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The high cost of manuring and fertilization
is a basic problem in sugarcane cultivation.
These difficulties needs to be takled through
minimizing the present recommended dose of
NPK fertilizer without sacrificing the cane yield
and by linking up the NPK dose with the fertility
status of soil. The field trials with urea super
granules (USG), urea-briquette and urea-DAP
briquette (N and P) have been conducted under
anaerobic condition for rice is amply proved
(Savant et al.1993). Significant improvement
in all growth characters and yield of sugarcane
were observed due to briquette form over non
briquette form of NPK fertilizers (More et al.
2004). The application of NPK fertilizer
briquette to tomato recorded significantly
higher yield and quality parameters by Kadam
and Sahane (2002). Keeping such aspects in
view the present investigation was undertaken
to assess the possibility of saving of NPK
fertilizer and also possibility of increasing use

efficiency of fertilizer through briquette in
sugarcane.

Materials and Methods

A field experiment was conducted during
2008-09 and 2009-10 in two plant canes of
pre seasonal sugarcane and a ratoon crop
grown on Inceptisol at Central Sugarcane
Research Station, Padegaon (M.S.) in a
randomized block design, with eight treatments
and three replications. The plot size was 10.0 x
6.0 m2. The sugarcane planting and harvesting
were done in three successive crops (two plant
cane and one ratoon) in two years. In 2008-09
sugarcane was planted on 02/11/2007 and
harvested on 1l/02/2009 during 2009-10
subsequent ratoon was taken from first plant
cane and its ratooning date was 12/02/2009
and it was harvested on 29/01/2010.
Simultaneously in the same year second plant
cane was planted on 12/10/2010 which was
harvested on 27/01/2011.

The recommended fertilizer dose of N,
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P2O5 and K2O were applied at the rate of
400:170:170 kg ha-1. The non-briquette form
of fertilizer through urea N as 10:40:10:40 at
planting, 60:90:135 days after planting
respectively. Phosphours and potash as 50:50
at planting and 135 days after planting through
single super phosphate and muriate of potash
respectively was applied.

The NPK fertilizer briquette containing
N:P2O5:K2O in proportion of 2.35:1:1 (same
as the recommended dose of 400:170:170)
were mechanically prepared by mixing of
commercial grade urea, diamonium phosphate
and muriate of potash, with the help of
briquetter using high pressure. The briquettes
with three levels (100,75 and 50 per cent of
RD) were applied 50 per cent at planting and
remaining 50 per cent dose at 135 days after
planting.

The briquettes were applied at 10 cm deep,

10 cm apart from two eye bud sett on one side
keeping distance of 30 cm in between two
spots of briquette application by crow bar
method and the holes were closed with the
soils.

The two eye budded setts were planted at
the rate of 30,000 setts ha-1. The fertilizers to
supply 50 per cent dose of RD NPK per plot
were calculated (3.75 kg). The required
briquettes for two plants (two eye buds per sett)
were calculated (20.83 g). As the one briquette
weight is 2.6 g the number of briquettes for two
plants (per sett) was calculated which was 8 for
100 per cent, 6 for 75 per cent and 4 for 50
per cent dose of briquette. The remaining 50
per cent dose of RD NPK was given at 135
days after planting by same method of briquette
application at apposite side.

The soil samples at initial and after harvest
of each crop were collected and used for
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Table 1. Effect of different treatments on yield parameters of sugarcane (Pooled mean of two plant cane and one ratoon).

Treatment Yield CCS ACW NMC CCS Per- Chloro-
(t ha-1) (t ha-1) (kg) (000 (%) centage phyll

ha-1) yield (mg g-1

fr. wt.)

T1 - Control ( No fertilizer ) 67.5 9.7 0.88 73.87 14.29 - 1.42

T2 - 100% NPK RD through straight 114.3 10.1 1.21 94.21 14.34 40.91 2.77
fertilizer by conventional method

T3 - 100% NPK RD through straight 114.8 16.8 1.11 100.70 14.62 41.32 2.85
fertilizer by crow bar (50:50)

T4 - 100% NPK RD through briquette (50:50) 126.3 18.2 1.19 105.59 14.31 46.41 3.01

T5 - 75% NPK RD through straight 108.7 15.3 1.18 90.66 14.41 38.05 2.25
fertilizer by crow bar (50:50)

T6 - 75% NPK RD through briquette (50:50) 114.2 16.4 1.18 98.81 14.36 41.03 2.5

T7 - 50% NPK RD through straight 101.4 13.8 1.07 88.39 14.51 28.87 1.84
fertilizer by crow bar (50:50)

T8 - 50% NPK RD through briquette (50:50) 103.5 14.8 1.12 90.6 14.28 34.95 1.92

SE(m)± 3.26 0.78 0.06 3.52 0.19 - -

CD at 5% 9.88 2.36 NS 10.68 NS - -

CV% 5.31 9.07 - - - - -

ACW : Average cane weight, NMC : Number of millable canes,
CCS : Commercial cane sugar, (50:50) : 50% at planting and 50% at earthing up operation



determination of available N, P and K with
other chemical properties using standard
procedures. The soil samples were analyzed for
pH and EC, organic carbon were estimated as
per Nelson and Sommers (1982), available N
by alkaline permanganate method (Subbiah and
Asija, 1956), available P as per method Olsen
et al. (1954) and available K determined by
flame photometrically as described by Knudesn
et al. (1982). The plant samples were analyzed
for total nutrient uptake as per method given by
Parkinson and Alien (1975).Cane juice quality
was determined by using procedure outlined by
Spencer and Meade (1964) and commercial
cane sugar (CCS) was calculated. The data
pertaining to chemical properties of soil, uptake
of nutrient by plant, juice quality and yield of
sugarcane were analyzed statistically by using
procedure laid down by Panse and Sukhatme
(1978).

Results and Discussion 

Sugarcane yield parameters : The
treatment of 100 per cent NPK through

briquette recorded significantly higher cane
yield (126.3 t ha-1) and it was significantly
superior over all other treatments. The
commercial cane sugar yield in the treatments
of 100 per cent recommended dose of NPK
fertilizer through briquette (18.2 t ha-1), 100
per cent recommended dose of NPK through
straight fertilizer (16.8 t ha-1) and 75 per cent
recommended dose of NPK through briquette
(16.4 ha-1) were statistically equal and
significantly higher than rest of the treatments.
Similar type of observations were, noticed in
case of number of millable canes per hectare.
Further it was also observed that the treatments
of 100 per cent NPK through straight fertilizer
by conventional method (114.3 t ha-1), 100 per
cent NPK through straight fertilizer by crow bar
(50% at planting and 50% at earthing) (114. 8
t ha-1) and 75 per cent NPK through briquette
applied (50% at planting and 50% at earthing)
(114.2 ha-1) were statistically equal indicating
application of fertilizer through briquettes can
save 25 per cent recommended dose of NPK.
The chlorophyll content in leaves are also
maximum in plots where briquettes were
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Table 2. Effect of different treatments on soil chemical properties and nutrient uptake at harvest (Pooled mean of two plant
cane and one ratoon).

Treatment pH EC Org. C. Available nutrients Uptake of 
(dS (g (kg ha-1) nutrients
m-1) kg-1) –––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––

N P K kg ha-1 kg tone-1

––––––––––––––––––––– ––––––––––––––––––
N P K N P K

Initial status 8.14 0.20 7.3 210 38 246
T1 7.99 0.18 4.6 233 35 243 136 30 145 2.01 0.44 2.15
T2 7.80 0.26 7.1 290 37 294 194 51 212 1.70 0.45 1.86
T3 7.83 0.21 6.1 247 48 247 299 56 334 2.60 0.49 2.91
T4 7.76 0.24 9.0 265 44 312 324 66 353 2.57 0.52 2.80
T5 7.86 0.26 6.3 260 78 264 180 46 206 1.66 0.42 1.89
T6 7.72 0.31 8.2 296 91 348 241 54 275 2.11 0.47 2.41
T7 7.80 0.23 8.8 261 76 281 169 39 194 1.67 0.38 1.91
T8 7.77 0.26 8.4 268 75 286 183 46 285 1.77 0.44 2.75
SE(m)± 0.08 0.024 11.6 15.79 23.36 34.52 11.91 0.94 2.72 - - -
CD at 5% NS 0.071 NS 47.91 NS NS 36.12 2.86 8.27 - - -

(50:50) : 50% at planting and 50% at earthing up operation.



applied than non briquette plots. Results
indicated that there was better survival of plants
in briquette treatments plots, might be because
orbetter and longer period of availability of N, P
and K. These results are also in agreement with
findings of Kadam (1986) and Bangar and

Sharma (1992) incase of application of USG.
Further Kadam et al. (1991) and Nasir Ahmed
et al. (1992) observed that the deep placement
(10 cm) nitrogenous fertilizer significantly
increased the cane yield over line method of
application of N fertilizer. Similar type of
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Table 3. Use efficiency of N, P and K by use of briquette and non briquette forms of fertilizers (mean of two plant cane and
one ratoon).

Treatments Use efficiency (%) Per cent increase of FUE of briquette
–––––––––––––––––––––––––––––––––––––––– over non briquette form of fertilizer
NUE PUE KUE Mean

T1 - - - - - - - -
T2 29.90 41.18 31.60 34.23 - - - -
T3 54.52 46.43 56.59 52.51 - - - -
T4 58.02 54.55 58.92 57.16 6.03 14.89 3.95 8.29
T5 24.44 34.7S 29.61 29.61 - - - -
T6 43.57 44.44 42.27 43.43 43.91 21.74 29.95 31.87
T7 19.53 23.08 25.26 22.62 - - - -
T8 25.68 34.78 49.12 36.53 23.95 33.64 48.58 35.39
Mean - - - - 24.63 23.42 27.49 25.11

FUE : Fertilizer use efficiency, NUE : Nitrogen use efficiency, PUE : Phosphorus use efficiency, KUE : Potassium use efficiency

Table 4. Economics of sugarcane as influenced by different treatments (pooled mean of two plant cane and one ratoon).

Treatments Nitrogen applied (kg ha-1) Yield Mon. Total Net B:C
(t ha-1) returns cost profit ratio

N P K (Rs.) (Rs.) (Rs.)

T1 00 00 00 67.5 145158 - - -
T2 400 170 170 114.3 245702 104623 141079 2.34
T3 400 170 170 114.8 246820 104623 142197 2.36
T4 400 170 170 126.3 271502 108535 162967 2.50
T5 300 128 128 108.7 233791 102268 131523 2.29
T6 300 128 128 114.2 245573 105202 140371 2.33
T7 200 85 85 101.4 217989 103935 108654 1.99
T8 200 85 85 103.5 222590 101869 120721 2.19
SE(m)± - - - 3.26 2863 - 2863 -
CD at 5% - - - 9.88 -8872 - 8872 -

Rates of fertilizer :
Urea = Rs. 4.85 kg-1, 10:26:26 = 7.27 kg-1, Murate of potash = Rs. 4.60 kg-1, FYM = Rs. 1000.0 t-1

Cost of cutivation :
1. Rs. 95202 ha-1 (excluding cost of fertilizer and manures and including cost of application cost of conventional method)
2. Rs. 86567 ha-1 (excluding cost of briquette and including application cost of briquette)
3. Manuring cost of briquette : Rs. 2.0 kg-1

4. Application cost of briquette (16 labour unit per hectare) : Rs. 1152 ha-1

5. Cane price : Rs. 2150 t-1



observations were also noticed in case of NPK
briquette application in sugarcane by More aud
Shinde (1998). Considering quality parameters
results in case of CCS per cent were non-
significant (Table 1).

Soil studies : The data presented in Table
2 indicated that, the soil pH, organic carbon.,
avail. P and K were not significantly influenced
due to different treatments. However the E.C.
and avail. N were significantly differed from
each other. The application of fertilizer through
100 per cent RD briquette recorded higher
available N in soil and it was on par with 100
per cent NPK through straight fertilizer by
conventional method (290.0 N kg ha-1) and 75
per cent NPK through briquette (50% at
planting and 50% at earthing operation) (296.0
N kg ha-1). Results indicated that the
application of 100 per cent RD NPK through
briquette maintained higher amount of available
N in soil. This could be attributed due to better
availability of NPK nutrients in soil for longer
period of time by use of briquette. Similar
observations were reported by Talekar and
Dongale (1993) and Deshmukh and Tiwari
(1996) by use of USG for rice crop in case of
available N and More and Shinde (2002) by use
of NPK briquette for sugarcane in available N,P
and K content in soil at harvest.

Nutrient uptake : Significantly higher
uptake of NPK was recorded by the 100 per
cent NPK fertilizer dose applied through
briquette than non briquette form of fertilizer
indicating maximum utilization of N, P and K.
This might be owing to better availability of
NPK nutrients in soil for longer period (Table
2). Kadam et al. (1991) obtained higher uptake
of NPK by sugarcane with use of NPK briquette
and urea super granules respectively placed at
10 cm deep in soil. In general 1.66 to 2.60 kg
N, 0.38 to 0.52 kg P and 1.86 to 2.91 kg K
were required to produce one tonne of cane
yield. 

Fertilizer use efficiency : The use
efficiency of nitrogen(NUE), phosphorus (PUE)
and potassium.(KUE) were maximum by use of
100 per cent NPK through briquettes (58.02,
54.55 and 58.92% respectively). Similar type
of trend was also noticed in the treatment of 75
per cent and 50 per cent NPK through
briquette. The results indicated that per cent
increase of fertilizer use efficiency (FUE) was
also maximum (8.21, 31.87 and 35.39 per
cent) at all levels of 100, 75 and 50 per cent
resectively NPK through briquette form of
fertilizers. From this results, it was seen that the
average per cent increase of FUE of briquette
over non briquette is 25.11 per cent (Table 3).

Economics : The data presented in Table 4
showed that application of NPK fertilizer @
100 per cent NPK through briquette gave
higher monetary returns (Rs. 2,71,502 ha-1),
net profit (Rs.1,62,967 ha-1) and B:C ratio
2.50. Further, it was also observed that
benefit:cost ratio of the treatments of 100 per
cent NPK dose applied either through
conventional method (2.34), crow bar method
(2.36) or 75 per cent NPK through briquette
(2.33) were more or less similar indicating the
saving of 25 per cent NPK dose.

Conclusion : The application of fertilizer
through briquette by crow bar method 50 per
cent at planting and 50 per cent at earthing
operation found beneficial for increasing cane
and commercial cane sugar yield with
maintaining soil fertility. Further, it can also
save 25 per cent recommended dose of NPK in
sugarcane.
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The primary objective of agriculture
planning in India is to attain food security,
which has been a major challenge for the
nation since independence. This emphasizes
the necessity of producing more food at an
accelerated rate. The pressure will be further
compounded in view of the shrinkage of arable
land and depleting natural resources. To
achieve the desirable changes, there is need to
implement various technological options
effectively.

Hi-tech agriculture can provide a solution to
overcome this situation by cultivating the high
value crops in controlled atmosphere or in
protected cultivation comprising use of high
yielding hybrids/varieties, effective nutrient and
water management and adoption of advanced
techniques of cultivation. The use of polyhouse
for commercial production of vegetables and

maximum net returns has been most common
in Western countries. It has been estimated that
in India about 200 to 220 ha area is under
green house cultivation. Maharashtra has the
largest area under plasticulture and the
technology is spreading to other states. Taking
into consideration the importance of hi-tech
production of capsicum, the research trial was
conducted under protected cultivation with the
objectives to study the effect of various nutrients
on fruit yield, economics and nutrient content
in plant and fruit.

Materials and Methods

The experiment was conducted at Hi-Tech
Vegetable and Floriculture Project, College of
Agriculture, Pune, during 2003-04 and 2004-
05 to study the fresh fruit yield, economics and
nutrient content of capsicum F1 hybrid Orbelle
(Yellow) in naturally ventilated polyhouse. The
experiment was carried out in split plot design
with three replications. The experiment
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Abstract
The application of macronutrient 350:250:300 kg ha-1 N, P2O5, K2O and 125:50:15 kg ha-1 Ca:Mg:Fe

respectively and 0.06 boron recorded significant higher plant height, number of branches plant-1 number of
functional leaves plant-1 and leaf area (dm2) as compared to the rest of the nutrient levels during both the
years. Macronutrient level 300:200:250 kg ha-1 NPK, secondary and micronutrient level 100:37.5:1.0 kg
ha-1 Ca:Mg:Fe and 0.04 kg ha-1 boron applied to capsicum recorded significantly higher values for number
of capsicum fruits plant-1, the dry fruit weight fruit-1, fresh fruit yield ha-1, gross monetary returns and net
monetary returns and benefit:cost ratio during both the years of investigation and in pooled data. Nutrients
viz., N, P, K, Ca, Mg, Fe and B content of capsicum fruit and plant was found significantly increased with the
application of 300:200:250 kg ha-1 NPK and 100:37.5:1.0 kg ha-1 Ca:Mg:Fe and 0.04 kg ha-1 boron than
the rest of the macro, secondary and micronutrient levels.

Key words : Coloured capsicum, macronutrients, micronutrients, fresh fruit yield,
economic, nutrient content.
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consisted of combination of six levels of
nitrogen, phosphorus and potash each viz.,
F1 - 150:50:100, F2 - 200:100:150, F3 -
250:50:200, F4 - 300:200:250, F5 -
350:250:300, F6 - 400:300:350 NPK kg ha-1

in main plot along with combinations of three
levels of calcium, magnesium, iron and boron
each viz., M1 - 75:25:0.50:0.02, M2 -
100:37.5:1.0:0.04, M3 - 125:50:1.5:0.06
Ca:Mg:Fe and B (kg ha-1) as sub plot
treatments. The raised beds sterilized with
formalin were prepared with 40 per cent red
lateratic soil, 20 per cent sand and 40 per cent
FYM. The seedlings raised in nursery were
transplanted at the age of 35 days after sowing.
Irrigation water and water soluble fertilizers as
per treatments were applied through computer
controlled Vanvalvet machine and ventury by
using PVC pipeline periodically. To each
irrigation, EC was maintained in the range of
1.6 to 2.0 dSm-1 and pH was maintained in the
range of 5.2 to 5.8 for easy availability of
nutrients to the crop by computerized
automatic adjusted Vanvalvet machine and EC

meter. The chemical dose of fertilizer was
started one month after transplanting of
capcisum seedlings and stopped one month
before final harvest of the crop. The first
picking of capsicum fruit was done at 65-75
DAT and further pickings were done at an
interval of 7-8 days and graded capsicum fruits
were marketed. The recommended cultural and
plant protection measures were followed. The
capsicum fruits and plants were analyzed
periodically for chemical composition viz.,
nitrogen, phosphorus, potassium, calcium,
magnesium, iron and boron.

Results and Discussion

Yield : The pplication of 300:200:250 and
250:150:200 kg ha-1 of N:P2O5:K2O were
found to be at par with each other but
significantly increased fresh fruit yield of
capsicum as compared to the higher and lower
levels of macronutrients during 2004-05 and in
pooled mean data (Table 1). It was significantly
the lowest with the application of 150:50:100
kg N:P2O5:K2O ha-1 during both the years and
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Table 1. Effect of macro, secondary and micronutrient levels on fresh capsicum fruit yield (t ha-1) under protected
cultivation.

Treatments Total fresh fruit yield (t ha-1)
–––––––––––––––––––––––––––––––––––––––––––––––
2003-04 2004-05 Pooled mean

Macronutrients (N:P2O5:K2O) (kg ha-1) :
F1 - 150:50:100 66.47 77.00 71.73
F2 - 200:100:150 97.48 102.80 100.14
F3 - 250:150:200 118.73 136.40 127.56
F4 - 300:200:250 128.04 139.45 133.75
F5 - 350:250:300 94.69 100.93 97.81
F6 - 400:300:350 102.59 106.29 104.44
S.E.(m)± 2.49 4.13 3.91
C.D. at 5 % 7.84 13.02 11.39

Secondary nutrients with micronutrients (Ca:Mg:Fe:B (kg ha-1)) :
M1 - 75:25:0.5:0.02 90.19 97.09 93.64
M2 - 100:37.5:1.0:0.04 118.51 127.50 123.01
M3 - 125:50:1.5:0.06 95.29 106.83 101.06
S.E.(m)± 2.59 2.61 4.43
CD at 5 % 7.58 7.63 12.53



in pooled mean. Nutrient synergism accelerates
the physiological and metabolic activities in
plant system (Golez et al. 1993). The increased
fresh fruit yield of capsicum might be associated
with the balanced nutrition in the proportion of
1.5:1:1. The assimilated carbohydrates and
mineral constituents were translocated from
source to sink and utilized for the growth and
development. The translocated organic
constituents in presence of nitrogen absorption
resulted into profuse vegetative growth. This
was reflected in terms of economic fresh fruit
yield and stover yield of capsicum. These results
are corroborative with the findings of Mishriky
and Alphonse (1994), Neary et al. (1995) and
Shrivastava (1996), Anurag (1995) and Raut
(2001).

The application of macro and micronutrient
levels 100:37.5:1.0 kg ha-1 in combination
with 0.04 kg ha-1 boron significantly increased
higher fresh fruit yield as compared to the
application of its higher and lower levels during
both the years and in pooled mean. The higher
fresh yield of capsicum might be ascertained
due to magnesium and iron, the main
constituents of chlorophyll. The increased
chlorophyll synthesis leads to higher
photosynthesis and ultimately more assimilation
of organic constituents' viz., carbohydrates,
protein, amino acid etc. The assimilated
carbohydrates with boron forms the
sugarborates and is transported from source to
sink. Similarly, boron enhanced the pollen
viability which required for fertilization and fruit
setting in capsicum. All these physiological
activities resulted into the increased fresh fruit
yield and stover yield of capsicum. The similar
increase in the fruit weight of capsicum was
also recorded by Cardozo et al. (2001) due to
application of macro, secondary and
micronutrients like Ca and B which might be
because of synergistic effect of N and K, Ca and
B, N and P, Mg and Fe.

Economics : The data in Table 2 indicated
that 300:200:250 kg ha-1 N:P2O5:K2O
application in pooled mean was found at par
with 250:150: 200 kg ha-1 N:P2O5:K2O and
recorded significantly higher gross and net
monetary returns over the rest of the
macronutrient levels. The application of
100:37.5:1.0 kg    ha-1 Ca:Mg:Fe and 0.04 kg
ha-1 boron recorded significantly higher value
for gross and net monetary returns compared
to rest of the secondary and micronutrient
combination levels during 2003-04, 2004-05
and in pooled mean. The application of
250:150:200 kg ha-1 N:P2O5:K2O to
capsicum during 2003-04, 2004-05 and in
pooled mean recorded significantly higher value
of benefit:cost ratio which was closely followed
by the application of 300:200:250 kg
N:P2O5:K2O ha-1. However, application of
100:37.5:1.0 kg ha-1 Ca:Mg:Fe and 0.04 kg
ha-1 boron recorded significantly higher
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Table 2. Economics of coloured capsicum as influenced by
application of different macro, secondary and
micronutrient levels.

Treatment Monetary returns (Rs. in
lakh ha-1) (pooled mean)

–––––––––––––––––––––––––––
GMR NMR B:C

Macronutrients (N:P2O5:K2O) (kg ha-1) :
F1 - 150:50:100 55.72 18.47 1.50
F2 - 200:100:150 77.54 39.73 2.06
F3 - 250:150:200 98.64 60.29 2.74
F4 - 300:200:250 103.45 64.88 2.66
F5 - 350:250:300 77.77 36.97 1.98
F6 - 400:300:350 79.57 39.53 1.95
S.E.(m)± 5.76 2.46 0.07
C.D. at 5 % 17.29 7.39 0.21

Secondary nutrients with micronutrients 
(Ca:Mg:Fe:B (kg ha-1)) :
M1 - 75:25:0.5:0.02 73.54 35.15 1.91
M2 - 100:37.5:1.0:0.04 94.91 55.60 2.46
M3 - 125:50:1.5:0.06 77.90 39.17 2.10
S.E.(m)± 9.04 7.93 0.12
CD at 5 % 27.11 23.78 0.37

Fruits received special sale rates as A grade Rs. 125, B
grade Rs. 100 and C grade Rs. 78 kg-1



benefit:cost ratio as compared with its higher or
lower level. Similar findings were also reported
by Raut (2001). 

Nutrient content : The data in Table 3
indicated that the nutrient content viz., N, P, K,
Ca, Mg, Fe, and B of the capsicum plant was
significantly influenced with the application of
different levels of macro, secondary and
micronutrients except that B content in
capsicum plant due to macronutrient levels as it
was not significantly influenced due to

application of different levels of secondary and
micronutrient levels. Macronutrient levels
150:50:100, 300:200:250, 350:250:300,
350:250:300 150:50:100, 200:100:150 and
400:300:350 kg ha-1 N:P2O5:K2O to
capsicum was found to be at par with
300:200:250 kg ha-1 N:P2O5:K2O and
recorded significantly higher values for the
respective N, P, K, Ca, Mg, Fe, and B nutrient
concentration in capsicum plant than rest of the
treatments. Application of 125:50:1.5 kg ha-1

Ca:Mg:Fe and 0.06 kg ha-1 boron significantly
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Table 3. Nutrient content in coloured capsicum fruit and plant as influenced by application of different macro, secondary and
micronutrient levels (Mean of two years).

Treatment Nutrient content in capsicum fruit and plant
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
N (%) P (%) K (%) Ca (%) Mg (%) Fe (µg g-1) B (mg g-1)

Macronutrients (N:P2O5:K2O) (kg ha-1) :
F1 - 150:50:100 3.39 0.36 3.92 0.22 0.06 1491.83 0.31

(4.66) (0.16) (1.20) (32.72) (32.22) (909) (0.03)

F2 - 200:100:150 3.21 0.39 3.91 0.24 0.05 1932.89 0.34
(3.98) (0.15) (1.16) (37.17) (21.39) (1172) (0.03)

F3 - 250:150:200 3.33 0.37 4.02 0.28 0.06 1099.06 0.37
(3.97) (0.16) (0.99) (36.89) (18.72) (1139) (0.04)

F4 - 300:200:250 3.95 0.45 4.47 0.32 0.04 1356.95 0.39
(3.79) (0.16) (1.29) (33.67) (21.78) (1024) (0.04)

F5 - 350:250:300 3.99 0.37 4.24 0.28 0.06 1461.73 0.34
(4.36) (0.13) (1.35) (40.50) (24.28) (1051) (0.03)

F6 - 400:300:350 4.28 0.43 3.88 0.26 0.07 1491.62 0.48
(4.11) (0.13) (1.06) (35.33) (20.50) (1117) (0.05)

S.E.(m)± 0.25 0.006 0.089 0.028 0.019 67.23 0.06
(0.009) (0.001) (0.044) (0.21) (0.98) (8.12) (0.002)

C.D. at 5 % 0.91 0.016 0.267 NS NS 201.694 NS
(0.031) (0.003) (0.152) (0.73) (3.39) (28.07) (0.006)

Secondary nutrients with micronutrients (Ca:Mg:Fe:B (kg ha-1)) :
M1 - 75:25:0.5:0.02 3.62 0.41 3.95 0.24 0.05 1389.22 0.34

(4.17) (0.14) (1.09) (34.75) (22.81) (1067) (0.03)

M2 - 100:37.5:1.0:0.04 3.83 0.35 3.84 0.27 0.06 1538 29 0.42
(3.86) (0.15) (1.26) (37.36) (24.97) (1150) (0.04)

M3 - 125:50:1.5:0.06 3.63 0.42 4.42 0.28 0.06 1489.53 0.35
(4.41) (0.14) (1.18) (36.03) (21.67) (989) (0.03)

S.E.(m)± 0.056 0.004 0.059 0.010 0.004 56.78 0.780
(0.007) (0.002) (0.036) (0.45) (0.43) (6.33) (0.003)

CD at 5 % 0.168 0.011 0.178 0.030 NS NS NS
(0.021) (0.006) (0.108) (1.32) (1.29) (18.98) (NS)

Figures in the paranthesis indicate nutrient content in plant.



increased the N content in capsicum plant as
compared with its lower levels. However,
application of secondary and micro nutrient
level of 100:37.5:1.0 kg ha-1 Ca:Mg:Fe and
0.04 kg ha-1 boron significantly enhanced the
P, K, Ca, Mg and Fe concentration in capsicum
plant than rest of the treatments. Similar results
were also noticed with the application of higher
levels of micronutrients by Schnitzler et al.
(2004). Marcussi and Boas (2003) also
reported the similar results in the bell pepper
plant followed the decreasing order like Fe > Zn
> Mn > B > Cu. Similar results were also
reported by Yermiyahu et al. (2001).

The data in Table 3 indicated that
application of macro, secondary and
micronutrient to capsicum significantly
influenced the nutrients content viz., N, P, K,
Ca, Mg, Fe, and B in capsicum fruit except that
Ca, Mg and B content due to macronutrient
levels and Mg, Fe and B due to application of
different levels of macro, secondary and
micronutrient levels were found to be non
significant. Application of macronutrient level
of 400:300:350, 300:200:250, 300:200:250
and 200:100:150 kg ha-1 N:P2O5:K2O to
capsicum recorded significantly higher values
for the respective N, P, K, and Fe nutrient
content in capsicum fruit than rest of the
treatments. However, nitrogen content in fruit
was found similar with the application of
400:300:350, 350:250:300 and 150:50:100
for N content and 400:300:350 and
300:200:250 for P and 350:250:300 and
300:200:250 kg ha-1 N:P:K content in
capsicum fruit found at par with the respective
nutrient content as compared with rest of the
macronutrient levels. Application of
125:50:1.5 kg ha-1 Ca:Mg:Fe and 0.06 kg
ha-1 boron for N and 100:37.5:1.0 kg ha-1

Ca:Mg:Fe and 0.04 kg ha-1 boron for P, K and
Ca content in capsicum fruit recorded
significantly higher values as compared with
rest of the micronutrient levels. Similar results

were reported by Hegade (1988), Hegade
(1989), Demirovska et al. (1992), Kaminwar et
al. (1993) and Golez et al. (1993).
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Abstract
Application of  75 per cent RDF to sweet corn produced significantly higher values of growth, yield and

quality characters across the Gluconacetobacter diazotrophicus application resulting in significant increase
in fresh cobs and green fodder yield and also enhanced the nutrient content and uptake by plant over other
fertilizer levels under study. The gross and net monetary returns and benefit : cost ratio were also more with
application of 75 per cent RDF. Seed treatment, soil application at 20 DAS slurry application of G.
diazotrophicus (30 DAS) produced maximum and significantly higher yield than other methods of application
of G. diazotrophicus. It also favourably influenced all growth, yield and quality character as well as nutrient
content and nutrient uptake than rest of the methods of the application of G. diazotrophicus.

Key words : Sweet corn, G. diazotrophicus, methods of applicatiion.

______________

Among the maize types, sweet corn (Zea
mays saccharata S.) is one of the high value
commercially used types, which is recently
introduced in India. The sweet corn is
differentiated from other types by the presence
of gene or genes that affect starch synthesis in
the endosperm. It is not only used as roasted
green cobs but also some new maize based fast
food and snack items are also getting good
price for their produce.

The use of inorganic fertilizers along with
organic manures and biofertilizers not only
improve soil health but also help to sustain crop
productivity by reducing cost of chemical
fertilizers and is eco friendly. The role of
biological nitrogen fixation is a crucial in
supplying plant with needed nitrogen, which
can make agriculture more productive and
sustainable without harming the environment.
Increasing nitrogen applications increased the
fresh ear yield of sweet corn (Oktem, 2008).
There was enhancement of growth and
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nitrogen content in sugar rich plants when
inoculated with Acetobacter diazotrophicus
over uninoculated control (Sevila et al.  2001).

Materials and Methods

The present investigation was conducted at
Agronomy Farm, College of Agriculture, Pune
during kharif, 2008. The experiment was laid
out in split plot design with four replications.
There were twenty one treatment combinations
formed due to three fertilizers levels and
methods of application of Gluconacetobacter
diazotrophicus.

The seeds were treated with G.
diazotrophicus at the time of sowing. Soil and
slurry application was done at 20 and 30 DAS.
Basal dose of half N and full dose of P and K
was applied at sowing. The remaining quantity
of nitrogen was given 15 days after sowing.

Main plot treatment includes three levels of
fertilizers i.e.  F1 : 100 per cent RDF, F2 : 75
per cent RDF and F3 : 50 per cent RDF. Sub
plot treatment includes G1 : Seed treatment of
G. diazotrophicus,  G2 : Soil application of G.
diazotrophicus by enriching with FYM (30
DAS), G3 : Slurry application of G.
diazotrophicus (30 DAS), G4 : Seed treatment
with G. diazotrophicus + soil application
enriched with FYM (30 DAS), G5 : Seed
treatment with G. diazotrophicus + slurry
application of G. diazotrophicus (30 DAS), G6
: Seed treatment with G. diazotrophicus + soil
application of G. diazotrophicus (20 DAS) +
slurry  application of diazotrophicus (30 DAS)
and G7 : Control : No G. diazotrophicus. The
rate of application of G. diazotrophicus was 25
g kg-1 seed for seed treatment, 6.5 kg in 250
kg FYM ha-1 for soil application and 6.5 kg ha-

1 in 150 lit. water as slurry application. The
recommended dose of fertilizer is 120:60:40
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Table 1. Effect of fertilizer levels and G. diazotrophicus on growth and yield contributing characteristics of sweet corn.

Treatment Plant Leaves Leaf area Length Girth Girth 
height plant-1 plant-1 of cob of cob of stalk
(cm) (cm2) (cm) (cm) (cm)

Fertilizer levels (F) :
F1 - 100% RDF 169.83 8.94 41.73 19.83 14.42 13.67
F2 - 75% RDF 165.46 10.57 45.60 21.56 15.71 14.86
F3 - 50% RDF 163.69 9.68 39.66 19.54 14.59 13.15
S.E.m± 1.16 0.09 0.61 0.19 0.12 0.12
C.D at 5% 4.00 0.33 2.12 0.64 0.42 0.42

Method of application of G. diazatrophicus (M) :
G1 165.57 9.60 41.65 20.23 14.20 12.67
G2 165.93 9.62 41.98 20.18 15.33 13.40
G3 166.62 9.77 41.69 20.38 14.97 12.77
G4 167.36 9.92 43.04 20.77 15.17 14.72
G5 168.00 9.98 43.92 20.05 15.18 14.83
G6 169.83 10.43 44.60 21.83 15.60 15.92
G7 161.00 8.78 39.43 18.76 13.90 12.95
S.E.m± 1.51 0.17 0.71 0.35 0.29 0.29
C.D at 5% 4.27 0.47 2.02 0.98 0.81 0.81

Interaction F x M :
S.E.m± 2.60 0.29 1.23 0.60 0.50 0.50
C.D at 5% N.S 0.81 N.S. N.S N.S 1.41



NPK kg ha-1 for sweet corn.

The soil of experimental field was clay in
texture, low in nitrogen (147.50 kg ha-1),
medium in available phosphorus (17.20 kg
ha-1), high in available potassium (280.00 kg
ha-1) and slightly alkaline in reaction with 7.7
pH. The gross and net plot sizes were 6.0 x 4.8
m2 and 5.2 x 3.6 m2 respectively. During the
crop growth period, the mean minimum and
maximum temperature ranged from 19 to
22.4°C and 25.3 to 32.7°C respectively with
relative humidity ranged from 82-93 per cent in
the morning and 38-82 per cent in the
evening. Crop condition during the period of
experimentation was normal.

Results and Discussion

Growth and yield : All growth characters

viz., number of leaves and leaf area were found
significantly higher with the application of 75
per cent RDF across the biofertilizer. All yield
contributing characters viz., number of cobs
plant-1, girth (diameter) of cob, weight of cob
with husk, weight of cob without husk, girth of
stalk were found significantly higher with the
application of 75 per cent RDF.

The cob yield was significantly influenced by
different fertilizer levels. Significantly the higher
fresh cob yield (103.53 q ha-1) was produced
with application of 75 per cent RDF. It was
followed by 100 per cent RDF (80.94 q ha-1)
and 50 per cent RDF (71.61 q ha-1). Thus, the
75 per cent RDF was superior over rest of
fertilizer levels. The contradictory results were
recorded by Sahoo and Mahapatra (2004) and
Karki et al. (2005).
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Table 2. Yield and economics of sweet corn as influenced by fertilizer levels and G. diazotrophicus.

Treatment Wt. of Wt. of Fresh Green Cost of Gross Net Benefit
cob with cob cob fodder culti- monetary monetory cost
husk without yield yield vation returns returns ratio
(g) husk (q ha-1) (q ha-1) (Rs. ha-1) (Rs. ha-1) (Rs. ha-1)

(g)

Fertilizer levels (F) :
F1 - 100%RDF 361.12 264.57 80.94 160.81 41481.10 90584.06 49102.96 2.18
F2 - 75%RDF 378.10 284.75 103.53 185.39 40540.97 114653.23 74112.26 2.82
F3 - 50%RDF 312.18 236.50 71.61 117.73 39656.32 78675.14 39018.82 1.98
S.E.m± 3.75 4.34 1.01 3.75 - 1019.91 1019.91 0.03
C.D at 5% 12.98 15.00 3.51 12.98 - 3529.48 3529.48 0.09

Method of application of G. diazatrophicus (M) :
G1 315.00 226.33 80.25 149.13 40258.44 89201.13 48942.69 2.21
G2 320.00 228.58 81.89 151.56 40634.38 90991.40 50357.02 2.24
G3 347.42 259.75 77.81 146.55 40525.47 86602.80 460750.33 2.14
G4 384.67 293.67 97.78 172.60 40650.82 108139.13 67488.31 2.66
G5 370.50 251.67 86.88 164.12 40541.49 96723.87 56182.38 2.36
G6 426.33 322.00 122.81 192.35 41062.89 134350.80 93287.91 3.27
G7 289.33 251.58 50.09 106.05 40559.46 56453.20 16210.46 1.40
S.E.m± 5.49 5.23 1.25 5.49 - 1349.25 1349.25 0.03
C.D at 5% 15.57 14.84 3.45 15.57 - 3825.81 3825.81 0.09

Interaction F x M :
S.E.m± 9.51 9.06 2.16 9.51 - 2336.98 2336.98 0.06
C.D at 5% 26.98 25.70 6.13 N.S. - 6626.50 6626.50 0.16



The fertilizer levels significantly affected the
yield of green fodder. Significantly higher green
fodder yield (185.39 q ha-1) was recorded with
application of 75 per cent RDF. It was followed
by 100 (160.81 q ha-1) and 50 per cent RDF
(117.73 q ha-1). Similar results were reported
by Gaur (1991).

All growth characters viz., plant height,
number of leaves and leaf area were found
significantly higher with seed treatment of G.
diazotrophicus + soil application of G.
diazotrophicus (20 DAS) + slurry application
of G. diazotrophicus (30 DAS) across the
fertilizer levels.

The yield contributing characters viz., length
of cob, weight of cob with husk, weight of cob
without husk, girth of stalk, diameter of cob
were found significantly higher with the method

of seed treatment of G. diazotrophicus + soil
application of G. diazotrophicus (20 DAS) +
slurry application of G. diazotrophicus (30
DAS).

The different methods of application of G.
diazotrophicus significantly affected fresh cob
yield. The highest cob yield of 122.81 q ha-1

was recorded in treatment application of G.
diazotrophicus (20 DAS) + slurry application
of G. diazotrophicus (30 DAS). The lowest
fresh cob yield was recorded in method ot seed
treatment with G. diazotrophicus + soil
application enriched with FYM (30 DAS)
(97.78 q ha-1). Thus, the method of application
as seed treatment with G. diazotrophicus its
soil application (20 DAS) and slurry
application (30 DAS) was superior for
recording more fresh cob yield over rest of the
method of application of G. diazotrophicus.
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Table 3. Quality of sweet corn as influenced by fertilizer levels and G. diazotrophicus.

Treatment Reducing Non- Total Protein Crude Organo-
sugars reducing reducing content protein leptic
(%) sygars sugars in grain in green test

(%) (%) (%) fodder 
(%)

Fertilizer levels (F) :
F1 - 100% RDF 3.30 4.48 7.94 8.91 5.78 6.49
F2 - 75% RDF 3.53 4.95 8.79 8.61 5.13 7.43
F3 - 50% RDF 2.64 3.48 6.30 7.01 4.34 5.39
S.E.m± 0.08 0.07 0.06 0.08 0.14 0.10
C.D at 5% 0.22 0.23 0.21 0.29 0.48 0.36

Method of application of G. diazatrophicus (M) :
G1 2.98 3.59 6.76 7.99 4.38 6.00
G2 3.16 4.05 7.39 8.13 4.96 5.92
G3 2.98 3.70 6.87 7.93 4.45 6.00
G4 3.45 5.16 9.00 8.54 6.13 7.00
G5 3.36 4.66 8.21 8.20 5.25 7.00
G6 3.66 5.73 9.59 9.36 6.24 8.00
G7 2.49 3.23 5.90 7.28 4.00 5.08
S.E.m± 0.04 0.16 0.15 0.13 0.27 0.25
C.D at 5% 0.12 0.46 0.41 0.37 0.75 0.71

Interaction F x M :
S.E.m± 0.07 0.28 0.25 0.23 0.46 0.43
C.D at 5% 0.21 0.79 0.72 0.64 N.S. N.S



The different methods of application of G.
diazotrophicus significantly influenced the
green fodder yield hectare-1 (Table 2). The
method of application as seed treatment with
G. diazotrophicus its soil application of (20
DAS) and slurry application (30 DAS)
recorded significantly higher green fodder yield
(192.35 q ha-1). It was followed by seed
treatment with G. diazotrophicus and soil
application enriched with FYM (30 DAS). 

Economics : The higher gross and net
monetary returns were recorded with the
application of 75 per cent RDF followed by
100 per cent RDF and 50 per cent RDF across
the methods of biofertilizer application. The
benefit:cost ratio in respect of fertilizer levels
was the highest in 75 per cent RDF i.e. 2.82
followed by 100 per cent RDF (2.18) and 50
per cent RDF (1.98). Thus, the application of
75 per cent RDF was superior over 100 per
cent and 50 per cent RDF in respect of net
profit. Similar results were also reported by
Singh and Choudhari (2008).

The highest gross and net monetary returns
was observed with the method of application of
G. diazotrophicus as seed treatment followed
by soil application (20 DAS) and slurry
application (30 DAS) over rest of methods.

The highest benefit : cost ratio was recorded
with the method of application as seed
treatment with G. diazotrophicus (20 DAS)
followed by slurry application (30 DAS) i.e.
3.27 over other methods of application which
was significantly superior over rest of the
methods under study. 

Quality parameters : Different fertilizer
levels significantly influenced the reducing and
non reducing sugar content of sweet corn. The
application of 75per cent RDF recorded the
highest amount of reducing sugars (3.53%) and
was statistically at par with 100 per cent RDF
(3.30%) across the methods of biofertilizer

application. The different fertilizer levels
significantly influenced the total reducing sugar
content of sweet corn. It was significantly
higher in the application of 75 per cent RDF
(8.79%) over 100 (7.94%) and 50 per cent
RDF (6.30%) across the methods of biofertilizer
application.

The fertilizer levels significantly affected the
protein content in the grains. Significantly
higher protein content in grain was recorded
with application of 100 per cent RDF (8.91%)
as compared to other fertilizer levels. Thus, 100
per cent RDF was superior over rest of the
fertilizer levels. Similar results were also
recorded by Singh and Singh (2008).

The crude protein per cent of sweet corn
fodder was significantly influenced by the
fertilizer levels. The application of 75 per cent
RDF recorded significantly higher crude protein
(5.78%) than the rest of the treatments.

