the
existing rice - wheat system also helped in
achieving higher rice equivalent yield than with
sequence having cereals and pulse crops.

Production efficiency : Highest
production efficiency was obtained from rice -
gobhisarson - okra (52.48 kg ha-1 day-1) among
all crop sequence. It was followed by rice -
berseem (47.25), rice - potato - groundnut
(45.29), rice - chickpea (44.74), rice - wheat
(44.56) (Table 1). The production efficiency of
rice - garlic - sorghum+cowpea produced
26.95 kg ha-1 day-1 which is lower than above
sequences.

Economics : Economic analysis showed
that the highest cost of cultivation (Rs 54747
ha-1) incurred on Hy. rice - potato - maize
sequence, followed by Hy. rice -potato -
groundnut (Rs. 54685 ha-1). Inclusion of
potato, maize and groundnut in the system
increased the cultivation cost, as they required
heavy fertilization and labour. Significantly
higher gross returns were recorded with Hy.
rice -gobhisarson - okra cropping sequence

followed by Hy. rice - potato - groundnut and
scented rice - berseem (F+S) cropping
sequence. The higher gross returns were owing
to higher yield of rice, potato, groundnut and
berseem in sequence with rice than other crops.
The net returns were significantly higher with
the Hy. rice - gobhisarson - okra (Rs. 109504
ha-1) followed by Hy. rice - potato -groundnut
(Rs. 77779 ha-1) and scented rice - berseem
(Rs. 76182 ha-1). The traditional system of rice
- wheat and rice - chickpea gave net returns of
Rs. 67056 ha-1 year-1 and Rs. 61266 ha-1

year-1, respectively. These all crop sequences
were significantly superior than Hy. rice - garlic
- sorghum+cowpea cropping sequence (Rs.
22663 ha-1) with regard to NMR. Similarly,
benefit : cost ratio was also significantly higher
with Hy. rice - gobhisarson - okra (3.47)
followed by both existing cropping viz., rice -
chickpea and rice - wheat with B:C ratio of
2.89 and 2.86, respectively. The Hy. rice -
garlic - sorghum+cowpea system had the
lowest benefit: cost ratio of 1.42 which
indicated low benefit from this sequence.

S. K. Phajage
V. B. Upadhyay

Department of Agronomy, 
Jawaharlal Nehru Krishi Vishwa Vidyalaya,
Jabalpur -              (India)
November 10, 2010.
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Effect of Zinc, Ferrous and Elemental Sulphur on Growth and
Yield of Safflower (Carthamus tinctorius L.) Var. PBNS-12

______________

Safflower (Carthamus tinctorius L.) is an
important oilseed crop of the world. In India, it
is grown in winter season and accounts for
about 8 per cent of total agricultural produce. It
is an important rabi oilseed crop of
Maharashtra, apart from its wider adoptability
to scanty moisture conditions. It produces oil
rich in polyunsatured fatty acids (Linoleic acid
78 per cent), which play an important role in
reducing the blood cholesterol level. Safflower
is under cultivation either for it's colored florets
or much valued oil in India. The deficiency of
micronutrients is wide spread in many parts of
the country due to cultivation of high yielding
varieties, intensive agriculture and increasing
secondary and mironutrient free fertilizer in
large quantity with concomitant decrease in use
of organic manure. This necessitates rational
application of these elements as they are
becoming limiting factor for obtaining higher
yields of several oilseed crops including
safflower. So, keeping these aspects in view, a
field experiment was undertaken to study the
effect of zinc, ferrous and elemental sulphur on
growth and yield of safflower.

A field experiment was conducted during

rabi season of 2009-10 at All India Co-
Ordinate Research Project (AICRP) on
safflower, Marathwada Agricultural University,
Parbhani on medium black soil having 170, 17
and 280 kg ha-1 of available N, P2O5 and K2O,
respectively and 0.62, 2.26 and 8.05 ppm
DTPA Zn, Fe and elemental sulphur,
respectively with soil pH of 7.9 and organic
carbon content of 0.55 per cent. The
experiment was laid out in a randomized block
design (RED) with eleven treatments. The
treatments were T1 - RDF + ZnSO4 @ 10 kg
ha-1, T2 - RDF + ZnSO4 @ 20 kg ha-1, T3 -
RDF + ZnSO4 30 kg ha-1, T4 - RDF + FeSO4
@ 10 kg ha-1, T5 - RDF + FeSO4 @ 20 kg
ha-1, T6 - RDF + FeSO4 @ 30 kg ha-1, T7 -RDF
+ elemental sulphur @ 1.7 kg ha-1, T8 - RDF +
elemental sulphur @ 3.4 kg ha-1, T9 - RDF +
elemental sulphur @ 5.1 kg ha-1, T10 - RDF +
FYM and T11 - RDF (control), replicated thrice
having gross and net plot size 4.5 x 5 m2 and
2.7 x 3.8 m2, respectively. The RDF was
60:40:0 kg ha-1. The variety was PBNS-12
sown on October 16 at 45 x 20 cm2 spacing.
The crop was harvested at maturity. All the
growth and yield components were recorded



and statistically analyzed as per the procedure
described by Panse and Sukhatme (1967).

The significant influence of ZnSO4 and
FeSO4 on plant height, number of leaves
plant-1, number of primary and secondary
branches, dry matter production, number of
capitula plant-1 and weight of capitula plant-1,
seed weight plant-1 and test weight of the
safflower was recorded.

