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Maharashtra is one of the leading cotton
growing states in India having 3.22 million
hectare area under cotton cultivation which is
one third of country's area of cotton cultivation
with the production of 6.0 million bales. The
productivity of cotton in Maharashtra is 379 kg
ha-1 , which is comparatively low compared to
national productivity (517 kg ha-1) during
2011-12 (Anonymous, 2012). The reasons for
low productivity may be stress caused by
nutrients and drought due to erratic distribution
of rainfall, imbalanced fertilizers use, poor
quality seed, lack of adoption of improved agro-
techniques and decline in soil health. The
increasing use of high yielding varieties/
hybrids of most of the crops by the farmers in
the country have led to heavy nutrients mining

from the soil. The utility of land to produce
yield is limited and limits of production are set
by soil and climatic parameters. Cotton is
grown in black soils of central India under
rainfed as well as irrigated condition and needs
identification of promising management
practices for its sustainability in production
besides raising the socio-economic status. In
order to stabilize the soil productivity, the
adoption of harmonious blends of crop residues
and inorganic fertilizers the need of time.
Therefore, present investigation was carried out
to identify promising options for integrated use
of various nutrient management practices for
sustainable cotton production under rainfed and
irrigation condition.

Materials and Methods

The field experiment was conducted at
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Abstract
The results revealed that significantly highest seed cotton yield was recorded in the treatment receiving

cotton crop residue @ 2.5 t ha-1 + vermicompost @ 2.5 t ha-1 + 50% RDF (13.96 q ha-1) as compared to
all other treatments except the treatment of recommended dose of fertilizers (13.93 q ha-1), cotton crop
residue @ 2.5 t ha-1 + glyricidia green foliage lopping at 30 DAE @ 2.5 t ha-1 + 50% RDF (13.37 q ha-1)
and cotton crop residue @ 5 t ha-1 + 50% RDF (11.85 q ha-1). The crop residue incorporation in conjunction
with 50% RDF increased seed cotton yield to the extent of 33.6, 28.3, 27.9 and 13.4  per cent under cotton
crop residue @ 2.5 t ha-1 + vermicompost @ 2.5 t ha-1, sunhemp in situ green manuring at 30 DAE and
cotton crop residue @ 5 t ha-1, respectively as compared to 50% RDF alone. The total uptake of
micronutrients at boll development stage was found to be significantly higher in the treatment receiving cotton
crop residue @ 2.5 t ha-1 + vermicompost @ 2.5 t ha-1 + 50% RDF followed by 100% RDF. The protective
irrigation at critical growth stages increased the seed cotton yield to the extent of 31.6 per cent over rainfed
condition. The higher nutrients uptake was recorded at protective irrigation as compared to rainfed condition.
Further, it was found that the uptake of micronutrients increased from square initiation to boll development
stage as the age of the crop advances towards maturity.         

Key words : Crop residues, green manuring, micronutrients uptake, seed cotton
yield and vermicompost.
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Central Research Station , Dr. Panjabrao
Deshmukh Krishi Vidyapeeth, Akola during
2004-05 to 2005-06 on same site and same
randomization on Inseptisols under differential
moisture  regimes. The soil was clay in texture
with pH 7.78 with low in available N ( 184.6
kg ha-1) and moderate in available P (16.2 kg
ha-1) , high in available  K (381 kg ha-1),
marginal in DTPA- zinc (0.70 mg kg-1) and iron
(6.58 mg kg-1) and high in manganese (9.71
mg kg-1) and copper (2.68 mg kg-1). The initial
calcium carbonate content and organic carbon
were 3.52 per cent and 3.78 g kg-1,
respectively. The experiment was laid out in
split plot design with three replications. The
cotton hybrid PKV Hy-5 was grown at the
spacing 90 x 60 cm. There were nine main plot
treatments which composed of T1 - Control, T2
- 50% recommended dose of fertilizer (RDF),
T3 - 100% RDF (50:25:25 kg N:P2O5:K2O ha-

1), T4 - Greengram intercrop residue

incorporation after plucking of pods + 50%
RDF, T5 - Soybean intercrop residue
incorporation after harvest + 50% RDF, T6 -
Sunhemp in situ green manuring at (GM) 30
DAE + 50% RDF, T7 - Cotton crop residue
(CCR) @ 5 t ha-1 treated with decomposing
culture 50% RDF, T8 - Cotton crop residue @
2.5 t ha-1 treated with decomposing culture +
glyricidia green foliage lopping at 30 DAE @
2.5 t ha-1 + 50% RDF, T9 - Cotton crop residue
@ 2.5 t ha-1 treated with decomposing culture
+ vermicompost (VC) @ 2.5 t ha-1 + 50% RDF
and sub plot treatments were moisture regimes
as rainfed condition and protective irrigation at
critical growth stages of cotton i.e., square
initiation , peak flowering and boll development
stages on the basis of soil moisture depletion.
The measured quantity of irrigation water was
applied to irrigated plots only. The shredded
cotton crop residue was treated with
decomposing culture  @ 1 kg t-1 and
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Table 1. Effect of crop residues and moisture regimes on seed cotton yield.

Treatments Seed cotton yield (q ha-1)
––––––––––––––––––––––––––––––––––––––––––––
2004-05 2005-06 Pooled

mean

Main plot  (Crop residues )
Control 9.36 6.60 7.98
50% RDF 11.07 9.84 10.45
100% RDF 14.17 13.68 13.93
Greengram residue incorporation + 50% RDF 12.18 11.02 11.60
Soybean residue incorporation + 50% RDF 10.30 10.95 10.62
Sunhemp in situ GM at 30 DAE + 50% RDF 13.21 13.53 13.37
CCR @ 5 t ha-1 + 50% RDF 12.40 11.30 11.85
CCR @ 2.5 t ha-1 + Glyricidia @ 2.5 t ha-1 +50% RDF 13.18 13.64 13.41
CCR @ 2.5 t ha-1+ VC @ 2.5 t ha-1 + 50% RDF 13.50 14.42 13.96
SE(m) ± 0.47 1.13 0.72
CD at 5% 1.41 3.38 2.16

Sub plot  (Moisture regimes)
No irrigation (Rainfed) 10.63 9.44 10.03
Protective irrigation at critical growth stages 13.68 13.89 13.79
SE(m)± 0.34 0.40 0.23
CD at 5% 1.02 1.18 0.69

Interaction (CR X MR) NS NS Sig.



incorporation in the respective plots twenty five
days before sowing and mixed well in the soil.
The seeds of greengram, soybean and
sunhemp were treated with Rhizobium and
phosphate solubilizing bacteria each @ 25 g
kg-1 seed before sowing. 

The average contents of zinc, iron,
manganese and copper were 37.3, 229, 35.6
and 22.2 mg kg-1 in greengram residue; 36.4,
223, 31.6 and 21.6 mg kg-1 in soybean crop
residue; 42.2, 249, 40.1 and 24.9 mg kg-1 in
sunhemp residue; 39.9, 243, 38.1 and 23.0
mg kg-1 in glyricidia green foliage loppings;
34.5, 210, 33.0 and 22.7 mg kg-1 in cotton
crop residue and 94.7, 764, 619.0 and 66.1
mg kg-1 in vermicompost, respectively. In order
to study the stagewise uptake of micronutrients
by cotton the plant samples were collected at
square initiation, 50 per cent flowering and boll
development stage and partitioned into stem,
leaves and reproductive parts. Soil and plant
samples were analysed using standard methods
and micronutrients (Iron, zinc, manganese and
copper) were determined from di-acid extract
by using atomic absorption spectrophotometer
(Isaac and Kerber, 1971).

Results and Discussion

Seed cotton yield : The results revealed
that during the first year of study highest seed
cotton yield (14.17 q ha-1) was recorded under
100 per cent recommended dose of fertilizers
followed by cotton crop residue @ 2.5 t ha-1 +
vermicompost @ 2.5 t ha-1 + 50% RDF (13.50
q ha-1), sunhemp  in situ green manuring at
30 DAE + 50% RDF (13.50 q ha-1) and cotton
crop residue @ 2.5 t ha-1 treatment with
decomposing culture + glyricidia green foliage
lopping at  30 DAE @ 2.5 t ha-1 + 50% RDF
(13.18 q ha-1) (Table 1).

During the second year, application of
cotton crop residue @ 2.5 t ha-1 +
vermicompost @ 2.5 t ha-1 + 50% RDF

recorded significantly highest seed cotton yield
(14.42 q ha-1 ) which was followed by 100 per
cent recommended dose of fertilizers (13.68 q
ha-1), cotton crop residue @ 2.5 t ha-1 +
glyricidia green foliage lopping at 30 DAE @
2.5 t ha-1 + 50% RDF (13.64 q ha-1), sunhemp
in situ green manuring at 30 DAE + 50% RDF
(13.53 q ha-1 ) and CCR @ 5 t ha-1 + 50% RDF
(11.30 q ha-1 ). The superiority of use of cotton
crop residue and vermicompost during second
year along with 50 per cent RDF through
fertilizers over only recommended dose
fertilized through fertilizers justifies the
importance of integration of organic manures
with chemical fertilizers and crop residue
utilization.

The pooled results indicated that, cotton
crop residue @ 2.5 t ha-1 + vermicompost
@ 2.5 t ha-1 + 50 per cent RDF (13.96 q ha-1)
recorded significantly superior seed cotton yield
over in situ crop residue incorporation, 50 per
cent RDF and control and was at par with 100
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Table 2. Interaction effect of crop residues and moisture
regimes on seed cotton yield (q ha-1) (Pooled
mean).

Treatments Moisture regimes
–––––––––––––––––
Rainfed Irrigated

Crop residues
Control 6.55 9.41
50% RDF 9.01 11.90
100% RDF 11.63 16.23
Greengram residue incorporation + 10.17 13.03
50% RDF
Soybean  residue incorporation  + 10.25 11.00
50% RDF
Sunhemp  in situ GM at 30 DAE + 11.21 15.53
50% RDF
CCR @ 5 t ha-1 + 50% RDF 10.13 13.57
CCR @ 2.5 t ha-1 + Glyricidia  10.85 14.07
@ 2.5 t ha-1+ 50% RDF
CCR @ 2.5 t ha-1 + VC  12.75 17.07
@ 2.5 t ha-1 + 50% RDF
SE(m) ± 0.81
CD at 5% 2.32



per cent recommended dose of fertilizers
(13.93 q ha-1), cotton crop residue @ 2.5 t
ha-1 + glyricidia green foliage lopping at 30
DAE @ 2.5 t ha-1 + 50% (13.41 q ha-1), CCR
@ 5 t ha-1 + 50% RDF (11.85 q ha-1). Out of
the treatments receiving crop residues only
cotton crop residue + vermicompost, cotton
crop residue + glyricidia foliage, sunhemp in
situ green manuring and cotton crop residue
increased the seed cotton yield to the extent of
33.5, 28.3, 27.9 and 13.4 per cent,
respectively over 50 per cent recommended
dose of fertilizers which can be attributed
improvement in the soil physical, chemical and
biological properties due to the incorporation
of  crop residues, organic manures along with
50 per cent recommended dose of fertilizers
which might have hastened the nutrients
availability as well as better soil condition for

root penetration. Similarly 16 and 20 per cent
increase in seed cotton yield was observed by
Venugopal et al. (1999) due to application of
FYM @ 12 t ha-1 and in situ green manure
respectively at Coimbtore. Basavanneppa and
Biradar (2002) also reported that application of
FYM @ 10 t ha-1 recorded highest seed cotton
yield over cotton crop residue @ 5 t ha-1 and
vermicompost @ 2.5 t ha-1.

It was observed that the intercropping of
greengram and soybean along with 50 per cent
recommended dose of fertilizers recorded
higher seed cotton yield to the extent of 11.0
and 1.63 per cent, respectively as compared to
the application of 50 per cent recommended
dose of fertilizers. Chittapur (2004) also
reported that in cotton + soybean intercropping
system of soybean crop residue incorporation

Katkar et al.8

Table 3. Effect of crop residues and moisture regimes on uptake of zinc by cotton at different stages.

Treatments Uptake of zinc (g ha-1)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Square initiation Peak flowering Boll development
–––––––––––––––––––– –––––––––––––––––––– ––––––––––––––––––––
2004- 2005- Pooled 2004- 2005- Pooled 2004- 2005- Pooled
05 06 mean 05 06 mean 05 06 mean

Main plot  (Crop residues )
Control 82.6 80.1 81.4 110.4 104.0 107.2 170.7 156.5 163.6
50% RDF 90.3 91.8 91.1 136.4 133.9 135.1 189.8 187.0 188.4
100% RDF 119.5 123.6 121.6 214.2 233.5 223.8 300.2 311.5 305.9
Greengram residue incorporation + 50% RDF 101.4 106.9 104.1 153.0 162.7 157.9 211.2 223.2 217.2
Soybean residue incorporation + 50% RDF 95.2 101.6 98.4 141.8 145.5 143.7 194.9 201.8 198.4
Sunhemp in situ GM at 30 DAE + 50% RDF 102.7 107.5 105.1 196.6 204.3 200.5 253.3 292.9 273.1
CCR @ 5 t ha-1+ 50% RDF 91.1 98.0 94.6 178.8 183.7 181.2 229.8 250.4 240.1
CCR @ 2.5 t ha-1 + Glyricidia @ 2.5 t ha-1 + 113.4 120.2 116.8 204.0 228.9 216.4 261.2 306.2 283.7
50% RDF
CCR @ 2.5 t ha-1 + VC @ 2.5 t ha-1 + 50% RDF 115.8 123.7 119.8 205.8 236.1 221.0 295.0 320.2 307.6
SE(m) ± 1.32 1.16 1.24 3.27 2.34 2.81 2.57 2.61 2.59
CD at 5% 3.91 3.42 3.65 9.70 6.96 8.31 7.58 7.72 7.69

Sub plot  (Moisture regimes)
No irrigation (Rainfed) 86.4 89.9 88.2 133.9 143.6 138.8 181.7 185.0 183.4
Protective irrigation at critical growth stages 117.2 122.6 119.9 211.8 222.1 216.9 290.6 321.4 306.0
SE(m) ± 0.78 0.76 0.77 1.55 1.02 1.15 1.14 1.36 1.28
CD at 5% 2.10 2.05 2.08 4.43 2.81 3.12 3.08 3.82 3.45

Interaction (CR X MR) NS NS NS NS NS NS NS NS NS



increased the seed cotton yield by 17 per cent
over no crop residue. The beneficial influence
of using various crop residue was in the order
of cotton crop residue + vermicompost >
cotton crop residue + glyricidia green foliage
lopping > sunhemp in situ green manuring >
greengram  >  soybean.

The protective irrigation at critical
growth stages increased the seed cotton yield to
the extent of 31.6 per cent over rainfed
condition. This could be attributed to the higher
availability of moisture under protective
irrigation at critical growth stages which
enhanced the availability of plant nutrients in
the soil. Patil et al. (2004) also found
significantly higher seed cotton yield under
irrigated as compared to rainfed condition. 

Interaction effect of crop residues and
moisture regimes recorded significantly highest
seed cotton yield (17.07 q ha-1) in the
treatment combination of cotton crop residue
@ 2.5 t ha-1 + vermicompost @  2.5 t ha-1 +
50% RDF followed by 100 per cent
recommended dose of fertilizers (16.23 q ha-1 )
and sunhemp  in situ green manuring + 50 per
cent RDF (15.53 q ha-1) under irrigated
condition at critical growth stages of cotton
(Table 2). These three treatments combinations
were equally effective in producing the higher
seed cotton yield due to irrigation at critical
growth stages in cotton crop residues @ 2.5 t
ha-1 + vermicompost @ 2.5 t ha-1 + 50 per
cent RDF, 100% RDF and sunhemp in situ
green manuring + 50 per cent RDF to the
extent of 43.4, 36.4, and 30.5 per cent over
50 per cent RDF, respectively. This can be
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Table 4. Effect of crop residues and moisture regimes on uptake of iron by cotton at different stages.

Treatments Uptake of iron (g ha-1)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Square initiation Peak flowering Boll development
–––––––––––––––––––– –––––––––––––––––––– ––––––––––––––––––––
2004- 2005- Pooled 2004- 2005- Pooled 2004- 2005- Pooled
05 06 mean 05 06 mean 05 06 mean

Main plot  (Crop residues )
Control 382.8 373.2 378.0 549.3 519.8 534.5 835.6 767.4 801.5
50% RDF 418.5 427.6 423.1 678.1 669.5 673.8 928.2 916.0 922.1
100% RDF 554.3 575.8 565.1 1064.9 1167.9 1116.4 1468.1 1526.5 1497.3
Greengram residue incorporation + 50% RDF 470.1 497.9 484.0 761.0 813.7 787.4 1032.9 1093.3 1063.1
Soybean residue incorporation + 50% RDF 441.2 472.9 457.1 705.3 727.8 716.5 953.3 988.4 970.9
Sunhemp in situ GM at 30 DAE + 50% RDF 476.1 500.5 488.3 977.6 1021.9 999.7 1238.6 1434.8 1336.7
CCR @ 5 t ha-1 + 50% RDF 422.6 456.3 439.5 889.1 918.6 903.9 1124.0 1226.5 1175.2
CCR @ 2.5 t ha-1 + Glyricidia @ 2.5 t ha-1 + 525.7 559.6 542.7 1014.1 1144.8 1079.5 1277.6 1499.7 1388.7
50% RDF
CCR @ 2.5 t ha-1 + VC @ 2.5 t ha-1 + 50% RDF 537.1 576.2 556.7 1024.0 1181.0 1102.5 1442.7 1568.8 1505.7
SE(m) ± 7.22 5.17 6.20 16.59 10.86 13.73 15.51 20.55 18.03
CD at 5% 21.61 15.42 18.52 49.68 32.52 41.10 46.39 61.53 53.99

Sub plot (Moisture regimes)
No irrigation (Rainfed) 401.7 420.7 411.2 666.1 718.3 692.2 889.5 906.9 898.2
Protective irrigation at critical growth stages 542.4 569.0 555.7 1053.3 1110.6 1082.0 1421.2 1575.6 1498.4
SE(m) ± 2.94 2.38 2.69 8.34 7.61 7.49 6.02 8.78 7.41
CD at 5% 7.91 6.48 7.20 22.45 20.86 21.66 17.28 24.26 20.77

Interaction (CR X MR) NS NS NS NS NS NS NS NS NS



attributed to improvement in the physical,
chemical and biological properties of soil with
protective irrigation at critical growth stages as
compared to no irrigation. This further suggests
the importance of soil moisture availability
which improves the water and nutrients use
efficiency.

Uptake of micronutrients : Uptake of
zinc , iron , manganese and copper (Table 3, 4,
5 and 7) was highest under 100 per cent
recommended dose of fertilizers followed by
cotton crop residue @ 2.5 t ha-1 +
vermicompost @  2.5 t ha-1 + 50 per cent RDF
and cotton crop residue @ 2.5 t ha-1 +
glyricidia green foliage lopping at 30 DAE @
2.5 t ha-1 + 50 per cent RDF. Application of
100 per cent recommended dose of fertilizers
recorded significantly superior uptake of

micronutrients over all other treatments except
cotton crop residue @ 2.5 t ha-1 +
vermicompost @ 2.5 t ha-1 + 50 per cent RDF
at square initiation and peak flowering .
However, at boll development stage the uptake
of micronutrients (Zn, Fe, Mn and Cu) was
found significantly higher under cotton crop
residue @ 2.5 t ha-1 + vermicompost @ 2.5 t
ha-1 + 50 per cent RDF than that of only RDF.
This could be attributed to the more
accumulation of dry matter at this stage.
Amongst the incorporation of leguminous crop
residues higher uptake of micronutrients was
recorded in sunhemp in situ green manuring at
30 DAE + 50 per cent RDF at square initiation,
peak flowering and boll development stage.
This might be ascribed to efficient utilization
and assimilation of zinc, iron, manganese and
copper in cotton plant at development stage in
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Table 5. Effect of crop residues and moisture regimes on uptake of manganese by cotton at different stages.

Treatments Uptake of manganese (g ha-1)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Square initiation Peak flowering Boll development
–––––––––––––––––––– –––––––––––––––––––– ––––––––––––––––––––
2004- 2005- Pooled 2004- 2005- Pooled 2004- 2005- Pooled
05 06 mean 05 06 mean 05 06 mean

Main plot  (Crop residues )
Control 74.2 73.0 73.6 104.0 99.0 101.5 145.8 135.4 140.6
50% RDF 81.0 83.7 82.4 128.4 127.4 127.9 161.9 161.9 161.9
100% RDF 107.3 112.7 110.0 201.6 222.2 211.9 256.1 269.7 262.9
Greengram residue incorporation + 50% RDF 91.0 97.5 94.2 144.1 154.8 149.5 180.2 193.2 186.7
Soybean  residue incorporation + 50% RDF 85.4 92.6 89.0 133.5 138.5 136.0 166.3 174.7 170.5
Sunhemp in situ GM at 30 DAE + 50% RDF 92.2 98.0 95.1 185.1 194.4 189.8 216.0 253.6 234.8
CCR @ 5 t ha-1 + 50% RDF 81.8 89.3 85.6 168.3 174.8 171.6 196.0 216.7 206.4
CCR @ 2.5 t ha-1 + Glyricidia @ 2.5 t ha-1 + 101.8 109.5 105.7 192.0 217.8 204.9 222.8 265.0 243.9
50% RDF
CCR @ 2.5 t ha-1 + VC @ 2.5 t ha-1 + 50% RDF 104.0 112.8 108.4 193.8 224.7 209.3 251.6 277.2 264.4
SE(m) ± 1.29 1.13 1.21 3.34 2.11 2.73 2.42 2.25 2.34
CD at 5% 3.82 3.36 3.59 9.98 6.29 8.14 7.21 6.69 6.95

Sub plot (Moisture regimes)
No irrigation (Rainfed) 78.0 82.6 80.3 126.1 136.7 131.4 155.6 160.6 158.1
Protective irrigation at critical growth stages 104.8 111.1 108.0 199.4 211.3 205.4 247.5 277.9 262.7
SE(m) ± 0.68 0.65 0.67 1.16 0.98 1.07 1.05 0.99 1.01
CD at 5% 1.84 1.73 1.79 3.10 2.72 2.91 2.80 2.67 2.74

Interaction (CR X MR) NS NS NS NS NS NS NS NS NS



turn increasing the nutrients uptake and
ultimately the seed cotton yield. The uptake of
micronutrients was increased with advancement
of age of crop towards the maturity. Wankhade
et al. (1997) also observed that uptake of
micronutrients increased with the advancement
of cotton crop towards maturity.

It was observed that significantly higher
uptake of zinc, iron, manganese and copper
was recorded under protective irrigation at
critical growth stages than no irrigation.
Micronutrient uptake increased from square
initiation to boll development stage of cotton.
The higher moisture content under protective
irrigation at critical growth stages might have
helped in decomposition and mineralization of
micronutrients from the crop residue and its
availability to plant.

At square initiation and peak flowering
stage, application of 100 per cent
recommended dose of fertilizers was found at
par with cotton crop residue @ 2.5 t ha-1 +
glyricidia green foliage lopping at 30 DAE @
2.5 t ha-1 + 50 per cent RDF. However, at boll
development stage, the total uptake of zinc,
iron, manganese and copper was found slightly
higher under cotton crop residue @ 2.5 t ha-1

+ vermicompost @ 2.5 t ha-1 + 50 per cent
RDF than RDF. The protective irrigation at
critical growth stages recorded significantly
higher uptake zinc, iron, manganese and
copper as compared to rainfed condition (no
irrigation) during square initiation, peak
flowering and boll development stages. This
further indicates that the soil moisture made
available through protective irrigations provided
at least during critical growth stages of cotton is
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Table 6. Effect of crop residues and moisture regimes on uptake of copper by cotton at different stages.

Treatments Uptake of manganese (g ha-1)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Square initiation Peak flowering Boll development
–––––––––––––––––––– –––––––––––––––––––– ––––––––––––––––––––
2004- 2005- Pooled 2004- 2005- Pooled 2004- 2005- Pooled
05 06 mean 05 06 mean 05 06 mean

Main plot  (Crop residues )
Control 33.0 32.2 32.6 52.7 50.1 51.4 86.1 78.9 82.5
50% RDF 36.0 37.0 36.5 65.1 64.6 64.8 95.5 94.4 95.0
100% RDF 47.7 49.8 48.7 102.3 112.5 107.4 151.0 157.3 154.2
Greengram residue incorporation + 50% RDF 40.4 43.1 41.8 73.1 78.5 75.8 106.3 112.7 109.5
Soybean residue incorporation  + 50% RDF 37.9 40.9 39.4 67.7 70.2 69.0 98.1 101.9 100.0
Sunhemp in situ GM at 30 DAE + 50% RDF 40.9 43.3 42.1 93.9 98.5 96.2 127.4 147.9 137.6
CCR @ 5 t ha-1 + 50% RDF 36.3 39.5 37.9 85.4 88.6 87.0 115.6 126.4 121.0
CCR @ 2.5 t ha-1 + Glyricidia @ 2.5 t ha-1 + 45.2 48.4 46.8 97.4 110.4 103.9 131.4 154.6 143.0
50% RDF
CCR @ 2.5 t ha-1 + VC @ 2.5 t ha-1 + 50% RDF 46.2 49.9 48.0 98.3 113.9 106.1 148.4 161.7 155.0
SE(m) ± 0.54 0.50 0.52 1.67 1.08 1.38 1.40 1.34 1.37
CD at 5% 1.57 1.47 1.52 5.00 3.19 4.10 4.18 3.99 4.09

Sub plot (Moisture regimes)
No irrigation (Rainfed) 34.7 36.5 35.6 64.0 69.2 66.6 91.7 93.6 92.7
Protective irrigation at critical growth stages 46.5 49.1 47.8 101.2 107.1 104.1 146.0 162.1 154.0
SE(m) ± 0.45 0.43 0.44 0.91 0.85 0.85 0.91 0.89 0.90
CD at 5% 1.24 1.16 1.20 2.44 2.31 2.38 2.46 2.40 2.45

Interaction (CR X MR) NS NS NS NS NS NS NS NS NS



much useful for nutrient use by the crop under
the prevailing climate of the area characterized
by long dry spells.

It is concluded that, the application of cotton
crop residue @ 2.5 t ha-1 + vermicompost @
2.5 t ha-1 + 50 per cent RDF was beneficial for
enhancing the cotton productivity as well as
uptake of micronutrients. The crop residue
utilization is also useful for improving overall
soil health. 
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Napier grass grows faster and produce more
herbage. Nitrogen is an important agronomic
input for bajra napier production. Historically,
inorganic source has been a major N source.
Now a days because of rising costs of natural
gas which is used in N fertilizer synthesis, fuel
for fertilizer transport, the organic manures also
represent one of sources of N can be used in
forages.

The challenge to supplying crop nutrient
requirements through manure source is
balanced supply and demand because the ratio
of N:P in nutrient source is very different from
that required by crops. Essential elements
locked up in the organic manures are slowly
mineralized and made available to the crops,
which increased the crop yield, soil fertility and
nutrition of crops (Clarson, 1998). The organic
manures greatly enhanced the soil microbial
population and produce more microbial
biomass than inorganic which directly
stimulating the activity of microorganism

(Shanthi et al., 2012). Manure can be a
valuable source of nutrients for grass. It is a
"complete" fertilizer, containing varying
amounts of all the major and minor plant
nutrients. Manure applications may also
improve soil physical properties such as water
infiltration rate, aggregate size and stability,
pore size and crust strength. These
improvements in turn translate into better soil
quality and improved productivity. Besides the
differences in N concentration, different N
sources may not be equally effective when
applied to fodder crops. A number of factors,
including soil type, rate and method of
application, forage management and
environmental conditions can impact the
effectiveness of different fertilizer sources to
provide N to Crops (Mubarak et al., 2010).

The required amount of nutrients for napier
grass may be supplied through both inorganic
and organic for grass. But due to the farmers
demand on organic way of grass fodder
production, the research work is started with
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Abstract
Three year data of the experiment revealed that the basal application of FYM @105 t ha-1 (N equivalent

basis) + 2 kg Azospirillum + 2 kg phosphobacteria recorded the highest green fodder yield of 360.7 t ha-1

yr-1. The crude protein content increased with FYM treatment. The higher organic carbon content of 1.28
per cent from the initial carbon status of 0.62 per cent recorded in the FYM treatment. The poultry manure
(PM) applied plot recorded higher available N content of 185, kg ha-1 from the initial soil available N content
of 165 kg ha-1. The higher available K content of 578 kg ha-1 was recorded in the same treatment. The
higher uptake of N, P, K, Ca, Mg, S, Fe, Mn, Zn and Cu was recorded in the FYM applied plots. The PM
applied plot recorded the highest net returns of Rs. 2,70,000 ha-1 yr-1 and B:C ratio of 4.3 ha-1.
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organic sources alone and compared with
Integrated Nutrient Management and
inorganics. The multicut cumbu napier hybrid
grass needs heavy nutrient for its robust growth
at basal and different cutting stages (seven
cuttings per annum). Required N for whole year
meet through organic manure application as a
full dose at basal itself will fulfill the N needs.
Organic fertilizer sources can satisfactorily
provide N to forage grasses. Because the whole
dose of N required for the perennial grass given
in the initial development itself. These organic
sources will be slowly available as and when
required and as the organic compounds
mineralize, N and other essential nutrients
become available (Goswami, 2007).

The recently developed cumbu napier
hybrid grass variety CO(CN)4 has the greatest
potential to grow under various soil fertility and
nutrient condition. In the present research work
the easily available organic sources such as
FYM and poultry manures were tried as N
source. FYM is a well recognized and
considered as balanced bulky organic manure
which increases the moisture retention of the
soil and helps in dissolution of nutrients. The
organics were applied along with bio-fertilizers
(Azospirillam). The beneficial effect of
azospirillam on plant is associated not only
with the process of N fixation and improved
nutrition of plants. Also with the synthesis of
complex biologically active compounds such as
pyridoxine, biotin, gibberellins and other

compounds which accelerate plant growth
under favourable environmental conditions.
Among the various nutrient management
practices, the current issue of identifying
suitable organic source to cumbu napier grass
will be highly useful to the thirty organic forage
growers. Of the major nutrient elements,
nitrogen has special significance in increasing
green biomass yield and its quality. Nitrogen
fertilization has been reported to improve not
only the yield but also the crude protein
content. Hence, in this study different locally
available organic sources such as FYM and
poultry manures on were tried to get sustained
optimum yield.

Materials and Methods

An experiment was carried out at the
Department of Forage Crops, Tamil Nadu
Agricultural University, Coimbatore, Tamil
nadu to study the impact of different nutrient
sources (organics, inorganics INM) on yield and
quality of important perennial fodder Cumbu
Napier hybrid grass CO(CN)4. The nutrient
sources viz., Farm Yard Manure (FYM) on N
equivalent basis (105 t ha-1 with 2 kg
Azospirillam + 2 kg phosphobacteria (S1),
Poultry Manure (PM) (44 t ha-1) with 2 kg
Azospirillam + 2 kg phosphobacteria (S2),
INM (Inorganics + 25 t FYM ha yr-1) (S3) and
inorganics alone (75:50:50 kg N P K ha yr-1 as
basal and 75 kg N ha yr-1 after each harvest
totally 7 cuts year-1) (S4) 525 kg N ha-1 were
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Table 1. Effect of source of nutrients on yield and quality cumbu napier hybrid grass.

Treat- Green fodder yield (t ha-1 yr-1) Dry fodder yield (t ha-1 yr-1) Quality (%)
ments –––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––– ––––––––––––––––––––––––

I II II Mean I II II Mean Crude Crude Crude
year year year year year year year year protein fibre fat

S1 - FYM 373.5 341.3 365.2 360.7 86.3 79.18 84.73 83.4 8.8 31.9 2.3
S2 - PM 350.2 314.0 342.1 335.4 80.9 72.84 79.37 77.7 8.3 31.5 2.2
S3 - INM 325.7 282.4 314.3 307.5 75.2 65.52 72.92 71.2 8.1 32.1 2.1
S4 - Inorganics 256.9 275.2 269.4 267.2 59.3 63.85 62.50 61.9 7.6 32.5 2.1
CD (5%) 20.1 26.8 21.3 - - - - - 0.4 NS NS



tried in this experiment. The FYM and poultry
manure applied on N equivalent basis and for
inorganics treatment, NPK recommendation is
75:50:50 kg ha-1. Each time N was top dressed
@ 75 kg ha-1 and for INM (inorganics + 25 t of
FYM ha-1) and inorganics. Total seven cuts
were harvested per annum and total N
requirement @ 525 kg ha-1 yr-1 was applied.
The soil analysis report before the
commencement of experiment revealed that,
the soil was slightly alkaline (7.8) and free from
excessive salts (0.12 ds m-1), medium in
organic carbon (0.65%) and low in available N
(165 kg ha-1), medium in available P (15 kg
ha-1) and high in available K (510 kg ha-1). The
green fodder yield were recorded as such in the
field. The dry fodder yield recorded by keeping
the samples in electric oven at 65°C. The
available N in soil was estimated by alkaline
potassium permanganate method (Subbiah and
Asija, 1956), available P by Olsen's method
(Olsen et al., 1954), available K by flame
photometer method (Stanford and English,
1949) and micronutrients by DTPA extraction
(Jackson, 1973). The plant samples were
analysed at cutting stage for N, P, K, S, Ca, Mg,
S and micronutrients by acid digestion
technique, (Piper, 1966). The fodder quality
parameters viz., crude protein, crude fibre and
crude fat contents were estimated by the
procedure outlined by Van Soest and Moore
(1965). The data was analysed statistically by
using simple RBD.

Results and Discussion

Fodder yield : The first year data of this
experiment showed that, among the different
source of nutrients tried to improve the green
fodder yield of Cumbu Napier Hybrid grass, the
FYM applied on N equivalent basis (105 t FYM
ha-1 yr-1) recorded the highest green fodder
yield of 341.3 t ha-1 yr-1 followed by poultry
manure applied on N equivalent basis (44 t PM
ha-1 yr-1) which recorded 314 t ha-1 yr-1 (Table
1). Though the INM (282.4 ha-1 yr-1) recorded
numerically higher yield than inorganics, it was
statistically on par with inorganics alone (275.2
t ha-1 yr-1). During second and third year also
same trend of result was observed. The pooled
analysis of three year data showed that the
application of FYM @105 t ha-1 yr-1 recorded
360 t ha-1 yr-1 which is 25 percent increase
over inorganics. The higher dry fodder yield
was recorded in FYM (79.18 t ha-1 yr-1) and the
lowest was recorded in the inorganics alone
(63.85 t ha-1 yr-1). These findings are in close
conformity to those of Gill et. al. (1988) in
fodder sorghum. The higher green fodder yield
in the organics applied plot might be attributed
to better supply of nutrients by conducive
physical environment leading to better root
activity and higher nutrient absorption, which
resulted in better plant growth and superior
yield (Selvi et al. 2005; Mishra et al., 2008;
Thakur et al., 2011). Golada et al. (2012)
reported that application of FYM significantly
increased the green fodder yield of pearl millet.
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Table 2. Effect of source of nutrients on nutrient uptake of Cumbu Napier hybrid grass.

Treatmenys Nutrient uptake (kg ha-1 yr-1)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
N P K Ca Mg S Fe Zn Mn Cu

S1 - FYM 1215 518 1476 967 328 95 176 15.9 23.0 4.83
S2 -PM 1074 502 1383 825 324 88 165 14.9 21.5 4.53
S3 - INM 975 451 1286 842 271 82 153 13.8 20.0 4.21
S4 - Inorganics 721 332 1014 664 213 65 121 10.9 15.8 3.32
CD (5 %) 102 56 152 96 35 9 19 1.8 2.0 NS



Fodder quality : The important fodder
quality parameters viz., crude protein, crude
fibre and crude fat content were analysed.
Among the treatments, the FYM applied plot
recorded higher crude protein content (8.8%).
Bama et al. (2013) reported that poultry
manure application @18.8 t ha-1 + 2 kg
Azospirillum + 2 kg Phosphobacteria recorded
167.6 t green fodder yield ha-1 year-1. There
was no significant difference observed in the
crude fibre and crude fat analytical data (Table
1).

Nutrient uptake : The data on the uptake
of nitrogen indicated that there was significant
increase in FYM applied plot of 1215 kg ha-1

which was followed by PM applied (1074 k
ha-1) and INM (974 kg ha-1) (Table 2). The
higher P uptake of 518 kg ha-1 was recorded in
the FYM plot which was on par with PM
applied plot (502 kg ha-1). The lowest P uptake
recorded in the inorganics plot (332 kg ha-1).
The potassium uptake recorded during first
year indicated that there was significant
increase in FYM applied plot of 1476 kg ha-1

recorded which was on par with PM applied
(1383 kg ha-1) followed by INM (1286 kg ha-1).
The lowest K uptake was recorded in inorganics
plot of 1014 kg ha-1. The higher uptake of
nutrients in the FYM plots may be due to
increased cation exchange capacity of roots.

Highest Ca uptake of 967 kg ha-1 was
recorded in the FYM plot which was followed

by INM applied plot (842 kg ha-1) and PM plot
(825 kg ha-1). The lowest Ca uptake recorded
in inorganic alone plot (664 t ha-1). The uptake
of Magnesium indicated that the FYM applied
plot recorded of 328 kg ha-1 which was on par
with PM applied plot (324 kg ha-1) followed by
INM plot (271 kg ha-1). The lowest Mg uptake
was recorded in inorganics plot of 213 kg ha-1.
The sulphur uptake recorded during first year
indicated that there was significant increase of
S uptake in FYM applied plot of 95 kg ha-1

recorded which was on par with PM applied
(88 kg ha-1) followed by  INM (82 kg ha-1). The
lowest N uptake was recorded in inorganics plot
of 65 kg ha-1.

Highest Fe uptake of 176 kg ha-1 was
recorded in the FYM plot which was on par
with PM applied plot (165 kgtha) followed by
INM plot (153 kg ha-1). The lowest Fe uptake
was recorded in inorganics plot (121 kg ha-1).
The uptake of Manganese indicated that the
FYM applied plot recorded 23.0 kg ha-1

recorded which was on par with PM applied
plot (21.5 kg ha-1) and followed by INM plot
(20.0 kg ha-1). The lowest uptake was recorded
in inorganics plot of 15.8 kg ha-1. Higher Zn
uptake of 15.9 kg ha-1 was recorded in the
FYM plot which was on par with PM applied
plot (14.9 kg ha-1) followed by INM plot (13.8
kg ha-1). The lowest Zn uptake was recorded in
inorganics plot (10.9 kg ha-1). The same trend
of results observed in second and third year
also. Non-significant copper uptake was
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Table 3. Effect of source of nutrients on soil nutrient status of Cumbu napier hybrid grass grown soil.

Treatments SOC Major nutrients Secondary nutrients DTPA extractable
(%) (kg ha-1) cmol p(+) (kg-1) micronutrients (ppm)

––––––––––––––––––––––– ––––––––––––––––––––– ––––––––––––––––––––––––––––––––
N P K ExCa ExMg Fe Zn Mn Cu

S1 1.28 180 19.8 578 17.5 7.2 10.2 6.8 7.2 7.2
S2 0.91 185 20.2 561 15.2 6.8 8.7 5.9 6.7 6.8
S3 0.80 160 19.5 553 14.3 6.2 7.9 5.1 6.2 6.2
S4 0.70 153 18.5 532 13.5 5.7 7.8 4.5 5.7 5.7
CD (5%) 0.10 17 0.3 16 1.8 0.8 0.7 0.5 0.8 0.8



observed. The increase in uptake of nutrients in
the organic applied plots may be due to slow
release of nutrients by the organics might have
met the fodder crop requirement (Bharadwaj
and Omanwar, 1994). The increased nutrient
uptake by the poultry manure alone applied
plot in the multicut sorghum was reported by
Bama et al. (2013).

Soil Fertility : In the Cumbu Napier
Hybrid Grass Ahere was a drastic improvement
in the organic carbon status of the soil by the
application of organic manures (Table 3).  The
FYM applied on N equivalent basis recorded
higher organic carbon content of 1.28 per
cent, followed by poultry manure applied
treatment (0.91%), from the initial carbon
status of 0.62 per cent. The increase in organic
carbon content in the manorial treatment is
attributed to direct addition of organic manure
in the soil which stimulated the growth and
activity of microorganisms and also due to
better root growth resulting in the higher
production of biomass, crop stubbles and
residues (Yilmaz and Alagoz, 2010; Singh et
al., 2011 and Moharana et al., 2012). The
subsequent decomposition of these materials
might have resulted in the enhanced carbon
content of soil.These results are in agreement
with the findings of Singh et al. (2008) and
Kumar et al. (2008). Further, the addition of
FYM might have created environment
conducive for formation of humic acid, which
ultimately resulted in an increase in the organic
carbon content of the soil, (Bajpai et al.,
2006).The analytical data of the available
nitrogen status of the soil showed that, the
poultry manure applied plot recorded higher
available N content of 185 kg ha-1 followed by
FYM applied treatment of 180 kg ha-1

compared to rest of the treatments. The
increase in available N might be attributed to
the enhanced multiplication of microbes by the
incorporation of manures for the conversion of
organically bound N to inorganic form and

release of N bearing organic compound during
FYM decomposition. The favourable soil
conditions under organic manure application
might have facilitated the mineralization of soil
N leading to build up of higher available N
(Vipin Kumar and Singh, 2010). The higher
available P content of 20.2 kg ha-1 observed in
the poultry manure applied plot which was
followed by FYM applied plot (19.8 kg ha-1).
The increased availability of P with organics
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Table 4. Soil nutrient balance for Cumbu Napier Hybrid
Grass.

Treat- Initial App- Up- Post Acutal N
ment (a) lied take har- gain bal-

(b) (c) vest ance
(d)

Nitrogen
S1 165 525 1174 180 -15 -664
S2 165 525 1032 185 -20 -527
S3 165 525 923 160 5 -393
S4 165 525 753 153 12 -216

Phosphorus
S1 15 210 500 19.8 -4.8 -294.8
S2 15 1 76 482 20.2 -5.2 -311.2
S3 15 50 427 19.5 -4.5 -381.5
S4 15 50 347 18.5 -3.5 -300.5

Potassium
S1 510 525 1426 578 -68 -969
S2 510 176 1329 561 -51 -1204
S3 510 50 1218 553 -43 -1211
S4 510 50 1058 532 -22 -1030

Table 5. Effect of source of nutrients on monitory benefits
of different fodder crops.

Treat- Cumbu Napier
ment –––––––––––––––––––––––––––––––––––

CC GR NR B/C

S1 - FYM 145000 373500 228500 2.5
S2 - PM 80200 350200 270000 4.3
S3 - INM 78785 325700 246915 4.1
S4 - Inorganics 53785 256900 203115 4.7

CC-Cost of cultivation (Rs.), GR-Gross return (Rs.), NR-Net
return (Rs.), B/C-Benefit cost ratio.



could be ascribed to their solubilising effect on
the native soil P and consequent contribution of
the P as solubilised to labile pool. Organic
matter may also reduce the fixation of
phosphate by providing protective cover and
reduce the phosphate fixing capacity and
increase the available P in soil (Bharadwaj and
Omanwar, 1994 and Agarwal and Kumar,
1996).

Higher available K content of 578 kg ha-1

recorded in the FYM applied treatment. The
higher exchangeable Ca content was recorded
in the FYM plot (17.5 cmol (p+) kg-1) which was
followed by PM plot (15.2 cmol (p+) kg-1). The
INM (14.3 cmol (p+) kg-1) and inorganics (13.5
cmol (p+) kg-1) recorded comparable values.
Higher exchangeable Mg was recorded in FYM
plot (7.2 cmol (p+) kg-1) which is followed by
6.8 cmol (p+) kg-1. The DTPA extractable
micro nutrient results revealed that higher Fe
content recorded in FYM applied plot (10.2
ppm) followed by INM (7.9 ppm) and
inorganics (7.8 ppm). The same trend of results
observed in Zn, Mn and Cu contents.

Soil Nutrient balance : The major
nutrients available in the soil after completing
three year period indicated that, there was a
drastic depletion of almost all nutrients in the
soil (Table 4). The nutrient uptake pattern of
cumbu napier hybrid grass indicated that, N, P
and K content was removed heavily from the
soil. The secondary and micronutrients also
heavily removed from the soil. If that crop is
recommended widely the fertilizer schedule has
to be restudied. Especially the potassium was
highly mined from the soil. Hence the K study
related to pools of K, sources and doses of K
have to be taken care.

Effect of source of nutrients on
Economics of fodder cultivation : Data
pertaining to influence of inorganic and organic
source of nutrients on economics of fodder

cultivation are presented in Table 5. The results
showed that the PM applied plot recorded the
highest net returns (Rs. 2,70,000) and B:C
ratio (4.3) ha-1 followed by INM (Rs. 2,46,915)
and PM (Rs. 2,28,500). But the FYM
application recorded lower B:C ratio of 2.5.

Based on present study, it can be concluded
that, the basal application of FYM @105 t ha-1

+ 2 kg Azospirillum + 2 kg PhosPhobacteria
may be recommended for highest green fodder
yield and crude protem yield and soil fertility.
However from economic point of view if the
farmer want to adopt organic farming practice
the PM 44 t ha-1 + 2 kg Azospirillum + 2 kg
Phosphobacteria can be recommended.
However, the negative nutrient balance of
almost all nutrient reveals the grass was a
voracious feeder of nutrients. Hence, these
nutrients have to be recommended with
required dose to grass type fodder crops. If
grass type cumbu napier hybrid grass is
recommended for cultivation the fertilizer
schedule has to be researched.
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Marigold (Tagetes erecta) is an immensely
popular annual flower crop widely grown
throughout the world. Marigold has its own
importance and is called as 'poor man's crop'. It
is a universally a popular seasonal flower grown
as an ornamental, loose or cut flower, bedding,
pot or landscape plant, easy to cultivate with
worldwide adaptability to varying soil and
climatic conditions. Marigold with its bright
colours ranging from yellow to orange is the
best for combination in any colour scheme.
Generally, marigold is propagated by seeds.
However, true-to-type plants can not be
obtained through seed propagation because it is
an often cross pollinated crop. The main
hurdles in cultivation of marigold are lack of
standard varieties and standard package of
practices. However, comparatively meagre
work on propagation of marigold has been
reported. Therefore,   the present investigation
was undertaken with a view to assess the
growth, quality and yield performance of

different marigold varieties propagated sexually
and asexually.

Materials and Method

The present investigation on "Studies of
propagation methods of marigold on growth,
quality & yield of flowers" was initiated in 2010
at Modibaug Garden of Horticulture Section,
College of Agriculture; Pune. Ridges and
furrows having a gross.plot size 162 m2 were
prepared. The trial was laid out in the
randomized block design with eight treatments
replicated 4 times. Seedlings and cuttings of
different cultivars under study viz., Pusa
Narangi Gainda, Innova Orange, Shaunak
Orange and Local were obtained for
transplanting in main field. Seedling were
planted on raised beds after one month the
plant having height of 15 cm were pinched to
encourage the development of lateral branches.
Tip cuttings of 7cm length were prepared. The
tip cuttings were treated with keradix powder to
enhance the rooting and were planted in trays
containing a mixture of sand, soil and FYM in
equal proportion. At the same time marigold
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seeds of all four varieties under study were sown
in seedling tray. The tray bowls were filled with
garden soil, sand and FYM as recommended
for seed germination in nursery. The spacing of
45 x 45 cm was maintained among the
experimental plants. The observations on
growth characters like plant height (cm) and
plant spread (cm) were recorded at an interval
of 15,30,45,60 days and also at the time of
harvesting, respectively. The number of
branches were recorded at 30, 45, 60 days
interval and at the time of harvesting. Flowering
traits like days to first flower bud initation, days
to first flower opening, flower diameter,
flowering duration and shelf life were
recorded.Yield attributes like number and yield
of flowers plant-1 plot-1 were recorded and
analyzed statistically.

Results and Discussion

Growth attributes : The data on all
growth parameters is given in Table. 1(a), (b)
and (c). The variety Innova Orange has higher
percentage of survival of cuttings (78.5%) and
survival of seedlings (91.5%) than other
varieties. The plants propagated by seed (P1)
exhibited maximum plant height at 15, 30, 45,
60, days after transplanting and at final harvest
which was significantly superior to the plant
propagated by cutting (P2) over the same
interval of time. The variety Innova Orange (V3)
attained a maximum plant height at 15, 30, 45
and 60 days after transplanting and at final
harvest stage (13.35cm, 32.67cm, 70.67cm,
90.37cm and 101.27cm, respectively) which
was significantly superior over Shaunak Orange
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Table 1(a). Effect of sexual and asexual propagation methods on growth attributes in marigold.

Treatments Plant height (cm) Plant spread (cm)
–––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––
15 DAP 30 DAP 45 DAP 60 DAP At final 15 DAP 30 DAP 45 DAP 60 DAP At final

harvest harvest

Seed (P1) 13.33 29.36 63.46 76.33 90.22 13.88 23.57 30.77 37.31 49.05
Cutting (P2) 10.24 24.61 56.18 67.5 80.38 15.42 25.58 32.36 39.16 51.34
S.E.+ 0.3 0.69 1.69 1.18 2.44 0.38 0.6 0.52 0.59 0.64
C.D. at 5 % 0.88 2.05 4.98 3.48 7.2 1.13 1.77 1.54 1.76 1.88

Varieties
V1 12.85 27.85 67.03 78.65 95.99 14.52 24.03 31.68 38.26 50.23
V2 8.08 19.03 36.25 43.62 49.46 15.41 23.76 32.36 39.12 52.13
V3 13.35 32.67 70.67 90.27 101.57 14.17 26.11 31.55 38.27 50.11
V4 12.86 28.39 65.35 75.13 94.19 14.52 24.41 30.68 37.29 48.31
S.E.+ 0.42 0.98 2.39 1.67 3.46 0.54 0.85 0.74 0.84 0.9
CD. at 5 % 1.24 2.9 7.05 4.92 10.18 NS NS NS NS NS

Interaction P x V
P1V1 14.49 29.39 71.1 84.05 101.76 13.9 23.11 31.17 37.38 49.02
P1V2 8.9 20.46 37.39 45.02 51.49 14.64 22.38 31.57 38.1 51.11
P1V3 14.97 35.54 74.9 96.27 107.4 13.18 25.13 30.81 37.36 48.95
P1V4 14.95 32.07 70.47 80.01 100.22 13.83 23.65 29.54 36.42 47.11
P2V1 11.21 26.31 62.96 73.26 90.22 15.15 24.95 32.2 39.15 51.45
P2V2 7.26 17.6 35.11 42.22 47.42 16.18 25.13 33.14 40.14 53.15
P2V3 11.74 29.8 66.43 84.28 95.74 15.16 27.08 32.3 39.18 51.27
P2V4 10.76 24.72 60.23 70.25 88.16 15.21 25.17 31.82 38.17 49.51
S.E.+ 0.6 1.39 3.39 2.36 4.89 0.77 1.2 1.04 1.19 1.28
C.D. at 5 % NS NS NS NS NS NS NS NS NS NS



(V2) but at par with Pusa Narangi Gainda (V1)
and Local variety (V4). It is also clear that the
plant height increased 45 days after
transplanting at an increasing rate while, in
subsequent growth stages the rate was slowed
down. Similar trend of increase in plant height
have been reported by Bhati and Chitkara
(1988), Mehta et al. (1995) and Gadage
(2006). At 15, 30, 45, 60 days after
transplanting and at final harvest stage, the
maximum spread was recorded by plants
propagated by cuttings which was significantly
superior to the seed propagated plants at the
same stages. The data in respect of mean
spread of the plant as influenced by different
marigold varieties produced non significant
influence on spread of the plant at different
growth stages. The maximum number of
branches plant-1 at different growth stages was
recorded in plants propagated by seed which
was significantly superior to the plant
propagated by cutting. The variety Shaunak
Orange (V3) recorded the maximum number of
primary branches at 30, 45, 60 days after
transplanting and at final harvest stage (6.60
cm, 8.35 cm, 11.00 cm and 13.66
cnurespectively), which was significantly
superior over the other varieties. The present
findings are in confirmity with the work
reported by Bhati and Chitkara (1988), Parmar
and Singh (1983), Mehta et al. (1995) and
Chezhiyan et al. (1985). The given data
showed that the interaction effect between
propagation methods and varieties on all
growth attributes was non significant.

Flowering and yield characters : The
treatment propoahon by cutting (P2) recorded
the least number of days to first flower bud
initiation (26.21 days), days to first flowering
(34.52 days) days to 507 flowering (57.56
days) and days to first harvest (7.77 days). The
duration of flowering was maximum (56.98
days) in propogation by seed (P1), the crop
duration (98.97 days), shelf life (11.16 days),

average number of flower plant-1 (20.19), yield
of flower plant-1 (205.02 g), yield of flower
plot-1 (5.12 kg) and yield of flower ha-1 (101.24
g) was maximum in propogation by seed while
average diameter of flower (7.77 cm) and shelf
life (12.52 days) was maximum in propogation
by cutting (P2). Among the different varieties
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Table 1(b). Number of primary branches plant-1.

Treatment Number of primary branches plant-1
––––––––––––––––––––––––––––––––––––
30 DAP 45 DAP 60 DAP At final

harvest

Seed (P1) 6.1 7.91 9.87 12.12
Cutting (P2) 4.13 5.86 7.6 9.88
S.E.+ 0.07 0.17 0.19 0.31
C.D. at 5 % 0.2 0.5 0.58 0.9

Varieties
V1 4.43 6.4 7.99 9.91
V2 6.6 8.35 11 13.66
V3 4.6 6.15 7.79 10.02
V4 4.73 6.65 8.16 10.41
S.E.+ 0.09 0.24 0.27 0.44
CD. at 5 % 0.29 0.71 0.82 1.31

Interaction P x V
P1V1 5.35 7.5 8.98 11
P1V2 7.65 9.5 12.16 14.91
P1V3 5.6 7.05 8.91 11
P1V4 5.8 7.6 9.41 11.58
P2V1 3.5 5.3 7 8.83
P2V2 5.75 7.2 9.83 12.41
P2V3 3.6 5.25 6.66 9.05
P2V4 3.65 5.7 6.91 9.23
S.E.+ 0.14 0.34 0.39 0.63
C.D. at 5 % NS NS NS NS

Table 1(c).  Survival percentage cuttings.

Varieties Survival percentage
––––––––––––––––––––––––
Cuttings Seedling

Pusa narangi Gainda (V1) 58.5 78.5
Shaunak Orange (V2) 73.5 75.5
Innova Orange (V3) 78.5 91.5
Local (V4) 65.5 70



Shaunk Orange (V2) was significantly superior
for days to first flower (25.83 days), days to first
flowering (35.58 days), days to 50 per cent
flowering (55.53 days), days to first harvest
(44.95 days), average diameter of flower (8.64
cm), shelf life (13.04 days), average nuts of
flower plant-1 (23.38), yield of flower plant-1

(281.31 kg), yield of flowers plot-1 (7.03 kg)
and yield of flowers hectare-1 (138.91 q) over
the rest of varieties. The variety Pusa Narangi
(V1) recorded maximum duration of flower
(58.54 days) and crop duration (101.74 days).
Similar results has also been reported by
Khanvilkar (2006), Gadage (2006), Mehta et

al. (1995) and Barigdad and Patil (1997). The
interactions effect was non-significant for
flowering characters but significant for
flowering characters but significant for yield.
The seed propogation (P1) of variety Shaunak
Orange (V2) gane significant higher average
number of flower plant-1 (25.09), yield of
flower plant-1 (301.08), yield of flowers plot-1

(7.52 kg) and yield of flowers hectare-1 (148.63
g).

Yield characters : The data on yield
characters are shown in Table-2. The yield in
terms of average number of flower per plant,
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Table 2. Effect of sexual and asexual propagation methods on flowering and yield characters in marigold.

Treatments Days Days Days Days Average Dura- Crop Self Average Yield of flowers
to yo to to diameter tion of dura- life number –––––––––––––––––––––––
first first 50% first of flow- tion (days) of plan-1 plot-1 ha-1

flower flow- flow- har- flowers ering (days) flowers t-1 (g) t-1 (g) (g)
bud ering ering vest (cm) (days) plant-1
initia-
tion

Seed (P1) 34.98 42.22 66.6 53.6 6.27 56.98 98.97 11.16 20.19 205.02 5.12 101.24
Cutting (P2) 26.21 34.52 57.56 46.17 7.77 46.43 88.08 12.52 17.17 175.52 4.38 86.67
S.E.+ 0.6 0.65 0.94 0.91 0.16 0.91 1.61 0.23 0.12 1.36 0.03 0.67
C.D. at 5 % 1.78 1.92 2.78 2.69 0.49 2.69 4.76 0.7 0.37 4.01 0.10 1.98

Varieties
V1 31.96 40.26 63.78 51.16 5.38 58.54 101.74 11.83 16.59 128.68 3.21 63.54
V2 25.83 33.58 55.53 44.95 8.64 41.79 79.54 13.04 23.38 281.31 7.03 138.91
V3 30.38 38.13 59.91 49.46 7.39 50.5 92.25 11 17.54 186.22 4.65 91.95
V4 34.21 41.5 69.08 53.96 6.66 56 100.57 11.5 17.21 164.85 4.12 81.40
S.E.+ 0.85 0.92 1.33 1.29 0.23 1.29 2.29 0.33 0.17 1.93 0.04 0.95
C.D. at 5 % 2.52 2.72 3.93 3.81 0.69 3.81 6.73 0.99 0.52 5.68 0.14 2.80

Interaction P x V
P1V1 36.83 44.61 69.33 55 4.64 63.42 107.32 11.25 18.42 144.85 3.62 71.52
P1V2 30 37.42 58.25 48.5 8.08 47.08 84.91 12.25 25.09 301.00 7.52 148.63
P1V3 34.67 41.76 64.42 53.5 6.53 56.33 97.42 10.33 18.92 196.60 4.91 97.08
P1V4 38.42 45.08 74.41 57.42 5.83 61.08 106.22 10.83 18.34 177.61 4.44 87.70
P2V1 27.09 35.92 58.25 47.34 6.13 53.66 96.16 12.41 14.76 112.51 2.81 55.56
P2V2 21.66 29.75 52.83 41.42 9.21 36.5 74.16 13.83 21.67 261.62 6.53 129.19
P2V3 26.09 34.5 55.41 45.42 8.25 44.66 87.08 11.66 16.16 175.84 4.39 86.83
P2V4 30 37.92 63.75 50.51 7.5 50.92 94.92 12.17 16.09 152.10 3.80 75.10
S.E.+ 1.21 1.31 1.89 1.83 0.33 1.83 3.23 0.47 0.25 2.73 0.06 1.34
C.D. at 5 NS NS NS NS NS NS NS NS 0.74 8.03 0.20 3.96

V1 - Pusa Navrang Govinda, V2 - Shaunak orange, V3 - Innora orange, V4 - Local



yield of flowers per plant, per plot and per
hectare was significantly more in plants
propagated by seed (P1) as compared to that of
plants propagated by cutting (P2).The
maximum number of flowers per plant (20.19)
observed in propagation method (P1) by seeds
which was significantly higher than that of
plants propagated by cuttings (P2) and
maximum numbers of flowers per plant were
produced by the variety (V2) Shaunak Orange
(23.38). The maximum yield of flowers plant-1

(g) was produced by seed propagated method
(205.02g), while it was significantly higher than
that of cutting propagated plants (175.52 g).
Dhiman (2003) during his studies found that
chrysanthemum variety Thaichang propagated
by cuttings recorded a yield of 165.7 g per
plant. Similar results in case of yield plot-1 and
hectare-1 have been reported by Gaikwad et al.
(2002). From over all assessment of the results,
it can be concluded that the propagation
method (P1) by seed was found beneficial in
increasing the growth and yield of marigold,
however the propagation method (P2) by
cuttings had a significant influence on the
flowering characters of marigold. The variety

Shaunak Orange was found to be significantly
superior over the other varieties under study.
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Ber (Ziziphus mauritiana), an important
tropical underutilized fruit, is gaining popularity
due to its wide adaptability, less management
cost, good market, versatile uses and early
handsome income. Among the different
cultivars of ber, 'Banarasi Karaka' is the most
popular in West Bengal and other states due to
its excellent blend of taste and texture of pulp.
This cultivar put forth flowering and fruiting in
September and fruits are harvested in January -
February. During this long period, the plants
experience different degrees of fruit drop from
fruit set to maturity and 70 per cent of total
drop was estimated (Tarai, 2006). This
premature fruit drop in ber reported to be due
to hormonal imbalance (Bal et al., 1988),
nutritional deficiencies (Chauhan and Gupta,
1985), moisture stress (Ghosh and Tarai, 2007)
and pathogen infection (Reddy et al., 1997). In
a close-spaced orchard, hormonal imbalance
was reported to be one of the main causes of
fruit drop and use of NAA at 25 ppm was
suggested (Ghosh et al., 2009) for controlling
such drop. Under rainfed condition, the ber
plant experiences moisture stress during its long

period of fruit growth development where there
is little scope of soil nutrition to meet the need
of nutrients during their critical stages of fruit
growth. But there is a scope of nutrients
feeding through foliar application. In a close
spaced orchard, light intensity is supposed to be
major factor for less photosynthesis which may
lead to nutritional deficiency, resulting fruit drop
in such situation. As no information is available
regarding effect of nutrients in closed spaced
ber orchard, particularly in laterite soil, an
investigation was undertaken in this direction.

Materials and methods

The experiment was conducted in a private
orchard at Jhargram, Paschim Medenipur,
West Bengal during 2009-10 and 2010-11 on
7 year-old Banarasi Karaka ber which was
raised through in-situ budding on one-year-old
'Local' rootstock seedlings, planted at the
spacing of 4.5 m (line to line) and 4.0 m (plant
to plant in a line). The experiment was laid out
in randomized block design with three
replications having two plants per replication.