The data regarding organoleptic test was
significantly influenced by different fertilizer
levels. The higher score was observed with
application of 75 per cent RDF (7.43) followed
by 100 (6.49) and 50 per cent RDF (5.39).

Different methods of application of G.
diazotrophicus significantly differed in the
reducing sugar content of sweet corn. The seed
treatment with G. diazotrophicus followed by
soil application (20 DAS) and slurry application
(30 DAS) recorded maximum amount of
reducing sugar content in sweet corn across the
fertilizer level (3.66%). It might be due to more
availability of nitrogen to crop by fixation of
nitrogen through G. diazotrophicus. Non
reducing sugar percentage was also found to be
significantly influenced due to different methods
of application of G. diazotrophicus. The
highest pet cent of non-reducing and total
reducing sugars were noted with the methods
application of as seed treatment of G.
diazotrophicus (20  DAS) followed by its slurry
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application (30 DAS). This method was
followed by the seed treatment with G.
diazotrophicus (20 DAS) and soil application
enriched with FYM (30 DAS).

The different methods of application of G.
diazotrophicus significantly influenced the
protein   content of the grain and crude protein
in fodder. The methods of application as seed
treatment with G. diazotrophicus followed by
soil application (20 DAS) and slurry application
(30 DAS) contained more per cent of protein in
grain and crude protein in fodder.

The score of organoleptic test was
significantly influenced by different methods of
application of G. diazotrophicus. The higher
score (8.00) was reported with the methods of
application of seed treatment with G.
diazotrophicus followed by its soil application
(20 DAS) and slurry application (30 DAS).
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Integrated nuttrient management is basically
the complementary use of organic, inorganic
and biological sources of plant nutrients to
maintain and sustain soil fertility and enhance
crop productivity in a framework of an
ecologically compatible, socially acceptable and
economically viable situation (Prasad, 1996,
Singh and Dwivedi, 1966). Combined use of
organic manures and mineral fertilizers
increases fertilizer use efficiency, cation
retention and nutrient availability. It results in
higher return to investment and better cost
benefit ratios without deteriorating the fertility
of soil. There is a substancial increase in
command area of soybean in last two to three
decades and thereby intensive cropping. Low
purchasing power of farmers has restricted the
use of fertilizer for increasing crop production.
Under such conditions; it is essential to use all
the available resources of plant nutrients in a
judicious way to minimize fertilizer use and at
the same time to sustain soil fertility and
productivity on a long term basis. Therefore,
efficient management of organic and inorganic
sources with biofertilizers is a prerequisite for

achieving continuous productivity of crops in an
economically and ecologically sustainable
manner. Hence, the present investigation was
undertaken to study the effects of judicious and
combined use of inorganic (N, P and K),
organic (FYM) and biofertilizers (Rhizobium
and PSB) on yield attributes, yield and quality of
soybean.

Materials and Methods

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

The experiment was laid out in a
randomized block design with eight treatments
viz., no fertilizer and manure (T1), 100 per cent
NPK through fertilizer (T2), 75 per cent NPK +
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role in increasing yield attributes, yield and quality of soybean.
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Rhizobium (T3), 75 per cent NPK + PSB (T4),
75 per cent NPK + FYM @ 5 t ha-1 (T5), 75 per
cent NPK + Rhizobium + PSB (T6), 75 per
cent NPK + Rhizobium + PSB + FYM @ 5 t
ha-1 (T7) and Rhizobium + PSB + FYM @ 5 t
ha-1 (T8) with three replications. The
recommended dose (100% RDF) used for
soybean was 30:60:30 kg NPK ha-1. Entire
dose of nitrogen, phosphorus and potassium
were applied at sowing through urea, single
super phosphate and muriate of potash,
respectively. The FYM was also spread
uniformly and mixed immediately in the soil as
per treatments in the required plots fifteen days
prior to the sowing date.

Soybean (MAUS-71) at 45 x 5 cm spacing
was sown in first week of July during kharif and
harvested at 93 days in first week of October.
The total rainfall received during 2009 from
June to October was 671 mm. The plants
selected for biometric observations were used
for generating the data on yield attributes viz.,
weight of pods plant-1, number of grains
plant-1, weiht of grains plant-1 and test weight.
Oil content in soybean seed was estimated by
Nuclear Magnetic Resonance (NMR)
instrument. Nitrogen percentage was estimated
by microkjheldahl method (AOAC, 1975),
protein percentage of grain was estimated by
multiplying the nitrogen percentage by 6.25.
Data obtained on various variables were
analysed by analysis of variance method (Panse
and Sukhatme, 1967).

Results and Discussion

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

Yield : It is observed from the Table 1 that
the mean seed yield, straw yield, biological yield
and harvest index was 1479.5 kg ha-1, 2412.8
kg ha-1, 3892.2 kg ha-1 and 37.92(%)
respectively.

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

Quality attributes : The application of
100 per cent NPK (T2) to soybean crop
recorded the highest per cent protein content
(40.27%)  and oil content (21.09%) in soybean
seed and was found significantly superior over
rest of the treatments except application of 75
per cent NPK + Rhizobium + PSB + FYM @
5 t ha-1 (T7). This treatment produced higher
protein yield (697 kg ha-1) and oil yield (366 kg
ha-1) due to higher seed yield ha-1 though its oil
content and protein content was less than 100
per cent NPK treatment. Over all, the
combined use of manures and inorganic
fertilizes with biofertilizers played a significant
role in increasing the yield attributes, yield and
quality attributes of soybean crop.
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Pinching is the act of cutting or nipping off
the new growth on a plant in order to force
branching so that the eventual number of
flowers is increased. A plant generally grows
straight up due to apical dominance. If the
growing tips are pinched out, assimilates are
diverted into lateral buds and branching occurs.
Modification of plant architecture by means of
pinching has been done in several commercial
flower crops. The optimum time and intensity
of pinching was standardized by various
workers in crops like marigold, china aster,
florist chrysanthemum, etc. Time of last
pinching was shown to influence blooming date
in florist chrysanthemum. However, the effect
of pinching on growth, yield and quality of
garland chrysanthemum has not been analyzed.
Hence, in the present investigation, the effect
of pinching garland chrysanthemum both at
nursery stage and after transplanting, on
various vegetative and reproductive parameters
has been studied and presented hereunder.

Materials and Methods

The experiment comprised six treatments as
pinching at 20 DAS (pinching in nursery),
pinching at 10 DAT, pinching at 20 DAT,
pinching at 30 DAT, pinching at 40 DAT, no
pinchng (control). The experiment was laid out
in a randomized block design with three
replications. The gross plot size was 3.0 x 2.1
m and the net plot size was 2.7 x 1.8 m. The
spacing adopted was 30 cm both between rows
and plants within a row. A few seedlings from a
part of nursery were pinched off the apical buds
at 20 days after sowing. Pinching after planting
was done at different stages as per the
treatments by removing the apical bud along
with the crown of juvenile leaves manually.

Results and Discussion

The number of flowers plant-1 exhibited
significant differences among the different
pinching times during both the seasons (Table
1). In kharif, pinching at 20 DAS recorded the
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The highest yield in terms of number of flowers plant-1 was recorded by pinching at 20 days after sowing

(nursery) which was on par with those plants pinched at 10 days after transplanting. The highest seed yield
plant-1 was recorded by pinching in nursery at 20 DAS, which was at par with pinching at 10 DAT. Plants
were consistently taller in non-pinched plots. Every delay in pinching caused reduction in plant height at final
stage during both kharif and rabi seasons. The highest crop growth rate during all growth stages was
recorded by pinching at 20 DAS, which was significantly superior at initial growth stage and at par during
later growth stages when compared to pinching treatment at 10 DAT. Pinching at 20 DAS and at 10 DAT
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highest number of flowers plant-1 (32.04)
which was significantly superior to no pinching
treatment (24.65) but on par with pinching at
10 DAT (30.71). A minimum of 20.24 flowers
plant-1 were recorded by pinching at 40 DAT.
In rabi, pinching at 20 DAS resulted in the
maximum number of flowers ger plant (42.80),
significantly superior to non-pinched plants
(34.48 flowers plant-1) but on par with the
plants pinched at 10 DAT (41.29 flowers
plant-1). Minimum number of flowers plant-1

were recorded by late pinching at 40 DAT
(29.52)

Flower yield plot-1 exhibited significant
differences among the different times of
pinching both the seasons. During kharif,
pinching at 20 DAS recorded the highest
number of flowers plot-1 (1537.9) which was
significantly superior to no pinching treatment
(1183.2) but on par with pinching at 10 DAT
(1474.1). A minimum of 971.5 flowers plot-1

were recorded by pinching at 40 DAT. In rabi,
pinching at 20 DAS resulted in the maximum
number of flowers plot-1 (2054.4) significantly
superior to non-pinched plants (1655.0 flowers
plot-1) but on par with the plants pinched at 10
DAT (1981.9 flowers plot-1). Minimum number
of flowers plot-1 were recorded by late pinching
at 40 DAT (1417).

The seed yield plant-1 differed significantly
among the different treatments during both the
season. The maximum seed yield plant-1 (7.40
and 14.33 g) was recorded by pinching at 20
DAS which was on par with pinching at 10
DAT (6.50 and 12.67 g) respectively during
kharif and rabi seasons while the seed yield
plant-1 was minimum (3.10 and 6.55 g) by late
pinching at 40 DAT.

There were significant differences with
respect to seed yield plot-1 among the different
treatments during both the seasons. The
maximum seed yield plot-1 (355.07 and
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687.76 g) was recorded by pinching at 20 DAS
which was on par with pinching at 10 DAT
(311.86 and 607.98 g) respectively during
kharif and rabi seasons. Late pinching at 40
DAT recorded the lowest seed yield plot-1

(148.72 and 314.52 g) during both the
seasons.

Significant differences existed in the plant
height due to time of pinching at all growth
stages during both the seasons. Mean plant
height increased from 45.73 cm at 25 DAT to
11 1.98 cm at 65 DAT during kharif, whereas
during rabi it increased from 39.28 cm at 25
DAT to 117.93 cm at 85 DAT. At 65 DAT
during kharif, maximum plant height (122.48
cm) was recorded by non-pinched plants. It was
on par with the plants pinched at 20 DAS and
at 10 DAT (117.58 and 112.33 cm) whereas
the plant height was minimum (101.40 cm) in
the plants pinched at 40 DAT. At 85 DAT
during rabi, maximum plant height (129.95
cm) was recorded by no pinching treatment, ft
was significantly superior to pinching at 20
DAT having plant height of 113.50 cm but at
par with the plants pinched earlier. The plant
height was minimum (106.78 cm) in the plants
pinched at 40 DAT.

Leaf area plant-1 varied significantly due to
time of pinching at all growth stages during
both the seasons (Table 2). Mean leaf area
plant-1 showed an increase from 431.42 cm2

at 25 DAT to 1063.6 cm2 at 65 DAT during
kharif, whereas during rabi it increased from.
340.8 cm2 at 25 DAT to 1050.3 cm2 at 85
DAT. At 65 DAT during kharif, maximum leaf
area (1315.0 cm2) was recorded by pinching at
20 DAS. It was at par with the leaf area
(1211.6 cm2) with the pinching at 10 DAT
whereas the leaf area was minimum (885.5
cm2) with pinching at 40 DAT. At 85 DAT
during rabi, maximum leaf area (1298.5 cm2)
was recorded by pinching at 20 DAS. It was at
par with the leaf area (1196.5 cm2) with the
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pinching at 10 DAT whereas the leaf area was
minimum (874.4 cm2) with late pinching at 40
DAT.

The total dry matter accumulation plant-1

significantly differed among various treatments
at all growth stages during both the seasons.
Mean total dry matter increased from 9.41 g
plant-1 at 25 DAT to 16.44 g plant-1 at 65 DAT
during kharif, whereas during rabi it increased
from 7.48 g plant at 25 DAT to 16.63 g plant
at 85 DAT. At 65 DAT during kharif,
maximum dry matter (21.75 g plant-1) was
recorded by the pinching at 20 DAS which was
on par with pinching at 10 DAT (18.75 g
plant-1), while the minimum total dry matter
plant-1 was recorded by late pinching at 40
DAT (14.24 g plant-1) which was at par with no
pinching (16.62 g plant-1) and early pinching
until 20 DAT (14.75 g plant-1). At 85 DAT
during rabi, maximum total dry matter plant-1

(21.94 g plant-1) was recorded by pinching at
20 DAS which was on par with pinching at 10
DAT (18.92 g plant-1), while the minimum total
dry matter per plant was recorded by pinching
at 40 DAT (14.55 g plant-1) which was on par
with no pinching (15.22 g plant-1) and early
pinching until 20 DAT (15.18 g plant-1).
Significant differences in dry weight of plant
due to pinching were also reported by Debra
and Lewis (1986) in chrysanthemum.

There were significant differences in leaf
area index values due to time of pinching at all
growth stages during both the seasons. Mean
leaf area index showed an increase from 0.48
at 25 DAT to 1.18 at 65 DAT during kharif,
whereas during rabi the value increased from
0.38 at 25 DAT to 1.17 at 85 DAT. At 65 DAT
during kharif, maximum leaf area index (1.46)
was recorded by pinching at 20 DAS which was
on par with pinching at 10 DAT (1.35), while
the minimum leaf area index was recorded by
pinching at 40 DAT (0.98). At 85 DAT during
rabi, maximum leaf area index (1.44) was
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recorded by pinching at 20 DAS which was on
par with pinching at 10 DAT (1.33), while the
minimum leaf area index was recorded by late
pinching at 40 DAT (0.97).

The leaf area duration significantly differed
among various pinching times at all growth
stages during both the seasons (Table 3). Mean
value of leaf area duration increased from
126.12. days (25-45 DAT) to 189.33 days (45-
65 DAT) during kharif, whereas during rabi
leaf area duration increased from 99.63 days
(25-45 DAT) to 189.05 days (65-85 DAT).
Between 45 and 65 DAT during kharif,
maximum leaf area duration (228.64 days) was
recorded by pinching at 20 DAS which was on
par with pinching at 10 DAT (210.67 days),
while the minimum leaf area duration was
recorded by late pinching at 40 DAT (165.09
days). At 85 DAT during rabi, maximum leaf
area duration (233.73 days) was recorded by
pinching at 20 DAS which was on par with
pinching at 10 DAT (215.36 days), while the
minimum leaf area duration was recorded by
late pinching at 40 DAT (157.39 days).

Significant differences existed among crop
growth rate values due to time of pinching at all
growth stages during both the seasons. Mean
crop growth rate decreased from 2.52 (25-45
DAT) to 1.39 g m-2 day-1 (45-65 DAT) during
kharif, whereas during rabi the value decreased
from 2.02 g m-2 day-1 (25-45 DAT) to 1.03
(65-85 DAT). Between 45 and 65 DAT during
kharif, maximum crop growth rate (2.17 g m-2

day-1) was recorded by the pinching at 20 DAS
which was on par with pinching at 10 DAT
(1:91 g m-2 day-1). The crop growth rate was
minimum (0.70 g m-2 day-1) with late pinched
plots at 40 DAT. Between 65 and 85 DAT
during rabi, maximum crop growth rate (1.22 g
m-2 day-1) was recorded by the spray of
pinching at 20 DAS significantly superior to
pinching at 10 DAT (104 g m-2 day-1). The
crop growth rate was recorded at minimum

(0.74 g m-2 day-2) with pinching at 30 DAT on
par with pinching at 40 DAT (0.76 g m-2

day-1).

There were significant differences among
net assimilation rate values due to lime of
pinching at all growth stages during both the
seasons. Mean net assimilation rate decreased
from 3:70 x 10-2 (25-45 DAT) to 1.29.x 10-2

g dm-2 day-1 (45-65 DAT) during kharif,
whereas during rabi it decreased from 3.77 x
10-2 (25-45 DAT) to 0.98 x 10-2 g dm-2 day-1

(65-85 DAT). Between 45 and 65 DAT during
kharif, maximum net assimilation rate (1.81 x
10-2 g dm-2 day-1) was recorded by non-
pinched plots at par with early pinching
treatment at 20 DAS (1.72 x 10-2 g dm-2

day-1), pinching at 10 DAT (1.64 x 10-2 g
dm-2 day-1) and pinching at 20 DAT (1.42 x
10-2 g dm-2 day-1). Between 65 and 85 DAT
during rabi, maximum net assimilation rate
(0.94 x 10-2 g dm-2 day-1) was recorded by
pinching at 20 DAS but at par with no pinching
(0.94 x 10-2 g dm-2 day-1) and pinching at 10
DAT (0.88 g dm-2 day-1). Between 45 and 65
DAT the net assimilation rate was maximum
(3.16 g dm-2 day-1) by pinching at 20 DAS on
par with pinching at 10 DAT (2.99 g dm-2

day-1) but significantly superior to rest of the
treatments while the minimum value was
recorded by pinching at 20 DAT (1.87 g dm-2

day-1).

The highest yield in terms of number of
flowers plant-1 was recorded by pinching at 20
days after sowing (nursery) which was on par
with those plants pinched at 10 days after
transplanting. Pinching at 20 DAT registered a
performance at par with non-pinched plants.
Delay in pinching beyond 20 DAT, decreased
the number of flowers plant-1 compared to non-
pinched plants. Similar trend was also recorded
in the weight of flowers unit-1 area, since the
plant population is kept constant in all the
treatments. Pinching in nursery increased the
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number of flowers plant-1 in china aster
(Malleshappa, 1984) and in marigold
(Basavaraj, 1984). Significant differences in
number of flowers plant-1 due to time of
pinching in chrysanthemum were also observed
by Singh and Baboo (2003) and Beniwal et al.
(2005). The enhanced yield due to pinching
was attributed to increased number of branches
plant-1 that could increase flowering points in
china aster (Malleshappa, 1984). Arora and
Khanna (1986) and Sehrawat et al. (2003) aiso
observed more number of branches associated
with more number of flowers per plant in
marigold. Similar to the number of flowers
plant-1, the highest seed yield per plant was
recorded by pinching in nursery at 20 DAS,
which was at par with pinching at 10 DAT,
indicating the dependence of seed yield on
flower yield. Pinching at 20 DAT was on par
with non-pinched plants with regard to seed
yield plant-1, other treatments being
significantly inferior in seed yield. Bhat and
Shepherd (2007) and Sunitha et al. (2007)
observed significant differences in seed yield
due to pinching in marigold, which were
attributed to growth and flowering characters.
The superiority of early pinching treatments in
garland chrysanthemum can be attributed to
the efficient photosynthetic area, better
assimilation into reproductive parts and putting
up optimum vegetative growth without
interrupting floral bud initiation.

An examination of growth indices as
influenced by pinching time indicated that the
highest crop growth rate during all growth
stages was recorded by pinching at 20 DAS,
which was significantly superior at initial growth
stage and at par during later growth stages
when compared to pinching treatment at 10
DAT. Both these early pinching treatments
were significantly superior to non-pinched
plants. Pinching at 20 DAT recorded a
moderate crop-growth rate which was

significantly lower than early pinching
treatments at 20 DAS and 10 DAT at all
growth stages. Pinching at 30 DAT and 40
DAT recorded very low crop growth rate values.
Non-pinched plants maintained a fair growth
rate between 25 to 65 days after transplanting
in both the seasons. Plants pinched in nursery
at 20 DAS quickly recovered soon after
transplanting maintaining a superior crop
growth rate compared to other treatments.
They were able to assimilate significantly higher
dry matter even at 25 DAT compared to non-
pinched plants. Further they continued dry
matter assimilation at a higher rate and at the
same time pushing a larger proportion into
reproductive parts.

Thus growth analysis revealed that these
treatments maintained a fair amount of leaf
cover per unit of ground area, for a longer
duration and assimilated more dry matter
during the log phase of growth as well
partitioned a good proportion into reproductive
parts catching a better position to record
significantly higher yields compared to late
pinched plants. Late pinching at or after 30
DAT in garland chrysanthemum was
detrimental to the crop growth impeding the
process of synthesizing and sinking assimilates
into reproductive parts thus failing to record
reasonable production of flowers and seeds.
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Abstract
High heritability with low genetic advance of seed yield plant-1 indicated the influence of non-additive

gene action. High heritability coupled with high genetic advance and GCV of plant height, primary branches
plant-1, pods and seeds plant-1 revealed that additive gene actions are important in determining these
characters. Seed yield plant-1 had positive and significant correlation with seeds plant-1, biological yield
plant-1, pods plant-1 and 100-seed weight in all the populations. Pods plant-1, seeds plant-1 and biological
yield plant-1 also showed highly significant positive association among themselves. However, the negative
associations of important character pairs like biological yield vs. harvest index and pods plant-1 vs. harvest
index are likely to impose problem in combining these traits in one genotype. Biparental mating would be
useful to break down such relationship and to recover suitable recombinants. Direct effects were highly
contributed by seeds plant-1 followed by 100-seed weight. Moreover, seeds plant-1 had high indirect
contribution via pods plant-1, plant height, primary branches plant-1 and biological yield plant-1, therefore,
these parameters should be given more consideration while deciding selection criteria of genotypes in
chickpea breeding.

Key words : Chickpea, F2 populations, genetic variability, association, path analysis.

______________

Seed yield area-1 may be increased
substantially through the evolution of high
yielding genotypes having desired combination

of yield components. Knowledge of genetic
parameters is very important for breeding
ideotypes with special emphasis on certain
characters. If the understanding of genetic
behaviour of traits at an early segregating1. M. Sc. (Agri.) student, 2. Research Scientist (Pl. Br.).



generation is known, the ideotype based
selection may be carried out. Selection based
on yield components is advantageous if
different yield related traits have been well
documented (Pundir et al. 1988, Singh et al.
1990, Verma et al. 2008).

Seed yield being a complex and multifacet
character, is an ultimate expression of different
factors. The knowledge of interrelationship
among various developmental and productive
traits is necessary for framing an effective
breeding programme. Path coefficient is used in
assessing the real contribution of various
component characters towards seed yield so
that direction for desired improvement may be
developed. Research workers have achieved
significant results by employing these
biometrical techniques. In a study of 3200 field
grown chickpea cultivars, Singh et al. (1990)
observed close association of biological yield,
harvest index, seed weight, plant height, days
to flowering and maturity and flowering
duration with seed yield. Present study was
undertaken to search out the importance of
different characters in F2 population of three
chickpea crosses through the estimation of
genetic parameters and path coefficients, so
that the suitable selection criterion may be
framed out for developing ideotypes possessing
high yield potential.

Materials and Methods

The genetic stocks, JCP 27 and CSJ 103
from late (115 and119 days, respectively), GJG
0106 from mid-late (104 days) and GJG 9905
from early (95 days) and SAKI 9616 from very
early maturing (79 days) group were used for
experimentation. Three crosses were effected
in rabi-2004, i.e. GJG 9905 x CSJ 103 (Cross
1) and GJG 9905 x JCP 27 (Cross 2) as a
combination of early x late, and SAKI 9616 x
GJG 0106 (Cross 3) as a combination of very
early x mid-late. All the five parents used in the

crosses were pure lines and for the purposes of
this study, were considered homozygous and
homogeneous. F1 plants of all the three crosses
were allowed to self-pollinate to produce the
ample F2 seeds for evaluation.

Three F2 generations along with their 5
parents were evaluated in RBD with three
replications during rabi-2006 under irrigated
conditions at the Instructional Farm, College of
Agriculture, Junagadh Agricultural University,
Junagadh. Sowing was done in rows of 4m
length spaced 45 cm apart keeping plant to
plant distance of 10 cm. Five experimental
rows were allotted to each F2 and one row to
each parent per replication. FYM @ of 5 tons
ha-1 was incorporated into the top layer of soil
during soil preparation. Chemical fertilizer @ of
25:50:0 kg ha-1 of N:P:K was applied before
the sowing. Two mechanical weeding, one at
20 days and another at 45 days after planting
were done. Other practices in vogue of the
region were followed to reap a good crop.
Observations were recorded on 75 plants from
each F2 generation and 5 plants from each
parent per replication. Data were collected on
individual plants basis for days to flowering,
duration of flowering, days to maturity, grain
yield plant-1 (g), biological yield plant-1 (g),
harvest index (%), plant height (cm), number of
primary branches and pods plant-1, and 100-
seed weight (g).

Estimates of heritability in broad-sense (h2)
for all agronomic traits in each cross based on
individual plants were calculated using the
relationships as h2 = (F2 variance -Ve)/ F2
variance (Kearsey and Pooni, 1996). The
variance between the plants of parents was
calculated and considered as environmental
variance (Ve) with the assumption that chickpea
being a strictly self-pollinated crop (less than 1%
out-crossing), the parents are genetically
identical and differences observed among plants
of each parent arise from the environment,
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whereas variation in F2 individuals expected to
be consisted of both genetic and environmental
effects. These statistical parameters were also
used for estimation of genotypic and
phenotypic coefficients of variation and genetic
advance as percentage of mean according to
Allard (1960) and simple phenotypic
correlation coefficients (on individual plant basis
in each cross) among the traits were calculated
as per Gomez and Gomez (1984). Path
coefficients were estimated according to Dewey
and Lu (1959), where grain yield plant-1 was
kept as resultant variable and other contributing
characters as causal variables.

Results and Discussion

The values of genotypic and phenotypic
coefficient of variations (GCV, PCV), broad
sense heritability and genetic advance
expressed as percentage of mean for eleven
characters in F2 population of three crosses are
presented in Table 1. The results revealed that

magnitude of variability for the characters under
study varied from cross to cross. However,
GCV and PCV were high in all the crosses for
plant height, primary branches plant-1, pods
plant-1, seeds plant-1 and harvest index. Low
magnitude of both these parameters was
revealed for days to flowering, 100 seed weight
and seed yield plant-1. Whereas, flowering
period, days to maturity and biological yield
plant-1 showed inconsistent magnitudes across
the crosses for estimates of these parameters.

A relative comparison of heritability
estimates and expected genetic advance will
give an idea about the nature of gene action
governing a particular character. The range of
heritability in the present study was observed
from as low as 23.65 to as high as 94.26 per
cent and genetic advance as low as 3.77 to as
high as 91.24 per cent. It should be
emphasized that the heritability determined in
the present experiment can give considerable

Journal of Agriculture Research and Technology 381

Table 1. Genetic parameters for various agronomic traits in F2 population of three chickpea crosses.

Cross/genetic Days Flow- Days Plant Primary Pods Seeds 100 Biolo- Harv- Seed
parameter to ering to height bran- plant-1 plant-1 seed gical est yield

flow- period mat- (cm) ches weight yield index plant-1
ering urity plant-1 (g) plant-1 (%) (g)

(g)

Cross 1 :
PCV 16.33 19.51 23.54 55.24 95.75 97.88 88.96 10.13 98.68 99.56 16.34
GCV 9.04 15.38 16.48 42.68 75.45 75.90 69.81 5.69 26.17 90.45 12.92
Heritability (%) 55.33 78.84 70.01 77.26 78.80 64.39 78.47 56.21 23.65 83.35 79.09
GA (%) mean 8.27 14.08 15.09 39.08 69.08 69.49 63.91 5.21 23.96 91.24 11.83

Cross 2 :
PCV 14.97 33.89 31.13 67.96 85.82 98.82 96.96 11.62 66.57 76.93 18.71
GCV 9.11 21.91 24.04 52.86 65.58 92.36 91.84 10.45 18.32 27.92 17.63
Heritability (%) 60.85 64.64 77.21 77.78 76.42 76.57 90.96 89.96 27.52 36.29 94.26
GA (%) mean 5.86 20.06 22.01 48.39 60.04 84.56 84.09 9.57 16.77 25.56 16.14

Cross 3 :
PCV 15.48 25.01 28.39 75.20 57.19 67.75 98.72 7.39 98.18 93.00 14.45
GCV 11.51 16.62 25.28 69.16 35.44 52.49 71.13 4.11 63.86 84.77 8.96
Heritability (%) 74.36 66.45 89.02 91.97 61.96 77.49 72.05 55.63 65.04 91.10 62.01
GA (%) mean 10.54 15.22 23.14 63.32 32.45 48.06 65.13 3.77 58.47 77.57 8.20

Cross 1= GJG 9905 x CSJ 103, Cross 2= GJG 9905 x JCP 27 and Cross 3= GJG 0106 x SAKI 9616



upward bias and the estimates so obtained
should considered as maximum heritability.
Also, it does not always imply that great
advance can be made by selecting for particular
character in a cross showing high heritability
value. For example, flowering period and seed
yield per plant in the Cross 1, 100-seed weight
in the Cross 2 and days to flowering in the

Cross 3 recorded high value of heritability, but
the genetic gain was low. On the contrary,
harvest index in the Cross 2 expressed low
heritability (36.29%) coupled with high genetic
advance (25.56%). Inconsistency in magnitude
of heritability and genetic advance for harvest
index may be attributed to high phenotypic
standard deviation. High phenotypic standard
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Table 2. Simple correlation coefficient for seed yield and its component characters in three chickpea crosses.

Character Cross Flow- Days Plant Primary Pods Seeds 100 Biol- Har- Seed
ering to height bran- plant-1 plant-1 seed ogical vest yield
period mat- (cm) ches weight yield index plant-1

urity plant-1 (g) plant-1 (%) (g)
(g)

Days to flowering Cross 1 0.78* 0.89** -0.11 -0.02 -0.01 0.01 -0.01 -0.03 0.03 0.06
Cross 2 0.74** 0.85** 0.14 0.08 0.01 0.09 0.05 0.09 0.03 0.09
Cross 3 0.79* 0.94** 0.08 0.12 0.02 0.01 -0.03 0.23** 0.03 0.07

Flowering period Cross 1 0.80** -0.12 -0.06 -0.04 -0.05 -0.02 -0.06 0.03 -0.06
Cross 2 0.91** 0.06 0.01 0.07 0.00 -0.05 0.02 -0.04 -0.03
Cross 3 0.89** 0.01 -0.03 -0.08 -0.14* -0.03 -0.04 -0.07 -0.15*

Days to maturity Cross 1 -0.07 -0.04 -0.02 -0.01 -0.02 -0.06 0.05 -0.02
Cross 2 0.09 0.05 0.07 0.06 -0.03 0.05 0.00 0.03
Cross 3 0.10 -0.01 0.07 -0.09 -0.07 -0.01 -0.09 -0.12

Plant height (cm) Cross 1 0.39** 0.32** 0.17* 0.14 0.22** -0.07 0.22**
Cross 2 0.39** 0.25** 0.20** 0.09 0.30** -0.09 0.21**
Cross 3 0.22** 0.34** 0.31** 0.05 0.36** -0.21** 0.31**

Primary branches Cross 1 0.51** 0.33** 0.13 0.45** -0.29** 0.35**
plant-1 Cross 2 0.33** 0.29** 0.09 0.26** 0.04 0.28**

Cross 3 0.08 0.05 -0.03 0.18* -0.16 0.03

Pods plant-1 Cross 1 0.60** 0.08 0.56** -0.22** 0.56**
Cross 2 0.73** 0.04 0.34** 0.31** 0.64**
Cross 3 0.49** 0.08 0.39** -0.11 0.49**

Seeds plant-1 Cross 1 -0.07 0.54** 0.02 0.81**
Cross 2 0.00 0.41** 0.48** 0.86**
Cross 3 -0.16* 0.53** -0.09 0.80**

100-seed weight (g) Cross 1 0.25** 0.13 0.52**
Cross 2 0.30** 0.22** 0.50**
Cross 3 0.18* 0.12 0.45**

Biological yield Cross 1 -0.71** 0.61**
plant-1 (g) Cross 2 -0.45** 0.50**

Cross 3 -0.79** 0.60**

Harvest index (%) Cross 1 0.09
Cross 2 0.53**
Cross 3 -0.03

*,** Significant at 5% and 1% level, respectively, Cross 1= GJG 9905 x CSJ 103, Cross 2= GJG 9905 x JCP 27 and Cross
3= GJG 0106 x SAKI 9616



deviation may tend to high genetic advance. In
such a situation, variability in base population
would be more useful than the magnitude of
heritability alone for selecting better genotypes
(Johnson et al., 1955). Present study revealed
that plant height, primary branches plant-1,

pods and seeds plant-1 showed high heritability
alongwith high genetic advance and GCV. This
indicates that there should be a substantial
contribution of additive gene action in the
expression of these traits. In case of seed yield
plant-1, moderate to high heritability (62.01-
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Table 3. Direct (bold) and indirect effect of ten component characters on seed yield plant-1 in three chickpea crosses.

Character Cross Days Flow- Days Plant Primary Pods Seeds 100 Biol- Har- Corre-
to ering to height bran- plant-1 plant-1 seed ogical vest lation
flow- period mat- (cm) ches weight yield index with
ering urity plant-1 (g) plant-1 (%) seed

(g) yield
plant-1
(g)

Days to Cross 1 -0.015 0.014 -0.002 0.000 0.000 0.000 -0.040 -0.011 -0.003 0.001 0.06
flowering Cross 2 -0.014 0.004 0.004 0.000 -0.001 -0.002 0.070 0.023 0.006 0.002 0.09

Cross 3 0.006 -0.006 -0.003 0.002 0.002 0.000 0.054 0.032 0.001 0.002 0.07

Flowering Cross 1 0.014 -0.015 -0.002 0.000 0.000 0.000 -0.040 -0.011 -0.003 0.001 -0.06
period Cross 2 -0.010 0.005 0.004 0.000 0.000 -0.001 0.001 -0.025 0.001 -0.003 -0.03

Cross 3 -0.012 -0.006 0.008 0.000 0.000 0.000 -0.116 -0.018 -0.003 -0.004 -0.15*

Days to Cross 1 0.016 -0.012 -0.003 0.000 0.000 0.000 -0.007 -0.010 -0.003 0.002 -0.02
maturity Cross 2 -0.012 0.005 0.004 0.000 0.000 -0.001 0.047 -0.016 0.003 0.000 0.03

Cross 3 0.014 -0.005 0.009 0.000 0.000 0.000 -0.079 -0.039 -0.001 -0.005 -0.12

Plant Cross 1 -0.002 0.002 0.000 -0.002 -0.002 0.002 0.138 0.079 0.011 -0.5002 0.22**
height (cm) Cross 2 -0.002 0.000 0.000 0.000 -0.004 -0.004 0.166 0.043 0.021 -0.006 0.21**

Cross 3 -0.002 0.000 0.001 -0.003 -0.001 -0.001 0.264 0.031 0.031 -0.011 0.31**

Primary  Cross 1 0.000 0.001 0.000 -0.001 -0.006 0.003 0.269 0.070 0.023 -0.009 0.35**
branches Cross 2 -0.001 0.000 0.000 0.000 -0.009 -0.005 0.239 0.041 0.018 0.003 0.28**
plant-1 Cross 3 -0.001 0.000 0.000 -0.001 -0.004 0.000 0.042 -0.018 0.016 -0.008 0.03

Pods plant-1 Cross 1 0.000 0.001 0.000 -0.001 -0.003 0.005 0.497 0.044 0.028 -0.007 0.56**
Cross 2 -0.001 0.000 0.000 0.000 -0.003 -0.015 0.600 0.017 0.023 0.021 0.64**
Cross 3 0.000 0.001 0.001 -0.001 0.000 -0.002 0.421 0.044 0.033 -0.005 0.49**

Seeds plant-1 Cross 1 0.000 0.001 0.000 0.000 -0.002 0.003 0.822 -0.037 0.027 -0.001 0.81**
Cross 2 -0.001 0.000 0.000 0.000 -0.003 -0.011 0.821 -0.001 0.028 0.032 0.86**
Cross 3 -0.001 0.001 -0.001 -0.001 0.000 -0.001 0.859 -0.092 0.045 -0.005 0.80**

100-seed Cross 1 0.000 0.000 0.000 0.000 -0.001 0.000 -0.055 0.559 0.012 0.004 0.52**
weight (g) Cross 2 -0.001 0.000 0.000 0.000 -0.001 -0.001 -0.002 0.465 0.020 0.015 0.50**

Cross 3 0.001 0.000 0.000 -0.001 -0.001 -0.001 0.458 0.102 0.085 -0.040 0.45**

Biological Cross 1 -0.001 0.001 0.000 0.000 -0.003 0.003 0.441 0.138 0.050 -0.023 0.61**
yield Cross 2 -0.001 0.000 0.000 0.000 -0.002 -0.005 0.333 0.139 0.068 -0.030 0.50**
plant-1 (g) Cross 3 0.001 0.000 0.000 -0.001 -0.001 -0.001 0.458 0.102 0.085 -0.040 0.60**

Harvest ) Cross 1 0.000 0.000 0.000 0.000 0.002 -0.001 0.016 0.075 -0.036 0.032 0.09
index (% Cross 2 0.000 0.000 0.000 0.000 0.000 -0.005 0.391 0.104 -0.031 0.066 0.53**

Cross 3 0.000 0.000 -0.001 0.001 0.001 0.000 -0.082 0.066 -0.067 0.050 -0.03

Residual effect : Cross 1=0.094, Cross 2=0.072 and Cross 3=0.071, Cross 1= GJG 9905 x CSJ 103, Cross 2= GJG 9905
x JCP 27 and Cross 3= GJG 0106 x SAKI 9616



94.26%) was accompanied by low genetic
advance (8.20-6.24%) showing involvement of
nonadditive gene action in the inheritance of
this trait. Singh (2004) reported greater extent
of variability and genetic advance for most of
the characters studied in biparental progenies
of a kabuli x deshi cross. Whereas, Sidramappa
et al. (2008) reported high heritability with low
genetic advance for seed yield plant-1. Our
results of the present study indicates that,
selection for component traits in early
generations followed by selection for seed yield
in later generations using multilocation trials
would serve the purpose of yield improvement
in chickpea breeding.

The results pertaining to correlation (Table
2) revealed that seed yield plant-1 had
significant positive correlation with seeds
plant-1, biological yield plant-1, pods plant-1

and 100-seed weight in all the populations.
Pods plant-1, seeds plant-1 and biological yield
plant-1 showed significant positive association
with each other. These results are in agreement
with those reported by Arora et al. (2003).
Besides this, strong negative correlation of
biological yield with harvest index revealed
inefficiency of biomass in converting economic
yield. The negative associations of character
pairs like biological yield vs. harvest index in all
the crosses and pods plant-1 vs. harvest index in
two out of three crosses are likely to impose
problem in combining these important traits in
one genotype. Biparental mating might be
useful to recover suitable recombinants as it is
effective in breaking undesirable linkages
among the traits in chickpea (Nagaraj et al.,
2002).

The correlation coefficients of various yield
contributing characters with grain yield per
plant were further partitioned into direct and
indirect effects (Table 3). This analysis helps
breeders to identify the characters that could be
used as selection criteria in chickpea breeding

programme. All the crosses showed the highest
positive direct effects of seeds plant-1 (0.821 to
0.859) followed by 100-seed weight (0.102 to
0.559) on seed yield plant-1. Hassan et al.
(2005) also reported similar observations. Since
pods plant-1 correlated significantly with seed
yield plant-1, its major share toward seed yield
plant-1 was indirect through seeds plant-1.
Other characters like plant height, primary
branches plant-1 and biological yield plant-1

also contributed indirectly via seeds plant-1.
These characters should be considered as major
components of seed yield and could safely be
used as most dependable traits for further
improving the productivity of chickpea crop.

Low magnitude of residual effect indicated
that characters included in the study contributed
most of the portions of variability in the seed
yield. Hence, it can be concluded that the
characters considered in the study are sufficient
for effective selection for yield in chickpea.
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Abstract
The treatment of pendimethalin (pre-em) @ 0.5 kg ha-1 + 2 HW (hand weeding) was found significantly

superior in reducing population of monocot as well as dicot weeds, dry matter accumulation, weed index and
bulb yield of garlic ha-1. However, application of oxyfluorfen (pre-em) @ 0.1 kg ha-1 was found to be the next
best treatment.

Key words : Garlic, weed control, hand weeding, pendimethalin, oxyfluorfen.

______________

As garlic is commercial crop, farmers invest
more money through costly inputs like seed,
fertilizers, plant protection and irrigation for
achieving higher yield. But, the most
troublesome problem faced by garlic grower is
the control of weed particularly during early
stage of crop growth. Because of higher plant
density and slow growth of the plants having
erect tubular leaves, the intercultural operation
is practically difficult and the crop suffer heavily
from weed competition during establishment of
seedling. Weed reduces the bulbs yield to the

extent of 40 to 80% (Verma and Singh, 1996).
Hence, the present investigation was
undertaken to study the effect of integrated
weed management on weed control and yield
of garlic.

Materials and Methods

An experiment was conducted during rabi
season of 2008-09 at the field of Horticulture
Section, College of Agriculture, Nagpur (M.S.)
in a randomized block design with three
replications and with eleven treatment
combinations viz., pendimethalin (1 kg ha-1,
pre-emergence), pendimethalin (0.75 kg ha-1,

1. M. Sc. (Agri.) student, 2. and 3. Senior Research
Assistant, 4. Assistant Professor.



pre-emergence) + 1 hand weeding at 45 DAP,
pendimethalin (0.5 kg ha-1 , pre-emergence) +
2 hand weeding at 30 and 60 DAP, oxyfluorfen
(0.2 kg ha-1, pre-emergence), oxyfluorfen (0.15
kg ha-1, pre-emergence) + 1 hand weeding at
45 DAP, oxyfluorfen (0.1 kg ha-1, pre-
emergence) + 2 hand weeding at 30 and 60
DAP, oxyfluorfen (0.1 kg ha-1, post-
emergence), oxyfluorfen (0.075 kg ha-1, post-
emergence) + 1 hand weeding at 45 DAP,
oxyfluorfen (0.05 kg ha-1, post-emergence) + 2
hand weeding at 30 and 60 DAP, hand
weeding at 20, 40 and 60 DAP and control (no
weeding). The most dominant weed species
among dicot were Chenopodium album,
Phasalis minima and Amarantus virdis and
the monocot weeds were Cynodon dactylon,
Cyprus rotundus and Dinebra retroflexa.
Uniform cloves of garlic were selected and
planted at a spacing of 10 x 10 cm and 30 cm
deep keeping the growing point upwards.
Recommended dose of fertilizer (100 kg ha-1 N
and 50 kg ha-1 P2O5), plant protection and all
other operations were timely followed for
successful growth of the crop. The weed count
was calculated by selecting an area of 0.5 x 0.5
m. in the middle of the plot and a quadrate was
fixed. The species wise weed from each
quadrate were counted at an interval of 20 to
till 80 days from planting and at harvesting
stage and were classified as monocot and dicot
groups. The weed control efficiency was
calculated by using formula suggested by Patil
and Patil (1993) as WCL =(DMC-DMT/DMC) x
100 where DMC-dry matter of weed in control
plot, DMT- dry matter of weed in treated plot
and WCE- weed control efficiency. The weed
index (%) was calculated by using formula
suggested by Gill and Vijaykumar (1966) as
WI=(X-Y/X) x 100 where X-yield of bulbs from
weed free plot, Y-yield of bulbs from treated
plots and Wl- weed Index. The data were
recorded for weed count, dry matter of weed,
weed control efficiency, weed index and yield of

garlic and subjected to statistical analysis as per
Panse and Sukhatme (1978).