The application of ZnSO4 @ 30 kg ha-1

with RDF (T3) recorded significantly more plant
height compared to other treatments. Similar
results were observed by Shekhargouda et al.
(1997) anf Sarawai and Rajput (2005) they also
reported that application of ZnSO4 @ 30 kg
ha-1 with RDF (T3) gave significantly higher
number of leaves than other treatments. These
results also corroborated with the findings of
Ravi et al. (2008).

The application of ZnSO4 @ 30 kg ha-1

with RDF (T3) followed by application of FeSO4

@ 30 kg ha-1 with RDF (T6) produced the
highest number of branches than other
treatments. Similar results were also obtained
by Shekhargouda et al. (1997) and Patil et al.
(2006). The application of ZnSO4 @ 30 kg
ha-1 with RDF (T3) recorded highest dry matter
accumulation than other treatments. These
results are in conformity with the finding of
Ravi et al. (2008).

The yield contributing characters viz.,
number of capitula plant-1, weight of capitula
plant-1 and weight of seed plant-1 were
significantly influenced by the levels of ZnSO4
and FeSO4 (Table 1). The application of ZnSO4
@ 30 kg ha-1 with RDF (T3) recorded highest
capitula plant-1 and mean seed weight plant-1

than rest of the treatments at harvest. Similar
results were obtained by Patil et al. (2006) and
Ravi et al. (2008). The treatment T3,
application of RDF + ZnSO4 @ 30 kg ha-1

recorded significantly higher mean weight of
capitula plant-1 than other treatment. Similar
results were recorded by Ravi et al. (2008).
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Table 1. Effect of zinc, ferrous and elemental sulphur on growth and yield of safflower.

Treatment Leaves Secon- Dry Num- Weight Seed Test Seed Biolo- Har- Oil
plant-1 dary matter ber of weight weight yield gical vest con-

bran- produ- of capit- plant-1 (1000 (q yield index tent
ches ction capit- ula (g) seed) ha-1) (q (%) (%)
pla- (g ula plant-1 (g) ha-1)
nt-1 plant-1) plant-1 (g)

RDF + ZnS04 @ 10 kg ha-1 131.9 26.33 154.97 25.50 83.83 26.10 56.00 17.43 66.68 26.13 22.40
RDF + ZnSO4 @ 20 kg ha-1 140.1 33.76 159.20 30.50 89.16 31.40 62.33 21.56 73.41 29.36 21.80
RDF + ZnSO4 @ 30 kg ha-1 142.03 34.90 161.43 32.50 91.60 34.13 64.36 22.17 74.86 29.61 22.50
RDF + FeSO4 @ 10 kg ha-1 126.40 22.63 150.87 23.30 82.00 24.66 53.76 16.61 64.33 25.81 21.20
RDF + FeSO4 @ 20 kg ha-1 138.53 32.53 158.13 29.87 88.30 30.43 61.36 21.25 72.11 29.46 21.70
RDF + FeS04 @ 30 kg ha-1 141.51 34.45 160.27 31.46 90.03 32.26 63.43 21.92 74.60 29.37 22.40
RDF + ES @ 1 .7 kg ha-1 133.00 27.80 154.03 26.40 84.76 26.56 57.06 17.64 67.91 25.97 20.80
RDF + ES @ 3.4 kg ha-1 134.13 28.83 155.27 27.06 85.63 27.36 57.93 17.87 68.22 26.79 22.04
RDF + ES @ 5. 1 kg ha-1 135.40 30.00 156.50 27.93 89.80 27.96 58.80 -18.15 70.40 25.74 22.50
RDF + FYM 130.60 24.26 153.03 24.50 83.00 25.56 54.93 17.14 64.47 26.58 21.10
RDF 124.40 21.33 148.77 22.33 81.13 24.10 53,00 16.07 62.46 25.73 20.70
S.E.± 0.19 0.62 1.09 1.93 1.84 2.03 1.97 0.9923 0.92 0.94 0.80
C.D. @ 5% 0.55 1.18 3.23 5.70 5.42 6.08 N.S. 2.93 2.77 N.S. N.S.

ES : Elemental sulphur.



The levels of ZnSO4 and FeSO4 found
significant influence on seed yield and biological
yield (Table-2). Application of ZnSO4 @ 30 kg
ha-1 with RDF (T3) recorded the highest seed
yield (22.17 q ha-1) than rest of the treatments
and was significantly superior over control T11
(16.079 ha-1). However, it was at par with
treatment T6, FeSO4 @ 30 kg ha-1 with RDF
(21.92 q ha-1), ZnSO4 @ 20 kg ha-1 with RDF
(T2) (21.56 q ha-1) and FeSO4 @ 20 kg ha-1

with RDF (T5) (21.25 q ha-1). Similar results
were obtained by Shekhargouda et al. (1997)
and Anonymous (2005). The treatment T3
(RDF + ZnSO4 @ 30 kg ha-1) also recorded
significantly higher biological yield (7486 kg
ha-1) followed by treatment T6 (RDF + FeSO4
@ 30 kg ha-1) (7460 kg ha-1). 

Data on oil percentage due to zinc sulphate,
ferrous sulphate and elemental sulphur was
found to be non-significant. Similar results were
also recorded in Anonyous (2005). 

A. P. Bharti
U. N. Alse
S. V. Gosavi
D. K. Palve

Department of Agronomy, 

Marathwada Agricultural University, 
Parbhani - 431 402 (India)
December 20, 2010.
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