There were eleven treatments, viz., T1 -
Urea at 0.5%, T2 - Urea at 1.0%, T3 - Humar
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at 3 ml-L, T4 - Vermi-wash at 2 L-3L, T5 -
Multiplex at 3 ml-L, T6 - ZnS04 at 0.5% +
FeSO4 at 0.2%, T7 - ZnSO4 at 0.5% + Borax
at 0.1%, T8 - Nitrophoska at 8 g-L, T9 -
Fertimax at 8 g-L, T10 - T7 + T8 and T11 -
Control (Water spray). The humar is a bio-
organic foliar nutrient, manufactured by
Hindusthan Antibiotic Ltd., Pimpri, Pune,
Maharashtra and reported to have enzymes,
vitamins and organic acid precursor. The vermi-
wash is the leached water, collected during
preparation of vermi-compost. The
nitrophoska is the water soluble fertilizer,
containing N, P and K at 19:19:19 ratio. The
fertimax is another water soluble fertilizer,
containing N and K at 13:45 ratio. The
multiplex is a water soluble foliar micro-nutrient
prepared by Karnataka Agro-chemicals Pvt.
Ltd. and reported to have different
micronutrients in soluble form. The plants were
sprayed as per treatment after sunset, three
times (after fruit set) i.e. 20th October, 20th

November and 20th December of 2009 and
2010. The plants were fertilized with 40 kg
FYM, 200g N, 100 g P205 and 100 g K2O
plant-1 year-1. Observations were recorded on

per cent fruit retention, yield and physico-
chemical composition of fruits. The acidity,
total sugar and ascorbic acid content were
estimated as per the methods suggested by
A.O.A.C. (1990). For recording fruit retention,
four shoots at four directions plant-1 were
tagged and counted on the day of first spray
and final counting was made at maturity and
thereby percentage of retention was calculated.
Leaf N was estimated using micro-kjeldahl
method, P by Vandomolybdophosphoric acid
method and K by Flame photometer.

Results and Discussion

It is evident from the data presented in Table
1 that fruit drop in Banarasi Karaka cultivar of
ber was severe in laterite soil and gave only 21
per cent retention as observed from the control
plants. It is cleared from the data that the fruit
drop was associated with the deficiencies of
macro and micro - nutrients as well as
hormones and others as because of highest fruit
retention was observed from vermi-wash (42%)
and humar (40%) treated plants. It has been
reported that vermi-wash and humar contained
both the hormones and nutrients in minute
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Table 1. Effect of nutrients spray on her cv. Banarasi Karka grown at close spaced orchard in laterite soil.

Treatment Fruit Fruit Fruit T.S.S. Aci- T.S.S./ Total Asco- Pulp Foliar content
reten- yield weight (°B) dity acid sugar rbic (%) ––––––––––––––
tion plant-1(g) (%) ratio (%) acid N P K
(%) (kg) (mg 100 (%) (%) (%)

g-1 pulp)

T1 : Urea 0.5% 36 29.5 20.5 16.8 0.32 52.5 13.2 44.8 94.8 2.1 1.42 2.6
T2 : Urea 1.0% 33 26.7 20.4 16.7 0.32 52.2 13.2 44.8 94.8 2.1 1.42 2.6
T3 : Humar 3 m-L 40 31.3 19.8 17.3 0.28 61.8 14.3 52.4 95.2 2.4 1.48 2.3
T4 : Vermi-wash 2 L-3L 42 33.2 19.5 17.3 0.30 57.7 14.3 52.4 95.2 2.2 1.50 2.6
T5 : Multiplex 3 ml-L 25 21.3 17.1 17.0 0.30 56.7 14.0 45.7 94.0 2.0 1.50 1.9
T6 : ZnSO4-0.5% + FeSO4-0.2% 30 25.7 19.6 17.4 0.30 58.0 14.4 45.0 94.8 2.2 1.80 2.9
T7 : ZnSO4-0.5% + Borax 0.1% 28 24.5 18.6 17.1 0.30 57.0 14.1 44.9 94.6 2.2 1.77 2.8
T8 : Nitrophoska-8g-L 24 22.1 17.8 17.4 0.30 58.0 13.8 45.2 95.1 2.0 1.84 2.6
T9 : Fertimax-8g-L 26 22.2 18.0 18.0 0.33 54.5 14.5 45.4 95.0 2.5 1.50 2.5
T10 : T7 + T8 27 23.7 18.2 18.4 0.33 55.5 14.6 46.0 95.0 2.0 1.52 2.6
T11 : Control (water spray) 21 20.7 17.6 16.8 0.31 54.2 13.9 43.6 95.0 1.6 1.47 2.2
C.D. at 5% 1.3 1.6 0.6 0.4 N.S. - 0.3 1.1 N.S. N.S. N.S. N.S.



quantity. Urea sprays (0.5%) showed a
beneficial effect on fruit retention and resulted
in 36 per cent retention. Application of
micronutrients like ZnSO4 (0.5%) and FeSO4
(0.2%) also had beneficial effect on fruit
retention (30% retention). All the treatments
were effective in increasing fruit retention in
Banarasi Karaka cultivar of ber as compared to
control which indicated that spraying of any
type of nutrients during fruit growth stages
would be helpful for increasing fruit retention in
ber. Yadav et al. (2004) also observed reduced
fruit drop in ber, sprayed with urea (1.5%) and
ZnSO4 (0.5%).

The fruit yield in ber was directly co-related
with the degree of fruit retention under different
treatments. The highest average yield of 33.2
kg-1 plant was recorded from the plant treated
with vermi-wash (2 L-3L of water) followed by
humar (3 ml-L) and urea (0.5%) and these
corresponding higher yield was due to higher
respective fruit retention. Among the micro (T6
and T7) and macro-nutrient treatments (T8 and
T9), it was noted that combined application of
ZnSO4 (0.5%) and FeSO4 (0.2%) was the best
as it resulted in 25.7 kg yield plant-1. The
beneficial effect of urea and micro-nutrients on
fruit retention and yield in ber was reported by
several workers. Singh and Ahlawat (1996)
noted 1.5 per cent urea and 0.5 per cent
ZnSO4 were the effective in increasing yield of
Umran oultivar of ber under Hissar condition
while Singh and Yadav (2004) recommended
urea at 2.0 per cent + NAA (20 ppm) for Gola
cultivar of ber under Rajasthan condition.

Fruit weight was significantly highest in the
plants sprayed with urea at 0.5 per cent (20.5
g) closely followed by urea 1.0 per cent (20.4
g). Increase in fruit weight due to urea
application may be explained from the fact that
urea is easily absorbed by leaves and be
assimilated directly, without prior hydrolysis to
ammonia and carbon dioxide. The Urea

provides a good source of organic nitrogen and
capable of providing available nitrogen needs to
support the plant growth (Devlin and Witham,
1986). Spraying of humar (T3) varmi-wash (T4)
and micronutrients (T6 and T7) were also found
effective in increasing fruit weight as compared
to control.

Maximum total soluble solids (18.4°B) and
total sugar (14.6%) content were estimated
from the fruits of the plant, sprayed with
combined application of micro-nutrients and
nitrophoska (T10) but highest T.S.S./acid ratio
was recorded from the plants treated with
humar (61.8) due to lowest acidity (0.28)
content in treated fruits. The ascorbic acid
content was highest in the fruits of the plants
treated with vermi-wash and humar (52.4 mg
100 g-1 pulp) and lowest (43.6 mg 100 g-1

pulp) from the control plants. Fruit quality
improvement in ber fruits in terms of increase
in T.S.S. and ascorbic acid content, due to foliar
application of urea and micronutrients like
ZnSO4, borax, etc. was reported by several
workers (Singh and Ahlawat, 1995; Kamble
and Desai, 1995; Sament et al., 2008). Foliar
N and K content were slightly improved due to
foliar application of different nutrients as
compared to control but the result was not
statistically significant. The foliar P content also
increased under many treatments as compared
to control but the differences was not
significant.
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Abstract
The investigation was carried out to work out the economics of onion storage under different storage

methods. Among the different storage conditions the highest net returns (Rs.395.78) and highest returns per
rupee spent (1.62) were in the onion bulbs stored under bamboo battens of AC sheet roofing with bottom
and side ventilation (T3) followed by bulbs stored under wooden battens of galmenium sheet roofing and with
bottom and side ventilation. (Rs. 331.90 and 1.53, respectively)

Key words : Onion storage, Structures, Comparative Economics.

______________

Onion (Allium cepa L.) is an important
commercial crop grown almost all over the
country. The pungency of onion bulb is due to
a volatile compound known as allyl-propyl

disulphide. Onion has many uses as folk
medicine and reports suggest that onion play
an important role in preventing heart diseases
and other ailments (Augusti, 1990). It is used as
salad or cooked in various ways in all curries,
fried or baked and also in processed forms like
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flakes, powder, paste, pickles etc.

It is highly nutritive and has very good
medicinal value. India ranks second in area
(10.52 lakh ha) and production (168.13 lakh
ton) after China and third in export (16.71 lakh
MT) after Netherlands and Spain. The major
onion growing states in India are Maharastra,
Karnataka, Gujarat, Tamil Nadu, Bihar,
Rajasthan, Madhya Pradesh, and Andhra
Pradesh (Anonnymous, 2013).

The onion is harvested during October-
November (20%) as kharif crop, January-
February (20%) as late kharif crop and April-
May (60%) as rabi crop. Due to bulk supply
during the harvest seasons followed by steady
demand, there is a wide fluctuation in the onion
price thereby affecting the weaker sections of
the society. The rabi crop has more storability
and used for domestic consumption, export and
seed bulb purposes from June to November.
This is the critical period in the whole country,
where there is no supply of fresh onions to the
market resulting in price fluctuations. Hence,
storage becomes a paramount importance for
steady supply and at the same time cost of the
storage of onion is also important with
minimum post harvest losses. The stored
onions when sold fetch good prices than sold
immediately after harvest (Bhor, 2003).

Keeping this in view, the experiment was
conducted to study the comparative economics
storage of onion bulbs under different
conditions of storage.

Materials and Methods

The present investigation was carried out
during the year 2010-11 in the Department of
Post-harvest Technology, Kittur Rani
Channamma College of Horticulture, Arabhavi.
Geographically, Arabhavi is situated in
Northern dry tract of Karnataka State at 16°15'
North latitude and 94°45' East latitude and at
an altitude of 612 m above the mean sea level.
The study area comes under zone-3 of region-
2 of agro-climatic zone of Karnataka and has
the benefit of getting both southwest and
northeast monsoons. This experiment was
carried out in completely randomized design
with eight treatments replicated thrice. The
bulbs were stored for a period of three months
in different storage conditions. The details of
different storage conditions are given in Table
1. The economics was worked out after 3
months based on the per cent of marketable
bulbs under different storage methods/
conditions.

The total cost of storage (Rs. q-1) was
calculated by adding the cost of onion bulbs at
the time of storage and the actual storage cost
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Table 1. Particulars of different storage structures used in the study.

Particulars Thatched Improved Bambo Wooden Mangalore Galmenium Welded
storage storage battens battens tiles sheet mesh
structure structure AC sheet AC sheet roofing roofing cage

roofing roofing storage storage
structure structure structure structure

Cost unit-1 dimension (Rs.) 9000 15,000 25,000 80,500 65,000 60,000 6000
Length (m) 3.6 3.6 3.6 3.0 3.0 3.0 1.8
Width (m) 1.5 1.5 1.5 1.2 1.2 1.2 0.75
Side height (m) 1.5 1.5 1.5 2.1 2.1 2.1 1.2
Central height (m) 2.1 2.1 2.1 3.0 3.0 3.0 -
Storage capacity (t) 3 3 3 12 6 6 1
Expected life (years) 5 10 20 50 50 50 30



of onion for three months was calculated by
working out annual depreciation by straight line
method by using following formula.

Present value of particular 
Annual                 structure-Junk value
depreciation = ––––––––––––––––––––––––––
or structure           Expected economic life

of the particular structure

The other item of cost added was the cost of
transport and marketing (Rs. q-1). Then gross
returns were worked out as

Gross returns = Total saleable onion
quantity (kg) x price (kg-1 of onion bulbs)

Net returns = Gross returns - Total cost of
the storage

Gross returns
Returns per rupee spent = –––––––––––––––––

Total cost of storage

Bamboo battens thatched roof structure is
an ordinary farm level storage structure
prepared out of wooden pole frame, split
bamboo wall without bottom ventilation. The
roof was covered with dried sugarcane trash.
Bamboo battens low cost storage structure with
typha roofing with bottom and side ventilation.
Bamboo battens storage structure was made up
of iron angle frame with split bamboo walls and
the roof was covered with AC sheet. Wooden
battens storage structure of AC sheet roofing
and with bottom and side ventilation was made
up of iron angle frame. Wooden battens storage
structure with Galmenium sheet roofing.
Wooden battens storage structure with
Mangalore tile roofing. The welded mesh cage
was locally fabricated with iron angle (6 mm
gauge) with welded mesh (The dimension and
expected life of storage structures are given in
the Table 1). The Nylon net bags and gunny
bags of size 45 x 60 cm were used for storage
of onion bulbs.
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Table 2. Economics of onion storage under different storage structures.

Particulars Treatments
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

Value of onion at the time 600 600 600 600 600 600 600 600 600 600
of storage (Rs. 600 q-1) (1)
Cost of storage of onion 15.00 12.50 10.50 6.50 5.50 5.00 4.00 57.50 16 22
(Rs. q-1 for 3 months) (2)
Cost of handling (Rs. q-1) (3) 10 10 10 10 10 10 10 10 10 10
Cost of transport and marketing 15 15 15 15 15 15 15 15 15 15
(Rs. q-1) (4)
Total cost (Rs.) (1+2+3+4) 640 637.50 635.50 631.50 630.5 630 629 682.50 641 647
Total saleable onions (kg) 72.00 73.70 85.94 80.12 80.20 80.16 77.14 73.16 78.72 74.74
Gross returns @ RS. 1200 q-1 864 884.40 1031.28 961.44 962.40 961.92 925.68 877.92 944.64 896.88
Net returns (Rs.) 224 246.5 395.78 329.94 331.90 331.92 296.68 195.42 303.64 249.88
Returns per rupee spent (Rs.) 1.35 1.38 1.62 1.52 1.53 1.52 1.47 1.28 1.47 1.38

Treatment details : T1 - Bamboo battens thatched roof structure (sugarcane thrash) without bottom ventilation, T2 - Bamboo
battens low cost storage structure with typha roofing with bottom and side ventilation, T3 - Bamboo battens storage structure
with AC sheet roofing with bottom and side ventilation, T4 - Wooden battens storage structure with AC Sheet roofing with
bottom and side ventilation, T5 - Wooden battens storage structure with galmenium sheet roofing with bottom and side
ventilation, T6 - Wooden battens storage structure with Mangalore tiles roofing and with bottom and side ventilation, T7 -
Welded mesh cage with bottom and side ventilation, T8 - Plastic crate storage, T9 - Nylon net bags storage and T10 - Control
(Gunny bags)



Results and Discussion

The data presented in Table 2 clearly
indicated that among the different storage
conditions the highest net returns (Rs.395.78)
and highest returns per rupee spent (1.62) in
the bulbs stored under bamboo battens of AC
sheet roofing with bottom and side ventilation.
This was attributed due to the highest per cent
of marketable bulbs (85.94%) and minimum
storage losses. This was followed by bulbs
stored under wooden battens of galmenium
sheet roofing with bottom and side ventilation
with net returns of Rs 331.90 and 1.53 returns
per rupee spent besides 80.20 per cent of
marketable bulbs. Onion bulbs stored under
wooden battens storage structure with
Mangalore tiles roofing and bottom and side
ventilation with a net returns of Rs. 331.92 and
1.52 returns per rupee spent besides 80.16 per
cent of marketable bulbs. However, the onion
bulbs stored under wooden battens storage
structure of AC sheet roofing with bottom and
side ventilation with a net returns of Rs. 329.94
and 1.52 returns per rupee spent besides
80.12 per cent of marketable onion bulbs. The
lowest net returns of Rs.224.00 and 1.35
lower returns per rupee spent was observed in
onion bulbs stored under bamboo battens
thatched roof structure without bottom
ventilation has recorded the lowest per cent of
marketable bulbs (72%) and more storage
losses. The cost and expected life of bamboo
battens storage structure of AC sheet roofing
with bottom and side ventilation gave the
highest net returns. The highest expected life of
50 years wooden battens storage structures
(AC sheet roofing, galmenium sheet roofing
and Mangalore tile roofing) was low cost
storage structure of onion and hence gave the
highest net returns. But, the initial investment

of bamboo battens storage structure with AC
sheet roofing having bottom and side
ventilation was less and had moderate expected
life which is economical for the onion growers.
Hence, such storage structures were found to
be the best for an average farmer or small
farmer to adopt for small scale storage as the
capacity was 3 tonns and the wooden battens
storage structure has to be recommended for
large scale growers. These results were in close
agreement with the earlier findings of
Kukanoor et al. (2006), Kassali and Idowu
(2007), Hile (2008) and Tripathi et al. (2009).

It is concluded that among the different
storage conditions, the bulbs stored under
bamboo battens with AC sheet roofing and
having bottom and side ventilation has
maximum net returns and return per rupee
spent compared to other storage conditions.
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Crop yield is determined by the interaction
of genotype, management and environment.
Water availability and temperature are the
major environmental variables affecting crop
yield. Yield losses due to moisture stress have
not been determined precisely, but in some
places, drought has caused complete failure of
crop. Drought is a world wide problem
constraining crop production seriously and
recent global climate change has made this
situation more serious (Pan et al., 2002).
Drought may affect the safflower crop at any

stages of the crop growth, in the early stage,
middle or at the end of the cropping season or
in combinations of these stages. To overcome
these problems, the breeding strategies are
followed to alleviate the moisture stress by
drought escape and another by breeding
drought tolerant lines. Early plant vigor, fast
ground cover and more number of seeds
capsule-1 besides high root biomass, long and
deep root system, high leaf water potential,
high water use efficiency and small leaflets are
some of attributes showing significant
association with drought tolerance, whereas
high harvest index, large number of capsules
unit-1 area and high grain mass along with early
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Abstract
Fourteen safflower genotypes were evaluated under moisture stress for assessing reduction losses due to

moisture stress and characterization of adaptive traits conferring resistance to drought tolerance. The
genotype SSF 698 exhibited minimum reduction (22.10) in grain yield due to moisture stress condition by
maintaining drought index (0.22), high drought tolerance efficiency (77.90%) and least drought susceptibility
index (0.56). The genotype HlJS 305 (31.80%) and genotype SSF 698 (31.31%) recorded highest harvest
index under moisture stress whereas the genotypes Sharda (30.83%) and SSF 674 (30.41%) under irrigated
conditions, respectively. The genotype SSF 698 showed minimum losses due to moisture stress condition for
majority of yield contributing character under study. PBNS 40 and SSF 691 maintained higher relative leaf
water content (RLWC) under moisture stress condition, where as SSF 698 and Phule Kusuma maintained
higher relative leal water content (RLWC) for non-stress condition but the differences between non stress vs.
stress condition was rather high as compared to genotype SSF 658 (16.6 and 8.06%). The genotype, SSF
674 maintained minimum membrane injury index (0.487) under moisture stress (0.608) under non-stress
conditions at 50 per cent flowering. The genotype. SSF 691 recorded highest content of chlorophyll 'a'
(0.652 mg g-1) under stress and SSF 698 (0.718 mg g-1) under non stress-condition. The genotype SSF 698
recorded chlorophyll "b" (0.788 mg g-1) under stress condition whereas, the genotype A 1 (0.882 mg g-1)
under non-stress condition. The genotype SSF 687 recorded (3.510 micro moles g-1 the highest proline
accumulation followed by SSF 698 (3.488 micro moles g-1) under moisture stress condition, while the
genotypes Phule Kusuma (1.664 micro moles g-1) under non-stress condition. On the basis of relative
ranking, the genotype, SSF 698, SSF 691, SSF 674 SSF 687 and PBNS 12 were found to be promising for
moisture stress condition and Phule Kusuma and A 1 for non-stress condition.

Key words : Stress, non-stress, RLWC, membrane injury index, chlorophyll stability proline
content, yield safflower.
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maturity are associated with drought escape
(Guha Sarkar et al. 2001). The crop has
reputation of possessing drought resistance and
can tap soil moisture from deeper layer while
other crops can not tap soil moisture. Breeding
for drought tolerance in safflower cultivars
requires understanding of the physiological
responses to moisture stress which helps in
identifying traits, to be used as selection criteria.
However, most of the high yielding genotypes
shows reduction in seed yield due to moisture
stress condition. The present study was
attempted to understand the responses of
safflower genotypes to moisture stress under
field conditions and select the traits that are
considered for breeding cultivars suitable for the
stress environments.

Materials and Methods

Fourteen genotypes of safflower were
evaluated under moisture stress (I0) and
irrigated (I1) conditions in two sets of factorial
randomized block design with two replications
at Pulses Improvement Project, Mahatma Phule
Krishi Vidyapeeth, Rahuri, Dist: Ahmednagar
during 2009-2010. Each entry was
represented by four rows of two meter length
with the row to row and plant to plant spacing
of 45x20cm. One post-sowing irrigation was
given to moisture stress experiment for good
germination purpose. Two additional irrigations
were given to integrated condition at 50 per
cent flowering and grain filling stage. The crop
has reputation of possessing drought resistance
and can tap soil moisture from deeper layer
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Table 1. Grain yield (kg ha-1) and drought characters influenced by safflower genotype.

Genotype Seed yield Biological yield % reduction Harvest index Drought 
(kg ha-1) (kg ha-1) due to stress (%) parameters

–––––––––––––––––– ––––––––––––––––––– ––––––––––––––– –––––––––––––– ––––––––––––––––––––––
I0 I1 Mean I0 I1 Mean Grain Biolo. I0 I1 % DI % DTE % DSI

yield yield
kg ha-1 kg ha-1

Bhima 870 1879 1375 3281 6159 4720 53.68 46.77 24.61 30.12 0.54 46.32 1.37
A-1 816 1610 1213 3172 5357 4264 48.73 40.89 23.49 26.83 0.49 51.27 1.24
Phule kusuma 744 1458 1101 3247 4667 3957 42.18 29.53 24.68 26.13 0.42 57.82 1.07
Girna 727 1373 1 050 2515 5264 3889 47.43 51.27 23.50 25.04 0.47 52.58 1.21
Sharda 1019 1515 1267 3758 4758 4258 32.71 19.87 23.99 30.83 0.33 67.30 0.84
PBNS-12 1079 1518 1299 3637 5248 4443 28.74 30.72 27.16 27.34 0.29 71.26 0.74
PBNS-40 883 1566 1224 3314 5390 4352 43.61 38.89 28.36 28.95 0.44 56.39 1.12
HUS-305 1035 1523 1279 2447 4811 3629 31.28 54.73 31.80 29.28 0.31 68.73 0.82
SSF-658 755 1229 992 2555 4322 3439 39.05 37.44 24.29 28.04 0.39 60.96 0.99
SSF-674 1023 1664 1343 2569 5462 4015 38.62 55.05 31.15 30.41 0.39 61.39 0.99
SSF-687 955 1544 1250 3115 5956 4536 39.07 46.45 23.67 24.09 0.39 60.94 0.99
SSF-691 1042 1614 1328 2768 4537 3653 35.28 47.16 28.30 30.90 0.35 64.73 0.91
SSF-698 1075 1376 1225 3149 6176 4663 22.10 42.27 31.31 26.34 0.22 77.90 0.56
SSF-699 1009 1670 1339 3850 6438 5144 40.24 41.56 29.47 30.26 0.41 59.76 1.03
Mean 931 1538 1235 3098 5325 4212 48.15 41.62 26.84 28.18 0.39 61.24 0.99

Stress Gen. G x I Stress Gen. G x I
(I) (G) (I) (G)

SE± 14.14 86.23 94.09 138.07 318.89
CD at (5 %) 41.02 250.23 273.04 400.68 NS NS
CV% 6.06 11.78



while other crops can not tap soil moisture
(Hegde, 1997). The leaf samples from top,
middle and lower portion of the plant of each
plot were collected at 50 per cent flowering and
at grain filling stage for estimation of relative
leaf water content (RLWC), membrane injury
index (MII), chlorophyll 'a' and 'b' content,
chlorophyll stability and proline content.
Relative leaf water content (RLWC) was
calculated as per by Kramer (1983), Membrane
injury index (MII) by Blum and Ebercon (1981),
chlorophyll 'a' and 'b' content was calculated by
the formula given by Dhopte and Phadnawis
(1989).

Proline content was determined by using
acid ninhydrin reagent as per the method
described by Bates et al. (1973). The grain
yield and biological yield per plot from irrigated
as well  as moisture  stress condition was taken
for the estimation of drought parameter.
Accordingly, the drought parameter viz., index
of drought intensity (DI), Drought tolerance
efficiency (DTE) was calculated by the formula

given Fischer and Wood (1979), Drought
susceptibility index (DSI) by Fischer and Maurer,
(1978).

Results and Discussion

Among the fourteen genotype, PBNS 12
recorded significantly highest grain yield (1079
kg ha-1) followed by SSF 698 (1075 kg ha-1)
and under moisture stress condition along with
minimum per cent losses due to moisture stress
for grain yield (28.74%) and (22.10%). Even
though, the genotype Bhima recorded highest
grain yield under irrigated condition (1879 kg
ha-1 ) it heavily suffered by moisture stress (870
kg ha-1) and per cent reduction was 53.68 per
cent (Table 1). The genotype 'SSF 698'
maintained highest harvest index (31.31%)
minimum mean drought index (0.22), highest
drought tolerance efficiency (77.90%) and
minimum drought susceptibility index (0.56)
under moisture stress condition. Such types of
results were earlier reported by Deshmukh et
al. (2004). The interaction effects among the
genotypes were also found significant. The
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Table 2. Per cent reduction in morphological characters of safflower genotypes under moisture stress condition.

Genotype Initiation DAS DAS to Plant Pri. Secon. Cap- Seeds 100 Grain
of to 50% physio- height bran- bran- sules cap- grain yield
flower flow- logical (cm) ches ches plant-1 sules-1 wt. (g) plant-1
(days) ering maturity plant-1 plant-1

Bhima 7.80 6.6 2.63 14.29 35.17 40.16 41.19 21.84 5.16 55.46
A-1 10.51 10.2 6.62 7.55 39.03 43.34 53.55 12.92 6.18 48.16
Phule kusuma 9.37 10.2 4.15 13.41 33.95 43.34 45.18 23.55 11.20 41.47
Girna 11.24 8.3 3.58 19.89 18.78 39.33 25.57 21.21 4.53 46.76
Sharda 10.86 9.7 3.67 17.57 27.86 39.29 33.71 21.83 12.03 30.63
PBNS-12 7.85 8.9 4.21 7.74 15.03 22.98 42.04 14.45 8.33 27.35
PBNS-40 14.30 7.5 3.25 15.67 35.17 24.64 10.88 13.15 7.79 42.54
HUS-3 05 d.23 9.0 4.77 22.01 29.59 53.58 50.88 31.28 12.37 26.79
SSF-658 12.23 8.0 4.01 9.43 24.42 39.37 24.29 16.00 5.88 36.98
SSF-674 15.24 13.5 4.59 16.81 36.12 24.81 29.09 18.51 12.93 32.94
SSF-687 6.79 4.8 2.09 7.83 29.78 45.59 44.28 15.58 10.35 33.65
SSF-691 7.05 7.4 2.32 22.76 29.57 40.52 24.88 19.35 12.01 34.21
SSF-698 10.01 5.6 1.57 5.97 18.43 22.16 10.50 16.20 3.29 19.39
SSF-699 10.82 8.1 3.70 10.67 23.32 36.44 25.31 13.08 7.02 40.23
Mean 10.03 8.4 3.65 13.69 28.30 36.83 32.96 18.50 8.51 36.90



genotypes viz., Bhima (1375 kg ha-1), SSF 674
(1343 kg ha-1), SSF 699 (1339 kg ha-1) and
SSF 691 (1328 kg ha-1). These findings
suggest that one or another way these
genotypes were drought tolerant.

Data presented in Table 2 revealed that the
genotype SSF 698 which recorded minimum
losses for grain yield may be due to the least
sorts of losses for plant height (5.97%), primary
branches plant-1 (18.43%), secondary branches
plant-1 (22.16,%), capules plant-1 (10.50%),
100 grain weight (3.29%) and grain yield
plant-1 (19.39%). Similar results has been
reported by Deshmukh et al. (2004).

The effect of water stress and irrigation on

relative leaf water content (RLWC) did not show
any specific trend (Table 3). However, the
genotypes viz., SSF 698 and PBNS 12 showed
minimum difference in RLWC under moisture
stress and irrigated conditions at 50 per cent
flowering as well as grain filling stage. The
reduction of available water in safflower caused
a reduction in canopy growth and biomass
production. There was more variation for
membrane injury index at 50 per cent flowering
and grain filling stage. The genotypes, SSF 674
(0.487), Bhima (0.529) and SSF 691 (0.530)
recorded minimum membrane injury index
under moisture stress. The genotypes, SSF 691
and SSF 698 recorded highest content of
chlorophyll 'a', chlorophyll 'b' under moisture
stressed irrigated conditions at 50 per cent
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Table 3. Effect of water stress on RLWC (%). membrane injury index, chlorophyll, stability and proline content of safflower.

Genotype RLWC Membrane Chlorophyll Chlorophyll Chlotophyll Pro-
(%) injury index 'a' 'b' stability line

–––––––––––––––––––––––––– –––––––––––– –––––––––––– –––––––––––– –––––––––––– ––––––––––––
At 50% At grain At 50% At 50% At 50% At 50% At 50% 

flowering filling flowering flowering flowering flowering flowering
–––––––––––– –––––––––––– –––––––––––– –––––––––––– –––––––––––– –––––––––––– ––––––––––––
I0 I1 I0 I1 I0 I1 I0 I1 I0 I1 I0 I1 I0 I1

Bhima 80.43 85.99 72.66 72.01 0.529 0.683 0.487 0.635 0.492 0.687 0.371 0.560 3.059 1,055
A-1 82.62 85.63 71.30 66.68 0.553 0.719 0.467 0.709 0.475 0.882 0.379 0.527 3.013 1.087
Phule kusuma 80.40 86.90 74.70 64.30 0.585 0.720 0.469 0.653 0.468 0.750 0.355 0.637 3.053 1.524
Girna 79.87 84.42 72.77 67.62 0.564 0.769 0.414 0.461 0.442 0.535 0.303 0.474 2.740 1.340
Sharda 82.48 82.67 70.54 75.16 0.549 0.721 0.389 0.818 0.501 1.048 0.276 0.567 2.675 1.369
PBNS-12 80.7! 84.28 70.52 71.05 0.562 0.686 0.424 0.433 0.428 0.629 0.300 0.359 3.068 1.279
PBNS-40 84.77 80.07 68.05 70.32 0.614 0.833 0.448 0.637 0.464 0.646 0.359 0.359 2.635 1.081
HUS-305 78.48 84.72 56.25 71.50 0.558 0.690 0.339 0.723 0.551 0.746 0.232 0.656 2.695 1.444
SSF-658 74.01 86.22 70.29 59.63 0.558 0.753 0.504 0.524 0.606 0.541 0.393 0,501 2.748 1.029
SSF-674 77.69 84.38 68.13 59.85 0.487 0.608 0.384 0.461 0.396 0.482 0.272 0.316 3.483 1.215
SSF-687 8.3.12 84.98 72.41 71.90 0.572 0.737 0.327 0.574 0.429 0.731 0.277 0.627 3.510 1.250
SSF-691 83.67 84.56 60.80 73.57 0.530 0.694 0.652 0.707 0.699 0.737 0.597 0.726 2.700 1.116
SSF-698 80.07 88.49 68.70 73.44 0.537 0.705 0.646 0.718 0.788 0.827 0.606 0.778 3.488 1.526
SSI-699 80.36 84.83 71.17 68.66 0.577 0.768 0.496 0.574 0.512 0.627 0.393 0.604 2.953 1.062
Mean 80.62 84.87 69.16 68.98 0.555 0.720 0.460 0.616 0.518 0.705 0.365 0.549 2.987 1.251

S (I) (G) GxI S (I) (G) GxI S (I) (G) GxI S (I) (G) GxI S (I) (G) GxI S (I) (G) GxI S (I) (G) GxI
SE± 0.87 20.0 3.25 1.37 3.9 5.12 0.009 0.02 0.03 0.02 0.07 0.06 0.015 0.08 0.06 0.01 0.060.04 0.01 0.02 0.03
CD at 5 % 2.52 NS NS NS NS NS 0.025 0.05 NS 0.05 0.19 0.2 0.044 0.23 0.2 0.03 0.2 0.12 0.02 0.48 0.08
C V(%) 5.56 - 7.08 6.3 13.6 13.3 11.74

Where I0 = Stress I1= non-stress



flowering stage. The genotypes SSF 698
(0.606) and (0.778) maintained highest
chlorophyll stability index under stress and
irrigated conditions followed by SSF 691
(0.597 and 726), respectively. Proline content
is also an important aspect while selecting the
genotypes for drought tolerance.

In the present investigation, genotypes, SSF
698 (3.488 micromoles g-1) and SSF 687
(3.510 micromoles g-1) recorded highest
proline content under moisture stress.

Considering the grain yield and drought
parameters, the genotypes PBNS 12 and 'SSF
698' maintained higher grain yield with
minimum reduction due to moisture stress.
Further, it had least drought index (DI), higher
drought tolerance efficiency (DTE), minimum
drought susceptibility index (DSI), minimum
reduction for majority of yield contributing
characters and high harvest index. Even
though, the genotype 'SSF 698' had low
RLWC, the difference was very low between
irrigated and moisture stress condition. Apart
from this, genotype SSF 698 was found to be
promising as it showed least amount of
reduction for yield contributing characters and
minimum membrane injury index. SSF 698 a
very good genotype for maintaining highest
content of chlorophyll 'a', chlorophyll 'b' and
proline.

These findings indicates that the genotypes.
SSF 698, SSF 691, SSF 674, PBNS 12,
Bhima and SSF 687 were tolerant for drought.
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Groundnut (Arachis hypogaea L.) is the fore
most important oil seed crop of India. In terms
of area and production, it occupies an
important position among the oil seed crops in
the world. Yield is a complex trait, governed by
many traits and there are ample evidences to
show that selections directly for grain yield in
plants are not easy. Thus, any morphological
character that is associated with higher seed
yield or which makes a significant contribution
to yielding ability would be useful in the
improvement of grain yield. The basic studies
on the basis of morpho-physiological traits are
needed to overcome the yield barriers within
the genotypes. There are two physiological
approaches to achieve the target of yield
potential. One is physio-genetic, which consists

the genotypic differences in physiological traits
and another one is the physio-agronomic
relates with the management practices. It is
ultimately the morpho-physiological variations,
which is important for realizing higher
productivity as evident from very high and
positive association within traits (Mathur,
1995). Therefore, the present study was
undertaken with the objectives to evaluate
groundnut genotypes for physiological traits.

Materials and Methods

Twenty two groundnut genotypes were
evaluated in RBD with two replications during
summer, 2011 at AICRP on Groundnut,
MPKV, Rahuri. Dist. Ahmednagar in single row
of 5 m length with the spacing of 30 x 10 cm
under irrigated condition. Randomly five plants
were selected for recording the observations on
morpho-physiological traits. The observations
on morphological traits, dry matter production
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and it's distribution and physiological
parameters were recorded. The photosynthetic
rate (Pn), transpiration rate (E; mmol m-2 s-1)
and stomatal conductance (gs; µmol H2O m-2

s-1) were measured using Infra-red Gas Analyser
(IRGA; Model Portable Photosynthesis System
LI 6400, LI-COR® Inc, Lincoln, Nebraska,
USA). The E and Gs were measured
continuously monitoring H2O of the air
entering and existing in the IRGA headspace
chamber. Measurements were made at mid day,
between 11:30 and 12:00 eastern day time
(1400-1800 mmol m-2 s -1 PPFD), on top fully
expanded third leaf blades. The flow rate of air
in the sample line was adjusted to 500 µmol
s-1.  The water use efficiency (WUE) was
calculated as the ratio of Pn to E. The protein
and fat content from seed samples were
estimated on NIR spectrometer (ZEUTEC,
Germany Make), is a dual-beam near infrared
spectrometer.  In the NIR spectrometer, the
sample is exposed near infrared light of specific
wavelengths, selected from up to 19 high
precision interference filters. The light

penetrated the sample, interacted with sample
molecules and is partly absorbed and partly
diffusely reflected. The reflected light is
measured by a lead sulfide (PbS) detector
mounted in a gold coated integrating sphere
located above the sample. The mean data
analyzed for analysis of variance by Panse and
Sukhatme (1985). 

Results and Discussion

The knowledge of crop physiology through
growth analysis technique, which involves
tracing the history of growth and identifying the
growth and yield factors contributing for yield
variation, is a vital tool in understanding the
crop behavior. This would be vital to the
breeder as well as agronomist in tailoring
suitable genotype or management technology
for boosting up the growth and yield factors of
the crop. Therefore, for a complete analysis of
biological yield, it is necessary to investigate
crop growth through computation of growth
indices such as vegetative growth and source,
dry matter production and growth analysis. In
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Table 1. Average performance of groundnut genotypes for morpho-physiological traits at various stages of growth.

Name of the character 40 DAS 60 DAS 80 DAS 100 DAS At harvest

Vegetative growth and source
Plant height (cm) 10.06 18.78 27.69 28.74 27.74
Number of branches plant-1 4.00 5.20 7.40 8.40 8.40
Number of leaves plant-1 53.8 133.7 214.4 323.4 310.9
Leaf area plant-1 (dm2) 7.86 12.44 14.13 21.32 20.41

Dry matter accumulation (g plant-1)
Roots 0.17 0.32 1.27 1.45 1.30
Stem 1.62 3.47 7.98 9.78 9.36
Leaves 2.61 5.49 10.04 12.40 10.26
Pods - - 5.82 10.35 15.62
Total 4.40 9.28 25.11 33.98 36.54
Daily rate of dry matter production 0.110 0.155 0.314 0.339 0.296

Growth parameters
Absolute growth rate (g day-1) - 0.245 0.792 0.441 0.106
Relative growth rate (g day-1) - 0.016 0.022 0.007 0.002
Net assimilation rate - 0.012 0.026 0.010 0.007
Leaf area index (LAI) 2.63 4.15 4.72 7.11 6.78



the present investigation, plant height, number
of branches plant-1 and dry matter production
and it's distribution in component parts of plant
increased progressively with the advancing age
of the crop. The rate becomes rapid upto 80
DAS and rather slow after 80 DAS to harvest.
However, the number of leaves plant-1, leaf
area plant-1 and leaf area index was declined
after 100 DAS due to defoliation of leaves and
diversion of dry matter towards pod
development (Table 1). The AGR, RGR and
NAR increased between 40-60 and 60-80 DAS
and declined towards maturity. The results were
conformity with Sahane et al. (1994).

The vegetative phase governs the overall
phenotypic expression of the plant and
prepares the plant for next important
reproductive phase. The root, stem, branches
and leaves, all these parts constitute vegetative
phase and perform specific functions. Early
vegetative development of crop regulates the
reproductive capacity (Awal and Ikeda, 2003).
The data on morphological parameters
influenced by groundnut genotypes are
presented in Table 2 revealed that, the
genotype, TAG 24 was found earlier for days to
50 per cent flowering (40) and maturity (119),
whereas, ICG-8401 (49) and TPG-41 (130)
were late for flowering (40) and maturity (119).
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Table 2. Morphological parameters influenced by groundnut genotypes. 

Genotype Days Days of Plant Number Number Leaf area
for 50% physiological height of branches of leaves plant-1
flowering maturity (cm) plant-1 plant-1 (cm)

TAG-24 40 119 29.96 8.3 347.6 20.07
ICG-8434 43 122 24.74 10.2 338.5 20.27
ICG-8483 45 124 28.40 10.5 319.0 20.69
ICG-8455 47 120 25.35 7.0 390.6 21.29
ICG-8005 45 124 29.85 8.0 420.9 20.55
ICG-8542 45 123 29.01 11.8 407.4 21.93
ICG-8440 48 121 30.91 8.4 344.5 19.56
ICG-8519 45 120 28.14 7.7 374.6 20.58
ICG-8428 43 124 28.07 9.8 342.7 21.76
ICG-8401 49 122 24.59 8.0 341.1 22.19
ICG-8029 43 123 29.20 7.3 331.7 21.09
ICG-8496 45 120 25.87 7.0 321.1 20.50
ICG-8468 43 123 25.67 9.6 295.2 20.80
ICG-8333 45 121 30.42 6.1 267.0 20.70
ICG-8437 43 125 28.19 9.0 266.2 21.61
ICG-8444 45 127 30.61 9.4 284.0 21.98
ICG-8457 43 123 29.89 9.8 265.4 21.86
ICG-8535 44 120 28.64 7.4 254.6 21.28
ICG-8406 45 128 29.49 6.8 263.6 21.73
ICG-8354 43 127 27.31 7.3 291.8 21.91
ICG-8050 44 123 25.78 7.4 281.7 21.92
TPG-41 45 130 21.14 8.8 367.2 24.69
Mean 44.5 124 27.74 8.4 323.4 21.32
S.E.± 1.201 0.736 1.774 0.943 25.867 0.319
C.D. at 5 % 3.603 2.208 5.322 2.892 77.601 0.957
CV % 3.81 1.00 9.04 15.87 11.30 2.12



TPG 41 (21.14 cm), ICG-8401 (24.59 cm) and
ICG-8434 (24.74 cm) were dwarf, while, ICG-
8440 (30.91 cm), ICG-8444 (30.61 cm) and
ICG-8333 (30.42 cm) were tall genotypes.
ICG-8542 (11.8), ICG-8483 (10.5), ICG-8434
(10.2) and ICG-8457 (9.8) were profuse
branching genotypes. The number of leaves
and leaf area are important in determining the
size of photosynthetic system. In the present
study, ICG-8005 (420.9), ICG-8542 (407.4)
and ICG-8455 (390.6) recorded higher number
of leaves plant-1. The genotype, TPG 41
(24.69 dm2) maintained higher leaf area
followed by ICG-8401 (22.19 dm2) and ICG-
8444 (22.98 dm2). The results were in

accordance with Rajmane (2001).  

The pattern of the dry matter production
and its distribution into component plant parts
has been of phenomenal interest to the
research workers engaged in yield analysis. This
method has been accepted as one of the
standard method of yield analysis. All the
physiological processes results into a net
balance and accumulation of dry matter and
hence, the biological productivity of plant is
judged from their actual ability to produce and
accumulate dry matter. Rate of growth and
growth duration are integrated into conceptual
variables largely correlated with yield or total
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Table 3. Dry matter production and it's distribution in component parts of plant in groundnut genotypes.

Genotype Dry matter accumulation plant-1 (g) Daily rate Relative dry
–––––––––––––––––––––––––––––––––––––––––––––––––––––––– of dry matter matter 
Roots Stem Leaves Pods Total production efficiency

(g day-1) (%)

TAG-24 1.18 9.28 11.54 14.92 36.92 0.311 54.8
ICG-8434 1.18 9.08 10.12 15.53 35.91 0.294 36.0
ICG-8483 1.30 9.89 9.13 14.64 34.96 0.282 34.2
ICG-8455 1.28 8.78 10.36 13.49 33.91 0.283 34.8
ICG-8005 1.36 9.23 10.54 13.31 34.44 0.284 36.9
ICG-8542 1.25 9.92 10.19 17.35 38.71 0.314 42.7
ICG-8440 1.26 8.24 10.18 14.25 33.93 0.280 37.1
ICG-8519 1.23 9.97 11.24 13.66 36.10 0.301 33.9
ICG-8428 1.26 10.12 9.98 16.62 37.98 0.306 35.2
ICG-8401 1.25 9.03 9.18 17.39 36.85 0.302 36.9
ICG-8029 1.21 9.73 10.14 19.24 40.32 0.327 39.9
ICG-8496 1.18 8.34 8.95 16.10 34.57 0.287 34.0
ICG-8468 1.25 8.66 9.98 17.83 37.72 0.306 37.6
ICG-8333 1.29 9.23 9.24 16.62 36.38 0.300 36.4
ICG-8437 1.31 9.65 11.28 16.83 39.07 0.312 32.9
ICG-8444 1.37 9.11 9.56 17.59 37.63 0.296 31.9
ICG-8457 1.28 9.18 9.38 15.08 34.92 0.284 33.7
ICG-8535 1.41 8.42 10.74 13.94 34.51 0.287 31.6
ICG-8406 1.27 9.32 10.45 15.21 36.25 0.283 30.5
ICG-8354 1.26 10.29 10.07 17.09 38.71 0.303 37.6
ICG-8050 1.30 9.14 9.64 17.10 37.18 0.302 36.5
TPG-41 1.86 8.34 11.63 14.56 36.39 0.279 34.0
Mean 1.30 9.32 10.16 15.84 36.62 0.296 36.3
S.E.± 0.068 0.354 0.423 0.923 0.703 0.052 0.031
C.D. at 5 % 0.204 1.062 1.269 2.769 2.109 NS 0.093



biomass accumulation (Yin et al., 2004;
Andrade et al., 2005 and Hammer et al.,
2005).

The genotype ICG-8434, TAG-24 and ICG-
8496 (1.18 g) recorded minimum and TPG-41
(1.84 g) recorded maximum dry matter of roots
plant-1 (Table 3). Ghosh et al. (1997) stated
that, there was negligible amount of dry matter
partitioning into the roots. In spite of roots, the
rate of dry matter production in stem was
higher. The genotypes ICG-8354 (10.29 g),
ICG-8428 (10.12 g) and ICG 8519 (9.97 g)
exhibited higher dry matter partitioning plant-1

in stem.  TPG-41 (11.63 g plant-1), TAG-24

(11.54 g plant-1), ICG-8437 (11.28 g plant-1)
and ICG-8519 (11.24 g  plant-1) recorded
maximum dry matter accumulation in leaves.
The above findings are in agreement with the
results of Kumar and Kumar (1999). After the
flowering dry matter was shared in reproductive
parts. The total dry matter accumulation in
vegetative parts get declined and increased in
reproductive parts. The total dry matter
accumulation increased in the pods with
advancement of crop growth stage. These
findings are in conformation with findings of
Murthy et al. (2002). The genotypes ICG-8029
(19.24 g), ICG-8468 (17.83 g) and ICG-8444
(17.59 g) recorded highest dry matter of pods
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Table 4. Physiological parameters as influenced by groundnut genotypes.

Genotype Photosynthetic Transpiration Stomatal WUE Stomatal frequency
rate rate conductance (mm2 leaf-1 area)
(µmol CO2 m-2 s-1) (m mol CO2 m-2 s-1) (µmol CO2 m-2 s-1) –––––––––––––––––––

Adaxial Abaxial

TAG-24 25.980 1.752 0.359 14.83 16.90 10.40
ICG-8434 26.390 1.351 0.233 19.53 14.30 11.60
ICG-8483 26.360 1.737 0.267 15.18 15.53 11.60
ICG-8455 25.860 2.652 0.457 9.75 18.61 12.40
ICG-8005 24.600 1.661 0.290 14.81 15.50 11.40
ICG-8542 24.230 2.310 0.428 10.49 13.90 10.60
ICG-8440 22.180 3.334 0.450 6.65 17.10 11.20
ICG-8519 22.690 2.524 0.514 8.99 16.50 11.90
ICG-8428 25.790 2.362 0.441 10.92 15.90 12.70
ICG-8401 24.390 2.121 0.354 11.50 16.70 11.30
ICG-8029 25.570 2.007 0.327 12.74 17.10 11.90
ICG-8496 26.580 2.758 0.420 9.64 17.70 11.60
ICG-8468 25.310 2.144 0.355 11.81 17.50 11.90
ICG-8333 25.250 3.213 0.473 7.86 18.10 11.60
ICG-8437 26.200 3.224 0.455 8.13 18.20 11.40
ICG-8444 25.080 2.640 0.374 9.50 13.70 11.90
ICG-8457 24.900 2.279 0.280 10.93 14.70 9.40
ICG-8535 25.770 3.013 0.417 8.55 17.30 12.00
ICG-8406 25.240 1.805 0.236 13.98 17.80 11.20
ICG-8354 25.790 2.388 0.392 10.80 15.60 11.50
ICG-8050 27.820 2.200 0.283 12.65 18.00 12.20
TPG-41 25.620 2.089 0.264 12.26 16.00 11.40
Mean 25.345 2.344 0.367 10.81 16.48 11.50
S.E.± 0.301 0.344 0.041 - 0.241 0.268
C.D. at 5 % 0.903 1.032 0.123 - 0.723 0.804



plant-1 at harvest. ICG-8029 (0.327 g day-1),
ICG-8542 (0.314 g day-1) and TAG-24 (0.311
g day-1) had higher daily rate of dry matter
efficiency. Amongst these, even though the
genotype ICG-8029 had higher daily rate of dry
matter efficiency, recorded less amount of
relative dry matter efficiency (39.9%), whereas,
ICG-8542 (42.7%) and TAG-24 (42.7%)
maintained higher percent of relative dry matter
efficiency.  

In the present investigation, the genotypes,
ICG-8496 (26.580 µmol CO2 m-2 s-1), ICG-
8483 (26.360 µmol CO2 m-2 s-1) and ICG-
8437 (26.200 µmol CO2 m-2 s-1) recorded
higher rate of photosynthetic; ICG-8440
(3.334 m mol CO2 m-2 s-1), ICG-8333 (3.213
m mol CO2 m-2 s-1) and ICG-8535 (3.013 m
mol CO2 m-2 s-1) recorded higher transpiration
rate; ICG-8519 (0.514 µmol CO2 m-2 s-1),
ICG-8333 (0.473 µmol CO2 m-2 s-1) and ICG-
8455 (0.457 µmol CO2 m-2 s-1) recorded
higher stomatal conductance and ICG-8434
(19.53), TAG-24 (14.83) and ICG-8005
(14.81) recorded higher water use efficiency
(Table 4).  The adaxial stomatal frequency was
higher in ICG-8455 (18.61), ICG-8437 (18.20)
and ICG-8333 (18.10), whereas, abaxial
frequency was higher for ICG-8428 (12.70),
ICG-8455 (12.40) and ICG-8050 (12.20).
Nautiyal et al. (2012) concluded that, the
knowledge on physiological understanding in
relation to rate of photosynthesis and
productivity and wide genetic variability among
various traits, as reported in this study, could be
utilized in developing new potential germplasm
and designing ideotype for making the cultivars
more adaptive for different water availability
areas in semi-arid tropics. 

The chemical compounds most important in
the conversion of light energy to chemical
energy are the pigments that exist within the
chloroplast (Glass, 1961). The, chl 'a' and 'b'
covers majority of the portion of chloroplast.

These two pigments are responsible to absorb
light energy in the form of quantum which is
responsible for exchange of electron from their
ground state to the exited state. The genotypes,
ICG-8437 (2.417 mg g-1), ICG-8333 (2.308
mg g-1), ICG-8029 (2.234 mg g-1) and ICG-
8455 (2.166 mg g-1) recorded significantly
highest chlorophyll-a content over all the
genotypes (Table 5). The highest chlorophyll-b
content was recorded by the genotypes ICG-
8457 (0.589 mg g-1), ICG-8333 (0.515 mg
g-1), ICG-8029 (0.486 mg g-1) and ICG-8496
(0.484 mg g-1). The total chlorophyll content
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Table 5. Chlorophyll content and protein and oil
percentage as influenced by groundnut genotype.

Genotype Chlorophyll Protein Oil
content (mg g-1) content content

–––––––––––––––––––– (%) (%)
Chl-a Chl-b Total

TAG-24 0.897 0.234 1.282 25.05 47.73
ICG-8434 1.289 0.290 2.110 23.66 46.94
ICG-8483 0.972 0.270 1.584 24.64 48.06
ICG-8455 2.166 0.062 2.358 25.13 49.55
ICG-8005 1.181 0.252 1.807 24.89 46.38
ICG-8542 0.853 0.283 1.465 23.62 45.61
ICG-8440 0.766 0.175 1.172 25.25 45.73
ICG-8519 1.440 0.193 2.626 24.50 47.30
ICG-8428 1.494 0.153 2.398 24.40 46.91
ICG-8401 1.269 0.293 2.150 24.01 47.38
ICG-8029 2.234 0.486 3.168 24.66 48.19
ICG-8496 1.548 0.484 2.787 25.90 47.48
ICG-8468 0.521 0.371 0.909 23.51 46.88
ICG-8333 2.308 0.515 3.201 24.97 46.23
ICG-8437 2.417 0.454 3.058 25.09 47.45
ICG-8444 0.676 0.370 1.412 24.01 50.59
ICG-8457 1.698 0.589 2.275 25.17 46.38
ICG-8535 1.208 0.454 1.738 24.97 46.04
ICG-8406 0.921 0.425 1.462 25.08 47.32
ICG-8354 0.726 0.338 1.285 24.09 47.18
ICG-8050 0.646 0.363 1.315 25.23 46.98
TPG-41 1.136 0.290 2.308 24.53 48.39
Mean 1.289 0.334 1.994 24.66 47.30
S.E.± 0.087 0.034 0.142 0.321 0.473
C.D. at 5 % 0.261 0.102 0.426 0.963 1.419
CV % 9.56 14.66 10.03 1.85 1.41



was highest in the genotypes, ICG-8333
(3.201 mg g-1), ICG-8029 (3.168 mg g-1) and
ICG-8437 (3.058 mg g-1). In the present
investigation, protein content amongst the
genotypes ranged between 23.51 and 25.90
per cent, while oil content ranged between
45.61 and 50.59 per cent. The genotypes,
ICG-8496 (25.90%), ICG-8440 (25.25%),
ICG-8050 (25.23%), ICG-8457 (25.17 %),
ICG-8455 (25.13%), ICG-8406 (25.08 %) and
TAG-24 (25.05%) were found superior in
respect of protein content, whereas, ICG-8444
(50.59%) and ICG-8455 (49.55%) were
superior for oil content. The results are
conformity with Prathiba and Reddy (1994). 

The generative growth constitutes the
development and growth of reproductive parts.
From yield point of view, this phase assumes
significance as the sink lies in the reproductive
parts. Hence, the detailed observations were
made on various aspects of generative growth
at the stage of maturity. The number of flowers,
pegs and pods are the most important yield
components that affect the yield potential of
groundnut (Awal and Ikeda, 2003). Bell et al.
(1991) reported that groundnut cultivars
showed a wide range in the number of
reproductive components at different
developmental stages. In the present study, the
genotype ICG-8005 (44) recorded the highest

Journal of Agriculture Research and Technology 43

Table 6. Yield and yield contributing characters as influenced by groundnut genotypes.

Genotype Pods 100 kernel Dry pod Dry pod Harvest Shelling
plant-1 weight yield plant-1 yield index percentage

(g) (q ha-1) (q ha-1) (%)

TAG-24 28 43.8 20.4 62.57 65.32 70.20
ICG-8434 28 43.7 20.9 54.52 41.66 70.70
ICG-8483 24 47.9 19.9 53.46 42.46 72.50
ICG-8455 29 61.9 19.1 36.36 41.75 73.00
ICG-8005 44 44.2 21.0 54.15 45.87 72.00
ICG-8542 22 54.6 21.6 60.82 46.95 71.00
ICG-8440 30 43.4 19.9 54.48 45.74 70.50
ICG-8519 29 47.4 19.9 39.47 40.69 72.00
ICG-8428 22 45.8 20.8 68.77 43.63 71.00
ICG-8401 28 40.2 19.4 45.71 45.03 71.40
ICG-8029 25 48.9 20.7 75.53 45.98 71.00
ICG-8496 31 41.8 20.0 51.81 45.73 71.10
ICG-8468 25 44.6 18.7 65.08 44.16 72.50
ICG-8333 20 51.8 20.5 58.58 44.11 70.90
ICG-8437 25 53.3 20.2 66.05 41.19 71.80
ICG-8444 23 53.8 18.9 59.09 40.56 70.30
ICG-8457 22 42.4 19.3 54.41 41.41 70.70
ICG-8535 26 42.4 20.1 53.81 42.67 71.00
ICG-8406 19 42.0 20.4 60.39 38.99 71.40
ICG-8354 19 43.0 20.9 60.23 42.58 71.60
ICG-8050 24 43.3 21.1 56.59 44.89 71.50
TPG-41 28 53.8 20.3 55.93 49.21 67.50
Mean 26 47.1 20.2 56.72 44.57 71.65
S.E.± 3.40 0.92 0.50 2.02 1.51 0.53
C.D. at 5 % 10.21 2.75 1.50 6.06 45.42 1.60
CV % 18.51 3.15 3.51 5.04 4.80 1.06



number of pods plant-1 followed by ICG-8496
(31), ICG-8455 (29) and ICG-8519 (29). The
genotype ICG-8029 (61.9 g 100-1 kernels),
ICG-8542 (54.6 g 100-1 kernels), ICG-8444
(53.8 g 100-1 kernels) and TPG-41 (53.8 g
100-1 kernels) were found bold seed size. The
highest dry pod yield (g) plant-1 was recorded by
the genotypes ICG-8542 (21.6 g), ICG-8050
(21.1 g) and ICG-8005 (21.0 g). The
genotypes, ICG-8O29 (75.53 q ha-1), ICG-
8428 (68.77 q  ha-1), ICG-8437 (66.05 q ha-1)
and ICG-8468 (65.08 q ha-1) were superior for
dry pod yield. The performance of different
genotypes in respect of harvest index was
statistically significant. It ranged between 38.99
and 65.32 per cent. The lowest and the highest
harvest index being in genotypes ICG-8406
and TAG-24, respectively. The shelling
percentage ranged between 67.5 and 73.00
per cent. The genotypes, ICG-8455 (73.00%),
ICG-8483 (72.50%) and ICG-8468 (72.50%)
recorded higher shelling percentage (Table 6).
Jadhav and Sengupta (1991) reported that pod
yield was significantly correlated with peg
number plant-1, total pod number plant-1, filled
pod number plant-1, 100 seed weight and total
reproductive biomass. 

From the results obtained in the present
investigation, it can be concluded that, the
morhpo-physiological characters viz., plant
height, number of branches and leaf area are
mainly responsible for growth in groundnut.
The physiological processes like
photosynthesis, stomatal conductance,
transpiration rate etc. were found at highest
rate in some genotypes which resulted in
highest yield. The genotype ICG-8029 shows
highest dry pod weight at harvest. The
genotypes ICG-8496 and ICG-8444 recorded
highest protein and oil content. 

The genotypes ICG-8029 and ICG-8428
recorded the highest dry pod yield may be due
to photosynthetic rate, dry matter

accumulation, and chlorophyll content. The
genotypes ICG-8444 and ICG-8496 were rich
in oil and protein content and also on account
of pheonological traits, dry matter
accumulation, photosynthetic rate and stomatal
frequency. The genotype ICG-8029 with
highest pod dry matter partitioning at harvest is
high yielding. Therefore, the genotypes ICG-
8029 and ICG-8428 may be utilized for the
yield heterosis, whereas the genotypes ICG-
8496 and ICG-8444 for improving protein and
oil content in further breeding programme.    
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Abstract
The experiment was conducted during 2008-09 and 2009-10 to study the response of spacing and plant

architecture on flowering and yield of capsicum under nethouse conditions. The result of present investigation
indicate that, the days required to first flowering, days to 50 per cent flowering, days to first harvesting were
significantly minimum in closer spacing and pruning for two stem. Highest number of flowers plant-1 and fruit
yield per plant was recorded under the wider spacing treatment and pruning for four stem.

Key words : Capsicum, pruning, spacing, flowering, yield.

______________

Sweet pepper is one of the most popular
and high value vegetable crops grown for its
immature fruits throughout the world. It
occupies a place of pride among vegetables in
Indian cuisine because of its delicacy and
pleasant flavor coupled with the content of

ascorbic acid and other vitamins and minerals.
In India, with increase in population and
improvement in dietary habits, the
consumption of vegetable has improved.
Cultivation of vegetables under net-house can
play a major role in improving quality,
advancing maturity as well as increasing fruiting
span and productivity.1. Ph.D. student, 2. Associate Professor and 3.

Professor.



Cultural practices such as plant density and
pruning in Capsicum under net house
conditions may help to improve its production.
Optimum plant density is important for the
proper utilization of natural resources and
ultimately to maximize the yield of particular
crop. The reasons for pruning sweet pepper
under net house condition is to train plant
growth to facilitate light penetration throughout
the leaf canopy for more efficient interception
of light. Plant spacing and pruning of side
shoots play a key role in efficient use of the
area inside the protected structures.

Literature available on net house cultivation
of Capsicum is very scanty. Hence, there is a
need to work out suitable planting geometry for
Capsicum cultivation under net house. The
present investigation was carried out on
spacing and plant architecture studies in
Capsicum under net house conditions.

Materials and Methods

The experiment was conducted at Main
Garden, Department of Horticulture, Dr.
PDKV, Akola during 2008-09 and 2009-10.
The experiment was laid out in Split Plot
Design with four replications in net house.
There were three levels of plant spacing and
three levels of pruning together making nine
treatment combinations. The treatments
included three levels of Plant spacing S1 - 45 x
30 cm, S2 - 45 x 45 cm and S3 - 45 x 60 cm
and three levels of Plant architecture P1 -
pruned for four stem, P2 - pruned for two stem
and P3 - unpruned.

The seeds of variety 'Indra' were sown in
plastic cups in the month of August during both
the years and covered with fine soil. The cups
were irrigated regularly with the help of
watering can till the seeds germinated.
Irrigation was given at an interval of 2-4 days
during first fortnight and thereafter at weekly
interval. After preparation of raised beds of 3 m

x 1 m size and application of basal dose of
fertilizers, five week old seedlings of uniform
height from the nursery beds were transplanted
at a spacing mentioned in the treatments in
main plots. The seedlings were dipped in the
solution of Monocrotophos 1 ml + 2 g Copper
Oxychloride + 2 g Redomil lit-1, just before
transplanting.

Pruning was done by sharp knife to cut out
unwanted axillary buds and branches depending
on the treatment whether two stem and four
stem. Before and after every pruning
treatment, the knife was washed with Bavistin
solution. Pruning was carried at seven days
interval from twenty days after transplanting.

Technique of random sampling was adopted
and five plants of capsicum were selected from
each treatment. These were labeled for
recording observation on flowering and yield
parameters like, days for first flowering, days
for 50 per cent flowering, number of flowers
plant-1, days to first harvesting and yield
plant-1.