Results and Discussion

The number of monocot weeds m-2 was
significantly influenced by different herbicidal
treatments. At 20 DAP, significantly minimum
monocot weeds were counted in the treatment
pendi-pre-em @ 1.0 kg ha-1 (29.30) and it was
found to be at par with the treatment pendi-pre-
em @ 0.75 kg ha-1 + 1 HW (29.35). Whereas,
at 40 DAP, the minimum monocot weeds
(22.64) were counted in treatment pendi-pre-
em @ 0.5 kg ha-1 + 2 HW and maximum
monocot weed (106.66) were recorded in the
control treatment. At 60, 80 and at harvesting
stage, significantly minimum monocot weeds
28.01, 21.33 and 25.33, respectively were
recorded in the treatment three HW at 20, 40
and 60 DAP which was at par with the
treatment pendi-pre-em @ 0.5 kg ha-1 + 2 HW.
Generally,  all the weed control treatments
recorded significantly lower weed population as
compared to unweeded control. Significantly
minimum monocot weeds (22.64, 34.66,
22.66 and 29.33, respectively) at all stages
except 20 DAP were recorded in the treatment
pendi-pre-em + 2HW. This might be due to
efficacy of pendimethalin in destroying the
viability of weed seed which helped to reduce
the population of monocot weeds except the
weeds like Cyprus rotundus and Cynodon
dactylon. Similar results were reported by
Dobrzanski et al. (1981), Malik et al. (1981)
and Mahmood et al. (2003) in garlic.

The treatment pendi-pre-em @ 1.0 kg ha-1

at 20 DAP counted significantly minimum dicot
weeds (6.66) which was followed by treatment
pendi-pre-em @ 0.75 kg ha-1 + 1 HW (9.31)
which was at par with treatment pendi-pre-em
@ 0.50 kg ha-1 + 2 HW (9.34). However at 40
DAP, significantly minimum dicot weeds (5.32)
was counted in the treatment pendi-pre-em @

Ghadge et al.386
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0.5 kg ha-1 + 2 HW which was followed by
treatment oxy-pre-em @ 1.0 kg ha-1 + 2 HW
(12.02). Whereas, at 60 DAP, significantly
minimum dicot weeds (16.00) were observed in
the treatment pendi-pre-em @ 0.75 kg ha-1 +
1HW and it was at par with treatment pendi-
pre-em @ 0.50 kg ha-1 + 2 HW (17.33) and
oxy-pre-em @ 0.15 kg ha-1 + 1 HW. At 80
DAP and at harvesting stage the significantly
minimum dicot weeds 9.38 and 12.00 were
recorded in treatment pendi-pre-em @ 0.50 kg
ha-1 + 2 HW which was at par with the
treatment oxy-pre-em @ 0.1 kg ha-1 + 2 HW
(12.05 and 16.00) and oxy-post-em @ 0.05 kg
ha-1 + 2 HW (14.40 and 17.45), respectively.
It revealed that at 40, 60, 80 DAP and at
harvesting stage an integrated treatment pendi-
pre-em @ 0.5 kg ha-1 + 2 HW significantly
reduced the population of dicot weeds. This
might be due to the control of dicot weed
population significantly by hand weeding at 30
days after planting of garlic. Similar results due
to the Pendimethalin along with one or two
hand weeding were reported by Pandey et al.
(1991), Singh and Singh (1993), Kumar and
Mourya (2006) and Warade et al. (2008) in

onion.

The dry matter accumulation of weed m-2

were recorded at 20, 40, 60, 80 DAP and at
harvesting stage. It revealed that the lowest dry
matter of weed was recorded in the treatment
pendi-pre-em @ 1.0 kg ha-1 at 20 DAP (11.45
g) and pendi-pre-em @ 0.5 kg ha-1 +2 HW
(10.60 and 16.10 g, respectively) at 40 DAP
and at harvesting stage. Three HW at 20, 40
and 60 DAP (12.66 g) at 60 DAP and 11.46 g
at 80 DAP, respectively. However, at all stages
the highest dry matter of weed was noticed
under an unweeded control plot. Hence the
weed control treatments were found to be much
effective in reducing the dry weight of weed as
compared to unweeded (control. Similar results
were reported by Pandey et al. (1991), Sandhu
et al. (1993), Tiwari et al. (1999) and Warade
(2004).

Regarding weed index, the treatment oxy-
pre-em @ 0.1  kg ha-1 + 2 HW showed
minimum weed index resulted into minimum
reduction in yield (4.10%) followed by
treatment oxy-post-em @ 0.05 kg ha-1 + 2 HW
(8.5%) and pendi-pre-em @ 0.75 kg ha-1 + 1

Ghadge et al.388

Table 2. Effect of integrated weed management on weed control efficiency, weed index and yield of garlic.

Treatment Weed Weed Yield
index control (q ha-1)
(%) efficiency

(%)

Pendimethalin (1  kg ha-1, pre-em) 16.72 45.42 94.66
Pendimethalin (0.75 kg ha-1, pre-em) + 1 HW at 45 DAP 9.68 81.98 102.66
Pendimethalin  (0.5 kg ha-1, pre-em) + 2 HW at 30 and 60 DAP - 92.65 113.66
Oxyfluorfen (0.2 kg ha-1, per-em) 19.94 31.17 91.00
Oxyfluorfen (0.15 kg ha-1, per-em) + 1 HW at 45 DAP 16.13 76.81 95.33
Oxyfluorfen (0.1 kg ha-1, per-em) + 2 HW at 30 and 60 DAP 4.10 88.19 109.00
Oxyfluorfen (0.1 kg ha-1, post-em) 24.34 86.13 86.00
Oxyfluorfen (0.075 kg ha-1, post-em) + 1 HW at 45 DAP 24.0 71.37 86.33
Oxyfluorfen (0.05 kg ha-1, post-em) + 2 HW at 30 and 60 DAP 8.50 87.43 104.00
HW at 20, 40 and 60 DAP 14.08 91.75 97.66
Control (no weeding) 45.45 - 62.00
SE (m) ± - - 1.28
CD at 5 % - - 3.78



HW (9.68%). The weed index was higher under
the unweeded control treatment (45.45%).
However, maximum weed control efficiency
(92.65%) was observed in treatment pendi-pre-
em @ 0.5 kg ha-1 + 2 HW than all other
treatments. This might be due to the
satisfactory control of weeds and reduced crop
weed competition which enabled the crop until
the available resources effectively and hence
resulted in higher yield. Similar results in weed
index and weed control efficiency under
integrated weed management were recorded by
Tiwari et al. (1999) and Warade et al. (2008)
in onion.

The data (Table 2) indicated that an
integrated treatment pendi-pre-em + 2 HW
recorded significantly the highest yield of bulbs
hectare-1 (113.66 q) which was followed by the
treatment oxy-pre-em + 2 HW (104.00 q). An
integrated treatment recorded maximum bulbs
yield hectare-1 might be due to the better weed
control, higher plant population and other
characters viz., diameter and weight of bulbs
which in turns resulted into the higher
hectare-1 yield of garlic bulbs. Superiority of
pendimethalin alongwith one or two hand
weeding for increasing yield of garlic bulbs were
reported by Pandey et al. (1991), Singh and
Singh (1993), Tiwari et al. (1999) and Warade
et al. (2008).
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Kokum (Garcinia indica Choisy) belongs to
the genus Garcinia, a large genus of
polygamous evergreen trees and shrubs native
of Asia, Southern Africa and Polynesia
(Anthony, 1997). The genus belongs to a
botanical family clusiaceae. It is highly cross
pollinated crop. The plants multiplied from the
seeds produce male, female and bisexual
progenies. Bisexual progenies are extremely
poor yielders and only female plants can
produce high fruit provided the elite types and
the orchard are maintained with appropriate
sex ratio. The demand for kokum fruits and
their products is rapidly increasing. Lack of
standard varieties, polygamous nature of plant
and the short supply of vegetatively propagated
kokum plants are the major obstacles in its
commercial cultivation as a monocrop. It is the
crop, in which sufficient attention has not been
paid for commercial cultivation as well as
genetic improvement. Hence it is essential to
study architecture characters of kokum.

Materials and Methods

The material for the present study consisted
of 25 years old bearing seedling kokum trees.
This plantation was done at the spacing of 8 x
5m. No special cultural schedules were
practised for this plantation. Of the 320 trees in
the selected plot, the observations were
recorded on the following seventeen female
trees, which were selected randomly. For the
sake of convenience each entry was designated
by "KK" kokum with relative tree numbers as
KK 27, 66, 76, 87, 100, 122, 149, 153, 155,
157, 166, 191, 192, 195, 196, 197, 201.

The plant height from ground level up to
apex was recorded with meter scale canopy
sprayed north-south and east-west direction in
meters, girth of stem above ground surface
growth habit, tree shape and branching habit
were recorded.

The crown of kokum tree is conical in
shape, hence the following formula was used
for calculating the crown volume (m3) and
crown surface area (m2) (Anon., 1998).
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Canopy radius was calculated by summing up
the north-south and east-west spread and
dividing it by two. Where canopy radius (r) was
calculated as described in canopy volume. The
slanting height of the canopy was calculated
based on the canopy diameter, tree height (h).

As one plant was having irregular shape, the
formula for rectangle or cuboid was found to be
useful for that tree. Hence, the following
formula was applied. The length (1), breadth (b)
and height (h) of the cuboidal shape of the tree
were calculated. The vertical volume and the
total volume were calculated by using the
following formulae.

a)  Vertical volume = 2(b x h) + 2(l x h)
= 2bh + 2lh
= 2(b-l) x h

b) The total volume = 2 (l x b) + 2 (b x h) + 
2 (h x l)

= 2(l x b + b x h + h x l)

To study leaf characters ten fully matured
leaves from all the directions of the tree canopy
at different heights were collected randomly.
The leaf length (cm), leaf breadth, leaf area
(cm)2 with leaf area meter, fresh leaf weight and
dry leaf weight (gm) with balance were
recorded.

The primary branches were counted from
top to bottom of the tree of each genotype and
recorded in number.For counting secondary
branches eight primary branches were
randomly selected from all the directions and at
different heights of the tree canopy. The
secondary branches were counted on these
primary branches. The average number of
secondary branches was multiplied by the total
number of primary branches to compute the
total number of secondary branches tree-1. For
counting tertiary branches sixteen secondary
branches were randomly selected from all the
directions and at different heights of each tree
canopy. The average number of tertiary
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Table 1. Plant architecture components of kokum (Garcinia indica Choisy) genotypes.

AC No. Height Spread Stem Primary Secondary Tertiary Crown Crown
(cm) (m) girth branches branches branches volume surface

(cm) (m3) area (m2)

KK-27 9.12 4.01 50.2 151 2622.87 19,999.38 29.388 58.524
KK-66 8.85 5.12 48.8 310 3535.00 17,427.55 47.986 80.484
KK-76 13.13 5.12 47.5 203 7827.50 17,427.55 78.560 114.94
KK-87 11.75 4.65 32.75 183 3270.27 21,648.79 61.772 98.542
KK-100 11.45 4.65 36.4 139 2710.50 12005.30 50.751 84.68
KK-122 9.12 4.01 38.5 135 2074.95 12698.69 30.435 60.092
KK-149 12.50 4.77 46.3 206 6386.00 34292.82 61.607 97.510
KK-153 13.90 5.40 50.1 189 8505.00 34020.00 83.774 118.751
KK-155 11.18 4.95 45.0 169 3865.03 21489.56 57.886 91.999
KK-157 12.46 4.25 40.2 163 7069.31 21207.00 51.088 87.683
KK-166 9.28 4.45 41.4 102 3403.74 19333.24 39.165 70.598
KK-191 14.56 3.55 45 149 7599.00 35563.32 40.748 79.450
KK-192 11.17 3.45 35.1 198 7003.26 29763.85 26.683 56.689
KK-195 10.92 5.15 41.87 229 10534.00 53302.94 61.895 95.885
KK-196 13.02 5.38 35.0 143 4771.91 20853.24 93.301 129.23
KK-197 11.22 3.68 36.1 122 3583.14 17449.89 30.599 61.704
KK-201 12.40 3.80 35.0 148 5308.76 26172.18 34.306 66.640
Mean 11.53 4.49 41.48 172.88 5298.24 26957.49 51.761 85.494



branches were computed. The average of these
tertiary branches were multiplied by the total
number of secondary branches to calculate the
total number of tertiary branches tree-1.

The number of fruits set on the marked
flowers of each genotype was counted and
recorded as the percentage fruit set to the total
flowers tagged.

The first fruit ripening firm, number of
harvesting, average number of fruits kg-1 and
yield of individual genotype was recorded.

Results and Discussion

There was variation for all the characters
(Table 1) in the kokum genotypes under study.
Wide variation was noticed in the plant height
which was found to range from 8.85 m (KK-66)
to 14.56 m (KK-91) with an average height of
11.53 m. Regarding the spread of tree the

range was from 3.55 m (KK-66) to 5.38 m
(KK-196). The average spread was 4.49 m.
The girth of tree had the range between 32.75
cm (KK-87) to 50.2 cm (KK-27). The mean
girth of the tree trunk was 41.48 cm. The
number of primary branches had the range
between 102 (KK-166) to 310 (KK-66) with an
average of 172.88 branches. The tree
produced on an average 5298.24 secondary
branches and 26,957.49 tertiary branches.
The crown volume ranged between 26.683 m3

(KK-192) to 93.301 m3 (KK-196). The average
volume was 51.76 m3. For the crown surface
area the range was from 56.689 m2 (KK-192)
to 129.23 m2 (KK-196), the average being
85.49 m2. The trees showed conical shape of
the crown and the majority of the trees had
drooping branches. The variation in various
components of the kokum genotypes could be
attributed to the changes in their inherent
genetic makeup. Similar results were reported
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Table 2. Leaf characters and yield parameters of different genotypes of kokum (Garcinia indica Choisy).

Ac. No. Leaf Leaf Leaf Fresh Dry First Harve- Fruit Yield
length breadth area weight weight fruit stings kg-1 tree-1

(cm2) (g) (g) ripening (kg)

KK-27 12.81 4.05 29.9 1.19 0.35 Mar. (Ill) 3 28.66 65
KK-66 11.84 4.24 30.63 1.11 0.35 Mar. (I) 3 35 41
KK-76 12.60 4.10 32.46 1.04 0.27 Mar. (II) 3 33.16 65
KK-87 12.34 4.07 27.99 1.19 0.28 Mar. (Ill) 3 32.66 44
KK-100 12.37 4.66 30.42 1.33 0.30 Mar. (II) 3 30.16 43.5
KK-122 10.24 4.41 31.22 1.21 0.32 Jan. (Ill) 3 24.16 61
KK-149 12.25 3.90 27.70 0.99 0.26 Feb. (Ill) 3 31.16 75
KK-153 11.50 3.84 31.26 1.13 0.26 Mar. (II) 3 48.33 65
KK-155 11.29 4.17 30.48 1.23 0.28 Feb. (IV) 3 38.83 42.5
KK-157 12.93 3.80 32.75 1.40 0.38 Feb. (IV) 3 31.66 72.5
KK-166 11.29 4.51 30.26 1.25 0.31 Feb. (Ill) 3 43.33 55.6
KK-191 10.49 4.10 30.86 1.12 0.28 Mar. (IV) 3 34.16 51.5
KK-192 11.95 4.85 29.28 1.19 0.24 Mar. (IV) 3 28.00 47.5
KK-195 11.99 4.11 34.82 1.30 0.32 Mar. (II) 3 36.49 37.5
KK-196 11.33 4.31 35.07 1.00 0.27 Mar. (II) 4 43.66 71.5
KK-197 11.73 4.35 40.89 1.24 0.31 Mar. (I) 3 31.5 37.5
KK-201 11.01 4.28 39.08 1.11 0.25 Feb. (IV) 3 37.5 59.5
Mean 11.67 4.45 32.06 1.17 0.29 - 3.05 32.28 55.0
S.E.± N.S. N.S. 2.044 0.023 0.011 - - 0.397 -
C.D. at 5% N.S. N.S. 5.640 0.065 0.193 - - 1.097 -



by Khanvilkar (1984) and Godbole and Das
(2000).

The leaf length (Table 2) ranged from 10.24
(KK-122) to 12.81 cm (KK-27), with an
average length of 11.67 cm. Regarding the
breadth of the leaf the range was from 3.84
(KK-153) to 4.85 cm (KK-192). With respect to
leaf area the range was between 27.70 cm2

(KK-149) to 40.89 (KK-197).

The minimum (0.99 g) fresh weight of leaf
was in KK-149, where as it was the maximum
(1.40 g) in KK-157, followed by KK-100 (1.3
g). The weight of dry leaf was the maximum in
KK-157 (0.389 g), followed by KK-27 and KK-
66 (0.35 g). The genotype KK-192 recorded
the minimum (0.24 g) dry leaf weight. It can be
noticed from these observations that the
genotype KK-157, KK-153, KK-157 produced
the bigger size leaves. The genotype KK-149
had the smaller leaves, as compared to other
kokum genotypes.

With respect to length and breadth of the
kokum leaves, similar observations were
reported by Kirtikar and Basu (1999) and
Godbole and Das (2000) in kokum.

The average yield of kokum was 55.00 kg.
The average maximum yield was noticed in KK-
149 (75.00 kg), followed by KK-157 (72.50 kg)
and KK-27 and KK-76 (65.00 kg). The average

minimum yield was noticed in KK-201 (37.5
kg), followed by KK-66 (41.00 kg) and KK-87
(44.00 kg).

The characters like height, spread and
secondary branches (Table 3) were non-
significantly associated with the yield. The
primary and the tertiary branches were
negatively correlated with the yield. The crown
volume and the crown surface area had
significant positive correlation with the yield.

The height of the tree had significant
positive correlation with the secondary
branches, crown volume and crown surface
area and negatively correlated with the primary
branches, tertiary branches.

The spread of the tree was significantly
positively related with crown volume and crown
surface area. However, it was non-significantly
related with primary, secondary and tertiary
branches, crown volume and crown surface
area. The secondary branches showed
significant positive correlation with tertiary
branches and poor association with the crown
volume and crown surface area.

The tertiary branches were negatively
correlated with the crown volume and the
crown surface area. The correlation between
the crown volume and crown surface area was
of highly significant nature.
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Table 3. Correlation coefficient of the fruit yield and plant architecture component of kokum (Garcinia indica Choisy).

Particulars Yield Height Spread Primary Secondary Tertiary Crown Crown
branches branches branches volume surface

area

Yield (Y) 1
Height (X1) 0.321 1
Spread (X2) 0.121 0.105 1
Primary branches (X3) -0.193 -0.086 0.439 1
Secondary branches (X4) 0.131 0.604* 0.203 0.353 1
Tertiary branches (X5) 0.070 0.361 0.120 0.516 0.814** 1
Crown volume (X6) 0.320* 0.536* 0.867** 0.250 0.394 0.198 1
Crown surface area (X7) 0.558* 0.589* 0.838** 0.246 0.420 0.218 0.995** 1



It is seen that the crown volume and the
crown surface area had close association with
the yield. Other characters had non-significant
correlation. Thus the crown surface area and
the crown volume determine the ultimate yield
in kokum. It is also observed that the crown
volume and the surface area have the close
association with the height and the spread of
the tree. Hence, while deciding the ideal kokum
tree the height and the spread should be
considered with due importance to the crown
volume and the crown surface area.

The correlation of yield with seed weight
(Table 4) was highly significant. The fruit length,
breadth, rind weight, seed number showed non-
significant correlation with the yield. The pulp
weight and the dry seed weight showed positive
non-significant correlation. The fruit weight was
significantly associated with fruit breadth, rind
weight, pulp weight, seed weight and the kernel
weight. The fruit weight was non-significantly
associated with fruit length, seed number and
the dry seed weight. The fruit length was poorly
associated with the fruit breadth, rind weight,
pulp weight and the seed weight. It was
negatively correlated with fresh seed weight,
dry seed weight and the kernel weight. The fruit
breadth was significantly related with rind
weight, pulp weight and seed weight. It

exhibited non-significant correlation with seed
number, dry seed weight and kernel weight.

The rind weight exhibited significant
correlation with pulp weight, seed weight and
the kernel weight. And non-significant and
negative correlation with seed number and dry
seed weight respectively. The pulp weight
showed positive correlation with seed weight,
dry kernel weight and it was negatively
correlated with seed number.

The seed weight showed strong positive
correlation with the kernel weight and
negatively correlated with seed number and the
dry seed weight. The seed number was
negatively correlated with dry seed weight and
kernel weight. The dry seed weight was non-
significantly related with kernel weight. The
kernel weight was found to be significantly
correlated with the fruit weight, rind weight,
pulp weight and the seed weight.

Thus on the basis of the information about
the association of different characters, it can be
concluded that the rind yield, seed yield and the
pulp yield are the economically important
characters in kokum.

It is concluded that female kokum tree had
on an average 11.53 m height with 4.49 m
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Table 4. Correlation coefficient of the fruit yield and fruit components in kokum (Garcinia indica Choisy).

Particulars Yield Fruit Fruit Fruit Rind Pulp Seed Seed Dry Kernel
weight length breadth weight weight weight number seed weight

weight

Yield (Y) 1
Fruit weight (X1) -0.0650 1
Fruit length (X2) 0.0279 0.149 1
Fruit breadth (X3) -0.2626 0.741** 0.127 1
Rind weight (X4) -0.1320 0.918** 0.019 0.608** 1
Pulp weight (X5) 0.0250 0.801** 0.321 0.766** 0.581* 1
Seed weight (X6) 0.0485 0.446** 0.011 0.540* 0.708** 0.569** 1
Seed number (X7) -0.117 0.196 -0.205 0.161 0.274 -0.017 0.153 1
Dry seed weight (X8) 0.214 0.020 -0.074 0.287 -0.052 0.0537 0.157 -0.137 1
Kernel weight (X9) 0.253 0.579* -0.108 0.337 0.564* 0.494* 0.586** -0.042 0.1376 1



spread. An average tree recorded 172.88
primary branches, 5298.24 secondary
branches and 26,957.49 tertiary branches.
The tree had a crown with 51.76 m3 volume
and 85.49 m2 crown surface area. There was
variation for the all architectural characters of
the trees in the population under study.

The average leaf of the kokum genotype
under study was characterized with 11.67 cm
length, 4.45 cm breadth and 1.17 g weight
when fresh and 0.29 g after drying. The
average leaf area was 32.06 cm2.

In kokum ripening of the first fruit was
noticed between 3rd week of January to fourth
week of March. Most of the trees required 3
harvestings during each fruiting season. The
average number of fruits kg-1 were 32.28. The
average yield per tree was 55.00 kg.

Considering all the plant architectural

characters, physico-chemical components the
tree No. KK-27, KK-87, KK-160, KK-122 and
KK-157 proved to be superior genotypes.
Among them the KK-I22 was found to be the
best as it had less canopy volume and the
earliness in fruiting.
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Kokum (Garcinia indica Choisy) belongs to
polygamous evergreen trees and shrubs native
of Asia, Southern Africa and  Polynesia
(Anthony, 1997). The genus belongs to a
botanical family clusiaceae. The kokum tree
reaches a height of about 10 to 15 meters
distinguished by oblong-lanceolate glabrous
leaves. The tree flowers in November-February
and the fruits ripe in April-May.

The fruits are spherical, unfurrowed and
dark purple in colour, 1-1.25 inches in
diameter, encasing 5-8 seeds (Majeed, 1994).
The seed of kokum fruit yield 44 per cent edible
fat, which is suitable for pharmaceutical
purposes. It is reported that Italy, Netherlands,
Japan, Singapore, U.K. and Malaya are
importing kokum fat from India, for the use in
confectionery preparation (Sampathu and
Krishnamurthy, 1982). The various parts of the
tree like root, bark, fruit and seed oil are used
for treating piles, sprue and mineral disorders
(Subash Chandra, 1996).

At present due to lack of commercial kokum
plantations, the fruits for fresh consumption as
well as processing are pooled and marketed
from the forest areas. So it is a high time to
evaluate the kokum types for identifying the
early and heavy bearing trees having better fruit
size and good shelf life.

Materials and Methods

For this study the 25 years old 17 female
trees viz., KK-27, 66, 76, 87, 100, 122, 149,
153, 155, 157, 166, 191, 194, 195, 196, 97,
201 were selected for study. To study the
flowering pattern flower buds were tagged
when they just appeared in the leaf axil. Fifty
flower buds were tagged per replication. The
number of replication was three. The
observations were recorded as flower bud
appearance and initiation of flowering. For the
study of flower morphology random samples of
10 flowers from each tree were collected
separately during the flowering period and
flower length, flower breadth, pedicel length,
number of staminodes, number of pistil lobes,
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pistil length, pistil breadth, number of ovary
cells, length of cross section of stigmatic
surface, petal colour etc. were recorded.

Twenty floral buds at the stage of initiation
were tagged randomly from all around canopy.
Observations were recorded for the change in
morphology and colour to establish distinct
stages till the stage of anthesis. The whole
phase of bud development was divided into
seven arbitrary stages for observation and time
taken for passing one stage to another stage
was recorded.

The number of fruits set on the marked
flowers of each genotype was counted and
recorded as the percentage fruit set to the total
flowers tagged.

Results and Discussion

Flower paramers : It has been observed
that the flowers are produced either terminal or
in the leaf axils. From Table 1, it is noticed that
the period of initiation of flower bud
appearance was from the fourth week of
September (KK-122) to third week of
November (KK-100 and KK-197). In general
the maximum trees showed initiation of
flowering from the second week of November.

The season of flowering initiation was from
the last week of September (KK-122) to the
third week of December (KK-100 and KK-197).
The genotype KK-122 started earlier flowering
in both the years as compared to other
genotypes under study. In general the
maximum number of genotypes showed the
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Table 1. Flowral parameters in different genotypes of kokum (Garcinia indica Choisy).

Genotype Flower bud appearance Initiation of flowering Flowers Fruit set
–––––––––––––––––––––––––––– ––––––––––––––––––––––––––––– tertiary-1 (%)
2001-2002 2002-2003 2001-2002 2002-2003 branch

KK-27 Oct. (Ill) Oct. (Ill) Nov. (IV) Nov. (Ill) 6.03 62.11 (52.16)* 
KK-66 Oct. (II) Oct. (I) Nov. (Ill) Nov. (I) 4.04 64.66 (53.68) 
KK-76 Nov. (I) Oct. (IV) Dec. (I) Nov. (IV) 6.21 63.33 (52.80) 
KK-87 Oct. (Ill) Oct. (Ill) Nov. (Ill) Nov. (Ill) 7.70 64.18 (53.90) 
KK-100 Nov. (Ill) Nov. (Ill) Dec. (Ill) Dec. (Ill) 4.73 64.84 (52.68) 
KK-122 Sep. (IV) Oct. (I) Oct. (IV) Nov. (I) 5.13 66.54 (54.34) 
KK-149 Nov. (II) Nov. (II) Dec. (II) Dec. (II) 5.31 63.00 (52.62)
KK-153 Nov. (II) Nov. (II) Dec. (II) Dec. (II) 8.29 68.18 (55.70)
KK-155 Nov. (II) Nov. (II) Dec. (II) Dec. (II) 6.28 67.53 (55.23)
KK-157 Nov. (I) Nov. (II) Dec. (I) Dec. (II) 4.98 65.36 (53.88)
KK-166 Nov. (II) Nov. (II) Dec. (II) Dec. (II) 4.05 64.29 (53.13)
KK-191 Oct. (Ill) Oct. (Ill) Nov. (Ill) Nov. (Ill) 6.70 66.16 (54.48)
KK-192 Oct. (Ill) Oct. (Ill) Nov. (Ill) Nov. (Ill) 4.99 66.23 (54.51)
KK-195 Nov. (II) Nov. (II) Dec. (II) Dec. (II) 4.61 65.74 (54.73)
KK-196 Nov. (II) Nov. (II) Dec. (II) Dec. (II) 4.76 64.16 (53.33)
KK-197 Nov. (Ill) Nov. (II) Dec. (Ill) Dec. (II) 4.13 63.40 (52.90)
KK-201 Oct. (Ill) Oct. (Ill) Nov. (Ill) Nov. (Ill) 4.81 64.45 (53.31)
Mean - - - - 5.45 64.95 (53.71)
Range - - - - 4.04 to 8.29 -
S.E.± - - - - 0.656 0.337
C.D. at 5% - - - - 0.8134 N.S.

I - First week, II - Second week, III - Third week, IV - Fourth week, * arc-sin transformed values



maximum flowering during the month of
November and December. The period of
flowering from day of appearance of floral bud
was about 30-35 days. The number of flowers
cluster-1 was about 1 to 3, mostly single. The
number of flowers tertiary-1 branch ranged
between 4.04 (KK-66) to 8.29 (KK-153), with
an average of 5.45.

Godbole and Das (2000) reported
November to February as flowering months in
Kokum whereas Sawant et al. (1997) observed
flower bud appearance from September 29 to
October 8 and the flowering initiation from
30th October to 10th November in different
cultivars of Kokum.

Flower bud development : After
initiation, the flower bud of kokum passed

through a series of morphological changes upto
anthesis. The morphological characters of the
bud in seven different stages of development
were as below.

Stage I : Bud was smallest, compact and
the shape resembled like pin head. The total
length recorded was 2 mm. Colour of the
compact mass was green.

Stage II : Bud appeared externally. The
average length recorded was 3 mm. The colour
of the bud was green at early stage, no flower
parts could observed.

Stage III : Bud appeared green in colour
with average length of 4 mm. The green colour
calyx portion could be seen visually.

Stage IV : The calyx was more permanent.
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Table 2. Flower characters of female genotypes of kokum (Garcinia indica Choisy).

Genotype Flower Flower Pedicel Stami- Pistil Pistil Pistil Ovary Cross
length breadth length nodes lobes length breadth cells section*
(cm) (cm) (cm) (cm) (cm)

KK-27 0.65 0.62 0.05 10.00 8.66 0.28 0.31 8.16 0.11
KK-66 0.68 0.63 0.00 15.33 6.66 0.26 0.21 6.63 0.11
KK-76 0.89 0.63 0.00 12.16 6.16 0.35 0.28 5.83 0.13
KK-87 0.68 0.76 0.47 12.17 7.16 0.41 0.33 7.00 0.25
KK-100 0.78 0.81 0.18 12.17 6.99 0.36 0.36 7.00 0.20
KK-122 0.68 0.65 0.13 10.50 6.67 0.40 0.30 6.67 0.17
KK-149 0.45 0.58 0.17 8.49 7.00 0.38 0.30 6.83 0.18
KK-153 0.78 0.55 0.18 6.16 6.50 0.33 0.30 6.50 0.11
KK-155 0.73 0.83 0.27 6.67 6.33 0.37 0.33 6.16 0.22
KK-157 0.65 0.67 0.23 6.83 7.00 0.38 0.34 6.83 0.27
KK-166 0.65 0.70 0.16 10.50 6.00 0.31 0.33 5.66 0.31
KK-191 0.80 0.58 0.20 10.66 7.33 0.37 0.31 6.33 0.21
KK-192 0.96 0.67 0.21 12.50 7.33 0.38 0.33 7.50 0.25
KK-195 0.63 0.55 0.30 9.50 7.00 0.38 0.31 6.66 0.20
KK-196 0.59 0.60 0.18 9.00 7.83 0.38 0.33 7.33 0.20
KK-197 0.70 0.61 0.15 12.16 7.83 0.37 0.30 7.33 0.25
KK-201 0.53 0.60 0.15 11.00 6.49 0.26 0.33 6.00 0.20
Mean 0.69 0.64 0.17 10.34 6.99 0.351 0.30 6.71 0.19
Range 0.45-0.80 0.55-0.83 0.0-0.74 6.16-45.33 6.0-8.66 0.26-0.41 0.21-0.36 6.5-8.16 0.31-0.27
S.E.± 0.06 0.035 0.02 0.93 0.30 0.02 0.02 0.80 0.02
C.D. at 5% 0.18 0.10 0.06. 2.58 0.82 0.06 0.05 2.21 0.04

* length of cross section of stigmatic surface.



The bud was still green in colour. The average
length of the bud was 5 to 6 mm. In pedicellate
genotype the pedicel was seen clearly, the
length of the pedicel was 2 mm.

Stage V : The bud with more developed
calyx could be seen. The colour was green with
average length of the bud about 6 to 7 mm.
The bud further  increased in length and the
breadth, as compared to stage IV.

Stage VI : The length and breadth of the
bud was nearly equal. The bud further increased
in the length. The calyx lobes were well
developed. The bud was still green. Bud length
was about 8 mm.

Stage VII : The bud attained full size. The
colour of the bud changed to yellowish. The
average length of the bud recorded was 1 to
1.2 cm. The colour of the sepals could be seen.
The colour was either pale yellow or pale
yellow with pink margin. The sepals on the
stigmatic surface were opened.

In custard apple Thakur and Singh (1965)
reported eight stages of flower bud
development and in clove Bagade et al. (1996)
recorded 10 stages.

Flower morphology : The female flowers
of kokum were borne axillary or terminal. The
flower was tetramerous and hypogenous. The
flowers were either sessile (KK-66 and KK-76)
or with pedicel. The mean length of the pedicel
ranged from 0 to 0.47 cm with an average of
0.17 cm (Table 2). Mean length of the flower
ranged from 0.45 to 0.80 cm and breadth 0.55
to 0.83 cm, with an average of 0.64 cm. The
calyx was sepaloid, consisting of 4 persistent
sepals, arranged in decussate pairs, the inner
pair being broader than the outer one. The
corolla consisted of 4 imbricate petals, slightly
larger than the sepals, yellow to pink dorsally
and pale to dark pink ventrally. In tree No. 166
the petals were pale yellow on both the sides,

with dark pink margin.

The number of staminodes ranged from
6.66 to 15.33. The staminodes were arranged
in 4 tuffs in decussate manner. The anthers
were empty and contained no pollen grains.
The pistil was 0.26 to 0.41 cm in length and
globose to round in shape. The stigma surface
was symmetrical, measuring about 0.11 to
0.27 cm in cross section. The individual lobes
were prominently tubercled having 2 lines of
tubercles on each lobe. The number of ovary
cells ranged from 6.5 to 8.16. Observations
were analogous to those reported by Karnik
(1978) and Gunjate et al. (1982) in kokum.

Fruit set : The average maximum fruit set
(Table 3) was noticed in KK-153 (68.18%)
followed by KK-192 (66.23%). The average
minimum fruit set was noticed in KK-27
(62.11%), followed by KK-66 (64.66%). The
pooled data showeded an average 64.95 per
cent fruit set. Similar observations were made
by Karnik (1978) who recorded 68 per cent
fruit set under open pollinated condition in
kokum, while Sherly (1994) reported the fruit
set in Garcinia combogia between 42.50 to
74.00 per cent under open pollinated
condition.

References
Anthony, J. I. X. 1997. Garcinia indica - A natural fat

regulating beverage. Beverage and Food World. 24(3):
24-25.

Bagade, D. S., Nadkarni, H. R. and Jamadagni, B. M.
1996. Studies on floral biological in clove. Spice India.
Feb. 9: 8-13.

Godbole, A. and Das, Sujit Kumar. 2000. Flora of
Maharashtra State Dicotyledons. Vol. 1. Ed. by N. P.
Singh and Karthikeyan. Publ. Director Bot. Sur. India.
Barboune Road, Calcutta - 700 001 pp. 273-283.

Gunjate, R. T., Karnik, A. R. and Limaye, V. P. 1982.
Flower and sex forms in kokum. Indian Cocoa
Arecanut Slices J. 8(2): 32-37.

Karnik, A. R. 1978. Studies on flowering and fruiting in
kokum (Garcinia indica Choisy). A M.Sc.(Agri.) Hort.,

Journal of Agriculture Research and Technology 399



thesis submietd to Dr. B.S.K.K.V., Dapoli, Ratnagiri,
M.S.

Majeed, M. 1964. Citrin- A revolutionary, Herbal approach
to weight management. New Editions Publ. Co.,
Burlingame, pp. 8-14.

Sampathu, S. R. and Krishnamurthy, N. 1982. Processing
and utilization of kokum (Garcinia indica). Indian
Cocoa, Arecanut and Spices 6(1): 12-13.

Sawant, D. S., Rajput, J. C., Magdum, M. B. and Dumbre,
R. B. 1997. Release proposal for Konkan Amruta. Dr.
B.S.K.K.V., Dapoli, Ratnagiri, M.S.

Subash Chandran, M. D. 1996. Nature Watch. The Kokum
Tree. Resonance, 86-89.

Thakur, D. R. and Singh, R. N. 1965. Studies on floral
biology of annonas. Indian J. Hort. 22(3 and 4): 238-
253.

Raorane et al.400

J. Agric. Res. Technol., 37 (3) : 400-403 (2012)

Influence of Pre-Harvest Application of Micronutrients on
Quality Parameters of Guava (Psidium guajava L.) cv.

Sardar

A. K. Goswami1 and H. S. Shukla2

C. S. Azad University of Agriculture and Technology, Kanpur - 208 002 (India)
(Received : 06-11-2011)

Abstract
The size of fruit comprising length, diameter, volume were maximum in fruits collected from trees sprayed

with zinc sulphate (0.4 per cent). The maximum weight was observed under 0.4 per cent boric acid and it
was at par with zinc sulphate at 0.4 per cent. The zinc sulphate 0.4 per cent also improves the physico-
chemical parameters at harvest. Among the different treatments pre harvest spray of zinc sulphate at 0.4 per
cent was found most effective for improving the physico-chemical parameters at harvest and prolonged the
shelf-life of fruits exhibiting lower degree of post-harvest losses.

Key words : Guava, nutrients, quality parameters,
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Since the demand of guava fruit is
increasing in the market, to achieve higher yield
of good quality fruit with longer storage life
become the priority. To improve the quality of
fruit at harvest and to enhance the storage life
by influencing the after harvest changes, several
research workers have used certain pre-harvest
treatments. The application of mineral nutrients
like calcium nitrate, boric acid and zinc sulphate
are known to play a crucial role in growth,
development, quality and storage of fruits
(Singh et al. 2004, Dixit et al. 2004,
Jayachandra et al. 2005). The present study

will contribute in understanding the physical
and biochemical status of guava fruits at harvest
as influenced by pre-harvest spray of mineral
nutrients, which may help in increasing the
physico-chemical quality of guava fruits.

Materials and Methods

The present investigation was conducted on
nine year old budded plants of uniform, healthy
and young bearing tree of guava (Psidium
guajava L.) cv. Sardar, at Horticulture garden of
C.S.A. University of Agriculture and
Technology, Kanpur, India with ten treatments
(T0 - control, T1 - 1% calcium nitrate, T2 -
1.5% calcium nitrate, T3 - 2% calcium nitrate,

1. Scientist Div. Fruit and Hort. Technol. IARI, New
Delhi and 2. Professor and Ex. Head Dept. of Hort.



T4 - 0.2% boric acid, T5 - 0.4% boric acid, T6
- 0.6% boric acid, T7 - 0.2% zinc sulphate, T8
- 0.4% zinc sulphate and T9 - 0.6% zinc
sulphate) which were replicated thrice in a
randomized block design. Observations
recorded at the time of harvest were weight of
fruit, total soluble solids (TSS), acidity content
(A.O.A.C., 1984), total sugar content (by
'Fehling solution method' and expressed in
percentage), ascorbic acid (mg 100-1 g of fruit)
and for physiological loss in weight (PLW %),
the weight of whole fruit was recorded and the
cumulative loss at every storage period was
worked out in percentage.. The data were
analysed statistically as per method given by
Panse and Sukhatme (1985) and results were
evaluated for significance.

Results and Discussion

The observations (Table 1) regarding length,
diameter and volume of the fruits were
significantly affected by application of nutrients.
The maximum length (6.18 cm), diameter
(5.46 cm) and volume (120.28 cc) recorded in
T8 followed by T5. However fruit weight was
maximum in T5 followed by T8. The possible
reason for increase in these parameters by

foliar spray of calcium, boron and zinc might be
due to faster mobilization of metabolites into
fruits and involvement in cell division and cell
expansion as well as increased volume of
intercellular space in mesocarpic cells
(Brahmachari et al. 1997). The maximum
accumulation of total soluble solids content
(11.8°Brix) in guava fruits was found with the
pre-harvest spray of 0.4 per cent zinc sulphate
followed by boric acid 0.4 per cent (11.2°Brix)
and zinc sulphate 0.2 per cent (11.2°Brix)
(Table-1). The T.S.S. of control was found at
par with applications of calcium. The present
study indicated that acidity content of guava
fruits, decreased significantly under different
treatments. The minimum acidity (0.34 per
cent) was observed in zinc sulphate at 0.4 per
cent followed by boric acid at 0.4 per cent
(0.36 per cent) and maximum acidity content
(0.44 per cent) were found in control. The
reduction in acid content may be based on the
fact that mineral compounds reduced the
acidity in fruits, since it is neutralized in plant
parts during metabolic pathways and/or used in
respiratory process as a substrate.

The total sugar contents in fruits were found
to be increased by all the treatments over
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Table 1. Effect of mineral nutrients on physico-chemical traits of guava fruit at harvest.

Treatment Length Diameter Weight Volume TSS Acidity Reducing Total Ascorbic
of of fruit of of of of sugar sugar acid
fruit (cm) fruit fruit fruit fruit content content (mg 100-1

(cm) (g) (cc) (°Brix) (%) (%) (%) g)

T0 4.50 4.56 98.10 96.05 9.6 0.44 3.56 6.68 158.38
T1 4.58 4.86 106.14 108.12 10.4 0.43 3.78 7.24 178.14
T2 4.61 4.90 104.12 102.10 10.0 0.41 3.84 7.56 190.32
T3 4.65 4.78 110.06 108.12 9.8 0.43 3.81 7.30 187.16
T4 4.78 5.12 112.72 114.14 10.6 0.40 4.16 7.94 196.05
T5 5.20 5.30 120.87 118.87 11.2 0.36 4.42 8.72 210.18
T6 4.92 5.00 116.11 114.78 10.8 0.42 4.00 8.04 189.82
T7 5.28 5.10 114.34 112.37 11.2 0.39 4.30 8.42 208.47
T8 6.18 5.46 118.78 120.28 11.8 0.34 4.94 9.22 230.24
T9 5.38 5.24 110.32 112.04 10.8 0.41 3.98 7.76 196.18
SE± 0.19 0.18 1.57 2.09 0.43 0.02 0.16 0.46 2.32
C.D. at 5% 0.39 0.39 3.30 4.40 0.91 0.05 0.33 0.96 4.87



control. However, it was maximum (9.22%)
with the spray of 0.4 per cent zinc 3 sulphate
followed by boric acid 0.4 per cent (8.72%).
The similar findings were observed by Singh et
al. (2004) who also reported that pre-harvest
spray of zinc sulphate and boric acid enhanced
the total sugars content of guava fruits.The
increase in total sugars can be attributed to the
accumulation of oligosaccharides and
polysaccharides in higher amount in almost all
treatments. It was reported that these
micronutrients increased the activity of
hydrolyzing enzyme, which convert complex
polysaccharides into simple sugars
(Brahmachari and Rani, 2001). All the
treatments were significantly effective in
increasing the ascorbic acid content of fruits as
compared to control. It was found maximum
(230.24 mg 100-1 g) with the pre-harvest
application of 0.4 per cent zinc sulphate
followed by 0.4 per cent boric acid (210.18 mg
100-1 g). The pre-harvest spray of zinc sulphate
at 0.5 per cent or 1 per cent enhanced the
ascorbic acid content in the fruits of guava
(Mansour and Sied, 1985; El-Sheriff et al.

2000).

In the present study, it has been observed
that the per cent physiological loss in weight
(PLW %) increased with the progress of storage
period under different treatments (Table 2).
There was no spoilage of fruits upto 6 days of
storage in all the treatments including control.
The spoilage of fruit gradually increased with
increasing storage period. The minimum
P.L.W. (2.28 per cent) was observed under 0.4
per cent zinc sulphate treatment followed by
boric acid at 0.4 per cent (2.42 per cent). All
the treatments decreased the per cent
cumulative physiological loss in weight as
compared to control. The effect of storage
period as well as the effect of the interaction
(treatments x storages period) was also found
significant. The reduced per cent of spoilage in
fruits with foliar application of 0.3 per cent zinc
sulphate has also been observed in guava by
Chaitanya et al. (1997).