Results and Discussion

Yield contributing characters

Days to first flowering : During the first
year of trial it was revealed that, plants placed
at closer spacing S1 (45 x 30 cm) took
significantly minimum days for first flowering
(38.86 days) which was at par with the
treatment S2 (39.89 days) while the plant
having wider spacing observed late flowering.
Similarly, during the second year plants having
closer spacing took significantly minimum days
for first flowering (37.21 days) followed by the
treatment S2 (40.63 days). Whereas, the plants
having wider spacing took maximum days for
emergence of first flowering (43.43 days). Early
flowering was observed in closer spacing than
wider spacing which might be due to more
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vegetative growth found in wider spacing which
delayed the flowering The results are in
conformity with Dasgan and Abak (2003) in
sweet pepper.

During both year of trial (2008-2009 and
2009-10) plants pruned for two stem took
significantly minimum days for first flowering
P2 (39.14 days and 39.31 days, respectively).
Whereas, the unpruned plants took maximum
time for emergence of first flowering. The
earliness in flower initiation due to pruning to
two branches per plant restricted the side
branches and might have stimulated the plant
to flower early. The results are in conformity
with Shetty and Manohar, (2008) in Capsicum.

Days to 50 per cent flowering : During,
2008-09 and 2009-10, significantly minimum
days required for 50 per cent flowering (43.36
days and 43.60 days, respectively) were

recorded in the closer spacing treatment S1
followed by the treatment S2. Whereas, the
maximum days were required for 50 per cent
flowering under wider spacing 83 (50.18 days
and 50.36 days, respectively). Days required for
50 per cent flowering were minimum in closer
spacing as compared to wider spacing. This
might be due to fact that early first flowering in
closer spacing might have resulted into early 50
percent flowering. The results of the present
study are in line with the findings of previous
workers, Sharma and Peshin (1990) and
Chaudhary et al. (2007) in capsicum.

From the data presented in Table 1 during
the first year of trial it was revealed that, the
data on days required for 50 per cent flowering
was found statistically significant due to
pruning. Minimum days required for 50 per
cent flowering (45.71 days) were recorded in
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Table 1. Effect of spacing and plant architecture on flowering characters of capsicum.

Treatment Days to first Days to 50% Number of Number of days
flowering flowering flowers plat-1 to first harvesting

––––––––––––––––– –––––––––––––––––– ––––––––––––––––––– ––––––––––––––––––
2008- 2009- 2008- 2009- 2008- 2009- 2008- 2009-
09 10 09 10 09 10 09 10

Spacings
S1 38.86 37.21 43.36 43.60 29.17 29.59 60.33 60.61
S2 39.89 40.63 47.85 48.19 29.65 30.11 68.83 69.14
S3 43.13 43.43 50.18 50.36 31.47 31.91 69.92 70.16
'F' test Sig Sig Sig Sig Sig Sig Sig Sig
SE (m) ± 0.48 0.47 0.67 0.64 0.29 0.31 0.61 0.60
CD at 5% 1.66 1.61 2.32 2.22 1.00 1.10 2.12 2.05

Plant Architecture
P1 40.10 40.38 47.20 47.37 32.11 32.56 66.05 66.26
P2 39.14 39.31 45.71 46.05 29.96 30.38 64.23 64.59
P3 40.65 41.58 48.46 48.72 28.22 28.67 68.80 69.06
'F' test Sig Sig Sig Sig Sig Sig Sig Sig
SE (m) ± 0.28 0.40 0.42 0.39 0.26 0.27 0.48 0.46
CD at 5% 0.81 1.17 1.23 1.15 0.79 0.81 1.42 1.38

Interaction effect (S x P)
'F' test NS NS NS NS NS NS NS NS
SE (m) ± 0.48 0.69 0.73 0.67 0.46 0.47 0.83 0.80
CD at 5% - - - - - - - -



the treatment P2 (two stem). However,
maximum days required for 50 per cent
flowering (48.46 days) were observed in
treatment P3 (unpruned).Similar trend was
observed during the second year of trial.
Significantly minimum days of 46.05 were
required for 50 per cent flowering in the
treatment P2 pruning for two stem and it was
followed by the treatment P1 (47.37 days).
However, maximum days required for 50 per
cent flowering (48.72 days) were observed in
unpruned treatment (P3).The positive effect of
pruning on days required for 50 per cent
flowering might be due to more controlled
growth of plants under pruning treatment
diverting maximum light and nutrients to the
plants required for its growth, resulting in
minimum days for first flowering and ultimately
50 per cent flowering. Similar results were
observed by Shetty and Manohar (2008).

Flowers plant-1 : Data regarding the
number of flowers per plant was significantly
influenced by various spacing treatments during
both the years of experimentation. Significantly
maximum flowers per plant (31.47 and 31.91)
were recorded in the wider spacing treatment
S3. However, minimum flowers plant-1 (29.17
and 29.59) were recorded in the closer spacing

S1 during the year 2008-09 and 2009-10,
respectively. Adequate availability of water,
nutrients, sunlight and good aeration leads to
more number of flowers per plant in wider
spacing. These results are confirmed due to
similar findings of Amarananjundeshwara et al.
(2008) in tomato.

The effect of stem pruning on number of
flowers plant-1 was found to be significant
during both the years of experimentation.
Significantly maximum flowers plant-1 (32.11
and 32.56) were noted in the pruning
treatment P1 (four stem). While, the treatment
P3 (no pruning) recorded significantly minimum
flowers per plant (28.22 and 28.67) during the
year 2008-09 and 2009-2010 respectively.
Production of more number of flowers in
pruning treatment might be due to the fact that,
pruning stimulates the plants to produce more
number of flowers by enhancing the content of
assimilation pigments, intensity of
photosynthesis and resources of assimilates in
plants. These findings are in accordance with
the findings of Mangal and Jasim (1987), Uddin
(1995) and Shetty and Manohar (2008) in
Capsicum.

Days to first harvest : During 2008-09
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Table 2. Effect of spacing and plant architecture on yield plant-1.

Treatment Yield plant-1 (kg)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

First year (2008-09) Second year (2009-10)
––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––
P1 P2 P3 Mean P1 P2 P3 Mean

S1 1.36 1.08 0.80 1.08 1.45 1.15 0.83 1.14
S2 1.82 1.59 1.01 1.47 1.92 1.74 1.13 1.59
S3 1.98 1.76 1.29 1.68 2.02 1.88 1.30 1.73
Mean 1.72 1.47 1.03 1.79 1.59 1.09

Interaction effect (S x P)
S P S x P S P S x P

'F' test Sig Sig Sig Sig Sig Sig
SE (m) ± 0.006 0.011 0.019 0.006 0.009 0.016
CD at 5% 0.022 0.038 0.057 0.021 0.031 0.047



and 2009-10, the plants under closer spacing
treatment  took   minimum  days i.e. 60.33
days and 60.61 days,respectively for first
harvesting and was significantly superior to rest
of the spacing treatments. Maximum days
required to first harvesting (69.92 days and
70.16 days, respectively) were recorded in the
treatment S3. The period required for first
harvesting was lesser in closer spacing as
compared to wider spacing which might be due
to more vegetative growth found in wider
spacing that prolongs juvenile phase and the
flowering. Also, early first flowering and 50%
flowering in closer spacing led to the early
fruiting and hence less period for first
harvesting. These results are supported by the
findings of Uddin (1995) and Ara et al. (2007)
in tomato.

The data during the year 2008-09 and
2009-2010 revealed that significantly
minimum days required for first harvesting
(64.23 days and 64.59 days, respectively) was
recorded in two stem pruning treatment and
was significantly superior over rest of the
treatments. It was followed by treatment P1
with four stem pruning, recording (66.05 days
and 66.26 days, respectively) for first
harvesting which was significantly superior over
unpruned treatment. The days required for first
harvesting were minimum in pruned plant than
unpruned which may be due to the fact that,
pruning to plant restricted the side branches
and stimulated the plants to grow faster and
flower early leading to early fruit set which
ultimately led to early maturity of fruits than
unpruned plants. Similar, results were also
reported by Shetty and Manohar (2008) in
Capsicum.

The interaction effect of spacing and plant
architecture on days required for first flowering,
days required for 50 per cent flowering,
number of flowers plant-1 and days required to
first harvesting of Capsicum revealed

statistically non-significant differences among
the treatments during both the years of
experimentation.

Yield characters : The effect of spacing
on yield plant-1 for both the years of
experimentation was found to be statistically
significant. The data of 2008-09 indicated that,
the wider spacing treatments recorded
significantly maximum yield plant-1 over the
closer spacing. Significantly maximum yield
plant-1 (1.68 kg plant-1) was obtained in the
wider spacing S3 (45 x 60 cm). However,
significantly minimum yield per plant-1 (1.08 kg
plant-1) was recorded in closer spacing S1 (45 x
30 cm). During 2009-10, the data revealed
that, significantly superior results in respect of
yield plant-1 (1.73 kg plant-1) was exhibited due
to the wider spacing treatment S3. However,
the closer spacing S1 (45 x 30 cm) exhibited
significantly inferior results in respect of yield
plant-1 (1.14 kg plant-1). The probable reason
for this may be the sufficient space not available
in closely spaced plants for their lateral
development as compared to widely spaced
plants which had more unit area per plant for
its growth and expansion and less competition
among the plants for nutrients, light and other
resources. This might have resulted in
production of more number of flowers plant-1

number of fruits and fruit yield plant-1. Similar,
results have been reported by Mangal and
Jasim (1987) and Uddin (1995).

The data pertaining to yield plant-1 as
affected by levels of pruning during the first
year (2008-09) revealed that significantly
maximum yield plant-1 (1.72 kg) in treatment
P1 (pruning for four stem). While minimum
yield plant-1 (1.03 kg) was recorded in
treatment P3 (unpruned). Similarly, the yield
plant-1 during the year 2009-10 was found to
be significantly maximum (1.79 kg plant-1) in
treatment, P1 (pruning for four stem). Whereas,
minimum (1.09 kg plant-1) was noted in the
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treatment P3 (unpruned). Maximum fruit yield
plant-1 was observed in plant pruned for four
stem during both the year of experimentation.
This might be due to the fact that, the variety
Indra has indeterminate growth habit and also
the pruning increased the plant height by using
vertical space of the net house thereby
increasing the number of nodes. This led to
increase in yield components like flower and
fruit number and ultimately the yield plant-1.
These findings are in accordance with Shetty
and Manohar, (2008) in capsicum.

The treatment combination S3P1 (plant
spaced at 45 x 60 cm with four stem pruning)
recorded significantly maximum yield of 1.98
and 2.02 kg plant-1 during 2008-09 and 2009-
10 respectively. However significantly
minimum yield plant-1 was recorded in
treatment combination S1P3 (plant spaced at
45 x 30 cm with no pruning) during both the
years. The results are in close agreement with
the findings of Evan (1983) in tomato.
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Chickpea is cool season crop. It's yield and
quality is mostly depend on climatic parameters
and time of sowing. It is a short duration crop
and requires relatively low temperature for it's
optimum growth. In India, mid October to mid
November is the ideal period for sowing
chickpea. Any deviation from this period causes
reduction in yield (Dumbre and Deshmukh,
1983).

Due to global warming, temperature is
increasing day by day. The rainfall pattern is
disturbed and the rainy season is extended up
to first fortnight of November. As a result,
duration of winter season is reduced. In such
condition, there is a need to adjust the sowing
date with suitable cultivars of chickpea for
obtaining higher yields.

Materials and Methods

The field experiment was conducted in rabi
season at Agronomy Farm, College of
Agriculture, Pune during 2010-11. The

experiment was laid out in randomized block
design (factorial) with three replications. There
were twelve treatment combinations formed
due to four sowing dates viz., 45, 46, 47 , 48
MW and three chickpea varieties viz., Vijay,
Vishal, Digvijay.

The soils of experimental field were medium
clayey in texture, very low available nitrogen
(175 kg ha-1), slightly high available
phosphorus (14.85 kg ha-1) and high available
potassium (560 kg ha-1) and acidic in reaction
(pH 6.6). The gross and net plot size were 4.00
x 3.00 and 3.20 x 2.40 m2, respectively.

The chickpea crop was sown as per
treatment dibbling one seed hill-1 at spacing of
30 x 10 cm2. The full dose of nitrogen and
phosphorus was applied as basal dose. The
optimum plant population was maintained by
gap filling and the crop was irrigated as per
requirements. Normal cultural operations and
plant protection measures were carried out as
and when required.
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Abstract
The chickpea sown in 46th MW recorded significantly higher values for plant height, number of branches,

plant spread, number of pods plant-1, dry matter plant-1, weight of grain and straw plant-1. Among the
varieties, plant height and dry matter plant-1 were highest in Vishal but the highest values of number of
branches and plant spread were recorded in 'Vijay' variety followed by Digvijay variety. The yield contributing
characters viz., number of pods plant-1, weight of pods plant-1 and weight of straw plant-1 were found
significantly higher in the Digvijay. While, test weight was found significantly higher in the Vishal. The grain
and straw yields were found significantly more in Digvijay. The chickpea crop should be sown at 46th

MW and the most suitable variety for extended sowing time (46th MW) is Digvijay or Vijay based on grain
yield.

Key words : Chickpea, extended sowing dates, meteorological week.
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Results and Discussion

Growth and yield : Significant plant
height (Table 1) was observed in the crop sown
in 45 MW over 48 MW treatment but it was at
par with crop sown in 46 MW and 47 MW
sowing dates. It might be favorable climatic
conditions for plant growth because of better
utilization of nutrients. The similar results have
been reported by Kabir et al. (2009) and
Shamsi (2010). Significantly the highest mean
plant spread was recorded in 46 MW crop
sown over rest of the treatments but at 70 DAS
it was at par with 47 MW treatment. Similar
results have been reported by Ramteke et al.
(1996) and Kabir et al. (2009). 45 and 46 MW
recorded higher number of branches plant-1

which was on par with 47 MW and significantly
superior over 48 MW. The significantly highest
mean total dry matter plant-1 was recorded in
46 MW treatment. The lowest value of mean
dry matter plant-1 was recorded in 48 MW
treatment. Similar results have been reported

by Saini and Faroda (1997) and Anwar et al.
(2003).

Significantly the highest mean number of
pods plant-1 (45.6) at harvest was recorded in
crop sown at 46 MW followed by 45 MW
sowing date and both treatments were at par
with each other. The late sown crop i.e. 48 MW
recorded significantly lower number of pods
plant-1 (29.6) followed by 47 MW sowing date.
The highest mean weight of pods plant-1 (13.3
g) was recorded in both 46 and 47 MW sowing
dates over rest of the treatments. The lowest
weight of pods per plant (10.7 g) was recorded
in 47 MW sowing date. Significantly the highest
mean weight of straw plant-1 (16.9 g) was
recorded in 45 MW sowing date over rest of the
treatments. The more weight of straw is due to
favorable climatic conditions for vegetative
growth. The 46 MW sowing date was next best
treatment and was at par with 45 MW sowing
date. The investigation showed that each delay

Nikam et al.52

Table 1. Effect of extended sowing dates and chickpea varieties on growth and yield contributing character.

Treatment Plant Plant Number Dry No. of Weight Weight Test
height spread of matter pods of pods of straw weight
(cm) (cm) branches (g) plant-1 plant-1 plant-1 (g)

(g) (g)

Sowing dates
S1 - 45th MW 49.9 45.8 6.7 32.0 45.3 12.7 16.9 220.0
S2 - 46th MW 49.7 49.7 6.7 37.5 45.6 13.3 14.3 222.2
S3 - 47th MW 47.7 46.5 6.6 33.5 38.5 13.3 13.6 224.4
S4 - 48th MW 34.7 35.3 5.4 20.7 29.6 10.7 9.6 210.0
S.E.± 0.8 0.8 0.05 0.2 0.1 0.1 0.9 1.1
C.D. at 5% 2.2 2.4 0.1 0.6 0.4 0.4 2.9 3.2

Varieties
V1 - Vijay 41.5 49.4 6.7 28.6 38.7 11.9 13.2 181.6
V2 - Vishal 50.1 39.5 6.0 34.0 37.0 13.6 14.6 255.0
V3 - Digvijay 44.7 44.0 6.3 30.2 43.5 12.1 13.0 220.8
S.E.± 0.7 0.9 0.06 0.2 0.1 0.1 0.8 1.2
C.D. at 5% 2.2 2.8 0.18 0.6 0.4 0.5 N.S. 3.7

Interaction (S x V)
S.E.± 1.5 1.6 0.10 0.4 0.2 0.3 1.7 2.2
C.D. at 5% N.S. N.S. N.S. N.S. 0.8 N.S. N.S. 6.5
Mean 45.4 44.3 6.3 10.3 39.7 12.5 13.6 219.1



in sowing time decreased the 1000 seeds
weight. The high temperature particularly
during pod formation and pod development
stages interfere with normal development of
grain and causes shriveling of grain. Thus,
reduction in test weight was caused due to
smaller size of grains. Similar result has been
reported by Saini and Faroda (1997),

The differences in the mean plant height
were statistically significant due to varieties. The
variety Vishal significantly recorded the highest
plant height over other varieties used in the
experiment during all the growth stages.
Significantly the highest value of mean plant
spread was recorded by Vijay variety than rest
of the varieties. The mean number of branches
varied significantly with different varietal
treatments. Variety Vijay produced significantly
more number of branches plant-1 over rest of
the varieties, but was followed by Digvijay.
Variety Vishal having significantly less number

of branches plant-1. The significant difference
were found in mean total dry matter (g) due to
different varieties. The highest mean total dry
matter was recorded by Vishal variety over rest
of the varieties and followed by Digvijay .

At harvest, significantly the highest mean
number of pods plant-1 (43.5) were recorded in
Digvijay variety followed by Vijay and Vishal. It
showed that Digvijay produced more number of
pods under extended or late sowing conditions.
Significantly the highest mean weight of pods
plant-1 (13.6 g) was recorded in Vishal over rest
of the varieties. The lowest mean weight of
pods plant-1 was recorded in Vijay variety.
There was no significant effect of varieties on
weight of straw plant-1 under extended sowing
dates. Significantly maximum mean 1000
seeds weight (255.0 g) was recorded in Vishal
over rest of the varieties, but was followed by
Digvijay. The lowest 1000 seeds weight was
recorded by Vijay (181.6 g).
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Table 2. Effect of extended sowing dates and varieties on yield and economics of chickpea.

Treatment Grain Straw Harvest Cost of Gross Net Benefit:
yield yield index cultivation monetory monetory cost
(q ha-1) (q ha-1) (%) (Rs. ha-1) return return ratio

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

Sowing dates
S1 - 45th MW 27.3 29.8 47.8 35134 74441 39307 2.1
S2 - 46th MW 28.6 31.4 47.6 35134 77962 42828 2.2
S3 - 47th MW 27.8 30.3 47.9 35134 75756 40622 2.1
S4 - 48th MW 21.7 24.4 47.1 35134 59296 24162 1.6
S.E.± 0.08 0.06 0.06 - 179.6 179.6 -
C.D. at 5% 0.23 0.17 0.18 - 525.9 525.9 -

Varieties
V1 - Vijay 27.2 29.8 47.6 35134 74202 39068 2.1
V2 - Vishal 24.4 26.9 47.5 35134 66530 31396 1.8
V3 - Digvijay 27.5 30.2 47.6 35134 74859 39725 2.2
S.E.± 0.07 0.05 0.07 - 207.4 207.4 -
C.D. at 5% 0.20 0.15 N.S. - 607.2 607.2 -

Interaction (S x V)
S.E.± 0.14 0.10 0.12 - 359.3 359.3 -
C.D. at 5% 0.40 0.31 0.36 - 1051.8 1051.8 -
Mean 26.4 29.0 47.6 35134 71864 36730 1.9



The interaction effect between sowing dates
and varieties were  found to be non significant
at all the growth and yield contributing
characters except in number of pods plant-1

and thousand seed weight it was significant.

Yield and economics : The significantly
maximum seed yield (28.6 q ha-1) was recorded
(Table 2) in crop sown at 46 MW over rest of
the sowing dates and it was followed by 47 MW
sowing date. The significantly lower grain yield
(21.7 q ha-1) was recorded in 48 MW sowing
date. The reduction in grain yield caused due to
sowing dates was primarily because of
difference in temperature. Crop sown at 46
MW was favorable to high grain production
because post anthesis period coincide with
relative low temperature. However, late sowing
were unfavorable to grain  yield. Similar result
have been reported by Arvadia and Patel
(1986), Dhingra et al. (1986) and Kubir et al.
(2009).

There was significant variation in mean
straw yield due to sowing dates. Significantly
the highest mean straw yield was recorded by
crop sown in 46 MW treatment over rest of the
sowing dates due to pronounced plant growth.
The lowest value of straw yield (24.4 q ha-1)
was recorded in 48 MW. Similar results have
been reported by Shamsi (2010). There was
significant variation in mean harvest index due
to sowing dates. Significantly the highest mean
harvest index was recorded in 47 MW followed
by 45 MW and it was at par with each other.
The lowest value of harvest index (47.1%) was
recorded in 48 MW sowing date.

The total cost of cultivation (Rs. 35,134
ha-1) was same for all treatments. The gross
monetary returns was significantly influenced
by different sowing dates. The significantly
higher gross monetary return (Rs. 77962 ha-1)
was obtained by crop sown at 46 MW over rest
of the sowing dates. The lowest value of gross
monetary return (Rs. 59296 ha-1) was obtained
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Table 3. Effect of extended sowing dates and varieties on meteorological parameters of chickpea.

Treatment Growing Hydro- Photo- Albedo PAR Canopy
degree thermal thermal (mol m-2) temperature
days unit unit (°C)

Sowing dates
S1 - 45th MW 882 49795 21508 0.37 462 30.1
S2 - 46th MW 851 45103 20671 0.39 437 31.4
S3 - 47th MW 832 44512 20986 0.38 463 31.4
S4 - 48th MW 682 43989 18758 0.37 463 31.5
S.E.± 0.4 24.6 32.3 0.0023 0.6 0.03
C.D. at 5% 1.3 72.0 94.6 0.0069 1.8 N.S.

Varieties
V1 - Vijay 812 44270 20452 0.38 456 31.0
V2 - Vishal 812 44276 20520 0.38 456 31.1
V3 - Digvijay 812 44348 20470 0.38 456 31.1
S.E.± 0.5 28.4 37.3 0.0027 0.7 0.04
C.D. at 5% N.S. N.S. N.S. N.S. N.S. N.S.

Interaction (S x V)
S.E.± 0.9 49.2 64.6 0.0047 1.2 0.07
C.D. at 5% N.S. N.S. N.S. N.S. N.S. N.S.
Mean 812 44298 20481 0.38 456 31.3



in 48 MW sowing treatment. The net monetary
return was significantly influenced with sowing
dates. The highest net monetary return (Rs.
42823 ha-1) was recorded in 46 MW sowing
date over rest of the sowing dates. The highest
benefit:cost ratio (2.2) was recorded in 46 MW
sowing date. The lowest value was recorded in
48 MW sowing treatment.

There was statistically significant variation
observed in seed yield due to varieties. The
Digvijay variety of chickpea recorded
significantly higher seed yield (27.5 q ha-1) over
rest of the varieties followed by Vijay. The
lowest yield (24.4 q ha-1) was recorded by
Vishal cultivar. The significantly maximum
straw yield was recorded by Digvijay, it was
followed by Vijay. Data pertaining to mean
harvest index revealed that there was no
statistically significant variation due to varieties.
Digvijay variety recorded 47.6 per cent harvest
index.

The cost of cultivation was same for all
varieties, it was Rs. 35134 ha-1. The
significantly higher gross monetary return (Rs.
74859 ha-1) was obtained from Digvijay variety
as compared to remaining varieties. The
highest net monetary return (Rs. 39725 ha-1)
was recorded by Digvijay variety over rest of the
varieties. The highest benefit:cost ratio (2.2)
was recorded in Digvijay variety compared to
rest of the varieties. The lowest value of benefit:
cost ratio (1.8) was recorded in Vishal variety of
chickpea.

The interaction effect between sowing dates
and varieties were found to be significant in
grain and straw yield, harvesting index, gross
monetary and net monitory returns.

Meteorological parameters : The value
of growing degree days (GDD) increased with
the growth stages of crop. The highest value of
GDD (Table 3) was recorded in the 45 MW

sowing date treatment over rest of the sowing
dates. The lowest value of GDD was recorded
in 48 MW. The results of experiment showed
that accumulation of GDD greatly varied with
sowing time. Delayed sowing enhances
maturity due to high sunlight and temperature.
Similar results have been reported by Agrawal
et al. (2002) and Chand et al. (2010).
Significantly the highest value of cumulative
hydrothermal, ambient temperature and
photothermal  unit was recorded in 45 MW
sowing treatment over rest of the treatments.
Significantly superior value of cumulative
albedo was recorded in 46 MW sowing
treatment over rest of the treatments.
Significantly the highest value of cumulative
PAR was recorded in 47 MW sowing over rest
of the sowing dates.

There was no significant difference in
different chickpea varieties for accumulation of
GDD. There was significant difference in
hydrothermal unit on different chickpea
varieties. Significantly maximum hydrothermal
and photothermal unit was recorded by Vishal
followed by Digvijay. There was no significant
difference in cumulative albedo PAR and
canopy temperature amongst different
chickpea varieties at critical growth stages.

For all the meteorological characters the
interaction effect between sowing dates and
varieties was found to be non significant.
Therefore, the chickpea crop should be sown at
46 MW and the most suitable variety for
extended sowing time (46 MW) is Digvijay or
Vijay based on grain yield.
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Abstract
The nodal segments of Rosa hybrida L. were cultured in-vitro to know appropriate basal medium. The

nodal segment was cultured on MS medium supplemented with different concentrations of BAP from 0.5-3.5
mg l-1 in combination with 0.5 mg l-1 of kinetin constant for shoot formation and multiplication. Medium
containing 2.0 mg l-1 BAP and 0.5 mg l-1 Kinetin proved to be the best medium for in-vitro shoot formation
from nodal segment with rate of shoot formation of 86 per cent obtained in 8 days. Maximum 12 shoots
culture-1 were formed on medium having 2.0 mg l-1 of BAP + 0.5 mg l-1 kinetin. This medium proved to be
the best for in-vitro shoot multiplication and proliferation of roses and also maximum 45 leaves culture-1 were
formed.

Key words : Rosa hybrida L., Nodal segment.
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Rose (Rosa hybrida L.) is the most popular
among all the flowers because of its beauty and
fragrance that is why it is rightly called the
queen of flowers. They belong to the Rosaceae
and are grown worldwide as cut flowers and

potted plants and in home gardens.

Conventionally, it is propagated asexually
through cuttings, budding or grafting scion
cultivars on specific rootstocks in the particular
seasons. These methods are laborious and time
taking with very low percentage of success.1. Associate Professor and 2. Student.



However, grafting is expensive and
conventional breeding is a time consuming
procedure. It has also been observed that plants
raised from these methods are infected with
different diseases that affect flower production,
quality and ultimately their market value is
decreased (Norton and Boe, 1998). The
common ways in propagating rose are cutting
and using suckers. But there is the risk of
spreading viral and bacterial diseases which
result in low yield. Similarly, these methods are
not efficient to support the increasing demand
for healthy shrubs. Rose tissue culture dates
back to 1945, when Nobecourt and Kofler
succeeded in obtaining callus and roots on the
explanted buds. The first shoot organogenesis
from callus tissue was reported by (Hill, 1967)
in a climbing hybrid Rose. Tissue culture
methods have been developed as a potential
tool for rapid and mass propagation in number
of plant species. Thus, new avenues became an
important alternative of conventional
propagation procedures for the plants,
especially those propagated vegetatively.
Micropropagation offers not only quick
propagation of plants, but also eliminates
diseases and provides scope for development of
new cultivars (Debergh and Read, 1991).

In the last few years, in-vitro propagation
has revolutionized commercial nursery business
(Pierik, 1991). Significant features of in-vitro
propagation procedure are its enormous
multiplicative capacity in a relatively short span
of time; production of healthy and disease free
plants; and its ability to generate propagules
around the year (Dhawan and Bhojwani,
1986). Micro-propagated plants are well suited
for cut flower production as they are more
compact (Onesto et al., 1985), branch better
and sometimes yield more flowers (Reist,
1985).

Hence, the present research work was
initiated to standardize the nodal culture system

of rose. The MS medium with addition of BAP
and kinetin were used as treatments to
investigate their effect on shoot proliferation of
Rosa hybrida L.

Materials and Methods

Plant materials and preparation of
explants: The Rosa hybrida L. was used in
the experiment work. Nodal explants
containing lateral buds of actively field-grown
roses were cut into 2-3 cm length segments and
washed in running water to remove dirt. Then
explants were washed with household
detergent (Labolin) for 5 minutes followed by
15 minutes tap water washing followed by
repeated rinsing with distilled water for 5
minutes. After that explant was transferred to
laminar air flow for further sterilization with
0.2% sodium hypochloride solution for 5
minutes and washed with sterilized double
distilled water for 5 times. Nodal part explants
of 2-3 cm size were excised from the mother
plant. The explants were trimmed to 1 cm long
pieces before transfer to the culture medium.

Culture medium and conditions :
Murashige and Skoog 1962 medium was
commonly used for all the experiments. The
stock solutions were prepared with double
distilled water, poured into well stoppered bottle
and were stored in refrigerator at 4°C. Stock
solutions of kinetin (KIN) and 6-benzylamino
purine (BAP) were prepared by dissolving them
first in few drops of 1N NaOH and the volume
was made up to the required concentration with
double distilled water. The stock solutions were
mixed in required proportion along with growth
regulators and sucrose. The volume was made
up by adding double distilled water. The pH of
the medium was adjusted between 5.6-5.8 by
using either 0.1 N HC1 or NaOH with the help
of a digital pH meter. The volume was finally
adjusted and required amount of agar and
streptomycin was weighed and added into the
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medium. Agar in the medium was completely
melted by gentle heating up to 90°C and 15-20
ml of medium was poured into 25 x 150 mm
pre-sterilized glass culture tubes and plugged
with non absorbent cotton wrapped in cheese
cloth. The media was autoclaved at 121°C at
15 lbs square-1 inch pressure for 20 minutes
and then allowed to cool to room temperature
and stored in culture rooms until further use.
After sterilization explants were trimmed and
inoculated on MS media supplemented with
different combination of BAP from 0.5-3.5 mg
l-1 in combination with 0.5 mg l-1 of kinetin at
constant level and incubated in culture room at
25 ± 2°C temperature with 16 hours
photoperiod. The cut ends of explants were
kept in such a way so as to have maximum
contact with the medium. Micro-shoots formed
in the test tubes were taken out 5-6 weeks after
inoculation. The shoots were separated by
dissecting them in the sterile environment of
laminar air flow cabinet with sterile dissecting
needle and forceps. They were placed in the
test tubes containing fresh media.

Statistical analysis : Data were
statistically analyzed by using completely
randomized design. Each phyto-hormone
treatment consist 8 treatment and 3 replication

and means were compared at p < 0.05 level of
significance (Panse and Sukhatme 1967). Data
was recorded on explants response after weekly
intervals, after inoculation of explants in test
tubes (free from fungus, bacteria, browning
etc.), number of days required for initiation of
axillary shoot and axillary shoots produced
explants-1. The number of days taken to show
initial differentiation of shoot from the date of
inoculation of different explants was recorded
and was expressed as mean number of days.
While, sub-culturing multiple shoots were
separated, counted from explants and
expressed as shoot explants-1. The shoot length
was measured from base to the tip of the
plantlet at the time of subculture and the
average length was expressed in centimeters.
The number of leaves proliferated was
measured, after inoculation.

Results and Discussion

Number of shoots explant-1 of Rosa
hybrida L. as influenced by different level of
BAP in combination with constant kinetin (45
DAI) is presented in Table 1.

The axillary bud produced maximum 12
shoots explants-1 and minimum 5 shoots
explants-1. Maximum numbers of shoots were
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Table 1. Effect of BAP in combination with constant kinetin on nodal culture of Rosa hybrida L. (45 DAI).

Treatment (T) No. of days No. of shoots Shoot Number
required for produced explants-1 elongation of leaves
shoot initiation (45 DAI) (cm)

T0 (MS Media) 20 01 0.70 05
T1 (0.5 BAP + 0.5 KIN) 07 07 4.83 29
T2 (1.0 BAP + 0.5 KIN) 07 08 4.30 30
T3 (1.5 BAP + 0.5 KIN) 08 07 4.77 34
T4 (2.0 BAP + 0.5 KIN) 05 12 5.80 45
T5 (2.5 BAP + 0.5 KIN) 06 05 3.87 14
T6 (3.0 BAP + 0.5 KIN) 10 07 4.30 28
T7 (3. 5 BAP + 0.5 KIN) 06 05 4.23 27
Mean 9.25 6.58 4.10 26.71
S.E.± 0.44 0.48 0.32 2.12
CD at 5% 1.32 1.45 0.96 6.37



produced in media supplemented with 2 mg l-1

BAP and 0.5 mg l-1 constant kinetin. Whereas,
single shoot production was observed in
control.

Data presented in Table 1 indicated that
mean number of days required for shoot
initiation was 9.25. The number of days
required for shoot initiation of rose was
influenced significantly due to different
concentration of BAP and constant Kinetin.
BAP 2.0 mg l-1 + 0.5 mg l-1 kinetin recorded
significantly less number of days for initiation of
shoot in rose.

Data presented in Table 1 exhibited that
mean number of shoots explant-1 at 45 DAI
was 6.5. The effects of different concentration
of BAP and constant Kinetin on number of
shoots explant-1 were found significant.
Concentration of BAP 2 mg l-1 with constant
kinetin recorded maximum number of shoots
explant-1 (12) and found significantly superior
over rest of the treatments.

The results of present study indicated that
concentration of BAP 2.0 mg l-1 with 0.5 mg
l-1 kinetin is the best composition of hormones
for shoot initiation in Rosa hybrida L. It took 5
days for shoot initiation. Although, control
required maximum 20 days for shoot initiation.

Cytokinins are used in plant cell culture at
appropriate concentration that may stimulate
axillary and adventitious shoot proliferation.
This was in confirmation with the results of
Asad Shabbir et al. (2009), who reported that
when the concentration of BAP was increased
from 0.5 mg l-1 to 2.0 mg l-1 with same
concentration of kinetin (0.5 mg l-1), the
numbers of shoots explant-1 formed also
increased and highest number of multiple
shoots were produced in 2 mg l-1 BAP and 0.5
mg l-1 kinetin. In control which had only a
single shoot and mean length of shoot was

maximum which may be because of the fact
that suppression of apical dominance.

The small number of gene whose RNA
levels changes in response to cytokinin suggests
that the regulation of protein degradation may
play an important role in cytokinin action
(Riechmann and Meyerowitz, 1998).

Yan et al. (1996), reported that shoots
explants-1 at 2 mg l-1 BAP ranged from about
10 to about 3 or less. Kinetin on shoot
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Table 2. Shoot elongation as influenced by various
concentrations of BAP and Kinetin (45 DAI).

Treatment (T) Shoot
elongation
(cm)

T0 (MS Media) 0.70
T1 (0.5 BAP + 0.5 KIN) 4.83
T2 (1.0 BAP + 0.5 KIN) 4.30
T3 (1.5 BAP + 0.5 KIN) 4.77
T4 (2.0 BAP + 0.5 KIN) 5.80
T5 (2.5 BAP + 0.5 KIN) 3.87
T6 (3.0 BAP + 0.5 KIN) 4.30
T7 (3.5BAP + 0.5KIN) 4.23
S.E.± 0.32
CD at 0.05% 0.96

Table 3. Number of leaves of explants as influenced by
various concentrations of BAP and Kinetin (45
DAI).

Treatment (T) No. of
leaves

T0 (MS Media) 05
T1 (0.5 BAP + 0.5 KIN) 29
T2 (1.0 BAP + 0.5 KIN) 30
T3 (1.5 BAP + 0.5 KIN) 34
T4 (2.0 BAP + 0.5 KIN) 45
T5 (2.5 BAP + 0.5 KIN) 14
T6 (3.0BAP + 0.5KIN) 28
T7 (3.5 BAP + 0.5 KIN) 27
Mean 26.71
S.E.± 2.12
C.D at 0.05% 6.37



initiation in DAI and shoots produced
explants-1 at 45 DAI.

Elongation of shoots : Data on mean
shoot elongation (cm) of main shoot as
influenced by various treatments of BAP and
Kinetin concentration are given in Table 2.

The mean elongation (cm) of main shoot at
45 DAI was 4.10 cm. The effect of different
concentration of BAP and Kinetin on
elongation of shoot explants-1 was found
significant. The concentration of BAP 2.0 mg
l-1 and 0.5 mg l-1 kinetin was found significantly
superior over rest of treatments where shoot
elongation was 5.8 cm. BAP 0.5 mg l-1, 1.5
mg l-1 with constant kinetin were at par with
BAP 1.0 mg l-1 with constant Kinetin.

The combination effect of cytokinin used in
media promotes the growth of shoots and
regulates cell division.

Cytokinins are involved in regulation of
various processes of plant growth and
development, such as germination, shoot
differentiation, activation of shoot meristem
and leaf senescence while interacting with other
phyto-hormone (Mok 1994).

This was confirmed with the results of Yan
et al. 1996, who reported that shoot
proliferation was influenced, by hormone
levels, genotype, and their interaction. Low
concentrations of BAP stimulated development
of axillary buds, but higher BAP (4 mg l-1)
inhibited shoot proliferation. The highest shoot
proliferation generally occurred with 2 mg l-1

BAP and Kinetin 0.5 mg l-1.

Number of leaves : Data on mean
number of functional leaves explant-1 as
influenced by various treatments of BAP and
kinetin concentration are presented in Table 3.
The mean number of leaves explant-1 of Rosa
hybrida L. was 26.71. The number of leaves

proliferated in rose were influenced due to
different concentration of BAP and constant
kinetin. Concentration of BAP 2.0 mg l-1 with
constant KIN recorded maximum number of
leaves (45) explant-1 and found significantly
superior over rest of concentrations. BAP 1.5
mg l-1, 1.0 mg l-1 with constant Kinetin was at
par with BAP 1.0 mg l-1 and 3.0 mg l-1 with
constant kinetin.

It might be due to combination effect of
cytokinin in medium leads to the leaf
expansion, resulting solely from cell
enlargement in Rosa hybrid L. Cytokinins are
involved in regulation of various processes of
plant appears important in nutrient signals and
morphogenic responses. It indicates that the
BAP 2.0 mg l-1 with Kinetin 0.5 mg l-1 was the
best concentration for leaf proliferation.

Similar results were observed by Muiruriet et
al. (2011), who concluded that at low
concentration of BAP, there was high rate of
leaf formation and more than 2 mg l-1 BAP
concentration there, was poor leaf formation.

Based on present investigations it can be
concluded that shoot initiation was found
superior in concentration of BAP 2.0  mg l-1 in
combination with Kinetin 0.5 mg l-1 in 5 days
(DAT). Concentration of BAP 2.0 mg l-1 in
combination with Kinetin 0.5 mg l-1 was found
the superior hormonal concentration for
maximum number of shoot formation and
leaves produced in Rosa hybrida L.
Concentration exceeds 2.0 mg l-1 in BAP and
0.5 mg l-1 in Kinetin showed inhibitory effect
on growth rate of Rosa hybrida L.
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Abstract
The predominant weed flora observed in the experimental field was dicot weeds. The result revealed that

pre emergence application of pendimethalin + 1 hoeing + 1 hand weeding recorded minimum weed density,
weed biomass and weed index as compared with all other treatments. Gross and net returns were significantly
higher with pendimethalin + 1 hoeing + 1 hand weeding which was on par with butachlor + 1 hoeing + 1
hand weeding and superior over rest of treatments. Higher weed control efficiency and B:C ratio were
recorded by the same treatments.

Key words : Pendimethalin, butachlor, fenoxaprop - p-ethyl, hoeing.
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Weed problems are severe in chilli and huge losses due to competition of weed are global
problem. Weeds interfere with the development
of chilli upto 14 weeks after transplanting by
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competing for moisture, nutrient, light and
space (Amador and Ramirez, 2002). Owing to
inherent characteristics of chilli such as upright
nature of crop, wide spaced, slow initial growth
and less canopy, weeds offer severe
competition throughout the crop growth.
Control of weeds is vitally important to check
the losses caused by them and to increase input
use efficiency. To get effective control of
composite weed flora, integrated approach of
weed management is the best choice. In the
present investigation, an attempt was made to
study the performance of herbicides in
combination with cultural and mechanical weed
control methods to know an effective and viable
integrated weed management practice.

Materials and Methods

The experiment was conducted during
kharif 2010, 2011 and 2012 at the
Agricultural Research Station, Gadhinglaj Dist.
Kolhapur (M.S.) which is geographically
situated in sub montain zone of Maharashtra. It
is situated between 160 13'N latitude, 740 21'
E longitude and at an altitude of about 640.24
m above MSL. Average rainfall of this station is
930mm in 70 rainy days. The soil of the
experimental site was medium to deep black
and clayey in texture, medium in organic

carbon (0.64%), low in available nitrogen
(210.20 kg ha-1), medium in available
phosphorus (20.83 kg ha-1)  and higher in
available potash (474.87 kg ha-1) with 7.5 pH.
Phule Sai variety of chilli was planted in second
fortnight of June at 60 x 45 cm. The
experiment was laid out in randomized block
design with eight treatments and three
replications. The treatment comprises of viz.,
T1 - Butachlor (50 EC) PE @ 2.0 kg ha-1 (pre
emergence application within two days of
transplanting), T2 - Fenoxaprop-P ethyl (9.3%
w/w) @ 1.0 kg ai ha-1 (post emergence
application when weeds are in two to three
leaves stage), T3 - Pendimethalin (30 EC) PE @
0.825 kg ai ha-1 (pre emergence application
within two days after transplanting), T4 -
Butachlor @ 2.0 kg ai ha-1) PE + one hoeing +
one hand weeding, T5 - Fenoxaprop-P Ethyl
(9.3% w/w). Ec) + one hoeing + one hand
weeding, T6 -Pendimethalin @ 0.825 kg ai
ha-1 PE + one hoeing + one hand weeding, T7
- weed free check, T8 - Weedy check. The gross
and net plot size were 5.40 x 4.80 m2 and
4.50 x 3.60 m2, respectively.

Results and Discussion

Effect on weed density and weed
biomass : The experimental field was infested
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Table 1. Effect of weed control measures on weed density, weed biomass and weed control efficiency of chilli (Pooled for
2010 -12).

Treatment Weed density m2 Weed Weed
–––––––––––––––––––––––––––––– biomass control
Broad Grassy (kg m-2) efficiency
leaf weeds weed (%)

T1 : Butachlor 6.32 (40.00) 3.12 (9.44) 1.09 (0.698) 50.20
T2 : Fenoxaprop-P-ethyl 6.80 (46.33) 4.55 (20.44) 1.16 (0.835) 40.46
T3 : Pendimethalin 5.57 (31.00) 2.46 (5.78) 1.06 (0.63) 55.05
T4 : Butachlor+ 1 hoeing + 1 weeding 4.01 (14.78) 1.83 (3.00) 0.90 (0.312) 77.78
T5 : Fenoxaprop-P-ethyl + 1 hoeing + 1 weeding 7.44 (58.55) 2.58 (6.22) 0.96 (0.429) 69.38
T6 : Pendimethalin + 1 hoeing + 1 weeding 3.32 (10.66) 1.77 (2.66) 0.83 (0.197) 85.98
T7 : Weed free check 1.85 (03.00) 1.34 (1.33) 0.76 (0.071) 94.96
T8 : Weedy check 7.06 (101.0 0) 5.65 (22.56) 1.38 (1.402) 0.00
S. E.± 0.310 0.168 0.081 -
C.D. @5% 0.932 0.504 0.240 -



with broad leaf and grassy weeds. The
prominent weed flora observed in weedy plot of
experiment were Euphorbia hirta, Cynodon
dactylon, Cyperus rotundus, Digera arvensis,
Phyllanthus niruri, Amaranthus spinosus,
Parthenium hysterophorus, Achyranthes
aspers and Alteranthera triandra. The
experiment was dominated by dicot weeds.

The result (Table 1) revealed that different
weed control treatments significantly reduced
weed density and their biomass accumulation
compared to the weedy check. The lowest
weed intensity and biomass accumulation was
recorded with weed free check which was on
par with application of pendimethalin + 1
hoeing + 1 weeding and with butachlor + 1
hoeing + 1 weeding and significantly lower
than rest of all the treatments during all the
years of study and in pooled mean. Weed
biomass reflects the growth potential of the
weeds and is better indicator of its competitive
ability with the crop plants. This might be due
to effective control of weeds in early stage by
pendimethalin and butachlor in combination
with one hoeing and one weeding. The results
are in agreement with those reported by Rajput
et al. (2003) and Arvadiya et al. (2012).

Weed control efficiency and weed
index : During all the years of study and
pooled mean weed control efficiency increased
with the adoption of weed control measures
over weedy check. Identical increases in weed
control efficiency was noted with treatment
weed free check followed by pendimethalin,
butachlor and fenoxaprop - P-ethyl in
combination with one hoeing and one weeding
and herbicides alone in respective manner.
Weed index is inversely proportional to weed
control efficiency in all the treatments. This is
due to lower weed population and reduced dry
matter production of weeds during initial stage
and effective control of weeds that emerged
later through hand weeding which ultimately
provided weeds free environment to chilli.
These results are in accordance with the
findings of Singh et al. (1997) and Mekki et al.
(2010).

Dry red chilli yield : The weed control
treatments resulted in significantly higher dry
red chilli yield than weedy check. Weed free
check recorded highest dry red chilli yield,
which was on par with application of PE
pendimethalin + 1 hoeing + 1 weeding and
butachlor + 1 hoeing + 1 weeding. Among the
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Table 2. Effect of weed control measures on weed index, dry red chilli, monetary returns and B:C ratio of chilli (Pooled for
2010 - 12).

Treatment Weed Dry Monetory returns B:C
index red chilli (Rs. ha-1) ratio
(%) yield ––––––––––––––––––––––

(q ha-1) Gross Net

T1 : Butachlor 40.87 9.91 67783 25783 1.61
T2 : Fenoxaprop-P-ethyl 46.18 9.02 61603 19603 1.47
T3 : Pendimethalin 32.33 11.35 77672 35672 1.85
T4 : Butachlor+ 1 hoeing + 1 weeding 12.86 14.61 100422 51422 2.05
T5 : Fenoxaprop-P-ethyl + 1 hoeing + 1 weeding 22.17 13.05 89450 40450 1.83
T6 : Pendimethalin + 1 hoeing + 1 weeding 7.04 15.59 106950 57950 2.18
T7 : Weed free check 0.00 16.77 115217 45217 1.65
T8 : Weedy check 66.62 5.60 38135 2135 1.06
S. E.± - 0.79 4921 4787 -
C.D. @5% - 2.40 14774 14382 -



herbicides pre emergence application of
pendimethalin was found effective for control of
weeds in chilli than butachlor as a pre
emergence and fenoxaprop - P-ethyl as post
emergence. This may be due to least
competition of weeds with chilli for nutrient,
light, moisture and space at crucial growth
stages. In pendimethalin + 1 hoeing + 1
weeding treatment the rate of NPK absorption
cumulatively helped the crop plants to produce
more surface area for high photosynthetic rate
as well as maximum translocation of
photosynthets from source to sink and
subsequently resulted in improvement in yields.
Kunti et al. (2012) also reported   significant
increase in fruit yield of chilli with
pendimethalin (1 kg a.i. ha-1) as pre emergence
with one hand weeding at 45 DAT over rest of
herbicides combination. These finding are in
agreement with the earlier result of Rajput
(2003), Deshpande et al. (2006) and Mandeep
and Walia (2012).

Economics : During the years of study and
pooled mean maximum gross returns were
obtained in weed free check, which was on par
with pendimethalin + 1 hoeing + 1 weeding
and significantly superior over rest of
treatments. However, significantly lower gross
returns were obtain from weedy check. Pre
emergence application of pendimethalin + 1
hoeing + 1 weeding gave maximum net returns
which was on par with butachlor + 1 hoeing +
1 weeding and significantly superior over rest of
weed control methods except weed free check.
B:C ratio was found higher in treatment
pendimethalin + 1 hoeing + 1 followed by
butachlor + 1 hoeing + 1 weeding while lowest
values were recorded in the weedy check. Due
to excellent control of complex weed flora
without any adverse effect on crop growth
weed free treatment registered lower monetary

returns B:C ratio due to high cost involved in
repeated weedings to keep crop weed free
despite of having higher dry chilli yield.

The result revealed that pre emergence
application of pendimethalin + 1 hoeing + 1
hand weeding recorded minimum weed density,
weed biomass and weed index, weed control
efficiency and B:C ratio as compared with all
treatments. Gross and net returns were
significantly higher with pendimethalin + 1
hoeing + 1 hand weeding which was on par
with butachlor + 1 hoeing + 1 hand weeding
and superior over rest of treatments.
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One of the reason for low yield in onion is
use of an inadequate and unbalanced
fertilization. The balanced use of all the
nutrients along with sulphur is necessary for
good yields and storability of onion. Sulphur is
essential for growth and development of plants
and if soil is deficient in sulphur and is not
corrected then the full potential of a crop
cannot be realized. Sulphur deficiencies are
widespread in Indian soils and reports of more
area found deficient in sulphur is becoming
regular. About 30 per cent cropland in our
country is subjected to various degrees of
sulphur deficiency (Tandon, 1995). In Sulphur
deficient soils, its application between 20-40 kg
ha-1 increased yield significantly in most crops.
Increase in dry weight of onion tops and bulbs
due to sulphur application was reported by
Meena and Singh (1998). Sulphur plays an
important role in improving the quality and
storability of produce (Tandon and Messick
2002). Sulphur forms the component of

secondary metabolic compounds, i.e. many
volatile precursors, which play important role in
determining the quality of produce (Smittle,
1984). The source of pungency in onion is due
to the sulphur compound formed by SH-
sulphydryl linkages. Keeping in a view, the
present investigation was undertaken to know
the response of sulphur levels and sources
applied on the yield, quality and storability of
onion in medium black soils of Western
Maharashtra.

Materials and Methods

A field experiment was conducted at All
India Coordinated Research Project on
Vegetable Crops, Mahatma Phule Krishi
Vidyapeeth, Rahuri on onion cv. N-2-4-1
during rabi-summer season of 2010-11, 2011-
12 and 2012-13 in a factorial randomized
block design with three replications. The
treatment consisted of two sources of sulphur
gypsum (S1) and elemental sulphur 95 (S2) and
three sulphur levels (15, 30 and 45 kg ha-1)
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Abstract
Onion responded to sulphur levels significantly @ 15-45 kg S ha-1 over only recommended dose of NPK.

The yield ranged from 395.94 to 563.43 q ha-1 for varying sources and levels of sulphur. With the increase
in sulphur application from 0 to 45 kg ha-1, a reduction in storage losses from 18.80 to 21.96 per cent was
noticed for the period of 120 days. Pyruvic acid concentration increased from 4.92 µmole g-1 with 45 kg S
ha-1 against NPK treatment (3.20 µmole g-1). It can be stated that the sulphur application (15-45 kg S ha-1)
along with recommended dose of NPK fertilizers found beneficial for improving the yield, quality parameters
and storability of onion bulbs. The application of 45 kg sulphur through gypsum source alongwith
recommended dose of fertilizers (100:50:50 NPK kg ha-1 + 20 t FYM) has recorded the maximum B:C ratio
of 6.42 as compared to control (5.42) receiving no sulphur in onion cv. N-2-4-1 for rabi - summer season.

Key words : Onion, storability, quality, sulphur.
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including control i.e. no sulphur application in
each source. The treatment symbolized as T1 -
S1L1 - 0 kg S ha-1, T2 - S1L2 - 15 kg S ha-1,
T3 - S1L3 - 30 kg S ha-1, T4 - S1L4 - 45 kg S
ha-1, T5 - S2L1 - 0 kg S ha-1, T6 - S2L2 - 15 kg
S ha-1, T7 - S2L3 - 30 kg S ha-1 and T8 - S2L4
- 45 kg S ha-1. Basal application of gypsum and
elemental sulphur 95 was made and mixed
uniformly in soil three weeks before the
transplanting of onion seedlings in the field.
Recommended dose of 100 kg N, 50 kg P2O5,
50 kg K2O and 20 tonne FYM per hectare was
applied and mixed with soil for each treatment.
Soil of the experimental plot consist of coarse
sand (2.20%), fine sand (44.4%), silt (26.3%),
clay (22.5%), with loam texture in class bulk
density 1.10 mg m-3. The pH (l:2.5) was 7.8,
electrical conductivity (0.25 dSm-1), organic
carbon (0.60%), available nitrogen (188 kg
ha-1), available phosphorus (13.70 kg ha-1),
available potassium (330 kg ha-1) and available
sulphur (7.3 mg ha-1). Nitrogen, phosphorus
and potassium were applied through S-free
fertilizers viz., urea, single super phosphate and
muriate of potash, respectively. All the

agronomic practices were adopted to raise
good and healthy crop. The crop was harvested
after attaining maturity during last week of
April. Bulbs were covered by its top and left in
the field for curing for 3-4 days. After neck
cutting, the bulb yield was recorded.
Representative bulb samples were collected for
the biochemical and nutritional analysis.
Chopped bulb samples were dried in hot air
oven at 58°C till the constant weight was
attained. The bulbs and tops was analyzed
separately for nutrient status such as N, P, K
and S by method as suggested in A.O.AC
(1989). An appropriate amount of ground
samples were digested using diacid mixture
(Jackson 1973). Total sulphur content in the
digest was determined following the turbidity
procedure (Chesnin and Yien, 1950). In fresh
bulbs, the enzymatically - produced pyruvic acid
was determined by adopting the method
suggested by Schwimmer and Weston (1961).
Sample size of 10 kg from each treatment in
three replications was used for storage study for
a period of 6 months. Samples were kept in
iron wire netted cages under ambient
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Table1. Effect of different sources and levels of sulphur on quantitative parameters and yield in onion and B:C ratio (pooled
results for three year 2010-11, 2011-12 and 2012-13).

Treatment Plant Leaves Neck Polar Equatorial Weight AGB
height thickness diameter diameter of bulb (%)
(cm) (cm) (cm) (cm) (g)

S1L1 71.35 10.86 1.19 4.88 5.64 72.72 29.73
S1L2 73.74 11.51 1.26 5.01 5.76 81.80 25.78
S1L3 75.76 11.64 1.29 5.15 5.64 82.64 28.16
S1L4 77.78 11.78 1.34 5.11 5.70 87.93 27.19
S2L1 73.55 11.00 1.25 4.91 5.60 80.14 30.71
S2L2 74.17 11.16 1.32 4.96 5.61 83.86 27.18
S2L3 75.98 11.54 1.35 5.00 5.68 86.60 30.04
S2L4 77.14 11.97 1.38 5.09 5.74 88.74 30.67
Mean 74.90 11.43 1.29 5.01 5.67 83.05 28.68

S.E.± C.D. S.E.± C.D. S.E.± C.D. S.E.± C.D. S.E.± C.D. S.E.± C.D. S.E.± C.D.
S 0.31 NS 0.07 NS 0.03 NS 0.07 NS 0.09 NS 0.58 1.76 1.31 NS
L 0.43 1.33 0.10 0.31 0.04 NS 0.10 NS 0.13 NS 0.82 2.50 1.86 NS
S x L 0.62 NS 0.14 NS 0.06 NS 0.14 NS 0.19 NS 1.16 3.53 2.63 NS
C.V.% 1.44 2.20 8.68 4.16 5.98 2.43 15.93



conditions. Observations were recorded every
month while sorting samples. Treatment wise
total weight loss during storage was recorded as
the sum of, i.e. weight due to sprout + weight
due to rot + physiological weight loss. Per cent
weight loss during storage was calculated from
initial bulb weight of samples considered for
study. The observations on yield characters and
storage studies for three years were recorded
and statistically analyzed by using methods
given by Panse and Sukhatme (1985).

Results and Discussion

Sulphur application with recommended
dose of NPK significantly improved the total
bulb yield (Table 1) irrespective of sources of
sulphur (gypsum or elemental sulphur 95) over
control. The total bulb yield was significantly
increased with application of 15 kg S ha-1 over
control and there after when sulphur level
increases, there was non-significantly increase
in yield upto 45 kg S ha-1. The highest yield of
563.43 q ha-1 was recorded at the level L4
irrespective of source of sulphur applied, as

compared to control i.e. L1 (395.94 q ha-1).
The marketable bulb yield was also maximum in
L4 levels. The-sources and interaction effects
were found nonsignificant except for 2012-13.
The yields of sulphur levels L1, L3 and L4
suggest that there is considerable increase in
total yields due to increase in levels of sulphur.
This indicated that sulphur has a synergistic
effect along with other nutrients like nitrogen in
increasing bulb weight. The application of 45
kg sulphur alongwith recommended dose of
fertilizers has recorded maximum B:C ratio
(6.42) as compared tacontrol (5.42) for the
gypsum sources. The 15 (5.82) and 30 kg S
ha-1 (6.06) also had better B:C ratio than
control in gypsum source. Also for source
elemental sulphur, the maximum B:C ratio was
recorded by 45 kg S ha-1 i.e. 6.19 as compared
to control i.e. 5.25. The 15 (5.70) and 30 kg S
ha-1 (5.91) also had better B:C ratio than the
control in elemental sulphur source. Increased
bulb yield due to sulphur had been also reported
by Qureshi and Lawande (2006) in onion crop.
The improvement in the yield of onion owing to
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Table 1. Contd.

Treatment BGB CGB Double Bolters TSS Total Marketable B:C
(%) (%) (%) (%) (%) yield yield ratio

(t ha-1) (t ha-1)

S1L1 54.19 11.52 2.86 1.67 12.40 44.23 42.15 5.42
S1L2 59.56 10.74 2.23 1.68 13.05 47.65 45.81 5.82
S1L3 55.10 12.44 3.05 1.24 13.02 49.68 47.53 6.06
S1L4 55.21 11.92 3.62 2.03 13.47 52.55 49.56 6.42
S2L1 48.15 12.61 6.04 2.47 12.54 42.91 39.15 5.25
S2L2 51.41 12.91 3.33 2.14 12.82 47.29 44.62 5.70
S2L3 51.14 13.01 4.10 1.35 13.28 49.81 47.05 5.91
S2L4 54.64 11.29 2.50 0.88 13.34 52.85 51.04 6.19
Mean 53.67 12.05 3.47 1.68 12.99 48.37 45.86

S.E.± C.D. S.E.± C.D. S.E.± C.D. S.E.± C.D. S.E.± C.D. S.E.± C.D. S.E.± C.D.
S 1.01 3.07 0.54 NS 0.39 NS 0.28 NS 0.10 NS 0.64 NS 0.69 NS
L 1.43 4.34 0.76 NS 0.56 NS 0.39 NS 0.14 0.43 0.90 2.74 0.97 2.96
S x L 2.02 NS 1.08 NS 0.79 NS 0.56 NS 0.20 NS 1.28 NS 1.38 NS
C.V.% 6.53 15.62 9.92 7.50 2.69 4.58 5.22

AGB - A Grade Bulb, BGB - B Grade Bulb, CGB - C Grade Bulb, S - Sources, L- Levels



sulphur application might be because firstly, the
available sulphur of experimental field was very
low (7.3 mg ha-1) and therefore showed better
crop response to its application. Secondly, the
application of sulphur along with recommended
dose of NPK might have improved the nutrient
uptake by onion crop due to balanced
fertilization (Table 2). Balsubrumaniam et al.
(1979) also reported that application of 20 kg
S ha-1 in black soil gave the highest onion bulb
yield. The highest yield of Nasik red onion was
recorded with 60 kg S ha-1 (Nagaich et al.,
1999). Sulphur incorporated into soil had
significantly improved all vegetative growth
parameters of onion and bulb yield in
comparison to control (Sumantra Kar and
Tiwari 1997).

The quantitative parameters (Table 1)
showed increasing trend as sulphur levels
increased viz., plant height, number of leaves
and neck thickness. The yield contributing
parameters such as polar diameter, equatorial
diameter and average weight of bulb showed

numerical increase as sulphur level increased
The highest bulb weight was recorded by L4
level 87.93 and 88.74 g for both sources
respectively with mean of 83.05 g. The
average A grade bulbs were 28.68 per cent, B
grade 53.67 per cent, C grade bulb 12.05 per
cent, double bulb 3.47 per cent and bolters
1.68 per cent. Similar results were also
reported by Qureshi and Lawande (2006).

High total soluble solids (TSS) and pyruvic
acid, firmness of the bulbs and better storability
of bulbs contribute towards the quality of onion.
These parameters were controlled primarily by
crop genetics and secondly by nutrient
management. In present investigation, the
effect of sources and levels of sulphur along
with NPK on quality of onion showed the
improvement in pyruvic acid concentration,
sulphur content in bulbs and TSS content of
bulb (Table 2). Application of sulphur as calcium
sulphate @ 20-50 kg ha-1 had enhanced the
quality of onion by increasing the pungency in
bulbs (Paterson 1979). Pyruvic acid gradually
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Table 2. Storage and bulb quality of onion as influenced by sulphur.

Treatment Cumulative storage loss after 4 months Bulb quality at harvest
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––
PLW Sprouting Rotting Total  loss TSS Pyruvic
(%) (%) (%) (%) (°Brix) acid

(µmol g-1)

S1L1 20.00 0.98 0.98 21.96 12.47 3.20
S1L2 18.33 0.90 0.90 20.13 12.88 4.02
S1L3 18.00 0.90 0.90 19.80 12.85 4.50
S1L4 17.00 0.90 0.91 18.91 13.27 4.96
S2L1 18.60 0.98 0.97 20.55 12.95 3.21
S2L2 17.60 0.90 0.89 19.39 13.19 4.03
S2L3 17.33 0.90 0.90 19.13 13.15 4.50
S2L4 17.00 0.90 0.90 18.80 13.26 4.92
Mean 17.98 0.92 0.92 19.82 13.00 4.17

S.E.± C.D. S.E.± C.D. S.E.± C.D. S.E.± C.D. S.E.± C.D. S.E.± C.D.
S 0.34 1.03 0.06 0.19 0.06 0.19 0.38 1.15 0.09 0.29 0.005 0.015
L 0.48 1.46 0.09 0.27 0.09 0.27 0.53 1.63 0.13 0.41 0.007 0.021
S x L 0.68 2.07 0.13 0.39 0.13 0.39 0.76 2.30 0.19 0.59 0.010 0.030
C.V. 6.57 24.45 24.50 6.64 2.59 0.42



increased from 3.20 µmole g-1 due to NPK to
highest of 4.96 µmole g-1 due to treatment
NPK + S 45 kg ha-1. Sources viz., gypsum and
elemental sulphur were equally effective for
pyruric acid content, however sulphur levels
significantly influenced the pyruvic acid content
in onion bulbs. The interaction effects were
found to be non significant. In a green house
study, Hamilton et al. (1997) also found the
pyruvic acid content of onion bulbs increased
from 1.9 m mol g-1 fresh weight (at 2 ppm) to
5.5 m mol g-1 (at 123 ppm). Increase in pyruvic
acid content in bulbs improved the storability of
bulbs as it is seen from the results that storage
losses were reduced as sulphur levels increased.
The TSS content in bulbs depicted in Table 3,
showed numerical effect of sulphur levels on
TSS. Nutrient management played important
role in the improvement of TSS in onion. The
TSS increased from 12.47 to 13.27 °Brix due
to application of NPK along with sulphur.
Gradual increase in TSS was further noticed
with every increment of sulphur level. The
highest brix value of 13.27 °B was recorded
due to NPK + S 45 kg ha-1 (S1L4) as compare
to control (12.47 °B).

The relative content of pyruvic acid of bulbs
was influenced by the sulphur fertilization,
which affects the storability of bulbs. Soil
application of sulphur on percentage total
losses in weight (weight of sprouts + weight of
rots + physiological weight loss) of bulbs is
shown in Table 2. The sources had not much
effect on total storage losses but levels had
significant effect on total storage losses in
onion. The interaction effects was found non
significant. With the increase in sulphur
application from 0 to 45 kg ha-1, a reduction in
storage losses from 18.80 to 21.96 per cent
was noticed for the period of 120 days.
However, results were at par with each other
for storage losses and for varied levels of
sulphur. This might be attributed due to the
increase in sulphur and pyruvic acid content of

bulbs. Lancaster et al. (2001) investigated the
effect of sulphur nutrition on bulb quality. It was
showed that the storage was adversely affected
due to low supply of sulphur and it was revealed
that the S content in cell walls of bulbs was
reduced leading to reduced firmness of bulbs
and pungency. In similar study, sulphur @ 30
kg ha-1 along with zinc had reduced rotting,
sprouting and physiological weight loss during
storage of onion (Mukeshkumar et al. 2000).
The no S level (L1) recorded maximum storage
losses (21.96%) as compared to L4 (18.91%).
This could be elucidated that in the treatment
L1 of both sources no sulphur was applied and
hence there was maximum losses as compared
to applied sulphur level from L2 to L4.

Inference from above findings can be made
that increased levels of sulphur was useful for
increasing the bulb yield, TSS, sulphur and
pyruvic acid content in bulbs and reduction in
storage losses of bulbs. Increased sulphur
content in bulbs necessarily improve storability
directly, but improvement in the concentration
of pyruvic acid and TSS of bulbs due to
increased sulphur uptake might have improved
the storability, as the pungency compound
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Table 3. Total nutrient uptake (kg ha-1) by onion.

Treatment Nitro- Phos- Potas- Sul-
details gen phorus sium phur

S1L1 113.41 83.17 105.22 68.33

S1L2 150.30 110.22 140.28 75.20

S1L3 150.12 110.08 140.11 85.03

S1L4 150.69 110.50 140.64 94.73

S2L1 113.50 83.23 105.93 68.30

S2L2 149.13 109.36 139.18 75.83

S2L3 150.72 110.52 140.60 85.40

S2L4 150.16 110.12 140.15 95.17

SEM 0.58 0.70 0.61 0.81

LSD (5%) 1.78 2.14 1.87 2.46

L 2.52 3.03 2.65 3.48

S x L 3.56 4.28 3.74 4.93

CV (%) 1.44 2.36 1.62 3.47



(pyruvic acid) is secondary metabolite of S that
regulate the quality of produce. Similar results
were also reported by Qureshi and Lawande
(2006) in onion.

The nitrogen uptake ranged from 113.41 to
150.69 kg ha-1 (Table 3). The phosphrous
from 83.17 to 110.50 kg ha-1, the potassium
from 105.22 to 140.64 kg ha-1 and sulphur
uptake range from 68.33 to 95.17 kg ha-1.
This showed that the uptake of nutrient by
onion crop used for the growth and
developmental activities of plant cells in onion.
The available and total fertilizer status after
harvest is depicted in Table 4. The treatment
wise available nitrogen was 122.50 to 181.50
kg ha-1 showing that more nitrogen was utilized
by L4 levels as compare to control. The
phosphorus range was 29.50 to 37.48 kg
ha-1. The potassium was in the range of 789.4
to 985.6 kg ha-1 and sulphur in the range of
3.71 to 4.65 kg ha-1. This soil fertilizer studies
showed that available nutrient (Table 4) was
used by onion for the growth of the crop.
Nutrient requirement of crop of desired
quantum and quality of yield one functions of
the crop removal and those available in the soil

and from the additionally applied fertilizer and
other sources of the nutrients. Each of those
sources was characterized by its own fate in
terms of fixation, immobilization, leaching
losses etc. which were governed by their
characteristic proportionality or rate constants.
The practical dosages of nutrients address those
aspects and often tend to over estimate the
crop needs. All these call for rationalization of
nutrient management that leads to use of
nutrients in proportion and quantum closest to
the actual nutrient requirement of the crop.

It was seen in the present investigation that
the sulphur application along with NPK
fertilizers had improved the yield, quality and
storability in onion bulbs. Uptake of sulphur had
improved the quality parameters such as
pyruvic acid concentration and TSS of bulbs
which together had reduced the total storage
losses. The sources of sulphur had not much
influence on all the parameters studied, but the
levels of sulphur from 15 to 45 S kg ha-1 had
significantly influenced the yield and quality
parameters in onion. For maximizing the yield
and quality parameters and to improve,the
storability in onion, it is stated that the sulphur
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Table 4. Soil available and total fertility status after harvest of onion.

Treatment Available soil nutrients (kg ha-1) Total soil nutrients (%)
–––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––––
N P K S N P K S

S1L1 181.50 29.93 890.4 3.71 0.0081 0.0013 0.039 0.00016
S1L2 141.50 36.77 806.4 3.24 0.0063 0.0016 0.036 0.00032
S1L3 166.50 32.92 963.2 3.45 0.0074 0.0014 0.043 0.00015
S1L4 133.00 33.20 929.6 3.96 0.0059 0.0014 0.041 0.00017
S2L1 150.50 29.50 789.6 4.83 0.0067 0.0013 0.035 0.00041
S2L2 114.50 35.05 901.6 4.48 0.0051 0.0015 0.040 0.00020
S2L3 122.50 32.47 985.6 4.40 0.0054 0.0014 0.044 0.00019
S2L4 122.50 37.48 974.4 4.65 0.0054 0.0016 0.043 0.00020
SEM 4.25 2.09 26.06 0.79 0.00018 0.00009 0.0011 0.00003
LSD (5%) 9.12 4.49 55.90 1.70 0.00040 0.00020 0.0024 0.00007
L 12.89 6.36 79.05 2.41 0.00057 0.00028 0.0035 0.00010
S x L 18.24 8.99 111.80 3.41 0.00081 0.00040 0.0049 0.00015
CV (%) 7.36 15.37 7.05 40.26 0.00032 0.00068 0.00031 0.0017



application was found beneficial for onion crop.
The application of 45 kg sulphur through
gypsum or elemental sulphur source alongwith
recommended dose of fertilizers (100:50:50
NPK kg ha-1 + 20 t FYM) had recorded the
maximum B:C ratio of 6.42 and 6.19 as
compared to control 5.42 and 5.25 receiving
no sulphur in onion, respectively. For optimum
yield and better storability, the application of
sulphur along with recommended dose of NPK
fertilizers found beneficial for cultivation of
onion crop.

Pooled results : Among the sources, both
gypsum and elemental sulphur was found
effective. Among the levels of sulphur, the L4
(45 kg S ha-1) recorded the highest yield
(525.54 and 528.53 q ha-1) than other levels
for both sources. The combination S1L4 and
S2L4 recorded the highest yield as compared to
control i.e. S1L1 and S2L1. Considering the
above results, the application of 45 kg S ha-1

through gypsum source was found beneficial for
onion crop cv. N-2-4-1 in rabi season. The
application of 45 kg S ha-1 through gypsum
source recorded the highest yield of 525.54 q
ha-1 with highest B:C ratio (6.42) as compared
to control (442.41 q ha-1 yield and 5.42 B:C
ratio). It is recommended to apply 45 kg
sulphur ha-1 through gypsum alongwith
recommended dose of 100:50:50 NPK kg ha-1

+ 20 t FYM ha-1 for higher yield in rabi onion
cv. N-2-4-1 under Western Maharashtra
conditions.
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Sulphur plays an important role in
chlorophyll formation, activation of enzymes,
nodulation and formation of amino acids which
reflects on increasing biological quantity and
value of proteins.

The major reservoir of sulphur in soil is
unavailable elemental and reduced form. Plants
generally utilize the oxidized state of sulphate
(SO4) and as a result the reduced form of
element must be first oxidized before they can
be used by the plants. The microorganisms are
mainly responsible for oxidizing unavailable
elemental and reduced form of sulphur to make
it plant available (SO4).

The role of chemolithotrophic bacteria of
the genus Thiobacillus in the process of
sulphur oxidation have been emphasized. But
there is possibility of having heterotrophic
microorganisms in soil for sulphur oxidation
which are easy to multiply and application as

bio-inoculants for seed and soil treatments in
legumes and oilseed crops. In the course of
biological oxidation of elemental sulphur, it
produces plant available sulphetic (SO4) and
sulphuric acid (H2SO4) and both of these
products of reaction playing very vital role in
nutrient availability, plant growth and soil
fertility. Therefore, it was felt worthwhile to
undertake the study on sulphur oxidizing
microorganisms and their effect on growth and
yield of green gram at graded levels of
elemental sulphur.

Materials and Methods

The isolation of sulphur oxidizing bacteria,
fungi and actinomycetes were made by using
sulphur enrichment liquid medium viz;
thiosulphate medium (Waksman, 1922) for
bacteria and modified thiosulphate medium
(Weinwright, 1978) for fungi and
actinomycetes. In all 10 isolates were obtained
from 25 soil samples and these were screened
for sulphur oxidizing ability and pH reduction.
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Thus, three efficient isolates were selected and
identified as Thiobacillus sp., Aspergillus
terreus and Trichoderma harzianum. These
selected cultures and their combinations were
used in glasshouse study to asses the effect on
green gram with graded levels of elemental
sulphur.

The glasshouse experiment was laid out in
factorial complete randomized design
comprising five cultures as main treatments
while four sulphur levels as sub-treatments and
control (C1), Thiobacillus sp. (C2), Aspergillus
terreus (C3), Trichoderma harzianum (C4) and
Composite culture (C1-C4). The experiment
was randomized in three replications. The
sterilized earthen pots were filled with 5 kg soil
each and recommended dose of NPK fertilizers
were mixed. The elemental sulphur powder as
per the treatments was mixed in the soil. The
cultures were multiplied in the laboratory and
mixed in the soil @ 107 cfu ml-1 pot-1. Five
seeds of green gram were sown in each pot and

finally maintained four seedlings pot-1 for
further observations. The growth parameters
viz., height of plant, dry weight of shoot, pod
formation and grain yield were recorded after
harvesting of crop. Two separate replications of
the same experiment were maintained and used
for observations on total number of nodules on
roots of each plant as influenced by various
treatments under study.

The protein content in green gram grains
was estimated by Micro Kjeldahl method
(Bremner, 1965) by which initially nitrogen
content was recorded and multiplied by 6.25
factor.

Results and Discussion

The plant growth parameters were recorded
at respective stages of crop growth. The height
of green gram plants (Table 1) was significantly
increased due to inoculation of sulphur
oxidizing cultures over uninoculated control and
increasing trend was observed with increasing

Journal of Agriculture Research and Technology 73

Table 1. Effect of sulphur oxidizing microorganisms with various sulphur levels on the plant height (cm) and number of pods
per plant at harvesting.

Cultures Sulphur levels (sub treatments)
(main treatments) –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

0 kg 'S' ha-1 20 kg 'S' ha-1 40 kg 'S' ha-1 60 kg 'S' ha-1 Mean
––––––––––––––– –––––––––––––––– –––––––––––––––– ––––––––––––––– –––––––––––––––
Plant Number Plant Number Plant Number Plant Number Plant Number
height of pods height of pods height of pods height of pods height of pods
(cm) plant-1 (cm) plant-1 (cm) plant-1 (cm) plant-1 (cm) plant-1

Control (C1) 46.17* 4.33 46.37 4.67 46.57 6.00 46.93 6.00 46.51 5.25
Thiobacillus sp. (C2) 47.70 6.33 50.20 7.67 53.10 11.00 59.37 13.33 52.59 9.58
Aspergillus terreus (C3) 47.43 6.67 49.33 7.33 52.50 10.33 57.57 12.67 51.71 9.25
Trichoderma harzianum (C4) 46.90 5.67 49.27 6.67 50.63 9.67 55.80 11.33 50.65 8.33
Composite culture (C1-C4) 48.57 6.33 50.33 8.00 54.43 11.33 61.57 13.67 53.73 9.83
Mean 47.35 5.87 49.10 6.87 51.45 9.67 56.28 11.40 - -
*Means of three replications.

Characters Plant height Pods plant-1
–––––––––––––––––––– ––––––––––––––––––
SE± CD at 5% SE± CD at 5%

Culture (C) (main treatments) 0.14 0.40 0.20 0.56
Sulphur (S) (sub treatments) 0.13 0.36 0.18 0.50
Cultures (C) x Sulphur (S) interaction 0.28 0.80 0.39 1.13



levels of elemental sulphur. The maximum
height (61.57 cm) was recorded with composite
culture of bacteria and fungi @ 60 kg ha-1

sulphur level followed by Thiobacillus sp (59.37
cm), Aspergillus terreus (57.57 cm) and
Trichoderma harzianum (55.80 cm) and
minimum in the uninoculated control (46.93
cm).

The data in respect of number of pods
plant-1 (Table 1) revealed that composite culture
with 60 kg ha-1 sulphur treatment yielded
maximum pods plant-1 followed by
Thiobacillus sp., Aspergillus terreus and
Trichoderma harzianum, but these treatments
were found to be at par with each other.
Similarly, sulphur levels of 0, 20 and 40 kg ha-

1 were at par where as 60 kg ha-1 sulphur
treatment which was found significantly
superior over rest of the sulphur levels.

All the culture treatments under study
produced higher grain yield over uninoculated

control. However, the effects were more
pronounced when sulphur was added in soil
and increased with increasing levels of sulphur.
The maximum grain yield was recorded by
composite culture followed by Thiobacillus sp.,
Aspergillus terreus and Trichoderma
harzianum at 60 kg ha-1 sulphur level i.e.
3.73, 3.42, 3.11 and 3.10 g plant-1,
respectively where as minimum grain yield
(2.47 g plant-1) recorded in uninoculated
control (Table 2). The results pertaining to
effects of culture indicated that composite
culture treatment was significantly superior over
rest of cultures. However, Thiobacillus culture
treatment was found to be at par with
Aspergillus terreus and Trichoderma
harzianum. It indicated that saprophytic fungi
are also equally effective as Thiobacillus
bacteria in increasing growth parameters and
grain yield of green gram. The effect of graded
levels of elemental sulphur showed that
application of 60 kg ha-1 sulphur was at par
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Table 2. Effect of sulphur oxidizing microorganisms with various sulphur levels on grain yield (g plant-1) and protein content
(%) in grains.

Cultures Sulphur levels (sub treatments)
(main treatments) –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

0 kg 'S' ha-1 20 kg 'S' ha-1 40 kg 'S' ha-1 60 kg 'S' ha-1 Mean
–––––––––––––– –––––––––––––– ––––––––––––––– ––––––––––––––– –––––––––––––––
Grain Protein Grain Protein Grain Protein Grain Protein Grain Protein
yield content yield content yield content yield content yield content
(g pl- (%) (g pl- (%) (g pl- (%) (g pl- (%) (g pl (%)
ant-1) ant-1) ant-1) ant-1) ant-1)

Control (C1) 2.47* 23.17 2.48 23.21 2.52 23.38 2.54 23.60 2.50 23.34
Thiobacillus sp. (C2) 2.59 23.66 2.67 23.93 2.87 24.08 3.42 25.25 2.89 24.23
Aspergillus terreus (C3) 2.56 23.62 2.61 23.89 2.86 24.11 3.11 25.00 2.79 24.15
Trichoderma harzianum (C4) 2.50 23.63 2.62 23.76 2.75 24.02 3.10 24.90 2.74 24.08
Composite culture (C1-C4) 2.59 23.72 2.69 23.90 2.96 24.43 3.73 25.40 2.99 24.36
Mean 2.54 23.56 2.61 23.74 2.79 24.01 3.18 24.83 - -
*Means of three replications.

Characters Grain yield Protein %
–––––––––––––––––––– –––––––––––––––––––
SE± CD at 5% SE± CD at 5%

Culture (C) (main treatments) 0.02 0.06 0.04 0.12
Sulphur (S) (sub treatments) 0.02 0.05 0.04 0.11
Cultures (C) x Sulphur (S) interaction 0.04 0.11 0.09 0.25



with 40 kg ha-1 sulphur level. Thus, sulphur
application can be reduced by 20 kg ha-1 with
inoculation of sulphur oxidizing cultures.
Similar, results were also obtained by Shinde et
al., 1996 in groundnut; Shahi et al., 2002 and
Tiwari and Chaplot, 1995 in green gram and
Kadam et al., 2004 in soybean crop.

The protein percentage in green gram
grains increased (Table 2) due to inoculation of
sulphur oxidizing cultures than sulphur alone
but the effect of cultures were more
pronounced when sulphur was added with
cultures in soil. The maximum protein
(25.40%) was observed in composite culture
treatment followed by Thiobacillus (25.25%)
Aspergillus terreus (25.00%) and
Trichoderma harzianum (24.19%) while
minimum in the uninoculated control (23.60%)
at 60 kg ha-1 sulphur application. Shahi et al.
(2002) observed increased protein percentage
and sulphur and amino acids due to sulphur
with Rhizobacterial culture inoculation. Similar

results were also reported by Shinde et al.
(1996) and Srinivasan et al. (2000) in green
gram and black gram, respectively.

The data on number of nodules plant-1

(Table 3) revealed that interaction of sulphur
oxidizing cultures and sulphur levels was
significant. The sulphur alone also increased
number of nodules plant-1 from 10.33 to
12.67 and maximum at 60 kg ha-1 sulphur
application. The maximum number of nodules
plant-1 were observed under composite culture
treatment (16.17) and it was at par with
Thiobacillus sp (15.75) where as minimum
with the uninoculated control treatment (10.33
plant-1). These observations are in agreement
with the results obtained by Banergee and
Yesmin, 2009; Bharathi and Bongothai, 2008
and Chettri and Mandal, 2004. They reported
that sulphur application in legumes increased
the growth of plant.

The data on dry matter plant-1 (Table 3)

Journal of Agriculture Research and Technology 75

Table 3. Effect of sulphur oxidizing microorganisms with various sulphur levels on dry matter plant-1 of green gram at
harvesting (g plant-1) and nodulation at flowering (number of nodules plant-1).

Cultures Sulphur levels (sub treatments)
(main treatments) –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

0 kg 'S' ha-1 20 kg 'S' ha-1 40 kg 'S' ha-1 60 kg 'S' ha-1 Mean
––––––––––––––– ––––––––––––––– ––––––––––––––– ––––––––––––––– –––––––––––––––
Dry No. of Dry No. of Dry No. of Dry No. of Dry No. of
matter nodules matter nodules matter nodules matter nodules matter nodules
(g pl- (plant-1) (g pl- (plant-1) (g pl- (plant-1) (g pl- (plant-1) (g pl- (plant-1)
ant-1) ant-1) ant-1) ant-1) ant-1)

Control (C1) 17.40 10.33 17.70 11.67 17.80 12.00 18.10 12.67 17.75 11.67
Thiobacillus sp. (C2) 18.80 14.0 19.43 14.67 20.20 16.33 22.23 18.00 20.19 15.75
Aspergillus terreus (C3) 18.63 13.33 19.20 13.67 20.03 75.33 21.17 17.00 19.73 14.83
Trichoderma harzianum (C4) 18.20 13.0 19.07 13.33 19.80 15.00 21.03 16.27 19.53 14.50
Composite culture (C1-C4) 19.00 14.0 19.70 14.67 20.80 16.33 24.30 19.67 20.95 16.17
Mean 18.39 12.93 19.02 13.60 19.73 15.00 21.39 16.80 - -
*Means of three replications.

Characters Dry matter No. of nodules
–––––––––––––––––––– –––––––––––––––––––
SE± CD at 5% SE± CD at 5%

Culture (C) (main treatments) 0.03 0.09 0.33 0.96
Sulphur (S) (sub treatments) 0.03 0.08 0.30 0.86
Cultures (C) x Sulphur (S) interaction 0.06 0.17 0.67 N.S.



revealed that all the culture treatments showed
more dry matter accumulation than the control.
However, significant response was observed in
each culture treatment with sulphur application
and increased with increasing levels of sulphur.
The composite culture with sulphur recorded
maximum dry matter followed by Thiobacillus
sp., Aspergillus terreus and Trichoderma
harzianum i.e. 20.95, 20.19, 19.73, 19.53 g
plant-1, respectively. The sulphur application
without culture also increased plant dry matter
from 17.40 to 18.10 g plant-1 and maximum
at 60 kg ha-1 sulphur application.

References

Banergee, M., Ranjan, and Yesmin Laila. 2009. Sulphur
oxidizing plant growth promoting Rhizobactoria for
enhanced canola performance. United states patent
application 200800-70784.

Bharathi, C. and Bongothai, S. 2008. Direct and residual
effect of sulphur on growth, yield and its use efficiency
in Maize and subsequent green gram. Res J. Agric.
Biol. Sci. 4(5): 368-372.

Bremner, J. H 1965. Total nitrogen. In C.A. Black (Ed)
Method of soil Analysis, part II. Amer. Soc. Agron.
Inc. Madison Wise. 1149-1178.

Chettri, M. and Mandal, S. S. 2004. Response of black
gram to different levels of potassium and sulphur
under irrigated and non-irrigated condition. Legume
Research, 27(4): 265-269.

Kadam, R. M., Shinde, D. B. and Jadhav, A. C. 2004.
Effect of sulphur oxidizing micro organisms on
nodulation pattern of soybean. J. Maharashtra Agric.
Univ. 29(3): 300-302.

Shahi, D. K., Sharma, A. and Singh, L. 2002.
Improvement in nutrition quality of green gram as
influenced by fertilization and inoculation. Indian J.
Agric. Sci. 72(4): 210-212.

Shinde, D. B., Patil, P. L. and Khade, K. K. 1996. A study
of sulphur biofertilization of green gram for yield and
quality. J. Maharashtra. Agric. Univ. 21(3): 365-367.

Srinivasan, K., Sankaran, N. and Prabhakaran, J. 2000.
Influence of sulphur application on nodulation and
protein content of black gram. Madras Agric. J., 87(7-
9): 456-458.

Tiwari, R. C. and Chaplot, P. C. 1995. Effect of irrigation
schedules and sulphur levels on summer green gram.
Indian J. Pulse Res. 8(2): 149-151.

Weinwright, M. 1978. A modified sulphur medium for the
isolation of sulphur oxidizing fungi. Pl. and Soil. 49:
191-199.

Waksman, S. A. 1922. Micro-organisms encountered in
the oxidation of sulphur in soil. III, Media used for the
isolation of the sulphur oxidizing bacteria from the soil.
Soil Sci. 13: 329 -336.

Jadhav et al.76

______________



Crop yield productivity plays an important
role in overall agricultural development. It is
mainly influenced by the factors like soil,
climatic conditions, potential of varieties, crop
management, plant protection measures etc.
The technological improvements over the years
expand output by raising efficiency of input use.
Productivity is related with level of technology.
However, farmers are not using these
technologies and therefore, there is a large gap
between potential yield and actual yield on
farmers' field. It is essential to understand that
at what level these technologies are used by the
farmers. Nagli (Finger millet) the second major
cereal of the Konkan region followed by rice is
chosen for this study. 

Nagli ranks fourth in area and production

among the millets in the world. India alone
contributes more than 50 per cent of the world
production. In Maharashtra, Nagli occupies an
area of about 145 thousand hectares with an
annual grain production of 851 thousand
tonnes.  In Maharashtra, largest area under
Nagli is in Konkan region. Existing area under
Nagli in Konkan region is 46800 hectares with
production of 40482 tonnes and productivity of
865 kg. (District Statistical Abstract 2010-11). 

The University has released two high
yielding varieties of Nagli viz., Dapoli-1 and
Dapoli safed-1. On university farms, the
productivity levels of Nagli are much higher but
the productivity is low on farmers' field due to
use of low quality seed, little or no use of
fertilizers, traditional method of cultivation,
delay in nursery sowing and late transplanting.
At the time of transplanting, availability of
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Abstract
The average Technology Adoption Index (TAI) for Nagli among sample farmers was 47.07 per cent. The

per hectare physical input use was 8.69 kg seed, 913 kg manures and 43.07 kg N, 42.07 kg P and 11.04
kg K of chemical fertilizers. Use of manures and fertilizer was very low as compared to recommended level.
The per hectare input gap for manure was 81.73 per cent and for nitrogen 46.16 per cent, while there was
excess utilization of seed (44.80 per cent) and phosphorus (5.18 per cent). The per hectare yield level of Nagli
on research station and demonstration farms was 15 q and 12 q, respectively. Consequently on the other
hand, the yield gap-I was 3.00 q, yield gap-II was 3.65 q and total yield gap was 6.65 q at farm level (8.35
q). With increase in input use with levels of technology adoption the yield gap observed to decrease inversely.
The per hectare cost of cultivation of Nagli worked out to Rs. 25077.46 with gross returns of Rs. 16700.00.
The benefit cost ratio was 0.67. Within the different technology groups, it increased from 0.64 in low group
to 0.70 in high group. At overall level adoption of technologies on farmers' field was low. Therefore,
productivity was also low. Low level of adoption of technologies developed by the university (47.07%),
resulted into yield gap to the extent of 44.33 per cent. Motivation of farmers for adoption of technologies to
the fullest extent for maximizing returns from Nagli through extension agencies is necessary.  

Key words : Unit cost, profitability, adoption index, yield gap, impact.
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labourers is the main constraint in Konkan
region. 

The area under Nagli is decreasing day by
day because farmers are not realizing much
profit from this crop. Farmers are lacking in
preparing value added products from Nagli.
This aspect has great potential. Considering
these issue the present study is the modest
attempt and to focus the contrast between
different categories of adopters of improved
practices in Nagli cultivation with a view to
highlight gap between level of inputs used and
production as well as productivity with net
returns. The specific objectives of the present
study are to study the extent of adoption of
technologies, the input and yield gap in Nagli
and economics of production at different levels
of technology.

Material and Methods

Sample : Total 120 farmers, 60 from
Ratnagiri district and 60 farmers from
Sindhudurg district were selected randomly
during the year 2011-12.

Analytical Tools and Techniques

Technology Adoption Index (TAI)

TAI = 1/K (AX1/RX1 + AX2/RX2 + ….+
Axk/RXk) x 100                                   

TAI = Technology Adoption Index, K = No.
of technologies, AKi= Actual use of selected
technology, RXi = Recommended use of
selected technology.

Grouping of sample farmers on the
basis of technology adoption index :
Grouping of sample farmers on the basis of
technology adoption index was done as, Low
adopters = Mean - Standard Deviation (SD),
Medium adopters = Mean - SD to mean + SD
and High adopters = Mean + SD.

Input use gap : Input Gap =
Recommended level - Actual use

Selected inputs : Seed (kg), Organic
manures (MT), Chemical fertilizers (kg) : N, P
and K
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Table 1. Distribution of Sample farmers of Nagli.

Category of Range of Sample Per-
technology technology farmers centage
adoption adoption (N=120)

index

Low 0 to 42 21 17.50
Medium 43 to 52 81 67.50
High Above 53 18 15.00

Overall technology adoption score for all technologies =
47.07 (SD=05)

Table 2. General features of sample farmers.

Particulars Low Medium High Overall
(N=21) (N=81) (N=18) (N=120)

Age of farmers (years) 53.38 53.68 50.56 53.16
Size of family (Nos.) 7.05 7.67 7.11 7.48
No. of illiterate (Nos.) 6 (28.57) 15 (18.52) 2 (11.11) 21 (17.50)
No. of literate (Nos.) 15 (71.43) 66 (81.48) 16 (88.89) 99 (82.50)
Primary school (Nos.) 12 (57.14) 53 (65.43) 6 (33.33) 73 (60.83)
High school (Nos.) 2 (9.52) 12 (14.81) 8 (44.44) 22 (18.33)
College and above (Nos.) 1 (4.76) 1(1.23) 2 (11.11) 4 (3.33)
Per farm annual investment in Agriculture (Rs.) 6220 12170 17400 11913

Figurers in parentheses are percentages to sample farmers in the group.



Yield gap of nagli : (IRRI, Manila,
Philippines methodology)

Yield Gap I = Yp -Yd, Yield Gap II= Yd -Ya,
Total Yield Gap = Yp -Ya

Where, Yp = Potential yield (yield realized at
research station), Yd = Potential yield (yield
realized on demonstration plots), Ya = Actual
yield (yield realized on sample farm)

For comparison purpose technologies
recommended by the University are tillage
operations: 1st ploughing after commencement
of monsoon and 2nd ploughing before
transplanting. F.Y.M./Green Manure: 5 tones
ha-1 F.Y.M. or compost before 2nd ploughing.
Seed Technology: a) Recommended varieties
Dapoli-1, Dapoli safed-1, HR-374, b) Seed
rate: 5 to 6 kg-1, c) Raise bed width - one meter.
Transplanting: a) Age of seeding - 30 days, b)
Spacing - 20 x 15 cm, c) 2 seedling hill-1.
Fertilizers: a) NPK in kg ha-1: 80:40:0, b) Time
of application: 50 per cent Nitrogen and full
dose of phosphorus at the time of transplanting
by placement and remaining 50 per cent
Nitrogen one month after transplanting by
broadcasting. Intercultural operations: Spraying
weedicide Oxydiargyl (6 EC) @ 0.4 kg a.i ha-1

in 600 liters of water 2 to 3 DAT, hand weeding
as per intensity of weed. Harvesting: Hand
picking of panicle after maturity.

Results and Discussion

General Information : The selected
farmers from study area were classified into
three groups (Table 1).  The sample farmers of
Nagli were grouped into three categories viz.,
low 21 (17.50%), medium 81 (67.50%) and
high 18 (15.00%).  

General features : The average age of
sample farmers (Table 2) was in the range of 50
to 53 years with an overall average of 53 years.
At overall level, the size of family was 7.48 with

literacy percentage around 82.50 per cent. The
per farm annual investment in agriculture was
Rs. 11913.00. Higher investment was
observed in high adopted group. 

Cropping Pattern : Table 3 indicated that
paddy and Nagli were two crops grown in
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Table 3. Cropping pattern.

Season Low Medium High Overall
(N=21) (N=81) (N=18) (N=120)

Kharif
a) Paddy 0.28 0.20 0.48 0.26
c) Nagli 0.17 0.16 0.13 0.15
Total 0.45 0.36 0.61 0.41
Rabi - - - -

Perennial
a) Coconut 0.05 0.003 0.03 0.016
b) Arecanut 0.02 0.009 0.06 0.018
c) Cashewnut 0.32 0.122 0.55 0.220
d) Mango - 0.001 0.01 0.002
Total 0.39 0.135 0.65 0.256
Gross Cropped area 0.84 0.495 1.26 0.670
Net cropped area 0.84 0.495 1.26 0.670
Cropping 100.00 100.00 100.00 100.00
intensity (%)

Table 4. Per hectare physical inputs used for Nagli.

Input Unit Low Medium High Overall
(N=21) (N=81) (N=18) (N=120)

Human Labour 
Male Days 32.26 33.50 35.58 33.60
Female Days 92.46 93.85 99.81 94.50
Total Days 124.72 127.35 135.39 128.10
Bullock Pair 16.22 16.47 16.91 16.49
labour days
Machine  Hrs - - - -
labour
Seed kg 10.4 8.61 7.04 8.69
Manures q 5.21 7.41 21.47 9.13
Fertilizers
N kg 37.79 42.69 50.93 43.07
P kg 33.15 42.83 49.06 42.07
K kg 5.67 11.57 14.9 11.04
Yield q 7.55 8.21 9.89 8.35



kharif season. Overall area under different
crops in kharif and perennial season was 0.41
ha. and 0.25 ha., respectively. No crop was
taken in rabi season. The net cropped area and
gross cropped area was 0.67 ha. indicated
stationery cropping intensity.

Input utilization : The per hectare input
utilization at different levels of technology
adoption groups was worked out. It is seen
(Table 4) that at overall level, per hectare
human labour was 128 days and bullock labour
was 16.49 days. The seed rate per hectare was
8.69 kg and the use of manures was 9.13
quintal. The per hectare use of fertilizers was
43.07 kg N, 42.07 kg P and 11.04 kg K. The
per hectare yield of Nagli was 8.35 q. The per
hectare labour use increased with level of
technology adoption. The per hectare producti-
vity has positive relationship with increase in
adoption of technology in Nagli cultivation.

Input gap and yield gap : The input gap
was estimated to recommended levels of input
use namely seed, organic manure and chemical
fertilizers (NPK). It is seen (Tabel 5) that farmers
in the study area were observed to use excess
seed (44.80 %). On the other hand, the extent
of input gap for manures was 81.73 per cent.
Under utilization of N and P was also observed

on sample farms. This highlighted that there is
still scope to increase use of manures and
fertilizers for increasing Nagli productivity
across different farms. The input gap for
manures and fertilizers has showing inverse
relationship with level of technology adoption.
Jayaram (1988) and Reddy et al. (1996)
recorded similar observations in technology
adoption.

Yield gap : The average yield of Nagli at
overall level was 8.35 q ha-1. It is observed that
the hectare-1 yield has increased due to
increase in level of input use. The short fall in
total Nagli production (total yield gap)
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Table 5. Per hectare input gap on sample farm.

Input Recom- Low Medium High Overall
mended (N=21) (N=81) (N=18) (N=120)
level

Seed (kg) 6 -4.40 (73.33) -2.61 (43.50) -1.04 (17.33) -2.69 (44.80)
Organic manures (q) 50 44.79 (89.58) 42.59 (85.18) 28.53 (57.06) 40.87 (81.73)

Chemical fertilizers (kg)
N 80 42.21 (52.76) 37.31 (46.64) 29.07 (36.34) 36.93 (46.16)
P 40 6.85 (17.13) -2.83 (7.08) -9.06 (22.65) -2.07 (5.18)
K* 0 -5.67 -11.57 -14.90 -11.04

Figurers in parentheses indicate percentage to recommended level. (-) sign indicates excess use of inputs. *  K (Potash) is not
recommended for Nagli, but farmers have applied mixed fertilizers and hence with nitrogen and phosphorus, potash was also
given to the Nagli crop.

Table 6. Yield gap in Nagli production (Quintals).

Particulars Low Medium High Overall
(N=21) (N=81) (N=18) (N=120)

Research 15
station yield
Demonstration 12
yield
Yield on 7.55 8.21 9.89 8.35
sample farms
Yield Gap-I 3.00 3.00 3.00 3.00
Yield Gap-II 4.45 3.79 2.11 3.65
Total Yield Gap 7.45 6.79 5.11 6.65
Percentage to (49.67) (45.27) (34.07) (44.33)
research station
yield



hectare-1 on sample farms was reduced from
7.45 to 5.11 q in low adopter group to high
adopters with increase in level of technology
adoption. More specifically yield gap II reduced
from 4.45 q in low group to 2.11 q in high
group. The main reasons attributed to yield gap
in Nagli production were heavy shortage of
F.Y. M., high cost of fertilizers and inadequate
supply, problem of adequate and timely
availability of labour during transplanting
operation and non-availability of seed of high
yielding varieties in time.     

Cost of Cultivation : It is observed (Table
7) that, per hectare cost of cultivation (Cost 'C')
was Rs. 25077.46 at the overall level, of which
share of cost 'A' was 36.52 per cent (Rs.
13747.32) and cost 'B' was 45.05 per cent (Rs.

16959.26). Amongst the groups, cost 'C' was
Rs. 23610.35 in low group, Rs. 24873.21 in
medium group and Rs. 28170.75 in high
group.

Profitability : The per hectare production
of Nagli has increased from 7.55 q in low
group to 9.89 q in high group (Table 8) with an
overall average of 8.35 q. Profit at cost 'A', cost
'B' and cost 'C' levels is worked out and
presented in the Table 8. It is Rs. 2946.38, Rs.
(-) 265.56 and Rs. (-) 8383.76 at cost 'A', 'B'
and 'C', respectively. B:C ratio of Nagli is
positive at cost 'A' while at cost 'B' and cost 'C',
it is less than 1.00. This indicates that Nagli is
not profitable at cost 'B' and 'C'. This is because
of low technology adoption resulting in low
productivity of Nagli. Sita Devi and Ponnarasi
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Table 7. Per hectare cost of cultivation of Nagli (Rs.).

Particulars Low Medium High Overall (N=120)
(N=21) (N=81) (N=18) –––––––––––––––––––––––––

Amount Per cent

Hired Labour    a) Male 1720.75 1825.49 1979.60 1830.27 7.30
b) Female 1355.92 1425.23 1558.08 1433.03 5.71

Total 3076.67 3250.72 3537.68 3263.30 13.01
Bullock labour 5751.61 5840.26 5996.29 5848.15 23.32
Machine labour 0.00 0.00 0.00 0.00 0.00
Seed 208.00 172.20 140.80 173.76 0.69
Manures 650.73 851.41 2252.20 960.84 3.83
Fertilizers     N 588.39 664.68 792.98 670.58 2.68

P 797.26 1030.06 1179.89 1011.80 4.03
K 56.02 114.31 147.21 109.05 0.44

Working capital 11128.68 11923.64 14047.06 12037.46 48.00
Interest on working capital (6%) 667.72 715.42 842.82 722.25 2.88
Land revenue and cess 32.9 34.54 36.13 34.49 0.14
Depreciation 612.34 684.52 697.68 673.86 2.69
Other (repairing charges) 256 278 312 279.25 1.11
Cost 'A' 12697.63 13636.12 15935.69 13747.32 54.82
Rental Value of Land 2483.77 2702.13 3260.54 2747.79 10.96
Interest on Fixed Capital 458 464 472 464.15 1.85
Cost 'B' 15639.40 16802.25 19668.22 16959.26 67.63
Family Labour    a) Male 2651.26 2720.22 2854.32 2728.27 10.88

b) Female 5319.70 5350.74 5648.21 5389.93 21.49
Total 7970.96 8070.97 8502.52 8118.20 32.37
Cost 'C' 23610.35 24873.21 28170.75 25077.46 100.00



(2009) recorded cost and returns of rice
production technology as observed in this
study.

Unit Cost Reduction : The analysis of
unit cost reduction is done to know how the
increased levels of technology adoption index

of Nagli has reduced per quintal cost of Nagli
production.  

It is clearly seen (Table 9) that, technology
adoption has positive influence on cost
reduction. The per quintal cost of production of
Nagli reduced from Rs.3127.20 in low group
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Table 8. Economics of cultivation of Nagli.

Particulars Low Medium High Overall
(N=21) (N=81) (N=18) (N=120)

Yield (q ha-1) 7.55 8.21 9.89 8.35
Value of main product (Rs.) 13590.00 14778.00 17802.00 15023.70
Value of by product (Rs.) 1510.00 1642.00 1978.00 1670.00
Gross Income (Rs.) 15100.00 16420.00 19780.00 16693.70
Cost 'A' (Rs.) 12697.63 13636.12 15935.69 13747.32
Cost 'B' (Rs.) 15639.40 16802.25 19668.22 16959.26
Cost 'C' (Rs.) 23610.35 24873.21 28170.75 25077.46

Profit at
Cost 'A' (Rs.) 2402.37 2783.88 3844.31 2946.38
Cost 'B' (Rs.) -539.40 -382.25 111.78 -265.56
Cost 'C' (Rs.) -8510.35 -8453.21 -8390.75 -8383.76

Input-output ratio at
Cost 'A' 1.19 1.20 1.24 1.21
Cost 'B' 0.97 0.98 1.01 0.98
Cost 'C' 0.64 0.66 0.70 0.67

Table 9. Unit cost reduction in Nagli cultivation.

Particulars Low Medium High Overall
(N=21) (N=81) (N=18) (N=120)

Output q ha-1 7.55 8.21 9.89 8.35
Increase in output (%) - 8.74 29.93 10.6

Cost ha-1

Cost A (Rs.) 12697.63 13636.12 15935.69 13747.32
Cost B (Rs.) 15639.40 16802.25 19668.22 16959.26
Cost C (Rs.) 23610.35 24873.21 28170.75 25077.46

Unit cost assessment (q-1)
Cost A (Rs.) 1681.81 1660.92 1611.29 1646.39
Cost B (Rs.) 2071.44 2046.56 1988.70 2031.05
Cost C (Rs.) 3127.20 3029.62 2848.41 3003.29

Unit cost reduction (q-1)
Cost A (Rs.) - 20.89 70.51 35.42
Cost B (Rs.) - 24.88 82.75 40.39
Cost C (Rs.) - 97.58 278.79 123.91



to Rs. 2848.41 in high group and at the overall
level, it has declined by Rs.3003.29. The
impact of technology adoption in cost reduction
was indicated by Borah and Misra (1986) in
their study.
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Abstract
In the present study, across all the species, the benefit cost ratio varied from 1.49 to 2.49.The benefit

cost ratio was highest (2.49) for Michelia champaka species in shrubs. In shade loving plants it was (1.60) for
Calathea. In climbers Bougainvillaea has highest BCR of 1.58 and in bulbous plants it was highest for Lily
(1.59). Shrub group had operating ratio 0.31, fixed ratio 0.21 and gross ratio 0.40. Shade loving had
operating ratio 0.41, fixed ratio 0.23 and gross ratio 0.64.  Climbers had operating ratio 0.41, fixed ratio
0.23 and gross ratio 0.64. Bulbous plants had operating ratio 0.40, fixed ratio 0.23 and gross ratio 0.63. It
is observed that mortality of plants; inadequate water supply during summer and irregular power supply were
the major problems. The major suggestion given by the sample nursery owners to overcome these problems
were need of technical knowledge to reduce mortality of seedlings. This has indicated better profitability across
all ornamental species taken up by nursery owners and hence this business has high potential for profit
generation and employment creation.

Key word:  B-C ratio, profitability, financial performance, problems and suggestion.

______________

India is induced with natural wealth of plant
materials, which are of great importance from
floricultural point of view. In Maharashtra, the
climatic conditions are suitable for growing
various ornamental plants in nurseries. The

study of ornamental horticulture comprise of
two parts i.e. the knowledge of growing
annuals, shrubs, climbers, trees, bulbous,
succulents, and cactus, shade loving plants,
lawns etc. and their use in beautification
programme. The ornamental plants are grown1. Ph.D. Scholar, 2. Associate Professor and 3. Head.



as cash crops, because they are cultivated easily
with wide adaptability to varying soil and
climatic conditions. Ornamental plants are
capital and labour intensive. Therefore,
profitability of ornamental plant business
involves economic aspects such as B-C ratio,
profitability, financial performance and
problems faced by nursery owners in the
business. Despite, the multi-ferrous utility and
importance of ornamental plant business there
is no any documentation and research efforts in
the field of agricultural economics. From this
point of view, the present study was conducted.

Material and Methods 

The study was purposively carried out in

Dapoli tahsil of Ratnagiri district. A list of
ornamental nurseries was collected from 'Tahsil
Agriculture Officer', Dapoli. Five ornamental
nurseries were selected for the study. Adequate
samples were selected from these nurseries.
The data pertained to the agricultural year
2010-2011.

The selected nursery owners were
interviewed personally with the help of
comprehensive pretested schedule specially
designed for the purpose. The collected data
were analyzed by tabular method. Simple
statistical tools such as arithmetic averages,
percentages and ratios were used for presenting
the data. For estimating cost at different levels
of standard cost concepts were used.
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Table 1. Status of ornamental plants/seedlings business.

Particulars Number of seedings
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Prepared Purchased Total Ready for sale
in own –––––––––––––––––––––––––––
nursery Number Percentage

to total

A. Shrubs
Hibiscus 2610 (72.29) 1000 (27.70) 610 (100.00) 3249.2 90.00
Rose 3050 (60.39) 2000 (39.60) 5050 (100.00) 4690 92.87
Tagar 1746 (60.39) 1800 (50.76) 3546 (100.00) 3141.8 88.60
Michelia champaka 4700 (72.30) 1800 (27.69) 6500 (100.00) 5610 86.30
Sub Total 12,106 (64.71) 6600 (35.28) 18706 (100.00) 16,691 89.22

B. Shade loving
Croton 1578 (42.90) 2100 (57.09) 3678 (100.00) 3198 86.94
Dracaena 600 (26.54) 1660 (73.45) 2260 (100.00) 1824 80.70
Calathea 1138 (40.09) 1700 (59.90) 2838 (100.00) 2390 84.21
Sub Total 3316 (15.66) 5460 (27.24) 8776 (21.29) 7412 (20.66) 84.45

C. Climbers
Bougainvillea 2115 (59.16) 1460 (40.83) 3575 (100.00) 3186 89.11
Krishnakamal 1220 (43.88) 1560 (56.11) 2780 (100.00) 2393 86.07
Lasunvel 1178 (47.92) 1280 (52.07) 2458 (100.00) 2090 85.02
Sub Total 4513 (51.20) 4300 (48.79) 8813 (100.00) 7669 87.01

D. Bulbous plants
Lily 804 (35.57) 1460 (64.48) 2264 (100.00) 1832 80.91
Canna 424 (16.03) 2220 (83.96) 2644 (100.00) 2261 85.52
Sub Total 1228 (25.02) 3680 (74.97) 4908 (100.00) 4093 83.39
Grand Total (A+B+C+D) 21163 (100.00) 20040 (100.00) 41203 (100.00) 35865 (100.00) 87.04



Results and Discussion 

Status of ornamental plants/seedlings
business : The information on number of
seedlings prepared in own nursery, number of
seedlings purchased, number of total seedlings
and number of seedlings ready for sale was
worked out. During the year, the proportion of
seedlings ready for sales (i.e. survival
percentage) was also estimated. The detail
information is given in Table 1.

In case of shrubs the survival percentage
ranged between 86.30 to 92.87 per cent
among various species. Species namely Tagar

where higher (50.76%) quantity of seedling was
purchased followed by Rose (39.60%), Hibiscus
(27.70%) and Michelia champaka (27.69%).In
shade loving plants, species namely Croton,
where higher (42.90%) quantity of seedling was
prepared in own nursery followed by Calathea
(40.09%) and Dracaena (26.54%) seedlings
were ready for sale ranged between 1824 to
3198.  In climbers survival percentage  ranged
between 85.02 per cent to 89.11 per cent
among various species. Species namely
Krishnakamal where higher quantity (56.11%)
of seedling was purchased followed by Lasunvel
(52.07%) and Bougainvillea (40.83%).In
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Table 2. Per 1000 plants profitability in ornamental nursery.

Particulars Shrubs Shade loving
––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––––––
Hibiscus Rose Tagar Michellia Total Croton Dracena Calathea Total

Champaka

Cost
a) Variable cost 10510.26 8039.34 8667.86 9843.43 37060.89 9928.2 9642.65 10129.97 29700.82
b) Fixed  cost 5555.42 5457.66 5252.86 9662.54 25928.48 5370.79 5411.78 5802.8 16585.37
Total cost 16065.68 13497 13920.72 19505.97 62989.37 15298.99 15054.43 15932.77 46286.19
Gross returns 24047.15 23460.55 22232.77 48689.83 118429.3 22939.33 23185.30 25531.38 71656.01

Net returns at
a) Variable cost 13536.89 15421.21 13564.91 38846.57 81368.41 13011.13 13542.65 15401.41 41955.19
b) Total  cost 7981.47 9963.55 8312.05 29183.86 55439.93 7640.34 8130.87 9598.61 25369.82
Benefit-cost ratio 1.49 1.73 1.59 2.49 1.88 1.49 1.54 1.60 1.54

Table 2. Contd

Climbers Bulbous plants
–––––––––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––
Brogan- Krishn- Lasunvel Total Lily Canna Total
villia kamal

Cost
a) Variable cost 9274.27 10009.4 9552.22 28835.89 9574.08 10132.59 19706.77
b) Fixed  cost 5422.96 5367.57 5506.1 16296.63 5568.13 5651.27 11219.4
Total cost 14697.23 15376.97 15058.32 45132.52 15142.21 15783.86 30926.07
Gross returns 23252.35 22920 23751.19 69923.54 24123.36 24622.23 48745.59

Net returns at
a) Variable cost 13978.08 12910.6 14198.97 41087.65 14549.28 14489.64 29038.82
b) Total  cost 37949.58 7543.03 8692.87 24791.02 8981.15 8838.37 17819.52
Benefit-cost ratio 1.58 1.49 1.57 1.54 1.59 1.55 1.57



bulbous plant, Lily (35.51%) and Canna
(16.03%) were prepared in own nursery.
Seedlings were ready for sale was 2261 for
Canna and 1832 for Lily.

Profitability of ornamental nursery
(per 1000 plants) : Considering cost and
returns for 1000 plants of each species
profitability was worked out. Specisewise
profitability is presented in Table 2. Profit
realized from Hibiscus at total cost and variable
cost level worked out to Rs.7981.47 and
Rs.13536.89, respectively. While in Rose, it
was Rs.9963.55 and Rs.15421.21, in Tagar it
was Rs.8312.05 and Rs.13564.91, in Michelia
champaka it was Rs.29183.86 and
Rs.38846.57, in Croton it was Rs.7640.34
and Rs.13011.13, in Dracaena it was
Rs.8130.87 and Rs.13542.65, in Calathea it
was Rs.9598.61 and Rs.15401.41, in
Bougainvillea it was Rs.37949.58 and
Rs.13978.08, in Krishnakamal it was
Rs.7543.03 and Rs.12910.6, in Lasunvel it
was Rs.8692.87 and Rs.14198.97, in Lily it
was Rs.8981.15 and Rs.14549.28 and in
Canna it was Rs.8838.37 and Rs.14489.64,
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Table 3. Financial performance in ornamental seedlings
plants-1 production.

Particulars Operating Fixed Gross
ratio ratio ratio

Shrubs
Hibiscus 0.43 0.23 0.66
Rose 0.34 0.23 0.57
Tagar 0.38 0.23 0.62
Michelia champaka 0.20 0.19 0.40
Total 0.31 0.21 0.56
Shade loving
Croton 0.43 0.23 0.66
Dracena 0.41 0.23 0.64
Calathea 0.39 0.22 0.62
Total 0.41 0.23 0.64
Climbers
Bougainvillea 0.39 0.23 0.63
Krishnakamal 0.43 0.23 0.67
Lasunvel 0.40 0.23 0.63
Total 0.41 0.23 0.64
Bulbous plants
Lily 0.39 0.23 0.62
Canna 0.41 0.22 0.64
Total 0.40 0.23 0.63

Figures in parentheses indicate percentages to total.
In each group percentage were worked out to group total.

Table 4. Problems faced by nurserymen and their suggestions.

Particulars Overall (N=5)
––––––––––––––––––––
Number Percentage

Problems
Non-availability of labour in time 4 80.00
Inadequate water supply during summer season 5 100.00
Seasonal demand for ornamental plants/seedlings 4 80.00
Problem of regarding mortality of plants 5 100.00
Incidence of pests & diseases 2 40.00
Irregular power supply 5 100.00

Suggestions
Training programme about grafting technique and nursery management should arranged through 3 60.00
Agril.Universities 
Sprinkler/Drip irrigation sets should be provided by Department of Agriculture with subsidy 2 40.00
Banks should provide loan at cheaper rate of interest 3 60.00
Need of technical knowledge to reduce mortality of seedlings 5 100.00

Figures in parentheses indicate percentages to total.



respectively. Across all the species, the benefit
cost ratio varied from 1.49 to 2.49.The benefit
cost ratio was highest (2.49) for Michelia
champaka species in shrubs. In shade loving
plants it was 1.60 for Calathea. In climbers
Bougainvillaea has highest BCR of 1.58 and in
bulbous plants it was highest for Lily i.e.1.59.

This has indicated better profitability across
all ornamental species taken up by nursery
owners and hence this business has high
potential for profit generation and employment
creation.

The results of the study conducted by
Shendge (1991), Hodges et al. (1995) and
Pawar (1995) are similar to the findings of the
present study.

Financial performance in ornamental
plants/seedlings production : The financial
performance of a nursery owners is judged with
the help of different cost ratios indicating the
operating efficiency of the business within
available capital. Therefore, operating ratio,
fixed ratio and gross ratio were estimated and
presented in Table 3. 

In shrubs, shade loving, climbers and
bulbous plants all the financial ratios were less
than unity. This indicated that the nursery
owners had most economical use of their
resources to achieve highest profitability.         

This also indicates Shrub group had
operating ratio 0.31, fixed ratio 0.21 and gross
ratio 0.56. Shade loving had operating ratio
0.41, fixed ratio 0.23 and gross ratio 0.64.
Climbers had operating ratio 0.41, fixed ratio
0.23 and gross ratio 0.64. Bulbous plants had
operating ratio 0.40, fixed ratio 0.23 and gross
ratio 0.63.

Problems faced by nurserymen and
their suggestions : Problems faced by

nursery owners and their suggestions to
overcome these problems is given in Table 4.

It is observed from the table that inadequate
water supply during summer, mortality of plants
and irregular power supply were the major
problems. The other important problems were
non-availability of labour in time, seasonal
demand for ornamental plants/seedlings and
incidence of pests and diseases expressed by
80.00 per cent, 80.00 per cent and 40.00 per
cent, respectively.

The results of the study conducted by Sable
(1982) and Patil (1997) are similar to the
findings of the present study.

The suggestions given by the sample
nursery owners to overcome these problems
were need of technical knowledge to reduce
mortality of seedlings (100.00%), training
programme about grafting technique and
nursery management should arranged through
Agricultural  Universities (60.00%), banks
should provide loan at cheaper rate of interest
(60.00%) and sprinkler/drip irrigation sets
should be provided by Department of
Agriculture with subsidy (40.00%), these are
suggestions of nursery owners to overcome
problems faced by them.  

The results of the study conducted by
Dengale (1979), Kortekkas (1979),Sable
(1982) and Hegde (2004) are similar to the
findings of the present study.
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Abstract
The average adoption index of low, medium and high adopters group was 45.14, 64.73 and 90.22 per

cent, respectively and per hectare yield of mango orchard was 33.28 q. The cost 'C' ranged from Rs.
74,214/- (low adopters) to Rs. l,18,493/- (high adopters) and gross returns at cost 'C' were Rs. 82381/- (low
adopters) to Rs. 168615/- (high adopters). The benefit cost ratios were 1.11 low adopters and 1.42 for high
adopters. At overall level it was 1.30. It was concluded from the study that, though technology adoption
increased per hectares cost, but returns, benefit cost ratio and net profit also increased. Hence, it is necessary
that the initiative be taken to increase the technology adoption.

Key words : Production technology, technical efficiency, cost, returns, profitability.

______________

India is the largest producer of mango which
is fifth most widely produced fruits crop in the
world after banana, citrus, grape and apple.
India accounts for about 40.9 per cent of total
world production of mango. Mango accounts
for about 40 per cent of the area under fruits
and 21.72 per cent of total production of fruits
in the country.

In Maharashtra, the Konkan region is well
known for mango production. In Konkan
region the area under mango is 140319
hectares with production of 293673 M.T.
(Anonymous, 2008). In Konkan region, the
Ratnagiri and Sindhudurg districts are the
mango baskets of Maharashtra contributing
62.20 per cent of area under mango
cultivation. Therefore present study was
conducted in Ratnagiri and Sindhudurg District
of Maharashtra State

1. and 3. Post graduate students and 2. Dy. Director of
Res.



Materials and Methods

The study was based on input-output data of
120 mango growers in Ratnagiri and
Sindhudurag districts of Maharashtra state, for
the year 2009-10. Ratnagiri, Dapoli, Deogad
and Vengurle tahsils having major area under
mango cultivation were selected. Two villages
from each tahsil were selected for the study.
The data from the sample growers were
collected through personal interview with the
help of specially developed schedules.

The sample farmers were grouped into
different categories on the basis of adoption of
technology in mango production. To study the
impact of technology out of all the technologies
recommended by Dr. Balasaheb Sawant
Konkan Krishi Vidyapeeth, Dapoli technologies
considered proportion of area under Alphonso
mango in total mango plantation, use of
Nitrogen (N), phosphorus (P) and potassium
(K), use of organic manure, schedule for control
of insect-pest and disease, use of cultar, amar
Loranthus cutter, measures for control of fruit
drop and measure for control of spongy tissue

On the basis of this information the
'Technology Adoption Index' of each farmer

was estimated by using formula of Anupama, et
al. (2005).

Adoption index developed by Supe and
Singh (2005) was used for calculating
Technology Adoption Index for Loranthus
cutter (qualitative data). The technology
adoption index (TAI) for each sample farmer
was worked out for all technologies and then
the selected sample farmers were classified into
three groups as low adopters, medium adopters
and high adopters. The classification was
carried out with the help of mean and standard
deviation criteria, such as: category I (low
adopters) = Less than AM - SD, category II
(moderate adopters) = (AM - SD) to (AM + SD)
and category III (high adopters) = Greater than
AM + SD. Where, AM - Arithmetic Mean of
technology adoption index of all the farmers.
SD - Standard deviation of technology adoption
index.

Keeping in view of the objectives of study,
the data collected from the selected farmers
were analyzed by using suitable mathematical
and statistical techniques such as percentages,
ratios, average, frequency distribution etc. The
analysis for estimation of cost, returns and
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Table 1. Details of mango orchard of sample farmers.

Particulars Low Medium High Overall
adopters adopters adopters (N=120)
(N=14) (N=86) (N=20)

Average age of the orchard (yrs.) 22.00 27.79 32.50 27.9
Average size of the orchard (ha.) 0.91 2.94 5.16 3.08
Average number of trees
a) Per farm 
i. Bearing 61.64 (68.77) 218.15 (75.73) 374.25 (74.63) 225.91 (75.18)
ii. Non bearing 28.00 (31.23) 69.90 (24.27) 127.25 (25.37) 74.57 (24.82)
Total 89.64 (100.00) 288.05 (100.00) 501.50 (100.00) 300.48 (100.00)
b) Per hectare 
i. Bearing 66.66 74.15 72.60 73.01
ii. Non bearing 31.45 23.80 24.51 24.82
Total 98.11 97.95 97.11 97.83

Figures in the parentheses indicate percentage to the total.



profitability in each group was carried out to
know the impact of technology on productivity
and per quintal cost of cultivation of mango.

Results and Discussion

Details of mango orchard of sample
farmers : It is seen from Table 1 that at,
overall level, average age of the orchard was
27.90 years, whereas maximum 32.50 years in
case of high adopters group. Average size of
the orchard in low adopters group was 0.91 ha,
in medium adopters group it was 2.94 ha
however it was maximum in high adopters
group (5.16 ha). At overall level the average
size of the mango orchard was 3.08 ha. The
proportion of bearing trees with the mango
growers in medium adopters group was
comparatively more (75.73%) than in low
(68.77%) and high adopters group (74.63%).
At overall level, it was 75.18 per cent. Similar
results were also observed by Mandape (2009)
while studying resource use efficiency in mango
production in Ratnagiri district (Maharashtra
State).

Extent of adoption of selected
technologies for mango production : The

information on selected technologies is
depicted in Table 2. The technologies selected
for study were use of alphonso variety, dose of
nitrogen, phosphorus, potassium, manure and
insecticides/fungicides, use of nutan mango
harvester, amar loranthus cutter, cultar, control
measures for fruit drop and spongy tissue. 

The average adoption index (Table 2) of
low, medium and high adopters group was
45.14, 64.73 and 90.22 per cent, respectively,
whereas, at overall level it was 66.69 per cent.
Among the technologies, the adoption index
was higher in application of nitrogen (98.42%),
organic manure (95.64%) and use of nutan
mango harvester (88.33%) whereas it was low
in use of amar loranthus cutter (14.17%) and
measures for control of spongy tissue (17.50%).
It is concluded that the extent of plan protection
technologies such as use of nutan mango
harvester, use of amar loranthus cutter, use of
cultar, control measures for fruit drop and
control measures for spongy tissue followed by
farmers in low adopters group was very low as
compared to technologies related to nutrition
such as use of fertilizers and manures.
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Table 2. Extent of adoption of selected technologies for mango production.

Name of technology Level of adoption (%)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Low Medium High Overall
(N=14) (N=86) (N=20) (N=120)

Area under alphonso mango 100.00 100.00 100.00 100.00
Application of nitrogen 84.16 99.98 98.49 98.42
Application of phosphorus 71.81 88.24 96.03 87.62
Application of potassium 61.21 72.19 86.34 73.26
Use of organic manure 75.25 96.97 95.78 95.64
Use of insecticides / fungicides 51.92 71.42 77.90 70.22
Use of nutan mango harvester 21.43 96.51 100.00 88.33
Use of amar loranthus cutter 0.00 1.16 80.00 14.17
Use of cultar 4.63 71.18 81.17 65.08
Control measures for fruit drop 2.38 44.96 75.00 45.00
Control measures for spongy tissue 0.00 1.16 100.00 17.50
Average adoption index 45.14 64.73 90.22 66.69



Cost of cultivation : It is seen from the
Table3 that, at the overall level per hectare total
cost of cultivation (cost-C) of adult mango
orchards worked out to be Rs. 105809. Cost-A
and cost-B were calculated to Rs. 57422 and
Rs. 90846, respectively. As regards the
itemwise cost of cultivation at the overall level,
the share of rental value of land was maximum
(Rs. 22876) followed by labour (Rs. 19734),
plant protection measures (Rs. 17828),
manures and fertilizers (Rs. 12689). It is further

revealed that, the per hectare total cost of
cultivation (cost-C) in case of orchards in low
adopters group was Rs. 74214, in medium
adopters group was Rs. 108004 and it was Rs.
118493 in case of orchards in high adopters
group. This indicated that, the trend in cost of
cultivation was continuously increasing with
adoption level. This may be because of the
growers in high adopters group used
comparatively higher quantities of almost all the
inputs than the growers in low adopters group.
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Table 3. Per hectare cost of cultivation of sample mango orchard.