The application of mineral nutrients has
favourably influenced the metabolic activities
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Table 2. Effect of mineral nutrients on the physiological losses in weight of guava fruits (%) during storage.

Treatment P1 P2 P3 P4 P5 P6 Mean
x period (TP)

T0 2.48 3.90 4.64 5.06 6.36 7.02 4.91
T1 1.92 2.34 3.18 4.28 5.08 5.88 3.78
T2 1.77 2.52 3.83 4.18 5.44 5.93 3.88
T3 1.92 2.68 3.94 5.00 5.67 6.12 4.22
T4 1.58 2.04 2.94 3.69 4.50 5.04 3.30
T5 0.38 1.12 2.98 3.38 4.16 4.94 2.83
T6 1.33 1,76 2.70 3.56 4.44 4.98 3.13
T7 1.18 1.88 2.89 3.62 4.06 4.98 3.10
T8 0.34 1.10 2.45 3.04 4.18 4.85 2.28
T9 1.08 1.62 1.98 3.28 4.20 4.91 2.85
Mean 1.39 2.09 3.15 3.90 4.80 5.46

S.E.± C.D. at 5%
T 0.02267 0.04481
P 0.01896 0.03749
T x P 0.05997 0.11856

T = Treatments, P = Periods



possibly due to their increased endogenous
level following external application. These may
have enhanced the process of synthesis,
translocation and accumulation of quality
constituents like TSS, sugars and ascorbic acid
following strong source sink relationship. So
according to the present findings, the pre
harvest spray of zinc sulphate at 0.4 per cent
found more effective among the different
treatments tried for improving the physico-
chemical quality at harvest and prolonged the
shelf-life of guava fruits during storage.
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Jute (Corchorus capsularis L.) is one of the
most important crop among the fiber producing
crops. It is important commercial crop next to
cotton in Indian Subcontinent. The versatile
fiber of jute has unique properties of best raw
material for several value added products in
addition to the traditional ones. In India, Jute
plays a vital role in the economy of West
Bengal and also very important role in the
economy of Eastern Indian states. Genetic
divergence, which is due to genetic factors, is
the basis for heritable improvement, the precise
information about genetic divergence is crucial
for productive breeding programme. The
genetically diverse parents are known to
produce high heterotic effect and consequently
give desirable segregants in the breeding
material. In the present investigation an
attempt was made to study the variability

among the genotypes and also to identify the
suitable genotype for hybridization by D2

statistic.

Materials and Methods

The experimental material comprised of 50
genetically diverse genotypes of jute obtained
from Central Research Institute for Jute and
Allied Fibres, Barrakpore (W.B.) and Cotton
Improvement Project, Mahatma Phule Krishi
Vidyapeeth, Rahuri. The experiment was
conducted in a randomized block design with
three replications during kharif, 2009. Each
genotype was represented by two rows of 4.5
m length with a spacing of 45 cm. between
rows and 10 cm between plant. Observations
were recorded on five randomly selected plants
for eleven characters viz., days to first
flowering, days to 50 per cent flowering, days
to maturity, plant height, basal diameter,
number of nodes plant-1, 1000-seed weight,
fibre length,number of pods plant-1, seed yield
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Abstract
Fifty indigenous genotypes of Jute were evaluated to assess the genetic diversity. The D2 values ranged

between 14.81 to 418937.4 suggesting the presence of considerable amount of genetic diversity. All the 50
genotypes were grouped into 5 clusters in which cluster-I had maximum genotypes, while cluster-IV and
cluster-V were monogenotypic in nature. The maximum intra-cluster distance was exhibited by genotype of
cluster-II followed by cluster-I and cluster-Ill. The maximum inter-cluster distance was observed between
cluster- II and cluster-IV followed by cluster-II and cluster-Ill, cluster-I and cluster-IV and cluster-II and cluster-
V, indicating wide divergence between these clusters. Variance of cluster means revealed that plant height,
basal diameter, number of nodes plant-1, days to 50 per cent flowering, number of pods plant-1 were the
main characteristics contributing to divergence. On the basis of intra-cluster distance, cluster mean and per
se performance the genotypes viz., J-90, CEX-003,CEX-58, J-93, GIN- 196, J-91 ,CN-75 can be used in
future breeding pragramme. 
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plant-1 and fibre yield plant-1.

The analysis of divergence was carried out
by D2 statistic of Mahalanobis (1936) as
described by Rao (1952). Analysis of variance
for individual character was worked out to test
the significance of differences among the
genotypes. After testing the significance of
difference among eleven characters,
simultaneous test of significance of difference in
the mean value of number of correlated
variables was carried out by Wilk's criteria (Wilk,
1932).

Results and Discussion

In the present investigation D2 values, (Table
2) between all possible pairs of 50 genotypes

ranged between 14.81 to 418937.4. This high
range of D2 values shows the presence of good
amount of diversity. All the 50 genotypes
studied were grouped into five clusters
indicating the presence of diversity for different
traits. The cluster-I with 34 genotypes emerged
as the largest cluster followed by cluster-II with
9 genotypes and cluster-Ill with 5 genotypes.
Cluster-IV and cluster-V were monogenotypic
(Table. 1). The genotypes included in the
monogenotypic cluster possess wide variation
from rest as well as from each other. The
means D2 values for cluster ranged between
5589.42 and 80845.08, indicating the
presence of good diversity in the material
studied and monogenotypic nature of cluster-IV
and cluster-V indicated divergence from the
other groups. The clustering pattern shows the
absence of parallelism between geographical
and genetic diversities. Sita Devi et al. (1991)
grouped 51 Hibiscus sabdariffa (L.) genotypes
into 8 clusters; Kameshwar Rao (2002)
grouped 45 genotypes of mesta into 8 distinct
clusters and Anuradha (2003) grouped sixty
genotypes of roselle hemp into 11 clusters.

The maximum intra-cluster distance was
observed for cluster- II (D2 =7433.40) followed
by cluster-I (D2 =5589.42), cluster-Ill (D2

=3430.21), suggesting that genotypes present
in these clusters possesses varied genetic
architecture and might have been originated
from different genetic pool, which indicated the
possibility of their interbreeding among these
varieties for yield improvement. In case of
cluster-IV and cluster-V intra-cluster distance
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Table 1. Distribution of 50 genotypes into different
clusters.

Cluster Genotypes Genotypes
No. included

I 34 CIN-006, CIN-21, CIN-97, CIN-
107, CIN-108, CIN-116, CIN-
130, CIN-139, CIN-146, CIN-
150, CIN-156, CIN-196, CIN-
411, CIJ-51, CIJ-99, CEX-059,
J-ll, J-14, J-20, J-21, J-22, J-23,
J-24, J-25, J-77, J-81, J-82, J-
84, J-85, J-88, J-93, J-95, JRC-
212, JRC-321

II 9 CIN-73, CIN-75, CIN-91, CIN-
185, CIN-250, CIN-417, J-90, J-
94

III 5 CEX-003, CEX-058C J-8, J-16,
J-92

IV 1 J-79

V 1 J-80

Table 2. Average intra and inter-cluster D2 and D value of 5 clusters from 50 genotypes of jute.

Cluster Cluster I Cluster II Cluster III Cluster IV Cluster V

Cluster I 5589.42 (74.76) 42138.29 (205.27) 55215.89 (234.98) 151136.3 (388.76) 12920.22 (113.66)
Cluster II 7433.40 (86.21) 177869.67 (421.74) 334121.5 (578.03) 87964.08 (296.58)
Cluster III 3430.21 (58.56) 26870.54 (163.92) 17086.59 (130.71)
Cluster IV 0.0000 (0.0000) 80845.08 (284.33)
Cluster V 0.0000 (0.0000)



was zero due to its monogenotypic nature.
Similar results were reported by Pulli Bai et al.
(2005) in roselle hemp.

Maximum inter-cluster distance was
observed between cluster-II and cluster-IV (D2 =
334121.5) followed by cluste-II and III (D2 =
177869.67), cluster-I and IV (D2 = 151136.3),
cluster-II and V (D2 = 87964.08). Senapati et
al. (2005) also reported similar results in jute.
Considering the mean performance of 5
clusters for 11 characters, it was observed that
(Table 3) cluster mean for basal diameter,
number of nodes plant-1, number of pods
plant-1, 1000-seed weight was maximum in
cluster-V. Cluster- III exhibited maximum mean
performance for plant height, fiber length, seed
yield, fiber yield plant-1, while cluster-II showed
maximum mean performance for days to first
flowering, days to 50 per cent flowering and
days to maturity.

Relative contribution of all eleven characters
(Table 4) towards divergence revealed that days
to 50 per cent flowering (37.14%) contributed
maximum for divergence followed by seed yield
plant-1 (14.20%), 1000-seed weight (10.53%),
basal diameter (8.24) and plant height (6.53%),
indicting that these characters were responsible
for genetic divergence. These findings were in
agreement with earlier findings of Sita Devi et
al. (1991) for days to 50 per cent flowering,
number of nodes plant-1, plant height and fibre

length. Bain and Sood (1984) also pointed out
that a positive contribution of genetic
divergence of yield components, like number of
pods plant-1 and plant height, may be help in
selecting genotype for yield and other
economic traits. The results obtained in present
investigation and work done by earlier workers
indicate that yield indicators are responsible for
divergence varied substantially, which may be
attributed due to environment and dissimilarity
of the material used for investigation.

Clustering pattern obtained in the present
investigation revealed that the genetic diversity
was not necessarily parallel to geographical
diversity. Genotypes originating in different
geographical location could form one cluster,
while different genotypes evolved in the same
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Table 3. Mean performance of clusters for 11 characters in jute.

Cluster Days Days Days Plant Basal Node 1000 Fibre Pods Seed Fibre
no. to 1st to 50 to height dia- num- seed length plant-1 yield yield

flow- per cent mat- (cm) meter ber weight (cm) plant-1 plant-1
ering flow- urity (cm) (g)

ering

I 69.17 72.65 123.14 205.52 1.49 29.77 3.42 180.36 174.66 14.71 7.82
II 63.30 66.74 120.51 197.98 1.53 28.67 3.41 173.11 169.10 15.86 8.15
III 76.04 79.79 129.93 208.97 1.58 30.49 3.33 186.32 185.60 16.24 10.01
IV 80.87 84.80 133.67 157.70 1.07 24.33 3.37 120.40 157.47 8.38 2.67
V 72.33 75.73 126.00 188.13 1.60 33.47 3.49 163.40 186.67 14.26 7.58

Table 4. Contribution of various characters to divergence.

Character Per cent
contribution

Days to first flowering 0.65
Days to 50 per cent flowering 37.14
Days to maturity 1.63
Plant height (cm) 6.53
Basal diameter (cm) 8.24
Node number 4.89
1000 seed weight (g) 10.53
Fibre length (cm) 6.53
Pods plant-1 5.79
Seed yield (g) plant-1 14.20
Fibre yield (g) plant-1 3.83



location were grouped into different clusters.
Sita Devi et al. (1991) also revealed that the
genetic divergence was not always related to
geographical diversity. On the basis of intra and
inter-cluster distance and average mean
performance of cluster the genotypes viz., J-
90. CEX-003, CEX-58, j-93, GIN-196, J-91,
GIN-75, GIN-79, J-79 and j-80 were found
superior ,which may be used in future breeding
programme for evolving superior cultivars in
Jute.
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Abstract
Results indicated that the transplanting of paddy at two leaves stage with application of water by alternate

wetting and drying for two days was found to be significantly superior in respect of the highest grain (64.01
q ha-1) and straw yield (75.96 q ha-1) than other treatments.
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Rice is the main food of 2/3 population of
the world. In India during 2010-2011 rice was
grown on an area of 44.00 million hectares
with production of 143.53 million tonnes with
an average productivity of 3202 kg ha-1. This

productivity is just half as compared to the
productivity of the rice growing countries. It
indicates that there is wider scope for
increasing productivity of rice in our country.

Rice is not aquatic plant although rice can
survive when growing under flooded (hypoxic)
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conditions. Under continuous submergence,
most of the rice plant's roots remain in the top
6 cm soil, and most have degenerated by the
start of the plant's reproductive phase
(Mahendrakumar, 2006). The improved cultural
practices coupled with optimum use of
irrigation water playing the vital role in
enhancing the productivity of rice. Seedling
vigour is an important contributor to
subsequent tillering quality and yield of rice
(TeKrony and Egli, 1991). The establishment of
transplanted rice seedlings and their subsequent
growth depends not only on the above ground
morphological characteristics that define
seedling vigour, but also on the growth of new
roots (Hoshikawa and Ishi, 1974). These above
and below ground characteristics of rice plants,
before and after transplanting vary with
seedling age (Himeda, 1994).

Following long standing cultural practices in
Asia the average age of seedlings used for
transplanting is 30-45 days, and they are
transplanted into continuously flooded soils.
There are many reports of the benefits of
transplanting younger seedlings (Yamamoto et
al., 1995, Horie et al., 2005) and its
subsequent contribution to plant growth after
transplanting when grown under different water
regimes. For various reasons the availability of
water for agriculture will diminish both in
quantity and quality in the years to come
(Tuoung and Bhuiyan, 1994). There are major
emerging global issues concerning water
scarcity and environmental degradation. These
problems can be addressed through proper
cultural practices and water management. This
insisted us to take up the present studies on
effect of transplanting of seedlings at different
leaf stages and irrigation methods on the yield
of rice.

Materials and Methods

The experiment was conducted during
2007-2010 at Agricultural Research Station,

Vadgaon Maval, Tal. Maval, Dist. Pune. The
experiment was laid out in a factorial
randomized block design. One factor as
transplanting of rice seedlings at different leaf
stages as LS1 : transplanting of rice seedlings at
two leaves stage, LS2 : transplanting of rice
seedlings at four leaves stage and LS3 :
transplanting of rice seedlings at six leaves
stage. Sub factor consisted, of application of
irrigation to rice which were I1 : alternate
wetting and drying for 2 days, I2 : alternate
wetting and drying for 4 days and I3 : normal
method of application of water. Thus there
were total 9 treatment combinations replicated
thrice times with the gross plot size of 3.75 x
3.75 m. The total plot size was 380 sqm.
Integrated Rice Agro Technology (Charsutri
method) of rice cultivation was used in the
experiment. Black grey rice hull ash @ 1.0 kg
sq.m.-1 was applied to nursery and paddy straw
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Table 1. Grain and straw yield of paddy (q ha-1) as
affected by different treatment (pooled mean for
three years).

Treatments Grain Straw

Leaf stages :

L1 - Two leaves 53.43 63.37

L2 - Four leaves 47.19 55.64

L3 - Six leaves 35.33 41.86

SE± 1.20 1.44

CD at 5% 3.60 4.09

Irrigation methods :

I1 - Alternate wetting 52.69 62.20
and drying for 2 days

I2 - Alternate wetting 37.54 44.39
and drying for 4 days

I3 - Normal method 45.72 54.29
of application of water

SE± 1.20 1.44

CD at 5% 3.60 4.09

Interaction (A x B) :

SE± 2.55 3.07

CD at 5% 7.65 8.69

C.V. % 7.97 8.10



of 76 kg was added at the time of ploughing in
the experimental plot. Glyricidea was added as
green manure (114 kg) in the experimental plot
at the time of transplanting. The rice seedlings
were transplanted at 15-25cm x 15-25 cm
distance as per the treatments. Fertilizer dose
was applied through urea DAP briquettes.

The irrigation was given to plots after
transplanting of seedlings as per the treatments
to keep soil moist but not saturated, with
intermittent dryings, alternate aerobic and
anaerobic conditions.

Results and Discussion

Data presented in Table-1, revealed that
there were significant differences due to
transplanting of seedlings at different leaf stages
and irrigation methods. Both of these factors
directly affects the grain and straw yield of
paddy.

Leaf stages : The transplanting of
seedlings at two leaves stage recorded
significantly higher grain yield (54.43 q ha-1)
than the transplanting at four leaves stage
(47.19 q ha-1) and six leaves stage (35.33 q
ha-1) and it was 13 and 35 per cent more
respectively. Similar trend was observed for
paddy straw yield. The transplanting of
seedlings at two leaves stage produced

significantly higher straw yield (63.37 q ha-1)
than transplanting at four leaves stage (55.64 q
ha-1) and six leaves stage (41.86 q ha-1). This
might be due to rice seedlings lose much of
their growth potential when transplanted
beyond about 15 days of age. This potential is
preserved by early transplanting resulted in
vigorous growth and generated more number
of tillers and ultimately the higher yield.

Irrigation methods : Various irrigation
methods significantly influenced the grain and
straw yield of paddy. The highest grain (52.69
q ha-1) and straw yield (62.20 q ha-1) was
recorded by the treatment of application of
water by alternate wetting and drying for 2 days
which was significantly superior over normal
method of application of water with grain yield
(45.72 q ha-1) and straw yield (54.29 q ha-1)
and alternate wetting and drying for 4 days with
grain yield (37.54 q ha-1) and straw yield
(44.39 q ha-1). This effect was obviously due to
the soil was not flooded, the roots of the paddy
plant grow healthily, deeply in all directions
through translocating more nutrients from soil.

The root growth was extensive also due to
the proper spacing. As the field is intermittently
irrigated and dried, the microorganisms grow
well which make nutrients available to the
plant.
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Table 2. Grain and straw yield of paddy (q ha-1) as affected by interaction of different treatments (pooled mean).

Treatments I1 - Alternate wetting I2 - Alternate wetting I3 - Normal method Mean
and drying for 2 days and drying for 4 days of application of water

L1 - Two leaves 64.01 (75.96) 42.35 (50.17) 53.93 (63.98) 53.43 (63.37)
L2 - Four leaves 54.76 (64.56) 36.52 (43.04) 50.30 (59.33) 47.19 (55.64)
L3 - Six leaves 39.30 (46.09) 33.75 (39.95) 32.93 (39.54) 35.33 (41.86)
Mean 52.69 (62.20) 37.54 (44.39) 45.72 (54.29)

Grain Straw
SE± 2.55 3.07
CD at 5% 7.65 8.69
C.V. % 7.97 8.10

* Figures in the parenthesis indicates the straw yield (q ha-1).



Interaction : Data in Table 2 indicated that
the interaction effect of the factors under study
was found to be significant. The highest grain
(64.01 q ha-1) and straw yield (75.96 q ha-1)
were recorded by the interaction between the
transplanting of seedlings at two leaves stage
with application of water by alternate wetting
and drying for 2 days which was significantly
superior over the rest of treatments
combinations. Early transplanting at two leaves
stage before fourth phyllochron with regular
water applications (alternate wetting and drying
for 2 days) to keep soil moist but not saturated
resulted in more root growth, avoided roots
degeneration able to acquire more and more
varied nutrients from the soil and tillering
potential.

Thus the pooled data the transplanting of
paddy at two leaves stage with application of
water by alternate wetting and drying for 2 days
was more economical in respect of the highest
grain (64.01 q ha-1) and straw yield (75.96 q
ha-1).
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In Maharashtra, the farmers are following
general row to row and plant to plant spacing
of maize to sweet corn. In order to obtain yield
maximization, it is necessary to find out the
optimum plant population in sweet corn by
adjusting the spacing. The information on
systematic and detailed research work
regarding N, P and K requirement of sweet
corn is meager in Maharashtra state. The
farmers also follow the general fertilizer dose of
maize to sweet corn. In view of obtaining good
quality produce, the experiment was conducted
to find out the optimum spacing and dose of
fertilizer for sweet corn.

Materials and Methods

The field experiment was conducted at All
India Co-ordinated Research Project on Water
Management, Central Campus, Mahatma
Phule Krishi Vidyapeeth, Rahuri, Dist.
Ahmednagar during kharif 2009. The soil was
medium deep black and uniform in depth.

The experiment was laid out in the split plot
design with twelve treatment combinations

replicated four times. The main plot treatments
(spacings - 3) were S1 : 45 x 20 cm; S2 : 60 x
15 cm, S3 : paired row planting of 45-75 x 20
cm; while four sub-plot treatments (nutrient
levels) viz., T1 : 125 per cent GRDF (10 t FYM
ha-1 + 187.5 + 65.50 + 62.50 kg NPK h-1; T2
: 100 per cent GRDF (10 t FYM ha-1 + 150 +
50 + 50 kg NPK ha-1); T3 : 75 per cent GRDF
(10 t FYM ha-1 + 112.50 + 37.50 + 37.50 kg
NPK ha-1); T4 : As per soil test (10 t FYM ha-1

+ 187.50 + 50 + 25 kg NPK ha-1) were
applied. The fertilization of sweet corn was
carried out as per the treatments. The half dose
of nitrogen was applied at sowing and
remaining half dose of nitrogen was applied
one month after sowing through urea.
Whereas, basal dose of phosphorus and
potassium was applied through single super
phosphate and muriate of potash. The cultural
practices and plant protection schedule was
followed as per recommended package of
practices.

The fresh cobs of sweet corn were picked
up from net plot at 75 days after sowing. The
grains of fresh cob of selected five plants were
separated and studied for quality parameters.
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Abstract
Among the three spacings, sowing of sweet corn with paired row planting of 45-75 x 20 cm significantly

improved growth and yield components, resulting in significant increase in cob and green fodder yield.
This treatment also gave significantly more uptake of NPK as compared to other spacings. The application
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levels.
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The growth observations were recorded from
the randomly selected five plants in each net
plot at the time of harvesting.

Results and Discussion

The different growth parameters of sweet
corn with varying levels of plant geometry and
fertilizer levels are depicted in Table 1. The
mean plant height at harvest was influenced
significantly due to different spacings. Planting
at 60 x 15 cm spacing produced significantly
more plant height (185.84 cm) which may be
due to efficient utilization of natural resources
like solar radiation, moisture and nutrients. This
treatment was however, at par with 45 x 20 cm
spacing. The plant height was significantly
influenced by different fertilizer levels at
harvest. The fertilizer application as per soil test
produced significantly more plant height
(185.41cm) which was at par with the
application of 125 and 100 per cent GRDF.
The results obtained in the present investigation

are in conformity with the findings reported by
Karki et al. (2005) and Kumar et al. (2005).
The mean number of functional leaves plant-1

at harvest were influenced significantly due to
different spacings. Paired row planting of 45-
75 x 20 cm recorded significantly more number
of functional leaves plant-1 (12.14) than the
other spacings. Application of fertilizers as per
soil test recorded significantly more number of
functional leaves plant-1 (11.90) which was at
par with the application of 125 (11.81) and
100 per cent GRDF (11.36). These
observations are in consonance with the
findings of Chougale (2003) who reported
significant improvement in growth parameters
of sweet corn due to application of 100 per
cent RDF + 5 t FYM ha-1. The mean dry matter
plant-1 at harvest was influenced significantly
due to spacings. Pair row planting of 45-75 x
20 cm recorded significantly maximum dry
matter plant-1 (202.05 g) than rest of the
spacings. Application of fertilizers as per soil
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Table 1. Mean performance of sweet corn for different traits as influenced by different treatments.

Treatment Plant Funct- Dry Cobs Length Girth Fresh Green Total
height ional matter plant-1 of cob of cob cob fodder biomass
(cm) leaves (g pl-1) (cm) (cm) yield yield (q ha-1)

pl-1 (q ha-1) (q ha-1)

Spacings :
S1 = 45 x 20 cm 184.02 10.27 196.23 1.10 15.16 10.22 139.23 172.78 312.00
S2 = 60 x 15 cm 185.84 11.19 197.63 1.16 16.65 11.49 142.36 177.85 320.80
S3 = 45-75x20cm 178.09 12.14 202.05 1.32 18.66 13.36 162.64 194.58 357.20
S.E. ± 0.66 0.21 0.47 0.02 0.20 0.23 1.78 1.70 3.30
CD at 5 % 2.30 0.73 1.64 0.06 0.68 0.78 6.16 5.90 11.6

Nutrient levels :
T1 = 125% GRDF 184.07 11.81 201.86 1.23 18.00 12.84 155.27 188.23 343.50
T2 = 100% GRDF 182.98 11.36 197.30 1.15 16.22 11.02 149.61 182.90 332.70
T3 = 75% GRDF 178.13 9.72 191.52 1.03 14.44 9.51 120.87 157.73 278.60
T4 = As per soil test 185.41 11.90 203.94 1.36 18.63 13.39 166.37 198.07 365.30
S.E. ± 1.53 0.45 1.37 0.05 0.45 0.47 5.20 4.88 9.80
CD at 5 % 4.44 1.30 3.98 0.15 1.31 1.37 15.09 14.18 28.50

Interaction :
S.E. ± 2.65 0.78 2.38 0.09 0.78 0.47 9.01 8.46 17.00
CD at 5 % NS NS NS NS NS NS NS NS NS
Mean 182.64 11.20 198.65 1.19 16.82 11.69 148.00 181.73 330.00



test recorded significantly maximum dry matter
plant-1 (203.94 g) which was at par with the
application of 125 per cent GRDF (201.86 g).
Similar results were also reported by Chougale
(2003) and Jat (2006) for plant height and dry
matter plant-1. The interaction effects due to
different spacings and fertilizer levels could not
reach the level of significance in respect of
plant height, number of functional leaves
plant-1 and dry matter plant-1 at harvest.

The number of cobs plant-1 were found to
be differed significantly due to different
spacings. Paired row planting at 45-75 x 20 cm
spacing recorded significantly higher number of
cobs plant-1 (1.32) followed by planting at 60 x
15 (1.16) and 45 x 20 cm (1.10) which were at
par with each other. These results are in
conformity with that of Chougale (2003). The
significantly higher number of cobs plant-1

(1.36) were recorded with the application of
fertilizers as per soil test followed by application
of 125 per cent GRDF (1.23). Significantly less
number of cobs plant-1 were recorded in
treatment of 75 per cent GRDF (1.03). These
observations are in consonance with the results
reported by Chougale (2003), Jat (2006) and
Kar et al. (2006). The variation in respect of
cob length due to different spacing were
statistically significant. Significantly higher cob
length was recorded due to paired row planting
at 45-75 x 20 cm (18.66 cm); followed by
planting at 60 x 15 (16.65 cm) and 45 x 20
(15.16 cm) spacing which were however, at par
with each other. Significantly higher cob length
(18.63 cm) was recorded due to application of
fertilizer as per soil test followed by application
of 125 per cent GRDF (18.00 cm) which were
however, at par with each other. These findings
are in conformity with the results reported by
Chougale (2003), Kar et al. (2006) and Jat
(2006). Paired row planting at 45-75 x 20 cm
spacing recorded significantly higher cob girth
(13.36 cm); followed by planting at 60 x 15 cm

(11.49 cm). The significantly higher cob girth
(13.39 cm) was recorded with the application
of fertilizer as per soil test; followed by
application of 125 per cent GRDF (12.84 cm)
which were at par with each other.

The plant spacing had significant influence
on fresh cob yield of sweet corn. Significantly,
higher fresh cob yield was recorded under
paired row planting at 45-75 x 20 cm than
other spacings mainly because of significant
improvement in all the growth and yield
contributing characters. This might be because
of more space available for the plant growth
under wider row spacing. Similar results were
reported by Chougale (2003) in sweet corn.

Paired row planting produced 16.8 per cent
higher cob yield over 45 x 20 cm spacing and
14.2 per cent over 60 x 15 cm spacing.
Application of fertilizer as per soil test
significantly increased the cob yield as
compared to other fertilizer levels. This was
attributed to increase in all growth and yield
attributes. The increase in fresh cob yield due to
application of fertilizer as per soil test was 7.1
per cent higher than the 125 per cent GRDF
treatment and 11.2 per cent higher than 100
per cent GRDF. The paired row planting at 45-
75 x 20 cm produced significantly higher green
fodder yield (194.58 q ha-1) which was 12.6
per cent higher than 45 x 20 cm. The planting
at 45 x 20 cm and 60 x 15 cm were at par with
each other. Similar results were also report by
Chougale (2003). The application of fertilizer
as per soil test produced significantly higher
green fodder yield (198.07 q ha-1) which was
8.29 per cent higher than the 100 per cent
GRDF (182.90 q ha-1). The treatments of
application of 125 per cent GRDF and 100 per
cent GRDF were on par with each other. The
paired row planting at 45-75 x 20 cm spacing
was found to be significantly superior over
other treatments and it was 14.49 per cent
higher than the planting at 45 x 20 cm spacing.
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The application of fertilizers as per soil test was
found to be significantly superior over 100 per
cent GRDF and 75 per cent GRDF and it gave
9.80 per cent higher total biomass yield over
100 per cent GRDF and 31.1 per cent over 75
per cent GRDF. The paired row planting at 45-
75 x 20 cm spacing was found to be superior
in respect of all growth and yield contributing
characters and ultimately resulted into more
fresh cob yield, green fodder yield and total
biomass production which might be due to
efficient utilization of natural resources viz.,
light, nutrient and soil moisture under wider
spacing by reducing the individual plant
competition. These findings are inconsonance
with the results reported by Chougale (2003).
Similarly, the application of fertilizers as per the
soil test was found to be beneficial in increasing
the growth and yield contributing characters
and thereby higher fresh cob yield, green
fodder yield and total biomass production of
sweet corn. These observations are in
agreement with the findings of Jat (2006) and
Kar et al. (2006).

The growth rate of sweet corn with respect
to plant height, number of functional leaves,
and total dry matter production plant-1 at
harvest was significantly more with paired row
planting at 45-75 x 20 cm spacing than other
spacings under study. The yield and yield
contributing characters viz., cob and green
fodder yield, length of cob, girth of cob and
number of cobs plaht-1, were significantly
increased due to adoption of paired row

planting of 45-75 x 20 cm as compared to
other spacings.

The yield contributing characters viz., length
of cob, girth of cob, number of cobs plant-1

were significantly increased due to application
of fertilizer as per soil test as compared to other
fertilizer levels resulting in significant increase in
cob and green fodder yield. Further, the
application of fertilizer as per soil test
significantly improved all the growth and yield
components, than application of 75 per cent
GRDF, resulting in significant increase in cob
and green fodder yield.
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Chilli (Capsicum annuum L.) is grown in
arid and semi arid-regions of India. At present
productivity of chilli was not much satisfactory
in Maharashtra and, there is scope to improve
the productivity of this crop by development of
new high yielding cultivars. The study of
variability is an important prerequisite in
breeding programme for improvement of crop.
The variability provides maximum opportunity
for genetic improvements not only yield but
also for better quality and consumer
acceptability. The gain from selection in crop
breeding programme is dependent on an
amount of variability for economic characters in
the available germplasm. The information on
inter-relationships among quantitative
characters is useful to the plant breeder for
improving the efficiency of selection procedure.
The genotypic correlation coefficient provides a
close measure association between characters
and gave indication of characters which may
useful for overall improvement in the crop.

Path analysis helps to understand the direct and
indirect effects of different components on the
yield. The direct effects of any character on
yield gives an idea about how reliable selection
can be made for particular trait to bring
improvement in yield. Therefore present study
was carried out to estimate genetic variability,
components of genetic parameters, correlation
and path analysis in sixty diverse genotypes of
chilli.

Materials and Methods

The field experiment was conducted during
summer 2009 at All India Coordinated
Research Project on Vegetable Crops,
Department of Horticulture, Mahatma Phule
Krishi Vidyapeeth, Rahuri. The 60 genotypes
of chilli were evaluated in randomized block
design with three replications. All these
genotypes were sown in nursery bed of 3.0 x
2.0 m size. The 40 days old seedlings were
uprooted from nursery and transplanted in
main field at distance of 60 x 45 cm. The crop
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Abstract
Estimates of genetic variability, heritability, genetic advance genetic correlation coefficient of path analysis

were carried out in 60 chilli genotypes in semi-arid condition of Rahuri (M.S). All The genotypes differed
significantly with respect to different characters studied. Wide range of variation was observed in all characters
except fruit diameter. High degree of genotypic and phenotypic coefficient of variation was observed for
number of fruits plant-1, yield plant-1 and fruit weight. High heritability coupled with high genetic advance as
a percentage of mean was observed in number of fruits plant-1 and fruit yield plant-1. Yield plant-1 showed
positive correlation with number of fruits plant-1. Path coefficient analysis revealed the importance of number
of fruits plant-1 in determining selection criteria for improvement of chilli yields.

Key words : Genetic variability, heritability, genetic advance, GCV, PCV, correlation and
path analysis.
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was applied 20 t FYM in addition to 100:50:50
NPK kg ha-1 fertilizer dose. All the
recommended cultural practices and plant
protection measures were adopted as and when
required for better crop growth. Observations
were recorded on five randomly selected plants
for ten characters viz., plant height, plant
spread, number of primary branches plant-1,
fruit length, fruit diameter, average fruit weight,
days to 50 per cent flowering, days to first
picking, number of fruits plant-1 and fresh fruit
yield plant-1.

The mean values of five plant were used for
analyzing genetic coefficient of variation
suggested by Burton and De Van (1953),
heritability (broad scense) by Hanson et al.
(1956), genetic advance as per cent of mean
and correlation coefficients by Johnson et al.
(1955) and path analysis as per method
followed by Dewey and Lu (1959).

Results and Discussion

The extent of variability present in sixty
germplasm of chilli was measured in terms of
range, mean, phenotypic variance, phenotypic
coefficient of variation (PCV), genotypic
variance, genotypic coefficient of variation

(GCV), heritability (broad sense) and genetic
advance (Table 1). All the genotypes differed
significantly with respect to different characters
studied. Wide range of variation was observed
in all the characters except fruit diameter, which
showed narrow range of variation. Fresh fruit
yield plant-1 varied from 133.13 to 546.00 g,
number of fruits plant-1 from 75.0 to 428.0,
fruit weight from 0.94 to 4.49 g, fruit length
from 0.83 to 10.34 cm. Gupta and Yadav
(1984), Deshpande and Anand (1988) and
Munshi and Behera (2000) also reported wide
range of variation for most of the characters
studied in this crop. The GCV which gives a
picture of extent of genetic variability in the
population ranged from 11.06 per cent (days to
first picking) to 42.35 per cent (number of fruits
plant). The GCV values were considerably high
for characters such as number of fruits plant-1,
yield plant-1 and fruit weight. These characters
having higher range of variation have a better
scope for improvement through selection. This
finding is in agreement with those reported by
Awasthi et al. (1976), Arya and Saini (1977)
and Munshi and Behera (2000). A perusal of
data in Table 1 showed that there was close
relationship between PCV and GCV was low
for all the characters except number of primary
branches plant-1 and fruit diameter which
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Table 1. Variability, heritability and genetic advance for different characters in chilli.

Character Range Mean P.C.V. G.C.V. Herita- Genetic Expected 
bility advance Gen. Adv. 
(b.s.) % as % of 

mean

Plant height (cm) 32.00 - 93.50 6.089 21.01 20.66 96.65 26.32 41.84
Plant spread (cm) 30.00 - 72.90 55.08 19.91 19.33 94.30 21.30 38.67
Primary branches plant-1 5.00 - 9.80 7.04 15.09 13.70 82.39 1.80 25.62
Fruit length (cm) 0.83 - 10.34 6.42 27.32 27.06 98.88 3.57 55.65
Fruit diameter (cm) 0.46 - 1.00 0.80 15.20 13.41 77.86 0.19 24.38
Av.fruit weight (g) 0.94 - 4.49 2.19 31.20 29.34 88.47 1.25 56.86
Days to 50 % flowering 52.00 - 112.00 64.65 16.00 15.87 98.39 20.97 32.44
Days to first picking 72.00 - 124.66 84.11 11.27 11.06 96.34 18.82 22.37
Fruits plant-1 75.00 - 428.00 175.00 43.06 42.35 96.72 150.49 85.80
Fresh yield plant-1 (g) 133.13 - 546.00 325.05 32.91 32.71 98.80 217.75 66.98



indicated less influence of environment for most
of the characters.

With the help of GCV alone, it is not
possible to determine the amount of variation
that is heritable. Heritable portion can be found
out with greater degree at accuracy when
heritability is studied in conjunction with genetic
advance. The heritability estimates of fruit

diameter (77.86%), number of primary
branches plant-1 (82.39%) and average fruit
weight (88.47%) was of moderate level
suggesting that the environmental effects
constitute a major portion of total phenotypic
variation and hence direct selection for these
characters will be less effective. Expected
genetic advance and its estimates as percentage
of mean for various characters revealed that
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Table 2. Genotypic correlation coefficient for different characters in chilli.

Character Plant Plant Primary Fruit Fruit Av. Days Days Fruits Fresh
height spread branches length dia- fruit to 50% to first plant-1 yield
(cm) (cm) plant-1 (cm) meter weight flow- picking plant-1

(cm) (g) ering (g)

Plant height (cm) 0.0 0.5501** 0.4500** -0.0163 0.2061 -0.0847 0.1289 0.1951 0.8833** 0.1104
Plant spread (cm) 0.4190** 0.1243 0.2052 -0.0879 0.1080 0.1332 0.1521 0.2062
Primary 0.0794 0.3832** 0.0416 0.2903* 0.3152* -0.0122 0.0629
branches plant-1

Fruit length (cm) 0.0957 0.4603** -0.2059 -0.1748 -0.0779 0.0871
Fruit diameter (cm) 0.2290 0.0662 0.0229 -0.0426 -0.0520
Av. fruit weight (g) -0.0653 -0.0328 -0.3590** 0.0798
Days to 50% flowering 0.9635** -0.2275 -0.1497
Days to first picking -0.2171 -0.0922
Fruits plant-1 0.5462**
Fresh yield plant-1 (g) 1.0011**

*, ** significance at 5 and 1 per cent respectively.

Table 3. Direct and indirect effects of various yield components on yield of chilli at genotypic level.

Character Plant Plant Primary Fruit Fruit Av. Days Days Fruits Correlation
height spread bran- length dia- fruit to 50% to first plant-1 value for
(cm) (cm) ches (cm) meter weight flow- picking fresh yield

plant-1 (cm) (g) ering plant-1 (g)

Plant height (cm) -0.0165 0.0851 0.0178 0.0008 -0.0268 -0.0307 -0.0489 0.0759 0.0536 0.1104
Plant spread (cm) -0.0091 0.1547 0.0165 -0.0062 -0.0267 -0.0318 -0.410 0.0518 0.0979 0.2062
Primary branches -0.0074 0.0648 0.0395 -0.0040 -0.0498 0.0151 -0.1101 0.1226 -.00078 0.0629
plant-1

Fruit length (cm) 0.0003 0.0192 0.0031 -0.0498 -0.0124 0.1667 0.0781 -0.0680 -0.0501 0.0871
Fruit diameter (cm) -0.0034 0.0318 0.0151 -0.0480 -0.1301 0.0829 -0.0251 0.0089 -0.0274 -0.0520
Av. fruit weight (g) 0.0014 -0.0136 0.0016 -0.0229 -0.0298 0.3621 0.0247 -0.0128 -0.2310 0.0798
Days to 50% -0.0021 0.0167 0.01ql5 0.0102 -0.0086 -0.0236 -0.3791 0.3748 -0.1464 -0.1467
flowering
Days to first picking -0.0032 0.0206 0.0124 0.0087 -0.0030 -0.0119 -0.3652 0.3890 -0.1397 -0.0922
Fruits plant-1 -0.0014 0.0235 -0.0005 0.0039 0.0055 -0.1300 0.0863 -0.0844 0.6433 0.5462

Underlined value denote direct effect, Residual value (R) = 0.7516



fruit length (55.65%), average fruit weight
(56.86%), yield plant-1 (66.98%) and number
of fruits plant-1 (85.80%) had high genetic
advance. Though characters such as days to
first picking, fruit diameter and number of
primary branches plant-1 had moderate to high
heritability values, their GCV was comparatively
less resulting in less genetic advance. This
confirms the findings of Burton (1952) that
GCV together with heritability estimates would
give a better picture of genetic advance to be
expected from selection. Swarup and Changale
(1962) also pointed out that high heritability
was not always accompanied by high genetic
advance. The heritability was mainly owing to
non-additive gene action, the expected genetic
advance said to be expected. It was clear from
Table 1 that the characters like number of fruits
plant-1 and fresh fruit yield plant-1 possessing
high GCV, heritability and genetic advance
could be effectively used in selection as it had
been suggested by Johnson et al., (1955) and
Arya and Saini (1977) that characters with high
heritability coupled with high genetic advance
would response to selection better than those
with high heritability and low genetic advance.
While days to 50 per cent flowering showed
high heritability coupled with low expected
genetic advance. This indicate pre dominance
of non-additive gene action which arises when
variability of the trait is low (Kataria et al.
1997). Similar finding was also reported by
Nandadevi and Hosamani (2003).

The data presented in Table 2 revealed that
genotypic correlation were higher in magnitude
indicating strong inherent relationship between
the characters. Green fresh fruit yield was
positively and significantly correlated with
number of fruits plant-1 and was negatively
correlation with days to 50 per cent flowering
indicating selection for earliness can lead to an
increase the yield. Fruit length showed

significant positive correlation with fresh fruit
weight at genotypic level while fruit diameter
showed non significant positive correlation with
fresh fruit weight but fruit length, fruit diameter
expressed negative correlation with number of
fruits plant-1, while fresh fruit weight (-0.359**)
had significant negative correlation with
number of fruits plant-1. This indicates that
increase in fruit size with reduction of number
of fruits plant-1. These results are in conformity
with those of Munshi and Behera (2000).

Path analysis provide information on real
nature of association by separating into direct
and indirect effects. Among the characters
studied number of fruits plant-1 (0.6433)
recorded the highest positive direct effect on
yield plant-1 followed by days to first picking
(0.3890) and fruit weight (0.3621). However,
plant spread (0.1547) and primary branches
plant-1 (0.0395) had low positive direct effect
on yield.  While fruit length (-0.0498), fruit
diameter (-0.1301) and days to 50 per cent
flowering (-0.3791) had negative direct effect
on fruit yield plant-1. Similar reports have been
reported by Nandadevi and Hosamani (2003).
However, overall correlation remained positive
due to the influence of other characters studied
(Sharma and Roy, 1995). Hence from
investigation it can be concluded that number of
fruits plant-1 and yield plant-1 deserve greater
weightage for yield in chilli varieties.
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Abstract
The study reveled that, at the overall level, the net returns at cost 'C' level were Rs. 21961.00, size

groupwise analysis showed that it was Rs. 25536.00 in small size orchards, Rs. 20108.00 in medium
orchards and Rs. 20273.00 in large orchards. The cost benefit ratio at total cost of production was found to
be 1.34 in small size orchard, 1.27 in medium orchard and 1.26 in large orchard, whereas it was 1.29 overall
level. The cost benefit ratio was more than unity in all size groups indicating that mango production is
profitable.

Key words : Cost, returns, profitability, input utilization.

______________

In Maharashtra, the area under mango
cultivation is 4.558 lakh hectares and
production is 7.1090 lakh M.T with the

productivity  of 1.6 MT ha-1 (Anonymous,
2008). In Maharashtra, the Konkan region is
well known for mango production, having the
area under mango of 1.408 lakh hectares with
production of 2.94 lakh  M.T. In Konkan
region, the Ratnagiri and Sindhudurg districts
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are the mango baskets of Maharashtra
contributing 62.20 per cent of area under
mango cultivation. In Ratnagiri district the area
under mango is about 20674 hectare
(Anonymous, 2007). Therefore, present study
was conducted in Ratnagiri District of
Maharashtra State.

Materials and Methods

The study was based on input-output data of

120 mango growers in Ratnagiri district of
Maharashtra state, for the year 2007-08.
Ratnagiri and Dapoli tahsils having major area
under mango cultivation were selected. Six
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 stratification was carried out with the
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Table 1. Operation wise per hectare labour utilization for maintenance of mango orchard (Figures in man days).

Operation Small (N=40) Medium (N=48) Large (N=32) Overall (N=120)
––––––––––––––––––––– ––––––––––––––––––––– –––––––––––––––––––– –––––––––––––––––––––––
F H T F H T F H T F H T

Cleaning 7.27 3.55 10.82 7.28 4.64 11.92 4.97 7.49 12.46 6.66 5.04 11.70
of orchard (4.34) (4.73) (4.84) (4.63)

Removal 6.42 3.11 9.53 4.20 3.07 7.27 2.04 3.46 5.50 4.36 3.19 7.55
of loranthus (3.84) (2.88) (2.14) (2.99)

Manuring and 8.49 4.97 13.46 7.99 6.77 14.76 4.82 9.51 14.33 7.31 6.90 14.21
fertilization (5.40) (5.86) (5.57) (5.62)

Plant protection 6.66 3.80 10.46 4.61 3.28 7.89 1.96 3.68 5.64 4.59 3.56 8.15
(4.20) (3.13) (2.19) (3.23)

Harvesting 96.40 82.35 178.75 93.02 89.42 182.44 71.07 111.35 182.42 89.29 92.91 182.20
(71.77) (72.38) (70.88) (72.16)

Repairing of 3.69 1.51 5.20 2.40 1.55 3.95 1.52 2.26 3.78 2.60 1.53 4.13
fencing (2.09) (1.57) (1.47) (1.63)

Watch and 11.86 8.98 20.84 8.05 15.77 23.82 8.16 25.07 33.23 9.35 15.19 25.34
ward (8.37) (9.45) (12.91) (10.04)

Total 140.79 108.27 249.06 127.55 124.50 252.05 94.54 162.82 257.36 124.16 128.32 252.48

(56.53) (43.47) (100.00) (50.60) (49.40) (100.00) (36.74) (63.26) (100.00) (49.18) (50.82) (100.00)

Figures in the parentheses are percentages to total. F=Family labour, H=Hired labour, T=Total

Table2. Per hectare cost of labour incurred on different operations of bearing mango orchards (Figures in Rs.).

Operation Size groups
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Small Medium Large Overall

Cleaning of orchard 780.00 (4.32) 863.00 (4.75) 903.00 (4.85) 846.00 (4.64)
Removal of loranthus 683.00 (3.78) 520.00 (2.86) 398.00 (2.14) 542.00 (2.97)
Manuring and fertilization 965.00 (5.34) 1069.00 (5.89) 1038.00 (5.58) 1026.00 (5.62)
Plant protection measures 752.00 (4.16) 566.00 (3.12) 408.00 (2.19) 586.00 (3.21)
Harvesting 12996.00 (71.95) 13129.00 (72.30) 13248.00 (71.16) 13116.00 (71.87)
Repair to fencing 380.00 (2.10) 282.00 (1.55) 271.00 (1.46) 312.00 (1.71)
Watch and ward 1508 (8.35) 1731.00 (9.53) 2349.00 (12.62) 1821.00 (9.98)
Total 18064.00 (100.00) 18160.00 (100.00) 18615.00 (100.00) 18249.00 (100.00)

Figures in the parentheses are percentages to total.



help of statistical tools, mean and standard
deviation in three different size groups of
mango orchards i.e. small (below 1.20 ha.),
medium (1.21 to 2.76 ha.) and large (above
2.76 ha.)

The costs and returns were worked out by
using statistical tools viz., means, percentages,
ratio etc. Amortization value of orchard was
worked out by using formula A = P*(i+1)n /
(1+i)n-1.

Where, A = Amortization value (Rs. ha-1), P
= Investnient made for establishment of
orchard (Rs. ha-1), i = rate of interest (10%), n
= expected productive life of orchard (40
years).

The depreciation of farm asset was worked
out by using formula, Annual depreciation =
(Original cost / value of assets - Junk value
(Rs.)) / Expected working life of the assets (yrs.)

Interest on working capital was charged @
13 per cent on all paid out costs for a period of
one year. The rental value of owned land was
estimated @ 16th of the value of gross produce
minus land revenue and cesses. Interest on
fixed capital was worked out @ 10 per cent on
the present value of assets.  The per quintal
cost of cultivation was computed by using
formula, Per quintal cost of cultivation = (Total
cost / cost - C (Rs.)) / Total output (q)

Results and Discussion

Labour utilization : Labour is the major

input in all operations of mango cultivation.
The important operations of bearing orchard
are, cleaning of orchard, application of
manures and fertilizers, plant protection,
harvesting, repairs to fencing, watch and ward
etc. It is clear from the Table 1 that, at overall
level hectare-1 total labour utilized for different
operations were 252.48 days. Among the
different practices, maximum labour was used
for harvesting (72.16%) followed by watch and
ward (10.04%), manuring and fertilization
(5.62 %) and cleaning of orchard (4.63 %).
Thus, 92.45 per cent labours were utilized for
these four major operations. The remaining
labours were utilized for other operations viz.,
plant protection (3.23 %), removal of loranthus
(2.99 %) and repairs to fence (1.63%). The per
hectare total labour utilized were 249.06 days
in small group, 252.05 days in medium group
and 257.36 days in large size group. At overall
level out of total labour required, 49.18 per
cent labour were supplied by farm family and
remaining 50.82 per cent were hired.

Among the groups, the proportion of hired
labour increased with increase in the size of
orchard. This indicated that small farms were
mostly dependent on family labour. Similar
results were also reported by Thomas and
Gupta (1987) in banana, Subramanayam
(1987) in mango and Gangwar et al. (2005) in
Kinnow mandarin.

Maintenance of bearing mango
orchard : It is revealed from Table 2 that
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Table3. Frequency distribution of sample mango growers using different inputs (No.).

Inputs Size group of orchards
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Small Medium Large Overall

Manures 30 (75.00) 36 (75.00) 23 (71.88) 89 (74.17)
Fertilizers 32 (80.00) 35 (72.92) 25 (78.13) 92 (76.67)
Plant protection chemicals 30 (75.00) 36 (75.00) 25 (78.13) 91 (75.83)
Growth retardants (cultar) 7 (17.50) 6 (12.50) 6 (18.75) 19 (15.83)

Figures in the parentheses indicate percentage to sample farmers from respective group.



hectare-1 cost of labour was found to be
increased with increase in the size of orchard.
At overall level, the hectare-1 total labour cost
was found to be Rs. 18249.00. The maximum
cost (71.87%) was incurred on harvesting of
mangoes, followed by watch and ward (9.98%),
manuring and fertilization (5.62%) and cleaning
of orchard (4.64%) The remaining labour cost
(7.89%) was incurred on other operations i.e.
plant protection, repairs to fence and for
removal of loranthus. There is no much
variation in hectare-1 labour cost across
different size of orchards.

It is observed from the Table 3 that, at
overall level, 74.17 per cent farmers were using
manures, 76.67 per cent were using fertilizers
and 75.83 per cent farmers were using plant
protection chemicals. The growth retardant
users were negligible (15.83%) at overall level.
It was 17.50, 12.50 and 18.75 per cent in
small, medium and large size groups,
respectively. Thus, it is seen that majority of the
mango growers were observed to use manures,
chemical fertilizers and plant protection
chemicals for mango production as reported by
Patil and Kumar (1986) and Ramchandra
Reddy (1995).

Input utilization : The types of manures
used by the growers were FYM, fish meal, bone
meal, sheep manure etc., whereas, chemical
fertilizers used were urea, suphala, super
phosphate, sampurna, etc. The quantities of N,
P2O5 and K2O were worked out on the basis of
nutrient content in different chemical fertilizers.
Similarly plant protection chemicals were
classified on the basis of chemical composition.

At the overall level, (Table 4) the quantity of
manures used was 45.62 quintal hectare-1.
Among the groups, it was maximum (57.66 q.)
in large group and minimum (37.01 q.) on
small size group, while it was  44.77 q. in
medium size group. At the overall level, per
hectare quantities of N, P2O5 and K2O used
were 194.811, 75.051 and 95.35 kg,
respectively.

The plant protection has assumed an
important place in commercial mango
cultivation. At overall level sulpher based
fungicide (1.69 lit) was used on large scale
followed by carbamates (1.38 kg) and cyclodine
compound (1.38 lit), copper based fungicide
(1.36 lit) and organophosphate (0.91 lit).

Most of the mango growers did not use
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Table 4. Per hectare inputs used for mango orchard.

Inputs Size groups
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Small Medium Large Overall

Manures (q) 37.01 44.77 57.66 45.62

Fertilizers (kg) :
N 132.12 186.98 284.90 194.81
P2O5 42.01 55.00 146.43 75.05
K20 51.84 76.31 178.28 95.35

Plant protection chemicals  :
Organo phosphates (lit.) 1.13 0.98 0.54 0.91
Carbamate (kg) 1.52 1.60 0.86 1.38
Cyclodine compound (lit.) 1.57 1.59 0.81 1.38
Sulphur based fungicide (lit.) 2.90 1.28 0.80 1.69
Copper based fungicide (lit.) 1.58 1.52 0.86 1.36

Growth retardants cultar (lit.) : 0.10 0.07 0.09 0.09



growth retardants because of lack of knowledge
and high cost. At overall level, the quantity of
growth retardant viz., cultar was found to be
0.09 lit, while it was 0.10 lit, 0.07 lit and 0.09
lit in small, medium and large size groups,
respectively. Similar results were also reported
by Verma (2005) in potato.

Cost of production : It is seen that, (Table
5) the per hectare total cost of cultivation (cost-

C) in different groups was Rs. 65026.00, Rs.
64949.30 and Rs. 68252.00 in small, medium
and large size groups, respectively. At the
overall level, it was Rs. 65856.00. This
indicated that the cost of cultivation was
maximum in large group followed by small and
medium size groups. However, cost-A was
minimum in small group (Rs. 35186.00) and it
was maximum in large group (Rs. 41126.00).
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Table 5. Item wise per hectare cost of production of mango orchard (Figures in Rs.).

Particulars Size groups
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Small Medium Large Overall

Hired labour :
Male 5403 (7.36) 6047 (8.23) 8203 (10.57) 6407 (8.60)
Female 2450 (3.34) 2936 (4.00) 3616 (4.66) 2955 (3.96)
Manures 5552 (7.56) 6716 (9.14) 8649 (11.15) 6843 (9.18)
Fertilizers 1602 (2.18) 1086 (1.48) 1059 (1.36) 1251 (1.68)
Plant protection 3973 (5.41) 3758 (5.12) 2711 (3.49) 3550 (4.76)
Growth retardant (Cultar etc.) 600 (8.82) 420 (0.57) 540 (0.70) 512 (0.69)
Input cost (Rs.) 19580 (26.67) 20963 (28.54) 24778 (31.93) 21518 (28.86)
Land revenue and other cesses 43 (0.059) 46 (0.06) 49 (0.063) 46 (0.062)
Depreciation on implements and machinery 568 (0.77) 554 (0.75) 628 (0.82) 578 (0.78)
Amortization value 12450 (16.95) 12450 (16.95) 12450 (16.05) 12450 (16.70)
Interest on working capital 2545 (3.47) 2725 (3.71) 3221 (4.15) 2731 (3.66)
Cost - A 35186 (47.92) 36738 (50.01) 41126 (53.00) 37391 (50.60)
Interest on fixed capital 1176 (1.60) 1345 (1.83) 1541 (1.99) 1341 (1.80)
Rental value of land 16495 (22.46) 15593 (21.23) 16311 (21.02) 16085 (21.58)
Cost - B 52857 (71.98) 53676 (73.07) 58978 (76.01) 54817 (73.99)

Family labour :
Male 7028 (9.57) 6229 (8.48) 4700 (6.06) 6088 (8.18)
Female 3183 (4.33) 2948 (4.02) 2096 (2.70) 2799 (3.78)
Supervision charges 1958 (2.67) 2096.30 (2.85) 2478 (3.19) 2152 (2.89)
Cost - C 65026 (88.55) 64949.3 (88.82) 68252 (87.96) 65856 (88.34)
Marketing cost 8410 (11.45) 8500 (11.58) 9340 (12.04) 8694 (11.66)
Total cost of production 73436 (100.00) 73449.30 (100.00) 77592 (100.00) 74550 (100.00)
Yield in quintal 28.68 36.05 38.99 34.38
Value of produce 98972 93557 97865 96511

Net returns at :
Cost - A 63786 56819 56739 59120
Cost - B 46115 39881 38887 41694
Cost - C 33946 26608 29613 30655
Profit at cost of production 25536 20108 20273 21961
Cost benefit ratio 1.34 1.27 1.26 1.29

Per quintal cost of :
Cultivation 2267 1802 1751 1943
Production 2561 2037.40 1990 2199



This indicated that the input cost increased with
an increase in the size of mango orchard.
Marketing cost included cost of packing,
transport, octri, etc. It was the highest in large
group (Rs. 9340.00) followed by medium (Rs.
8500.00) and small size orchards (Rs.
8410.00). Thus, the cost of production was
found to be maximum (Rs. 77592.00) in large
size orchard, while it was minimum (Rs.
73436.00) in small size orchard.

At overall level, out of total cost of
production 24.52 per cent was incurred on
human labour, followed by manures and
fertilizers (10.86%), while plant protection
shared 4.76 per cent and growth retardants
shared 0.69 per cent of the cost.

At overall level among the different
categories of costs, cost-A was 50.06 per cent,
cost-B increased to 73.99 per cent and
subsequently at cost-C level, it was 88.34 per
cent, while the marketing cost accounted to
11.66 per cent.

On the basis of hectare-1 total cost of
cultivation and cost of production, the quintal-1

cost was worked out. At overall level, the
quintal-1 cost of cultivation worked out to Rs.
1943.00 and that of production was Rs.
2199.00. The quintal-1 cost of cultivation
varied from Rs. 1751.00 in large size group to
Rs. 2267.00 in small size group. Same trend
was observed in case of per quintal cost of
production (Kunnal et al. 1995 and Kumar and
Singh 2003).

Profitability : The hectare-1 profitability of
mango  orchard was worked out by deducting
different costs viz., cost-A, cost-B, cost-C and
total cost of production from the per hectare
gross returns. At the overall level, profit at cost-
A, cost-B and cost-C was Rs. 59120.00, Rs.
41694.00 and Rs. 30655.00, respectively. At
the overall level, the net returns at cost of
production were Rs. 21961.00, while it was

Rs. 25536.00 in small size orchards, Rs.
20108.00 in medium orchards and Rs.
20273.00 in large orchards.

The cost-benefit ratio at total cost of
production was found to be 1.34 in small size
orchard, 1.27 in medium orchard and 1.26 in
large orchard, whereas, it was 1.29 at overall
level. The cost-benefit ratio was more than
unity in all size groups indicating that mango
production is profitable. Similar study was
conducted by Subramanayam (1987). Hence it
is suggested to bring more cultivable waste land
under mango plantation.
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The average national per hectare yield of
sugarcane is 61.7 tones, while that of
Maharashtra State is 66 tones per hectare
(Anon. 2012). However, in the Marathwada
region of Maharashtra State the yield of
sugarcane is 59.20 tones hectare-1 which is low
compared to average yield of Maharashtra and
India. The sugarcane production in the
command area of sugar mill is about 40 tones
hectare-1 and it also indicates that the
sugarcane production in the command area is
declining year by year (Anon. 2011).

However, the sugarcane production
technology is being generated in the various
research stations in India. But majority of the
sugarcane growers do not know the importance
of adoption of improved sugarcane production

technology. It has been observed that there is a
wide gap in knowledge as well as in adoption of
sugarcane production technology by sugarcane
growers. It is therefore necessary to study the
present status of adoption of sugarcane
production technology and factors affecting it.
Keeping this in view the present study was
carried out to know the extent of adoption of
recommended practices of sugarcane
production technology by the sugarcane
growers and to know the relationship between
the adoption level and personal characteristics
of the sugarcane growers.

Materials and Methods

The present study was conducted in
purposively selected. Parli Vaijnath taluka of
Beed district of Marathwada region of
Maharashtra State based on considerable area
under sugarcane cultivation. From the
command area of Vaidyanath Sugar Factory,

J. Agric. Res. Technol., 37 (3) : 425-428 (2012)

Adoption of Sugarcane Production Technologies by Farmers

S.R. Lahoti1, R. R. Chole2 and N. S. Rathi3

Marathwada Agricultural University, Parbhani - 413 402 (India)
(Received : 07-08-2011)

Abstract
Sugarcane production technology viz. pressing the sets 3-4 c.m. deep into the mud, irrigation of

sugarcane at different times, ratoon crop taken for 2-3 years, improved varieties, selection of land, heavy
black well drained soil, selection of 8-9 months well nourished cane set from sugarcane farm and set having
1-3 buds for planting, use of 25000-30000sets ha-1, preparatory tillage operations like deep ploughing with
2-3 harrowing, inter cultivation 3-4 weeding and 2-3 hoeing, harvesting at proper time of maturity and
planting season suru were adopted by most of farmers where as sugarcane production technology viz., use
of plant protection measures, set treatment, use of chemical weed cantrol, dipping of set in insecticide
solution before planting, use of bio fertilizers were found to be adopted by a few respondents. Overall
adoption of sugarcane production technology was found to be at medium level. The variables viz., education,
land holding, annual income, social participation, sources of information and risk orientation were positive
and significant whereas age was negatively related with adoption of sugarcane production technology. The
study suggests that practices which had low adoption by sugarcane growers should be given due attention by
extension agencies in the study area so that existing level of adoption of such practices can be increased.

Key words: Adoption, production technology, sugarcane growers, sugar cane.

1. Head Dept. of Dairy Sci. Yogeshwari College,
Ambajogai, 2. Head Dept. of Extn. Education and 3. Dept.
of Commerce, Dr. Babasaheb Ambedkar Marathwada
University, Aurangbad.



ten villages were selected randomly. From each
village 15 sugarcane growers with minimum of
three years sugarcane farming experience were
selected randomly. Thus making a total sample
of 150 respondents. The data were collected by
using structured pretested interview schedule.
Data was statistically analyzed with the help of
frequency, percentage, correlation and
correlation coefficient.

Adoption level of sugarcane production
technology was measured on three point

continum i.e. high, medium and no adoption by
assigning score of 2, 1 and 0 respectively.
Based on the total score obtained, the
respondents were categorized under high,
medium and low adoption category.

Results and Discussion

The data revealed that 56.00 per cent of
respondents had medium adoption level, while
33.33 per cent of the respondents had high
adoption level. Only 10.66 per cent of the
respondent had low adoption level. The
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Table 1. Practice wise adoption of recommended sugarcane production technology.

Recommended production technologies Extent of adoption (N=150)
––––––––––––––––––––––––––––––––––––––
Full Partial Nil

Selection of land, heavy black well drained soil 135 (90.00) 8 (5.33) 07 (4.66)
Preparatory tillage operations like deep ploughing with 2-3 harrowing 126 (84.00) 20 (15.00) 4 (2.66)
Application of FYM 30 (20.00) 118 (78.66) 2 (1.33)
Green mannuring 48 (32.00) 08 (5.33) 94 (62.66)
Improved varieties 142 (94.66) 08 (5.33) 00 (00.00)

Planting season :
Suru 15 Dec. to 31 Jan 115 (76.66) 05 (3.33) 30 (20.00)
Pre-seasonal 15 Oct. to 15 Nov. 31 (20.66) 25 (16.66) 94 (62.66)
Adsali - 15 July to 15 Aug. 04 (2.66) 05 (3.33) 141 (94.00)
Selection of 8 to 9 months well nourished cane set from sugarcane farm 132 (88.00) 15 (10.00) 03 (2.00)
and set having 1 to3 buds for planting
Set treatment dipping the sets in 0.1% Bavistin and insecticide solution 20 (13.33) 15 (10.00) 115 (76.66)
Use of Azotobacter soluble phosphate treatment and bio fertilizer 10 (6.66) 40 (26.66) 100 (66.66)
Use of 25000-30000 sets ha-1 130 (86.66) 15 (10.00) 05 (3.33)
Pressing the sets 3 to 4 cm deep into the mud 150 (100.0) 00 00
Application of chemical fertilizers doses as per recommendations 52 (34.66) 60 (40.00) 38 (25.33)

Irrigation :
First irrigation after 4 to 5 days of planting 150 (100.0) 00 00
Second irrigation at 10 days interval 132 (88.00) 16 (10.66) 2 (1.33)
Irrigation intervals in summer 8 to 10 days, winter 12 to 15 days and rainy 125 (83.33) 10 (6.66) 15 (10.00)
season according to need
Use of drip/sprinkler irrigation system 15 (10.00) 00 135 (90.00)
Inter cultivations 3-4 weeding and 2-3 hoeing 120 (80.00) 25 (16.66) 05 (3.33)
Use of weedicide 2 (1.33) 3 (2.00) 142 (94.66)
Plant protection measures to control insects and pests 4 (2.00) 8 (5.33) 138 (92.00)
Harvesting at proper time of maturity 118 (78.66) 2 (1.33) 30 (20.00)
No burning of sugarcane leaves after harvesting previous crop 20 (13.33) 5 (3.33) 125 (83.33)
Ratoon crop taken for 2-3 years 150 (100.0) 00 00

Figures in braket indicate percentage.



findings are in line with the study conducted by
Joshi (1985), Vekaria et al. (1987), Bhatkar et
al. (1997) and Warghade (2000).

Adoption : The data presented in Table 1
revealed that all the farmers adopted pressing
the sets 3-4 cm deep in to the mud, first
irrigation after 4-5 days of planting and ratoon
crop taken for 2-3 years. Great majority of the
respondents adopted the improved varieties
(94.66%), selection of heavy, black well drained
soil (90%), selection of 8-9 months well
nourished sugar cane sets from sugarcane farm
having 1 to 3 buds (88%), second irrigation at
10 days interval (88 %), using 25000-30000
sets hectare-1 (86.66%), deep ploughing with
2-3 cross harrowing (84.00%) and proper
irrigation interval in summer and winter
(83.33%). Majority of the sugarcane cultivators
adopted recommended production practices in
sugarcane viz., inter cultivation 3-4 weeding
and 2-3 hoeing (80%), harvesting at proper
time of maturity (78.66 %) and plantation
season in suru (76.66%). Negligible percentage
of farmers adopted the recommended bio
fertilizer(6.66%), plant protection measures
(2.00%) and use of weedicides (1.33%). This
may be due to the lack of knowledge of farmers
about recommended sugarcane production
technology. Some findings are in conformity
with the finding reported by Hadole and
Dakhore (2003).

Relation of personal characteristics : It
was observed from the Table 2 that out of eight
independent variables the six variables namely
education, land holding, annual income, social
participation, sources of information and risk
orientation were found positive and significantly
related with adoption of sugarcane production
technology. It indicated that as the level of
education, land holding, annual income, social
participation, source of information and risk
orientation increases, the adoption of improved
sugarcane production technology also

increased. These findings are corroborative to
the findings of Kharde and Nimbalkar (1996),
Warghade (2000) and Hadole and Dakhore
(2003). Age was negatively related with
adoption. This indicated that as the age
increases the adoption of sugarcane production
technology decreased. The study is confined to
the study of Adgale (1980). Where as no
relation of age with adoption was observed by
Hadole (2000). There was no association found
between sources of irrigation with adoption of
sugarcane production technology. This finding
is in conformity with the findings reported by
Warghade (2000) and Wasnik (2003).

It can be concluded from above findings that
sugarcane farmers showed medium level of
adoption of recommended sugarcane
production technology. Most of farmers
adopted sugarcane production technology like
pressing the sets 3-4 cm. deep into the mud,
irrigation of sugarcane at different times, ration
crop taken for 2-3 years, improved varieties,
selection of land, heavy black well drained soil,
selection of 8-9 months well nourished cane set
from sugarcane farm and set having 1-3 buds
for planting, use of 25000-30000 sets ha-1,
preparatory tillage operations like deep
ploughing with 2-3 harrowing, inter cultivation
3-4 weeding and 2-3 hoeing, harvesting at
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Table 2. Relationship of selected characteristics of
respondents with adoption of sugarcane
production technology.

Variables 'r' value

Age -0.537*
Education 0.288**
Land holding    0.565*
Annual income 0.267**
Social participation 0.248*
Source of information 0.244*
Source of irrigation 0.218 N.S.
Risk orientation 0.439*

*,** Significant at 0.05  and  0.01 level of probability
respectively.



proper time of maturity and planting season
suru where as sugarcane production technology
like, use of plant protection measures, set
treatment, use of chemical weed control,
dipping of set in insecticide solution before
planting, use of bio fertilizers were found to be
adopted by a few respondents. The variables
viz., education, land holding, annual income,
social participation, sources of information and
risk orientation were positive and significantly
related with adoption of sugarcane production
technology.

The study suggest that practices which had
low adoption by sugarcane growers should be
given due attention by extension agencies in the
study area so that existing level of adoption of
such practices can be increased. There is a
need to organize intensive training programmes
like method demonstration, group discussion
and field visits by the extension agencies so that
adoption level among the farmers will be
enhanced.
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Soil is the crucial national resource and
therefore no country can afford to neglect or
waste of it. In the present scenario problem of
salt affected soil becoming more actute in canal
command area of Maharashtra. In India, it is
estimated that saline soils extends over 5.94
million hectare while in Maharashtra it is 1.06
million hectares with increase of ten per cent
every year due to water logging (Anon. 2009).
The Mahatma Phule Krishi Vidyapeeth, Rahuri
has recommended the salt affected soil
reclamation practices. But it is observed that,
there is low adoption of these recommended
practices at field level. In view of this the
present investigation was conducted in the year
2009 with the objectives to study, the socio-
economic profile of the farmers, the extent of
adoption of salt affected soil reclamation
practices by the farmers, the relationship

between socio-economic profile and their
extent of adoption and constraints faced by
them in adoption of salt affected soil
reclamation practices. 

Materials and Methods

The present study was undertaken in Miraj
(14,476.37 ha), Walwa (18,201.96 ha) and
Palus (6,825.37 ha) tahsils of Sangli district of
Maharashtra, which were purposively selected
because of having maximum salt affected area.
The five villages from each tahsils and nine
farmers from each village were selected on the
basis of maximum area under salt affected.
Thus, final sample consisted of 15 village and
135 farmers from Sangli district. The primary
data were collected with the help of pretested
interview schedules specially designed for the
purpose. Simple statistical tools like
percentage, mean, standared deviation and
correlation coefficient were used for the
analysis of data.
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Results and Discussion

Socio-economic profile : It is revealed
from Table 1 that, 65.89 Per cent of the
farmers belonged to the age group 34 to 57
years and  45.24 per cent had secondary
education. The 71.14 per cent of the farmers
had received annual income of Rs. 92, 552 to
2,44,825 from agriculture. The 64.38 per cent
of them had land holding 2.01 to 4.00
hectares. While 63.64 per cent of them had 14
to 35 years experience in farming, 60.68 per
cent has six to nine years experience in salt
affected soil cultivation, 61.52 per cent of them
had four to seven years experience in soil
reclamation, 45.24 per cent of them had river
as a main source of irrigation and 45.24 per
cent had 0.6 to 1 .3 hectars area under salt
affected soils. Similar results were also noticed
by Singhi and Parshad (1995). 

Adoption of salt affected soil
reclamation practices : It is seen from Table
2 that, the most of the farmers completely
adopted the practices like soil leveling (100%),
use of gypsum as a soil reclamant (44.44%),
crop rotation (43.64%) and green manuring
(42.92%). While, more than fifty per cent of the
farmers were not adopted the practices those
were, use of bio-drainage technology (76.32%),
use of subsurface drainage system (68.18%),
avoid use of rotavator (67.44%), use of mole
drainage system (62.90%), use of acidic
fertilizers (59.30%), use of open trenches
(66.34%), use of soil reclamation practices as
per soil testing (51.16%) and balance use of
chemical fertilizers (51.16%). The findings of
the present study are similar to those of Singh
and Parshad (1995), Waghmare and Ingale
(2001) and Krishnamurthy et al. (2007).

Relationship between the socio-
economic profile of the farmers with
their extent of adoption : The data from
Table 3 revealed the negatively non significant
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Table 1. Distribution of the farmers according to their
socio-economic profile.

Characters Farmers Per-
(N=135) centage

Age :
Young (up to 33 years) 26 19.25

Middle (34 to 57 years) 89 65.89

Old (58 and above ) 20 14.86

Education :
Illiterate 08 05.92

Primary 26 19.24

Secondary 61 45.24

Higher secondary 21 15.54

Degree and above 19 14.06

Annual income :
Upto Rs. 92, 55 1/- 17 12.58

Rs. 92, 552 to 2, 44, 825/- 96 71.14

Rs. 2, 44, 826 and above 22 16.28

Land holding :
Up to 2.00 ha 13 09.72

2.01 to 4.00 ha 87 64.38

4.01 and above ha 35 25.90 

Experience in farming :
Up to 1 3 years 28 20.72

14 to 35 years 86 63.64

36 and above 21 15.64

Experience in salt affected soil cultivation :
Up to 5 years 27 19.98

6 to 9 years 82 60.68

10 and above 26 19.34

Experience in soil reclamation :
Up to 3 years 34 25.16

4 to 7 years 83 61.52

8 and above 18 13.32

Sources of irrigation :
Farm pond 14 10.46

River 61 45.24

Tube well 19 14.06

Well 33 24.32

Canal 08 05.92

Area under salt affected soils :
Up to 0.5 ha 56 41.44

0.6 to 1.3 ha 61 45.24

1.4 and above 18 13.32



relationship between age of the farmers and
their extent of adoption. A highly significant
relationship was observed between education,
annual income, land holding, experience in
farming, salt affected soil cultivation, soil
reclamation, sources of irrigation and area
under salt affected soils with their adoption salt
affected soil reclamation practices. Similar type
of results were also reported by Singh and
Parshad(1995).

Constraints : It is observed from Table 4
that, the 69.56 per cent of the farmers faced
the problems of non availability of labours and
their high charges, while non availability of
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Table 2. Distribution of the farmers according to their adoption of salt affected soil reclamation practices.

Recommended practices Adoption (N=135)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––
Complete Partial No

Soil leveling 135 (100.00) - -
Irrigation management 43 (31.82) 55 (40.60) 37 (27.48)

Use of soil reclamant  :
Gypsum 56 (41.44) 42(31.08) 37 (27.48)
Iron pyrites 31 (22.94) 57 (42.28) 47 (34.78)
Compost, spent wash 35 (25.90) 59 (43.66) 41 (30.44)
Balance use of chemical fertilizers 29 (21.36) 37 (47.48) 69 (51.16)
User of soil reclamation practices as per soil testing 31 (22.94) 35 (25.90) 69 (51.16)
Use of compost culture 36 (26.64) 44 (32.66) 55 (40.70)
Use of trenches for drainage 21 (15.64) 42 (31.08) 72 (53.28)
Use of drip irrigation 33 (24.42) 66 (48.84) 36 (26.64)
Irrigation as per critical growth stages of crop 38 (28.22) 51 (37.74) 46 (34.04)
Avoid salty water for irrigation 39 (28.86) 57 (42.28) 39 (28.86)
Use crop rotation 59 (43.64) 44 (32.66) 32 (23.70)
Cultivation of salt tolerant crops 28 (20.72) 47 (34.78) 60 (44.50)
Use of subsurface drainage system 19 (14.06) 24 (17.76) 92 (68.18)
Use of open trenches 22 (16.20) 37 (27.48) 76 (56.34)
Use of mole drainage system 21 (15.64) 29 (21.46) 85 (62.90)
Use of biodrainage technology 14 (10.36) 18 (13.32) 103 (76.32)
Application of green manuring 58 (42.92) 46 (34.14) 31 (22.94)
Use of micronutrients 33 (24.52) 42 (31.08) 60 (44.40)
Avoid use of rotavator 18 (13.32) 26 (19.24) 91 (67.44)
Deep ploughing by subsoiler 36 (26.64) 44 (32.66) 55 (40.70)
Use of acidic fertilizer 24 (17.76) 31 (22.94) 80 (59.30)

Figures in the parentheses indicates percentages.

Table 3. Relationship between socio-economic profile of
the farmers with their extent of adoption.

Independent variable Correlation
coefficient
(r)

Age -0.024NS**

Education 0.274**

Annual income 0.257**

Land holding 0.345**

Experience in farming 0.174*

Experience in salt affected soil cultivation 0.268**

Experience in soil reclamation 0.234"

Sources of irrigation 0.243**

Area under salt affected soils 0.192*

*, ** Significant at 5 and 1 per cent level of probability
respectively, NS - Non significant.



chemical fertilizers and micronutrients
(65.86%), unaware about soil reclamants
(56.24%), costly subsurface drainage system
(52.54%) insufficient supply of soil reclamantr
(51.04%) and non availability of literature and
audio-visual aids about soil reclamation
practices (47.36%). The finding were in line
with the findings of Sasane et al. (2007).
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Table 4. Distribution of the farmers according to their constraints.

Characters Farmers Per-
(N=135) centage

Non availability of labours and their high charges 94 69.56
Non availability of chemical fertilizers and micronutrients in time 89 65.86
Unaware about soil reclamants 76 56.24
Costly subsurface drainage system 71 52.54
Insufficient supply of soil reclamant 69 51.04
Non availability of literature and audio-visual aids about soil reclamation practices 64 47.36
Ignorant about fertilizers application as per soil testing 58 42.92

______________



Vetiver [Vetiveria zizanoides (L) Nash] is an
important aromatic plant grown exclusively for
extraction of aromatic oil from the roots has a
powerful smell but is very pleasant when
diluted. It is high-priced oil and is used
extensively in fine perfumery and cosmetic
products. It is excellent in the treatment of
depression, nervous tension, debility, insomnia
and many stress-related diseases. Considering
the domestic and global market of essential oils
present study is an attempt to analyze the
economics of production of vetiver has become
imperative.

Materials and Methods

Vetiver is a densely tufted perennial
important aromatic plant belongs to gramineae
family. It is very hardy, erect and growing
widely in almost all parts of the country. Vetiver
prefers warm humid, tropical and sub tropical

climate. In Kamataka it is grown in an area of
94 ha with 259 t of vetiver roots. Commercial
cultivation of this crop is slowly increasing in
Kamataka especially in the region of coastal
Karnataka. Udupi district is having the highest
area (93%) under vetiver crop in the state from
this Kundapur taluka from this district was
selected purposively as this taluka is the major
vetiver growing taluka. In Kundapur taluka
eight villages were selected namely Jadkal,
Yaljith, Madhur, Kollur, Kodiyalkeri, Goliholle,
Baindur and Shelkodu.Farmers were selected
randomly from each of these villages. Thus, the
size of the sample selected for the study was
60. For evaluating this specific objective of the
study, primary data were collected from sample
farmers by personal interview method with the
help of well structured pre-tested and
comprehensive schedule exclusively prepared
for the study. The study was taken up in the
agriculture year 2009-10 and the survey was
undertaken during December, 2009 of the crop
year 2008-09. Tabular analysis was employed
for determining costs and returns from vetiver
roots production.
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Total costs were divided into two broad
categories viz., variable costs and fixed costs.
Variable costs comprised of costs incurred on
variable inputs such as slips, FYM, chemical
fertilizers, labour, plant protection chemicals,
fuel, interest on working capital at the rate of 7
per cent per annum which was an opportunity
cost of lending by the banks.

Fixed costs include depreciation on farm
implements and machineries and interest on
fixed capital which was the deposit rate by
banks for more than a year. Depreciation on
each capital equipment and machinery owned
by farmers and used for the crop was calculated
separately based on the purchase value using
straight line method. Thus, annual depreciation
= purchase value - junk value/Useful life of
asset (years). Average life of asset as indicated
by each farmer was used in the computation of

depreciation. Rental value of land was
calculated at the prevailing rate per acre per
annum in the locality. Similarly gross returns
were worked out by multiplying total yield of
roots with price. Returns per rupee of
expenditure were worked out dividing gross
returns by total costs.

Results and Discussion

Cost structure includes quantity of inputs
utilized along with their prices: returns structure
includes average quantity of vetiver roots per
acre along with price. 

From Table 1 it could be observed that the
total requirement of human labour for vetiver
roots production acre-1 was 159.70 man days
for different operations, of which harvesting of
vetiver roots required the highest labourers (78
mandays). These results are in conformity with
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Table 1. Per acre pattern of employment in vetiver roots production.

Type of operation Family Hired Total Total Total
–––––––––––––––– –––––––––––––––– men women human
Men Women Men Women (man- (man- labour
(man- (man- (man- (man- days) days) (man-
days) days) days) days) days)

Nursery preparation :
Land preparation 1 - 1 2 - 2.00
Fym/compost (transportations and application) 0.5 - 0.5 0.50
Planting/sowing 1 - 4 1 4 3.40
Weeding - - - 1 1 1 0.66
Irrigation 02 - 03 - 05 - 5.00
Uprooting clumbs and separation of slips 01 - 01 05 02 05 5.30
Sub total 5.50 - 5.00 10.00 10.50 10.00 16.50

Main field preparation :
Land preparation 01 - 05 - 06 6.00
FYM/compost (transportations and application) 1 - 2 - 3 - 3.00
Fertilizer (transportations and application) 2 - 2 - 4 - 4.00
Planting/sowing 1 - 4 22 5 22 18.20
Weeding 3 - - 35 3 35 24.00
Earthing up 02 - 06 - 08 - 8.00
PPC Spraying 01 - 01 02 - 2.00
Harvesting 3 - 45 50 48 50 78.00
Sub total 14 - 65 107 79 107 143.20
Total 19.50 - 70.00 117.00 89.50 117.00 159.70



the findings of Vinayak (2005). Other major
operations required more labourers were
weeding (24 mandays) and planting (18.2 man
days). This indicated that the vetiver is labour
intensive crop and provided employment and
income to rural labourers.

The inputs utilization pattern for vetiver
roots production illustrated in Table 2 indicated
that farmers were using only local varieties of
vetiver and also they had applied more doses of
fertilizers than the recommended level with a
view that poor soil fertility status could be
improve the quality and yield levels.

Farmers use three tons of FYM per acre to
maintain the soil fertility and to get good yield.
These results are in conformity with the
findings of Farooqi and Vasundhara (1997) and
Vinayak (2005). Farmers used relatively more
machine hours (10.5 hr) in the main field
preparation by using heavy machine like a JCB
or Hitachi. This was due to the fact that vetiver
was also grown in the hilly areas and also for
better roots development farmers were using
modern farm practices in cultivation of vetiver.
Farmers used only 400 ml of plant protection
chemicals since not much pests and diseases
were attacked in vetiver cultivation. Therefore,
least care was taken in plant protection.

Table 3 revealed that the total cost of vetiver
roots production acre-1 was Rs. 51,556 of
which variable cost (Rs. 47,262) accounted for
more than 91.67 per cent of total cost. These
results are in contradictory with the findings of
Patra et al. (2004a). In the present study human
labour (Rs. 23,955) accounted for higher cost
where as in the study conducted by Patra et al.
(2004a), the land preparation and planting
were the major items of variable cost. The
expenditure on human labour (46.46% of the
total cost) was more due to fact that working
labourers were not available in the study area
but the labourers were brought from other
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Table 2. Per acre inputs utilization pattern in vetiver roots
production.

Particulars Quantity

Slips 3000.00 nos.
Farmyard manures (FYM) 3.00 t

Chemical fertilizers :
Nitrogen 119.70kg
Phosphorous 123.90 kg
Potash 103.00kg

Labour :
Human labour 159.70 man-day
Machine hour 10.50 hr.
Plant protection chemicals 400.00 ml.
Fuel (Diesel) 30.00 ml.

Table 3. Per acre cost structure in vetiver roots
production.

Item Cost Perc-
(Rs.) entage

to total 
cost (%)

Variable cost (A) :

Slips @ Rs. 1.5 Slip-1 4500 8.72

Farmyard manures @ Rs. 500 t-1 1500 2.90

Chemical fertilizers :

N @ Rs. 10.86 kg-1 4292 8.32

P @ Rs. 17.48 kg-1

K @ Rs. 8 kg-1

Labour :

Human labour @ Rs. 150 man-day-1 23,955 46.46

Machine hour @ Rs. 750 hour-1 7875 15.27

Plant protection chemicals 900 1.74
@ Rs. 450 200-1 ml

Fuel (Diesel) @ Rs. 36 liter-1 1080 2.09

Interest on working capital @(7%) 3160 6.12

Sub total 47,262 91.67

Fixed cost  (B) :

Depreciation 600 1.16

Rental value 3200 6.20

Interest on fixed cost (@ 13%) 494 0.95

Sub total 4294 8.32

Total cost (A+B) 51,556 100.00



distant places like Bijapur and Bagalkot districts
so wage rate was relatively high in the study
area. For harvesting roots more number of
human labourers were employed hence cost on
human labour was more. These results are in
conformity with the findings of Goswaini
(2000) and Vinayak (2005) but contradictory
with the findings of Patra et al. (2004a). The
components of fixed cost (8.32% of total cost)
was comparatively less due to the low land rent
(Rs. 3200) value in the study area and also crop
was taken up in the low fertile soils besides
cultivating this crop just by encroaching forest
lands for which nothing has been paid or
accounted. This means the crop comes up very
well even low fertile soils. The barren and
degraded lands could be improved and this crop
can be grown. The total cost was relatively high

due to expenditure on labour.

The results from Table 4 revealed that the
average yield of vetiver roots was 1500 kg
acre-1 and farmers realized gross returns of Rs.
1,05,000 acre-1. The average price received
for vetiver roots was Rs. 70.00 kg-1. Net
returns acre-1 were Rs. 53.444 and net returns
per kg were Rs. 35.62. A return rupee-1 of
expenditure was Rs. 2.03. These results are in
line with study conducted by Jadhav et al.
(2001) on economics of patchouli and Patra et
al. (2004a) on economics of vetiver.
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Table 4. Per acre returns structure in vetiver roots
production.

Particulars Amount (Rs.)

Gross returns (Fresh roots 1,05,000
1500 kg @ Rs. 70 kg-1)
Total cost 51,556
Net returns 53,444
Cost of production kg-1 31.50
Net returns kg-1 of roots 35.62
Returns rupee-1 of expenditure 2.03

______________



The fertilizer use before green revolution
amounting 7 kg ha-1 has increased in beginning
of green revolution (Chand and Pandey, 2008).
Tatarao (2007) has clearly explained the effect
of fertilizer use for crop production of coastal
districts of Andhra Pradesh, ranging from 5 to
6 kg ha-1. Sharma and Thaker (2011) has
discussed the pros and cons of present fertilizer
use and projection of future use in 2020 where
they clearly explained that even after the ill-
effect of excess fertilizer use they have argued
to use more fertilizer for more production to
fulfill the food requirement of the country.
Likewise Desai and Vaidyanathan (1995)
pointed out the consequences of fertilizer use in
long term.

Keeping the research earlier in view, the
study of fertilizer consumption was taken to
assess the uses and abuses of fertilizer
consumption in the nine districts of Western
Maharashtra with the objectives to study the
districtwise performance of fertilizers
consumption of N, P and K.

Materials and Methods

The districtwise data of fertilizer
consumption has been taken from the
Districtwise Agricultural Database for
Maharashtra and Epitome of Maharashtra for
the years 1968 to 2006 pertaining to total and
irrigated area, nitrogen (N), phosphorus (P) and
potash (K) fertilizer consumption every year.
The total period under study has been divided
into two periods 1968 to 1985 (period I) and
1986 to 2006 (period II).