Item of cost Low Medium High Overall Per
adopters adopters adopters (N=120) cent
(N=14) (N=86) (N=20)

Hired labour :
a)  Male 6687 8948 8691 8641 8.17 
b)  Female 1717 1866 2001 1872 1.77
Manures 5644 7272 7783 7168 6.77

Fertilizers :
a)  Nitrogen 1525 1813 1846 1785 1.69 
b)  Phosphorus 787 967 1052 960 0.91 
c)  Potassium 2326 2743 3235 2776 2.62

Plant protection chemicals :
a)  In kg 1069 2334 2866 2275 2.15 
b)  In litre 13344 15746 16267 15553 14.70
Paclobutrazol 878 13507 15244 12323 11.65
Total input cost 33977 55196 58986 53353 50.42
Land revenue and other cessess 43 41 41 41 0.04
Depreciation and repairing charges 122 304 364 293 0.28
Interest on working capital (@ 7%) 2378 3864 4129 3735 3.53
Cost - A 36520 59406 63520 57422 54.27
Interest on fixed capital (@ 10%) 886 636 987 723 0.68
Rental value of land (1/6th of the gross return - land revenue) 13687 23166 28062 22876 21.62
Amortization value 9825 9825 9825 9825 9.29
Cost - B 60918 93033 102394 90846 85.86

Family labour :
a)  Male 8339 7595 8146 7774 7.35 
b)  Female 1305 1435 1601 1447 1.37
Supervision charges (@ 10% on cost A) 3652 5941 6352 5742 5.43
Cost - C 74214 108004 118493 105809 100.00
Gross returns 82381 139241 168615 137503 -
Per quintal cost 2565 3272 3161 3184 -
Input-output ratio 1:1.11 1:1.29 1:1.42 1:1.30 -



The per quintal cost of cultivation was
maximum (Rs. 3272) in case of farms in
medium adopters group than the farms in high
adopters group (Rs. 3161) and low adopters
group (Rs. 2565). The per hectare value of the
produce received was Rs. 82381 in case of low
adopters group farms, Rs. 139241 in case of
medium adopters group farms and Rs. 168615
in case of high adopters group farms, whereas,
it was Rs. 137503 at the overall level.
Regarding input output ratio it was 1.30 at the
overall level, while it was 1.11, 1.29 and 1.42,
respectively in case of farms in low, medium
and high adopters group. The benefit cost ratio
was more than one in all the studied groups,
indicating that mango production was
profitable in the study area and it has shown
increasing trend with increase in adoption of
technology. The increasing trend of gross
returns and input output ratio underlines the
importance of technology adoption. Results are
contradictory to Mandape (2009) while
studying resource use efficiency in mango
production in Ratnagiri district (Maharashtra
State).

Production of mango : It is observed
from the Table 4 that, at the overall level per
farm area of mango orchard was 3.08 ha,
whereas it was 0.91, 2.94 and 5.16 ha on the
farms belong to low, medium and high adopters
group respectively. At the overall level,
numbers of trees were 300. Per farm
production of mango fruits was 104.98 q, at
the overall level. The per hectare analysis
showed that, there were 98, 98 and 97 mango
trees respectively with low, medium and high
adopters group and at overall level average
number of trees were 98. Per hectare overall
mango production was 33.28 q fruits, which
were 28.93, 33.01 and 37.49 q in low,
medium and high adopters groups respectively.
The tree-1 yield was 0.29, 0.34 and 0.39 q in
low, medium and high adopters group,

respectively, whereas it was 0.35 q at the
overall level. This indicated that size of orchard,
number of trees farm-1 as well as hectare-1,
production of fruits, farm-1, hectare-1 and
tree-1 was comparatively better on farms in
high adopters group than the farms in low and
medium adopters group. This may be the result
of better utilization of important inputs by the
growers in high adopters group. The results are
in conformity with those reported by Naik
(2005).
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Table 4. Per farm and per hectare productivity of mango.

Particulars Low Medium High Overall
adop- adop- adop- (N=
ters ters ters 120)
(N=14) (N=86) (N=20)

Per farm :
a)  Area of orchard 0.91 2.94 5.16 3.08

(ha)
b)  Number of trees 89.64 288.05 501.50 300.48
c)  Production (q) 26.14 97.47 192.5 104.98

Per hectare :
a)  Number of trees 98.11 97.95 97.11 97.83
b)  Production (q) 28.93 33.01 37.49 33.28
Yield tree-1 (q) 0.29 0.34 0.39 0.35

Table 5. Per hectare profitability of mango cultivation at
various technology adoption levels.

Particulars Low Medium High Overall
adop- adop- adop- (N=
ters ters ters 120)
(N=14) (N=86) (N=20)

Yield (q) 28.93 33.01 37.49 33.28
Increase in output 0 14.10 29.59 15.04
(%)
Gross returns (Rs.) 82381 139241 168615 137503
Total cost (Rs.)
Cost C 74214 108004 118493 105809
Profit at (Rs.)
Cost C 8167 31237 50122 31694

Per quintal cost of cultivation (Rs.)
Cost C 2565 3272 3161 3179
Benefit cost ratio 1.11 1.29 1.42 1.30



Profitability : It is observed from the Table
5 that, at the overall level hectare-1 yield of
mango orchards was 33.28 q which valued at
Rs. 137503.00. At overall level, the profit at
cost-C was Rs. 31694.00. Regarding the
profitability among the groups, the orchards in
high adopters group were more profitable than
the orchards in medium adopters group and the
orchards in medium adopters group than the
orchards in low adopters group at different cost
levels. The results are contrary to those
reported by Naik (2005).

It is concluded from the study that, the
adoption of technologies related to nutrition
was higher than plant protection technologies
in case of low adopter group. However, such
type of trend was not observed in high adopter
group and medium adopter groups. Due to
adoption of technology cost added was 23 per
cent higher in high adoption group than low
adopters. However, added returns were (Rs.
168615/-) about 104 per cent higher in high
adoption group. The yield obtained in high
adoption group was higher by 29 per cent as
compared to low adopter's group (28.93 q
ha-1).

The technology adoptions have shown
relatively high difference in net profit and
benefit cost ratio between high and low
adopters which underlines the importance of
technology adoption.
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Abstract
The study revealed that, a majority (56.36%) of the potato growers belonged to age between 36 to 50

years, the 48.18 per cent of them completed secondary education, the 64.55 per cent had 6 to 8 members
in their family, 57.29 per cent had medium level of social participation, 50.91 per cent had small land holding
upto 2.00 ha., 75.46 per cent had medium annual income between Rs. 180001 to 4,20,000 and the 58.18
per cent belonged to medium group of sources of information. The complete adoption of recommended
potato practices by the cent per cent potato growers were planting time, giving required irrigation to their
crops and weeding before earthing up. While, the 95.45 per cent of them adopted improved varieties of
potato viz., Kufri Chandramukhi, Kufri Jyoti and Pukraj, 93.63 per cent were storing produce in Airan which
is a local method, 92.72 per cent and the 86.36 per cent of them adopted the recommended seed rate and
planting distance, respectively. The 86.63 per cent followed weeding 50-55 days after planting and the 73.63
per cent adopted application of recommended N:P:K doses. The 71.81 per cent adopted the control
measures for Aphid, Jassids and whitefly pest, use of weedicides (50%) and control measure for blight disease
by using fungicides (33.63%).

Key words : Potato Production Technology, Adoption, Socio-economic profile.

Potato is considered to be the most
important food and vegetable crop of India. In
India production of potato is 414627 metric
tonnes (Anonymous, 2011). Potato is one of
the important tuber crop in India. Importance
of potato as vegetables in human diet has been
well recognized. It captured/creates its place
from snacks to various dishes. So it is popular
as a poor mans foods with less expenditure.
From farmers point of view it is useful to grow
potato as a cash crop which provide reasonable
amount of returns. It is short duration cool
season crop with a life span of 110 to 120
days. It has good storage life and also scope for
processing. The Mahatma Phule Krishi
Vidyapeeth, Rahuri has recommended the
technology of potato production for value
addition and make high profit to farmers. But it
is observed that there is medium level of

adoption of these recommended technology.

In view of this the present study was
conducted in the year 2013 with the objectives
to study the socio-economic profile of the
potato growers, to study the extent of adoption
of potato production technology, to study the
suggestions made by the potato growers and to
study the relationship between socio economic
profile with their extent of adoption.

Materials and Method

The present study was conducted in Pune
District of Maharashtra State. This study was
confined to 110 potato growing farmers
selected from 5 villages each from Khed and
Ambegaon tahsil of Pune district in
Maharashtra. Pune district was purposively
selected for the study because it is the leading
potato growing and potato seed market in
Maharashtra. Simple statistical tools like
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percentage, mean standard deviation and Karl
Pearson's correlation co-efficient were used for
the analysis of data.

Results and Discussion

The study pointed out from Table 1 that, the
56.36 per cent of the potato growers belonged
to age groups 36 to 50 years while, the 48.18
per cent of them completed secondary
education, 64.55 per cent had family members
6 to 8 and 57.29 per cent of them had medium
level of social participation. The 50.91 per cent
were having small land holding upto 2.00 ha. A
majority of them (75.46%) had medium annual
income between Rs. 180001 to 420000/-.
The maximum proportion of the potato
growers ( 58.18 per cent) belonged to medium
sources of information. The similar findings
were reported by Kumar (2011) and Mane
(2005).

Adoption of potato production technology :
It is revealed from Table 2 that, the complete
adoption of recommended potato practices by
the cent per cent potato growers were planting
time, giving required irrigation to their crops
and weeding before earthing up. While, the
95.45 per cent of the potato growers adopted
improved varieties of potato viz., Kufri
Chandramukhi, Kufri Jyoti and Pukraj.
Regarding storage of potato, the 93.63 per
cent of them stored produce in Airan which is
a local method and involved very less cost for
storage, the 92.72 per cent and the 86.36 per
cent of them completely adopted the
recommended seed rate and planting distance,
respectively. The 86.63 per cent of them
completely followed weeding 50-55 days after
planting and the 73.63 per cent of them
adopted application of recommended N:P:K
doses. The 71.81 per cent of the potato
growers completely adopted the control
measures for aphid, jassids and whitefly pest.
Use of weedicides were adopted by fifty per

cent of the potato growers and the 33.63 per
cent of them adopted completely the control
measure for blight disease by using fungicides.
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Table 1. Distribution of potato growers according to their
socio-economic profile.

Parameters Frequency Per-
(N=110) centage

Age
Young (Upto 35 years) 29 26.36
Middle (36-50 years) 62 56.36
Old (51 years and above) 19 17.28
Total 110 100.00

Education 
Illiterate 03 02.74
Primary (Upto IV) 19 17.27
Secondary (V-X) 53 48.18
Higher secondary (XI & XII) 24 21.81
College (above XII) 11 10.00
Total 110 100.00

Family size
Small (Upto 5 members) 16 14.55
Medium (Between 6 to 8 members) 71 64.55
Large (9 and above members) 23 20.90
Total 110 100.00

Social participation
Low (Below 3) 34 30.90
Medium (Between 4-5) 63 57.29
High (6 and above) 13 11.81
Total 110 100.00

Land holding (ha)
Small (Upto 2.00) 56 50.91
Medium (2.01 to 4.00) 43 39.09
Large (4.01 and above) 11 10.00
Total 110 100.00

Annual Income (Rs.)
Upto 1,80,000/- 17 15.45
1,80,001 - 4,20,000/- 83 75.46
4,20,001/- and above 10 09.09
Total 110 100.00

Sources of information
Low (Below 24) 22 20.00
Medium (Between 25-30) 64 58.18
High (31 and above) 24 21.82
Total 110 100.00



Among the partial adopted practices,
application of farm yard manures (61.81%),
control of late blight diseases (57.27%) , seed
treatment (51.81%) and the Thimate
application at the time of planting (43.63%).

While, among the non adoption of
recommended practices by the potato growers
were, control measures for potato tuber moth
(45.45%), application of biocontrol methods
viz., Verticilium lecani (cent per cent),
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Table 2. Distribution of the potato growers by their practicewise adoption.

Practices selected Complete adoption Partial adoption No adoption
––––––––––––––––––––– –––––––––––––––––– –––––––––––––––––
Frequ- Per- Frequ- Per- Frequ- Per-
ency centage ency centage ency centage

Tillage operation
Selection of soil 110 100 - - - -
Variety Kufri Chandramukhi, Kufri Jyoti, Pukhraj 105 95.45 05 4.54

Method of planting
Planting time 110 100 - - - -
Planting distance 095 86.36 15 13.63 - -

Seed
Seed rate 102 92.72 8 7.27 - -
Seed treatment 23 20.90 57 51.81 30 27.27

Fertilizers
F.Y.M. 27 24.54 68 61.81 15 13.63
N:P:K doses 81 73.63 18 16.36 11 10

Irrigation
In kharif 110 100 - - - -
In rabi 110 100 - - - -

Intercultivation
Weeding before earthing up 110 100 - - - -
50-55 DAP 92 86.63 13 11.81 5 4.54
Use of weedicide 55 50 43 39.09 11 10

Plant protection
Diseases
Blight 37 33.63 65 50.09 8 7.27
Late blight 41 37.27 63 57.27 6 5.45
use Thimate at planting time 31 28.18 48 43.63 31 28.18

Pest
Aphids, jassids, whitefly 79 71.81 26 23.63 5 4.54
Tuber moth 24 21.81 36 32.72 50 45.45

Natural
Neem 2 1.81 18 16.36 90 81.81
Verticilium lecani - - - - 110 100
Kopiedosoma kohiliri - - 6 5.54 104 94.54

Storage
Cold storage 12 10.90 17 15.45 81 73.63
Household method 103 93.63 7 6.36 - -



Kopiedosoma kohiliri (94.54%) and neem
extract (81.81%), respectively. In case of
natural control measures the adoption behavior
of potato growers were very less due to its slow
application, late results, its formulation
preparation and more dependency over other
factors. These findings are also in agreement
with findings of Mate (2006) and Shinde
(2003).

Table 3, revealed that, a majority (87.27%)

of the potato growers suggested that the
contract/co-operative farming should be
followed. Other suggestions made by them
were assured and reasonable selling price
(83.63%), providing fertilizers and pesticides at
reasonable rates (68.18%), timely guidelines by
extension workers (58.18%), establishment of
storage facility nearby at cheaper rate
(55.45%), efficient and suitable transport
facilities (48.18%) and conduct demonstrations
frequently (41.81%). Similar findings were also
reported by Kumar (2011).

It is revealed from Table 4 that, the variables
profile viz., education, social participation, land
holding, annual income, sources of information
exhibited positive and significant relationship
with the extent of adoption of the respondents
at 0.01 percent level of probability. While, the
age and family size of respondents did not show
any significant con-elation with the extent of
adoption. The above findings are conformance
with the findings of Mate (2006) and Kumar
(2011).
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Table 3. Distribution of the potato growers by their
suggestions.

Suggesstions Frequency Per-
(N=110) centage

Assured and reasonable 93 83.63
selling price

Providing fertilizers and pesticides 75 68.18
at reasonable rate

Establishment of storage  61 55.45
facility nearby at cheaper rate

Timely guidelines by extension 64 58.18
worker

Efficient and suitable 53 48.18
transportation facilities

Conduct demonstrations 46 41.81
frequently

Contract farming/ 96 87.27
co-operative farming

Table 4. Relationship between the socio-economic profile
of potato growers with their extent of adoption.

Independent variable r' values

Age 0.0332
Education 0.4347**
Family size 0.0817
Social participation 0.4709**
Land holding 0.3222**
Annual income 0.4284**
Sources of information 0.3457**

** =  significant at 0.01 per cent level of probability.
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Abstract
Dairying in India is an integral part of agriculture and helps in improving the economic condition of rural

masses especially of weaker sections of the rural economy. The present study was attempted to work out cost
and break-even output of milk production in Banswara district of Rajasthan during the year 2013.  The simple
tabular and statistical analysis was used to work out the maintenance cost and break-even output for cow and
buffalo in the study area. The results of study indicated that per day net maintenance cost and per litre cost
of buffalo was worked out to  Rs. 45.11 and Rs. 20.18, respectively, while corresponding figures for
maintaining a cow were Rs. 40.67 and Rs. 21.17, respectively. The average net maintenance cost and per
litre cost of buffalo and cow decreased with the increase in herd size categories. The break-even output came
out to be 0.91 and 1.82 litres for buffalo and cow, respectively. The average milk produced per day per milch
buffalo and cow was higher than its break-even output to cover the total cost of milk production across all the
categories except, small herd size category of cow. Buffalo milk production was relatively more profitable than
cow. Hence, adequate attention should be paid to promote buffalo up gradation programme. 

Key words : Analysis of variance, break-even output, maintenance cost, unit cost.

The agriculture sector in India is undergoing
rapid transformation. Increasing incomes,
urbanization, exploding population, changing
consumers' tastes and preferences, increased
liberalization and integration with the global
economy are some of the factors that are
catalyzing this transformation. Dairying in
India, in general, is closely interwoven as an
integral part of agriculture, and it has also been
recognized as an instrument of economic and
social change especially of the weaker sections
of the rural community. 

Cost plays an important role in portraying
economic viability of a dairy enterprise. It is a
critical economic indicator for milk producers,
consumers and policy makers in order to
provide an effective linkage between the milk
producers and consumers for fixing the price of
milk rationally. Generally, a milk producer can

increase his dairy income in two ways either by
increasing the milk production or by reducing
cost of milk production. Cost of milk
production often becomes a policy issue, when
milk producers complained that the price of
milk they are getting does not the cover cost of
milk production. Per unit cost of milk
production is an important indicator of
efficiency of milk production. 

In the past, many studies have been
conducted on economic analysis  of milk
production of dairy farming in various regions
of the Rajasthan state at different points of time
by Anantha Ram (1983), Acharya et al.
(1987), Pant and Sharma (1995),  Dev Raj and
Gupta (1994), Chand, et al. (2002), Hemraj
Bairwa (2004), Naveen Baweja (2004), Singh
et al. (2006), Yogi, et al. (2007),  Meena et al.
(2010), Jhagrawat (2011) and Tailor (2012).
The study on economics of milk production in
Banswara district has not been yet conducted.
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Therefore, to fill this existing information gap,
an attempt has been made in the present study
to work out cost and break-even output of the
milk production.

Materials and Methods

Banswara district was purposefully selected
from Rajasthan. Three tehsils viz., Ghatol,
Bagidora and Banswara from Banswara district
were selected on the basis of maximum animal
population. A sample of two villages was
selected randomly from each tehsil. Bhompura
and Kehari villages from Ghatol tehsil, Haripua
and Bansla from Bagidora tehsil, Kotra and
Pachor from Banswara tehsil were selected. A
list of all the households having at least one
milch animal spread over six villages was
prepared. All the milk producers were classified
into three categories viz., small (1-2 milch
animals), medium (3-4 milch animals) and large
(5 or above milch animals) based on the number
of adult milch animals using cumulative
frequency square root method. Thereafter, 15
households were randomly selected from each
village according to the probability proportion
to the size of households in each category.
Thus, in all, 90 milk producer households were
selected for the study. The selected respondents
were interviewed personally in order to get
relevant information with the help of structured
interview schedule. The detailed information
required was collected from selected milk
producer households for the year 2012-13.  

Certain expenses were incurred by the
farmers for the entire herd on the farm. Fixed
assets like cattle shed; other fixed equipments
and miscellaneous items were jointly used for
animals of all age groups and either sex.
Hence, the total expenses of a household on
the joint cost items; depreciation and interest
on fixed assets (other than value of milch animal
that was animal specific), human labour,
miscellaneous cost were apportioned  on the
basis of standard animal units (SAUs) as

suggested by Kumbhare et al. (1983). The
depreciation on milch local cows, crossbred
cows and buffaloes were calculated by straight
line method and rates of deprecation were
considered as 12, 8 and 10 per cent,
respectively, assuming a productive life of 8
years for local cows, 12 years for crossbred
cows and 10 years for buffaloes. The
depreciation for other fixed assets was taken
based on the appropriate assumptions
regarding their useful economic life. 

The milk yield was estimated by taking into
account the quantity of milk produced in one
lactation period. The average daily milk yield
was calculated taking into consideration the
length of wet and dry period of the animal. Net
cost was obtained by subtracting the imputed
value of dung from the gross cost. The net cost
of maintenance milch-1 animal day-1 was
divided by the respective average milk yield
milch-1 animal day-1 to arrive at litre-1 cost of
milk production. Break-even output was
worked out by dividing total fixed cost animal-1

by price litre-1 minus variable cost litre-1. 

Keeping in view the specific objective of the
study, one way analysis of variance was used to
find out whether economic parameters were
significantly different among small, medium and
large herd size categories or not. Null
hypothesis and alternative hypothesis regarding
economic parameters were developed and
tested as follows:

H0 : G1 = G2 = G3, H1 : G1 ≠ G2 ≠ G3

Where, G1 = Net maintenance cost litre-1

cost in small herd size category, G2 = Net
maintenance cost litre-1 cost in medium herd
size category and G3 = Net maintenance cost
litre-1 cost in large herd size category.

Results and Discussion

In order to understand milk production from
its economic perspective, it is essential to find
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out the maintenance cost of different species of
milch animals.  Therefore, it is necessary to
estimate expenditure such as feed cost, labour
cost, depreciation and interest on fixed capital,
miscellaneous expenses on each type of milch
animals.  Maintenance cost of buffalo and cow
across herd size categories has been presented
and discussed separately. 

Maintenance cost of buffalo : The
results of maintenance cost of milk production
for buffalo across the herd size categories are
presented in Table 1. 

A perusal of the table revealed that the
overall average day-1 milch-1 buffalo net
maintenance cost was found Rs. 45.11. The
average day-1 net maintenance cost was found
to be decreased with increase in herd size
categories. Baweja (2004) also reported similar
finding which is in agreement with our findings.
On the other hand, Hymajyoti et al. (2003) and
Bharadwaj et al. (2006) reported contradictory
observations. The component wise analysis of
maintenance cost indicated that for overall

category, fixed and variable costs accounted for
13.12 and 86.88 per cent, respectively, of
gross cost. The magnitude of absolute fixed cost
across various categories found to be highest
for small herd size category and lowest for large
herd size category and same trend was also
observed in case of variable cost across various
categories. The component wise break-up of
variable cost component indicated that the feed
cost accounted for 61.20 per cent of gross cost
for overall category followed by labour cost
(24.67%). The percentage share of feed cost
increased with the increase in herd size
categories while the labour cost marginally
decreased with increase in herd size categories.
Similar finding was also reported by Bairwa
(2004). The overall cost of litre-1 milk
production was found to be Rs. 20.18 which
decreased with increase in herd size
categories.

Maintenance cost of cow : The average
net maintenance cost of milk production for
cow across herd size categories are presented
in Table 2. 
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Table 1. Net maintenance cost of buffalo milk production (Rs. buffalo-1 day-1).

Item Herd size categories
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Small Medium Large Overall

Depreciation on fixed assets 4.67 (8.33) 3.10 (6.83) 2.81 (6.71) 3.49 (7.29)
Interest on fixed assets 3.74 (6.67) 2.48 (5.46) 2.17 (5.37) 2.83 (5.83)
(A) Total fixed cost 8.41 (15.00) 5.58 (12.29) 4.87 (12.08) 6.29 (13.12)
Green fodder 6.18 (11.02) 5.96 (13.13) 5.32 (13.18) 5.82 (12.44)
Dry fodder 22.43 (40.00) 18.98 (41.78) 17.09 (42.36) 19.50 (41.48)
Concentrates 3.91 (6.97) 3.33 (7.33) 3.17 (7.85) 3.475 (7.38)
Total feed cost 32.52 (57.99) 28.27 (62.24) 25.57 (63.38) 28.79 (61.20)
Family labour 14.56 (25.97) 11.12 (24.48) 9.50 (23.56) 11.73 (24.67)
Veterinary and miscellaneous expenditure 0.59 (1.04) 0.45 (1.00) 0.40 (0.98) 0.48 (1.01)
(B) Total variable cost 47.66 (85.00) 39.84 (87.71) 35.47 (87.92) 40.99 (86.88)
Gross cost (A+B) 56.07 (100) 45.42 (100) 40.34 (100) 47.28 (100)
(C) Value of dung 2.23 2.19 2.08 2.17
Net cost  (A+B-C) 53.84 43.23 38.26 45.11
Milk production (litre day-1) 2.25 2.23 2.22 2.23
Cost of milk production (Rs. litre-1) 22.93 19.39 17.23 20.18

Figures in parentheses indicate the percentage of gross cost.



A perusal of the table revealed that overall
average net maintenance cost milch-1 cow
day-1 was observed at Rs. 40.67. The
component wise break up of cost of milk
production indicated that for overall category,
fixed and variable costs accounted for 15.56
and 84.44 per cent of gross cost, respectively.
The magnitude of absolute fixed cost across
various categories found to be highest for small
herd size category and lowest for large herd size
category and same trend was also observed in
case of variable cost across various categories.
Further, the break-up of cost components
indicated that the sizable portion of the gross
cost for overall category was accounted for by
the feed cost (56.23%) followed by labour
(27.67%). The percentage share of feed cost
increased with increase in the herd size
categories while the share of labour cost
marginally decreased with increase in the herd
size categories. Similar findings were also
reported by Bairwa (2004). The overall cost of
milk production litre-1 was found to be Rs.

21.18 which decreased with the increase in
herd size categories. Thus, litre-1 cost of cow
milk production (Rs. 21.18) was higher than
that of buffalo (Rs. 20.18). This might be due to
low milk productivity of cow. Similar finding
was also reported by Tailor (2012).

Break-even analysis for buffalo and
cow : The total returns must cover the fixed as
well as variable cost to appraise the profitability
in dairy enterprise. Break-even output is one
which covers the total cost of production, below
which there will be loss to milk producers and
above which there will be profit to milk
producers. Therefore, the break-even analysis
was carried out in order to estimate the
minimum quantity of milk to be produced to
cover the total cost of production and appraise
the profitability in milk production on various
herd size categories. The results of the same
have been presented in Table 3. 

It can be observed from the table that overall
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Table 2. Net maintenance cost of cow milk production (Rs. cow-1 day-1).

Item Herd size categories
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Small Medium Large Overall

Depreciation on fixed assets 4.29 (8.98) 3.41 (8.13) 2.85 (7.45) 3.52 (8.19)

Interest on fixed assets 3.86 (8.08) 3.06 (7.32) 2.57 (6.71) 3.16 (7.37)

(A) Total fixed cost 8.15 (17.06) 6.47 (15.45) 5.42 (14.16) 6.68 (15.56)

Green fodder 4.25 (8.91) 3.87 (9.25) 3.77 (9.85) 3.97 (9.34)

Dry fodder 19.21 (40.22) 17.53 (41.87) 16.36 (42.75) 17.70 (41.61)

Concentrates 2.35 (4.93) 2.21 (5.27) 2.16 (5.65) 2.24 (5.28)

Total feed cost 25.82 (54.06) 23.61 (56.39) 22.30 (58.25) 23.91 (56.23)

Family labour 13.45 (28.17) 11.56 (27.61) 10.42 (27.22) 11.81 (27.67)

Veterinary and miscellaneous expenditure 0.34 (0.71) 0.23 (0.55) 0.14 (0.37) 0.24 (0.55)

(B) Total variable cost 39.61 (82.94) 35.41 (84.55) 32.86 (85.84) 35.96 (84.44)

Gross cost (A+B) 47.76 (100.00) 41.88 (100.00) 38.28 (100.00) 42.64 (100.00)

(C) Value of dung 2.00 1.98 1.95 1.97

Net cost  (A+B-C) 45.76 39.90 36.33 40.67

Milk production (litre day-1) 1.94 1.92 1.90 1.92

Cost of milk production (Rs. litre-1) 23.59 20.78 19.12 21.18

Figures in parentheses indicate the percentage of gross cost.



break-even output came out to be 0.91 and
1.82 litre, respectively for buffalo and cow.
Overall average production of buffalo milk
(2.23 litre) and cow milk (1.92) were higher
than their break-even output. Similar
observations were also made by Baweja (2004).
The average milk production of buffalo was
estimated at 2.25, 2.23 and 2.22 litres day-1

on small, medium and large herd size
categories, respectively and break-even output
was estimated at 1.64, 0.65 and 0.44 litres
day-1 on small, medium and large herd size
categories, respectively. The average milk
production of cow was estimated at 1.94, 1.92
and 1.90 litres day-1 on small, medium and
large herd size categories, respectively and
break-even output was estimated at 3.16, 1.39

and 0.92 litres day-1 on small, medium and
large categories, respectively. It is clear from
the results that the average milk produced
day-1 milch-1 buffalo and cow was higher than
its break-even output to cover the total cost of
milk production across all the categories except
small herd size category of cow. The milk
producers of small herd size category got loss in
milk production. Therefore, cow reared by
small herd size category households in the study
area can be economical only if its milk yield will
be higher than 3.16 litres day-1.

ANOVA for economic parameters :
After computing net maintenance cost and
litre-1 cost of milk production, one way
analysis of variance was carried out and the
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Table 3. Break-even output for milch animals per day on different herd size categories.

Particulars/herd size categories Buffalo Cow
–––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––
Small Medium Large Overall Small Medium Large Overall

Average milk produced animal-1 (litres) 2.25 2.23 2.22 2.23 1.94 1.92 1.90 1.92
Fixed cost animal-1 (Rs.) 8.41 5.58 4.87 6.29 8.15 6.47 5.42 6.68
Variable cost animal-1 (Rs.) 47.70 39.84 35.47 40.99 39.61 35.41 32.86 35.96
Variable cost litre-1 (Rs. litre-1) 21.18 17.87 15.98 18.34 20.42 18.44 17.29 18.72
Average price litre-1 (Rs.) 26.30 26.47 26.93 26.56 23.00 23.10 23.20 23.10
Break-even output (litre) 1.64 0.65 0.44 0.91 3.16 1.39 0.92 1.82

Table 4. One way ANOVA for economic parameters.

Variables Herd size Mean Comparison C.D.
categories value (P=0.05)

Net maintenance cost of buffalo (Rs. day-1) Small 53.84 Small v/s Medium* 4.65
Medium 43.23 Small v/s Large* 6.14
Large 38.26 Medium v/s Large* 6.42

Net maintenance cost of cow (Rs. day-1) Small 45.76 Small v/s Medium* 3.97
Medium 39.90 Small v/s Large* 5.24
Large 36.33 Medium v/s Large* 5.47

Litre-1 cost of buffalo milk (Rs. day-1) Small 23.93 Small v/s Medium* 2.67
Medium 19.39 Small v/s Large* 3.53
Large 17.23 Medium v/s Large* 3.69

Litre-1 cost of cow milk (Rs.) Small 23.59 Small v/s Medium 4.90
Medium 20.78 Small v/s Large 6.48
Large 19.12 Medium v/s Large 6.76

*Mean value is significant at 5 per cent level of significance, CD (Critical Difference).



results of ANOVA have been presented in
Table 4.  

It was found that there was a significant
difference (P<0.05) observed between small v/s
medium, small v/s large and medium v/s large
herd size categories in extent of economic
parameters such as; net maintenance cost of
buffalo milk production, net maintenance cost
of cow milk production and litre-1 cost of
buffalo milk production. But there was no
significant difference observed between small
v/s medium, small v/s large and medium v/s
large herd size categories in the case of litre-1

cost of cow milk production. No significant
difference in litre-1 cost of cow milk production
could be due to the negligible variation in cow
milk production across herd size categories.

The results of study indicated that day-1

average net maintenance cost and litre-1 cost of
buffalo and cow were decreased with the
increase in herd size categories. The average
milk produced day-1 milch-1 buffalo and cow
was higher than its break-even output to cover
the total cost of milk production across all the
categories except small herd size category of
cow. Buffalo milk production was relatively
more profitable than cow. Hence, adequate
attention should be paid to promote buffalo up
gradation programme. The results of ANOVA
indicated that there was a significant difference
between small v/s medium, small v/s large and
medium v/s large herd size categories in net
maintenance cost of buffalo and cow and litre-1

cost of buffalo milk.
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Abstract
The GIS based approach is more appropriate that conventional method for evaluation of

geomorphological parameters. The conventional morphomelric analysis is error prone, time consuming and
tiresome. The principle component analysis is found to be the most useful tool for screening out less
significant geomorphic parameters in explaining the component variance. For selected watersheds of Tapi
basin, the most important parameters is circulatory ratio (Rc) with importance percentage 59.45 and least
important parameter is stream channel slope (Sc) with importance percentage 12.08. The selected
geomorphic parameters then can be used according to their importance in the basin for development of
geomorphological models to study various hydrological processes.

Key words : Geomorphological parameters, hydrological modelling, principal component
analysis, rotated loadings, order of importance.

Accurate prediction of runoff and sediment
yield from watersheds plays an important role
in designing soil and water conservation
structures, planning and management of
existing water resources for future use. The
hydrological behaviour of a natural watershed is
an extremely complex phenomenon due to vast
spatial and temporal variability of
physiographic and climatic characteristics. Most
of the agricultural watersheds in India are
unguaged, having no past records of the
rainfall-runoff processes (Sarangi et al., 2004).
Geomorphological characteristics of a
watershed are commonly used for development
of regional hydrological models to resolve
various hydrological problems such as
prediction of runoff and sediment yield of
unguaged watershed or inadequate data
situation (Pandey et al., 2004 and Sharma et
al., 2010). For predicting runoff and estimating
accurate sediment production rate from the
known causative factors, it is important to

include topographic or geomorphic
characteristics which reflect directly or indirectly
on climate, geology and transportation
processes from the watershed. The rainfall and

1. Assistant Professor, 2., 4., and 5. Professor and 3.
Associate Professor.

Table 1. Selected geomorphological parameters.

Geomorphological Formula
parameter

n
H Σ Lci

i=1
Sa - Avg. slope of Sa = ––––––––––––––

the watershed 10 nA
Re - Elongation ratio Re=2√A/Lb√π=1.12836√A/Lb
Rc - Circulatory ratio Rc=2√πA/Lp=3.544√A/Lp

Sb - Basin shape factor Sb=Lb
2 / A

Rf - Relief ratio Rf = H / Lb
Rr - Relative ratio Rr = H / Lp
Rn - Ruggedness Rn = H Dd / 1000

number
Sc - Main stream Sc =Area under the curve/5L2ms

channel slope
Df - Drainage factor Df = Fs / Dd

2

Rl - Stream length ratio log10 L
–
u = a+b u; R1=anti log b

Rb - Bifurcation ration log10 Nu = a-b u; Rb=anti log b
Lbw - Length width ratio Lb / Lw



watershed characteristics in the form of
geomorphic parameters can be utilized in the
development of reliable response model for
predicting runoff and sediment yields from
watersheds which are not gauged (Kumar,
1991 and Singh et al., 2009).

The use of GIS is increasing in various
hydrological applications (Olivera and
Maidment, 1999; Jain and Kothyari, 2000 and
Pandey et al., 2004). In the recent past,
Geographical Information System (GIS) has
emerged as comprehensive tool for description
of hydrological processes at basin scale, and
facilitates easy and accurate determination of
the hydrologic and geomorphic characteristics
of a watershed using Digitized Elevation Models
(DEM) and/or other hydrological data. Kumar
et al. (2001), Binjolkar (2007) and Sharma
(2010) have used the GIS software for
quantification of various geomorphological
parameters of the watersheds.

Considering the importance of the
geomorphological parameters in hydrological
modelling, order of importance was worked out
in this study by determining the coefficient of
determination of each parameter.

Materials and Methods

The drainage maps of all the ten watersheds
(Khanapur, Anturli, Sawrale, Vakdi, Jamner,
Khaperkheda, Mehunbare, Sonval, Dahikute
and Pinjarzadi) were delineated in the ArcMap
9.3 software. Survey of India Toposheets
46K/4, 46K/10, 46L/10, 46/14, 46P/13,
46P/14, NF43/11 AND NF43/12 of Tapi
basin were used as references. Digitization and
analysis of drainage have been carried out using
GIS software (ArcGIS 9.3). The attributes were
assigned to create the digital database for
drainage layer and contour layer of all the
watersheds. The considered geomorphological
parameters were average slope of the
watershed (Sa), elongation ratio (Re), circulatory
ratio (Rc), basin shape factor (Sb), relief ratio
(Rf), relative relief (Rr), ruggedness number (RN),
main stream channel slope (Sc), drainage factor
(Df), stream length ratio (R1), bifurcation ratio
(Rb) and length width ratio (Lbw). Selected
geomorphological parameters were computed
using GIS and well known relationships as
presented in Table 1.

In order to study the inter-relationships
among the selected dimensionless geomorphic
parameters, to be used later in the analysis,
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Table 2. Intercorrelation matrix of the selected geomorphic parameters.

Para- Sa Re Rc Sb RF Rr RN Sc Dr Rl Rb Lbw
meters

Sa 1.000 0.110 0.205 -0.255 0.354 0.462 0.315 0.331 0.323 -0.409 0.248 -0.284
Re 0.110 1.000 0.825 -0.976 0.575 0.441 -0.047 0.008 0.496 -0.576 0.339 -0.951
Rc 0.205 0.825 1.000 -0.855 0.226 0.205 -0.275 -0.031 0.488 -0.434 0.375 -0.840
Sb -0.255 -0.976 -0.855 1.000 -0.613 -0.514 -0.053 -0.034 -0.416 0.539 -0.392 0.974
RF 0.354 0.575 0.226 -0.613 1.000 0.964 0.598 0.128 0.147 -0.637 0.098 -0.607
Rr 0.462 0.441 0.205 -0.514 0.964 1.000 0.658 0.134 0.111 -0.635 0.061 -0.511
RN 0.315 -0.047 -0.275 -0.053 0.598 0.658 1.000 -0.025 -0.361 -0.072 -0.086 0.023
Sc 0.331 0.008 -0.031 -0.034 0.128 0.134 -0.025 1.000 0.679 -0.172 0.086 -0.080
Df 0.323 0.496 0.488 -0.416 0.147 0.111 -0.361 0.679 1.000 -0.813 0.088 -0.469
Rl -0.409 -0.576 -0.434 0.539 -0.637 -0.635 -0.072 -0.172 -0.813 1.000 0.078 0.589
Rb 0.248 0.339 0.375 -0.392 0.098 0.061 -0.086 0.086 0.088 0.078 1.000 -0.358
Lbw -0.284 -0.951 -0.840 0.974 -0.607 -0.511 0.023 -0.080 -0.469 0.589 -0.358 1.000



steps followed to obtain the inter-correlation
matrix among the twelve such parameters were
the data set was standardized, then the minor
product moment of the standardized data
matrix was calculated and the minor product
moment of the standardized data matrix is then
divided by the number of observations for
obtaining the required correlation matrix.

For obtaining the intercorrelation matrix
among thirteen geomorphic parameters, SPSS
16.0 software was used, principal component
analysis was applied for all the twelve selected
geomorphic parameters to calculate the
correlation matrix and also to derive principal
components. The first factor loading matrix and
rotated factor loading matrix were used in this
analysis. The principal component analysis with
rotation was carried out in following three steps

- Calculated the correlation matrix, R

- Calculated the unrelated factor loading
matrix by principal component analysis.

- Calculated the rotated factor loading matrix
to enhance interpretability by orthogonal
transformation.

SPSS 16.0 software was used for obtaining
correlation matrix, first (unrelated) factor
loading matrix and orthogonal rotation of a
factor loading matrix using a generalized
orthomax varimax criterion.

After subjecting the first factor loading
matrix to various rotations, an effort is made to
regroup the parameters into the factors and to
screen out the parameters which do not have
any significant correlations with rotated factors
or components. After screening out such
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Table 3. First (unrotated) factor loading matrix of finally selected geomorphic parameters.

Para- Principal components
meters –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1 2 3 4 5 6 7 8 9 10

Re 0.974 -0.106 -0.165 0.103 0.003 -0.040 0.007 -0.001 0.000 0.000
Rc 0.906 -0.314 -0.241 0.137 0.039 0.057 0.003 0.000 0.000 0.000
Sb -0.975 0.049 0.162 -0.140 -0.013 0.015 0.000 -0.001 0.000 0.000
RF 0.881 0.463 0.071 -0.013 -0.06 -0.018 0.002 0.001 0.000 0.000
Rr 0.840 0.527 0.103 -0.046 -0.051 0.035 0.000 0.001 0.000 0.000
RN 0.155 0.978 0.103 0.007 0.095 -0.004 0.000 0.000 0.000 0.000
Sc 0.286 -0.250 0.907 0.184 0.005 0.002 0.000 0.000 0.000 0.000
Df 0.818 -0.48 0.146 -0.276 0.051 -0.014 0.000 0.002 0.000 0.000
Rl -0.955 0.024 -0.126 0.268 0.009 -0.012 0.000 0.002 0.000 0.000
Lbw -0.981 0.081 0.128 -0.119 0.005 0.011 0.012 0.001 0.000 0.000
Eigen value 6.852 1.86 1.013 0.247 0.02 0.007 0.000 0.000 0.000 0.000

97.256 per cent

Table 4. Rotated factor loading matrix.

Para- Components
meters ––––––––––––––––––––––––––––––––––––––

1 2 3

Re 0.992 -0.002 -0.059
Rc 0.957 -0.227 -0.101
Sb -0.986 -0.055 0.067
RF 0.808 0.583 0.056
Rr 0.757 0.645 0.071
RN 0.028 0.992 -0.071
Sc 0.214 -0.045 0.958
Df 0.848 -0.332 0.302
Rl -0.932 -0.127 -0.208
Lbw -0.992 -0.030 0.027



parameters, the correlation matrix of a new set
of parameters was further subjected to the
principle component analysis to obtain a new
unrelated factor loading matrix. The factors or
components whose Eigen value is more than
one are retained. The selected factor loading
matrix is then used as input to obtain the
rotated factor loadings using varimax method.
In this case out of twelve parameters ten
parameters were retained as significant
parameters and grouped into three principal
components.

The method used by Kumar and
Satyanarayana (1993) was adopted to find out
the order of importance of parameters. The

amount of covariance explained by each
component and its percentage with respect to
the total covariance of the components for
rotated factor loading matrices were calculated.
Then, in order to rank the parameters
according to their importance, the coefficient of
determination, which is the square of the
rotated factor loadings, is multiplied by the
percentage of total rotated covariance of that
component to obtain the order of importance
of each parameter.

Results and Discussions

The morphometric analysis requires
measurement of the linear features, gradient of
channel network, and contributing ground
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Table 5. Explained co-variance accounted for the components.

Factors for Rotated factor Co- Rotated factor Co-
components variance (12 parameters) variance (10 parameters)

––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––
Sum of % of total Sum of % of total
squares factor squares factor
(Eigen value) co-variance (Eigen value) co-variance

First component 6.099 50.826 6.103 61.026
Second component 2.910 24.249 2.357 23.568
Third component 2.075 17.288 1.266 12.661
Total (First three components) 11.084 92.364 9.726 97.255
Total (all components) 12.000 100.000 10.000 100.000

Table 6. Order oflmportance of parameters.

Para- Rotated Square of % of total Importance Ranking in Order 
meters loading rotated factor percentage each of

loading co-variance components importance

Re 0.975 0.951 61.026 58.013 2 2
Rc 0.987 0.974 61.026 59.45 1 1
Sb -0.959 0.920 61.026 56.124 4 4
Lbw -0.965 0.931 61.026 56.829 3 3
Df 0.855 0.731 61.026 44.612 6 6
Rl -0.861 0.741 61.026 45.24 5 5
RF 0.728 0.530 23.568 12.491 3 9
Rr 0.779 0.607 23.568 14.302 2 8
RN 0.979 0.958 23.568 22.589 1 7
Sc 0.977 0.955 12.661 12.085 1 10



slopes of the drainage basin. The measurement
of various geomorphic parameters of the
selected watersheds was carried out in the GIS
environment. The intercorrelation matrix is
presented in Table 2.

The correlation matrix was subjected to the
principal component analysis to screen out
least parameters with less significance in
explaining the component variance. In these
two parameters, average slope of the
watershed (Sa) and bifurcation ratio (Rb) were
screened out having less significance in
explaining the component variance. Kumar et
al. (2009) found that drainage factor (Df),
circulatory ration (Rc) and hypsometric integral
(Hsi) were screed out for the Chambal river
basin. The first factor loadings matrix obtained
using the correlation matrix of 10 parameters
(Table 3) revealed that the first three
components together accounts for 97.256 per
cent of the total explained variance The first
component was highly correlated with Re, Rc,
Sb, R1 and Lbw and good correlated with RF,
Rr and Df. The second component was highly
correlated with rn. The third component was
highly correlated with Sc.

The analytical rotations were carried out
using varimax method for the components
having Eigen value more than one in order to
redistribute the explained variance in improving
the factor loadings (Table 4). The explained co-
variance accounted for each factor was
obtained from both the original 12 and the 10
selected dimensionless geomorphic parameters
(Table 5). The most important parameter was
found to be the circulatory ratio followed by
elongation ratio, length width ration and basin
shape. These were the parameters of the shape
component. Ruggedness number was found to
be the most important parameter of drainage
component which was next to the shape
component in importance. Main stream
channel slope was observed to be the most

important parameter of steepness component
(Table 6). Kumar and Satyanarayana (1993)
and Kumar et al. (2009) have found more or
less same trend in grouping the parameters for
Damodar Valley and Chambal river basin
respectively.

In this study, for the selected ten
watersheds, average slope of watershed (Sa)
and bifurcation ratio (Rb) were screened out
from the selected twelve parameters. The most
important parameter was found to be the
circulatory ratio followed by elongation ration,
length width ration and basin shape factor.
These were the parameters of the shape
component. Ruggedness number was found to
be the most important parameter of drainage
component which was next to the shape
component in importance. Main stream
channel slope was observed to be the most
important parameter of steepness component.
These parameters according to their
importance can be used for development of
geomorphic response models for the basin.
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Abstract
The body weights of males heavier at all ages except 12 months compared to the females. The

exceptional higher body weights females at 12 month of age may be due to undetected pregnancies. The
body weights of males as 1.92±0.002, 7.29±0.002, 14.46±0.007 and 19.80±0.02 kg, at birth, 3, 6, and
12 months of age, respectively. The corresponding body weights of females as 1.69±0.001, 6.92±0.005,
14.02±0.002 and 20.61±0.002 kg. The sex of kids and district had significant (P< 0.01) effect on the body
weights of goats which indicates greater scope for improvement in the body weights of Osmanabadi goats
through proper selection and planned breeding. 

Key words: Body weights, sex, district, Osmanabadi goat
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Goat is the common source of meat
production in India. The goat with inherent
characteristics of faster multiplicity and higher
growth rate have proved efficient meat
producers under different management
conditions. They are closely associated with the
rural people, contributing substantially to their
livelihood. In India goat farming helps in
providing self sufficiency and profitable returns
not only to the small and marginal farmers but
also to the different goat owners. The recorded
evidence under field conditions pertaining to
body weights of Osmanabadi goat is lacking.
Therefore, in this study attempt has been made
to investigate the body weights of Osmanabadi

goat population under different prevailing
managemental conditions in Maharashtra.

Materials and Methods   

The investigation was undertaken in the
home tract of Osmanabadi goat from three
districts viz., Ahmednagar, Solapur and
Osmanabad district of the Maharashtra state.
Taking into consideration the agro-climatic
situation and the goat population of the
districts, four tahshils were considered from
each district. From each tahshil five
representative villages within the radius of 10
km and comprising maximum goat population
were considered for the study. Thus, in all 60
villages were covered for completing the study.
From the selected 60 villages the observations
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on body weights at  births (891), 3 months
(626), 6 months (1227) and 12 months (2124)
of age were recorded. The actual body weights
for the above animals were recorded on spring
balance (100 kg capacity) nearest to 200 g.
The age and sex wise means for the different
districts were worked out. The differences
between sex and districts for the different age
groups were compared with students 't' test. 

Results and Discussion

Birth weight : The overall birth weight
(Table 1) of males (1.92±0.002 kg) was higher
than the females (1.69±0.001 kg). The
coefficient of variation average were 20.80 and
17.70 per cent in the two sex, respectively.
The heaviest average birth weight recorded in
the males was 2.10±0.005 kg from
Ahmednagar district while in the females the
heaviest weight was from Solapur (1.81±0.004

kg) district. The statistical analysis of the data
(Table 2) revealed significant (P<0.01)
differences in the body weights of males and
the females as well as between the three
districts studied. Further, in both the sex
maximum coefficient of variation was recorded
in Osmanabad district suggesting large
sampling variation. Comparatively higher body
weights at birth in the male (2.001±0.040 kg)
and female (1.87±0.045) were reported by
Koratkar et al. (1998) in Osmanabadi goats at
organised farm conditions.

Three months weight : The overall 3
months weight of males and females recorded
was 7.29 ± 0.002 and 6.92 ± 0.005 kg,
respectively. The higher coefficient of variation
was observed in females (15.80%) than the
males (4.10%). Higher body weight (9.02 ±
0.08 kg) at 3 months age was reported by
Jagdale (2010) in Sangamneri goats. Similar
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Table 1. Sex and district wise body weights (kg) of Osmanabadi goats.

Body weight Ahmednagar Solapur Osmanabad Overall
–––––––––––––––––––– –––––––––––––––––––– –––––––––––––––––––– ––––––––––––––––––––
Male Fe- 't' Male Fe- 't' Male Fe- 't' Male Fe- 't' 

male value male value male value male value

Birth Mean 2.10 1.74 60** 1.94 1.81 18.57** 1.85 1.65 50** 1.92 1.69 115**

S.E.± 0.005 0.001 0.07 0.004 0.01 0.01 0.002 0.001

N 49 158 162 266 140 116 351 540

C.V. 14.20 11.40 46.30 33.10 75.60 78.70 20.80 17.70

3 months Mean 7.59 7.49 5.88** 6.82 6.45 4.40** 7.30 6.91 35.45** 7.29 6.92 52.85**

age S.E.± 0.01 0.007 0.04 0.03 0.06 0.06 0.002 0.005

N 49 158 32 187 100 100 181 445

C.V. 21.0 12.0 33.7 72.80 8.63 88.20 4.10 15.80

6 month Mean 13.88 13.04 93.33** 14.61 15.46 212.5** 14.88 14.79 9.0** 14.46 14.02 88.0**

age S.E.± 0.01 0.004 0.06 0.001 0.07 0.05 0.007 0.002

N 72 341 51 362 185 216 308 919

C.V. 7.2 5.30 30.10 9.0 65.10 58.80 8.90 4.90

12 month Mean 22.39 21.27 160** 20.02 20.20 6.0** 19.06 21.87 133.80** 19.80 20.61 81.0**

age S.E.± 0.01 0.003 0.01 0.01 0.08 0.03 2.02 0.002

N 87 541 72 651 242 531 401 1723

C.V 4.0 2.80 7.90 12.30 69.20 35.20 24.2 4.80

**Significant at P<0.01



results were also reported by Roy et al. (1997)
in Jamunapari and Mittal (1993) in Barbari
goats. The earlier report on three month body
weight (Bhoite and Koratkar,1997)
comparatively superior in male (9.90 ± 0.39
kg) and female (8.76 ± 0.38 kg) kids of
Osmanabadi goats under organised farm
conditions. The overall three months body
weight in the males differed significantly
(P<0.01) from the females. The greater
average body weights at three months in the
male and female were noticed in the
Ahmednagar district (7.59 ± 0.01 vs. 7.49 ±
0.007 kg) followed by Osmanabad (7.30±0.06
vs. 6.91 ± 0.06 kg) and Solapur (6.82 ± 0.04
vs. 6.45 ± 0.03 kg) district (Table 1). Similarly,
significant effect of cluster of village on body
weight at 3 months of age was reported by
Jagdale (2010) in Sangamneri goats. The
statistical analysis indicate that the body weight
of both the sex from three districts significantly
(P<0.01) differed from each other. The highest
coefficient of variation for females in Solapur
and Osmanabad district might be due to the
differences in the management practices
followed by the farmers. This indicates that
there is a greater scope for improvement in the
body weights at 3 months age by appropriate
selection. Jagdale (2010) also reported
significant effect of sex on body weight at 3
months age in Sangamneri goats 

Six months body weight : The body
weights revealed that the overall average weight

at six months age in males (14.46 ± 0.007 kg)
was greater than the average body weight of
the females (14.02 ± 0.022 kg). The coefficient
of variation was 8.90 and 4.90 per cent in the
males and females, respectively. Significantly
higher body weight of kids than female kids
(14.49 ± 0.15 and 13.69 ± 0.10 kg,
respectively) at the age of 6 months was
reported by Jagdale (2010) in Sangamneri
goats. Heavier average body weight at 6
months of age for males (14.93 ± 0.53 kg) and
lighter for the females (13.63 ± 0.49 kg) were
reported by Bhoite and Koratkar (1997) in
Osmanabadi goats under farm conditions. The
statistical analysis of the data revealed that the
body weights at 6 months age of both the sex
in three districts were significantly (P<0.01)
different from each other. The heaviest average
body weight of males was recorded in
Osmanabad (14.88 ± 0.07 kg) district while, it
was greatest in the females from Solapur
(15.46 ± 0.001 kg) district. The coefficient of
variation for both the sex was maximum in
Osmanabad district indicating large sampling
variation. Similar significant effect of cluster of
village on body weight at 6 months of age was
reported by Jagdale (2010) in Sangamneri
goats 

Twelve months weight : The overall 12
months body weights of the females (20.61 ±
0.002 kg) were heavier than the males (19.80
± 0.02 kg). On the contrary, higher coefficient
of variation was recorded in the males (24.2%)
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Table 2. 't' value calculated for between district differences.

Body Ahmednagar and Ahmednagar  and Solapur  and
weight at Solapur Osmanabad Osmanabad

––––––––––––––––––––––– ––––––––––––––––––––––––– ––––––––––––––––––––––
Male Female Male Female Male Female

Birth 12.30** 17.50** 41.66** 45.00** 11.25** 27.25**
3 months 17.90** 28.10** 18.12** 48.33** 20.86** 9.78**
6 months 13.77** 302.5** 62.5** 291.66** 7.5** 67.0**
12 months 118.5** 97.27** 65.29** 120.00** 16.84** 28.79**

**Significant at P<0.01



than in females (4.80%). The average 12
months body weight recorded for the females
significantly (P<0.01) differed from the males.
The reason for significantly higher body weight
of females at 12 months age may be sought in
the undetected pregnancies in the females. The
statistical analysis of the data further revealed
that the body weights of Osmanabadi goats
were significantly (P<0.01) differed from district
to district. This might be due to differences in
the management practices followed by the goat
rearers in the district as well as the agro
ecological conditions prevailing in the area.
Bhoite and Koratkar (1997) observed the
heavier body weight at 12 months age in males
(24.76±0.64 kg) and lighter for females
(16.71±0.040 kg) of Osmanabadi goat under
organized farm conditions. 

From the present study it is revealed that
there is a lot of scope for the improvement of

body weights at various stages through
appropriate selection and improvement in
management regimes.
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Abstract
Data pertaining to the records of 485 Phule Triveni (50% HF + 25% Jersey + 25% Gir) cows maintained

at Research Cum Development Project on Cattle, MPKV, Rahuri from 1977 to 2009 were utilized. Period of
calving, season of calving, lactation order and generation were considered as sources of variation in lactation
length (LL) and 305 days milk yield (305 DMY). The data were analysed by least squares method. The overall
least squares means obtained for LL and 305 DMY in Phule Triveni synthetic cows were 339.73 ± 3.54 days
and 2897.46 ± 26.15 kg, respectively. The period of calving, season of calving, order of lactation and
generation had non-significant effect on LL while, 305 DMY was significantly affected by all these factors
except generation.

Key words : Phule Triveni, LL, 305 DMY and non-genetic factors.

The main consideration in a crossbreeding
programme is to determine the appropriate
level of exotic inheritance to be stabilized under
a set of agro-climatic conditions. Under various
agro-climatic conditions of India, in general for
crossbreeding programme in cattle, it was
observed that the level of exotic inheritance
should be between 50 and 75 per cent for
optimum productivity (Kohanna et al.1980).
Hence, identification and stabilization of the
crossbreeding programme would be done (Dalal
et al., 1991). It is very essential to assess the
comparative performance of crossbreds  of
various generations under divergent agro-
climatic environment for formulation and
implementation of long term breeding
programmes (Prabhukumar et al.,1990).
Evolving a new breed of cattle with higher
production potential and adaptability is an
urgent need of this country, for monitoring the
breeding strategy.

Materials and Methods

The relevant data pertaining to 485 Phule
Triveni (50% HF + 25% Jersey + 25% Gir)
cows maintained at Research Cum
Development Project on Cattle, Mahatma
Phule Krishi Vidyapeeth, Rahuri were collected.
The lactation length and 305 days milk yield
were considered. The period of calving, season
of calving, order of lactation and generation
were considered as sources of variation. The
data were collected for 32 years (1977 to
2009) and divided into 8 periods having 4 years
in each period. The year was sub divided into
three seasons viz., Rainy (June to September),
Winter (October to January) and Summer
(February to May). The data of five lactations
and six generations were considered for present
study. The data were analysed by least squares
technique (Harvey,1990). The data were
corrected for significant non-genetic factors
and further analysed for generation effect.
Whenever the effects were significant
means were compared by DMR test (Kramer,
1957).
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Results and Discussion

The least squares means and analysis of
variance for lactation length and 305 days milk
yield are presented in Table 1 and 2,
respectively.

The overall least squares means for lactation
length and 305 days milk yield observed in
Phule Triveni synthetic cows were 339.73 ±
3.54 days and 2897.46 ± 26.15 kg. Zol
(2007) and Kulkarni (1985) reported almost
similar lactation length and 305 days milk yield
in Phule Triveni crossbred cattle. The lower
305 days milk yield than present values were
reported by Raheja and Balaine (1977) and
Agasti et al. (1983)  in different halfbreds.

Effect of generation : The influence of
generation on lactation length and 305 days
milk yield was non-significant (Table 2). The
significant results were showed by Khade
(2001) in halfbreds for lactation length while
Kulkarni (1985) and Patel and Dev (1987) in
various two and three breed crosses for 300
days milk yield. Though the non-significant
effect of generation was observed the lowest
lactation length and highest 305 days milk yield
was recorded in G1 generation. 

Effect of period of calving : The
variation due to period of calving was non-
significant in lactation length while significant
(P<0.01) in 305 days milk yield in Phule Triveni
synthetic cows. These findings were in
agreement with Dalal et al. (1991) in Hariyana
halfbreds, Khade (2001) in HG and IFJG
crossbreds and Varade et al. (2002) in JGT
triple crosses for lactation length while, Agasti
et al. (1983), Kulkarni (1985) and Pandey et
al. (1988) in different crossbreds for 300 days
milk yield.

The DMRT revealed that period P3
(3275.09 ± 83.36 kg) and P8 (3272.35 ±
140.59 kg) had significantly higher 305 days

milk yield than other periods and both are at
par with each other.

Effect of season of calving : The
influence of season of calving was non-
significant on lactation length while significant
(P<0.05) on 305 days milk yield in Phule
Triveni synthetic cow (Table 2). Similar results
were reported by Jagtap (1989) in Gir triple
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Table 1. Least squares means for LL and 305 day milk
yield of Phule Triveni synthetic cows.

Source Lactation 305 days milk 
of vari- length (days) yield (kg)
ation

Overall 339.73 ± 3.54 (1408) 2897.46 ± 26.15 (1324)
mean (µ)

Generations
G1 323.88 ± 5.81 (376) 2941.47 ± 39.95 (369)
G2 335.12 ± 5.85 (371) 2857.99 ± 39.78 (372)
G3 334.83 ± 6.60 (291) 2846.62 ± 44.75 (294)
G4 345.92 ± 9.59 (138) 2921.62 ± 75.24 (104)
G5 344.00 ± 9.02 (156) 2914.19 ± 70.64 (118)
G6 354.62 ± 12.93 (76) 2902.90 ± 93.74 (67)

Period of calving
P1 322.75 ± 12.14 (275) 3153.89a ± 83.72 (262)
P2 329.30 ± 12.63 (217) 2899.54b ± 86.24 (219)
P3 337.17 ± 12.27 (243) 3275.09a ± 83.36 (249)
P4 332.84 ± 12.31(218) 2706.10c ± 84.22 (215)
P5 347.07 ± 12.96 (185) 2174.24d ± 90.32 (167)
P6 337.21 ± 13.83 (122) 3073.19a ± 100.92 (95)
P7 356.08 ± 14.79 (96) 2573.38c ± 107.73 (77)
P8 342.58 ± 18.65 (52) 3272.35a ± 140.59 (40)

Season of calving
S1 337.85 ± 11.31 (434) 2910.63a ± 77.99 (413)
S2 334.79 ± 11.22 (511) 2964.35a ± 77.62(473)
S3 341.74 ± 11.00 (463) 2798.05b ± 75.77(438)

Order of lactation
L1 355.14 ± 5.73 (456) 2667.26b ± 41.12 (433)
L2 332.44 ± 6.09 (378) 2846.15b ± 43.74 (358)
L3 331.11 ± 7.24 (260) 3001.71a ± 51.89 (243)
L4 342.89 ± 8.5 (185) 3190.34a ± 60.95(167)
L5 331.89 ± 10.10 (129) 3031.13a ± 70.93 (123)

Means in the same column with different superscript
differed significantly. Figures in parentheses indicate
number of observations.



crosses for  lactation length while Mishra et al.
(1989) in Jersey halfbreds and Navale (1991) in
FJG, JFG and BFG triple crosses for 305 days
milk yield. Whereas contradictory results were
observed by Bhoite (1996) in Gir halfbreds and
Varade et al. (2002) in JFG triple crosses for
lactation length and Jadhav et al. (1991) in HF
x Sahiwal halfbreds for 300 days milk yield.