The districtwise and overall general
performance of each district has been assessed
by simply per hectare use of fertilizers.
Similarly, its growth is studied by using linear
regression which is used to find out the rate of
the N, P, K and total fertilizer consumption in
the irrigated area.

Results and Discussion

The consumption of nitrogen ranged from
7881 (Solapur) to   18507 (Kolhapur) ton
year-1 during Period I and from 31860 (Dhule)
to 63724 ton year-1 (Jalgaon) in period II.
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Consumption of phosphorus was 2943 (Sangli)
to 7446 ton year-1 (Kolhapur) in period I and
from 11008 (Dhule) to 26001 ton year-1

(Jalgaon) in  period II. Likewise, K ranged from
2277 (Solapur) to 6541 ton year-1 (Kolhapur)
in Period I and from 5719 (Dhule) to 20162
ton year-1 (Jalgaon) in Period II (Table 1).

The total consumption of fertilizers (N + P +
K) ranged from 35428 ton year-1 in Dhule
district to 73580 ton year-1 in Jalgaon district.
While on an average consumption of total

fertilizers was 877222 ton year-1 in different
districts under Western Maharashtra (Table 1 ).

In similar way, the consumption of nitrogen
ranged from 14 (Sangli) to 274 kg ha-1 year-1

(Kolhapur) during period I and from 49.3
(Sangli) to 487 kg ha-1 year-1 (Kolhapur) in
period II, while in case of phosphorus it was
found 5 (Sangli) to 109 (Kolhapur)  kg ha-1

year-1 during period I and from 22.36 (Sangli)
to 187 kg ha-1 year-1 (Kolhapur) in period II.
Potash ranged from 4 (Sangli) to 96.29 kg
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Table 1. Districtwise year-1 fertilizer consumption in Westers Maharashtra.

District Period Total Irrigated Fertilizer consumption (t)
area area –––––––––––––––––––––––––––––––––––––––––––––––––––––
('00 ha) ('00 ha) N P K Total

Dhule I 7565 807 12404 4306 3238 19948
II 7064 896 31860 11008 5719 48587
I + II 7294 855 22921 7929 4579 35428

Jalgaon I 8962 1153 18437 6768 5660 30864
II 11344 1596 63724 26001 20162 109888
I + II 10249 1392 42917 17164 13499 73580

Nasik I 9293 1316 12161 3602 3122 18885
II 9824 2041 47684 21939 8293 77917
I + II 9580 1707 31363 13514 5917 50794

Ahmed I 13067 2348 14750 5859 4583 25192
nagar II 13985 3321 54786 23837 12309 90932

I + II 13563 2874 36391 15577 8759 6072?

Pune I 11001 1730 12041 5512 3711 21265
II 12631 2695 45057 18829 10242 74129
I + II 11882 2251 29888 12711 7241 49840

Solapur I 11890 1503 7881 3098 2277 13256
II 11555 2280 40206 17531 10005 67742
I + II 11709 1923 25354 10900 6454 42708

Kolhapur I 4254 652 18507 7446 6541 32494
II 5879 990 50978 19518 19769 90264
I + II 5132 835 36059 13971 13691 63721

Sangli I 6352 834 8847 2943 2731 14520
II 6908 1293 34053 15397 13883 63334
I + II 6653 1082 22472 9675 8759 40906

Satara I 6473 1157 9315 3051 2416 14782
II 7166 1889 33476 13326 9081 55883
I + II 6848 1553 22375 8605 6019 36999

Western I 193490 20752 208672 77960 59958 346590
Maharashtra II 220670 33297 797334 353017 177908 1328259

I + II 208182 27533 526868 226640 123715 877222



ha-1 year-1 (Kolhapur) in period I and from
20.09 (Sangli) to 189 kg ha-1 year-1 (Kolhapur)
in period II. The overall consumption of N, P
and K were 171, 73 and 41 kg ha-1 year-1,
respectively during the period of 1968 to 2006
(Table 2).

The districrwise fertilizers applied in
irrigated area varied from  11 (Dhule) to 18
(Satara and Ahmednagar) per cent of the total
area in period I, 14 (Jalgaon) to 26 (Satara) per
cent in the period II and 13 (Dhule) to 23

(Satara) per cent overall period of total area in
the jurisdiction of Western Maharashtra (Table
2).

The total consumption of N, P and K was
ranged from 23.66 (Sangli) to 479.74 kg ha-1

year-1 (Kolhapur) in period I and from 91.4
(Sangli) to 862.15 kg ha-1 year-1 (Kolhapur) In
the period II.  The overall highest consumption
of N, P and K kg ha-1 year-1 was 686.45 kg
ha-1 year-1 in Kolhapur district followed by
482.61 kg ha-1 year-1 in Jalgaon district, while

Journal of Agriculture Research and Technology 439

Table 2. Districtwise ha-1 fertilizer consumption in Westers Maharashtra.

District Period Percentage Fertilizer consumption (kg ha-1)
of irridated –––––––––––––––––––––––––––––––––––––––––––––––––––––––––
area N P K Total

Dhule I 10.67 148.23 51.80 39.51 239.54
II 14.45 310.07 107.19 56.27 473.53
I + II 12.65 235.71 81.74 48.57 366.02

Jalgaon I 12.86 152.06 55.65 46.25 253.96
II 14.07 392.88 160.34 123.74 676.97
I + II 13.58 282.23 112.24 88.14 482.61

Nasik I 14.16 87.98 30.43 26.04 156.90
II 20.77 230.78 137.85 53.17 490.43
I + II 17.82 165.17 88.5 40.70 337.19

Ahmed I 17.97 61.74 23.84 19.13 104.71
nagar II 23.75 162.31 70.04 36.47 268.83

I + II 21.19 116.10 48.82 28.51 193.42

Pune I 15.73 68.44 30.27 20.63 119.35
II 21.33 164.00 68.34 37.52 269.87
I + II 18.95 120.09 50.85 29.76 200.71

Solapur I 12.64 52.45 20.81 15.18 88.44
II 19.73 170.52 74.02 43.31 287.85
I + II 16.42 116.27 49.57 30.38 196.23

Kolhapur I 15.32 274.30 109.16 96.29 479.74
II 18.12 486.66 186.52 188.96 862.15
I + II 17.05 389.09 150.98 146.38 686.45

Sangli I 13.13 13.77 4.63 4.26 22.66
II 18.72 49.39 22.36 20.09 91.84
I + II 16.27 33.03 14.21 12.82 60.05

Satara I 17.87 77.75 25.92 20.33 124.00
II 26.37 176.71 70.34 48.06 295.11
I + II 22.68 131.24 49.93 35.32 216.49

Western I 10.72 96.32 36.58 27.98 160.88
Maharashtra II 15.09 235.11 103.51 52.89 391.51

I + II 13.23 171.34 72.76 41.44 285.54



it was minimum (60.05 kg ha-1 year-1) in Sangli
district (Table 2).

The overall irrigated cropped area ranged
from 835 (Kolhapur) to 2874 (Ahmednagar)
hundred ha year-1, while overall average area
was 27533 hundred ha year-1 in the districts of
Western Maharashtra (Table 1).

The linear relationship between nutrients
consumption revealed that there was an
increase of N from 1.23 (Sangli) to 26.59 kg
ha-1 year-1 (Kolhapur) in period I and -6.60
(Kolhapur) to 6.03 kg ha-1 year-1 (Nasik) in
period II. The average increase in consumption
of N 5.78 kg ha-1 year-1 was reported during
the period I, while period II, it was 5.19 and
during overall period 6.85 (Table 3). 

The increase of consumption of P kg ha-1

year-1 was ranged from 0.29 (Sangli) to 10.99
kg ha-1 year-1 (Kolhapur) in period I and -2.41
(Kolhapur) to 8.56 kg ha-1 year-1 (Nasik) in
period II. The average consumption of P was
increased from 1.73 in period I to 3.70 kg
ha-1 year-1 in period II. During overall period it
was 3.47 kg ha-1 year-1.

Similarly, increased consumption of K was
found from 0.43 (Sangli) to 10.59 kg ha-1

year-1 (Kolhapur) in period I, while it was from
-3.31 (Kolhapur) to 3.10 kg ha-1 year-1

(Jalgaon) in period II. The average consumption
of increase in K was 1.27 kg in Period I and
1.04 kg in Period II. The overall increase of
consumption was found 1.29 kg ha-1 year-1 in
the Western Maharashtra. Likewise, average
increase of consumption of total fertilizers was
obtained from 8.79 in period I to 9.93 kg ha-1

year-1 in period II. The overall increase of
consumption of total fertilizer was found to be
11.61 kg ha-1 year-1 (Table 3).

Thus, the pattern of consumption of major
nutrients was different in different districts. This

is because of the variability of soil types, their
nutrients dificiency (N, P and K), climatic
differences and variability in cropping system.
However, it is observed that the proportional
use of N, P, K in all the districts of Western
Maharashtra ranged from 2.8:1.1:1.0
(Kolhapur) to 3.8:1.3:1.0 (Dhule and Satara) in
period I and 2.5:1.1:1.0 (Sangli) to 5.5:1.9:1.0

Nimbalkar et al.440

Table 3. Districtwise linerar growth of area and fertilizers
consumption in Western Maharashtra.

District Period N P K Total 
(kg (kg (kg fert.
ha-1) ha-1) ha-1) (kg

ha-1)

Dhule I 11.72** 3.66** 1.63* 17.01**
II 3.13 -0.15 -1.23** 1.74
I + II 7.88** 2.50** 0.58* 10.96**

Jalgaon I 16.40** 5.85** 5.26** 27.52**
II 2.59 2.23 3.1 7.92
I + II 11.37** 5.12** 4.15** 20.64**

Nasik I 7.30** 2.19** 2.29** 13.26**
II 6.03** 8.56** 1.06 21.72**
I + II 7.34** 6.02** 1.49** 18.29**

Ahmed I 2.18 1.54* 0.71 4.43*
nagar II 2.98** 2.33** 1.16** 6.47**

I + II 4.66** 2.37** 0.96** 8.00**

Pune I 2.67* 2.78** 1.45* 6.91**
II 4.61** 2.71** 1.11** 8.42**
I + II 4.84** 2.24** 1.00** 8.08**

Solapur I 3.73.** 1.25.** 0.90** 5.88**
II 3.83** 2.08** 0.72 6.63**
I + II 5.63** 2.57** 1.31** 9.50**

Kolhapur I 26.59** 10.99** 10.59** 48.17**
II -6.60 -2.41 -3.31* -12.32*
I + II 9.43** 3.60** 3.97** 17.00**

Sangli I 1.23** 0.30** 0.43** 1.96**
II 1.26* 0.73* 0.70* 2.69*
I + II 1.74** 0.86** 0.79** 3.39**

Satara I 4.31** 0.78 0.90** 5.99**
II 0.04 0.18 0.26 0.48
I + II 4.25** 1.83** 1.20** 7.28**

Western I 1.23** 0.30** 0.43** 1.96**
Maha- II 1.26* 0.73* 0.70* 2.69*
rashtra I + II 1.74** 0.86** 0.79** 3.39**

*, ** Significant at 5 and 1 per cent level of significance,
respectively.



(Dhule) in period II. For the overall period it
ranges between 2.6:1.1:1.0 (Sangli) and
4.9:1.7:1.0 (Dhule). It is very clear from Table
4 that there was significant increase in
consumption of chemical fertilizers in period II
as compared to period I in all the districts of
Western Maharashtra. It is worth to note that
there was excess use of chemical fertilizers in all
districts of Western Maharashtra as against the
recommended ration N:P:K::2:1:1. Hence, it is
need of the day to control the excess use of
chemical fertilizers to maintain the soil health.

Therefore, on an average 526868,
226640, 123715 and 877222 ton year-1, N,
P, K, and total consumption of fertilizers,
respectively were found in the Western
Maharashtra. There was more consumption of
fertilizer during period II than period I but
minimum total fertilizer consumption 23 kg
ha-1 (Sangli), while 480 kg ha-1 (Kolhapur) was
in period I. Similarly, it was 92 kg ha-1 (Sangli),
while 862 kg ha-1 (Kolhapur) in period II. The
same trend was observed for overall period with
minimum 60 (Sangli) and maximum 686 kg
ha-1 (Kolhapur). The total fertilizer
consumption was 161 kg ha-1 year-1 in the
period I and 392 kg ha-1 year-1 in period II
while overall consumption was 286 kg ha-1

year-1 in the Western Maharashtra districts.
The minimum increasing trend of total fertilizer
consumption (1.96 kg ha-1) has been observed
in Sangli and maximum 48.17 kg ha-1 in
Kolhapur during period I. On the other hand
there was decreasing trend (-12.32 kg ha-1) was

observed in Kolhapur while maximum
increasing trend (21.72 kg ha-1) in Nasik district
during II period. There was constant cumulative
increase of total fertilizer consumption by 12 kg
ha-1 year-1 in the districts of Western
Maharashtra. 

The pattern of consumption of macro-
nutrients is different in different districts. This is
because of the variability of types of soils,
nutrients deficiency in soils, climatic differences,
variability in cropping system and irrigation
facilities. The ratio of NPK used is much higher
than the recommended ratio (2:1:1) in all the
districts of Western Maharashtra and needs to
be controlled to maintain soil health. This
recommendation was approved and released by
Joint Agreso Meet 2011.
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Jaggery processing is carried out in single
and big size boiling pan. Generally boiling pan
of trapezoidal cross section and having size of
285 (bottom dia.) x 315 (top dia.) x 65 cm
(height) is adopted by the jaggery producers. In
this boiling pan 1000 liters of sugarcane juice is
normally taken for jaggery processing batch-1.
On an average one ton jaggery is produced in
four batches day-1.

In recent past, it was observed that some of
the jaggery producers are trying to use various
sizes of boiling pans and claiming their pans to
be the best for jaggery production. It was
therefore, felt necessary to ascertain the fact
and thereby to standardize the size of boiling
pan for quality jaggery production. With this
view the present investigation was undertaken
to identify appropriate size of boiling pan and
juice volume for quality jaggery production
along with reduction of process time and fuel
consumption during jaggery processing.

Materials and Methods

The experiment was conducted at the
farmer's jaggery processing plant sites under All
India Coordinated Research Project on Post
Harvest Technology, Regional Sugarcane and
Jaggery Research Station, Kolhapur during the
year 2007-08, 2008-09 and 2009-10. In all six
jaggery processing plants having varying boiling
pan sizes were selected for study. All the
selected boiling pans were fabricated from mild
steel metal sheet with 16 gauge thickness at
bottom. The specifications and allied
information of selected boiling pans and
furnaces for testing are presented in Table 1
and 2, respectively. The treatments included
were six boiling pan sizes P1 = 275.0 cm (9'2")-
control, P2 = 282.7 cm (9'5"), P3 = 300 cm
(10'), P4 = 316 (10'6"), P5 = 322.9 cm (10'9"),
P6 = 327.9 cm (10'11") and two volumes of
juice V1 = 1000 litre and V2 = 1100 litre.
Sugarcane variety Co 86032 was selected for
crushing at all the processing plants. Sugarcane
with proper maturity (juice brix >21°) was
harvested for jaggery production. Cane was

J. Agric. Res. Technol., 37 (3) : 442-447 (2012)

Optimization of Boiling Pan Size for Quality Jaggery
Production

G. S. Nevkar1, D. S. Patil2, V. N. Nale3, U.S. Kudtarkar4 and B. G. Gaikwad5

Regional Sugarcane and Jaggery Research Station, Kolhapur - 416 004 (India)
(Received : 08-07-2011)

Abstract
The effect of boiling pan size on pH and colour intensity of jaggery samples was found to be non

significant for all pan sizes. The significantly highest non reducing sugar (84.53%) and significantly lowest
reducing sugars (7.18%) were recorded in jaggery samples prepared in boiling pan size of 329.9 cm (10'11").
However, these quality parameters were on par with jaggery samples prepared in boiling pan size of 322.9
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bottom diameter was found the optimum size along with 1100 litre juice for processing batch-1 for quality
jaggery production under Kolhapur type single pan furnace system.
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cleaned by removing top 2 to 3 immature
internodes, leaves, and rootlets. For crushing of
sugarcane horizontal type three rollers crusher
was utilized. Kolhapur type furnace system was
used for juice boiling. Process inputs viz., okra
plant mucilage, lime, arsenic free phosphoric
acid were applied for juice clarification. Jaggery
was prepared as per the standardized process
(Mungare et al., 2001). The jaggery production
trials were conducted in FRBD design with 3
replications and keeping all the crop and
jaggery process parameters constant at the
selected farmers' jaggery processing plants. The
fresh jaggery samples prepared by processing
different juice volumes in different sizes of
boiling pans, as per treatments, were collected
and analyzed for quality parameters viz.,
reducing sugars, non reducing sugars, pH, and
colour intensity. The reducing sugar was
determined by Lane - Eynon volumetric method

(A.O.A.C., 1960). The non reducing sugar was
determined by using Polarimeter (A.O.A.C.,
1960). The colour intensity (OD) was measured
by using spectrophotometer (Model -
Spectronic 20 D).

Results and Discussion

Process time : The significantly lowest
jaggery production process time (Table 3) was
recorded by the boiling pan P6 (109.83 min.)
which was on par with boiling pan P5 (110.83
min.) and P4 (111.33 min.). When compared to
control boiling pan the saving in process time
was found maximum in boiling pan P6
(17.10%) followed by P5 (16.35%) and P4
(15.97%).Similar trend of observations on
jaggery production process time was recorded
by Anonymous (2010).
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Table 1. Dimension and allied data of boiling pans.

Pan Boiling pan dimensions (cm) Angle made Pan Pan Pan
code –––––––––––––––––––––––––––––––––––––––––––– by pan side BD: BD: bottom
no. Bottom Top Ht. at. Stanting with horizontal TD HT thickness

dia. dia. centre ht. (deg.) ratio ratio (Guage)

P/TRP/1 275 (9'2") 320 56.0 64.0 61° 1: 1.16 1:0.20 16
P/DKP/2 282.7 (9'5") 320 61.3 65.1 70° 1:1.13 1:0.22 16
P/VBP/3 300 (10') 342.5 60.0 67.6 62.6° 1:1.14 1:0.20 16
P/VTL/4 316 (10'6") 347 60.0 66 64.5° 1:0.91 1:0.19 16
P/GSP/5 322.9 (10'9") 395 60.0 70.2 58.7° 1: 1.22 1:0.19 16
P/BBP/6 327.9 (10'11") 400 60.0 70.2 58.7° 1: 1.22 1:0.18 16

Table 2. Dimensions and allied data of furnaces.

Fur- Furnace dimensions (cm) Fuel Air Chimney dimensions (cm) Exhaust Air
nace –––––––––––––––––––––––––– inlet inlet –––––––––––––––––––––––––– air outlet inlet area:
code Top Bottom Depth dia. area Bottom Top Ht. area outlet
no. dia. dia. (cm) (cm2) dia. dia. (cm2) area

F/ TRD/1 275 275 150 23.0 666.0 201 54 520 2290.2 1:3.43
F/ DKD/2 282.7 282.7 120 23.0 790.1 172 57 555 2550.5 1:3.23
F/ VBP/3 300 277.5 150 21.5 608.4 172 57 625 2551.8 1:4.19
P/VTL/4 316 316 165 23.0 785.0 120 45 480 2750 1.3.25
F/ GSP/5 322.9 335 165.2 25.0 780.3 120 45 478 1589.6 1:2.03
F/ BBP/6 327.9 327.9 180 25.4 749.5 120 68 480 3589.4 1:4.78



Fuel requirement : The significantly
lowest bagasse fuel was utilized by the boiling
pan P6 (384.43 kg) for jaggery processing
which was on par with boiling pan P4 (386.70
kg) and P5 (396.92 kg). The per cent bagasse
saving was found maximum in P6 (24.16%)
followed by P4 (23.79%) and P5 (21.78%)
when compared with control pan P1. Similar
findings were reported by Anonymous (2010).

Fuel use efficiency : The fuel use
efficiency was found highest due to boiling pan
size P6 (0.658 kg jaggery kg-1 of fuel) followed
by boiling pan P4 (0.653 kg jaggery kg-1 of fuel)
and P5 (0.638 kg jaggery kg-1 of fuel).

Jaggery production : The data on jaggery
production was found to be non significant for
all the boiling pan sizes because same volume of
sugarcane juice, either V1 (1000 lit.) or V2
(1100 lit.), was utilized at a time for jaggery
production trials.

Sugarcane juice volume : The
significantly lowest jaggery process time
(114.64 min) and lowest fuel requirement
(422.60 kg) was recorded due to juice volume
V1 (1000 lit.). However, fuel use efficiency was
significantly highest in V2 (0.594 kg jaggery
kg-1 fuel). The results were in line with those
obtained by Anonymous (2010).
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Table 3. Jaggery process parameters as influenced by boiling pan size and juice volume ( Pooled means for the year 2007-
08, 2008-09 and 2009-10).

Boiling Process time Fuel Fuel use efficiency Jaggery production
pan (min.) reuirements (kg) (Jaggery kg kg-1 (kg)
size –––––––––––––––––––––– –––––––––––––––––––––––– of fuel) ––––––––––––––––––––––

Juice volume (lit.) Juice volume (lit.) –––––––––––––––––––– V1 V2 Mean
–––––––––––––––––––––– –––––––––––––––––––––––– Juice volume (lit.)
V1 V2 Mean V1 V2 Mean ––––––––––––––––––––

V1 V2 Mean

P1 -275 cm 127.66 137.33 132.50 489.167 525.780 507.473 0.492 0.502 0.497 240.63 264.17 252.40
(9'2") (Control) (0.00) (0.00)

P2 - 282.7 122.33 130.89 126.61 467.300 489.297 478.298 0.517 0.543 0.530 241.46 265.16 253.31
cm (9'5") (4.44) (5.71)

P3 - 300 115.89 124.00 119.94 447.343 487.157 467.250 0.537 0.544 0.541 240.63 265.26 252.94
cm (10') (9.47) (7.92)

P4 - 316 107.66 115.00 111.33 372.833 400.557 386.700 0.646 0.660 0.653 241.11 264.39 252.75
(10'6") (15.97) (23.79)

P5 - 322.9 107.66 114.00 110.83 383.443 410.410 396.927 0.629 0.646 0.638 241.09 265.16 253.12
cm (10'9") (16.35) (21.78)

P6 - 327.9 106.66 113.00 109.83 372.600 397.063 384.832 0.648 0.667 0.658 241.66 264.94 253.30
cm (10'11") (17.10) (24.16)

Mean 114.64 122.37 118.5 422.600 451.712 437.156 0.578 0.594 0.586 241.10 264.85 252.97

Size Volume Intera. Size Volume Intera. Size Volume Intera. Size Volume Intera.
(A) (B) (A x B) (A) (B) (A x B) (A) (B) (A x B) (A) (B) (A x B)

SE± 0.714 0.412 1.010 5.053 2.917 0.007 0.004 0.010 1.084 0.626 1.534
CD at 5% 2.094 1.209 NS 14.819 8.556 0.021 0.012 NS NS 1.836 NS
CV% 3.48 7.83 12.96 4.05

Figures in parenthesis indicate per cent saving over the control.



Interaction : The interaction effect
between pan size and juice volume was found
to be non significant in respect of jaggery
process time, fuel   requirement and jaggery
production.

Boiling pan size : The pH of jaggery
samples (Table 5) was found to be non
significant for all pan sizes. The significantly
highest non reducing sugar was observed in
jaggery samples prepared in boiling pan size P6
(84.53%) which was on par non reducing sugar
of jaggery samples prepared in boiling pan P5
(84.43%) and P4 (84.30%). The significantly
lowest reducing sugars were recorded in jaggery

samples prepared in boiling pan P6 (7.18%),
however, it was on par with reducing sugars of
jaggery samples prepared in boiling pan P5
(7.29%) and P4 (7.48%). The effect of boiling
pan size on jaggery colour intensity was found
to be non significant.

Sugarcane juice volume : The effect of
juice volume on jaggery quality parameters viz.,
pH, RS, NRS and colour intensity were found
to be non significant.

Interaction : The interaction effect of
boiling pan size and juice volume was found to
be non significant for all the jaggery quality
parameters.
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Table 4. Jaggery quality parameters as influenced by boiling pan size and juice volume (Pooled means for the year 2007-08,
2008-09 and 2009-10).

Boiling Jaggery quality parameters
pan –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
size pH Reducing sugars Non reducing sugars Colour intensity (OD)

–––––––––––––––––––––– (%) (%) ––––––––––––––––––––––
Juice volume (lit.) –––––––––––––––––––––– –––––––––––––––––––––– Juice volume (lit.)

–––––––––––––––––––––– Juice volume (lit.) Juice volume (lit.) ––––––––––––––––––––––
V1 V2 Mean –––––––––––––––––––––– –––––––––––––––––––––– V1 V2 Mean

V1 V2 Mean V1 V2 Mean

P1 - 275 cm 6.63 6.46 6.54 8.60 8.93 8.76 81.39 81.76 81.58 0.031 0.039 0.035
(9'2") (control)

P2 - 282.7 6.53 6.56 6.54 8.57 8.74 8.65 81.77 80.98 81.38 0.032 0.032 0.032
cm (9' 5")

P3 - 300 6.48 6.61 6.54 8.33 8.26 8.30 81.56 82.31 81.93 0.031 0.031 0.031
cm (10')

P4 - 316 6.64 6.37 6.50 7.39 7.58 7.48 84.63 83.98 84.30 0.032 0.031 0.032
(10'6")

P5 - 322.9 6.53 6.31 6.42 7.31 7.28 7.29 84.54 84.32 84.43 0.035 0.033 0.034
cm (10'9")

P6 -327.9 6.49 6.60 6.54 7.22 7.15 7.18 84.19 84.87 84.53 0.034 0.035 0.034
cm (10'11")

Mean 6.55 6.48 6.52 7.90 7.99 7.94 83.01 83.03 83.02 0.033 0.033 0.033

Size Volume Intera. Size Volume Intera. Size Volume Intera. Size Volume Intera.
(A) (B) (A x B) (A) (B) (A x B) (A) (B) (A x B) (A) (B) (A x B)

SE± 0.164 0.095 0.232 0.191 0.110 0.271 0.539 0.311 0.762 0.002 0.001 0.003
CD at 5% NS NS NS 0.561 NS NS 1.581 NS NS NS NS NS
CV% 6.16 5.89 4.59 11.56



Economics of boiling pan : The data on
economic aspects of boiling pan presented in
Table 5, revealed that the lowest cost of
production (Rs. 5,954/-), highest net monetary
returns (Rs.1,645/-) and highest B:C ratio
(1.28) was recorded due to jaggery production
with boiling pan size P6 however, it was on par
with boiling pan P5 and P4. While sugarcane

juice volume V2 (1100 lit.)
recorded significantly highest
gross monetary returns (Rs.
7,934/-), net monetary returns
(Rs. 1,782/-) and benefit:cost
ratio (1.29) as compared to
sugarcane juice volume V1 (1000
lit.). Similar results have also been
reported by Anonymous (2010).

Based on pooled data and
economics of boiling pan, it was
concluded that the optimum size
of boiling pan and sugarcane juice
volume could be 316 cm (10'6")
bottom diameter and 1100 litre
juice for processing batch-1,

respectively for quality jaggery production
under Kolhapur type single pan furnace
system.
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Table 5. Economics of jaggery processing as influenced by boiling pan size and juice volume.

Boiling Jaggery production Fuel reuired Cost of production Gross monetary 
pan batch-1 batch-1 (Rs.) return (Rs. batch-1)
size –––––––––––––––––––––– ––––––––––––––––––––––––– –––––––––––––––––––– ––––––––––––––––––––

Juice volume (lit.) Juice volume (lit.) Juice volume (lit.) Juice volume (lit.)
–––––––––––––––––––––– ––––––––––––––––––––––––– –––––––––––––––––––– ––––––––––––––––––––
V1 V2 Mean V1 V2 Mean V1 V2 Mean V1 V2 Mean

P1 - 275 cm 240.63 264.17 252.40 489.167 525.780 507.473 6260 6370 6315 7219 7925 7572

P2 - 282.7 cm 241.46 265.16 253.31 467.300 489.297 478.298 6196 6262 6229 7244 7955 7599

P3 - 300 cm 240.63 265.26 252.94 447.343 487.157 467.250 6137 6256 6197 7219 7958 7588

P4 - 316 cm 241.11 264.39 252.75 372.833 400.557 386.700 5916 5999 5957 7258 7860 7559

P5 - 322.9 cm 241.09 265.16 253.12 383.443 410.410 396.927 5949 6029 5989 7233 7955 7594

P6 - 327.9 cm 241.66 264.94 253.30 372.600 397.063 384.832 5917 5990 5954 7255 7948 7599

Mean 241.10 264.85 252.97 422.115 451.712 436.913 6062 6151 6107 7237 7933 7585

Size Volume Intera. Size Volume Intera. Size Volume Intera. Size Volume Intera.

(A) (B) (A x B) (A) (B) (A x B) (A) (B) (A x B) (A) (B) (A x B)

SE± 1.084 0.626 1.534 5.053 2.917 7.146 15.09 8.71 21.35 18.78 10.85 26.57

CD at 5% NS 1.836 NS 14.819 8.556 NS 44.26 25.70 NS NS 31.81 NS

Boiling Net monetory returns B:C
pan batch-1 (Rs.) ratio
size –––––––––––––––––––––– ––––––––––––––––––––––––

Juice volume (lit.) Juice volume (lit.)
–––––––––––––––––––––– ––––––––––––––––––––––––
V1 V2 Mean V1 V2 Mean

P1 - 275 cm 958 1555 1257 1.15 1.24 1.20

P2 - 282.7 cm 1048 1693 1371 1.17 1.27 1.22

P3 - 300 cm 1082 1702 1392 1.18 1.27 1.23

P4 - 316 cm 1343 1861 1602 1.23 1.31 1.27

P5 - 322.9 cm 1284 1925 1605 1.21 1.32 1.27

P6 - 327.9 cm 1333 1958 1645 1.23 1.33 1.28

Mean 1175 1782 1479 1.19 1.29 1.24

Size Volume Intera. Size Volume Intera.

(A) (B) (A x B) (A) (B) (A x B)

SE± 24.33 14.05 34.41 0.004 0.002 0.006

CD at 5% 71.36 41.20 NS 0.012 0.007 NS
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Abstract
The investigation was conducted with an objective to identify the suitable packaging material for storage

of groundnut pods. This study revealed that pods stored in aluminium foil bag at 6 per cent moisture level by
using moisture absorbent were found suitable for storage of groundnut seed which showed higher seed
germination, field emergence and low incidence of pest and diseases in hot (23-35°C) and humid (90-95%)
condition of Konkan region. 

Key words : Groundnut, storage, packaging material.

______________

Groundnut (Arachis hypogea L.) is one of
the principle oilseed crop; of the world. In seed
production programme, storage of seed from
harvesting to next planting is of prime
importance. Longevity of stored seed is affected
by a number of environmental factors. Among
these, seed moisture content, storage
temperature, relative humidity, photoperiod
and oxygen concentration in storage are
important factors. The orthodox seeds tolerate
considerable amount of dessiccation and over
wide range of conditions, longevity of seeds
increased in quantifiable way with decrease in
moisture content (Robert 1973). The
packaging material and moisture absorbent
plays an important role in maintaining the

longevity of seeds. Groundnut seed have a poor
storability index (Oren and Brass 1979) because
of their high oil content. The groundnut seed of
rabi summer season harvested during April-
May do not remain viable for sowing next rabi
season in Konkan region of Maharashtra. This
may be due to high temperature (25-35°C) and
humid (90-95% humidity) climatic conditions of
kharif season i.e. June to September.
Therefore, different packaging materials and
effect of seed moisture were tested for storage
of groundnut pods.

Materials and Methods

Freshly harvested pods of groundnut cv.
TKG Bold during rabi season were collected
and the pods were dried to 6 and 8 per cent
moisture. The one kilogram groundnut pods
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packed in different packaging material kept for
seven month storage when relative humidity
above 90 per cent and temperature 30-35°C.
Calcium chloride 10 g kg-1 bag was used as
moisture absorbent. The experiment was
conducted in a factorial completely randomized
block design with total fourteen treatments
combination replicated thrice. Treatments were
P1 - Polylined jute canvas bags, P2 - Polylined
HDPE bags, P3 - Polylined cotton bags, P4 -
Aluminium foil bags (pods), P5 - Aluminium foil
bags (seed), P6 - Storage bins, P7 - Control, M1
- Moisture 6 per cent, M2 - Moisture 8 per cent.

The following seed quality evaluations were
made at monthly interval upto seven months of
storage period. Germination was expressed as
the percentage of normal seedling produced in
germination test (in sand). The simplest kind of
pathological test for seed is by way of visual
observation for evidence of diseases symptoms
or insect infestation. The observations on
germination, field emergence, electrical
conductivity, sugar percentage, insect
infestation and pathogen incidence was
recorded after 2, 6 and 7 months of storage.

Results and Discussion

The difference were significant for
germination per cent at 6 and 7 months after
storage due to packaging material (Table-1).
The pods stored in aluminium foil bag showed
germination above minimum seed certification
standard (70%) upto 7 month of storage. The
germination percentage was differed
significantly due to moisture level throughout
storage period except up to 2 month of
storage. Significantly higher germination was
observed at 6 per cent moisture level than 8 per
cent throughout the storage period. There was
no significant difference in germination
percentage at 2 and 6 months during storage
period due to interaction effect. Similar results
were recorded by Chandran and Rajgopal

(2002). The pods stored in tri-aluminium foil
pouches retained high viability for 30 months.
Thus, tri-layered aluminium foil pouches could
be used to increase the longevity of groundnut
seeds. Higher germination percentage
(70.67%) was recorded in pods stored in
aluminium foil bags i. e. P4M1 at 6 per cent
moisture level which was at par with P4M2 i.e.
pods stored in aluminium foil seed bags at 8 per
cent moisture (69.67%). Chuasin et al. (2006)
reported that, soybean stored in metalized
filmbag and Aluminium foil bag showed high
germination, seed vigour, low moisture level
which delayed seed quality deterioration. The
field emergence differed significantly due to
packaging material throughout the storage
period (Table-1). The maximum field
emergence was showed in pods stored in
aluminium foil bags during storage period. Field
emergence was affected significantly due to
moisture level throughout the storage period
except 7 months of storage. The field
emergence was observed higher at 6 per cent
moisture than 8 per cent. There was significant
difference at 2, 6 and 7 months of storage due
to interaction effect. Pods stored in aluminium
foil bags at 6 per cent moisture level i.e. P4M1
showed significantly higher field emergence
over control and other treatments.
Narayanswamy (2003) stated that increase in
storage period, there was gradual decrease in
germination and field emergence.

The electrical conductivity was differed
significantly due to packaging material during
storage period (Table 2). It was observed that,
the electrical conductivity of groundnut seed
was found to increase with advancement of
storage period irrespective of packaging
material. Lower EC was noticed in pods stored
in aluminum foil bags throughout storage
period. Significantly higher EC was observed in
control, during storage period. At 2 months of
storage, same higher EC was noticed in P1, P2
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and P3 as 0.12 which was at par with P5 (0.11)
and P6 (0.11). At 6 months, higher EC was
noticed in control (0.38), which was at par with
P1, P2, P3 and P6 as 0.37, 0.36, 0.36, and
0.34 respectively. The EC of groundnut seed

was affected significantly due to moisture level
throughout storage period except 2 months
after storage. Lower EC was observed at 6 per
cent moisture level than 8 per cent during
storage period. The EC of groundnut seed
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Table 1. Effect of packaging material and moisture level on seed germination (%) and field emergence (%) of groundnut cv.
TKG Bold.

Treatments Seed germination (%) after months Field emergence (%) after months
–––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––
2 6 7 2 6 7

Packing material :
P1 94.67 (76.45)* 59.50 (50.48) 52.83 (46.63) 72.50 (58.38)* 52.50 (46.43) 50.67 (45.38)
P2 95.33 (77.54) 60.00 (50.77) 58.00 (49.61) 77.00 (61.35) 55.17 (47.97) 50.50 (45.29)
P3 94.17 (76.36) 59.50 (50.48) 57.50 (49.31) 74.17 (59.45) 52.67 (46.53) 49.67 (44.81)
P4 96.00 (78.52) 72.33 (58.27) 70.17 (56.89) 81.67 (64.67) 70.50 (57.11) 69.33 (56.38)
P5 95.00 (77.12) 69.67 (56.58) 62.17 (52.05) 78.83 (62.62) 66.33 (54.54) 61.50 (51.66)
P6 89.33 (70.96) 58.33 (49.81) 55.33 (48.07) 73.67 (59.14) 52.00 (46.15) 51.00 (45.57)
P7 79.67 (63.20) 47.33 (43.47) 42.67 (40.78) 71.00 (57.42) 43.17 (41.07) 40.00 (39.23)
S.Em.± 0.54 0.27 0.38 0.28 0.37 0.37
CD at 1% NS 1.04 1.50 1.08 1.45 1.44

Moisture level :
M1 (6%) 92.00 (74.22) 62.05 (52.05) 58.29 (49.82) 76.19 (60.88) 57.10 (49.15) 53.62 (47.12)
M2 (8%) 92.05 (74.39) 59.86 (50.76) 55.62 (48.28) 74.90 (59.99) 55.00 (47.94) 55.00 (46.68)
S.Em.± 0.29 0.14 0.20 0.15 0.20 0.20
CD at 1% NS 0.56 0.80 0.58 0.77 NS

Interaction :
P1M1 94.33 (76.24) 60.33 (37.11) 54.33 (47.49) 72.00 (58.05) 53.33 (46.91) 52.33 (45.33}
P2M1 95.33 (77.54) 61.00 (37.58) 59.67 (50.57) 77.00 (61.35) 58.00 (49.60) 51.33 (45.29)
P3M1 94.33 (76.24) 60.33 (37.10) 58.67 (49.99) 74.00 (59.35) 53.33 (46.91) 50.00 (44.81)
P4M1 95.67 (78.06) 73.00 (46.88) 70.67 (57.14) 83.33 (65.91) 71.33 (57.63) 69.67 (56.38)
P5M1 95.00 (77.12) 70.33 (44.69) 62.33 (52.14) 80.00 (63.44) 65.33 (53.93) 59.33 (51.66)
P6M1 89.00 (70.67) 61.00 (37.58) 59.33 (50.38) 75.00 (60.00) 53.00 (46.72) 51.67 (45.57)
P7M1 80.33 (63.68) 48.33 (28.90) 43.00 (40.97) 72.00 (58.05) 45.33 (42.32) 41.00 (39.81)
P1M2 95.00 (76.66) 58.67 (35.92) 51.33 (45.76) 73.00 (58.70) 51.67 (45.96) 49 (44.38)
P2M2 95.33 (77.54) 59.00 (36.15) 56.33 (48.64) 77.00 (61.35) 52.33 (46.34) 49.67 (44.81)
P3M2 94.00 (76.47) 58,67 (.35.92) 56.33 (48.64) 74.33 (59.56) 52.00 (46.15) 49.33 (44,62)
P4M2 96.33 (78.98) 71.67 (45.77) 69.67 (56.58) 80.00 (63.44) 69.67 (56.58) 69.00 (56.17)
P5M2 95.00 (77.12) 69.00 (43.63) 62.00 (51.96) 77.67 (61.80) 67.33 (55.15) 63.67 (52.94)
P6M2 89.00 (71.25) 55.67 (33.82) 51.33 (45.76) 72.33 (58.27) 51.00 (45.57) 50.33 (45.19)
P7M2 80.33 (62.73) 46.33 (27.60) 42.33 (40.59) 70.00 (56.79) 41.00 (39.81) 39.00 (38.64)
S.Em.± 0.76 0.38 0.54 0.39 0.30 0.52
CD at 1% NS NS 2.12 1.52 2.05 2.04

NS - Non significant, *Figures in parentheses are arc sine transformed values. P1 - polylined gunny bags, P2 - HDPE bags, P3
- Polylined cotton bags, P4 - Aluminium foil bags (pods), P5 - Aluminium foil bags (seed), P6 - Storage bin, P7 - Control, M1
= Moisture (6%), M2 = Moisture (8%)



differed significantly due to interaction effect at
2, 6 and 7 months of storage. Lower EC was
noticed in pods stored in aluminium foil bags
(P4M1) throughout storage period. At 6 months
higher EC was observed in control at 8 per cent
moisture level (0.40), which was at par with
P1M1, P3M1, P7M1, P1M2, P2M2 and P3M2.

The loss of germination and vigor of old seed is
positively correlated with the electrolytic
leaching, which increased with the decrease of
the phospholipids content of the membrane
(Lin, 1990). Abdul Baki and Anderson (1970)
reported that, increased electrical conductivity
with increasing storage period could be
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Table 2. Effect of packaging material and moisture level on electrical conductivity and sugar percentage of groundnut cv.
TKG Bold.

Treatment Electrical conductivity after months Sugar percentage after months
–––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––––
2 6 7 2 6 7

Packing material :
P1 0.12 0.37 0.42 0.19 (2.50) 0.61 (4.49) 0.68 (4.74)
P2 0.12 0.36 0.40 0.19 (2.46) 0.52 (4.13) 0.58 (4.35)
P3 0.12 0.36 0.40 0.21 (2.59) 0.58 (4.36) 0.62 (4.53)
P4 0.10 0.26 0.31 0.13 (2.02) 0.28 (3.02) 0.32 (3.23)
P5 0.11 0.29 0.35 0.14 (2.15) 0.36 (3.45) 0.44 (3.80)
P6 0.11 0.34 0.38 0.16 (2.30) 0.47 (3.94) 0.53 (4.18)
P7 0.12 0.38 0.47 0.24 (2.80) 0.68 (4.72) 0.75 (4.95)
S.Em.± 0.00 0.01 0.01 0.04 0.03 0.03
CD at 1% 0.01 0.04 0.03 0.14 0.10 0.13

Moisture level :
M1 (6%) 0.11 0.31 0.32 0.15 (2.19) 0.49 (3.96) 0.55 (4.20)
M2 (8%) 0.12 0.36 0.46 0.21 (2.61) 0.51 (4.07) 0.57 (4.31)
S.Em.± 0.00 0.01 0.00 0.02 0.01 0.02
CD at 1% 0.00 0.02 0.01 0.08 0.05 0.07

Interaction :
P1M1 0.12 0.35 0.36 0.17 (2.34) 0.59 (4.39) 0.69 (4.75)
P2M1 0.12 0.34 0.35 0.16 (2.29) 0.49 (4.01) 0.55 (4.25)
P3M1 0.12 0.35 0.35 0.17 (2.38) 0.55 (4.25) 0.60 (4.44)
P4M1 0.10 0.19 0.20 0.11 (1.87) 0.26 (2.94) 0.28 (3.05)
P5M1 0.11 0.25 0.27 0.11 (1.93) 0.38 (3.53) 0.43 (3.76)
P6M1 0.11 0.32 0.33 0.13 (2.04) 0.47 (3.92) 0.53 (4.17)
P7M1 0.12 0.36 0.37 0.19 (2.48) 0.66 (4.67) 0.75 (4.97)
P1M2 0.12 0.38 0.47 0.22 (2.66) 0.64 (4.59) 0.68 (4.73)
P2M2 0.12 0.37 0.45 0.21 (2.63) 0.55 (4.24) 0.60 (4.44)
P3M2 0.12 0,38 0.46 0.55 (4.24) 0.61 (4.47) 0.65 (4.61)
P4M2 0.10 0.33 0.41 0.26 (2.90) 0.29 (3.10) 0.35 (3.41)
P5M2 0.11 0.32 0.43 0.34 (3.34) 0.34 (3.36) 0.45 (3.85)
P6M2 0.11 0.37 0.43 0.41 (3.66) 0.48 (3.97) 0.53 (4.19)
P7M2 0.12 0.40 0.56 0.63 (4.56) 0.69 (4.76) 0.74 (4.93)
S.Em.± 0.00 0.01 0.01 0.03 0.04 0.05
CD at 1% 0.01 0.05 0.04 0.12 0.14 0.18

NS - Non significant, *Figures in parentheses are arc sine transformed values.



attributed to subsequent loss of membrane
integrity.