DMRT revealed that winter (2964.35 ±
77.62 Kg) and rainy (2910.63 ± 77.99 kg)
season calvers had significantly higher 305 days
milk yield than summer (2798.05 ± 75.77 kg)
season calvers.  The winter and rainy season
calvers are at par with each other.

Effect of lactation order : The effect of
lactation order was non-significant for lactation
length and significant (P<0.01) for 305 days
milk yield in Phule Triveni synthetic cows.
Similar results were reported by Khade (2001)
in FG and IFJG crosses and Kulkarni (1985) in
Gir triple crosses for lactation length and Agasti
et al. (1983), Kulkarni (1985) and Mandakmale
and Kale (1990) in two and three breed exotic
crosses for 300 days milk yield.

Although the lactation order effect was non-
significant, the lactation length was highest in
L1 (355.14 ± 5.73 days) and lowest in L3
(331.11 ± 7.24 days) lactation order. DMRT
revealed that the 305 days milk yield (kg) was
highest in L4 (3190.34 ± 60.95) and L5

(3031.13 ± 70.93), however lowest in L1
(2667.26 ± 41.12) of Phule Triveni synthetic
cows. Similarly, Patel and Trivedi (1989)
indicated that 300 days milk yield in Jersey x
Kankrej halfbreds also increased upto third
lactation and declined there after.
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Table 2. Least squares analysis of variance for lactation length and  305 days milk yield in Phule Triveni synthetic cows.

Source of variation Lactation length 305 days milk yield
–––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––
d.f. M.S.S. d.f. M.S.S.

Generation 5 20964.40NS 5 418965.07NS

Error 1402 12711.98 1318 588796.77
Period of Calving 7 17423.14NS 7 23379295.54**
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Error 1394 12764.29 1310

* P<0.05, **P<0.01, NS=Non-significant
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Animal husbandry plays a prominent role in
the rural economy supplementing the income
of rural household, particularly, the landless
small and marginal farmers. It also provide
subsidiary occupation in semi urban area and
more so far people living in hilly, tail and
draught prone areas. Indian economy is depen-
dent upon the agriculture, where 55 per cent
population is directly or indirectly depends on
agriculture and its allied activities for livelihood.
India has 199.1 million cattle, out of which 25
millions are crossbreds (Anonymous, 2007).
The number of crossbred cattle has been almost
doubled during 2003 as compared to 1987
(22.07 verse 11.59 million). Livestock rearing
is among the major subsidiary occupation.

Cow produces about 40 per cent of total
milk in India. About 10 per cent crossbred cows
out of total breedable females (7 verses 69
million), produce 40 per cent of cow milk and
rest of the cow milk (60%) is produced by
remaining 90 per cent of indigenous cattle
(Anonymous, 2003). Dairy animals are known
as one of the most efficient producers of food
for man. It can utilize large quantities of feed,
much of which is edible in natural state. The
efficiency of dairy animal is the result of
inheritance however; its productivity depends
upon adequate inputs in terms of feed fodder
and health care.  

In India so far not much attention is
provided to the important aspects of animal
housing. An efficient management of cattle will
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Abstract
In all 150 crossbred cattle owners were chosen randomly as respondents from the selected villages. The

owners were distributed in three groups on the basis of crossbred cattle possessed by them as group-I less
than 5 crossbred cattle, Group-II 6-10 crossbred cattle and group-III more than 11 crossbred cattle. It was
found that, 53.33 per cent farmers provided pacca cattle shed and remaining 46.66 per cent were provided
kaccha cattle shed. It was observed that, 44.66 per cent farmers provided thatched roofing, 50.66 per cent
farmers provided G.I. sheets and very few farmers 4.38 per cent used asbestos for roofing. The kaccha
flooring was provided by 42.00 per cent farmers while 54.66 per cent farmers provided bricked floor and
remaining 3.33 per cent provided cemented type of floor for cattle shed. The practice of using disinfectant
was adopted by 12.66 per cent farmer while 87.33 per cent did not use disinfectant in cattle house. It was
observed that, 30 per cent farmers provided adjacent location of manure pit and remaining 70 per cent
farmers provided at distinct location. The optimum size of house was provided by 65.33 per cent  while
remaining 34.66 per cent farmers not provide optimum size of cattle house. It was observed that, 80 per cent
farmers provided optimum height of house while remaining 20 per cent did not provide optimum height of
cattle shed. The optimum floor space was provided by 60.66 per cent farmers while remaining 39.33 per
cent did not provide optimum floor space for cattle. The present study indicated that, adoption of scientific
housing management practices followed by cross bred cattle owners were poor in Baramati tahsil of Pune
district.

Key words : Housing, crossbred cattle, Baramati.
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be incomplete without a well planned and
adequate housing of cattle. Improper planning
in the arrangement of animal housing may
result in additional labour charges and thus
curtails the profit of the owner. Economy in
their initial cost, maintenance, health and
comfort of animals should receive special
attention, and they lead to efficient
management so as to reduce labor to the
minimum.  

Materials and Methods

The data of present study was collected
from the selected 150 crossbred cattle farmers
with the help of pre tested interview schedule
(Questionnaire). Based on the objectives of
study, a detailed questionnaire was prepared
which was used to collect data from the milk
producer.

In all 150 crossbred cattle owners were
chosen randomly as respondents from the
selected villages. The owners were distributed in
three groups on the basis of crossbred cattle
possessed by them as group-I less than 5
crossbred cattle, group-II 6-10 crossbred cattle
and group-III more than 11 crossbred cattle.
The information regarding different housing
practices viz., availability of cattle shed, type of
shed, types of roof, provision of optimum size
and types of manger, direction of byre, slope of
floor, use of whitewash to byre, types of wall,
type of floor, availability of sufficient light and
ventilation, use of disinfectant practice, location
of manure pit, size of house, height of byre,
availability of floor space, adoption of proper
drainage and urine practice, availability of
bedding material, maintenance of cleanliness in
shed etc. was obtained from crossbred cattle
owners.

To know the influence of groups of farmer
on adoption of improved housing practices,
chi-square test was applied by using formula
given by Panse and Sukhatme (1967). 

Results and Discussion

From the Table 1 it was revealed that,
88.23 per cent owners in Baramati tahsil
provided shed facility. This indicated that most
of crossbred cattle owners provided cattle shed
facility. However, in group I only 75.16 per
cent farmers were having cattle shed facility.
This may be due to lack of awareness and few
animal number. Present findings were
somewhat similar to the findings of  Dhiman et
al. (1990) and Singh (2002) who reported that
most of houses were pacca. It was observed
that, 53.33 per cent farmers provided pacca
cattle shed and remaining 46.66 per cent
provided kaccha cattle shed. Dhiman et al.
(1990) also observed significantly higher
proportion of pacca houses (63.75%) as
compared with mud houses (27.50%) and
thatched houses (8.75%) in Hissar district of
Haryana state. However, Garg et al. (2005)
reported that 70.93 per cent kaccha and 29.07
per cent pacca housing in Baran district of
Rajastan.

It was observed that, in all 44.66 per cent
farmers provided thatched roofing, 50.66 per
cent farmers provided G.I. sheets and very few
farmers 4.38 per cent used asbestos for
roofing.  Majority farmers in group-I (52.63%)
provided thatched roofs while 55.55 per cent
farmers in group-II provided G.I. sheets.
Present findings are similar to the Singh et al.
(2009) who observed the roof of houses in the
rural areas thatched 14.4 per cent and in semi
urban areas 30 per cent thatched and after that
majority of farmer had kaccha type roofs and
asbestos in the rural area had 2.22 per cent and
semi urban area 1.11 per cent and in the urban
area 5.66 per cent. Singh et al. (2007)  studied
on housing and health care management
practices followed by dairy farmers and found
that only 6.94 per cent farmers used asbestos
for roofing. 
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Table 1. Housing practices of crossbred cattle followed by farmers in Baramati tahsil of Pune district.

Characteristics Response Group I Group II Group III Overall
–––––––––––– –––––––––––– ––––––––––––– ––––––––––––––––
Freq. Per Freq. Per Freq. Per Freq. Per

cent cent cent cent

Shed for crossbred cattle   Yes 57 79.16 54 91.52 39 100 150 88.23
No 15 20.83 5 8.47 0 - 20 11.76

Chi-square = 31.52**

Types of shed Kaccha 30 52.73 30 55.55 10 25.64 70 46.66
Pacca 27 47.36 24 44.44 29 74.55 80 53.33

Chi-square = 9.45**
Types of roof       

Thatched 30 52.63 21 38.88 16 41.02 67 44.66
G. I. Sheets 26 45.61 30 55.55 20 51.28 76 50.66
Asbestos 1 1.75 3 5.55 3 7.69 7 4.68

Chi-square = 3.7

Size of manger Optimum 38 66.66 44 81.48 31 79.48 113 75.33
Not optimum 19 33.33 10 18.51 8 20.51 37 24.66

Chi-square = 7.42*

Type of manger Kaccha 30 52.63 29 53.70 22 56.41 81 54
Pacca 27 47.36 25 46.29 17 31.48 69 46

Chi-square = 0.13
Direction of byre N-S 12 21.05 20 37.03 19 48.71 51 34

E-W 45 78.94 34 62.96 20 51.28 99 66
Chi-square = 8.2*

Slope of floor Towards manger 8 14.03 3 5.55 2 5.12 13 8.66
Backside of manger 24 42.10 40 74.07 25 64.10 89 59.33
No slope 25 43.85 11 20.37 12 30.76 48 32

Chi-square = 12.84*

White wash byre Yes 27 47.36 27 50 25 64.10 79 52.66
No 30 52.63 27 50 14 35.89 71 47.33

Chi-square = 2.84

Types of wall
Full 10 17.4 35 64.81 29 74.35 74 49.33
Half 40 70.17 16 29.62 8 20.51 64 42.66
No wall 7 12.28 3 5.55 2 5.12 12 8.00

Chi-square = 40.5**

Types of floor Kaccha 26  45.61 18 33.33 19 48.71 63  42
Bricked 30 52.63 34 62.96 18 46.15 82 54.66
Cemented 1 1.74 2 3.70 2 5.12 5.0 3.33

Chi-square = 3.6

Sufficient light and    Poor 15 26.31 11 20.37 12 30.76 38 25.33
ventilation Fairly good 24 42.10 26 48.14 16 41.02 66 44.00

Good 10 17.54 7 12.96 7 17.94 24 16.00
No provision 8 14.03 10 18.51 4 10.25 22 14.66

Chi-square = 2.90



It was observed that, in all 75.33 per cent
respondents provided optimum size of manger
and remaining 24.66 per cent farmers not
provided optimum manger. Majority of farmers
66.66, 81.48  and 79.48 per cent provided
optimum size of manger in group I, II and III,
respectively. Present findings were some what
similar to the findings of Sinha et al. (2009)

who observed in  rural  and semi urban areas
that the 55.56 per cent farmer provided
optimum size of manger while 44.44 per cent
farmers did not provide optimum size of
manger.

It was observed that, in all 54 per cent
respondents provided pacca type while 46 per
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Use of disinfectant Yes 5 8.77 6 11.0 8.0 20.5 19 12.66
No 52 91.22 48 88.0 31 79.4 131 87.33

Chi-square = 3.07

Location of Manure pit Adjacent 17 29.82 19 35.18 9 23.07 45 30
Distant 40 70.17 35 64.81 30 76.92 105 70

Chi-square = 3.07

Size of  house Optimum 35 61.40 34 62.96 29 74.35 98 65.33
Not optimum 22 38.59 20 37.03 10 25.64 52 34.66

Chi-square = 1.92

Types of floor       Kaccha 26 45.61 18 33.33 19 48.71 63 42
Bricked 30 52.63 34 62.96 18 46.15 82 54.66
Cemented 1 1.74 2 3.70 2 5.12 5.0 3.33

Chi-square = 3.6

Height of byre
Optimum 40 70.17 50 92.59 30 76.92 120 80.0 
Not optimum 17 29.82 4 7.41 9 23.07 30 20.0

Chi-square = 9.02*

Floor space provided Optimum 30 52.63 34 62.96 27 69.23 91 60.66
Not optimum 27 47.37 20 37.08 12 30.76 59 39.33

Chi-square = 9.46**

Proper drainage of urine Yes 32 56.14 40 74.07 35 89.74 107 71.33  
No 25 43.85 14 25.92 4 10.25 43 28.66

Chi-square = 13.09**

Bedding material in winter Sugarcane trash 15 26.31 20 37.03 20 51.82 55 36.66 
Straw 25 43.85 22 40.74 10 25.82 57 38.0
No bedding 17 29.82 12 22.22 9 23.07 38 25.33

Chi-square = 2.7

Maintenance of cleanliness Yes 40 70.17 34 62.96 15 38.46 89 59.33
condition No 17 29.82 20 37.03 24 61.53 61 40.66
Chi-square = 10.11**

Table 1. Contd.

Characteristics Response Group I Group II Group III Overall
–––––––––––– –––––––––––– ––––––––––––– ––––––––––––––––
Freq. Per Freq. Per Freq. Per Freq. Per

cent cent cent cent



cent respondents provided kaccha type of
manger. Majority of farmers i.e. 55.63, 53.70,
and 56.41 per cent provided pacca type of
manger in group I, II and III, respectively.
Present findings are similar to the findings of
Sabapara et al. (2010) who studied on housing
and management practices dairy animals and
found that majority of farmers provided pacca
type manger for cattle. Similar results were
found by  Garg et al.  (2005), Sinha et al.
(2009) and Rathore et al. (2010).   

It was observed that, in all 34 Garg et al.
(2005) farmers provided N-S direction for cattle
shed and remaining 66 Garg et al. (2005)
farmers provided E-W direction. Majority of
farmers 78.94, 62.96, and 51.28 Garg et al.
(2005) provided E-W direction in group I, II and
III, respectively. These findings are similar to
the findings of Sinha et al. (2009) who
reported that 55.56 per cent and 44.44 per
cent farmer had N-S direction of houses and
also in the semi urban area farmer adopted  N-
S direction of house 53.33 per cent and E-W
46.67 per cent. Majority had East-West
direction of houses. 

It was observed that, in all 59.33 per cent
farmers provided slope of floor towards back
and slope of floor was not provided in cattle
shed by 32 per cent farmers. Few farmers
(8.66%) provided slope of floor toward front
side. Majority of farmers in group-II (74.07%)
provided slope of floor towards back followed

by group III (64.10%) and group-I  (42.10%).
Very few farmers in group-III (5.21%)  provided
slope of floor front towards fronts. This might
be due to lack of awareness of keeping slope of
floor to maintain hygienic conditions. Present
findings are somewhat similar to the findings of
Sinha et al. (2009) who revealed that majority
of farmers in semi-urban area provided slope of
floor to back side to maintain sanitation in the
house. Similar results were also observed by
Bainwad et al. (2007) and Singh et al. (2007). 

It was observed that, in all 52.66 per cent
farmers used whitewash byre and remaining
47.33 per cent farmers did not used white
wash byre. Majority of farmers 64.10 per cent
in group III and 50 per cent in group II provided
white wash in byres. However, 52.63 per cent
farmers in group I were observed to be not
using white wash byre. It was observed that, in
all 49.33 per cent farmers provided full wall
while 42.66 per cent provided half type wall for
cattle shed and remaining 8 per cent had not
provided wall for cattle shed. Majority of
farmers in group-III (74.35%) provided full type
wall however, 70.17 per cent Farmers in
group-I provided half type of wall to their
houses and only 5.2 per cent farmers in group-
III did not provide the wall. It was observed that,
in all 42 per cent farmers provided kaccha
while 54.66 per cent farmers provided bricked
floor and remaining 3.33 per cent provided
cemented type of floor for cattle shed. Majority
of farmers in group-II (62.96%) and group-I
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Table 2. Constraints perceived by the crossbred cattle owners while adopting scientific housing practices.

Different contraints Farmer Per cent Rank

Limited resources available for providing housing to dairy animals 85 56.57 V
Unavailability of clean drinking water facilities and water tank. 48 32.00 VIII
High cost investment in construction of scientific dairy shed 110 73.33 I
Inadequate credit facilities for purchasing necessary inputs 100 66.67 II
Lack of knowledge about cheap and scientific housing 95 63.33 III
Inadequate transportation facilities 65 43.33 VII
High cost of raw material 90 60.00 IV
Lack of knowledge about proper sanitation and hygiene 80 53.33 VI



(52.63%) bricked floor in cattle shed while in
group- III were 48.79 per cent farmer provided
kaccha floor. Very few farmers provided
cemented type of floor, due to financial
problem and limited resources available for
providing scientific housing to dairy cattle.
Present  findings are similar to the findings of
Sinha et al.  (2009) who revealed that the 63.3
per cent of rural farmers shared their residence
with the animals, this percentage was higher in
semi-urban areas (83.3%) and brick floor was
observed in 85.6, 72.2 and 80 per cent houses
in rural, semi-urban and urban areas
respectively. Similar findings were reported by
Sabapara et al. (2010).

It was observed that, in all 44 per cent
farmers provided fairly good light and
ventilation in cattle shed while 16 per cent
farmers had cattle sheds with good light and
ventilation. However, 14.66 per cent farmers
did not make any provision of light and
ventilation. Present findings were similar to the
findings of Garge et al. (2005) in Baran district
of Rajasthan. Similar results were reported by
Sinha et al. (2003). It was observed that, in all
12.66 per cent farmers used disinfectant and
remaining 87.33 per cent did not used
disinfectant in cattle house. Majority of farmers
91.22, 88.0 and 79.4 per cent in group I, II
and III, respectively, adopted practice of use of
disinfectant in byres. There was non significant
association between number of crossbred cattle
maintained by various groups of farmers and
adoption of disinfectant practice for crossbred
cattle shed. Similar results were reported by
Garg et al. (2005) and Sinha et al. (2009). 

It was observed that, in all 30 per cent
farmers provided adjacent location of manure
pit and remaining 70 per cent farmers provided
at distinct location. Majority of respondents
70.17, 64.81 and 76.92 per cent had manure
pit at distant location for group-I, II and III,
respectively. Present findings were somewhat

similar to the findings of Sinha et al. (2009)
who found that majority of farmers had manure
pit at distant location. In rural bovine dairy
farmers 86.67 per cent and in semi-urban
farmers 73.33% provided manure pit at distant
location. It was observed that, in all 65.33 per
cent farmers provided optimum size of house.
Remaining 34.66 per cent farmers did not
provide optimum size of cattle house. Present
findings were similar to the findings of Singh et
al. (2007) and Sinha et al. (2009) who
reported majority of farmers provided optimum
size of cattle shed in rural area. It was observed
that, in all 80 per cent farmers  provided
optimum height of house while remaining 20
per cent did not provide optimum height of
cattle shed. Present  findings are similar to the
findings of Singh et al. (2007) and Sinha et al.
(2009).

It was observed that, in all 60.66 per cent
farmers provided optimum floor space while
remaining 39.33 per cent did not provide
optimum floor space for cattle. Present findings
are similar to the findings of Singh et al. (2007)
and  Sinha et al. (2009). It was observed that,
in all 71.33 per cent farmers adopted proper
drainage of urine practice while remaining
28.66 per cent farmers did not adopt proper
drainage of urine practice. It was observed that
majority of farmer 89.74 per cent in group-III,
74.07 per cent in group-II and 56.14 per cent
in group-I had adopted proper drainage of
urine practice. Present finding was similar to
the findings of  Singh et al. (2007) and  Sinha
et al. 2009).

It was revealed that, in all 36.66 per cent
farmers  provided sugarcane trash as a bedding
material for crossbred cattle while 38 per cent
provided straw for bedding and 25.33 per cent
farmer did not use bedding material in winter.
Majority of farmers in group-III 51.82 per cent
provided used straw as bedding material.
Present findings are similar to findings of
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Nataraju and Channegowda (1986). A
considerable large percentage (66.00%) of the
respondents used bedding during winter
season. The bedding material consisted of
spikes of bajra (bajra grain coat after threshing),
dry sand, ash and waste dry grass. Spikes of
bajra was preferred for bedding material
because of its good absorbent property. Above
findings are in  accordance with Singh et al.,
(2007) and  Sinha et al. (2009) who reported
that majority of farmers used bedding material
according to the availability. It was observed
that, in all 59.33 per cent farmers maintained
clean house for cattle and remaining 40.66 per
cent farmers did not maintain clean sheds.
Majority of respondents 70.17 per cent and
62.96 per cent maintained cleanliness in
group-I and group-II, respectively. However,
only 38.46 per cent farmer in group-III could
maintain cleanliness. These findings are some
what similar to the findings of Singh et al.
(2007) and the Sinha et al. (2009) who
observed  majority of farmers maintained clean
condition in the houses.

Constraints perceived : The various
constraints perceived by farmer were studied.  It
was observed that, the high cost of investment
in construction of scientific dairy shed was
having the highest constraints (73.33%) and it
was ranked first. The second, third, fourth and
fifth ranks were obtained by problems of
inadequate credit facilities for purchasing
necessary inputs (66.67%), lack of knowledge
about cheap and scientific housing (63.33%),
high cost of raw material (60.00%) and limited
resources available for providing scientific
housing to dairy animals (56.57%),
respectively.   

Similarly sixth and seventh ranks were
awarded to lack of knowledge about proper
sanitation and hygiene (53.33%), inadequate
transportation facility (43.33%), respectively.
The last rank was assigned to the unavailability

of clean drinking water facilities and water tank.
(32.00%).

From the above findings it can be concluded
that, high cost of investment in construction of
scientific shed, inadequate credit facilities, lack
of knowledge about cheap and scientific
housing and high cost of raw material were
major constraints in housing management
practices.The above results are in accordance
with Rathore et al., (2008). 

The present study indicated that, adoption
of scientific housing management practices
were poor in Baramati tahsil of Pune district.
Further, it indicated that, housing practices
were better for big herd size in group III than for
small and medium herd size. Housing
management practices adopted were
unhygienic, unhealthy, not according to the
recommendation and lacked knowledge about
scientific housing. So there is need to provide
knowledge of scientific housing management
practices to the farmer through extension
education programme.
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Abstract
From the results, it may be concluded that date fruit could successfully be utilized for the preparation of

gulabujamun. The most acceptable quality gulabjamun can be prepared by using 20 per cent fresh date. Such
replacement did not appreciably affect the composition of gulabjamun. Use of date more than 20 per cent
level for blending of gulabjamuns did not show any beneficial effect. Further, it may also be concluded that
four hour soaking period is an optimum time for sugar syrup absorption in gulabjamun.

Key word : Date gulabjamun.

______________

Gulabjamun is nationally popular khoa-
based sweet and is mostly used for table
purpose in the eastern and north eastern parts
of country. Gulabjamun has been prepared on
small scales by halwais but recently it has
attracted interest of the organized dairy industry
for large scale mechanized production (Patel et
al., 1992). Due to efforts by dairy cooperatives,
there is an increase in the popularity of
gulabjamun. Traditionally gulabjamun is
prepared from mixture of khoa, wheat flour and

baking powder. Besides, different additives
were also tried for preparing the gulabjamun for
the  replacement of khoa.

Similar to milk, honey and grapes, date
(Phoenix dactylifera L.) are considered as a
complete diet and a very important item of
food. Date is good source of nutrients like
carbohydrates, proteins, calcium, phosphorus,
iron and vitamins like carotene, thiamine,
vitamin-C, riboflavin with free from fats, sodium
and cholesterols, Date play an important role in
the diet and treatment of obesity. Considering
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the nutritional value of date, it was, therefore,
thought to explore the possibility of using date
fruit as an additive in the form of paste as a
partial replacement of khoa in gulabjamun.    

Materials and Methods

Fresh buffalo milk obtained from the Dairy
farm, College of Agriculture, Dapoli, Dist.
Ratnagiri was used for preparation of khoa.
The milk was converted to khoa by heating milk
in a shallow pan with constant stirring-cum-
scrapping over a direct fire till it reached a
semisolid (Doughy) consistency. The pan
contents were removed from fire and solid mass
used for preparation of gulabjamun. (Rangi et.
al.1985). The ingredients like sugar, maida,
dates, vegetable ghee and baking powder were
procured from local market. 

The dates were washed and cleaned. The
fruits were cut in small pieces. The paste was
prepared by using electrically operated mixer-
cum-grinder using small quantity of milk. The
paste of date fruit was used to incorporate in
khoa as per treatments like T0 - control (without
date) T1, T2, T3 and T4 @ 10, 20, 30 and 40
per cent of khoa, respectively for preparation
of gulabjamun. The sugar syrup was prepared
by dissolving sugar in water in the proportion of
1:1 and kept for boiling for 10 to 15 minutes.
The syrup was ready when sugar concentration
reached 65 °brix. Gulabjamun were prepared
as per the procedure given by Srinivasan and
Aantakrishnan (1964). 

The total solids, fat, protein and ash of date
fruit were determined as per method described
by Ranganna (1986). The product was
analyzed for chemical parameters like total
solids, fat, protein and ash by adopting standard
ISI procedures. The product was judged by
panel of ten judges using nine point hedonic
scale for sensory attributes like colour and
appearance, body texture and flavour.  Sugar
syrup absorption of gulabjamun was

determined by taking the difference between
initial weight i.e. before soaking and weight
after soaking at different time of intervals such
as 30, 60, 90, 120, 150 and 180 minutes.

Results and Discussion

The data given in Table-1 indicated that
values for total solids, fat protein and ash
content of buffalo milk lies within the limits of
legal standards for buffalo milk in Maharashtra
state as prescribed by PFA rules, 1976 cited by
De, 2008.The figures are well comparable with
total solids, fat, protein and ash of khoa as
reported by Sharma et al. (1999) and De
(2008).Further, the values for total solids, fat,
protein and ash of gulabjamun are also
comparable with the values mentioned by
Shanmugavelu (1987) and Al-Shahib et al.
(2003).

Chemical quality : Table-2 shows an
average values for total solids, fat, protein and
ash content of gulabjamun. The highest total
solids content 70.61 per cent was observed for
treatment T4 i.e. gulabjamun prepared with 40
per cent date. The total solids content of
gulabjamun showed gradual increase with the
increase in the level of date as date possessed
higher amount of total solids (73.56%) as
compare to khoa (67.51%). The lowest total
solids content was recorded at treatment T0
i.e. control (69.11%). Prajapati et al. (1991)
reported that the total solids content of plain
gulabjamun as 71.83 per cent. The results are
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Table 1. Average chemical quality of buffalo milk used,
khoa prepared and fresh date fruit (per cent).

Constituents Buffalo Khoa Fresh
milk date

fruit

Total solids 15.43 67.51 73.56
Fat 6.14 21.60 0.30
Protein 3.70 23.06 2.90
Ash 0.80 3.16 1.70
Carbohydrates (by difference) 4.79 19.69 68.66



also in closed agreement with the values for
total solids content of plain gulabjamun
reported by Deshmukh et al. (1993) and
Sharma (2006) who stated the values ranged
from 68-75.4 per cent and 65-75 per cent,
respectively. As per BIS (1997) gulabjamun
should contain minimum 70 per cent total
solids.

The highest fat content (15.66%) of
gulabjamun was observed in control group i.e.
gulabjamun without date and lowest (9.66%) at
40 per cent level of date (T4). The results of
present investigation are in accordance with the
findings of Gulhati et al. (1992) who reported
total fat content varied from 8.66-16.04 per
cent in gulabjamun. Sharma (2006) reported
that the fat content of gulabjamun varied from
7.5-10.50 per cent. The treatment difference
are statistically significant at 5 per cent level of
significance indicating that there was
significance decrease in fat content of
gulabjamun due to increase in level of date.

The addition of date had significantly
affected the protein content of gulabjamun.
Blending of date showed gradual decrease in
protein content of gulabjamun. This decrease
may be attributed to the fact that as the level of
date increased, there was reduction in amount
of khoa on added percentage basis. Secondly
due to very low protein content of date (2-9 per
cent), its addition reduced the protein content
of the final product. The highest protein
content in gulabjamun (8.72 per cent) was
observed in treatment T0 i.e. control and
lowest (5.96 per cent) at 40 per cent level of
date (T4). Prajapati  et al. (1991) and Gulhati et
al. (1992) also mentioned that protein content
of gulabjamun varies from 8.38-10.17 per cent
and 9.25-17.81 per cent, respectively. BIS
(1997) recommended minimum protein
content of packed gulabjamun as 8.00 per
cent. Bandopadhyay et al. (2006) and Sharma
(2006) reported that protein of gulabjamun

varied from 3.78-8.65 per cent and 6.00-7.00
per cent, respectively.
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Table 2. Average chemical quality of date gulabjamun (per
cent).

Treat- Total Fat Protein Ash Total
ments solids carbo-

hydrate

T0 69.11 15.66 8.72 1.05 43.68
T1 69.41 13.88 7.45 1.02 47.06
T2 69.83 12.16 7.03 0.97 49.67
T3 70.21 10.94 6.47 0.95 51.85
T4 70.61 09.66 5.96 0.89 54.10
SE± 0.502 0.2934 0.194 0.023 0.6213
CD (5%) NS 0.864 0.572 0.067 0.916

Table 3. Sensory quality of date gulabjamun (Nine point
hedonic scale).

Treat- Colour Body Flavour Overall
ments and and accept-

appea- texture ability
rance

T0 7.08 7.10 6.89 7.02
T1 7.30 7.25 7.14 7.23
T2 7.43 7.62 7.39 7.47
T3 7.03 6.78 6.47 6.75
T4 6.42 6.56 6.10 6.36
T cal 11.36 20.63 15.16 21.26
T tab (5%) 9.4877 9.4877 9.4877 9.4877

Table 4. Average sugar syrup absorption (per cent) and
cost of production (Rs. kg-1).

Treat- Sugar syrup Cost of
ments absorption production

(%) (Rs.)

T0 88.94 121.39
T1 84.66 122.63
T2 80.18 123.26
T3 76.18 124.29
T4 73.94 125.38
SE± 0.715 -
CD (5%) 2.109 -



The result of present investigation in respect
of ash compared well with the findings of
Prajapati et al. (1992), Sharma (2006) and
Bandopadhyay et al. (2006) who recorded the
average ash content of gulabjamun as 0.94-
132 per cent,  0.9-1.0 per cent and 0.68-0.76
per cent, respectively. The higher ash content
(1.05 per cent) was observed in treatment T0
i.e. control and lowest in treatment T4 (0.89
per cent). This indicates that the ash content of
gulabjamun decreased due to increase in the
level of date.

The data regarding carbohydrates indicated
that, as the level of date increased the
carbohydrates content of gulabjamun increased
simultaneously. This increase may be attributed
to higher carbohydrates content of date
(68.66%) as compared to the khoa (19.69%).

Sensory quality : A good quality of
gulabjamun has characteristic light brown to
dark brown colour and spherical to oval shape.
The desired body of gulabjamun should be soft
and slightly spongy, while the texture should be
uniform and slightly granular (Ghosh et al.,
1986). Table-3 showed that the score for colour
and appearance was increased upto T2 i.e. 20
per cent addition of date, thereafter score
declined simultaneously. The highest score
(7.43) was obtained by the treatment T2 which
may be due to its slightly dark brown colour and
smooth surface where as lowest score (6.42)
was observed for treatment T4 i.e. jamun
blended with 40 per cent date. This lowest
score may be due to its dark blackish brown
colour and rough crack surface. Sharma (2006)
stated that gulabjamun is characterized by
brown colour and smooth, spherical shape.

The gulabjamun prepared from T2 i.e. 20
per cent level of date recorded highest score for
body and texture (7.62). These gulabjamuns
possessed soft body with spongy and porous
texture. The addition of date more than 20 per

cent affected the body, texture and porousness
also. The lack in porousness affects the rate of
sugar syrup absorption and the gulabjamuns
with 30 and 40 per cent addition of date lack in
porousness.

The sensory score for flavour increased up
to 20 per cent level of date (T2) and decreased
simultaneously at T3 and T4. Lowest score was
noticed for gulabjamun blended with 40 per
cent date (6.10). The highest score (7.39) with
20 per cent date gave characteristic oily and
slightly cooked flavour with optimum sweet
taste as suggested by Ghosh et al. (1986).

Sugar syrup absorption : The
gulabjamun blended with date had significantly
affected the rate of sugar syrup absorption. It
was observed that blending of date decreased
the rate of sugar syrup absorption. The date
fruit (Phoenix dactylifera L.) contains high
percentage of carbohydrates (total sugar-44-
88%) as well as high percentage of dietary fiber
(6.4-11.50 %) and the flesh of gulabjamun
contains 0.2-0.5 per cent oil (Al-Shahib et al.,
2003). The high percentage of carbohydrates,
dietary fiber and oil of date fruit may affect the
porosity of jamuns and this may be the reasons
for low rate of sugar syrup absorption in jamuns
hence, as a level of date increased there was
declining rate of sugar syrup absorption. Low
rate of sugar syrup absorption may be due to
the low porousness occurred during frying.

Cost of production : The cost of
gulabjamun production blended with date was
worked out by considering the prevailing retail
cost of ingredients only. The highest cost (Rs.
125.38 kg-1) was recorded for gulabjamun
blended with 40 per cent date, while lowest
cost (Rs. 121.39 kg-1) recorded for jamuns
without date (T0). It may be observed that the
cost of gulabjamun increased with the increase
in the level of date. The production cost of most
acceptable level (T2) was Rs. 123.26 kg-1.

Journal of Agriculture Research and Technology 127



References

Al-shahib, W., Richard, J. and Marshall. 2003. The fruit of
the date palm: Its possible use as the best food for the
future? Interna. J. Food Sci. and Nutrition, 54(4): 247-
259. 

Bandopadhyay, Mahuya, Mukharjee, R. S., Chakraborty,
Runu and Raychaudhuri, U. 2006. A survey on
formulations and process techniques of some special
Indian traditional sweets and herbal sweets. Indian
Dairy., 58(5): 23-35

BIS. 1997. IS: 11602, 1986, Reaffirmed 1997.
Compositional specifications for packed gulabjamun.
Indian standard Inst., Manak Bhavan, New Delhi,
India.

De, S. 2008. Outlines of Dairy Technology. Oxford
University Press. New Delhi, India.

Deshmukh, Smita, Sammanwar, R. D. and Sorate, G. D.
1993. Effect of homogenization of milk on the quality
of Gulabjamun. J. Fd. Sci. Technol. 30(3): 211-212.

Ghosh, B. C., Rajorhia, G. S. and Dharam Pal. 1986.
Complete Gulabjamun mix. Indian Dairyman, 38(6):
279.

Gulhati, H. B., Rathi, S. D., Syed, H. M. and Bache, C. S.
1992. Studies on qualities of Gulabjamun. Indian
Food Packer.  46(3), 43.

Prajapati, P. S., Thakar, P. N., Miyani, R. V. and Upadhyay,
K. G. 1991. Influence of use of khoa prepared from
concentrated milk on quality of gulabjamun. Indian J.
Dairy Sci. 44(6): 395.

Prajapati, P. S., Thakar, P. N. and Upadhyay, K. G. 1992.
Influence of use of presoaked suji (semolina) on quality
of gulabjamun. Indian J. Dairy Sci. 45(11): 630.

Prajapati, P. S., Thakar, P. N. and Upadhyay, K. G. 1994.
Preparation of gulabjamun from buffalo milk
khoa/dough incorporated with trisodium citrate.
Indian J. Animal Sci. 64(4): 411 

Ranganna, S. 1986. Handbook of analysis and quality
control for fruits and vegetable products. IInd Edition.
Tata McGraw Hill Publ. Co., Ltd.; New Delhi.

Shanmugavelu, K. G. 1987. Production Technology of
Fruit Crops, SBA Publication, Calcutta.

Sharma, H. K., Singhal, R. S. and Kulkarni, P. R. 1999.
Lactulose content of buffalo milk and milk products.
Indian J. Dairy Sci.  52(2): 78-81.

Sharma, R. 2006. Production, Processing and quality of
milk products, Published by "International Book
Distribution Company" Lucknow, (UP), India.

Srinivasan, M. R. and Anantakrishnan, C. P. 1964. Milk
Products of India. I.C.A.R. Publication, New Delhi.

Bhingardive et al.128

______________



The breed is mainly used for milk and
chevon. Due to its high breeding efficiency and
higher multiplication rate, it is considered as
one of the most important breed in this region.
Inspite of its economic importance the
population of the Sangamneri goats drastically
reduced due to encroachment of other breeds
and the Sangamneri became a threatened
breed. The efforts have been taken to conserve
this breed though the centrally sponsored
"Threatened Breed Conservation Programme"
and the genetic improvement is in progress
through the AICRP on goat improvement.
Under this programme the elite bucks were
procured from the farmers and supplied to the
goat keepers to improve their flocks. The
progeny generated from supplied bucks has
been registered and the ranking of bucks on the
basis of progeny performance has been carried
out. As very little information is available on this

breed the present investigation was conducted
to know the association of morphometric traits
with growth performance so one can judge the
body weight from body measurements.

Materials and Methods

The data pertaining to growth records of the
progeny generated under field conditions
through the bucks supplied by AICRP were
collected from All India Co-ordinated Research
Project on Goat Improvement (Sangamneri
field unit), M.P.K.V., Rahuri during the period
from 2004 to 2011. The various growth traits
included in the study, were body weight (BW),
body length (BL), height at wither (HW) and
chest girth (CG) at 1, 3, 6, 9 and 12 month of
age. The data were analysed by adopting the
least squares technique (Harvey, 1990) to
estimate the effect of cluster of village (COV),
year of birth (YOB) and season of birth (SOB).
The correlation also studied to know the
association of various morphometric traits with
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Abstract
The least squares means for body weights and measurements viz., length, height and girth averaged 5.01

± 0.02kg, 35.15 ± 0.06, 40.12 ± 0.07 and 38.94 ± 0.07 cm at 1 month, 9.12 ± 0.03 kg, 42.16 ± 0.68,
48.25 ± 0.07 and 47.55 ± 0.07 cm at 3 month,  13.98 ± 0.06 kg, 48.41  ± 0.10, 55.52 ± 0.11 and
54.84 ±0.11 cm at 6 month,  18.14 ±0.10 kg, 52.85 ± 0.17, 60.93 ± 0.16 and 59.90 ± 0.17 cm at 9
month and 22.30 ± 0.14 kg, 57.25 ± 0.20, 64.76 ± 0.21and 64.67 ± 0.21 cm at 12 month of age,
respectively. The  effect of year of birth, season of birth and location exhibited significant (P<0.01) influence
on the body weights and measurements at different ages from 1 to 12 month of age with some exceptions.
The phenotypic correlations between body weight and body measurements were found positive and
significant. The most of phenotypic and genetic correlations were positive and significant between body
weight and body measurement.

Key words : Body weight, body measurements, reproductive traits, phenotypic genetic
correlations.
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Table 1. Analysis of variance indicate the significance of various effects on body weight and measurements at pre weaning
age as affected by various factors under field conditions.

Source of Pre weaning age
variation ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1 month 3 month
–––––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––
d.f. M.S.S. d.f. M.S.S.

––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––
BW BL WH CG BW BL WH CG

YOB 7 15.18** 96.14** 221.13** 119.24** 7 26.50** 252.30** 210.16** 153.56**
SOB 2 4.59** 37.63** 63.50** 113.32** 2 11.97** 69.52** 84.76** 146.52**
COV 3 7.95** 567.29** 350.84** 283.23** 3 99.70** 11.19 601.37** 1939.59**
Error 4740 0.52 5.54 7.61 6.00 4219 1.73 8.20 10.45 9.40

**= P< 0.01, * = P<0.05

Table 2. Least squares means for body weight and measurements of pre weaning age as affected by various factors under
field conditions.

Source of 1 month 3 month
variation ––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––

N BW BL WH CG N BW BL WH CG

µ 4753 5.01 35.15 40.12 38.94 4232 9.12 40.16 48.25 47.55
(0.02) (0.06) (0.07) (0.07) (0.03) (0.68) (0.07) (0.07)

YOB
Y1 35 5.05 33.97 41.46 39.70 156 9.12 43.59 49:90 49.16

(0.12) (0.40) (0.44) (0.41) (0.10) (0.23) (0.26) (0.25)
Y2 348 4.92 35.04 39.07 38.90 289 9.04 41.99 48.31 47.98

(0.04) (0.13) (0.14) (0.13) (0.08) (0.17) (0.19) (0.18)
Y3 611 4.95 35.43 39.95 38.26 505 8.82 41.81 47.47 46.83

(0.03) (0.09) (0.11) (0.10) (0.06) (0.13) (0.14) (0.14)
Y4 691 5.23 35.93 40.37 39.41 669 9.11 42.16 47.72 46.92

(0.03) (0.10) (0.11) (0.10) (0.05) (0.12) (0.14) (0.13)
Y5 744 5.23 35.61 41.05 39.33 486 9.29 42.18 48.81 47.57

(0.02) (0.09) (0.10) (0.09) (0.06) (0.13) (0.15) (0.14)
Y6 783 4.97 35.28 39.94 38.61 711 9.36 42.69 48.53 47.74

(0.02) (0.09) (0.10) (0.09) (0.05) (0.11) (0.13) (0.12)
Y7 783 4.83 35.22 39.57 38.37 748 8.88 42.09 47.62 47.15

(0.02) (0.09) (.10) (0.09) (0.05) (0.11) (0.13) (0.12)
Y8 758 4.91 34.72 39.58 38.90 668 9.38 40.78 47.65 47.07

(0.02) (0.09) (0.10) (0.09) (0.05) (0.12) (0.13) (0.13)
SOB
Rainy 965 4.95 34.92 39.98 38.67 911 9.02 41.83 47.94 47.21

(0.02) (0.09) (0.10) (0.09) (0.46) (0.10) (0.11) (0.10)
Winter 3234 5.06 35.16 40.36 39.22 2837 9.21 42.25 48.45 47.87

(0.02) (0.06) (0.07) (0.06) (0.31) (0.06) (0.07) (0.07)
Summer 554 5.02 35.37 40.03 38.92 484 9.14 42.40 48.37 47.57

(0.35) (0.11) (0.12) (0.12) (0.64) (0.13) (0.15) (0.14)
COV
CV1 2609 5.02 34.24 39.54 39.41 2412 9.54 42.20 49.21 49.38

(0.02) (0.07) (0.08) (0.07) (0.03) (0.75) (0.08) (0.08)
CV2 671 5.12 35.50 40.81 39.20 537 9.03 42.16 47.98 47.03

(0.03) (0.10) (0.12) (0.11) (0.06) (0.13) (0.15) (0.14)
CV3 694 5.05 35.63 40.40 38.97 541 8.96 42.29 48.24 46.88

(0.03) (0.10) (0.11) (0.10) (0.06) (0.13) (0.14) (0.14)
CV4 779 4.86 35.24 39.75 38.18 742 8.97 41.99 47.58 46.92

(0.03) (0.10) (0.11) (0.10) (0.05) (0.11) (0.13) (0.12)

Figures in parenthesis indicate SE



body weight by adopting the procedure
suggested by Snedecor and Cochran (1994).

Results and Discussion

The overall body weight, body length,
height at withers and chest girth at 1 month of
age noticed in Sangamneri goat were 5.01 ±
0.02 kg, 35.15 ± 0.06, 40.12 ± 0.07 and
38.94 ± 0.07 cm, respectively (Table 2). Year
of birth, season of birth and location indicated
significant effect on the body weight and
measurement at 1 month of age of Sangamneri
goats (Table 1). Similar significant effect of year
of birth on body weight and body measurement
at 1 month was reported by Patil (2009) and
Mandakmale (2010) in Sangamneri kids. While
the non-significant effect of season of birth was
noticed by Patil (2009) in Sangamneri kids.
Mandakmale (2010) reported significant effect
of location in Osmanabadi goat and
Sangamneri goat.

The overall least squares means of body
weight and body measurements viz., body
length, height at withers and chest girth at 3
months of age recorded in Sangamneri goats
were 9.12 ± 0.03 kg and 40.16 ± 0.68, 48.25
± 0.07 and 47.55 ± 0.07 cm, respectively
(Table 2). Similar values were reported by
Mandakmale (2002) and Rathod (2010) in
Osmanabadi goat and Jagdale (2010) in
Sangmneri goat. Year and season of birth had
significant effect on the body weight and
measurements at 3 month of age of
Sangamneri goats. Similar significant effect of
year of birth on 3 month was noticed by Roy et
al. (2003) in Jamnapari goats, while
contradictory non-significant effect was
reported by Mandakmale (2002) in Osmanbadi
goat. Location exerted the significant influence
on body weight, height at withers and chest
girth while it was non-significant on body length
at 3 months of age of Sangamneri goats (Table
1). These results were in agreement with

Mandakmale (2002) in Osmanabadi goat and
Mandakmale (2010) and Jagdale (2010) in
Sangamneri goat.

The overall least squares means for body
weight and body measurements viz., body
length, height at wither and chest girth
recorded in Sangamneri goats at 6 months of
age were 13.98 ± 0.06 kg, 48.41 ± 0.10,
55.52 ± 0.11 and 54.84 ± 0.11 cm,
respectively (Table 4). Higher body weights
were reported by Rai et al. (2003) in Jakharna
and Tomor et al. (2004) in Sirohi. While the
results are in agreement with Mandakmale
(2002) in Osmanabadi goat. Year birth, season
of birth and location had significant effect on
body weight at 6 months of age in Sangamneri
goats (Table 3). The significant effect of season
of birth was noticed by Mandakmale (2002) and
Rathod (2010) in Osmanabadi goat. Year of
birth exerted non-significant effect on body
measurements at 6 months of age in
Sangamneri goats (Table 3). Season of birth
had significant effect on body length while non-
significant on wither height and chest girth at 6
months of age in Sangamneri goats. Location
recorded significant effect on body
measurements at 6 months of age in
Sangamneri goats. The significant effect of
location was agreed by Mandakmale (2002) in
Osmanabadi goat and Mandakmale (2010) and
Jagdale (2010) in Sangamneri goat.

The overall least squares means for body
weight and body measurements viz., body
length, height at withers and chest girth at 9
months of age in Sangamneri goats were
18.14 ± 0.10 kg and 52.85 ± 0.17, 60.93 ±
0.16 and 59.90 ± 0.17 cm, respectively (Table
4). Competitively higher body weights were
reported by Rai et al. (2004) in Jamnapari and
Roy et al. (2004) in Marwari goat. While the
lower body weights were reported by
Mandakmale (2002) in Osmanabadi goat. Year
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Table 3. Analysis of variance indicating the significance of various effects on body weight and measurements at post weaning
age as affected by various factors under field conditions.

Sour- Post weaning age
ce of ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
vari- 6 month 9 month 12 month
ation –––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––

d.f. M.S.S. d.f. M.S.S. d.f. M.S.S.
–––––––––––––––––––––––––––– –––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––
BW BL WH CG BW BL WH CG BW BL WH CG

YOB 7 17.16** 91.82** 43.13** 43.52** 7 9.80* 54.29** 51.43**16.57 7 15.35**37.56** 50.88**16.84
SOB 2 19.93** 44.61** 24.19 8.17 2 3.24 18.24 6.95 10.72 2 0.50 3.21 0.21 5.69
COV 3 40.41** 51.71** 78.36** 56.78** 3 104.79** 13.78 94.71**849.86** 3 43.50**189.15** 48.19**580.08**
Error 1388 3.05 9.40 11.23 10.99 837 4.38 12.35 11.08 13.05 639 5.35 10.31 12.07 12.08

** = P< 0.01, * = P<0.05

Table 4. Least squares means for body weight and measurements of post weaning age as affected by various factors under
field conditions.

Source of 6 month 9 month 12 month
variation ––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––

N BW BL WH CG N BW BL WH CG N BW BL WH CG

µ 1401 13.98 48.41 55.52 54.84 850 18.14 52.85 60.93 59.90 652 22.30 57.25 64.76 64.67
(0.10) (0.10) (0.11) (0.11) (0.10) (0.17) (0.16) (0.17) (0.14) (0.20) (0.21) (0.21)

YOB
Y1 69 13.53 48.21 54.45 54.43 51 18.13 53.41 60.57 60.36 26 22.15 57.49 63.50 64.20

(0.22) (0.38) (0.42) (0.41) (0.30) (0.51) (0.48) (0.53) (0.47) (0.65) (0.70) (0.70)
Y2 118 13.85 48.81 55.50 55.43 51 18.07 53.56 61.99 60.77 51 21.68 56.74 65.66 65.14

(0.16) (0.29) (0.31) (0.31) (0.30) (0.50) (0.48) (0.52) (0.33) (0.46) (0.50) (0.50)
Y3 183 13.68 48.37 55.50 54.20 142 17.85 52.88 62.05 59.56 122 21.88 56.86 65.19 64.00

(0.13) (0.23) (0.25) (0.25) (0.18) (0.31) (0.29) (0.31) (0.23) (0.31) (0.34) (0.34)
Y4 245 13.66 48.16 55.77 54.69 151 17.62 52.99 61.15 59.27 105 21.73 57.49 65.33 64.23

(0.12) (0.22) (0.24) (0.23) (0.19) (0.32) (0.30) (0.33) (0.25) (0.35) (0.38) (0.38)
Y5 163 14.13 48.82 56.32 55.07 82 18.09 53.15 60.87 59.77 38 22.88 58.25 65.73 65.68

(0.14) (0.24) (0.27) (0.26) (0.24) (0.41) (0.38) (0.42) (0.39) (0.54) (0.58) (0.58)
Y6 252 14.41 49.25 56.07 55.26 177 18.35 53.76 60.55 59.93 154 22.15 57.79 63.64 64.33

(0.12) (0.21) (0.23) (0.22) (0.17) (0.29) (0.27) (0.30) (0.21) (0.30) (0.32) (0.32)
Y7 245 14.15 48.92 55.73 55.47 157 18.16 52.43 60.17 59.97 135 22.65 56.17 64.21 64.61

(0.12) (0.21) (0.23) (0.23) (0.18) (0.31) (0.29) (0.32) (0.22) (0.31) (0.34) (0.34)
Y8 126 14.45 46.71 54.82 54.18 39 18.85 50.68 60.07 59.60 21 23.27 57.24 64.82 65.19

(0.16) (0.28) (0.31) (0.31) (0.83) (0.56) (0.53) (0.58) (0.51) (0.71) (0.76) (0.76)
SOB
Rainy 402 13.76 48.11 55.23 54.80 175 18.00 52.48 60.93 59.82 138 22.34 57.24 64.81 64.47

(0.09) (0.16) (0.17) (0.17) (0.16) (0.28) (0.27) (0.29) (0.22) (0.30) (0.33) (0.33)
Winter 803 14.17 48.71 55.67 55.00 554 18.22 52.90 60.75 59.70 445 22.25 57.41 64.74 64.57

(0.06) (0.12) (0.13) (0.13) (0.10) (0.17) (0.16) (0.18) (0-14) (0.19) (0.21) (0.21)
Summer 196 14.02 48.40 55.65 54.73 121 18.20 53.19 61.11 60.18 69 22.31 57.11 64.73 64.98

(0.13) (0.23) (0.25) (0.25) (0.20) (0.34) (0.32) (0.35) (0.29) (0.40) (0.44) (0.44)
COV
CV1 594 14.41 48.03 56.12 56.88 381 19.11 52.71 61.78 62.62 177 22.99 55.80 64.74 67.25

(0.08) (0.14) (0.15) (0.15) (0.12) (0.21) (0.20) (0.22) (0.17) (0.24) (0.26) (0.26)
CV2 275 13.67 48.14 55.46 54.13 158 18.00 52.84 61.11 59.26 132 22.36 57.32 65.47 63.80

(0.11) (0.20) (0.21) (0.21) (0.18) (0.31) (0.29) (0.32) (0.24) (0.33) (0.36) (0.36)
CV3 304 14.07 48.92 55.61 54.18 170 17.70 52.58 60.30 58.36 123 22.13 58.24 65.00 63.40

(0.11) (0.19) (0.21) (0.21) (0.17) (0.29) (0.27) (0.30) (0.23) (0.32) (0.35) (0.35)
CV4 228 13.79 48.54 54.89 54.16 141 17.75 53.29 60.51 59.36 109 21.71 57.66 63.83 64.24

(0.12) (0.22) (0.24) (0.23) (0.20) (0.33) (0.31) (0.34) (0.26) (0.36) (0.39) (0.39)

Figures in parenthesis indicates SE



of birth had significant effect on body weight,
body length and wither height and non-
significant effect on chest girth at 9 months of
age in Sangamneri goats (Table 3). This result is
confirmed with the results reported by
Mandakmale (2002) in Osmanabadi and
Jagdale (2010) in Sangamneri goat. Season of
birth had non-significant effect on body weight
and body measurement at 9 months of age in
Sangamneri goats. Similar results were noticed
by Mandakmale (2002) and Rathod (2010) in
Osmanabadi goat. Location had the significant
effect on body weight, wither height and chest
girth and non-significant effect on body length
at 9 months in Sangamneri goats (Table 3).
Similar results were noticed by Mandakmale
(2002) in Osmanabadi goat, Jagdale (2010)
and Mandakmale (2010) in Sangamneri goat.

The overall least squares mean for body
weight and body measurements viz., body
length, height at withers and chest girth at 12
months of age in Sangamneri goats were
22.30 ± 0.14 kg and 57.25 ± 0.20, 64.76 ±
0.21 and 64.67 ± 0.21 cm, respectively (Table
4). Similar results were reported by Roy et al.
(2003) in Jamnapari goat. Year of birth had
significant effect on body weight, body length
and wither height and non-significant effect on
chest girth at 12 months of age in Sangamneri
goats (Table 3). The significant effect of year of
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Table 5. Phenotypic and genotypic correlations amongst
body weight at various stages.

Weight at 1 3 6 9 12 
month month months months months months

1 month - 0.569 0.657 0.314 0.140
3 months 0.291 - 0.557 0.391 0.320
6 months 0.194 0.262 - 0.832 0.602
9 months 0.097 0.175 0.369 - 0.912
12 months 0.057 0.152 0.289 0.435 -

Above diagonal phenotypic and below diagonal are
genotypic correlations.
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birth and location were observed by
Mandakmale (2002) in Osmanabadi goat.
Season of birth had non-significant effect on
body weight and body measurement at 12
months of age in Sangamneri goats. However,
the non-significant effect of season of birth
exerted on body weight and body measurement
were reported by Deshmukh (1996). Location
recorded significant effect on body weight and
body measurement at 12 months in
Sangamneri goats (Table 4).

The positive and highly significant
phenotypic correlation among body weights
and body measurement at the stage of age were
observed except between body length at 1
month and body weight at 9 and 12 month age
(Table 5 and 6). The positive and highly
significant phenotypic correlation were also
reported by Mishra and Rawat (1984) in Sirohi.
The positive and highly significant genetic
correlations among body weights and body
measurement at all the months of age were
observed except 1 month body weight as
reported earlier by Bhoite et al. (1993) in
Angora.

The result of this experiment concludes that
feeding and management plays important role
in obtaining better growth performance. A
significant genetic and phenotypic correlation
among morphometric traits indicate that the
animals can be selected on the basis of early
growth and morphometric characteristics of
Sangamneri goats.
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The production cost of poultry meat is
increasing mainly due to the increasing cost of
broiler feedstuff which constitute about 80 per
cent of the total productive cost. Therefore,
considering the importance of increasing feed
cost, growth promoters were used to enhance
growth rate, to improve the feed efficiency and
to reduce the production cost of broiler. The
major growth promoters added in the feed of
broilers are antibiotics. But because of their
residues and subsequent occurrence of
antibiotics resistant bacteria (Guler et al., 2006)
there is great interest in developing natural
alternatives to antibiotics growth promoters.

Black cumin (Nigella sativa L.) seed is called
as black seed, kalajira or kalongi and used as a
natural growth promoter in animals (Guler et
al., 2006). Black cumin seed have been used in
traditional medicine as diuretic and
antihypertensive (Zaoui et al., 2000), digestive,

appetite stimulant and antibacterial agent. The
seed and seed oil are used as nutritional
supplements and also as spice. It contains a
volatile oil (0.5-1.6%), a fixed oil (35.6-41.6%),
proteins (22.7%) and amino acids (Al-Gaby,
1988). The seeds have also been found to
contain fats, crude fiber, minerals; e.g. Fe, Na,
Gu, Zn, P, Cu and vitamins like ascorbic acid,
thiamine, niacin, pyridoxine and folic acid
(Takruri and Damen, 1998). Black cumin seed
yield esters of fatty acids, free sterols and
sterolesters (Menounos et al., 1986). By
considering the importance of black cumin in
diet the present study was conducted.

Materials and Methods

The trial was conducted with 180, one day
old 'Vencob' broiler chicks. The birds were from
same hatch and were reared under uniform
management condition up to six week of age.
On arrival the chicks were randomly divided
into six treatment with three replication of thirty
chicks each treatment or ten chicks each
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The average weekly feed consumption of broiler were 685.86, 643.24, 626.41, 591.26 and 582.80g
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replication. The birds were reared in deep litter
system up to six weeks of age. Before the
arrival of chicks, the pens, brooders, waterers
and feederers were thoroughly cleaned, washed
and disinfected.

All the birds were fed commercial broiler
starter diet from 1 to 21 days. After 21 days the
control (T0) group was fed with standard broiler
finisher diet and T1 to T5 were fed standard
broiler finisher diet plus black cumin seed
powder at the rate of 0.5, 1, 1.5, 2 and 2.5 per
cent, respectively up to six weeks of age. The
birds of different groups were fed separately
throughout the experiment period, daily at
0830 hrs and 1730 hrs. Weighted quantity of
feed was offered and left over was collected and
weighted next morning at 0830 hrs to
determine the daily feed consumption. Fresh
and clean water was offered to all the birds.
Daily water consumption was estimated as
difference between total quantity of water
offered and quantity of left over during 24
hours period.

The body weight of individual birds from
each group was taken at weekly intervals,
starting from the day old stage. The birds were
weighted during morning hours before feeding.
The growth rate of birds was reflected through
the weekly weight gain. The average weekly
weight gain of the birds of various groups was
calculated by subtracting the previous week's
average weight of the group of birds from the
present week's average weight of the group of
birds.

Feed consumption and weight gain for each
week were worked out for each treatment
separately and Feed Conversion Ratio (FCR) of
the birds was calculated. Feed were analyzed for
the proximate principles as per A.O.A.C
(2005) method.

The cost of rearing of the broiler chicks for
experimental period was calculated by taking

into consideration the sum of cost of chicks,
cost of feed consumed by birds, litter cost,
medication and miscellaneous (wages, electrical
charges, department byre, water charges) and
net profit per birds was calculated on live body
weight basis.

All the chicks were vaccinated with F strain
of Lassota vaccine on the fifth day and
vaccination against Gumboro disease was given
on 14th day of hatching. In addition all the birds
were given medicine Groviplex on fifth day for
three days and on 14th day for three days
through fresh water @ 1 ml lit-1, of water.
Incidence of death of the chicks during the
experiment period was recorded.

The statistical analysis of the data obtained
for live weight, gain in weight, feed
consumption, feed efficiency was carried out as
per Snedecor and Cochran (1994) using
completely randomized design.

Results and Discussion

The chemical composition of broiler starter,
broiler finisher feed and black cumin seed
powder is presented in Table 1. The broiler
starter and finisher contained 21.28 and 19.34
per cent crude protein, 4.56 and 4.73 per cent
crude fat, 65.65 and 68.55 per cent NFE, 6.59
and 5.63 per cent crude fibre, 1.92 and 1.75
per cent total ash, respectively.The black cumin
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Table 1. Chemical composition of experimental feed
ingredients (%DM basis).

Proximate Boiler Boiler Black
principal starter finisher cumin

seed
powder

Dry matter 91.24 88.96 95.36
Crude protein 21.28 19.34 20.85
Crude fat 4.56 4.73 38.20
Nitrogen free extract 65.65 68.55 28.64
Crude fibre 6.59 5.63 7.94
Total ash 1.92 1.75 4.37



seed powder contained 20.85 per cent crude
protein, 38.20 per cent crude fat, 28.64 per
cent NFE, 7.94 per cent crude fibre and 4.37
per cent total ash. Composition of black cumin
seed observed in the present investigation was
in agreement with that reported by Wagner and
Fransworth (1990). They found that black
cumin contained 20.2 per cent crude protein,
32.0 per cent crude fat, 37.2 per cent NFE,
6.6 per cent crude fibre and 4.0 per cent total
ash. Al-Gaby (1988) showed that black cumin
contained 35.6-41.6 per cent crude fat and
22.7 per cent crude protein.

The average weekly feed consumption of
broilers in different groups is presented in Table
2. In present investigation average weekly feed
consumption were 685.86, 643.24, 612.65,
626.41, 591.26 and 582.80 g in treatments
T0, T1, T2, T3, T4 and T5, respectively. It was
evident from the table that average feed
consumption of broiler was less significantly
(p < 0.05) than control group because of
additional levels of black cumin seed. 

The statistical analysis revealed that all the
treatments were significantly (p < 0.05) differed
from each other for total feed consumption.
The findings of present study was in accordance
with results of Talha and Ahmed (2010) who

observed average feed consumption of 855.8,
805.8 and 827.4 g bird week in 0, 1.0 and 2.0
per cent WCNSS (whole crushed Nigella sativa
seed), respectively. Thus, they also reported
decreased feed consumption than control
group by addition of whole crushed Nigella
sativa seed in the diet.

The average weekly live body weights were
recorded from a day old to six weeks of age of
broiler from different groups and are presented
in Table 2. The average weekly live weights of
broilers were 752.53, 780.41, 814.36,
875.07, 718.06 and 717.55 g in T0, T1, T2,
T3, T4 and T5 treatments, respectively. The
average weekly live body weight was highest
(875.07 g) in T3 group as compared to control
group (752.53 g). It may be because of broiler
fed black cumin seed powder containing higher
fat percentage.

The statistical analysis revealed that the
average weekly live weight obtained in T3
treatment significantly (P<0.05) increased as
compared to other treatments. Similarly
treatments T4 and T5 were at par with each
other. This indicated that supplementation of
black cumin seed powder at level of 0.5 per
cent to 1.5 per cent significantly improved the
average weekly live weight than the control
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Table 2. Average weekly growth performance of broiler as affected by supplementation of black cumin seed powder into
diet.

Treat- Feed Live Gain in FCR Water Mortality
ment consumption body weight body weight (kg feed consumption (%)

(g bird-1) (g bird-1) (g bird-1) kg-1 weight) (g bird-1)

T0 685.86a 752.53d 283.05c 2.36a 1313.5d 3.3
T1 643. 24b 780.41c 291.43c 2.18b 1355.93bc 6.3
T2 612.65c 814.36b 304.86b 1.98c 1326.80cd 3.3
T3 626.41d 875.07a 321.64a 1.90d 1393.12a 3.3
T4 591.26e 718.06c 273.08d 2.15b 1370.26ab 0.0
T5 582.80f 717.55c 264.34d 2.15b 1375.53ab 3.3
S.E.± 2.12 5.97 2.89 0.025 7.88 -
C.D. at 5% 6.51* 17.78* 8.89* 0.077* 24.19* -

* p<0.05 The means having different superscript differed significantly.



group where no herbal supplementation had
been done. However, the level of 2.0 and 2.5
per cent black cumin supplementation were
found significantly lower weekly live weight
than control group.

Similar findings were observed by Beitawi
and Ghousein (2008) who observed that the
body weight was highest in 1.5 per cent (i.e.
1931.36 g) followed by control (1842.2 g), 2.0
per cent (1812.95 g), 2.5 per cent (1821.57 g)
and 3.0 per cent (1836.15 g) on
supplementation of black cumin seed in
chicken.

The average weekly gains in body weight of
broilers from day old to six week of age were
283.05, 291.43, 304.86, 321.64, 273.08
and 264.34 g in T0, T1, T2, T3, T4 and T5
treatments, respectively. From the statistical
analysis it was observed that average gain in
body weight in treatment T3 (1.5 % level of
black cumin seed) group was significantly
(P<0.05) increased over other treatments. The
highest gain in body weight was observed in T3
group followed by T2, T1, T0, T4 and T5,
treatments, respectively. Treatment T0 and T1
and treatment T4 and T5 were at par with each

other. Results of present investigation were in
agreement with Guler et al. (2006) who
showed the effect of dietary black cumin seeds
on performance of broilers. They fed six groups
of 60 chicks with antibiotic (no black cumin), 0
(control), 0.5, 1.0, 2.0, 3.0 per cent black
cumin over an experimental period of 22-42
days. The results indicated that the birds
receiving 1.0 per cent black cumin had a
significantly higher average daily weight gain
(80.61 g bird-1) than 0 (control), 2.0 and 3.0
per cent black cumin groups. Shewita and Taha
(2011) reported that supplementation of
Nigella sativa at rate of 1.0 to 1.5 per cent of
the diet, increased weight gain. However, as the
concentration of Nigella sativa in the diet
increased, it showed the significant decrease in
the body weight gain.

It was observed from the Table 2 that
average weekly feed conversion ratio were
2.36, 2.18, 1.98, 1.90, 2.15 and 2.15 for
treatment T0, T1, T2, T3, T4 and T5,
respectively. Treatment T3 had significantly
(P<0.05) good feed conversion ratio over the
other treatments. Treatments T4 and T5 were
at par with each other. Similar findings were
observed by Beitawi and Ghousein (2008) who
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Table 3. Economics of broiler production.

Particulars Treatments
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
T0 T1 T2 T3 T4 T5

Live weight at end of 6th week of age (kg) 1.750 1.800 1.880 1.982 1.690 1.640
Average feed consumption bird-1 (kg) (1-21 days) 1.162 1.070 1.010 1.038 1.006 0.967
Average feed consumption bird-1 (kg) (22-42 days) 2.953 2.789 2.665 2.720 2.561 2.529
Average feed consumption bird-1 (kg) (1-42 days) 4.115 3.859 3.675 3.758 3.567 3.496
Cost of feed bird-1 (Rs.) (1-42 days) @ Rs. 16/- kg-1 65.84 61.74 58.80 60.12 57.07 55.93
Black cumin required birds-1 (g) (22-42 days) - 13.94 26.64 40.80 51.21 63.21
Cost of black cumin seed birds-1 @ Rs. 350/- kg-1 - 4.87 9.32 14.28 17.92 22.12
Cost per chicks (Rs.) 25 25 25 25 25 25
Expenditure on medicine and miscellaneous (Rs.) 2 2 2 2 2 2
Net production cost per bird (Rs.) 92.84 93.61 95.12 101.40 101.99 105.05
Return on sale on birds @ Rs.75 kg-1 live weight 131.25 135 141 148.65 126.75 123
Net profit per bird (Rs.) 38.41 41.39 45.88 47.25 24.76 17.95



also observed that the feed conversion ratio was
good in 1.5 per cent (1.95) as compared to
control (2.10), 2.0 per cent (2.06), 2.5 per cent
(2.09) and 3.0 per cent (2.08) for adding
crushed black cumin seed. Talha and Ahmed
(2010) who reported significantly improved
feed conversion ratio, by supplementation with
black cumin seed powder.

The average total water consumption per
bird during six weeks of experimental period
was highest (1393.12 ml bird-1 week-1) in T3
group and lowest (1313.57 ml bird-1 week-1) in
T0 group. The differences due to various
treatments in weekly water intake of birds did
not show any definite trend. The statistical
analysis revealed that differences in total water
consumption due to different treatments were
significant (P<0.05). Control group (T0)
consumed significantly less water as compared
to other groups but it was found at par with
treatment group T2. Treatment T3 was
significant over the treatment T0, T1 and T2
while it was at par with the treatment T4 and T5
Singh et al. (1999) observed that broilers
consumed less water brooded on floor. The
results of the present investigation were
supported by these findings.

During the experimental period, mortality of
broilers was observed 3.3, 6.3, 3.3, 3.3, 0.0
and 3.3 per cent for the treatment groups T0,
T1, T2, T3, T4 and T5, respectively. The
highest mortality was observed in T1 group.
The overall mortality of broiler birds observed
was 4.0 per cent for all the treatments. The
results indicate that supplementation with black
cumin seed powder did not affect mortality of
broilers. Ismail (2011) reported that the
mortality was negligible with no difference
between the control (2.5%), dietary black cumin
seed (1.6%) and black cumin seed extract
(1.6%) groups.

The economics of broiler production was

calculated on the cost of production of broiler
mainly depends upon the cost of chick, cost of
feed consumed by the birds, the cost of
medicines and miscellaneous inputs for broiler
production and is presented in Table 3. It was
observed that the average total feed
consumption of all treatments were 4.115,
3.859, 3.675, 3.758, 3.567and 3.496 kg and
the average live body weight of the broiler were
1.750, 1.800, 1.880, 1.982, 1.690 and
1.640 kg in T0, T1, T2, T3, T4 and T5
treatments, respectively at the end of 6th week.
The highest live weight was obtained in T3
followed by T2, T1, T0, T4 and T5 treatments.

The cost of production per bird was Rs.
92.84, 93.61, 95.12, 101.40, 101.99 and
105.05 and return on sale on birds was Rs.
131.25, 135, 141, 148.65, 126.75 and 123
for T0, T1, T2, T3, T4 and T5 treatments,
respectively. The net profit per bird was higher
in T3 (Rs. 47.25) followed by T2 (Rs.45.88), T1
(Rs. 41.39), T0 (Rs.38.41), T4 (Rs.24.76) and
T5 (Rs.17.95) treatments. The highest net
profit was obtained in T3 treatment than the
others.

From the present study it is concluded that
the supplementation of 0.5, 1 and 1.5 per cent
black cumin seed powder in the broiler diet
significantly improved growth performance of
broiler with economic production than un-
supplemented group.
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Insect pests and diseases survey indicated
occurrence of aphid on safflower. Aphids infest
safflower at all stages of the crop. During pre-
flowering stage aphid nymphs and adults suck
the cell sap from shoot apices, peduncles,
leaves and stem and secrete a honey dew like
secretion on upper surface of the leaves and
plant parts forming a black sooty mold which
hinders photosynthetic activity resulting in
stunted growth and about 40-50% yield losses
have been occurred due to this pest (Kaakeh et
al., 1993). The safflower grower resort more
unscheduled and injudicious use of chemical
insecticides that upset delicate balance of field
prevailing natural enemies. Sole reliance on
chemical control leads to problems of pest
resistance, resurgence of pests and
environmental pollution. Under such
circumstances the use of plant based pesticides
in pest management is considered ecological
viable positions which overcome the above
problems. 

The substances of plant origin, known to be
active against pests on cultivated plants, are
alkaloids, non-protein amino acids, steroids,
phenolic compounds, flavonoides, glycosides,
glucosinolates, tannins, and terpenoids which
are usually secondary plant metabolites (Singh,
2010). 

The aim of present investigations were to
determine the active compounds by
biochemical analysis in marigold extract and to
evaluate potential  leaves extract of marigold
under field conditions. 

The laboratory and field experiments were
conducted during the November 2011 to April

2012 at MGM College of Agricultural
Biotechnology, Aurangabad. The fresh leaves
of marigold were collected, dried under shade
and grounded to a fine powder. Different
concentrations of leaves extracts were prepared
by adding powders to distilled water. The
mixture was boiled, filtered and diluted for use
as plant based pesticide. It was tested
qualitatively for the presence of flavanoids,
alkaloids, saponins, tannins, terpenoids,
steroids, phlobatannins, glycosides,
anthraquinones, catachol and phenols following
the methods outlined by Thimmaiah (1999).
Safflower seeds of Bhima variety was sown at
College Instructional Farm. The size of
experimental plot was  2.7 x 5 meter with three
replications and a spacing of 45 x 20 cm. The
sowing of safflower seeds was done in the
month of November. The observations on
aphids population was recorded to know the
efficacy of marigold leaves extracts.

The bio-efficacy of marigold leaves extract
against aphids on safflower was recorded. The
pre-treatment observations were recorded. The
effective concentration of extract was applied
on selected safflower plants of one month old in
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Biochemical Analysis and Bio-efficacy of Marigold (Tagetes
erecta L.) Leaf Extract Against Safflower Aphids

Table 1. Biochemical quantitative analysis of marigold
leaves extract.

Quantitative analysis Standard Obser
for secondary observation vations
metabolite recorded

Flavanoids Yellow coloration +
Terpenoids Yellow orange colour +
Glycosides Brick red coloration +
Alkaloids Turbidity +
Steroids Reddish brown ring +



the experimental field.  The observation on
aphids population were recorded one day
before spraying and the  percent reductions of
aphid populations were recorded after 1, 3 and
7 days after spray. The data obtained on
various observations was analyzed by "Analysis
of variance" method given by Panse and
Sukhatme (1967). 

The investigations were carried out to know
the different secondary metabolites having
pesticidal properties at biochemical level in
marigold under laboratory conditions during
rabi season, 2011. The evaluation of the
marigold leaves extract under field conditions
against aphids were also conducted at the
College Instructional Farm at village Gandheli.
The findings of these investigations are as
follows-

The secondary metabolites are essential in
plant defense system against pest, active
compounds present in marigold plants produce
a high diversity of natural products or

secondary metabolites with a prominent
function in the protection against predators and
microbial pathogens on the basis of their toxic
nature and repellence to herbivores and
microbes and also important for the
communication of the plants with other
organisms (Schafer et al., 2009), the function
of terpenoids a  defense as toxins and feeding
deterrent to plant feeding insects, glycosides as
a toxic to herbivores (Gersheranzon,  J. C. R.,
1991). The aim behind biochemical analysis
was to determine an active compounds in
marigold, as these compounds helps in plant
defense system against pest i.e. aphids. It was
observed that marigold contains number of
secondary metabolites i.e. flavanoids,
triterpenes,  glycosides, alkaloids and steroids
(Table1).

Efficacy of marigold leaves extracts against
safflower aphids under field conditions :During
the field application 10 per cent marigold
leaves extract was sprayed  on safflower plants
and results are presented in Table 2 and 3. The
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Table 2. Population Dynamics of Safflower Aphids DBS Under Field Condition.

Treat- Aphids population DBS
ment ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

R1 R2 R3 R4 R5 R6 R7 Mean
population

T0 - Water 42.85 40.81 41.90 42.02 43.00 42.08 41.08 41.96
T1 - Diamethoate 30% EC 56.00 53.80 51.80 54.70 52.63 55.51 51.17 53.65
T2 - Merigold leaves extract 47.42 43.80 44.42 45.88 48.05 47.56 46.07 46.17

S.E: ±  1.68, C.D.  (P=0.05) N.S.

Table 3. Per cent mortality of safflower aphids under field conditions.

Treat- Mortality per cent of safflower aphids
ment ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

R1 R2 R3 R4 R5 R6 R7 Mean
population

T0 4.98 4.92 4.97 3.92 4.91 4.90 4.89 4.78
T1 82.24 81.00 82.21 81.20 83.20 81.08 82.29 81.87
T2 31.26 29.00 29.01 32.08 31.06 31.07 30.23 30.54

S.E: ±  0.95, CD at 0.05 ± 2.16



leaves extracts along with untreated control for
their efficacy against aphids of safflower under
field conditions was evaluated. The data on
efficacy of various treatments in reducing the
aphids population after spraying is furnished.

It was revealed from the data presented in
Table 2 on population dynamics of safflower
aphids under field conditions that there were
no significant differences recorded in all the
treatments. The data recorded on  percent
mortality of safflower aphids under field
condition as showed in Table 3 indicated that
the chemical treatment T1 i.e. Diamethoate 30
per cent EC showed  81.87 per cent total
mortality of aphids and was  found superior
over all other treatments  i.e. T2 marigold
leaves extract (30.54 %)  and T0 water (4.78%)
after  1, 3 and 7 days of application.

The observations recorded on percent aphid
mortality revealed that chemical treatment
Diamethoate 30 per cent EC recorded high
percent mortality  however  the plant extract
tested in the  present investigation the
treatments like  marigold leaves extracts 10
percent recorded 1/3rd mortality of aphids as
compared  to chemical spray.  

By considering the ill effects of pesticides
there will be a scope for use of   plant originated
pesticides in the field of plant protection. 

The present investigation is in line with the
earlier research workers. Similar type of
research was carried out by the earlier research
workers on effectiveness of different plant

extracts against aphids. It was revealed that the
higher effectiveness of freshly prepared
Marrigold leaf extract and NSKE against aphids
were effective against aphids (Venkateshan et
al. 1987). 

A. B. Kshirsagar
A. K. Pande

MGM College of Agricultural Biotechnology, 
Aurangabad - 4310 03 India
April 23, 2013
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In India Rice is one of the most important
cereal crops and it occupies 48 M.ha area with
production of 88 mt (2012)  Further upland rice
is grown on nearly 10 lakh hectares in Uttar
Pradesh. Water is the main constraint for rice
production, Hence, there is a urgent need to
develop upland rice varieties, which can survive
under limited water. Genetic diversity is a
powerful tool for determination of genetic
discrimination among the genotypes which
helps to select appropriate genotype(s) for
hybridization for development of high yielding
varieties (Bhatt, 1970). With the development
of advanced biometrical methods such as
Multivariate analysis (Rao, 1952) based on
Mahalonobis's D2 statistics and principal
component analysis (PCA), it is  possible to
quantify the magnitude of genetic diversity
among the germplasm for their evaluation in
respect of breeding programme. For the
development of any genotype with desirable
traits, it is necessary to include diverse parents

in crossing programme. Arunachalam (1981)
reported that more diverse the parents, greater
the chances of obtaining heterotic F1.
Divergence analysis is a useful tool in
quantifying the degree of divergence between
biological population at genotypic level and to
assess relative contribution of different
components to the total divergence both at
intra and inter-cluster levels (Murty and
Arunachalam, 1966 and Ram and Panwar,
1970). It also permits to select the genetically
diverged parents which can produce new
recombinants with desirable traits when they
are crossed together. Joshi and Dhawan (1966)
reported that genetic diversity was very much
important factor for any hybridization program
aiming at genetic improvement of yield
especially in self pollinated crops. They also
inferred that Mahalanobis's D2 statistics was a
powerful tool for choosing parents for
hybridization aiming at hybrid improvement.
Hence, the present study was, undertaken to
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Genetic Diversity Analysis of Upland Rice (Oryza sativa L.)
Germplasm

Table 1. Variability parameters for 13 quantitative characters in upland rice germplasm.

Characters GCV PCV b2 (bs) Genetic Genetic advance
(%) (%) (%) advance as % of mean

Days to 50% Flowering 8.82 8.90 74 5.13 6.39
Plant height 9.30 9.42 94 22.37 18.91
Flag leaf length 10.89 12.08 81 6.99 20.22
Flag leaf width 7.27 11.62 39 0.13 9.37
Number of panicles per hill-1 28.86 30.79 88 4.66 55.97
Number of panicles hill-1 34.26 36.74 87 4.78 55.83
Panicle length 10.29 12.72 65 3.98 17.14
Days to maturity 6.46 6.55 82 5.60 5.32
Number of spikelets panicle-1 16.74 16.78 100 53.00 34.42
Biological yield hill-1 35.35 35.89 97 19.62 71.71
Harvest index 25.51 25.77 98 23.29 52.03
Test weight 8.28 9.69 73 3.49 14.59
Seed yield plant-1 23.74 25.08 90 5.70 46.27

GCV=Genotypic Coefficient of Variation, PCV=Phenotypic Coefficient of  Variation, h2(bs)=Heritability (broad sense)



analyze the genetic diversity in 32 genotypes of
upland rice, to identify diverse genotypes,
which could be used as parents in developing
heterotic rice hybrids.

A total of 32 upland rice genotypes
obtained from IRRI, Philippines (2010).
Experiment was conducted at experimental
field, Department of Genetics and Plant
Breeding, Allahabad during kharif season of
July 2012 to October 2012. Sowing was done
in 2 x 5 m2 plots in randomized block design
with three replications using two to three seeds
hill-1 with a spacing of 15 x 10 cm. Cultural
practices were followed to raise the crop as per
recommendations for rainfed rice. Observations
from five randomly selected plants from
individual plot were recorded for plant height
(cm), days to maturity, number of panicles
hill-1, number of spikelets panicle-1, flag leaf

length (cm), flag leaf width (cm), biological yield
hill-1, harvest index, panicle length (cm), 1000-
grain weight (g) and grain yield (t ha-1). Means
of these data over the replications were
subjected to both univariate and multivariate
analysis. Genetic divergence was studied by
following Mahalanobis's (1936) generalized
distance (D2) extended by Rao (1952).

The analysis of variance revealed the
presence of significant variability among rice
genotypes for all the characters studied.  Both
PCV and GCV estimates werehighest for
Biological yield-1 plant (Table 1). High estimates
of heritability was recorded for all the
characters except for flag leaf width, which
ranged from 39 per cent (flag leaf width) to 100
per cent (number of spikelets panicle-1).
Johnson (1959) reported that high heritability
should be accompanied by high genetic
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Table 2. Grouping of 32 upland rice genotypes into different clusters.

Cluster Number Genotype included
number genotype

I 3 IR 82635-B-B-143-1,  IR 82589-B-B-84-2,  IR 82590-B-B-102-4

II 7 IR 82589-B-B114-3,  IR 82635-B-B-88-2,  IR 83747-B-B-82-,  IR 78914-B-B-22-B-B-B,  
IR 72860-107-3-2,  IR 82589-B-B-124-2,   IR 82589-B-B-14-4 

III 1 IR 82589-B-B-44-9

IV 9 IR 83384-B-B-102-3  IR 82635-B-B-58-1,  IR 82635-B-B-75-2,  IR 82639-B-B-200-4, 
R 82589-B-B-67-2,  IR 82589-B-B-13-3,  IR 82589-B-B-2-2,  IR 82635-B-B-47-1, 
IR 82589-B-B-2-3

V 2 IR 82590-B-B-98-2,  IR 82589-B-B-7-2

VI 10 IR 83749-B-B-46-1, IR 82589-B-B-51-4,  IR 8484-27-1,   IR 83750-B-B-137-1, IR 82635-145-
1, IR 82589-B-B-138-2,  IR 82589-B-B-121-3,  IR82589-B-B-36-2, IR82589-B-B-95-2, 
Vandana

Table 3. Intra (Diagonal) and Inter Cluster (offdiagonal) distance (D2) in upland rice germplasm.

Cluster I Cluster II Cluster III Cluster IV Cluster V Cluster VI Cluster

I 1246.689 2261.561 2938.822 2284.619 2240.699 7284.254
II 0.000 2980.917 606.893 5366.629 2772.571
III 0.000 3458.300 4055.206 6514.945
IV 0.000 6308.192 2804.241
V 0.000 13079.762
VI 3250.319



advance to arrive at more reliable conclusion.
Therefore, genetic advance was also computed.
A perusal of genetic advance for all the
quantitative characters under study ranged from
5.32 per cent (panicle length) to 71.71 per
cent (biological yield).  High heritability coupled
with high genetic advance was registered for
Biological yield-1 plant, suggesting
predominance of additive gene action in the
expression of these traits. 

Based on relative magnitude of D2

estimates, 32 genotypes were grouped into six
clusters (Table 2). Among the different clusters,
cluster VI contained maximum 10 genotypes
followed by cluster IV and cluster II with 9 and
7 genotypes, respectively. Cluster I contained
three genotypes  while V  had two and III
contained one genotype. The pattern of group
constellations reaveled that significant variability
existed among the genotypes.The clustering
pattern of genotypes (Table 2) revealed that the
genotypes of different states and different
duration groups were clubbed together in one
cluster  or genotypes of same state and duration
were distributed in different clusters. As
observed from the clusters, the genotypes
included in cluster IV are different duration
groups  indicating that there was no parallelism
between clustering pattern and duration of

genotypes. Similar finding was reported by
Binodh et al. (2010).

Therefore, the kind of genetic diversity
found among the genotypes belonging to same
geographic origin might be due to difference in
adaptation, selection criteria, selection pressure
and environmental conditions (Vivekananda
and Subramanian, 1993). A wide range of
variation was observed in cluster means for all
the characters studied (Table 3). The cluster I
was characterized by maximum number of
panicle number plant-1 and effective  tillers
plant-1. The cluster III had highest value for
plant height, flag leaf width, harvest index and
seed yield plant-1. The cluster VI was
characterized  for days to 50 per cent
flowering, days to maturity and highest test
weight. The selection and choice of parents
mainly depends upon contribution of characters
towards divergence (Nayak et al., 2004). In the
present study (Table 4) the number of spikelets
panicle-1 (48.19 %) followed by harvest index
(27.42 %), biological yield (10.48%) and test
weight (10.28) had maximum contribution
towards divergence. In addition, plant height
(1.21%) and days to maturity (1.01%) also
contributed towards total divergence.

The genotypes  included in cluster VI were
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Table 4. Cluster mean values of 6 clusters for 13 quantitative characters in upland rice and their contribution towards genetic
divergence.

Chara- Days Plant Flag Flag Effec- Number Number Days Number Biolo- Har- Test Seed
cters to height leaf leaf tive of of to of gical vest weight yield
Clus- 50% (cm) length width tillers panicles panicles mat- spikelets yield index (g) hill-1
ters flowe- (cm) (cm) m-1 hill-1 length urity panicle-1 hill-1 (%) (g)

ring (cm)

1 82.00 110.22 37.52 1.48 10.51 10.07 24.45 107.00 210.60 34.04 41.00 23.31 14.20
2 82.28 109.16 36.01 1.42 8.28 7.18 23.32 107.28 150.62 24.84 47.32 24.11 13.03
3 80.00 158.00 33.55 1.66 6.60 6.20 24.29 105.00 194.30 21.53 56.46 20.37 15.33
4 79.00 118.76 34.65 1.37 7.91 6.74 23.96 104.00 159.31 31.92 35.52 23.57 11.84
5 82.50 108.56 36.90 1.40 7.06 6.30 22.95 107.50 120.08 24.32 42.81 26.07 10.50
6 79.20 124.79 32.25 1.37 8.63 7.24 22.10 104.40 137.20 24.18 51.64 24.18 11.77
Contri- 1.8 1.21 0.60 2.0 2.0 2.0 0.60 1.01 40.39 10.48 27.42 10.28 0.20
bution %



more divergent than cluster I, II, III, IV, and V.
The tendency of genotypes from diverse
geographic regions to group together in one
cluster might be due to similarity in
requirements and selection approaches under
domestic cultivation. This was reported by
Arunachalam and  Jawaharam (1967) and
Mehetre et al. (1998). Among the sixclusters,
inter cluster distance was highest between
cluster I and VI which has been reflected in the
relatively high mean values for the most of the
characters (Table 3). Hence, genotypes IR
83747-B-B-82-1, IR 82590-B-B-102-4,and
Vandana may be selected for crossing with
other parents for more effective crossing
programme, and to achieve desired segregants
for semi-tall plant stature with better grain
yield.

P. Kiran
Babu G. Suresh
L. Lingaraja
G. Roopa Lavanya

Department of Genetics and Plant Breeding, 
SHIATS,  Allahabad - 211 007 (India)
July 10, 2013
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Evaluation of Rice (Oryza sativa L.) Hybrids and Elite Lines
for Yield and Quality Traits

______________

Rice is the world's most important food crop
and a primary source of food for more than half
of the world's population. Is the predominant
staple for 15 countries in Asia and the Pacific,
ten countries in Latin America. Thefirst set of
hybrids was released in 1994 and, up to 2011-

12, total 46 hybrids had been released in India.
Rice hybrids provide 1.5 to 2.0 tonnes ha-1

more than inbred or promising varieties hence
the study was conducted to asses yield potential
of hybrid and elite rice lines suited to rice-wheat
cropping system and also assessed physio-



chemical parameters of rice hybrids and elite
lines.

Development of high yielding varieties with
superior milling and cooking qualities is now
one of the most important objectives in all rice
improvement programmes. Thus, breeding
materials were evaluated for four components
of grain quality viz., grain size, shape and
appearance, cooking and eating characteristics
and nutritive qualities. 

The present investigation was carried out
during kharif 2012 at Department of Genetic
and Plant Breeding, Faculty of Agricultural,
Sam Higginbottom Institute of Agricultural,
Technology and Science, Allahabad, Uttar
Pradesh. A total of 18 hybrids and 17 elite lines
of rice genotypes were taken for the study. The
experiment was laid out in randomized block
design with three replications. The spacing of
15 cm between the plants within row and 20
cm between the rows was maintained. All the
agronomic package of practices were carried
out to ensure healthy plant growth.
Observations were recorded on quantitative
traits viz., days to 50 per cent flowering, plant

height, number of tillers    plant-1, panicle
length, test weight and grain yield plant-1.
Regarding cooking quality, gel consistency and
gelatinization temperature was estimated. The
analysis of variance was done as suggested by
Panse and Sukhatme (1967). Variability for
different characters was estimated by Burton
and Devane (1953). Heritability and expected
genetic advance was calculated according to
Hanson et al. (1956) and Johnson et al.
(1955), respectively.

The analysis of variance revealed significant
difference among the genotypes for all the
quantitative character. Based on the mean
performance among 35 genotypes VNR-204
found to the best genotype for grain yield hill-1

followed by HRI-157. The highest gel
consistency was recorded for elite line
Improved Sambamasuri (soft), SH-1 (medium
soft), and IR 07A266 (medium). The
phenotypic coefficient of variation was higher
than the genotypic coefficient of variation in
both generations for all the characters studied
(Table 1). The genotypic and phenotypic
coefficient of variation was maximum for
number of spikelets panicle-1 followed by
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Table 1. Mean, range and genetic parameters for yield and yield related characters in 35 rice genotypes.

Character Mean CV h2 GA GA as
–––––––––––––––––––– (bs) percent
GCV PCV (%) of mean
(%) (%)

Days to 50% flowering 90.69 6.42 8.37 58.85 9.23 10.15
Plant height 117.88 8.70 9.10 91.41 20.08 17.14
Flag leaf length 36.81 10.76 14.12 58.08 6.22 16.89
Flag leaf width 1.60 8.57 14.58 34.55 0.16 10.37
Number of tillers hill-1 20.06 18.00 25.80 48.70 5.19 25.88
Number of panicle hill-1 17.88 16.76 25.65 42.71 4.01 22.57
Panicle length 27.58 8.30 15.00 30.67 2.61 9.47
Number of spikelet's panicle-1 199.14 14.31 14.44 98.25 57.92 29.23
Days to maturity 123.12 11.06 11.75 88.59 26.36 21.44
Biological yield hill-1 96.74 25.89 26.29 97.01 50.54 52.54
Harvest index 36.81 22.75 24.93 83.30 15.74 42.78
Test weight 23.36 12.13 19.33 39.40 3.65 15.69
Grain yield hill-1 36.10 36.08 38.04 90.00 25.22 70.52



biological yield hill-1. A close relation between
GCV and PCV was found in all the character
and PCV values were slightly greater than GCV,
revealing very little influences of environment
for their expression.  

The heritability estimated in broad sense
was high for plant height, number of spikelets
panicle-1, days to maturity, biological yield
hill-1, harvest index and grain yield hill-1. The
maximum heritability was recorded for number
of spikelets panicle-1 (98.25), biological yield
hill-1 (97.01), followed by plant height (91.41).
Similar results were also reported by
Bhandarkar et al. (2002), Das et al. (2001),
Vivek et al. (2004) and Saxena et al. (2005).
While maximum genetic advance was observed
in spikelet's panicle-1 (119.19), followed by
biological yield hill-1 (41.92), however the
maximum genetic advance (as percent of mean)
observed for spikelet's panicle-1 (60.65),
followed by biological yield (50.54).

Raghvendra Singh Rajput
G. Suresh Babu
G. R. Lavanya
K. A. BadwaikKomal

Department of Genetic and Plant Breeding, 
SHIATS, Allahabad - 211007 (India)
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Introduction of Seed Dormancy in Rice (Oryza sativa L.)
using Different Chemicals

______________

Rice is one of the most important staple
food grain crops in the world. The Asia-Pacific
region produces and consumes more than 90
per cent of the world's rice. Rice grows from
the tropics to the subtropical warm temperate
countries up to 400 S and 500 N of the
equator. The absence of dormancy in the seed,

if raining take place at seed maturity, the seed
germinates on plants itself and loss in crop
production. For survival, the seed mainly in a
dry state, is well equipped to sustain extended
periods of unfavorable conditions. To optimize
germination over time the seed enters a
dormant state. Numerous studies have been



performed to better understand how
germination is controlled by various
environmental factors and applied chemicals
(Bewley, 1997). Proof supporting the role of
ABA in seed dormancy of many species
provided in number of studies i.e. exogenous
ABA delays or blocks germination of seeds and
embryos (Gubler et al. 2005). Primary effectors
appear physiologically to modulate dormancy
and via ABA they retard the growth of the
embryo. Therefore, it is suggested that ABA
plays a key role in integrating the dormancy
specific development signals with the control of
growth (Gianinett and Vernieri, 2007). Many
compounds like coumarin, parascorbic acid,
ammonia, phthalids, ferulic acid and ABA are
mainly used as germination inhibitors. On the
other hand tannins acts as reversible
antagonists of GA3 induced enzymes synthesis
in barley seeds. Thus tannin apparently block
the synthesis of enzymes which are normally
produced in the embryo of the barley seed
(Jacobson and Corcoran., 1977). So keeping
this view an attempt has been made to study
the feasibility of inducing dormancy with
various concentrations of tannic acid, ferulic
acid, maleic hydrazide, abscisic acid, jasmonic
acid in rice. 

A field experiment on rice (Oryza sativa L)
was conducted during kharif 2012 at Seed
Testing Laboratory, Dr. Balasaheb Sawant
Konkan Krishi Vidyapeeth, Dapoli and
Research Farm of Department of Botany,
College of Agriculture, Dapoli. The soil of
experimental field was lateritic type. The trial
consisted of three short duration varieties viz.,
V1 - Ratnagiri-1, V2 - Ratnagiri-24, V3 -
Ratnagiri-711 in combination with seven
chemical treatments viz., T1 - Tannic acid-
1000 ppm, T2 - Ferulic acid 200 ppm, T3 -
Maleic hydrazide - 500 ppm, T4 - Maleic
hydrazide - 1000 ppm, T5 - Abscisic acid-50
ppm, T6 - Jasmonic acid-20 ppm and T7 -
Control. Foliar spray was done at 50 per cent

flowering and repeated 10 days after first spray.
The trial was conducted in split plot design with
three replications. Two seedlings were
transplanted per hill with spacing of 20 x 15
cm. Manures and fertilizers were applied as per
recommendation. Other cultural and
recommended plant protection measures were
carried out periodically. Seed of these varieties
of paddy were collected at the time of
physiological maturity. The germination test
was carried out between paper method and
sample was kept in seed germinator at
temperature 20 ºC and humidity 95 per cent.
First count of seed germination was taken at 7
days and final count on 15 days. The
germinating test was carried out at 0, 15, 30,
45, 60 and 90 days after harvest. The statistical
analysis was subjected as per Panse and
Sukhatme (1985).

There was no significant difference in seed
germination at 100 per cent seed maturity (0
days of harvest) in varieties and interactions
(varieties and chemicals) (Table 1). Significantly
less germination was recorded in maleic
hydrazide 500 ppm (39.77 %) which was at par
with MH 1000 ppm and ABA 50 ppm over
other treatments at 0 days of harvest. The
germination percentage at 15, 30, 45, 60 and
90 days harvest RTN-24 recorded less seed
germination than other varieties. Similarly at
15, 30, 45, 60 and 90 days of harvest MH
1000 ppm recorded less germination than
other treatments under study. In interaction at
15, 30, 45, 60 and 90 days of harvest V2T4
recorded less seed germination than other
treatments. Randhawa and Nandapuri (1986)
reported that MH sprayed @ 1000 ppm
concentration reduced the sprouting per cent in
onion bulbs. Shelar et al. (1979) reported
spraying of MH @ 1000 ppm concentration in
groundnut was most effective in inducing
dormancy. 

Thus the investigation concluded that variety
RTN-24 recorded higher seed dormancy and
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Table 1. Germination test as influenced by different chemicals in rice varieties.

Treatment Germination percentage (at days)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
0 15 30 45 60 90

Variety
V1 - RTN-1 50.83 85.79 88.54 90.61 90.94 91.56
V2 - RTN-24 42.52 76.98 79.78 82.80 85.79 87.91
V3 - RTN-711 58.64 82.59 84.97 87.78 89.58 92.39
F test N.S. Sig Sig Sig Sig Sig
S.E.M ± 4.49 0.82 1.09 0.94 1.03 0.62
C.D. (5%) 17.65 3.24 4.28 3.70 4.06 2.46

Chemicals
T1 - Tannic acid-1000 ppm 51.83 88.05 90.55 93.00 93.63 94.78
T2 - Ferulic acid-200 ppm 55.05 87.72 89.97 92.16 92.83 94.40
T3 - Maleic hydrazide-500 ppm 39.77 72.38 75.36 77.88 84.34 85.30
T4 - Maleic hydrazide-1000 ppm 40.11 63.22 65.72 68.27 71.47 74.71
T5 - ABA-50 ppm 46.11 87.91 90.58 92.66 93.35 95.03
T6 - Jasmonic acid-20ppm 54.55 83.86 87.33 91.50 92.35 94.15
T7 - Control 67.22 89.38 91.52 94.00 94.43 95.97
F test Sig Sig Sig Sig Sig Sig
S.E.M ± 4.24 1.90 1.90 1.93 1.70 1.47
C.D. (5%) 12.17 5.46 5.47 5.55 4.87 4.22

Interaction
V1T1 62.33 91.91 94.66 96.66 96.80 97.00
V1T2 62.83 92.25 94.75 96.50 96.50 96.70
V1T3 32.66 78.50 81.91 83.83 84.00 84.50
V1T4 32.83 67.66 70.50 73.00 74.00 75.00
V1T5 39.66 90.16 91.91 94.00 94.00 94.76
V1T6 55.50 88.66 91.91 94.16 95.00 95.73
V1T7 70.00 91.41 94.16 96.16 96.10 97.16
V2T1 36.50 88.83 91.75 94.66 95.00 96.00
V2T2 45.16 84.41 86.50 89.50 90.00 92.33
V2T3 34.33 59.16 62.83 66.00 80.00 83.00
V2T4 29.16 51.91 54.33 57.16 60.00 63.00
V2T5 43.66 84.08 87.00 89.00 90.00 92.33
V2T6 48.83 82.58 86.25 91.16 92.00 94.00
V2T7 60.00 87.91 89.83 93.16 93.00 94.70
V3T1 56.66 83.41 85.25 87.66 89.00 91.33
V3T2 57.16 86.50 88.60 90.50 92.00 94.16
V3T3 52.33 79.50 81.33 83.83 86.00 88.40
V3T4 58.33 70.08 72.33 74.66 80.00 86.10
V3T5 55.00 89.50 92.83 95.00 96.00 98.00
V3T6 59.33 80.33 83.83 89.16 90.00 92.73
V3T7 71.66 88.83 90.58 93.66 94.00 96.00
F test N.S. Sig Sig Sig Sig Sig
S.E.M ± 7.35 3.30 3.31 3.35 2.94 2.55
C.D. (5%) 21.08 9.47 9.48 9.62 8.44 7.31



maleic hydrazide 1000 ppm induced maximum
seed dormancy in rice varieties over control at
all the stages. 
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Performance of Different Wheat (Triticum aestivum L.)
Varieties under Extended Sowing Dates

______________

Among the climatic factors temperature
plays a key role in determining sowing time and
consequently the duration of different
phenophases and thus the crop productivity.
Hence, a knowledge of the exact duration of
development phases and their association with
yield determinants is essential for achieving
high yield. Sowing time may play a crucial role
in the yield improvement of this crop. An
impact of changed climate on crop production
is expected for various latitude limits for all the
crop seasons and the wheat crop is most
affected during winter season. Wheat is
sensitive to high temperature (both early and
late heat) but magnitude of damage depends on
the existing ambient temperature, stage of crop
development and variety. Amongst various
agronomic manipulations, the time of sowing
plays an important role in influencing the
quality and yield of wheat. Its time of sowing is

one of the most important factors that govern
the crop phenological development and
efficient conversion of biomass into economic
yield.

An experiment was conducted at,
Agronomy farm, College of Agriculture, Pune
during the year of 2010-11 in rabi season. The
soil of experimental field was clay loam in
texture, normal in reaction (pH 7.89) with low
available nitrogen (162.67 kg ha-1), high
available phosphorus (29.56 kg ha-1) and high
available potassium (467.00 kg ha-1). The
experiment was laid out in randomized block
design (factorial) with four varieties and four
sowing dates, replicated thrice. The treatments
comprised of four varieties viz., V1 : NIAW-301
(Trimbak); V2 : NIAW-301 (Tapowan); V3 :
NIAW-301. (Niphad-34); V4 : NIAW-301
(Netravati) and four sowing dates viz., S1 : 45



meterological week (MW) (2nd week of
November); S2: 47 MW (4th week of
November); S3 : 49 MW (2nd week of
December); S4 : 51 MW (4th week of
December).

Effect of wheat varieties : The highest
growth attributing characters viz., plant height,
number of tillers, leaf area plant-1 and dry
matter were observed in NIAW-917 which was
significantly superior over rest of the
genotypes. The increased growth attributing
characters in wheat is genetically governed
phenomenon, hormonal balance, nutrient
absorption capacity and conversion of radiant
energy to chemical energy in presence of
chlorophyll (Table 1).

The length of panicle of wheat was
significantly higher in NIAW-917 which was at
par with NIAW-301 and significantly superior

over rest of wheat varieties. The difference in
length of panicle in wheat varieties might be
due to inherent genetically potential of wheat
varieties. The wheat variety NIAW-917
observed significantly higher number of
spikelets panicle-1 , number of grains panicle-1

and grain weight panicle-1 over rest of varieties.
The grain and straw yield were significantly
higher in NIAW-917 and significantly superior
over rest of wheat varieties. The difference in
grain and straw yield in wheat varieties might be
due to inherent genetical potential of wheat
varieties. Similar results were reported by
Sardana et al. (2005).

The wheat were statistically non significant
for gluten content in grain. The gross and net
monetary returns and B:C ratio were
significantly influenced by wheat varieties. The
significantly increase in gross and net monetary
returns and B:C ratio was observed in the
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Table 1. Effect of extended sowing dates and wheat varieties on growth and yield contributing characters.

Treatment Plant Number Leaf Dry Length Number Number Grain Test
height of area matter of of of weight weight
(cm) tillers plant-1 (g) panicle spikelets grains panicle-1 (g)

m-1 (dm2) (cm) panicle-1 panicle-1 (g)

Varieties : (V)
V1 : NIAW-301 80.13 110.77 1.00 16.44 9.07 15.25 42.88 1.86 40.17
V2 : NIAW-917 80.66 114.86 1.12 17.11 9.17 16.57 47.41 2.24 41.04
V3 : NIAW-34 76.70 108.82 0.89 14.25 8.22 13.31 40.38 1.80 38.85
V4 : NIAW-1415 75.51 107.78 0.85 13.47 7.15 12.42 35.50 1.67 37.79
S.E.m ± 0.31 1.25 0.030 0.154 0.11 0.31 0.37 0.07 0.27
C.D. at 5% 0.90 3.62 0.09 0.44 0.33 0.88 1.07 0.20 0.79

Sowing dates
S1 : 45MW 79.26 112.06 1.02 15.52 8.69 14.29 43.81 1.90 39.61
S2 : 47 MW 81.21 116.28 1.06 15.99 9.50 16.43 46.83 2.16 40.73
S3 : 49 MW 77.69 107.83 0.92 14.98 8.20 13.04 41.24 1.76 39.18
S4 : 51 MW 74.75 106.05 0.85 14.77 7.22 12.54 34.29 1.75 38.34
S.E.m± 0.31 1.25 0.030 0.154 0.11 0.30 0.37 0.07 0.27
C.D. at 5% 0.90 3.62 0.09 0.44 0.33 0.88 1.07 0.20 0.79

Interaction
S.E.± 0.62 2.51 0.06 0.31 0.23 0.61 0.74 0.14 0.55
C.D. at 5% NS 7.24 NS NS 0.66 1.76 2.14 0.41 NS
General mean 78.16 110.56 0.96 15.31 8.40 14.07 41.54 1.89 39.46



wheat variety NIAW-917. This variety gave
higher yield which ultimately increased the
gross and net monetary returns and B:C ratio.

Effect of sowing dates : The highest
plant height, number of tillers and dry matter
plant of wheat was observed in 47 MW which
was significantly superior over rest of sowing
dates. This might be associated with the wheat
sown in 47 MW was exposed low temperature,
more dew formation, higher coldness and
resulted to the attained higher growth
attributes. Similar results was also observed by
Nainwal and Singh (2000), Sardana et al.
(9999), Gill (2009), Mishra et al. (2003) and
Jat et al. (2003). The length of panicle of
wheat was highest in 47 MW and significantly
superior over 51 MW. The high temperature
adversely affect in the length of panicle. Similar
results were reported by Mishra et al. (2003)
and Sardana et al. (2005). The number of

spikelets panicle-1 was maximum (16.43) at 47
MW which was significantly superior over rest
of sowing dates. The sowing of wheat at 47
MW recorded maximum number of grains
panicle-1 and grain weight panicle-1 which was
significantly superior over rest of sowing dates.
Similar results were reported by Negi and Singh
(2007) and Shirpurkar et al. (2008). The
significantly higher test weight was observed in
sowing of wheat in 47 MW (40.73 g) which was
significantly superior than rest of sowing dates.
Similar results were reported by Sardana et al.
(2003) and Shirpurkar et al. (2008).

The grain and straw yield was maximum at
47 MW which was significantly superior over
rest of sowing dates. Sowing date 47 MW was
favorable to high grain production because the
post anthesis period coincided with relatively
low temperature. The results are in conformity
with the findings Shirpurkar et al. (2006). The
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Table 2. Effect of extended sowing dates and wheat varieties on yield, quality and economics.

Treatment Grain Straw Harvest Wet Dry Gross Cost Net Benefit
yield yield index gluten gluten monetory of monetory cost
(q ha-1) (q ha-1) (%) (%) (%) returns cultivation returns ratio

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

Varieties
V1 : NIAW-301 40.56 61.40 39.78 33.45 10.51 69601 36632 32969 1.90
V2 : NIAW-917 43.45 66.33 39.65 33.61 10.44 72424 36632 35792 1.97
V3 : NIAW-34 37.05 55.69 39.95 33.02 10.91 65379 36632 28747 1.78
V4 : NIAW-1415 34.51 50.01 40.83 33.71 10.93 60354 36632 23722 1.64
S.E.m± 0.53 0.79 0.32 0.26 0.19 821 191
C.D. at 5% 1.55 2.28 0.93 NS NS 2368 551

Sowing dates
S1 : 45 MW 41.52 62.09 40.07 33.24 10.54 69934 37003 32932 1.89
S2 : 47 MW 43.66 67.71 39.20 34.10 10.77 71025 37186 33839 1.91
S3 : 49 MW 37.13 54.63 40.46 33.16 10.66 65513 36805 28708 1.78
S4 : 51 MW 33.26 48.62 40.62 33.28 10.81 61287 36480 24807 1.68
S.E.m ± 0.53 0.79 0.32 0.26 0.19 821 191
C.D. at 5% 1.55 2.28 0.93 NS NS 2368 551

Interaction
S.E.± 1.08 1.58 0.64 0.53 0.38 1642 382
C.D. at 5% 3.10 4.56 1.85 NS NS NS NS
General mean 38.89 58.30 40.08 33.44 10.69 66531 36930 30152 1.82



sowing of wheat in different meteorological
week did not influenced the gluten content in
wheat grain. The sowing of wheat in 47 MW
recorded significantly higher gross and net
monetary returns and B:C ratio than rest of
sowing dates.
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Bio-efficacy of Entomopathogenic Fungi Against Major
Sucking Pests of Pomegranate

______________

The pomegranate (Punica granatum L.) a
table fruit of tropical and subtropical region of
the world. The successful cultivation and
effective international marketing of this fruit
crop depends upon the non-pesticidal pest
management practice. Pomegranate mainly
attacked by aphids (Aphis punicae Passerini),
thrips (Scirtothrips dorsalis Hood), whitefly
(Siphoninus phillyreae Haliday) and fruit borer
(Deudorix isocrates Fabricius). Till today
current plant protection was mainly oriented
towards the chemical control which has lead to
development of insecticidal resistance in insect

pests and many environmental problems. In
this study the biotic agents are tried to control
the  key pest causing economical loss to
pomegranate pests i.e. aphids (A. punicae
Passerini) and whitefly (S. phillyreae Holiday)
of pomegranate with the help of fungi.

Experiments were carried out on 5 year old
orchards at Research Farm of All India Co-
ordinated Research Project on Arid Zone Fruits,
Department of Horticulture, MPKV, Rahuri,
India during Ambia bahar - 2012 (January to
June 2012) to evaluate the efficacy of different



entomopathogenic fungi against two major
sucking pests i.e. aphids and whiteflies. Two
separate experiments were laid out in
randomised block design with 3 replications
and 12 treatments (Table 1) for aphids and
whiteflies. Two sprays of all treatments were
applied at an interval of 15 days during new
vegetative growth period (January - February,
2012). Observations were recorded on number
of aphids and whiteflies on 5 and 30 cm length
apical twig, respectively on five randomly
selected twigs of tagged branches on each
plant. Pre count was recorded one day prior to
first spray and post count was recorded on 14th

days after spray (DAS) application. The data
recorded was subjected to statistical analysis
and per cent reduction of aphids and whitefly
population over control at 14 DAS were
calculated.

Aphids : The pooled data of two sprays
presented in Table 1, revealed that all the
treatments were significantly superior over
untreated control in reducing the aphids

population at 14 days after sprayings.
Imidacloprid 17.8 SL at 0.30 ml l-1 recorded
least population of aphids (6.37 aphids/5 cm
twig) reducing by 41.45 per cent at 14 days
after sprayings. Amongst fungal formulations,
V. lecanii 3 per cent at 4 ml l-1 aqueous
suspension formulations recorded less
incidences of aphids (6.64 aphids) by reducing
38.97 per cent population at 14 days after
sprayings and rest of the fungal treatments
were at par with it except M. anisopliae
(1.15% WP). The aqueous suspension
formulation of V. lecanii (3% AS), B. bassiana
(3% AS) and M. anisopliae (3% AS) at 4 ml l-1

each reduced aphid population by 38.97,
32.81 and 22.98 per cent, respectively as
compared to its wettable powder formulations
at 4 g l-1 recorded less reduction 36.40, 30.70
and 21.05 per cent, respectively. The
combination of fungal formulations viz., V.
lecanii (3% AS) + B. bassiana (3%  AS),  V.
lecanii (3% AS) + M. anisopliae (3% AS) and
B. bassiana (3% AS) + M. anisopliae (3% AS)
at 2 ml l-1 each were less effective in reduction
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Table 1. Efficacy of entomopathogenic fungi against aphids and whitefly on pomegranate (pooled mean of two sprays).

Treatment Dose Aphids Whitefly % reduction of population
(litre-1) 5-1 cm 30-1 cm over control at 14 DAS

twig at twig at ––––––––––––––––––––––––––
14 DAS 14 DAS Aphids Whitefly

V. lecanii 3% AS 4 ml 6.64 (2.67)* 1.50 (1.41) 38.97 65.97
B. bassiana 3% AS 4 ml 7.31 (2.79) 1.97 (1.57) 32.81 55.33
M. anisopliae 3% AS 4 ml 8.38 (2.98) 2.26 (1.66) 22.98 48.75
V. lecanii 3% AS + B.bassiana 3% AS 2 ml each 7.58 (2.84) 1.94 (1.56) 30.33 56.01
V. lecanii 3% AS + M. anisopliae 3% AS 2 ml each 7.92 (2.90) 1.97 (1.57) 27.29 55.33
B. bassiana 3% AS + M. anisopliae 3% AS 2 ml each 8.21 (2.95) 1.99 (1.58) 24.54 54.88
V. lecanii 1.15 % WP 4 g 6.92 (2.72) 1.60 (1.45) 36.40 63.72
B. bassiana 1.15 % WP 4 g 7.54 (2.84) 1.97 (1.57) 30.70 55.33
M. anisopliae 1.15% WP 4 g 8.59 (3.02) 2.32 (1.68) 21.05 47.39
Spinosad 45 % SC 0.25 ml 8.53 (3.00) 2.03 (1.59) 21.06 53.97
Imidacloprid 17.8% SL 0.30 ml 6.37 (2.62) 1.54 (1.43) 41.45 65.08
Control (water spray) - 10.88 (3.37) 4.41 (2.22) 0.0 0.0
S.E.± 0.11 0.10 - -
CD at 5% 0.33 0.29 - -

* Figures in parenthesis indicate n + 0.5 transformed values. DAS=Day after spraying.



of aphid population  at 14 days after sprayings
over control (10.88 aphids) and individual use
of the fungi in reducing  this pest.

In the present studies, imidacloprid 17.8 SL
at 0.30 ml l-1 was most effective in reducing
aphids population by 41.45 per cent. Similar
results were observed by Ananda et al. (2009)
who revealed that imidacloprid 200 SL at
0.25 ml l-1 was effective in reducing the
incidence of aphid by 83.54 per cent over
control. Shinde et al. (2011) also reported
imidacloprid at 0.004 per cent was effective in
controlling okra aphids. 

During present investigations, V. lecanii was
most effective in reducing the aphid
populations which is well supported by the
findings of  Dromph et al. (1996) who reported
that pathogenicity of V. lecanii was more than
B. basiana on cereal aphid (Rhopalosiphum
padi). Among the mycopathogens, V. lecanii
recorded 3.33 mean number of aphids 3-1

leaves reported by Anitha (2007).

Whiteflies : The pooled data of the two
sprays presented in Table 1, revealed that all
the treatments were significantly superior over
untreated control in reducing the whiteflies
population on 14 days after sprayings.
Amongst the treatments, V. lecanii (3%) at 4 ml
l-1 aqueous suspension formulations recorded
less incidences of whiteflies (1.50 whiteflies
30-1 cm twig) and reduced whitefly population
by 65.97 per cent on 14 days after sprayings
and  was at par with rest of the fungal
treatments. There was no significance
difference between aqueous suspension
formulation of V. lecanii (3% AS), B. bassiana
(3% AS) and M.anisopliae (3% AS) at 4 ml l-1
and wettable powder formulation.

The combination of these fungal
formulations viz., V. lecanii (3% AS) + B.
bassiana (3%  AS), V. lecanii (3% AS) + M.
anisopliae (3% AS) and B. bassiana (3% AS) +

M. anisopliae (3% AS)  at 2 ml l-1 was also
effective in reduction of whitefly population  in
(1.99 to 1.94 whiteflies) at 14 days after
sprayings over control (4.41 whiteflies) and at
par with its sole formulation. V. lecanii was
more virulent to whiteflies than B. bassiana and
M. anisopliae.

The present findings are in agreement with
Gindin et al. (2000) who studied the
pathogenicity of different strains of V. lecanii
against silver leaf whitefly (Bemisia argentifolii)
and reported nymphal mortality upto 95-98
per cent. Similarly, Phadke and Phadke (2000)
reported 86 per cent mortality of B. tabaci on
brinjal at 5 days after treatment due to V.
lecanii 0.2 per cent. Anitha (2007) also
reported that V. lecanii significantly superior in
controlling whiteflies. 

The fungal and insecticidal formulation were
at par in the efficacy in reducing  the whitefly
population.

S. R. Kulkarni
S. K. Patil 
S. B. Sawant

Department of Agricultural Entomology,
Mahatma Phule Krishi Vidyapeeth, 
Rahuri - 413 722 (India).
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Performance of Bidi Tobacco in Relay Cropping System
under Rainfed Condition

______________

The objective of relay croppping is to
augment the total productivity per unit time by
growing more than one crop in the same field
(Singh et al. 1981). Relay cropping is the best
choice in the agro climatic region where length
of growing season is longer for a single crop but
not long enough for sequential cropping.

Tobacco based cropping system studies
conducted earlier with one year cycle in
irrigated alfisols clearly showed the possibility of
growing other crops preceding and succeeding
tobacco involving oilseeds, pulses, food grain
and fodder crops (CTRI, 1992). Kasturi
Krishna, et al. (2004) studied tobacco based
cropping systems in alfisols of Andhra Pradesh
and found that preceding legume of green
manure crop resulted in relatively higher
nitrogen and nicotine in succeeding to tobacco.

A field experiment was conducted during
2011 and 2012 at the Agricultural Research
Station, Gadhinglaj Dist. Kolhapur (M.S.) which
is geographically situated in sub montane zone
of Maharashtra, It is situated between 16° 1 3
'N latitude, 74° 21' E longitude and at an
altitude of about 640.24 m above msl. Average
rainfall of this station is 930 mm in 70 rainy
days. The experimental site was medium to
deep black and clayey in texture, low to
medium in organic carbon (0.64%), low in

available nitrogen (210.20 kg ha-1), medium in
available phosphorus (20.83 kg ha-1) and
higher in available potash (474.87 kg ha-1) and
pH range is 7 to 7.5. The experiment was laid
out in randomized block design with eight
treatments and three replications. Kharif crops
were sown in 2nd fortnight of June and tobacco
were transplanted in last week of August. The
treatment included were T1 - Sole tobacco
(Bhagyashree) (90 x 90 cm), T2 - Sole
groundnut (JL 24) (30 x 10 cm), T3 - Sole
rajmash (Varun) (30 x 10 cm), T4 - Sole
soybean (DS-228) (45 x 5 cm), T5 - Sannhemp
(Local) (in situ green manuring) (30 x 5 cm), T6
- Groundnut relay tobacco, tobacco (90 x 90
cm) groundnut (30-60 x 10 cm), T7 - Rajmash
relay tobacco, tobacco (90 x 90 cm) rajmash
(30-60 x 10 cm) and T8 - Soybean relay
tobacco, tobacco (90 x 90 cm) soybean (30-60
x 10 cm).

Crop yields : Sannhemp in-situ green
manuring followed by tobacco gave maximum
yield which was followed by soybean,
groundnut and rajmash (Table 1). The
improvement in yields of tobacco in sannhemp
in situ green manuring relayed, could be due to
the build up of soil organic matter and nutrients
in balanced form in the soil (Collins and Hawks
(Jr.) 1993) and also due to the resulting
favorable soil condition. Earlier workers also



observed the beneficial effects of sannhemp in-
situ incorporation on improving succeeding
tobacco yields (CTRI, 1992). Soybean relayed
tobacco gave higher tobacco yields as
compared with groundnut and rajmsah. This
might be due to higher nitrogen fixation in soil
by soybean. All the relayed tobacco yields were
higher as compared with sole tobacco. Their
might be due to addition of organic matter and
nitrogen fixation by legumes and oil seed.

Significantly higher tobacco equivalent yield
was recorded in soybean relayed tobacco over
rest of the treatments (Table 1). The higher
tobacco equivalent yield in soybean relayed
tobacco was due to higher yields of soybean
and tobacco compatible price of soybean.
Tobacco gave higher yield in relayed by
soybean as compared with groundnut and
rajmash. This might be due to high nitrogen
fixation and shading of leaves on soil by
soybean acts as mulch. High moisture availabili-
ty, increased physiological activity, enhanced
nutrient supply, root activity and root absorp-
tion efficiency of tobacco ultimately reflected in
yield. Significantly lower values of tobacco
equivalent yield was recorded in sole rajmash
due to its lowest yields. Similar results were also
reported by Karunakran and Behera (2013).

Economics : Gross returns, combined net
returns and B:C ratio were higher in soybean
relayed tobacco (Table 1). This can be attributed
to additional monetary benefits from soybean
and tobacco as compared with sole crops and
other relay cropping. Significantly higher gross
and net monetary returns were recorded in
soybean relayed tobacco which was statistically
superior over sole cropping and relay cropping
by other crops. Groundnut is having higher cost
of cultivation as compared to soybean. This
ultimately reflects in B:C ratio. Sole  rajmash
recorded significantly lower values of
economics because of its low yields and less
market value. Higher value of LER was
recorded in soybean relayed tobacco followed
by rajmash relayed tobacco and groundnut
relayed tobacco. This might be due to higher
values of relayed crops. In soybean relayed
tobacco cropping system 96 per cent more
land is efficiently utilized as compared with
monocropping. Similar results were reported
by Naidu and Krishnamurthy (1998).

Sannhemp in-situ greenmanuring followed
by tobacco was better in terms of soil health by
improving organic matter, moisture holding
capacity and physical condition of soil. The
relay cropping with 200 per cent cropping
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Table 1. Effect of sole and relay cropping system on yield, economics and LER (pooled mean for two years).

Treatments Yield Gross Net Tobacco LER B:C
(kg ha-1) monetory monetory equivalent ratio

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

Sole tobacco 1748 52440 15038 1748 1.00 1.40
Sole groundnut 1511.5 52903 15133 1764 1.00 1.41
Sole rajamabean 1381.5 41445 11295 1382 1.00 1.38
Sole soybean 1875 48750 16650 1625 1.00 1.52
Sunhemp in-situ (GM) 2056.5 61695 19695 2057 1.00 1.47
Groundnut relay tobacco 1123.5 (1814) 93743 33663 3125 1.78 1.56
Rajamabean relay tobacco 982 (1829) 84315 39315 2811 1.76 1.88
Soybean relay tobacco 1654.5 (1881) 99432 50432 3315 1.96 2.03
S.E.± - 1524 3551 53 - -
C.D @5% - 4571 10655 161 - -



intensity provide more employment and also
additional monetary benefit to the farmers.

B. N. Gore
P. U. Raundal
A. V. Burli
P. H. Sawant

Agriculture Research Station,
Gadhinglaj - 416 502 (India)
October, 22, 2013.
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Effect of Integrated Weed Management in Turmeric 
(Curcuma longa)

______________

Turmeric is one of the important spice crop
grown in India on an area of 1.49 lakh hectares
with a production of 5.27 tonnes. India is
leading in turmeric cultivation contributing 70
per cent production but productivity is much
lower. Weed competition is one of limiting
factor for low yields of crop. Due to improper
weed management 30-70 per cent yield losses
have been reported (Krishnamurty and
Ayyaswamy, 2000). Turmeric is a long
durational crop (more than 280 days), therefore
pre-emergence application of herbicides alone
does not control weeds throughout critical crop
weed competition period of the crop and needs
an integration of post emergence application of
herbicide or intercultural operation in
combination. Hence, a field experiment was
carried out to suggest a suitable integrated weed
management in turmeric.

The experiment was carried out during
2012-13 in randomized block design with three
replications on medium black soil with slightly
alkaline in reaction (pH 8.1), low in nitrogen,
medium in phosphorus and high in potassium
content at Weed Science Research Station,
Vasantrao Naik Marathwada Krishi Vidyapeeth,
Parbhani, which falls within 19° 16' N latitude
and 76° 47' E longitude. The turmeric variety
Selum was planted on raised beds at 90 x
30:120 cm spacing on 19 June, 2012. The
recommended dose of FYM @ 10 t ha-1 and
200:150:150 kg NPK was applied in equal
three splits at planting, 60 and 120 days after
planting. The treatments were (T1 - Metribuzin
@ 0.7 kg ha-1 PE followed by two hoeings, T2
- Metribuzin @ 0.7 kg ha-1 PE fb Fenoxaprop
@ 67 g ha-1 + Metsulfuron 4g ha-1 POE, T3 -
Metribuzin @ 0.7 kg ha-1 PE followed by straw



mulch 10 t ha-1 followed by one HW, T4 -
Pendimethalin @ 0.7 kg ha-1 PE followed by
two hoeings, T5 - Pendimethalin @ 0.7 kg ha-1

PE followed by Fenoxaprop @ 67 g ha-1 +
Metsulfuron 4g ha-1 POE, T6 - Pendimethalin
@ 0.7 kg ha-1 PE followed by straw mulch 10 t
ha-1 followed by one HW, T7 - Attrazine @
0.75 kg ha-1 PE followed by Fenoxaprop @67
g ha-1 + Metsulfuron 4 g ha-1 POE, T8 -
Atrazine @ 0.75 kg ha-1 PE fb straw mulch 10
t ha-1 followed by one HW, T9 - Weed free (6

HW as per requirement) and T10 - Weedy
check). The herbicides were applied as per
treatments, using a spray volume of 500 L for
pre-emergence and 300 L ha-1 for post
emergence with knapsack sprayer with flat fan
nozzle. The economics was worked out
based on cost of cultivation @ Rs. 79,000 ha-1

and average sale price of raw turmeric @ Rs.
2000 q-1.