Sugar percentage was differed significantly
due to different packaging material throughout
storage period (Table-2). Lower sugar
percentage was noticed in pods stored in

aluminium foil bags i.e. (P4) throughout storage
period. Significantly higher sugar percentage
was observed in control (P7) during 2, 6 and 7
months of storage. There was significant
difference in sugar percentage due to
interaction effect of packaging material and
moisture level except 2 months of storage
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Table 3. Effect of packaging material and moisture level on pest infestation and disease incidence of groundnut cv. TKG
Bold.

Treatments Pest infestation after months Disease incidence after months
––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––
2 6 7 2 6 7

Packing material :
P1 0.00 (0.00)* 9.83 (18.19) 15.17 (22.78) 0.00 (0.00)* 20.50 (26.88) 24.33 (29.52)
P2 0.00 (0.00) 4.67 (12.24) 13.50 (21.32) 0.00 (0.00) 14.33 (22.60) 16.67 (24.08)
P3 0.00 (0.00) 11.33 (19.36) 14.83 (22.58) 0.00 (0.00) 17.11 (25.19) 23.00 (28.63)
P4 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
P5 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
P6 0.00 (0.00) 9.83 (18.17) 15.17 (22.85) 0.00 (0.00) 18.17 (16.24) 17.33 (24.59)
P7 0.00 (0.00) 24.67 (29.74) 32.00 (34.43) 0.00 (0.00) 27.16 (31.20) 33.00 (34.97)
S.Em.± 0.00 0.57 0.54 0.00 0.91 0.68
CD at 1% 0.00 2.23 2.10 0.00 3.55 2.65

Moisture level :
M1 (6%) 0.00 (0.00) 7.10 (12.51) 11.14 (16.28) 0.00 (0.00) 11.33 (16.45) 14.71 (49.82)
M2 (8%) 0.00 (0.00) 10.14 (15.40) 14.76 (19.14) 0.00 (0.00) 14.05 (18.44) 18.14 (48.28)
S.Em.± 0.00 0.30 0.29 0.00 0.49 0.20
CD at 1% 0.00 1.19 1.12 0.00 1.90 0.80

Interaction :
P1M1 0.00 (0.00) 8.00 (4.39) 12.00 (20.23) 0.00 (0.00) 20.00 (26.55) 22.00 (47.49)
P2M1 0.00 (0.00) 3.33 (4.01) 9.67 (18.05) 0.00 (0.00) 14.67 (22.50) 16.00 (50.57)
P3M1 0.00 (0.00) 7.33 (4.25) 13.00 (21.07) 0.00 (0.00) 18.67 (25.60) 21.33 (49.99)
P4M1 0.00 (0.00) 0.00 (2.94) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
P5M1 0.00 (0.00) 0.00 (3.53) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
P6M1 0.00 (0.00) 8.33 (3.92) 13.67 (21.64) 0.00 (0.00) 5.67 (13.69) 16.67 (50.38)
P7M1 0.00 (0.00) 22.67 (4.67) 29.67 (33.00) 0.00 (0.00) 20.33 (26.80) 27.00 (40.97)
P1M2 0.00 (0.00) 11.67 (4.59) 18.33 (25.34) 0.00 (0.00) 21.00 (27.20) 26.67 (45.76)
P2M2 0.00 (0.00) 6.00 (4.24) 17.33 (24.60) 0.00 (0.00) 15.00 (22.69) 17.33 (48.64)
P3M2 0.00 (0.00) 15.33 (4.47) 16.67 (24.08) 0.00 (0.00) 17.67 (24.78) 24.67 (48.64)
P4M2 0.00 (0.00) 0.00 (3.10) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
P5M2 0.00 (0.00) 0.00 (3.36) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 1.33 (0.00)
P6M2 0.00 (0.00) 11.33 (3.97) 16.67 (24.07) 89.00 (0.00) 10.67 (18.79) 18.00 (45.76)
P7M2 0.00 (0.00) 26.67 (4.76) 34.33 (35.87) 0.00 (0.00) 34.00 (35.60) 39.00 (40.59)
S.Em.± 0.00 0.81 0.76 0.00 1.28 0.54
CD at 1% 0.00 3.15 2.97 0.00 5.02 2.12

NS - Non significant, *Figures in parentheses are arc sine transformed values.



period. Significantly higher sugar percentage
was noticed in control at 8 per cent moisture
level at 2, 6 and 7 months of storage as 0.30,
0.69, and 0.74 per cent respectively. Lower
sugar percentage was observed in pods stored
in aluminium foil at 6 per cent moisture level
(P4M1). At 6 months, higher sugar percentage
was observed in control at 8 per cent moisture
level (0.69%), which was at par with P7M1
(0.66%). At 7 months, higher sugar percentage
was noticed in control at 6 per cent moisture
level i.e. P7M1 (0.75%), which was at par with
P7M2 (0.74%). Agrawal and Siddiqui (1973)
reported that, sugar percentage increase with
increase in storage period. Increase in storage
temperature and seed moisture the germination
percentage decreased, while free fatty acid and
leaching of sugar increased in seed storage
period. Aging the seeds for 2, 5 and 8 months
increased sugar leaching and reduced viability
(Abdul Baki and Anderson (1969).

Data presented in Table 3 revealed that,
there was a significant difference in pest
incidence due to different packaging material at
2, 6 and 7 months of storage period. There
was no pest incidence in pods stored in
aluminium foil bags and seed stored in
aluminium foil bags throughout storage period.
Significantly highest pest incidence was
observed in control (P7) during 2, 6 and 7
months storage was 0, 24.67 and 32.00 per
cent respectively. The pest incidence was
differed significantly due to moisture level
except 2 month of storage. Lower pest
incidence was observed at 6 per cent moisture
level than 8 per cent. There was significant
difference in pest incidence throughout storage
period due to interaction effect of packaging
material and moisture content. There was no
pest incidence observed in aluminium foil (pods)
bags and aluminum foil (seed) bags both at 6
and 8 per cent moisture level. Significantly

higher pest incidence was observed in control at
8 per cent moisture level (P7M3). Rasheed et al.
(2004) stated that, increase in storage period,
there was increase in pest and disease
infestation on groundnut seed. Warham (1986)
recorded that, Aluminum foil bag restrict insect
penetration and maintained germination of
groundnut.

Disease infestation was differed significantly
due to different packaging material at 6 and 7
months of storage (Table 3). There was no
disease infestation in pods stored in aluminium
foil bags and seed stored in aluminium foil bags
throughout storage period. Significantly higher
disease infestation was noticed in control (P7)
during 6 and 7 months as 27.16 and 33.00 per
cent. There was significant difference in disease
infestation due to moisture level at 6 and 7
month of storage. Higher disease infestation
was noticed at 8 per cent moisture level than 6
per cent moisture level. There was significant
difference in disease infestation due to
interaction effect of packaging material and
moisture level during storage except 2 months.
No disease infestation was noticed in pods
stored in aluminium foil and seed stored in
aluminium foil bags at both 6 and 8 per cent
moisture level throughout storage period.

It is concluded that, aluminium foil bags are
suitable packaging material for storage of
groundnut pods at 6 per cent moisture level as
they indicated higher seed germination, field
emergence, lower electrical conductivity, lower
sugar percentage, low incidence of pest and
disease in hot (25-35°C) and humid (90-95%)
condition of Konkan region.
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Abstract
The overall efficiency of electricity generator was observed more in rice bran as compared to mahua and

neem. Overall efficiency of electricity generator set was increased for 3000 watt loading condition. The
overall efficiency was found in the range of 20-29 per cent for rice bran,  21-30 per cent for mahua and 18-
26 per cent for neem biodiesel blends. The values were found more than the generator operating on pure
petroleum diesel. Almost all the characteristics of biodiesel prepared from different oils were comparable to
those of petro-diesel. Therefore, it can be used as an alternative fuel in blends in diesel engines without
making modification in the existing diesel engines.

Key words : Biodiesel, feedstocks, rice bran, mahua, neem.

______________

In view of ever-increasing composition (40
Mt/year), cost of escalation and impending
uncertainties of diesels availability, search for
alternative fuel for at least 10 per cent

substitution of petro-diesel in the short term
and more subsequently by alternative fuels has
assumed critical importance in India (Sangha
and Verma 2000). Biodiesel is a nontoxic and
biodegradable alternative fuel that is obtained
from renewable sources and can be prepared
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from waste cooking oil (Lang et al. 2002). It
can be used in its neat form or as a blend with
conventional diesel fuel in diesel engines
without any modifications (Chandra, 1998).

Being tropical country, India is rich in forest
resources having wide range of trees, which
yield a significant quantity of oil seed. The
species of non-edible oil seeds of Mahua
(Madhuca indica), neem (Azadirachta indica),
Ratanjyot (Jatropha curcus) are found in India
(Agrawal and Agrawal 2007).

During the last two decades a major
breakthrough has been made in the use of
transesterified plant oils and animal fats
popularly known as biodiesel as a partial or
complete substitution of petro-diesel. Presently,
biodiesel occupies a unique position among the
renewable biofuels as it is ideally suited for use
in a diesel engine (Demirbas, 2009).

Materials and Methods

Transesterification of vegetable oils of
neem, mahua and rice bran were carried out
with methanol in the presence of basic catalyst
(NaOH and KOH). These oils were purchased
from local market of Akola. The biodiesel fuel
was prepared by using 5 lit capacity batch type
reactor. The catalyst was dissolve into the
alcohol by vigorous stirring in small stainless
steel container. The oil was transferred into the
reactor and then the catalyst / alcohol mixture
poured into the oil and final mixture stirred
vigorously for one hour. Two phases were
obtained at the end of reaction were ester and
crude glycerol. Biodiesel was observed in the
top one and glycerin a sub product of process
was observed in the lower one. Properties of
biodiesel tested (Table 1) according to ASTM
D6751 standard.

In biodiesel production process the main
reaction is transesterification of vegetable oil. In
this process triglycerides oils are converted

under heat to methyl or ethyl ester and glycerin
by alcohol and a strong base catalyst (e.g.
hydroxide and lye).

Engine : Make - Krilosakr, Rating - 3kW,
Speed - 1500 rpm, Cylinder - 1 and
Compression ratio - 17:1.

Generator : Make - Kirloskar, Rating -
3kW, Voltage - 230V, Rated Ampere - 13.1,
Frequency - 50 Hz and Output - Single phase. 
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Mix methanol and
sodium hydroxide

Mix methanol and sodium hydroxide
mixture with heated oil and stirr

Leave it for at least 4 hour for
settlement of glycerol

Take out biodiesel by
decantation

Wash biodiesel with
water

Leave for 5 minutes each time
and for 15 minutes in final

washing for settlement of water

Take out biodiesel by
decantation

Take out biodiesel by
decantation

Heat biodiesel to
remove traces of water

Biodiesel

2-3 times

Water with
impurities

Glycerol

Sodium
hydroxide

Heat
Heat oil to
below 60°C

Fig. 1. Process flow diagram for production of
bio-diesel



Biodiesel and petro-diesel blends B20, B40,
B60, B80 and pure biodiesel was prepared and
used as a fuel in diesel fuel electricity generator.
Overall efficiency of the generator working on
different blends of biodiesel and petro-diesel
was determined by considering the specific fuel
consumption and the output given by the
generator.

Energy output was considered as load given
to the generator. However, energy input was
measured from calorific value of measured
quantity of specified blends of fuel, utilized
during test run.

Readings on engine parameter such as
specific fuel consumption, engine RPM,
exhaust gas temperature, output current and
voltage were measured. Instrumentation used
were electncity generator, stop watch, fuel
measuring cylinder, tee arrangement for fuel
supply, ammeter, voltmeter, wattmeter, electric
coils 1500 watt and 3000 watt, temperature
meter and digital tachometer.

Different blends of rice bran, mahua and
neem biodiesel as B20, B40, B60, B80 and B100
by volume were prepared with petroleum
diesel. Fuel supply for electricity generation was
provided by using tee arrangement to existing
fuel supply line. Consumption of fuel for
specified time was measured with the help of
fuel measuring cylinder. Generator was running
on no load, half load and full load. On these
load; output wattage, voltage, current,
frequency, engine RPM, time required to

consume specified volume of fuel was measured
for each blend of biodiesel.

Initially electricity generator was run on
petro-diesel and time required to consume
specific amount of diesel for no load, half load
and full load was measured. Efficiency of
generator running on diesel fuel was considered
as a bench mark. Generator was run on
specified blend of rice bran, mahua and neem
biodiesel and corresponding efficiency were
determined and compared with diesel fuel.
Overall efficiency of electric generator was
calculated as ratio of energy output to energy
input Overall efficiency (Percent) = Energy
output (kwh) / Energy input(kwh) * 100.

Output energy was considered as load given
to generator however, energy input was
calorific value of measured quantity of specified
blends of fuel.

Results and Discussion

Biodiesel and glycerin recovery : After
transesterification process of rice bran, mahua
and neem oil the mixture was allowed to
settling in the 5 lit. capacity plastics can and
settle over- night by gravity settling into a clear
golden liquid biodiesel on the top with the light
brown glycerol at the bottom.

The amount of biodiesel after washing and
glycerin obtained by this process were
measured and presented in Table 2. Biodiesel
recovery from Rice bran, Mahua and Neem was
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Table 1. Some properties of rice bran, mahua, neem oil, diesel and their biodiesel.

Properties Rice bran Mahua Neem Diesel
––––––––––––––––––– ––––––––––––––––––––– ––––––––––––––––––––
Oil Bio- Oil Bio- Oil Bio-

diesel diesel diesel

Calorific value (MJ kg-1) 39.5 42.6 38.863 35.173 34.1 32.5 47.4
Density 0.923 0.861 0.9040 0.875 0.918 0.868 0.849
Specific gravity (g ml-1) 0.9040 0.861 0.9082 0.863 0.9240 0.860 0.842
Viscosity (Cs) 42.2 6.8 50 7.4 40 4.3 5.8
Flash point (°C) 256 164 241 170 180 120 47



910, 808 and 822 ml, respectively from 1000
ml of raw oil. At the same time glycerin
recovery from rice bran, mahua and neem was
90, 191.66 and 177.66 ml, respectively. The
amount of esterified oil and glycerin obtain by
using biodiesel processor was more in Rice
bran, Mahua and Neem. Thus the biodiesel
processor was capable of producing biodiesel
from edible and non- edible oil with more than
80 per cent recovery. The differences observed
in the biodiesel and glycerin recovery was due
to the quality of feed stock. During experiment
raw mahua and neem oil was used for biodiesel
production and on the contrary filtered and
refined rice bran oil gave more biodiesel yield.
The properties of vegetable oil and biodiesel is
presented in Table 1.

The overall efficiency of generator operating
on petro-diesel on 1500 W and 3000 W
constant loading condition were found to be
16.37 per cent and 22.14 per cent,
respectively. However, corresponding energy
input to generator were 0.65 kg ha-1 and
0.926 kg ha-1, respectively.

The value of overall efficiency at 1500 W in
per cent for Rice bran biodiesel blends B20,
B40, B60 and B80 were found to be 15.27,
16.6, 16.26 and 15.9 per cent, respectively.

Overall efficiency of generator for 1500 W
loading condition and for specified blends for
rice bran biodiesel were found in range of 15-
17 per cent.

The overall efficiencies for blending
proportion of B20, B40, B60 and B80 were
found to be 21.59, 21.17, 20.21 ana 18 per
cent, respectively. The generator was operating
very smoothly without any noise and knocking
on pure biodiesel and its blends. The fuel input
for production of 3000 W electricity was found
to be 0.75 kg hr-1. The performance of
electricity generator for production of 3000 W
electricity in term of operational efficiency were
found better on B100 rice bran fuel blends.

The overall efficiencies of electricity
generator working on B20, B40, B60 and B80
blends of neem biodiesel with diesel were found
to be 16, 17.8, 19.6 and 20.1 per cent,
respectively. The engine working on 100 per
cent neem biodiesel was run on overall
efficiency of 20.34 per cent. As compared with
diesel fuel, overall efficiency of electricity
generator were found to be more in B40, B60,
B80 and B100 neem biodiesel. The maximum
efficiency observed in B80 and B100 fuel
proportions were 20.1  and 20.34 per cent
respectively.

The fuel consumption was found to be more
in all the blends of neem biodiesel than the
generator operating on diesel fuel.

The overall efficiency at 3000 W B20, B40,
B60 and B80 blends were 18.1, 21, 24.3 and
24.7 per cent. When the engine was fueled
separately pure neem biodiesel and petro-
diesel, its efficiency were found to be 26.6 and
22.14 per cent, respectively.

As compared with diesel fuel the generator
was running more efficiently on B60, B80 and
B100 proportion. The fuel consumption of
petro-diesel and pure neem biodiel were 0.926
and 1.08 kg hr-1, respectively. The fuel
consumption was found more in pure neem
biodiesel. The engine rpm did not show any
significant change when operated on biodiesel.
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Table 2. Biodiesel and glycerin recovery in
transesterification process.

Parti- Rice bran Mahua Neem
cular ––––––––––––– –––––––––––– –––––––––––––

Bio- Glyc- Bio- Glyc- Bio- Glyc-
diesel erin diesel erin diesel erin
(ml) and (ml) and (ml) and 

soap soap soap
(ml) (ml) (ml)

Batch I 900 100 800 200 815 185
Batch II 910 90 810 190 822 178
Batch III 920 80 815 185 830 170
Mean 910 90 808 191.66 822 177.66



The overall efficiency of generator set at
1500 W fueled with diesel found to be 16.37
per cent with corresponding fuel consumption
of 0.65 kg hr-1. The overall efficiencies of
electricity generator working on B20, B40, B60
and B80 blends of Mahua biodiesel with diesel
were found to be 16.26, 16.94, 16.73 and
18.30 per cent, respectively.

As compared with diesel fuel, overall
efficiency of electricity generator was found to
be more in B80 and B100 mahua biodiesel. The
efficiency observed on B80 and B100 fuel
proportions were 18.3 and 18.61, respectively.

The overall efficiency of generator set at
3000 W fueled with diesel was found to be
22.14 per cent with corresponding fuel
consumption 0.92 kg hr-1. The overall
efficiencies of electricity generator working on
B20, B40, B60 and B80 blends of mahua
biodiesel with diesel were found to be 30.47,
21.58, 22.84, and 23.07 per cent,
respectively. The engine working on 100 per
cent mahua biodiesel was run on overall
efficiency of 25.11 per cent. As compared with
diesel fuel, overall efficiency of electricity
generator were found to be more in B20, B80
and B100 mahua biodiesel. The maximum
efficiency observed on B20 and B100 fuel
proportion were 30.47 and 25.11 per cent,
respectively.

When compared with 1500 W loading
condition the overall efficiency of the generator
was improved on 3000 W electrical output.
The calorific value of diesel, rice bran, mahua
and neem biodiesel were 11323.45,
10176.75, 8402.53 and 7763.94 kcal kg-1
respectively. Thus calorific values of all the
biodiesel and its blends were found less than the
diesel fuel. Further, the increase in overall
efficiency of electricity generator fueled with
biodiesel and its specified blends with diesel
may be due to the complete combustion of fuel
in the engine. Since biodiesel is an oxygenated

fuel and it contains 10-11 per cent oxygen
which improves combustion in the engine as
reported by Shrinivasan (2001).

It was observed that when the engine was
run on different biodiesel blends, exhaust
temperature of engine increases with increase
in load. At no load, half load and full load
condition the exhaust temperature were found
in the range of 79-84, 87-108 and 102-
120°C, respectively.

It could be concluded from characterization
study that almost all the characteristics of
biodiesel prepared from different oils, are
comparable to those of petro-diesel. Therefore,
it can be used as an alternative fuel in blends in
diesel engines without making modification in
the existing diesel engines. The specific fuel
consumption of biodiesel is slightly higher as
compared to petro-diesel due to its lower
heating value and higher density.
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Growing demand for energy results in
increasing dependency over fossil fuels such as
coal, oil, and natural gas. Depletion of these
energy sources and increasing cost are causing
concern about the future energy security.
Under such situation, the country urgently
needs to develop a sustainable path of energy
development. Biomass is one of the main
energy sources for the mankind. Agricultural
residues constitute one of the important
biomass in India (Srivastava, 2009). Babu
(2001) reported that in India, briquettes were
mostly manufactured from groundnut shell, saw
dust, coffee husk, bagasse, mustard stalk,
cotton stalk and press mud. While the Southern
region of India produced briquettes mostly from
groundnut shell and saw dust. India had
approximately 141 million hectares of arable
land and agricultural output was around 800
million tonnes, which in itself generates 750 Mt
of waste (Srinivasan, 1995). Briquetting
technology is the promising technology to
utilize these agro residue as a fuel. Today

briquettes are widely used in almost all the
industries like paper mills, textile units, dyeing
houses, chemical plants, leather industries, and
food processing units as well as all the other
units having boiler (Grower et al. 1994 and
1996). To spread and improve briquetting
technology in India, Indian Renewable Energy
Development Agency (IREDA) is granting
financial assistance for the project. However,
this technology is not being used efficiently
because of their technical flaws and also due to
lack of understanding of biomass
characteristics. Performance of briquetting
machine varies with type of raw material and its
moisture content (Srivastava, 1986). Around
800 briquetting presses are operating in India,
which produces more than 3 Mt of briquettes,
annually (Bharadwaj, 2009).

The study aims at examining the challenges
or barriers faced and will help to improve
biomass briquetting with minimum energy
consumption which increases profit in
briquetting industry. Also it will help to
propagate the technologies based on renewable
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Abstract
Effect of raw material and moisture content on various parameters was observed. Performance of piston

press briquetting machine was evaluated by using soybean husk and groundnut shell having three proportions
with saw dust at four levels of moisture content 6, 8, 10 and 12 per cent (wb). Briquette production of GS3
(Groundnut shell:saw dust, 75:25) was found higher (1420 kg h-1) at 10 per cent moisture content. It was
observed that production increased with increase in the saw dust percentage in feed composition and power
consumption per tonne decreased. It was observed that extent of densification found more at 8 per cent of
moisture content in the range of 617.31 to 1089.10 per cent. Volumetric energy density was found highest
using raw material SS1 in the range of 8.64 to 13.26, kcal m-3.
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energy source for power generation in
domestic/commercial sector. Suitability of
agriculture residue for briquetting and that of
briquettes as fuel was judged after
experimentation. The recent successes in
briquetting technology and the growing number
of entrepreneurs in the briquetting sector, are
evidence that biomass briquetting will emerge
as a promising option for the new
entrepreneurs and other users of biomass.

Materials and Methods

A survey of briquetting plant operating in
MIDC Akola was done. A commercial
briquetting plant was selected having piston
press type briquetting machine designed for
continuous heavy-duty operation having 90
mm diameter.

Features of the biomass briquetting Machine
Jumbo 90 were raw material form upto 20 mm
max, moisture content below 10 per cent,
production capacity 1000-1500 kg h-1, size of
finished product 90 mm diameter, shape of the
finished product cylindrical and compression
pressure 350 MPa.

For the experiment, groundnut shell,
soybean husk and saw dust were selected as
these abundantly available in local area though
out the year. During the test run raw materials
were used as SS1 = Soybean husk : saw dust
(100:0), SS2 = Soybean husk : saw dust
(75:25), SS3 = Soybean husk : saw dust
(50:50), GS1 = Groundnut shell : saw dust
(100:0), GS2 = Groundnut shell : sawdust
(75:25) and GS3 = Groundnut shell : saw dust
(50:50).

The effect of various factors such as raw
material, its moisture content on production
capacity of the briquetting machine, power
consumption and its extent of densification
were studied. The factors were identified as per
the experimental observation and the prevailing

practical condition. The raw material selection
plays a key role in the successful briquetting of
biomass.

A commercial briquetting plant had piston
press type briquetting machine designed for
continuous heavy-duty operation with two load
wheels. One of the load wheels acted as a
pulley, and driven by the main motor through a
flat belt. Forced lubrication was provided by oil
lubrication system which gave a longer life to
the press. Briquetting pressure was kept
constant. Initially dry and homogenous
powdery saw dust in form of raw material was
fed through the screw conveyor to kupy by
means of vertical screws, with its own-geared
motor. It pre-compressed and forced the
material downward into the feeder box. From
the feeder box the material was forced by the
ram through taper die and due to high pressure
and heat, powder form was converted into solid
cylindrical briquettes. Finally, when finished
briquettes came out from die holder and passed
through natural cooling lines, the briquetting
machine was ready to run using any type of
agro residue of size less than 25 mm. The
experiment was conducted using each
combination at four levels of moisture content,
6, 8, 10 and 12 per cent (wb). Moisture content
was changed to predetermined values by drying
or by addition of water.

During the test run on the briquetting
machine the observation such as electricity
consumption, temperature of briquette, output
of the machine, voltage and current and water
temperature for each type of briquette were
recorded.

Total output of briquetting plant in terms of
briquettes produced in one hour with the help
of electronic weighing balance in kg h-1 was
determined. Power required by the machine for
production of briquettes in 1 h. was measured
as P = Electric power (kWh). Extent of
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densification is the ratio of true density of
briquette to the density of loose agro residue in
per cent. Volumetric energy density of briquette
is the ratio of calorific value of briquette to the
calorific value of raw material on volumetic
basis. Calorific value of 1 m3 of raw material
(CVr) = ρr x C.V. (kcal m-3). Calorific value of 1
m3 of briquette (C Vbriquette) = ρbriquette x C. V
(kcal m-3).

C Vbriquette
Evolumetric =  ––––––––––––––––––––––

C Vr

Where, ρr = Density of raw material, kg
m-3, ρbriquette = Density of briquettes, kg m-3,
C.Vr = Calorific value of raw material, kcal
kg-1, Evolumetric = Volumetric energy density
(Mandve, 2010).

Results and Discussion

The experiment was conducted using each
combination at four levels of moisture content,
6, 8, 10 and 12 per cent, (wb). There was less
briquette production (Table 1) at 6 per cent
moisture content using all selected raw
materials. Less briquette production caused due
to less cohesive force formed among the raw
material particle. Low moisture content of the
biomass leads to poor compaction. Also the
friction of briquette surface with the die wall
delivered more load to the main motor. At 8
per cent of moisture content, operation of
briquetting machine was found smoother than
at other levels of moisture content. The
increasing trend of briquette production goes
on increasing with moisture content up to 10
per cent except GS2. At 12 per cent moisture
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Table 1. Effect of raw material and moisture content on performance of briquetting machine.

Sample M.C. Bulk Briquette Briquette Power Extent of Volumetric
% (wb) density density production consum- densifi- energy

(g mm-1) (g mm-1) (kg h-1) ption cation density
(kWh t-1) (%) (kcal mm3)

SS1 6 0.097 1.034 545 42.20 1041.23 10.65
8 0.101 1.34 625 35.2 1089.10 13.26

10 0.112 1.042 660 36.36 901.78 9.30
12 0.117 1.012 575 45.21 854.70 8.64

SS2 6 0.12 0.906 750 36 833.33 7.5
8 0.129 0.912 800 35 875.96 7.06

10 0.137 0.921 820 37.80 824.81 6.72
12 0.132 0.906 780 39.74 848.48 6.86

SS3 6 0.158 0.954 820 39.02 664.55 6.01
8 0.16 0.965 980 33.67 700 6.03

10 0.168 0.966 1020 34.31 673.80 5.75
12 0.171 0.961 850 36 654.97 5.61

GS2 6 0.15 0.964 1150 32.17 693.33 6.15
8 0.153 0.967 1200 31.67 718.95 6.32

10 0.157 0.969 1180 33.47 671.97 6.17
12 0.159 0.959 1100 35.65 647.79 6.03

GS3 6 0.176 0.985 1350 27.40 625 5.55
8 0.179 0.996 1400 26.78 617.31 5.56

10 0.183 0.989 1420 27.46 604.37 5.40
12 0.184 0.991 1200 31.15 600.54 5.38

Where, SS1 = Soybean husk : saw dust (100:0), SS2 = Soybean husk : saw dust (75:25), SS3 = Soybean husk : saw dust
(50:50), GS2 = Groundnut shell : saw dust (75:25) and GS3 = Groundnut shell : saw dust (50:50)



content the briquette production was found
lower as compared to 10 per cent moisture
content. The briquettes formed at 12 per cent
were slightly poor in quality and weaker than
other briquette samples at 6,8 and 10 moisture
content. It was observed that briquetting
operation at 12 per cent moisture content was
uneven. This is because excess steam was
produced at higher moisture content leading to
the blockage of incoming feed from the hopper
to the die of briquetting machine.

It was observed that in the range of 6 to 12
per cent moisture content of raw material,
briquette production increased up to 10 per
cent moisture content and then decreased. The
briquette production using raw material SS1
was lowest in range of 545 to 660 kg hour-1

and that of GS3 was highest in the range of
1200 to 1420 kg hour-1.

Power consumption : It was observed
that power consumption was found less at 8
per cent moisture content for all raw materials.
Average power consumption was found higher
at 6 and 12 per cent moisture content (wb). At
low moisture content, compaction of biomass
created more load and at higher moisture
content of raw material the screw conveyer
operated at low conveying speed. At 12 per
cent of moisture content, the power
consumption for raw material SS1 was found
higher (45.21 kWh t-1) and that for SS2, SS3,
GS2 and GS3 were found to be 39.02, 36,
35.65 and 31.15 kWh t-1, respectively. This
happened because raw material SS1 contained
only fibrous soybean husk therefore, had less
cohesion. The raw material which contained
saw dust had more cohesion and hence less
friction with die wall therefore consumed less
power.

It was also observed that power
consumption was higher using raw material
SS1 in the range of 35 to 45.21 kWh t-1. Least

power consumption was observed using GS3
i.e. 26.7 to 31.15 kWh t-1, respectively.
Average power consumption goes on
decreasing with the increase in quantity of saw
dust in raw material, because of increase in
cohesive forces in raw material particles.

Densification : Extent of densification
found more at 8 per cent of moisture content
i.e. in the range of 617.31 to 1089.10 per
cent and was found less at 12 per cent of
moisture content i.e. in the range of 600.54 to
854.7 per cent. Aerage extent of densification
increased up to 8 per cent, and then decreased.
It indicated that for good briquetting 8 per cent
moisture content is desirable. Raw material SS1
resulted in higher densification as its extent of
densification ranged from 854.7 to 1089.1 per
cent. Extent of densification was found lower in
GS3 in the range of 600.54 to 625 per cent.

Volumetric energy density : Volumetric
energy density represents the efficiency of
briquettes formed. It was observed that
volumetric energy density was almost highest at
8 per cent moisture content of raw material. At
6, 10 and 12 per cent there was no significant
difference in their volumetric energy density.
Densification was found highest at 8 per cent
moisture content of raw material. It was also
observed that volumetric energy density was
maximum using raw material SS1 i.e in the
range of 8.64 to 13.26 kcal m-3 and that of
minimum using GS3 was found in the range of
5.38 to 5.56 kcal m-3. It was also clear that
volumetric energy density decreased with
increase in the quantity of saw dust in raw
material.

It is concluded that briquette production was
higher at 10 per cent of moisture content of
raw material. GS3 gave higher briquette
production (1200 to 1420 kg h-1) at all
moisture content of raw material. Briquetting
plant gave better performance at 8 per cent
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moisture content of raw material. Briquette
production of GS3 required less power
consumption than other sample. Extent of
densification found more at 8 per cent of
moisture content of raw material i.e. in the
range of 617.31 to 1089.10 per cent. Raw
material SS1 resulted in higher densification.
Volumetric energy density of all briquette
samples was found high at 8 per cent of
moisture content of raw material. Volumetric
energy density decreased with increase in the
quantity of saw dust in raw material.
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Abstract
The 0.8 PE irrigation level recorded significantly higher yield than other irrigation levels. Treatment 0.8

PE with 100 per cent RDF recorded significantly superior yield (187.07 q ha-1) of cauliflower crop (cv. Hunsa)
with higher B:C ratio (1.62) under drip irrigation compared to surface irrigation (157.61 q ha-1) yield with
1.39 B:C ratio.
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The yield of cauliflower can be increased by adopting improved irrigation, fertilizer and
cultural practices. Among improved irrigation
and fertigation practices, application of some
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commercial and water soluble fertilizers through
drip irrigation system play an important role.
Cost estimation for cultivation of any crop
under drip irrigation plays vital role in adoption
of drip irrigation. With these considerations in
view, the present experiment was planned with
objectives to determine appropriate irrigation
scheduling for cauliflower under drip irrigation
and workout economic feasibility of drip
irrigation system for cauliflower crop.

Materials and Methods

The field experiment was conducted during
rabi season of 2008-09 at Department of
Irrigation and Drainage Engineering,
Marathwada Krishi Vidyapeeth, Parbhani.
Geographically Parbhani is situated at 19° 16'
North latitude and 76° 47' East longitude with
an altitude of 409 m above MSL. The
experimental plot size of each treatment was
4.8 x 3.6 m. The buffer strip with 1 m was left
between two treatment plots and two
replications. Pan evaporation (PE) is one of the
irrigation scheduling criteria. Therefore, the
treatments constituted the combination of four
irrigation levels and three fertilizer levels
including main plot treatments (irrigation levels
with drip system of irrigation) as I1 - Irrigation
at 0.4 PE, I2 - Irrigation at 0.6 PE, I3 - Irrigation
at 0.8 PE. The sub plot treatments (fertilizer
application) as F1 - 50% RDF, F2 - 75 per cent
RDF, F3 - 100 per cent RDF and control: I4 -
Surface irrigation at 1.2 IW/CPE. The
treatments were replicated thrice in split plot
design with cauliflower cv. Hunsa. The plant
spacing was maintained 60 x 60 cm and
fertilized with recommended fertilizer
120:60:60 NPK kg ha-1.

The surface irrigation method as control
treatment adopted for comparison and was
scheduled on the basis of climatological
approach. The IW/CPE ratio was 1.2 and
depth of irrigation water applied for irrigation

was 6 cm. The irrigation water was measured
with the help of water meter and constant
discharge was maintained throughout the time
of application. Time of water application was
calculated by considering the discharge through
water meter, depth of water to be applied and
area to be irrigated.

Drip irrigation was scheduled at an alternate
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Table 1. Effect of irrigation levels and fertilizer levels on
head weight and circumference of cauliflower.

Treatment Yield Curd
–––––––––––––––––––––– circum-
head-1 (q ha-1) ference
(g) (cm)

Irrigation method :
Drip 1276.66 187.07 46.33
Surface 987.15 157.65 42.96
S.E.± 34.90 1.28 0.45
C.D. at 5% NS NS NS

Drip and surface irrigation :
I1F1 740.0 161.23 39.8
I1F2 856.66 162.00 41.23
I1F3 916.60 166.34 43.82
I2F1 933.33 181.99 39.84
I2F2 1016.05 189.34 40.96
I2F3 1136.66 202.20 53.36
I3F1 1003.33 191.18 49.10
I3F2 1203.33 208.90 52.86
I3F3 1368.23 220.50 56.07
Surface 987.15 157.65 42.95
S.E.± 18.04 1.29 1.53
C.D. at 5% NS NS 4.60

Irrigation levels :
I1 901.67 163.39 41.61
I2 1042.50 192.17 44.72
I3 1254.42 206.86 52.67
S.E.± 18.04 0.79 0.05
C.D. at 5% NS 2.49 0.128

Fertilizer levels :
F1 837.70 162.28 42.05
F2 1232.20 192.84 45.08
F3 1262.25 206.36 51.62
S.E.± 22.10 3.58 1.47
C.D. at 5% 69.53 NS 0.03



day. Initially cumulative pan evaporation (CPE)
of two days was computed. The depth of
irrigation, volume of water to be applied and
operating time was calculated by taking into
account pan evaporation of two days. The
depth of irrigation was calculated as per
irrigation schedules.

Water soluble fertilizer grade 19:19:19 was
used for the treatments T1 to T9 and urea
(46.4% N), single super phosphate (16% P2O5)
and muriate of potash (60% K20) were used as
RDF (120:60:60 Kg NPK ha-1) for surface
irrigation treatment i.e control.

Water use efficiency : The water use
efficiency for all treatment was determined
from the data on corresponding yield and
volume of water applied.

Economics : It has been estimated by
considering the general layout for 1 hectare.
The quantity of curd produced in one plot was
converted into hectare. Hence total yield per
hectare was considered as total yield. The cost
of curd at market price was Rs. 6 kg-1. In cost
economics total cost includes fixed cost and
variable cost. Fixed cost includes cost of all
components included in respective drip
irrigation system. Variable cost includes
fertilizers, pesticides, seed and labour cost
incurred in land preparation, weeding,
irrigation etc.

The statistical inferences of significant or
non significant result were inferred on variance
ratio test (F test). The treatment mean were
compared by computation of critical difference
at appropriate error, degrees of freedom and 5
per cent probability. The observations recorded
on treatment were tested against variance ratio
of split plot design. The comparisons of surface
verses drip irrigation were made on the basis of
't' test (fraction replication design).

Results and Discussion

Data presented in Table 1 reveals that, the
application of water by drip method recorded
numerically weight higher than surface method
of irrigation. The head weight difference
between surface and drip methods was non
significant. The results were significant and
I3F3, treatment was superior over all treatments
while remaining all other drip and surface
irrigation treatments were at par with each
other. Effect of drip irrigation level on head
weight of cauliflower was statistically significant.
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Table 2. Economics analysis of irrigation methods after
one season.

Name of component Cost (Rs. ha-1)
––––––––––––––––––––––––
Drip Surface
irrigation irrigation

Fixed cost :
Motor 11,000 11,000
Main 347.10 347.10
Sub main 757.50 -
Lateral (inline) 15876 -
Control valves 196.80 98.4
End cap 63.840 -
GTO 90.720 -
Screen filter 770.52 -
Elbow (75mm) 8 -
Tee (63 mm) 8 -
Elbow (63 mm) 6.17 -
Flush valve 25.72 -
Total 29,150.37 11,445.5

Variable cost :
Seedling 19,078 19,078
Fertilizer and pesticides 5000 5000

Labour :
Permanent 10,000 20,000
Weeding 6,250 12,500
Total 40,328 56,578
Yield produce (q ha-1) 187.40 157.65
Sealing price (Rs. kg-1) 6 6
Income from produce (Rs.) 1,12,440 94,590
Total cost of cultivation 69,478.37 68,023.5
B:C ratio 1.62 1.39



The treatment I3 was significantly superior over
other levels of irrigation treatments. The
treatment I1 and I2 were at par with each other.
Effect of fertilizer level on weight of head was
statistically non significant but average head
weight of I3 was more than I1 and I2
treatments.

The interaction effect on weight of head
were statistically significant. The treatment I3F3
was significantly superior over other
treatments. However, remaining all other
interaction treatments were at par with each
other.

Data presented in Table 3 revealed that the
mean circumference of curd was increased at
every stages of crop growth. The mean
circumference of curd in all treatments irrigated
by drip method was numerically higher as
compared to surface irrigation method. Though
the circumference of curd was higher in surface
irrigation method than drip method, at every
stage of crop growth but results were
statistically non significant. The mean
circumference of curd was influenced at all the
growth stages of cauliflower under drip and
surface irrigation treatments. The mean
circumference of curd was higher in I3F3
treatment than all treatments at all growth
stages. Theses results were significant and I3F3
treatment was superior over all other
treatments. The rest of treatments were at par
with each other. All the irrigation levels
influenced the circumference of curd. The
circumference of curd was increased with
increases at each irrigation level. Results were
statistically significant at I3 (0.8 PE) treatment,
I3 treatment was significantly superior over

other treatments but I1 and I2 were at par with
each other at each growth stages. F3 (100%
RDF) fertilizer treatment was significantly
superior over F2 (75% RDF) and F1 (50% RDF)
treatments. The interaction effect was
statistically significant in I3F3 treatment which
was significantly superior over other
treatments.

From Table 2 it was observed that the
benefit cost ratio of drip irrigation system (1.62)
was better than the surface irrigation methods
(1.39). The profitability and reduced labour
costs favors the use of drip irrigation system
over surface irrigation for small land holders to
marginal farmers.

Conclusion : Irrigation applied at I3 (0.8
PE) level recorded significantly higher yield than
other irrigation levels. I3F3 (0.8PE with 100%
RDF) was significantly superior for yield of
cauliflower crop (cv. Hunsa) under drip which
was 187.07 q ha-1 compared to surface
irrigation (157.61 q ha-1). Drip irrigation
system recorded higher water use efficiency
with higher B:C ratio (1.62) than surface
irrigation method (1.39). For greater, long term
profitability with reduced labour costs favors the
use of drip irrigation system over surface
irrigation.
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India possesses a large number of non-
descript livestock population with poor genetic
potential. To overcome this problem, the
introduction of exotic germplasam has been
widely accepted as a tool to improve the milk
producing ability of Indian cattle. Crossbreeding
results indicated that the future breed of India
could be halfbred. Most of the results arc in
favour of Holstein-Friesian halfbreds. However,
these results are based on data from organized
farms. At present in most of the states field data
are being accumulated that need to be
evaluated to decide the future breed of the
state. Therefore, the present study was
undertaken with the object to study the genetic
correlation among the traits under study.

Materials and Methods

The data of HF x Gir halfbred cows of FG,
IH, 3IH, 4IH, 5IH, 6IH and 7IH generations
maintained at Research Cum Development
Project on Cattle, MPKV, Rahuri for a period of
34 years (1974-2008) were considered for
present investigation.

The following observations were taken into
consideration for collection of data open period
(days), Service period (days), calving interval
(days), lactation yield (kg), 300 days milk yield
(kg), lactation length (days), Milk yield day-1 of
calving interval (kg), milk yield day-1 of lactation
length, milk yield day-1 of 300 days. In order to
overcome non-orthogonality of data resulting
from unequal and disproportionate subclass
frequencies the least square method as
suggested by Harvey (1990) was used for
analysis of data on reproduction and production
traits.

The genetic correlation coefficients between
the traits were worked out by paternal half sib
analysis of covariance method as described by
Hazel et al. (1943). Here instead of computing
the variance of one character the components
of two characters were computed from the
analysis of covariance as outlined below

ANOVA
––––––––––––––––––––––––––––––––––––––––––––––––––
Source of variance df MS Expected covariance
––––––––––––––––––––––––––––––––––––––––––––––––––
Between sires S-l MSP (s) Cov (eiej) + Cov (SiSj)
Within sires (ni)-s MSP (E) Cov (eiej)

––––––––––––––––––––––––––––––––––––––––––––––––––
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Cove = MSP error,

MSP sire - MSP error
Covs = ––––––––––––––––––––––––

K

Where K = Weighted number of daughters
under each sire

In the analysis of covariance of halfsib
families, the components Cov (sisj) gives an
estimate of 1/4 Cov (gigj) the genetic
covariance. Therefore, the genetic correlation
coefficient was estimated as rgigj = Cov (SiSj)/
√ (VSi VSj).

Where, rgigj = The genetic correlation
coefficient between ith and jth character of an
individual. Cov(SiSj) =  The component of half
sib covariance between ith and jth character. VSi
= Component of sire variance for ith character
and VSj = Component of sire variance for jth

character.