Crop weed association : The dominant
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Table 1. Rhizome yield, dry weed weight and weed control efficiency in turmeric as influenced by different treatments.

Treat- Fresh Dry weed weight Weed Fing- Fin- Net B:C
ment rhizome (g m-2) control ers ger ret- ratio

yield –––––––––––––––––––– effici- pla- wt. urns
(kg Grassy Broad ency nt-1 pla- (Rs.)
ha-1) leaved (%) nt-1

–––––––– –––––––––– ––––––––– –––– ––––
30 60 30 60 30 60 30 60

T1 - Metribuzin @ 0.7 kg ha-1 PE fb 101.63 4.7 8.9 14.6 14.1 60 65 24 320 120640 1.46
two hoeings

T2 - Metribuzin @ 0.7 kg ha-1 PE fb 81.12 4.1 7.5 10.1 18.6 62 70 20 230 89650 0.99
Fenoxaprop @ 67 g ha-1 +
Metsulfuron 4g ha-1 POE

T3 - Metribuzin @ 0.7 kg ha-11 PE fb 121.61 2.0 6.1 13.2 18.2 68 75 28 370 144630 1.47
straw mulch 10 t ha-1 followed 
by one HW

T4 - Pendimethalin @ 0.7 kg ha-1 97.52 5.1 6.5 20.4 21.8 55 58 18 218 111760 1.34
PE fb two hoeings

T5 - Pendimethalin @ 0.7 kg ha-1 PE 80.65 3.1 3.8 18.2 26.4 64 71 15 198 78850 0.95
fb Fenoxaprop @ 67 g ha-1 + 
Metsulfuron 4g ha-1 POE

T6 - Pendimethalin @ 0.7 kg ha-1 102.83 5.7 8.4 16.1 20.8 68 64 21 338 105880 1.06
PE fb straw mulch 10 t ha-1

fb one HW

T7 - Attrazine @ 0.75 kg ha-1 PE fb 76.62 3.1 5.3 10.1 14.3 56 62 16 205 71565 0.87
Fenoxaprop @67 g ha-1 + 
Metsulfuron 4 g ha-1 POE

T8 - Atrazine @ 0.75 kg ha-1 PE 97.44 5.1 6.0 8.1 14.6 65 72 20 285 97880 0.96
fb straw mulch 10 t ha-11 
fb one HW

T9 - Weed free (6 HW as per req.) 109.49 3.2 5.0 15.2 11.2 70 78 18 336 118430 1.18

T10 - Weedy check 30.20 6.1 7.0 18.2 25.1 - - 8 86 19100 0.24

S.E.± 9.42 0.68 1.63 1.74 1.95 - - 3 28 18140 -

C.D. at 5% 27.95 2.01 4.85 5.16 5.80 - - 9 87 53815 -



weed flora of turmeric experimental plot was of
broad leaved weed Acalypha indica,
Euphorbia geniculata, Parthenium
hysterophorus and Dignera arvensis, whereas,
among grassy weeds, Cynodon dactylon,
Bracheria eruciformis, Cyperus rotundus
were found. The weed count was under taken
at 30 and 60 DAS, in addition to this weed dry
matter was also recorded and used for
calculating weed control efficiency in each
treatment. The quadrant (1 x 1 m size) was used
for recording the observations on weed studies.

Effect on weed : A persual of data
indicated that all the weed control treatments
significantly reduced dry weed weight and weed
control efficiency significantly over weedy
check (Table 1). Among the various treatments,
Metribuzin @ 0.7 kg ha-1 PE followed by straw
mulch 10 t ha-1 followed by one HW recorded
lowest dry weed weight and highest WCE (75%)
at both the observations as compared to all
other treatments.

Effect on crop : No crop injury was
observed with the pre-emergence herbicide
application under study, however, post
emergence application of fenoxaprop +
metsulfuron 67 + 4 g ha-1 caused injury (50%)
to turmeric. Rhizome weight, finger weight and
number per plant and fresh rhizome yield were
significantly influenced by the weed control
treatments (Table 1). Among the various
treatments, Metribuzin @ 0.7 kg ha-1 PE fb
straw mulch 10 t ha-1 fb one HW recorded
significantly highest fresh rhizome yield
(121.61 q ha-1) as compared to other
treatments except the treatments included the

straw mulch application.The increase in yield
with straw mulch included treatments may be
due to season long effective control of weeds
due to suppressing weed growth in later stage
and due to herbicide during early stage.
Unweeded check recorded the lowest fresh
rhizome yield (30.2 q ha-1) with a yield loss of
80 per cent. Similar results were also reported
by Avilkumar and Reddy (2000) and Ratnum et
al. (2012).

Among the weed management treatments,
the highest net monetary returns (Rs. 144630)
and B:C ratio (1.47) were recorded with
Metribuzin @ 0.7 kg ha-1 PE fb straw mulch 10
t ha-1 fb one HW owing to lower weed growth
and the highest turmeric yield. Effective and
economic weed management in turmeric can
be undertaken with IWM treatment of
Metribuzin @ 0.7 kg ha-1 PE followed by straw
mulch 10 t ha-1 followed by one hand weeding.

A. S. Jadhav
S. V. Pawar

Weed Control Research Station
V N Marathwada Krishi Vidyapeeth,
Parbhani - 431 402 (India)
December 15, 2013.
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Onion is one of the most commercially
valuable vegetables grown in India. Sulphur is a
constituent of secondary compound viz., allin,
cycloalein and thiopropanol which not only
influence the taste, pungency and medicinal
properties of onion and garlic besides including
resistance against pests and diseases. It is also
required for the synthesis of three important
amino acids such as cystine (27% S), cysteine
(26% S) and methionine (21% S). It also
increases allyl propyl disulphide alkaloid (43 %
S), the principal alkaloids responsible for
pungency in onion (Randle and Bussard,
1993). Sulphur is the most important nutrient
for onion crop, its application along with
nitrogen, phosphorus, and potassium enhances
the onion yield and quality. Onion is commonly
grown in Maharashtra by the farmers and
regularly used in the diet as green leaves, bulb
as well as matured bulb. Therefore, it is
necessary to study the effect of sulphur on its
yield and quality of onion.

The field experiment was conducted at
Research Farm, Chilli and Vegetable Research
Unit, Dr. Panjabrao Deshmukh Krishi
Vidyapeeth, Akola during rabi 2012-13, with
plot size 2 x 2 m2 with 10 x 10 cm spacing.
The onion cv. Akola safed was transplanted in
flat bed. The soil of the experiment field was
inceptisols with pH 7.74, EC 0.14 dS m-1 and
organic carbon 4.43 g kg-1. The soil was low in
available N (234 kg ha-1), P (8.72 kg ha-1) and
high in available K (324 kg ha-1). The soil was
deficient in the available S (9.84 µg g-1). The
micronutrients viz., Zn, Fe, Cu and Mn
were 0.58, 6.06, 1.04 and 4.16 µg g-1

respectively.

The experiment was laid out in randomized
block design consist of eight treatment and
three replications viz., T1: S- free Control (RDF
through Urea, DAP and MOP), T2: RDF
through Urea, SSP, MOP, T3: 15 kg ha-1 S,
gypsum, T4: 30 kg ha-1 S, gypsum, T5: 45 kg
ha-1 S, gypsum, T6: 15 kg ha-1 S, bentonite- S,
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Effect of Sources and Levels of Sulphur on Yield and Quality
of Onion and Soil Fertility Status

Table 1. Effect of sulphur application on yield, quality and yield attributing characters of onion.

Treatment Plant Number Neck Polar Eduitorial Bulb TSS
height of thickness diameter diameter yield (0°)
(cm) leaves (cm) (cm) (cm) (q ha-1)

plant-1

T1 - S- free Control (RDF through 52.63 6.60 1.09 4.12 4.24 202.3 12.04
Urea, DAP and MOP)

T2 - RDF (100:50:50 kg ha-1 N, 53.56 7.51 1.18 4.27 4.39 215.1 12.19
P2O5 and K2O + 10 t ha-1 FYM)

T3 - 15 kg ha-1 S, Gypsum 54.28 7.74 1.23 4.34 4.68 231.4 12.28
T4 - 30 kg ha-1 S, Gypsum 55.34 7.81 1.34 4.48 4.75 246.1 12.32
T5 - 45 kg ha-1 S, Gypsum 56.87 7.94 1.42 4.60 4.87 249.1 12.56
T6 - 15 kg ha-1 S, Bentonite-S 55.15 7.79 1.25 4.41 4.73 238.5 12.41
T7 - 30 kg ha-1 S, Bentonite-S 56.27 7.88 1.45 4.62 4.95 253.4 12.39
T8 - 45 kg ha-1 S, Bentonite-S 57.24 8.14 1.53 4.68 4.98 256.6 12.69
S.E.( m) ± 0.09 0.16 0.03 0.02 0.04 1.29 0.01
CD at 5 % NS 0.46 NS 0.06 0.12 3.64 NS



T7: 30 kg ha-1 S, bentonite-S and T8: 45 kg
ha-1 S, bentonite-S. The application of 10 t
FYM ha-1 and 100:50:50 N, P2O5 and K2O kg
ha-1 was applied common to all the treatments.
The N was applied in two splits, half as basal
and half at 60 days after transplanting through
urea. The phosphorus was applied through
DAP in all the treatments except T2 and
potassium was applied through MOP. Sulphur
was applied through bentonite-S and gypsum
mixed with FYM 15 days before transplanting. 

The plant height, number of leaves plant-1,

diameter of bulb (polar and equitorial diameter)
and neck thickness of onion was found to
increase with increased levels of sulphur (Table
1). The number of leaves plant-1 and polar and
equitorial diameter of bulb were significantly the
highest under treatment sulphur @ 45 kg ha-1

through S-bentonite followed by  sulphur @ 30
kg ha-1 S-bentonite and sulphur @ 45 kg ha-1

gypsum. But the plant height and neck
thickness of onion were non significant. The
growth attributing characters of onion
increased due to various sources and levels of
sulphur. These results were in line with the
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Table 2. Periodical loss in weight of onion as influenced by sulphur application.

Treatment Physiological loss in weight (%)
–––––––––––––––––––––––––––––––––––––––––
30 60 90 120

T1 - S- free Control (RDF through Urea, DAP and MOP) 11.82 16.40 26.20 40.14
T2 - RDF (100:50:50 kg ha-1 N, P2O5 and K2O + 10 t ha-1 FYM) 11.07 15.84 25.81 39.23
T3 - 15 kg ha-1 S, Gypsum 10.88 14.97 25.23 38.74
T4 - 30 kg ha-1 S, Gypsum 9.74 14.58 24.72 37.27
T5 - 45 kg ha-1 S, Gypsum 8.86 13.43 24.17 36.84
T6 - 15 kg ha-1 S, Bentonite-S 10.72 14.72 24.88 37.22
T7 - 30 kg ha-1 S, Bentonite-S 9.63 14.14 24.32 36.83
T8 - 45 kg ha-11 S, Bentonite-S 8.47 12.81 23.54 35.56
S.E.(m) ± 0.01 0.04 0.12 0.18
CD at 5 % NS NS NS NS

Table 3. Effect of sulphur application on total nutrient uptake by onion at harvest.

Treatment Total uptake (kg ha-1)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
N P K S Zn Fe Cu Mn

T1 - S- free Control (RDF through Urea, 68.11 12.41 51.94 10.73 529 2174 408 1454
DAP and MOP)

T2 - RDF (100:50:50 kg ha-1 N, P2O5 and K2O + 71.67 13.89 55.18 12.66 577 2339 466 1537
10 t ha-1 FYM)

T3 - 15 kg ha-1 S, Gypsum 76.67 15.05 59.42 14.92 634 2497 512 1650
T4 - 30 kg ha-1 S, Gypsum 82.61 17.60 65.86 18.71 715 2694 516 1774
T5 - 45 kg ha-1 S, Gypsum 87.20 17.86 67.20 21.49 763 2812 591 1859
T6 - 15 kg ha-1 S, Bentonite-S 80.18 15.83 64.79 16.44 713 2615 535 1714
T7 - 30 kg ha-1 S, Bentonite-S 86.30 18.20 67.28 21.25 777 2809 605 1849
T8 - 45 kg ha-1 S, Bentonite-S 92.22 18.53 70.96 23.15 826 2934 627 1878
S.E.( m) ± 1.64 0.55 1.24 0.58 24.05 41.78 18.89 34.78
CD at 5 % 5.58 1.64 3.76 1.74 72.96 125.44 57.31 104.32



findings reported by Qureshi and Lawande
(2004) and Jana and Kabir (1990).

The significantly the highest bulb yield
(256.6 q ha-1) of onion was recorded with the
application of sulphur @ 45 kg ha-1 S-bentonite
which was at par with sulphur application @ 30
kg ha-1 S-bentonite. Yield increase was
observed 26.84% under sulphur @ 45 kg ha-1

S-bentonite over S-free control. Kumar and
Singh (1995) reported that bentonite sulphur
was found more efficient in increasing yield and
uptake of nutrients than gypsum. This might be
attributed to slow release of sulphur from
bentonite throughout the growth period of the
onion as compared to gypsum. The results are
in conformity with the findings of Jaggi (2005).
The total soluble solid of onion was found to
vary from 12.04 to 12.69 degree and  the
highest  total soluble solids  (12.69 degree) was
recorded in treatment sulphur @ 45 kg ha-1 S-
bentonite and the lowest in treatment control
(Thippeswamy, 1993).

The physiological loss in weight (PLW)
(Table 2) was not influenced significantly by
various sulphur levels but was found the lowest
(35.56 %) under sulphur @ 45 kg ha-1 S-

bentonite followed by sulphur @ 30 kg ha-1 S-
bentonite and sulphur @ 45 kg ha-1 gypsum at
30, 60, 90 and 120 days after harvest
respectively.

The total uptake of N, P, K and S (Table 3)
increased significantly due to application of
sulphur. Significantly the highest total uptake of
N, P K and S (92.22, 18.53, 70.96 and 23.15
kg ha-1 respectively) and micronutrient Zn, Fe,
Cu, Mn (826, 2934, 627 and 1849 g ha-1

respectively), were recorded in sulphur @ 45 kg
ha-1 S-bentonite. However, it was at par with
sulphur @ 30 kg ha-1 S-bentonite and sulphur
@ 45 kg ha-1 gypsum. The increase in uptake
of onion might be attributed to synergetic effect
of bentonite sulphur and nitrogen to each other.
The findings corroborate with the results
reported by Singh and Pandey (1995) and
Vachhani and Patel (1993).

Residual soil available N, P, K and S were
influenced significantly in the treatment of
sulphur @ 45 kg ha-1 S-bentonite followed by
sulphur @ 30 kg ha-1 S-bentonite and sulphur
@ 45 kg  ha-1 gypsum. Available sulphur in soil
after harvest of onion was the highest under
sulphur @ 45 kg ha-1 S-bentonite (13.50 mg
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Table 4. Residual soil fertility as influenced by sulphur application to onion.

Treatment Soil available nutrients S DTPA-micronutrients
(kg ha-1) (µg g-1) (µg g-1)

––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––
N P K Zn Cu Fe Mn

T1 - S- free Control (RDF through 234.5 9.36 325.9 9.87 0.58 1.10 6.07 4.17
Urea, DAP and MOP)

T2 - RDF (100:50:50 kg ha-1 N, 235.8 9.85 327.0 10.71 0.59 1.12 6.08 4.18
P2O5 and K2O + 10 t ha-1 FYM)

T3 - 15 kg ha-1 S, Gypsum 237.0 10.34 328.1 11.41 0.60 1.13 6.09 4.19
T4 - 30 kg ha-1 S, Gypsum 239.5 11.33 329.2 12.83 0.60 1.14 6.10 4.20
T5 - 45 kg ha-1 S, Gypsum 241.8 12.32 33.4 13.18 0.61 1.15 6.12 4.21
T6 - 15 kg ha-1 S, Bentonite-S 238.3 10.84 329.2 11.66 0.60 1.14 6.11 4.21
T7 - 30 kg ha-1 S, Bentonite-S 241.9 11.82 331.5 13.07 0.61 1.15 6.12 4.22
T8 - 45 kg ha-1 S, Bentonite-S 241.7 12.24 332.7 13.50 0.62 1.16 6.13 4.22
S.E.( m) ± 0.83 0.15 0.73 0.14 0.002 0.07 0.19 0.12
CD at 5 % 2.50 0.46 2.24 0.42 NS NS NS NS



kg-1) and sulphur @ 45 kg ha-1 gypsum (13.18
mg kg-1) and sulphur @ 30 kg ha-1 S-bentonite
(13.07 mg kg-1) and at par with each other.
This could be attributed to the balanced
nutrition of N, P, K and S to onion which are
synergistic to each other. It was noticed that
sulphur and phosphorus are complementary in
their availability which enhanced uptake of
phosphorus by increasing levels of sulphur upto
45 kg ha-1 through various sources. Among the
source of sulphur, the bentonite sulphur showed
high uptake of N, P, K and S as compared to
gypsum and single super phosphate. This might
be attributed to its slow release behaviour
supplying sulphur throughout the growth
period of onion. The application of sulphur
increased the availability of nutrients from
native as well as applied fertilizer (Narwal et al.,
1991). The availability of micronutrient (Zn,
Cu, Fe, Mn), after harvest of onion were not
influenced significantly by soil application of
sulphur through S-bentonite and gypsum.
Whereas, available micronutrient Zn, Cu, Fe
and Mn were recorded slightly higher where
sulphur was added through bentonite-S and
gypsum.

It is concluded that, soil application of
sulphur @ 30 kg ha-1 S-bentonite recorded the
highest bulb yield, growth attributing
characters, total uptake of N, P, K and S and
micronutrients (Zn, Fe, Cu, Mn) while lower
physiological loss besides improving the soil
fertility.

Soil application of sulphur @ 45 kg ha-1 S-
bentonite was found beneficial for bulb yield,
quality, nutrient uptake, yield contributing
character and residual soil fertility.
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Soybean [Glycine max (L.) Merrill] is one of
the important oilseed crops meeting about 45
% of the demand of the edible oil of the world.
In India it is grown on an area of about 10.30
million hectares. It is a major oilseed crop of
Maharashtra state covering an area of 3.87
million hectares with 4.65 million tonnes
production and 1.2 ton hectare-1 productivity.
The optimum sowing time is known to vary
with agro climatic conditions and soybean
varieties respond differently to growing
environments under the same agro climatic
conditions (Chavan and Patil 1997). Being
short day plant soybean is highly influenced by
photoperiod. Date of sowing is an important
factor influencing growth and yield of soybean
(Bastidas et al., 2008). Delayed sowing reduces

yield when compared with earlier sowings
(Beatty et al., 1982). An experiment was
conducted to decide optimum sowing time for
recommended improved varieties for the
southern agro climatic zone of India which
includes Maharashtra (western region),
Karnataka, Andhra Pradesh and Tamil Nadu
states.

An experiment was conducted during three
rainy seasons (June to October) of 2009, 2010
and 2011 years in vertisol soil at the Research
Farm at Agharkar Research Institute at Hol,
Taluka Baramati, District Pune. This is one of
the main coordinating centres of All India
Coordinated Research Project on Soybean
(ICAR) in Southern agro-climatic zone of India.
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Effect of Different Sowing Dates on Yield and its Attributes
in Soybean

Table 1. Growth, yield contributing characters, seed yield and quality characters of soybean as affected by different dates of
sowing and varieties.

Treatment Plant Pod Bran- Seed Harvest Seed Straw Oil Oil
height number ches index index yield yield content yield
(cm) plant-1 plant-1 (kg ha-1) (kg ha-1) (%) (kg ha-1)

Sowing date
15th June 65.68 73.5 4.23 14.76 46.47 3379 3863 18.73 632.73
30th June 65.39 57.4 3.72 14.73 47.32 3047 3451 18.71 569.41
15th July 62.37 49.0 3.21 13.90 45.31 2733 3284 18.43 503.14
30th July 62.68 45.9 2.73 13.09 40.15 2001 2872 17.70 351.93
SEm 3.23 5.4 12.53 0.42 2.25 161 220 0.19 34.21
CD at 5% 4.69 7.8 NS 0.61 3.26 234 319 0.28 49.64

Variety
RKS 18 56.99 44.3 3.54 13.62 48.63 3236 3357 18.70 607.23
MAUS 61 71.77 65.2 2.93 13.90 40.06 2505 3734 18.64 466.52
MACS 450 55.83 59.9 3.94 14.84 45.74 2629 3012 17.83 469.18
SEm 2.29 4.1 2.42 0.25 1.52 85 163 0.20 17.27
CD at 5% 3.23 5.8 NS 0.35 2.14 121 230 0.28 24.38

Sowing date x variety interaction
SEm 4.94 8.6 13.14 0.59 3.34 214 346 0.38 44.34
CD at 5% 6.98 12.2 18.57 0.83 4.72 302 488 0.54 32.59

NS = Non-significant



The experimental design was split plot with
three replications. The four sowing dates 15th

June, 30th June, 15th July and 30th July were
assigned to the main plot and three varieties
viz., 'RKS 18', 'MAUS 61' and 'MACS 450'
were put in sub-plots. Each plot consisted of 8
rows of 5 m length with 45 cm and 5 cm
distance between and within rows, respectively.
The uniform basal dose of 20 kg N + 80 kg
P2O5 + 20 kg K2O was applied through DAP,
single super phosphate and muriate of potash.
The soil was slightly alkaline with pH 7.4. The
rainfall during the cropping season (from
sowing up to harvesting) was 468 mm in 2009,
299 mm in 2010 and 301 mm in 2011). All
inter-culture operations were carried out to
raise a good crop. Data were collected on ten
traits including yield.

The data presented in Table 1 shows that
growth characters were significantly influenced
by sowing dates except the number of branches
plant-1. The soybean crop sown on 15th June
produced significantly more seed yield (3379 kg
ha-1) than later sowing dates in all the three
years. Sowing immediately on the onset of
monsoon gave significantly higher yield
compared to all other sowing dates (Shaikh et
al., 2005 and Tomar and Sharma 2007).
Significantly lowest seed yield (2001 kg ha-1)
was obtained in the fourth sowing date (30th

July). Percent reduction in yield over 15th June
sowing date was 9.83, 19.12 and 40.78 per
cent in 30th June, 15th July and 30th July
sowing dates, respectively. Number of pods
plant-1 reduced from 73.5 (15th June) to 57.4
(30th June), 49.0 (15th July) and 45.9 (30th

July). The seed index also significantly reduced
from 14.76 g in 15th June to 13.09 g in 30th

July sowing date. These results are in
agreement with results of Bhatia et al. (1999)
and Ibrahim (2012). Sowing on different dates
also significantly influenced the quality of seed
in terms of oil content. The oil content
decreased with delay in sowing beyond 15th

June. These findings are in conformity with the
results of Batwal et al. (2004).

Soybean varieties differ significantly in
respect of seed index, harvest index, straw
yield, seed yield and oil content during the three
years (Table 1). Variety 'RKS 18' was
significantly superior in seed yield (3236 kg
ha-1) over the rest of the two varieties. On
pooled mean basis variety 'RKS 18' produced
29 and 23 per cent more seed yield over
'MAUS 61' and 'MACS 450', respectively. The
significantly high harvest index in variety 'RKS
18' might be due to greater translocation of
assimilates to the economic sink as compared
to biological sink in variety. Data presented in
Table 2 indicates that sowing of variety 'RKS
18' on 15th June recorded the significantly
highest seed yield (3973 kg ha-1). For 'MAUS
61', 15th and 30th June were at par for seed
yield.

From the experimental results, it is
concluded that in western region of
Maharashtra state, the highest seed yields of
soybean can be obtained by sowing the crop at
the onset of monsoon rain i.e. up to 15th June.
The sowing should not be delayed beyond 15th
July as it may result in significant reduction in
seed yield. Among three recommended
varieties for Southern zone evaluated in the
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Table 2. Interaction of date of sowing and variety for seed
yield (kg ha-1).

Sowing Variety Mean yield
date ––––––––––––––––––––––––– for date 

RKS MAUS MACS of sowing
18 61 450 (kg ha-1)

15th June 3973 2935 3229 3379
30th June 3235 2765 2879 3047
15th July 3124 2408 2668 2733
30th July 2331 1913 1760 2001
Mean yield 3236 2505 2629
for variety

SEm = 213 kg ha-1; CD at 5% = 302 kg ha-1



present study, 'RKS 18' should be preferred for
cultivation in Western region of Maharashtra as
it significantly out-yielded other two varieties.
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Response of Cabbage Varieties to Different Shade Net
Colours and Shading Intensities

______________

Coloured nets represent a new agro-
technological concept, which aims at
combining physical protection, together with
differential filtration of the solar radiation. It
deals with light quality in its broad sense, to
include its dispersion features and thermal
components, in addition to the visible and near-
visible spectral components. The spectral
manipulation is aimed to specifically promote
desired physiological responses, while the
scattering improves the penetration of the
modified light into the plant canopy. Unlike
films, the nets are composed of both holes and

plastic threads, as such, the fraction of the light
that passes freely through the holes remains
unchanged in its quality, while the fraction
hitting the threads comes out of the net both
spectrally modified and scattered. Depending
on the chromatic additives to the plastic, the
scattering elements and the knitting design, the
different coloured shading nets may provide
varying mixtures of natural, unmodified light,
together with the spectrally modified, diffused
light. Looking to the ability of shade nets to
alter the light quality, quantity and its effect on
harnessing the crop potential, the experiment
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170Table 1. Effect of shade net colours and shading intensities on growth of cabbage cultivars.

Treat- Plant height Plant spread Number of leaves Leaf area plant-1 Dry matter plant-1
ment (cm) (cm) (plant-1) (dm-2) (g)

––––––––––––––––––––––– –––––––––––––––––––––––– –––––––––––––––––––––– ––––––––––––––––––––––––––– –––––––––––––––––––––––––
15 30 45 At 15 30 45 At 15 30 45 At 15 30 45 At 15 30 45 At
DAT DAT DAT har- DAT DAT DAT har- DAT DAT DAT har- DAT DAT DAT har- DAT DAT DAT har-

vest vest vest vest vest

Shade net colours (C)
White 8.90 13.28 16.54 17.40 25.30 36.49 44.56 47.85 11.01 16.44 16.32 14.97 62.97 335.55 397.40 403.24 28.72 50.54 84.99 176.09
Blue 8.50 13.24 16.49 17.32 24.95 36.10 44.15 47.31 10.56 16.17 16.16 14.94 61.20 333.13 397.11 400.03 27.29 49.57 80.67 175.57
Green+white 8.24 12.54 15.30 16.34 24.20 35.57 43.98 47.08 10.48 16.07 15.79 14.33 59.99 329.74 390.31 398.04 27.11 49.42 80.38 169.80
SEm(±) 0.13 0.23 0.20 0.22 0.16 0.15 0.13 0.16 0.12 0.07 0.14 0.13 0.80 1.21 1.12 1.39 0.44 0.26 0.85 1.59
CD (P=0.05) 0.37 0.66 0.56 0.64 0.44 0.42 0.38 0.46 0.34 0.19 0.39 0.37 2.30 3.46 3.22 3.99 1.26 0.75 2.45 4.56

Shading intensities (I)
35% 10.18 14.67 18.25 19.11 25.90 37.82 45.36 48.80 11.99 17.31 17.29 15.97 70.10 352.35 407.99 413.25 30.54 52.38 88.97 184.97
50% 8.29 12.93 15.86 16.57 25.03 36.10 44.14 47.31 10.48 16.32 16.22 14.78 60.80 333.92 396.35 403.28 27.79 49.28 81.50 173.30
75% 7.16 11.46 14.22 15.28 23.52 34.24 43.18 46.13 9.59 15.05 14.76 13.50 52.37 312.14 380.47 384.78 24.79 47.86 75.58 163.18
SEm(±) 0.13 0.23 0.20 0.22 0.16 0.15 0.13 0.16 0.12 0.07 0.14 0.13 0.80 1.21 1.12 1.39 0.44 0.26 0.85 1.59
CD (P=0.05) 0.37 0.66 0.56 0.64 0.44 0.42 0.38 0.46 0.34 0.19 0.39 0.37 2.30 3.46 3.22 3.99 1.26 0.75 2.45 4.56

Varieties (V)
Scent 9.76 14.52 17.81 18.70 26.62 37.58 46.29 49.10 11.84 17.19 17.08 15.64 77.27 358.38 444.15 447.87 32.96 58.82 94.96 185.61
Saurabh 7.32 11.53 14.41 15.34 23.01 34.53 42.16 45.72 9.53 15.26 15.10 13.85 45.50 307.23 345.73 353.01 22.45 40.86 69.07 162.02
SEm(±) 0.11 0.19 0.16 0.18 0.13 0.12 0.11 0.13 0.10 0.05 0.11 0.10 0.66 0.99 0.96 1.14 0.36 0.22 0.70 1.30
CD (P=0.05) 0.30 0.54 0.46 0.53 0.36 0.34 0.31 0.38 0.28 0.16 0.32 0.30 1.88 2.83 2.63 3.26 1.03 0.62 1.10 3.72

Interaction
C x I
SEm(±) 0.22 0.40 0.34 0.39 0.27 0.25 0.23 0.28 0.20 0.11 0.24 0.22 1.39 2.09 1.94 2.41 0.76 0.46 1.48 2.75
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS

I x V
SEm(±) 0.18 0.33 0.28 0.32 0.22 0.21 0.19 0.23 0.17 0.09 0.19 0.18 1.14 1.71 1.59 1.97 0.62 0.37 1.21 2.25
CD (P=0.05) NS NS NS NS 0.63 0.59 0.53 NS 0.48 0.27 0.56 NS NS 4.90 4.55 5.64 NS 1.07 3.46 6.44

C x V
SEm(±) 0.18 0.33 0.28 0.32 0.22 0.21 0.19 0.23 0.17 0.09 0.19 0.18 1.14 1.71 1.59 1.97 0.62 0.37 1.21 2.25
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS

C x I x V
SEm(±) 0.31 0.56 0.48 0.55 0.38 0.36 0.32 0.39 0.29 0.16 0.34 0.31 1.97 2.96 2.75 3.41 1.08 0.64 2.09 3.89
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
General mean 8.58 13.02 16.11 17.02 24.82 36.05 44.23 47.41 10.69 16.23 16.09 14.75 61.39 332.81 394.94 400.44 27.71 49.84 82.01 173.82



was conducted to study the effect of shade net
colours and shading intensities on growth and
yield of cabbage.

The field experiment was conducted in a
specially designed shade net house of 1400 m2

at Post Graduate Institute Farm, Mahatma
Phule Krishi Vidyapeeth, Rahuri (Maharashtra),
during rabi season, 2011. The soil of the
experimental field was sandy clay in texture
with 262.3 kg ha-1 N, 21.25  kg ha-1 P and
345.26 kg ha-1 K, respectively. The
experiment was laid out in a factorial
completely randomized design with three
replications. The treatments consisted of three
shade net colours viz., white, blue and Green +
White; three shading intensities viz., 35, 50
and 75 per cent and two varieties viz., Scent
and Saurabh. The 30 days old cabbage
seedlings were transplanted on 25 November,
2011 at a spacing of 45 cm x 45 cm on the
broad bed furrow. The recommended fertilizer
dose was applied as 160-80-80 N, P2O5 and
K2O kg ha-1. Irrigation was given on every
alternate day through drip irrigation system.

Effect of shade net colours : The white
shade net colour significantly increased the
growth attributes viz., plant height, plant
spread, number of leaves, leaf area and dry
matter plant-1 throughout the crop growth
period (Table 1). The important yield
contributing characters viz., head weight
(1129.78 g) and head girth plant-1 (51.17 cm)
were significantly higher under white shade net
resulting into significant increase in cabbage
yield (43.82 t ha-1) while it was at par with blue
(42.58 t ha-1) colour net suggesting suitability of
both white and blue shade net colours for
cabbage cultivation. The results are in
conformity with Medany et al. (2009), Shahak
et al. (2009) and Zoran et al. (2011).

Effect of shading intensities : The
growth attributes viz. plant height, plant

spread, number of leaves, leaf area and dry
matter plant-1 and yield contributing characters
viz., head weight and head girth plant-1 were
recorded significantly higher under 35 per cent
shading intensities under different shade net
colours at all stages of crop growth as
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Table 2. Effect shade net colours and shading intensities
on yield attributes and yield of cabbage cultivars.

Treatment Yield attributes Yield
––––––––––––––– ––––––––––––––––––––––
High Head Kg Kg unit-1 t ha-1

girth weight m-2 (1400
(cm) (g) m2)

Shade net colours (C)
White 51.17 1129.78 4.38 6134.33 43.82
Blue 49.99 1042.22 4.26 5963.22 42.58
Green+white 48.88 1036.17 4.14 5793.67 41.38
SEm(±) 0.45 16.12 0.05 71.98 0.52
CD (P=0.05) 1.30 46.25 0.15 206.44 1.48

Shading intensities (I)
35% 52.39 1200.67 4.65 6508.4 46.49
50% 49.24 1035.28 4.22 5911.11 42.22
75% 48.42 972.22 3.91 5471.67 39.07
SEm(±) 0.45 16.12 0.05 71.98 0.52
CD (P=0.05) 1.30 46.25 0.15 206.44 1.48

Varieties (V)
Scent 52.14 1153.26 4.59 6422.89 45.87
Saurabh 47.89 985.52 3.93 5504.59 39.32
SEm(±) 0.37 13.17 0.04 58.77 0.42
CD (P=0.05) 1.06 37.76 0.12 168.56 1.21

Interaction
C x l
SEm(±) 0.79 27.93 0.09 124.67 0.89
CD (P=0.05) NS NS NS NS NS

I x V
SEm(±) 0.64 22.80 0.07 101.79 0.73
CD (P=0.05) NS 65.40 0.21 291.95 2.09

C x V
SEm(±) 0.64 22.80 0.07 101.79 0.73
CD (P=0.05) NS NS NS NS NS

C x I x V
SEm(±) 1.11 39.50 0.13 176.31 1.26
CD (P=0.05) NS NS NS NS NS
General mean 50.01 1069.39 4.26 5963.74 42.59



compared to 50 and 75 per cent shading
intensities. The more plant growth attributes in
35 per cent shading intensity might be
contributed to the availability of more Absorbed
Photosynthetically Active Radiation (APAR)
resulting into more photosynthetic rate and
increased plant growth. The yield contributing
characters viz., head girth (52.39 cm), head
weight (1200.67 g) and cabbage yield (46.49 t
ha-1) were also recorded significantly higher in
35 per cent shading intensity compared to
other shading intensities. The increase in yield
under 35 per cent shading intensity was 18.99
per cent over 75 per cent shading intensity.
The 35 per cent shading intensity recorded the
highest leaf area, leaf number APAR and
photosynthetic rate with accumulation of higher
heat units which might have resulted to
increased yield of cabbage. Similar results were
reported by Prado et al. (2008), Vethamoni and
Natarajan (2008), Dhatt and Kaler (2009),
Moniruzzaman et al. (2009).

Effect of varieties : All the plant growth
parameters and yield characters were
influenced significantly at all growth stages due
to different varieties and found significantly
higher in variety 'Scent' as compared to
'Saurabh'. The variety 'Scent' recorded
significantly higher yield attributes viz., head
girth (52.14 cm) head weight (1153.26 g) and
cabbage yield (45.87 t ha-1) as compared to the
variety 'Saurabh'. This might be due to
significant improvement in growth attributes of
variety Scent which exploited its potential
under favourable soil and microclimatic
condition prevailed during crop growing season
under shade net which might have increased all
the growth and yield attributes of crop leading
to increased yield of cabbage. These results are
in confirmity with that of Srivastava et al.
(2011).

The growing of cabbage variety, 'Scent'
under white shade net with 35 per cent shading
intensity was found to be the most suitable for
achieving higher yield.

R. P. Mundhe
R. P. Andhale
B. T. Sinare

Department of Agronomy
Mahatma Phule Krishi Vidyapeeth, 
Rahuri - 413 722 (India)
January ,2014
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Cotton (Gossypium hirsutum) is a well
known cash crop. It is of importance in the
textile industry, medical field and also for it's
essential seed oil. During last six decades, the
production of cotton has increased from 30
lakh bales in 1950-51 to an all time high of
213.50 lakh bales during 2011-12. Cotton
productivity had stepped up from 387 to 920.7
kg ha-1 in 2011-12 over the years, there has
been only a marginal increase in the
productivity of cotton in India. Consequently,
India still lags behind in cotton productivity and
rank fourth with an average productivity of only
565 kg ha-1 in spite of the fact that the area
under cotton in India is the largest in the world
(111.27 lakh ha) during 2013-14.

Fusarium oxysporum f. sp. vasinfectum
responsible for wilt of cotton causes significant
crop losses in cotton-producing countries. The
disease is widespread in the USA and China
(Melikiev, 1962). Africa, Tanzania are the worst
affected country (Hillocks, 1981). Although
losses nationally may not be huge, estimated for
instance at 0.2 per cent for the whole of the
USA in 1989 (Blasingame, 1990), losses are

much greater in localized areas and for
individual farmers in areas where the disease is
endemic.

Cotton commonly known as 'White Gold' is
an important fiber crop of global significance.
The pathogen causes wilt in cottcn was
identified as Fusarium oxysporum f.sp.
vasinfectum (Atk) Synder and Hansen, after
reference to Booth (1971) and Singh (1987),
Pandey (1997) reported the cotton wilt as most
destructive disease caused by Fusarium
oxysporum f.sp. vasinfectum prevailing in all
cotton growing countries of the world. F.
oxysporum f. sp. vasinfectum is a soil-invading
(Garrett, 1956), Facultative parasite that can
remain dormant in the soil for long periods in
the form of chlamydospores.

Crop rotations are often ineffective at
reducing the soil inoculum. The pathogen is soil
borne in nature. The pathogen is very difficult
to control. The development of resistant
sources is the only surest and cheapest method
to tackle this disease. Keeping in view the
present study was undertaken in vivo and in
vitro to evaluate available varieties, cultivars,
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Identification of Diploid cotton genotypes against Fusarium
oxysporum f. sp. vasinfectum

Table 1. Summary of screening of cotton genotypes against Fusarium wilt at seedling stage (SRT) 2011-12 received from
different centers.

Location of centre No. of R MR MS S
genotypes (<5%) (6-15%) (16-25%) (>25%)
tested

Project Coordinator, Coimbatore 40 0 03 01 36
RCRS, NAU, Maktampur, Bharuch, Gujarat 13 03 02 02 06
RCRS, AAU, Viragram, Gujarat 13 0 02 01 10
Main Research Station, NAU, Athwa Farm, Surat, Gujarat 01 01 0 0 0
AICCIP, Dr. P.D.K.V., Akola 01 01 0 0 0
Oil Seed Research Station, Jalgaon 154 01 07 03 143
AICCIP, M. P. K. V. Rahuri 20 04 02 1 13
Total 242 10 16 08 208



new genotypes and germplasm lines of diploid
cotton against F. oxysporum f.sp.
vasinfectum.

The experiment was conducted during
2011-12 at glasshouse and in wilt sick plot of
cotton project, Department of Plant Pathology,
College of Agriculture, Pune to find out the
sources of resistance in cotton genotypes
against Fusarium wilt. The screening of
genotypes was carried out in wilt sick soil under
glasshouse as well as field conditions for
ascertaining their reactions against the disease.

The Diploid cotton cultivars, varieties, new
genotypes and germplasm lines were obtained
from Project Coordinator, Coimbatore and
AICCIP Centres of Bharuch, Viramgam, Surat,
Akola, Jalgaon and Rahuri. Total 242
genotypes were screened in glasshouse
condition by Pune technique (Uppal, Kulkarni
and Randive 1937, 1934,1951).

Seedling resistant test : The fresh
isolates of Fusarium oxysporum f. sp.
vasinfectum was isolated from the diseased
plant and soil sample from wilt sick field of
AICCIP, Pune Centre purified and tested for
their virulence and then maintained on PDA
slants for further studies. The inoculum is then
multiplied on Richard,s media. These flasks
were incubated at 27 °C for 7 days.

This inoculum was further multiplied on
crushed cotton seed media (350 gm of crushed
cotton seed + 125 ml water dispensed in 1000
ml flasks) and incubated at 27 °C for 10-12
days. The soil and compost mixture mixture
(2:1 by volume) was sterilized at 30 psi for
minutes for three successive days. The sterilized
soil is then inoculated with inoculum grown on
crushed cotton seed medium @1:5 v/v and the
same mixture is further incubated in galvanized
bins at room temperature for 6 weeks.

After developement of enough white

mycelial cottony growth of Fusarium inoculum
in the soil. The earthen pot of 15 x 15 cm size
were filled and dibbled with 10 seeds pot-1.
The germination count was recorded after 7
day after sowing and the seedling were
observed for wilting upto 6 weeks. The
virulence of the fusarium organism determined
by "Pilot Test" in which highly susceptible
cultivar of DH2 was sown. When cotton
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Table 2. Reaction of cotton genotypes to Fusarium wilt in
Seedling Resistant Test and Adult Plant Resistant
Test (2011-12).

Cotton Seeding Adult plant Re-
genotype resistance test resistant test marks

––––––––––––––– ––––––––––––––
Wilting Reac- Discol- Reac-
(%) tion oured tion

(%)

JLA 0606 6.10 MR 0.00 R R
JLA 0715 10.13 MR 33.33 R R
Das 385 13.04 MR 38.46 R R
GBhv 229 2.13 R 0.00 R R
GBhv 253 5.00 R 0.00 R R
GBhv 255 14.63 MR 0.00 R R
GBhv 277 11.63 MR 0.00 R R
Digvijay 2.78 R 0.00 R R
GVhv 655 14.67 MR 0.00 R R
GVhv 637 15.00 MR 3.67 R R
G. Cot  19 3.51 R 5.88 R R
AKA 07 4.88 R 12.50 R R
JLA  794 14.71 MR 0.00 R R
JLA 802 14.93 MR 75.00 S S
FI-11-9 13.51 MR 33.33 R R
FI-11-17 4.76 R 42.86 R R
FI-11-18 8.82 MR 25.00 R R
FI-11-20 14.58 MR 66.67 S S
FI-11-21 14.29 MR 33.33 R R
FI-11-23 13.04 MR 20.00 R R
PA 11 14.29 MR 25.00 R R
RAC 024 7.69 MR 0.00 R R
BN 1 0.00 R 0.00 R R
RCH 2 0.00 R 0.00 R R
NHH44 0.00 R 0.00 R R
Mallika 0.00 R 0.00 R R
DH2* 84.51 S 80 S S

*=Susceptible check.



seedling of susceptible cultivars showed more
than 80 per cent wilting within 6 weeks, wilting
per cent of seedling was worked out by
following formula

Total number of 
wilted plants 

Per cent wilt = –––––––––––––––––––––  x 100
Total number of 

germinated plants

The disease reaction was recorded as per
the Grading system as following.

1.  Immune : No infection

2.  Resistant (R) : Slight yellowing and no
defoliation. Less than 5 % plants showing
wilting

3. Moderately Resistant (MR) :
Yellowing and browning of leaves. 6-15 per
cent plant showing wilting.

4. Moderately Susceptible (MS) :
Yellowing, browning and discolouration of
leaves. Some leaves fall off. Of late partial
wilting may occur. 16-25 per cent plant
showing wilting.

5. Susceptible (S) : In early infection
seedlings wilt, adult plants shows yellowing,
browning and dropping off the leaves, finally
plant wilt, above 25 per cent plant showing
wilting.

Adult plant resistant test (APRT) :
Seedling showing resistant reaction (< 15% wilt
incidence) in glasshouse at SRT were
transplanted in wilt sick plot. Maximum 20
plants were maintained and wilting was
observed and recorded till plants attain
maturity. Further the plants which do not show
wilting up to maturity are uprooted and cut
opened longitudinally for recording vascular
discoloration. The discoloration is graded as,
Resistant - >50 per cent plants showing hyaline

reaction and Susceptible - <50 per cent plants
showing hyaline reaction.

Out of 242 cotton genotypes screened in
glasshouse against Fusarium wilt only 10
genotypes showed resistant reaction (R) and 16
genotypes showed moderately resistant
reaction (MR). The details are shown in table 1.

Adult plant test : (Pune technique) :
Ten cotton genotypes showing resistant and
sixteen cotton genotypes showing moderately
resistant reaction to Fusarium wilt at seedling
stage in pots were transplanted in the wilt sick
field with earthen ball intact along with DH-2 as
susceptible check. Maximum number of
plants/genotypes were observed for their
reaction to wilt up to maturity of the crop.

From the data presented in Table 2. it is
revealed that out of twenty six genotypes in
which wilt incidence was recorded less than 15
per cent in seedling resistance test, only two
genotypes showed more than 50 per cent
vascular discoloration in adult plant resistance
test. These genotypes were JLA 802 and Fl-
11-20 which are found to be susceptible, while
rest of 24 genotypes showing less than 50%
vascular discoloration were found to be
resistant.

D. H. Sarnobat
K. B. Pawar
T. K. Narute

Plant Pathology Section,
College of Agriculture, 
Pune - 411 005 (India)
April 10, 2014.
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Resource Productivity and Resource Use Efficiency in
Sugarcane Production

______________

Sugarcane (Saccharum Officinarum L.) is
an important commercial crop in India. In world
Brazil, Mauritus and America are important
competitor for India in production and
marketing in global market. India occupying
about 4.36 million hectares with an annual
sugarcane production of 281.6 millions tonnes.
Sugarcane occupies about 3.2 per cent of total
cultivated area and it is one of the most
important cash crop contributing about 7.5 per
cent of the gross value of agricultural
production in the country. About 52 millions
farmers depends on sugarcane cultivation for
their livelihood and an equal number of
agricultural labours earn living by working in
sugarcane farms.

In the year 2011-12 area under sugarcane
in the state was 11.72 lakh hectares and the
production was 894.56 lakh metric tones. The
cane available for crushing was 87.53 lakh
metric tones and sugar was 95 lakh metric

tones with the recovery of 11.50 percent. In
the state, 27 sugar factories are engaged in
production of electricity with capacity of 343
megawatt per day where as 64 sugar factories
are producing 6630 lakh liter of spirits per year
from molasses. Sugar industries are main
source of sugar production but they are also
producing electricity, ethanol, alcohol, country
and foreign wine/liquor, chemicals, paper and
particle board.

Selection of area and sampling : There
are eight sugar factories in Beed district. Out of
these eight Vaidyanath sugar factory is the
efficient Sugar Factory in the district. Hence,
the region of sugar factory was purposively
selected. There are 189 villages in the
jurisdiction of Vaidyanath Sugar Factory region.
Out of 189 villages, 10 villages were
purposively selected according to the higher
area under sugarcane crop.



Selection of cultivators : A list of
sugarcane growers was obtained from the
selected villages in the jurisdiction of
Vaidyanath Co-operative Sugar Factory Ltd;
Pangri and arranged in ascending order on the
basis of area under sugarcane. The sugarcane
growers were sub grouped in three strata as
small, medium and large (Table 1). The
cultivators with less than 0.4 hectare area under
sugarcane were operationally defined as small
between 0.4 to 0.8 hectares as medium and
above 0.8 ha as the large farmers growing
sugarcane. Thus, sample of 90 sugarcane
growers from 8 villages in the sugar factory was
drawn randomly. Thus, it contained 90 total
sugarcane growers that is small, medium and
large farmers.

Data collection : The present study is
based on primary data. The primary data were
collected by survey method with the help of
specially designed, well structured, pretested
schedule. The information on following broad
aspect was collected:-

a. General information of the cultivators and
their household.

b. Cropping pattern adopted.

c. Details of labour and input utilization.

d. Information on items of cost of cultivation of
sugarcane and its production.

Tabular analysis comprised of arithmetic
mean, percentage and ratio, this method was
used to determine the costs, returns and
profitability per hectare from sugarcane crop.

The  findings  of  the  present  study  as  well
as  relevant  discussion  have  been  summarized
under  following  heads:

Use of production function in
sugarcane production : Linear and Cobb-
Douglas production function were used in
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Table 1. Details of sample of sugarcane cultivators.

Category of Size Num-
sugarcane cultivars of ber

holding

Sugarcane small size group < 0.40 ha 30
Sugarcane medium size group > 0.40 to <0.80 ha 30
Sugarcane large size group > 0.80 and above 30
Total 90

Table 2. Estimation of cobb-douglas production function as regression coefficient in order to know resource productivity and
resource use efficiency in sugarcane production.

Independent Regression Standard t' Geometric Marginal Marginal Price MVP
variables coefficient error value mean of product value of to

(bi) (SE) of of input (q) product input price
(bi) bi (Xi) (Rs.) ratio

Human labour (man day farm-1) 0.140 0.124 1.07 70.21 0.099 106.99 200 0.534
Bullock labour (pair day farm-1) 0.120 0.026 4.45 12.08 0.029 31.80 700 0.045
Machine labor (hour farm-1) -0.012 0.040 -0.28 3.04 -0.165 -182.20 1500 -0.121
Seed (kg farm-1) 0.04 0.13 1.09 6.10 1.134 1356.00 2000 0.678
Nitrogen (kg farm-1) 0.066 0.018 3.24 139.40 0.020 22.16 10.91 2.031
Phosphorus (kg farm-1) -0.069 0.046 -1.78 61.57 -0.069 -76.02 9 -8.446
Potash (q farm-1) -0.011 0.056 -0.219 38.60 -0.016 -17.71 7.9 -2.241
FYM (q farm-1) 0.016 0.029 0.607 19.18 0.038 44.40 100 0.44
Plant protection (lit. farm-1) 0.007 0.006 1.47 0.37 1.084 214.99 700 0.307
Irrigation (Nos.) 0.380** 0.085 4.530 14.00 1.400 1627.13 1000 1.627

Intercept (loga) = 2.327, n = 90, R2 = 0.931, F-value = 104.96***, Return to scale = 0.758, *,** significant at 5 and 1 per
cent, respectively



sugarcane production. On the basis of
goodness of fit (R2), Cobb-Douglas production
function was  found to fit the data. The
variables which were used in production
function were considered for correlation matrix.
It was clear that the correlation coefficient of
independent variable with respect to production
of sugarcane were observed. 

Estimates of cobb-douglas production
function in sugarcane production : The
regression coefficients with respect to various
explanatory variables were calculated and are
presented in Table 2. It was observed that
regression coefficient of number of irrigation
was 0.38 which was positive and highly
significant at one per cent level. It inferred that
if one per cent increase in use of number of
irrigation, it would lead to increase sugarcane
production by 0.38 per cent. The regression
coefficient with respect to bullock labour was
0.12 which was positive and significant at one
per cent  level. It inferred that one per cent
increase in use of bullock labour cause increase
in sugarcane production by 0.12 per cent.
Similarly, the regression coefficient with respect
to nitrogen was 0.066 which was also positive
and significant. This implied that one per cent
increase in nitrogen it would lead to increase
the sugarcane production by 0.066 per cent.
The regression coefficient with respect to
machine labour was -0.012 which was negative
and non significant. Similarly, the regression
coefficient with respect to phosphorus and
potash was (-0.0692) and ( -0.0113) which was
negative and not significant. The regression
coefficients with respect to human labour,
planting material, FYM and plant protection
were positive but non-significant. The
coefficient of multiple determination (R2) was
0.931 which indicated that 93.10 per cent
variation in sugarcane production that was
explained by independent variables included in
the production function. The F value of R2 was

highly significant (104.96). It was clear that
each explanatory variables on its own was not
very important but together they explained
significantly part of variation in sugarcane
production. The sum of regression coefficient
was 0.758 which indicated decreasing return to
scale, result conformity with Poswal (2004).

Resource productivities with respect to
various explanatory variables were estimated
and are also presented in Table 2. The marginal
productivity with respect to number of irrigation
was 1.40 tonnes followed by that of planting
material (1.134 tonnes), plant protection
(1.08), human labour (0.099). It inferred that, if
one number of irrigation increased in sugarcane
production at its geometric mean level, it would
lead to increase the production of sugarcane
with 1.40 tonnes. Similarly, per unit of planting
material, plant protection, human labour it
would cause to increase the production
sugarcane by 1.134, 1.084, 0.099 tonnes,
respectively, results are conformity with Desai
(1986), Kallimullah (1994) and Pail (1996).

In regard to resource use efficiency it was
also evident from Table 2. that, use of nitrogen
indicated the highest MVP to price ratio (2.03)
as followed by number of irrigation (1.627),
human labour  (0.534) and manure  (0.44). It
inferred that there was scope to increase use of
above variables by giving the priority to higher
MVP to price ratio in sugarcane production ,
result are conformity with Misal (2009) who
concluded that use of fertilizers to be most
important factor followed by area.

R. R. Waghmode
K. V. Deshmukh
R. A. Kolambkar

Deptt. of Aril. Economics,
VNMKV, Parbhani - 431 402 (India)
May 10, 2014.
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Effect of Different Packaging Material on Storage of Paddy
(Oryza sativa L.) Seed

______________

Rice is the staple food of most of the people
in Asia. The Asia-Pacific region produces and
consumes more than 90 per cent of worlds
rice. Therefore rice is not only a staple food of
the region but also a way of life. In India rice
occupies an area of 43.75 million hectares with
production of 85.30 million tonnes. India has
largest area under rice crop in the worlds
(Anonymous, 2009). In Maharashtra, rice ranks
third in respect of acreage among important
cereal crops. The total area occupied by this
crop is about 15.50 lakh hectares, with annual
production of 28.55 lakh tonnes. In Konkan
region of Maharashtra rice is grown on an area
of 4.30 lakh hectares with production 10.25
lakh tonnes (Anonymous, 2008).

In storage, the viability and vigour of seed
not only vary from genera to genera and variety
to variety, but also regulated by many physical-
chemical factors viz., moisture content,
humidity, temperature, initial seed quality,
physical and chemical composition of seed,
gaseous exchange, storage structure, packaging
materials etc. (Doijode, 1988). Packaging
material used mainly for storage purpose
should have sufficient tensile and bursting

strength, tearing resistant to withstand the
handling stresses for storage of seed. In vapour
proof container seed has to be dried to lower
level compared to storing in vapour containers.
Gupta et al. 2006 observed that the moisture
of paddy decreased initially up to five months of
storage beyond which it increased due to
increase in relative humidity of atmosphere and
thereby the germination and seed viability
affected. Sharma et al. (1998) indicated that
the poly-lined gunny bags proved better
containers both for laboratory as well as bulk
storage in seed godowns, which maintain
viability for longer period through minimum
variation in seed moisture during storage. 

The amount of moisture in seed is most
important factor influencing seed viability
during storage over most of the moisture range.
The rate of deterioration increases as the
moisture content increase. Harrington and
Douglas, 1970 stated that as decreased in
moisture content of cereals seed from 3  to 10
per cent increased the storage life. Since the life
of seed and its span largely revolves around its
moisture content. The same moisture content
depends upon storage length, type of storage



structure, kind/variety of seed, type of
packaging material. For cereals in ordinary

storage conditions for twelve to eighteen
months, seed drying up to ten percent moisture
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Table 1. Effect of different packaging material on germination of paddy seed (Seed produced of kharif-2011).

Treatment Germination (%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
6 11 13 15 17 19 21
MOS MOS MOS MOS MOS MOS MOS

T1F1 - Polylined bag, seed fumigated 97.55 96.02 92.75 84.25 74.50 67.00 16.75
T1F2 - Polylined bag, seed without fumigation 99.75 96.10 92.09 87.75 86.00 46.00 2.50
T2F1 - Gunny bag, seed fumigated 95.27 94.33 81.05 87.00 79.50 71.00 46.25
T2F2 - Gunny bag, seed without fumigation 93.07 80.75 80.05 59.25 48.00 47.00 20.00
T3F1 - HDPE bag, seed fumigated 96.75 95.50 91.25 87.25 82.00 70.00 42.75
T3F2 - HDPE bag, seed without fumigation 99.77 93.25 86.02 89.25 74.00 76.00 52.50
T4F1 - Polylined gunny bag, seed with fumigation 96.75 95.75 91.75 90.50 76.50 51.00 38.50
T4F2 - Polylined gunny bag, seed without fumigation 99.75 94.00 90.02 88.00 32.50 18.50 3.50
T5F1 - Polylined HDPE bag, seed with fumigation 97.25 93.66 93.07 90.50 87.00 85.00 69.20
T5F2 - Polylined HDPE bag, seed without fumigation 97.15 92.00 88.50 89.50 74.50 57.50 39.23
T6F1 - Cold storage, seed fumigation 99.75 98.75 95.75 90.75 85.00 83.50 68.00
T6F2 - Cold storage, seed without fumigation 99.75 88.75 88.05 83.50 80.75 55.00 30.55
T7F1 - Control (cotton bag), seed with fumigation 96.00 60.00 24.75 6.00 6.00 5.00 3.00
T7F2 - Control (cotton bag), seed without fumigation 97.02 59.06 16.50 3.00 3.00 3.00 2.00
SE± 0.18 0.32 0.42 0.51 0.42 3.62 3.34
CD @1% N.S. 1.22 1.60 1.96 1.61 13.83 12.75

Table 2. Effect of different packaging material on germination of paddy (kharif 2012).

Treatment Germination (%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––
8 9 10 11 12 13
MOS MOS MOS MOS MOS MOS

T1F1 - Polylined bag, seed fumigated 90.25 92.00 95.00 90.75 83.00 70.00
T1F2 - Polylined bag, seed without fumigation 90.00 89.00 89.00 80.00 76.00 62.00
T2F1 - Gunny bag, seed fumigated 90.50 91.00 94.00 90.00 71.00 56.00
T2F2 - Gunny bag, seed without fumigation 90.50 88.00 94.00 90.25 68.00 56.00
T3F1 - HDPE bag, seed fumigated 91.00 93.00 91.00 90.75 85.00 82.00
T3F2 - HDPE bag, seed without fumigation 90.25 90.00 91.00 89.25 70.00 61.00
T4F1 - Polylined gunny bag, seed with fumigation 92.00 93.50 88.00 90.75 88.00 73.00
T4F2 - Polylined gunny bag, seed without fumigation 91.00 90.00 85.00 87.50 74.00 61.00
T5F1 - Polylined HDPE bag, seed with fumigation 92.00 93.50 93.00 90.00 88.00 72.00
T5F2 - Polylined HDPE bag, seed without fumigation 92.00 90.50 92.00 90.50 69.00 63.00
T6F1 - Cold storage, seed fumigation 90.50 91.00 91.50 83.25 82.00 76.00
T6F2 - Cold storage, seed without fumigation 90.25 89.00 88.00 82.00 74.00 64.00
T7F1 - Control (cotton bag), seed with fumigation 90.25 92.50 91.00 80.00 77.00 72.00
T7F2 - Control (cotton bag), seed without fumigation 90.50 90.00 88.00 70.00 62.00 56.00
SE± 0.53 2.11 1.65 4.23 4.00 5.20
CD @1% 2.02 NS 6.30 16.15 15.90 21.20



content appears quite satisfactory.

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

Experiment was conducted at Seed Testing
Laboratory, Dr. Balasaheb Sawant Konkan
Krishi Vidyapeeth, Dapoli to study the effect of
packaging material and fumigation on storage
of paddy seed. The seed of rice variety
Ratnagiri-4 was used for this study. Two
experiment were carried out during 2012-13
and 2013-14 by using kharif 2011 harvested
seed (10% moisture) and kharif 2012
harvested seed (13% moisture). The processed
seed was dried up to 10 per cent moisture
during kharif 2011 harvested seed and 13 per
cent moisture during kharif 2012 harvested
and fumigated with Aluminium phosphide 56
per cent. The seed lot without fumigation of
insecticide was kept for comparison. The seed
was bagged in various packaging material. 

The experiment was conducted in factorial
complete randomised design with four
replications. The seed bags were kept on racks
in Seed Testing Laboratory at ambient
condition. The germination test was carried out
by between paper method at different time
interval and seed moisture was determined by
hot air oven method (ISTA, 1999). The data
was subjected to statistical analysis in
accordance with the procedure (Snedecor and
Cohran, 1994).

Experiment 1 : Kharif 2011 harvested
seed with 10 per cent moisture : There
was no significant difference in seed
germination at initial i.e. 6 month of storage
(MOS) stage due to different treatment
(Packaging, fumigation) (Table 1). There was
significant difference in seed germination at 11,
13, 15, 17, 19 & 21 MOS due packaging and

fumigation treatments. At 11 MOS highest
seed germination was observed in T6F1 (Cold
storage and fumigated seed 98.75 %) over
other treatments and control. Control
treatments (T7F1 and T7F2) showed less
germination than minimum seed certification
standard (80%). At 13 and 15 MOS the highest
seed germination was observed in T6F1 and at
17 and 19 MOS by T7F1 (Polylined HDPE and
Seed fumigated) over other treatments. At 19
MOS T5F1 (Polylined HDPE seed fumigated)
and T6F1 (Cold storage seed fumigated) showed
seed germination above MSCS (80%). At 21
MOS all the treatments showed seed
germination less than MSCS (80%). 

Experiment II : Kharif 2012 harvested
seed with 13 per cent moisture : There
were no significant differences in germination
due to various treatments at 9 MOS (Table 2).
There was significant difference in seed
germination due to packaging material and
fumigation at 8, 10, 11, 12 and 13 MOS. At
11 MOS all the treatment showed higher
germination than MSCS  (80.0%) except T7F2,
i.e. control seed without fumigation (70.0%). At
12 MOS T4F1 and T5F1 showed higher seed
germination (88.0%) which was at par with
T1F1, T1F2, T3F1, T4F2,  T6F1, T6F2, T7F1,
over other treatments under study. At 13 MOS
HDPE bag showed higher seed germination
(82.0%) than MSCS (80.0%) over other
treatments and control.

Thus fumigated paddy seeds packed in
HDPE bag is promising treatment for the
storage of paddy seed. The seed with higher
initial seed moisture (Experiment II) decreased
the storage life in paddy seed as compared to
low initial seed moisture as in Experiment I.
Similar observations were recorded by Bodre
(2010) in groundnut pods. 
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U. V. Mahadkar 
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