Results and Discussion

The traits considered under this
investigation were reproductive traits like OP,
SP and CI and productive traits like LMY,
300DMY, LL, MY/CI, MY/LL and MY/300.

Correlation of OP with SP, CI and
productive traits : The generic correlation of
OP with SP, CI and LL were 0.889, 0.746 and

0.296, respectively and it was positive and
significant. Similar results were reported by
Barwe et al. (2002) in Gir cows. However, the
correlation of OP with LMY, 300 DMY,
MY/DCI, MY/DLL and MY/300 had
negatively significant.

Correlation of SP with CI and
productive traits : The genetic correlation of
SP with CI and LL were 1.00 and 0.292,
respectively and it was positively significant.
Similar results were reported by Basu and Ghai
(1980) and Butte and Deshpande (1987) in
Friesian x Sahiwal crossbred. However, the
correlation of SP with LMY, 300 DMY,
MY/DCI, MY/DLL and MY/300 had
negatively significant.

Correlation of CI with productive
traits : The genetic correlation of CI with LMY
(-0.447), 300 DMY (-0.437). MY/DCI (-
0.464), MY/DLL (-0.574) and MY/300 (-0.48)
were negatively significant. While correlation of
CI with LL was positively significant. Banerjee
and Banerjee (2002) reported positive and
significant correlation between CI and LMY in
Friesian x Sahiwal crossbreds. 

Correlation of LMY with 300 DMY,
LL, MY/DCI, MY/DLL and MY/300 : The
genetic correlation of LMY with 300 DMY, LL,
MY/DCI, MY/DLL and MY/300 was 0.998,
0.508, 0.999, 0.984 and 0.998, respectively
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Table 1. Genetic correlation among reproductive and productive traits in FG halfbreds and their interbreds.

Traits OP SP CI LMY 300 DMY LL MY/CI MY/LL MY/300
(days) (days) (days) (kg) (kg) (days) (kg) (kg) (kg)

OP (days) - 0.889** 0.746** -0!528** -0.512** 0.296** -0.597** -0.549** -0.507**
SP (days) - 1.000** -0.537** -0.516** 0.292** -0.545** -0.654** -0.508**
CI (days) - -0.447** -0.437** 0.403** -0.464** 0.574** -0:.428**
LMY (kg) - 0.998** 0.508** 0.999** 0.984** 0.998**
300 DMY (kg) - 0.518** 0.996** 0.989** 1.000**
LL (days) - 0.419** 0.477** 0.528**
MY/CI (kg) - 0.983** 0.995**
MY/LL (kg) - 0:988**
MY/300(kg) -



and they were positive and significant.

Correlation of 300 DMY with LL,
MY/DCI, MY/DLL and MY/300 : The
positive and significant correlation was reported
in 300 DMY and LL, MY/DCI, MY/DLL and
MY/300 which was 0.518, 0.996, 0.989 and
1.000, respectively.

Correlation of LL with MY/DCI,
MY/DLL and MY/300 : The genetic
correlation of LL with MY/DCI, MY/DLL and
MY/300 was 0.419, 0.471 and 0.528,
respectively and it was positive and significant. 

Correlation of MY/DCI with MY/DLL
and MY/300 : The genetic correlation of
MY/DCI with MY/DLL and MY/300 was
0.983 and 0.995, respectively and it was
positive and significant.

Correlation of MY/DLL with MY/300 :
The genetic correlation between MY/DLL and

MY/300 was positively significant (0.988).
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Oilseeds crop, needs more sulphur for their
oil and protein synthesis. The crop sown in
optimum time produces taller plants and more
number of branches, siliqua plant-1, higher
number of seed siliqua-1 and higher test weight
than late sown. The crop sown very late shows
the lowest value of these variables. The south-
west monsoon ceases normally in September.
Therefore, it is more important to make use of
the available soil moisture by adjusting the time
for sowing of toria. The performance of any
crop depends upon the available soil moisture
during sowing time. Hence, an experiment was
conducted to find out effect of early sowing of
toria in north-eastern U.P. region.

The field experiment was carried out during
rabi season of 2008-09 at Crop Research
Farm, Department of Agronomy, Allahabad
Agricultural Institute-Deemed University,
Allahabad. The soil was sandy loam, low in
organic carbon (0.40%), available nitrogen
(182.50 kg ha-1), medium in available P (12.66
kg-1) and K (160 kg-1).

The experiment was laid out in a factorial
RBD with three replications. The treatments
consisted of two varieties (T-9 and PT-303),
three sowing dates (8th, 15th and 22nd

September) and three levels of sulphur (30, 45,

and 60 kg S ha-1). Half dose of N and full P and
K were applied uniformly to all plots at sowing.
The remaining half dose of N was applied at
flowering stage. As per treatment full dose of
sulphur was applied before sowing. The sowing
of toria was done as per sowing dates by using
seed rate of 5 kg ha-1. All other cultural
practices were followed as per
recommendations. Five randomly selected
plants were tagged to study the growth, yield
attributes and yield. Oil content was estimated
by using Soxhlet apparatus.

Effect of varieties : Among the varieties,
there was significant difference in No. of siliqua
plant-1, seeds siliqua-1, test weight, seed yield
and stalk yield was observed in PT-303 than
T-9. The per cent increase in No. of siliqua
plant-1, seeds siliqua-1 and test weight in PT-
303 over T-9 were 13.40, 7.40 and 4.00
respectively.

The per cent increase in seed yield and stalk
yield in PT-303 over T-9 were 14.30 and
11.30 respectively. The higher seed yield in
PT-303 (11.65 q ha-1) was obtained owing to
increase in yield attributing characters, viz.,
siliquae plant-1, seeds siliqua-1 and 1000 seed
weight.

RESEARCH NOTES
J. Agric. Res. Technol., 37 (3) : 469-471 (2012)

Effect of Sowing Dates and Sulphur Levels on Toria Varieties

Table 1. Losses in production of toria due to sowing dates before 22nd September.

Sowing date Seed yield Oil yield
––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––
Production Per cent Decrease Production Per cent Decrease
(kg ha-1) (kg ha-1 day-1) (kg ha-1) (kg ha-1 day-1)

September 8th 863 54.20 45.40 357 58 14.20
September 15th 1181 12.70 21.40 457 27 15.40
September 22nd 1331 - - 565 - -



Sowing dates : Date of sowing had
significant effect on toria yield and yield
attributing characters. The significantly
maximum yield (13.31 q ha-1) was obtained
when toria was sown on 22nd September as
compared to early sowing. The yield attributes
viz., siliquae plant-1, seeds siliqua-1 and test
weight were significantly increased in
September 22nd sowing as compared to 8th

and 15th September sowings. The reproductive
phase was comparatively longer in 22nd

September sowing which resulted into higher in
yield attributes. On the other hand in 8th and
15th September crop subjected to higher
temperature during initial stages which resulted
in lesser yield attributes and seed yield. Oil
content and oil yield was recorded higher in PT-
303 with 60 kg S ha-1 of September 22nd sown
crop. The percentage increase in seed yield due
to sowing of toria on 22nd September over 15th

and 8th September was 23.10 and 54.20
respectively. Significantly higher seed yield was
recorded by 22nd September sowing toria crop
may be due to prevailing conductive soil/air
temperature during initial stage which would
have determined all the yield contributing
characters favourably.

Effect of sulphur : There was significant
difference in number of siliqua plant-1, seeds
siliqua-1, test weight, seed yield and oil content
due to application of sulphur. Increasing level of
sulphur up to 60 kg ha-1 sighifipantly increased
the seed yield as compared to 45 and 30 kg S
ha-1. Each increment in sulphur application has
recorded increase in yield and yield contributing
characters. The increase in siliquae plant-1,
seeds siliqua-1 and test weight were recorded in
60 kg ha-1. This was significantly higher than
30 and 45 kg ha-1. The per cent increase in
seed yield with 60 kg S ha-1 over 30 and 45 kg
were 10.18 and 5.42 and stalk yield 7.17 and
3.69 respectively. There was no significant
difference in harvest index was observed by

application of 60 and 45 kg S ha-1. Oil content
and oil yield was increased in increased
application of sulphur. Higher oil yield was
obtained when 60 kg of S was applied. It may
be due to higher seed yield. The improvement
in yield parameters with increase the supply of
sulphur may be due to mpre synthesis of
chlorophyll as well as enhanced photosynthesis,
translocation, cell division and cell elongation. It
is corroborated with the finding of Singh and
Meena, (2004) amd Mehdi and Singh (2007).

Sowing dates : The sowing of toria on
September 8th recorded low  production of
seed and oil yield by 21 and 15 kg ha-1 day-1 till
September 15th. The loss in production found
to be two times higher in seed yield due to
earlier sowing of September 15th (Table 1).

Economics : There was increase in gross
income, net return and benefit cost ratio when
variety PT-303 sown on 22nd September with
60 kg S ha-1, followed by variety PT-303 sown
on 22nd September with 45 kg S ha-1, PT-303
variety sown on 22nd September with 30 kg S
ha-1 and T-9 variety sown on 22nd September
fertilized with 60 kg S ha-1. Gross income and
net return of variety PT-303 sown on 22nd

September fertilized with 60 kg S ha-1 was Rs.
39139.33 and Rs. 247133 with B:C ratio
2.71.

Growth and productivity of toria was
significantly increased when sown on 22nd

September and increased in seed yield over 8th

and 15th September sowing by 36 and 54 per
cent respectively. The variety PT-303 when
fertilized with 60 kg S ha-1 September 22nd

recorded higher net income, seed yield and
benefit cost ratio.

A. P. Singh
S. Elamathi
G. K. Singh
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Evaluation of Sowing Time for Kharif Soybean and
Validation by DSSAT-3.5

______________

The CERES (Crop Environment Resources
Synthesis) soybean model is one of the dynamic
crop growth model incorporated under DSSAT-
3.5 (Decision Support System for Agro-
Technology Transfer) by International
Benchmark Sites Network for Agrotechnology
Transfer (IBSNAT). This model has been used
to simulate the growth and yield of soybean
crop sown on different times in the present
study.

The experiment was conducted on the farm
of Department of Agricultural Meteorology.
College of Agriculture. Pune during the kharif
season of 2005 in a randomized block design
with five treatments and four replications. The

treatments under study were sowing time in
different meteorological week's viz., S1 (25
MW), S2 (26 MW), S3 (27 MW), S4 (28 MW)
and S5 (29 MW). The experimental field was
laid out in twenty unit plots each of 16.2 m2

(4.50 x 3.60 m) gross and 9.72 m2 (3.60 x
2.70 m) net in size. The distance of 2 m was
kept between the plots. The soil of the
experimental field was vertisol (medium black)
clayey in texture. The recommended dose of
fertilizer (50 kg N + 75 kg P2O5 ha-1) and all
the recommended agronomic practices were
adopted during the experimental period. The
various phenological characters viz., anthesis
and physiological maturity were recorded. Seed
yield, straw- yield and biomass were recorded at

Table 1. Predicted and observed phenology contributing characters of soybean, as influenced by dtfferent sowing times.

Treatment Phenology
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Anthesis (days) Physiological maturity (days) Leaf area index(LAI)
–––––––––––––––––––––––––––– –––––––––––––––––––––––––––––– –––––––––––––––––––––––––––
P O D P O D P O D

S1 44 46 -2 97 99 1 4.99 3.19 1.80
S2 44 45 -1 95 94 1 4.85 3.03 1.82
S3 43 43 0 92 90 1 4.30 2.81 1.49 
S4 42 43 -1 89 89 2 3.07 2.13 0.94
S5 41 42 -1 86 88 2 3.03 1.99 1.52
Mean 42.80 43.80 -1.00 91.80 92.00 -0.20 4.04 2.63 1.51
S.D.± 1.30 1.64 0.71 4.44 4.53 1.79 0.95 1.07 0.17



the time of harvest.

The predicted and observed No. of days for
anthesis, physiological maturity, grain yield,
straw yield and biomass are presented in Table
1. All the phenology as well as yield
contributing characters differed significantly due
to different sowing treatments from the initial
stage of the crop up to the harvest.

The mean value of the predicted days for
anthesis was 43 as against observed days of 44.
The mean difference between predicted and
observed days of anthesis was 1.0 day only
while, the standard deviation was ±0.71. The
mean predicted days for physiological maturity
were 91.8 as against observed days of 92 thus
prediction was matching well with the observed
values. The mean difference between predicted
and observed number of days for physiological
maturity was -0.2 with standard deviation of
±1.79. The mean predicted and observed LAI

was 4.04 and 2.63 respectively. The mean
difference between predicted and observed LAI
was 1.51 while the standard deviation was
±0.17. All the growth stages predicted by the
model were with per cent error less than 10 per
cent and hence yield predicted by model was
found to be well matched with the observed
yield (Table 3).

The mean predicted and observed values in
case of seed yield were 2743.2 and 2499 kg
ha-1 respectively, with a mean difference of
244.2 kg ha-1. Further, the mean difference
between predicted and observed values of straw
yield was -327 kg ha-1 with standard deviation
of ±160.62, while, the mean difference
between predicted and observed values of
biomass was 211.4 kg ha-1 with standard
deviation of ±207.41 kg ha-1,  indicating that
the observed and predicted values well matched
for the first two sowing times of 25 and 26 MW
than remaining delayed sowing times of

Pawar et al.472

Table 2. Predicted and observed values of yield contributing characters of soybean as influenced by different sowing times.

Treatment Seed yield (kg ha-1) Straw yield (kg ha-1) Biomass (kg ha-1)
–––––––––––––––––––––––––––– –––––––––––––––––––––––––––– –––––––––––––––––––––––––––––
P O D P O D P O D

S1 3133 3027 106 1783 1942 -159 4944 4969 25
S2 3022 2833 189 1624 1773 -149 4709 4606 103
S3 2760 2519 24! 1 181 1644 -463 4302 4163 139
S4 2455 2116 339 1064 1533 -469 4147 3649 498
S5 2346 2000 346 998 1393 -395 3735 3393 342
Mean 2243 2499.0 244.2 1330.0 1657.0 -327.0 4367.4 4156.0 211.4
S.D.± 343.1 443.4 101.9 351.8 222.6 160.7 474.9 549.4 207.31

Table 3. Summarized data set of observed and predicted phenology and yield parameters of soybean as influenced by
different sowing times.

Variable Units N O P So Sp D PE

Anthesis Days 5 43.80 42.80 1.64 1.30 0.95 2.70
Physiological maturity Days 5 92.00 91.8 4.53 4.44 0.98 1.80
Leaf area index Number 5 2.63 4.04 1.07 0.95 0.69 0.45
Biomass kg ha-1 5 4156.00 4367.40 549.38 474.85 0.96 6.77
Straw yield kg ha-1 5 1657.00 1330.00 222.54 351.72 0.84 21.55
Seed yield kg ha-1 5 2499.00 2743.20 443.40 343.07 0.89 10.43



soybean (Table 2). In case of yield contributing
character, biomass predicted by the model was
with pen cent error less than 10 per cent and
hence yield predicted by model was found to be
well matched with the observed yield. Seed and
straw yield predicted by model were with per
cent error values between 10 to 25 per cent
was found to be fairly matched with the
observed yield (Table 3).

Hence, it can be concluded,that the model
predicted values of the growth parameters for
the sowings of 25 and 26 MW were well
matched as per cent error ranged below 10 per
cent. The results are in agreement with
Karmarkar and Bhatnagar (1995).

The summarized means of observed (O) and
predicted (P) values of variables along with the
standard deviation of observation (So) and
prediction (Sp) and the degree of agreement (D)
are presented in Table 3. This describes the
quality of simulation. Willmott (1982) pointed
out that the Degree of Agreement (D) is an
important parameter in crop modelling. It
should be within 0 (zero) and 1. More the D
approaches 1, more accurate the model is. Per
cent error (PE), less than 10 per cent indicate;
well matching of predicted and observed values
while PE values between 10-25 per cent
indicate matching of predicted and observed
values fairly. While PE values greater than 25

per cent indicate predictions, which do not
match with observed.

In this study the values of per cent error for
phenology, growth character and biomass were
well matched, while for yield contributing
characters i.e. seed and straw yield were fairly
matched. These results are similar to those
reported by Sahoo, et al. (1991).

V. R. Pawar
T. D. Dalvi
R. N. Sabale
A. K. Hazari
S. S. Salunke

Dept. of Agricultural Meteorology, 
College of Agriculture, Pune - 411 005 (India)
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Organic and Industrial Wastes Recycling through
Vermicompost for Soil Sustainability and Sugarcane

Productivity in Inceptisol

______________

Use of organic manures to meet the
requirement of crop would be a vital practice in
years to come for sustainable agriculture. The
vermicompost is one of the organic manure,

plays important role in maintaining soil fertility
and productivity of sugarcane. Biodegradable
material is generally used for preparation of
vermicompost. Sugarcane trash and press mud



cake (PMC) are the agricultural and industrial
byproducts respectively available on large
quantities which are easily biodegradable would
be useful for feed material for earth worms. The
sugarcane trash content 0.45 to 0.50 per cent
nitrogen, 0.17 to 0.20 per cent phosphrous
and 0.70 to 1.0 per cent potassium. While
press mud cake is the rich source of
phosphorus as it contain N 0.75 to 1.70 per
cent, P 2.0 to 2.25 per cent and K 0.35 to
0.45 per cent. Vermicompost prepared from
such type of agricultural waste and industrial
byproduct which ensures higher crop
production, helps to restore and sustain the soil
fertility. Therefore, the present investigation
was undertaken to study the utilization of PMC
in combination with trash for preparation of
vermicompost, its effect on yield of sugarcane
and chemical properties of soil.

An experiment was conducted during 2007-
08 at Central Sugarcane Research Station,
Padegaon, to find suitable ratio of use of
sugarcane trash and PMC as feed material for
earth worm in ten different combinations
(Tabled 1) for preparation of vermicompost.

The experiment was conducted in a
randomized block design with ten treatments
and three replications. The vermicompost
prepared from different combinations were
used in ten treatments as a source of nutrients
for the sugarcane crop grown on inceptisol.
The soils had pH 8.47, EC 0.27 dSm-1 and OC
7.9 g kg-1. The available N content was, P 29.0
and K 273.0 kg ha-1. The field was thoroughly
prepared and the recommended cultivation
practices of sugarcane crop was followed.

The vermicompost prepared as per the
treatments were applied at the time of planting.
The recommended dose of N, P205 and K20
(400:170:170 kg ha-1) for pre-seasonal
sugarcane (cv. Co 86032) was applied. The 50
per cent dose of phosphorus and potassium
each were applied at planting and 50 per cent
at earthing up. The nitrogen was given in four
splits of 10:40:10:40 at planting, 6 to 8 weeks,
12 to 14 weeks after planting and earthing up
respectively. The observations regarding the
growth parameters, yield and quality
parameters were recorded from the
representative plants from each plots. The
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Table 1. Cane yield, CCS yield and chemical properties of soil as influenced by different treatments.

Treatments Cane CCS Soil chemical properties at harvest
yield yield –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
(t ha-1) (t ha-1) pH EC Organic Available nutrients (kg ha-1)

(dSm-1) carbon ––––––––––––––––––––––––––––
(g kg-1) N P K

T1 141.2 18.7 8.25 0.32 10.2 197 19 270
T2 163.2 21.1 8.22 0.33 9.7 314 30 338
T3 155.1 19.7 8.21 0.37 9.3 306 26 310
T4 146.3 19.1 8.28 0.41 8.1 254 19 274
T5 150.1 18.0 8.20 0.35 8.1 265 21 270
T6 147.6 16.8 8.21 0.29 8.0 243 17 248
T7 144.7 16.3 8.20 0.34 7.8 236 13 242
T8 159.0 20.3 8.22 0.37 9.7 280 28 290
T9 139.8 17.7 8.22 0.36 7.8 243 19 268
T10 137.6 18.3 8.25 0.33 8.1 270 24 282
SE(m)± 6.64 0.09 0.01 0.03 0.20 3.36 1.40 4.16
CD at 5% N.S. N.S. 0.03 N.S. 0.50 9.97 4.16 12.34
Initial status - - 8.4 0.27 7.9 181 19 27



initial composite sample and plot wise at
harvest were collected and used for
determination of pH, EC, OC, available N, P
and K using standard procedures. Soil samples
were analyzed for pH and EC in 1:2.5 soil
suspension ratio. The organic carbon was
estimated using the method suggested by
Nelson and Sommers (1982), available N by
alkaline permanganate method (Subbiah and
Asija, 1956), available P Olsen's method (Olsen
et al. 1954) and available K determined by
flame photometrically as described by
Knudesen et al. (1982). Cane juice quality was
determined by using standard procedure
outlined by Spencer and Meade (1964) and
commercial cane sugar (CCS) was calculated.
The data obtained on chemical properties of
soil, juice quality and yield of sugarcane were
analyzed statistically by using procedure laid
down by Pansse and Sukhatme (1978). The
treatment includes T1 : 25 per cent PMC + 75
per cent sugarcane trash + 10 kg SSP + 8 kg
urea + 1 kg composting culture + 100 kg fresh
cow dung slurry tonne-1 raw material, T2 : 50
per cent PMC + 50 per cent sugarcane trash +
10 kg SSP + 8 kg urea + 1 kg composting
culture + 10.0 kg fresh cow dung slurry
tonne-1 raw material, T3 : 75 per cent PMC +
25 per cent sugarcane trash + 10 kg SSP + 8
kg urea + 1 kg composting culture + 100 kg
fresh cow dung slurry tonne-1 raw material, T4
: 100 per cent PMC + 10 kg SSP + 8 kg urea
+ 1 kg composting culture + 100 kg fresh cow
dung slurry tonne-1 material, T5 : 100 per cent
sugarcane trash + 10 kg SSP+ 8 kg urea + 1
kg composting culture + 100 kg fresh cow
dung slurry tonne-1 raw material, T6 : 50 per
cent PMC + 50 per cent sugarcane trash + 10
kg SSP + 8 kg urea + 1 kg composting culture
tonne-1 raw material + no slurry, T7 : 50 per
cent PMC + 50 per cent sugarcane trash + 1
kg composting culture + 100 kg fresh cow
dung slurry tonne-1 raw material, T8 : 50 per
cent PMC + 50 per cent sugarcane trash + 10

kg SSP + 8 kg urea + 100 kg fresh cow dung
slurry tonne-1 of raw material, T9 : 50 per cent
PMC+ 50 per cent sugarcane trash + 1 kg
composting culture tonne-1 raw material (no
slurry), T10 : 50 per cent PMC + 50 per cent
sugarcane trash + 10 kg SSP + 8 kg urea + 1
kg composting culture + 100 kg fresh cow
dung slurry tonne-1 raw material.

Soil chemical properties : The
significant differences were observed in pH of
soil after harvest of sugarcane due to different
treatments. Whereas the data of EC were
statistically non-significant. The treatment (T2)
recorded significantly higher organic carbon, N,
P and K content in soil at harvest than the other
treatments which was on par with T3 in respect
of available N and P and T8 in respect of
organic carbon and available P (Table 1). This
might be due to use of vermicompost prepared
from PMC and trash resulted into increasing
the microbial activity in soil that involved in
secretion of organic acids which decreased pH
of soil and increased the availability of P. Similar
findings were also reported by Kailasam (1999).
Nagaraju et al. (2000) also reported that soil
available N at harvest showed increased
availability with N fertilization in addition of
PMC and Azotobacter over the initial status.
Whereas Bhanavase et al. (1996) showed that
press mud cake being organic input applied @
6 t ha-1 for sugarcane contributed to increased
availability of nitrogen as well as phosphorus in
soil.

Yield of sugarcane : The sugarcane yield
and Commercial Cane Sugar (CCS) presented
in (Table 1) were not influenced significantly
due to application of vericompost in different
treatments. However, the treatments (T2) and
(T3) recorded the comparatively higher yields of
cane (163.2 and 159.0 t ha-1) and CCS (21.13
and 20.30 t ha-1) respectively. It was also
noticed that vermicompost prepared by
utilization of 50 per cent PMC and 50 per cent
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trash along with 10 kg single super phosphate
+ 8 kg urea + 10 kg cow dung slurry either with
or without decomposting culture found better
organic manure for sugarcane crop. Pawar
(1997) reported that combined application of
vermicompost and fertilizers increased the
growth and yield of maize significantly.

It could be concluded that the vermicompost
prepared from the combinations of PMC and
trash was found beneficial in increasing cane
yield. Further, the use of vermicompost
prepared from the combination of 50 per cent
PMC + 50 per cent trash + 10 kg SSP + 8 kg
urea + 100 kg cow dung slurry tonne-1 of raw
material with or without use of decomposting
culture was beneficial in maintaining soil
fertility.

N. B. More
A. V. Patil

Central Sugarcane Research Station
Padegaon - 415 521 (India)
March 27, 2011.
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Influence of Sources and Levels of Nitrogen on Mustard
[Brassica juncea (L.) Czern and Coss.] Under Middle Gujarat

Conditions

______________

Mustard oil is widely used in cooking and as
raw material for agro based industries engaged
in the manufacturing of soaps, paints,
varnishes, hair oils, lubricants and grease. The
mustard cake is also valuable byproduct and
also a good source of organic manure.

The efficiency of fertilizers especially of N is
low, which can be improved by the use of
organic manures, as they are important for
holding water and nutrient besides improving
the physical conditions of soil. Continuous
unbated use of high analysis fertilizers without



the supplementation of organic manures,
accelerated the pace of depletion of secondary
and micronutrients. Similarly, supply of
fertilizer N along with organic manure is known
to stimulate mineralization of organic N but at
the same time a part of added N gets
immobilized, which is likely to prevent N loss
due to leaching. Thus optimum combination of
organic and fertilizer source of N would
improve the efficiency and economy of applied
N with concomitant improvement in the soil
fertility and productivity. The integrated
approach of nutrient supply by inorganic and
organic fertilizers is gaining importance
because this system not only reduces the use of
costly inorganic fertilizers, but it is also an
environment friendly approach.

However, information on use of alone
organic source and the integrated nitrogen
management in Indian mustard is lacking.
Therefore, this investigation was initiated to
study the effect of nitrogen management
through organic (FYM) and chemical fertilizers
on the yield and quality of Indian mustard.

A field experiment was conducted at College
Agronomy Farm, Anand Agricultural
University, Anand during rabi season of the
year 2006-2007.The soil of the experimental
site was loamy sand in texture having 7.7 and
7.9 soil pH at 0-15 and 15-30 cm soil depth,
respectively. It was low in organic carbon
(0.227%), available nitrogen (235.10 kg ha-1),
medium in available phosphorus (52.08 kg
ha-1) and potassium (290.5 kg ha-1). The
experiment was laid out in RBD with factorial
concept in four replications. The treatment
comprised of three levels of nitrogen sources
[(organic manure, chemical fertilizer and
organic manure + chemical fertilizer (1:1)] and
three nitrogen levels (50, 75 and 100 kg N
ha-1).

Mustard variety GM-3 was sown on 16th

October, 2006. Seeds were sown at 3 to 4 cm
depth keeping inter row spacing of 45 cm with
seed rate of 3.5 kg ha-1. The recommended
dose of fertilizer was 75:50:0 kg NPK ha-1.
FYM was used as organic manure and it was
applied as per N levels considering with N
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Table 1. Effect of nitrogen sources and nitrogen levels on yield contributing character, yield and economics of mustered.

Treatment Siliquae Siliqua Test Seed Straw Harvest Gross Net CBR
plant-1 length weight yield yield index reali- reali-

(cm) (g) (kg (kg (%) zation zation
ha-1) ha-1) (Rs. (Rs. 

ha-1) ha-1)

Nitrogen sources (S) :
S1 : Organic manure (FYM) 304.42 4.81 6.10 1940 3435 36.18 35607 18968 2.14
S2 : Chemical fertilizer 322.42 5.23 6.42 2062 3788 35.31 37873 24854 2.91
S3 : S1 + S2 (1:1) 334.33 5.25 6.53 2185 3918 35.79 40113 25683 2.78
S. Em. ± 8.00 0.13 0.12 42.3 75.4 0.61
C. D. (P=0.05) 23.36 0.39 0.34 123.4 220.1 NS

Nitrogen levels, kg ha-1 (N) :
N1 : 50 303.33 5.02 6.11 1964 3458 36.31 36043 22361 2.63
N2 : 75 329.42 5.15 6.53 2128 3850 35.57 39074 24378 2.65
N3 : 100 328.42 5.13 6.39 2095 3832 35.40 38476 22767 2.44
S. Em.± 8.00 0.13 0.12 42.3 75.4 0.61
C. D. (P=0.05) 23.36 NS 0.34 123.4 220.1 NS

Selling price of seed @ Rs. 18 kg-1 and straw @ Rs. 0.20 kg-1.



content in FYM in respective plots a day prior
to sowing and it was thoroughly mixed with
soil. The per cent N, P and K contents in FYM
were 0.5 N, 0.25 P and 0.6 K, respectively. A
common dose of 50 kg P2O5 ha-1 was applied
through DAP in chemical fertilizer treatments
[(S2N1 - (50 kg N ha-1 + 50 kg P2O5 ha-1),
S2N2 - (75 kg N ha-1 + 50 kg P2O5 ha-1) and
S2N3 - (100 kg N ha-1 + 50 kg P2O5 ha-1)].
Half dose of N as per treatments (N levels) in
chemical fertilizer treatments was applied at the
time of sowing through urea after calculating
the amount of N received by DAP and
remaining half dose of N as per levels was
applied at, 30 DAS. In organic manure +
chemical fertilizer treatments (1:1), half dose of
N as per levels was applied as basal through
organic manure (FYM) and remaining N was
top dressed at 30 DAS through urea. In alone
organic manure and organic manure +
chemical fertilizer (1:1) treatments phosphorus
was not applied.

Significantly the maximum number of
siliquae plant-1 (334.33), higher length of
siliqua (5.25 cm) and weight of 1000-seeds
(6.53g) was recorded with the application of
nitrogen through organic manure + chemical
fertilizer (S3) being at par with the treatment
chemical fertilizers source of nitrogen (322.42)
(5.23 cm) (6.42). Seed (2185 kg ha-1) and
straw (3918 kg ha-1) yields were recorded
maximum with application of nitrogen through
organic manure + chemical fertilizer (S3) which
was statistically at par with the treatment S2 -
chemical fertilizers (2062 and 3788 kg ha-1).
Also S2 and S1 were at par with each other in
respect of seed yield. Nitrogen sources failed to
exhibit significant variation in harvest index
(Table 1).

This might be due to combination of organic
manure and chemical fertilizers increased
availability of essential plant nutrients after
decomposition which enhanced root and shoot

development and thereby growth. The better
nutrition might have influenced the
reproductive phase and induced flowering
which resulted in increased number of siliquae
plant-1. These findings are substantiated with
those reported by Chand and Somani (2005).
The increase in yields might be due to the slow
release of nitrogen from FYM leading to
reduced loss of nitrogen and efficient use of
chemical fertilizers. The efficient use of N
resulted into increased yield attributing
characters viz., number of siliquae plant-1,
1000-seed weight etc. The present findings are
in agreement with those reported by Premi et
al. (2005), Bhat et al. (2007).

Application of 75 kg N ha-1 (N2) produced
significantly higher total number of siliquae
plant-1 (329.42) and weight of 1000 seeds
(6.53 g) which was found at par with treatment
N3 (100 kg N ha-1). Length of siliqua receded
at harvest was not affected significantly by
nitrogen levels.The application of nitrogen 75
kg ha-1 (N2), produced significantly higher seed
yield (2128 kg ha-1) and straw yield (3850 kg
ha-1) which was being at par with treatment N3
(100 kg N ha-1). Harvest index was not
remarkably influenced due to nitrogen levels.

The seed yield increased with increasing
nitrogen levels up to 75 kg ha-1. This might be
due to increasing vegetative growth, resulting
from efficient utilization of nutrients, water,
radiation and increased metabolic activities
followed by increased translocation toward yield
contributing characters and there by increased
number of siliquae plant-1 and test weight.
These results are in conformity with finding of
those reported by Momoh et al. (2004) and
Pandey and Bharati (2005).

Among the different nitrogen sources,
application of nitrogen through organic +
chemical fertilizer (S3) recorded maximum net
realization of Rs. 40113 with 2.78 CBR value.
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Application of nitrogen 75 kg ha-1 (N2) gave
maximum net realization of Rs. 24378 with
2.65 CBR value.

From the above findings, it is pertinent that
for securing maximum seed yield of mustard
(cv. Gujarat Mustard-3) and getting higher net
realization, mustard crop should be nourished
with combined application of 7.5 tonnes FYM
and chemical fertilizer for the supply of 37.5 kg
N ha-1.

N. P. Patel
P. M. Chaudhari
R. H. Patel

Dept. of Agronomy
B. A. College of Agriculture, 
Anand - 388 110 (India)
July 8, 2011.
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Effect of Integrated Nitrogen Management on Yield, Nutrient
Uptake and Economics of Maize (Zea mays L.)

______________

Maize (Zea mays L.) is an important staple
food crop in India. It has high yield potential
ha-1 day-1 as compared to other cereals. It is
imperative to enhance the productivity by
adopting new technology for exploiting yield
potential under balanced nutrient supply. Maize
is a heavy feeder of nutrients and remove large
amount of nutrients from soil. FYM not only
improves the physical condition of soil but also
increase} total nitrogen uptake by enhancing
the soil nitrogen supply. Use of farm yard
manure (FYM) can minimize use of chemical
fertilizers and maintain the yield levels. The
information leading to an efficient and
economic use of integrated nitrogen
management is of paramount importance.
Keeping these in view, the present investigation

was planned.

The field experiment was conducted at
Agronomy Farm, College of Agriculture, Pune
during kharif 2009-10. The experiment was
laid out in a randomized block design with three
replications. Nine treatments were formulated
consisting of different nitrogen levels with
combination of organic manure and chemical
fertilizers (Table 1). The maize variety "African
Tall" was sown on ridges at 75 x 25 cm
spacing. The soil of the experiment field was
clay loam in texture, low in available nitrogen
and medium in phosphorus and high in
potassium. The full dose of P2O5, K2O and
1/3rd dose of nitrogen were applied as basal
dose at sowing. The quantity of FYM was



applied before dibbling as per the treatments.
The 1/3rd dose of nitrogen was top dressed at
30 DAS and remaining 1/3rd dose of nitrogen
was given at 45 DAS. The quantity of nitrogen
was worked out on the basis of nitrogen
content in FYM and as per the treatments.

The grain and stover yields were
significantly influenced by different treatments
under study (Table 2). The application of GRDF,

i.e. 120:60:40 kg NPK + 10 tonnes FYM ha-1

(T1) being at par with application of 150 per
cent RDF-N produced maximum grain and
stover yields, which were significantly higher
over rest of the integrated nitrogen levels.
Luikham et al. (2003) reported that increased
nutrient availability with combination of organic
and inorganic N might have increased
photosynthetic rate and net assimilation rate,
which resulted in more grain yield.
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Table 1. Nitrogen, phosphorus and potassium content in grain and stover of maize at harvest as influenced by different
treatments.

Treatment Grain content (%) Stover content (%)
–––––––––––––––––––––––– –––––––––––––––––––––––
N P K N P K

T1 - GRDF (120 : 60 : 40 kg NPK ha-1 + 10 tonnes FYM ha-1) 1.487 0.246 0.295 0.491 0.128 0.857
T2 - 150 % RDF-N (75 % RDN fertilizer + 25 % RDN FYM) 1.491 0.248 0.297 0.503 0.131 0.861
T3 - 125 % RDF-N (75 % RDN fertilizer +25 % RDN FYM) 1.473 0.239 0.293 0.456 0.123 0.849
T4 - 100 % RDF-N (75 % RDN fertilizer + 25 % RDN FYM) 1.468 0.227 0.287 0.434 0.119 0.832
T5 - 75 % RDF-N (75 % RDN fertilizer + 25 % RDN FYM) 1.445 0.221 0.284 0.353 0.116 0.824
T6 - 150 % RDF-N (50 % RDN fertilizer + 50 % RDN FYM) 1.475 0.238 0.292 0.452 0.125 0.848
T7 - 125 % RDF-N (50 % RDN fertilizer + 50 % RDN FYM) 1.467 0.229 0.285 0.415 0.120 0.831
T8 - 100 % RDF-N (50 % RDN fertilizer + 50 % RDN FYM) 1.442 0.224 0.283 0.387 0.115 0.825
T9 - 75 % RDF-N (50 % RDN fertilizer + 50 % RDN FYM) 1.436 0.220 0.280 0.348 0.111 0.817
S. E.m.± 0.007 0.006 0.003 0.008 0.003 0.004
C. D. at 5% 0.017 0.016 0.009 0.025 0.009 0.012

Table 2. Grain, stover yields, B:C ratio and total nitrogen, phosphorus and potassium uptake of maize as influenced by
different treatments.

Treatment Grain Stover Net Benefit Total uptake (kg ha-1)
yield yield monetory cost ––––––––––––––––––––––––––––––––––
(q ha-1) (q ha-1) returns ratio N P K

(Rs. ha-1)

T1 52.96 158.80 38753 2.39 156.72 33.40 151.71
T2 51.46 153.30 39191 2.53 153.78 32.84 147.07
T3 48.92 142.50 35451 2.51 135.96 29.34 136.19
T4 41.51 128.80 29737 2.31 116.83 24.75 119.07
T5 35.17 120.00 23404 2.10 93.18 21.69 108.87
T6 46.14 134.60 25402 1.78 128.90 27.81 127.62
T7 40.39 128.20 21029 1.70 112.57 24.63 116.95
T8 36.92 112.10 19202 1.70 96.54 21.16 102.93
T9 34.46 98.82 18642 1.75 84.37 18.55 90.39
S. E.m.± 0.95 4.45 1211 - 2.89 1.37 5.56
C. D. at 5% 2.85 13.36 3632 - 8.66 4.12 16.67



The significantly higher value of N content
in grain (1.491%) was recorded with
application of 150 per cent RDF-N (75% RDN
through fertilizer + 25% RDN through FYM)
than remaining treatments, however, it was at
par with treatment T1 and T6. The per cent P
and K content in grain were significantly higher
in treatment T2 which was at par with T1, T3
and T6. The mean N content in stover was
significantly highest (0.503%) in T2 than rest of
the treatments except T1, which was at par
with each other. The significantly more
phosphorus content was registered in treatment
T2 than rest of the treatment except T1, T3 and
T6 where they were found at par with each
other. As regards to K content in stover, treat-
ment T2 being at par with T1 and T3 recorded
significantly higher potassium content as
compared to all other treatments under study.

Significantly the higher uptake of total N
was observed under the treatment of GRDF i.e.
120:60:40 kg NPK + 10 tonnes FYM ha-1

than rest of treatments though it was at par
with T2 (153.78 kg ha-1). The mean uptake of
phosphorus (33.4 kg ha-1) was significantly
more in case of treatment T1 than rest of the
treatments and was at par with T2 and T3. In
case of potassium almost similar trend was
noticed as that of phosphorus uptake. Vadivel
et al. (2001) also recorded that increase in
nitrogen level improved the N uptake of maize
and this improved uptake might be due to
higher dry matter yield and more concentration
of N in plants. Khan et al. (2006) stated that as
the biomass increased at increasing N levels,
total N uptake was increased with increasing N
doses and application of farm yard manure,
increased total N uptake possibly due to
improvement in physical conditions of soil in
addition to enhancing soil N supp!y.

An application of general recommended
dose of 120:60:40 kg NPK + 10 tonnes FYM

ha-1 gave maximum gross monetary returns
(Rs. 60,724/-). However, maximum net
monetary returns of Rs. 39,191/- and benefit
cost ratio of 2.53 was obtained with the
application of 150 per cent RDF-N as 75 per
cent RDN through fertilizer + 25 per cent RDN
through FYM. Owing to less, cost of cultivation,
the maximum values of net returns and benefit
cost ratio were recorded with treatment T2.
Singh and Nepalia (2009) reported that highest
B:C ratio and maximum net monetary returns
of Rs. 37,600 ha-1 with 125 per cent RDF.

From these results, it can be concluded that
the integrated nitrogen application with 150
per cent RDF-N in the form of 75 per cent
RDN through chemical fertilizer + 25 per cent
RDN through FYM to maize gave maximum
yield and net monetary returns along with
higher benefit cost ratio.

K. L. Jadhav
R. L. Bhilare
N. T. Kunjir

College of Agriculture,
Pune - 411 005 (India)
July 08, 2011.
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The agro-climatic conditions of Konkan
region are most suitable for production of many
unexploited fruit crops including karonda
(Carissa carandas L.) found as natural
plantation on hilly terrains of Konkan region.
Karonda is a native of India, belongs to family
Apocynaceae.

In Konkan region, it grows well as a rainfed
fruit crop production estimated to 50,000
metric tonnes year-1 (Kadrekar 1989). Karonda
is having a tremendous potential for its
utilization in the preparation of different value
added products. However, 90 per cent of the
production goes waste due to improper post
harvest management practices and neligence
towards processing.

Bhajipale (1997) prepared wine from
karonda fruits by adjusting T.S.S. to 23°Brix
and acidity to 0.7 per cent alongwith 0.05 per
cent Diammonium hyydrogen phosphate
(DAHP) and 100 ppm SO2 treatments to the
juice. Hence to improve the quality of wine in
present study was prepared from ripe karonda
fruits by adjusting T.S.S. to 25 °Brix and pH by
3.5 by maintaining 0.1 per cent DAHP and 30
ppm SO2 treatment.

Chemical analysis : Total soluble solids
(°Brix) in juice were determined with the help of
hand refractometer (A.O.A.C., 1975). The
reducing and total sugar was estimated by using
the method of Ranganna (1977).

Titrable acidity was determined by analysing
the sample with 0.1 N sodium hydroxide by
using 1 per cent phenolphthalein indicator
(Ranganna, 1977). The pH of juice was
measured by pH meter (Systronics µ pH system
361).

Determination of ascorbic acid was done by
2, 6-dichlorophenol indophenol dye method as
described by Ranganna (1977). The tannins
were determined by colourimetric method using
Folin-Denis reagent as described by Ranganna
(1977). For analysis of protein, digested sample
were used for estimation of nitrogen by Micro-
Kjeldhal distillation unit (Ranganna 1997). The
alcohol content in wine was determined by the
method as reported by Natu et al. (1986).

Preparation of wine : The total soluble
solids (T.S.S.) helps to-provide an indication of
potential alcohol yield. As per Gay - Lussac
relationship a given weight of fermentable
sugar yields 51.5 per cent (by weight) ethanol.
However, this percentage changes with climate.
Chaptalization (addition of sugar) is permitted
in wine industry. In case of grape wine
preparation, 22 to 24°B T.S.S. of juice is
generally maintained if required. Hence, in
order to have sizable amount of alcohol in wine,
the T.S.S of the ripe karonda juice was raised to
25°B by addition of sugar. Adjusting the pH of
must may be necessary to produce a good
quality wine. Hence, preparation of wine from
ripe karonda fruits, T.S.S. of must was
maintained to 25 °Brix and pH to 3.5. The
wine was prepared as per the procedure shown
in Fig. 1.

Fermentation : The pasteurized must was
inoculated with starter culture (inoculum) and
then kept for fermentation at room
temperature. The initiation of fermentation
process was indicated with the evolution of gas
bubbles in the water through rubber tubing.
During active fermentation, foam formation
was observed in the fermentation flasks. The
end of fermentation process completed with
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Studies on Chemical Composition and Sensory Evaluation of
Karonda Wine



the cessation of foaming and bubbling also
constant T.S.S. recorded by the must during
fermentation process.

Sensory evaluation of wine : The
sensory evaluation of karonda wine was carried
out by scoring wine numerically on 20 point
score card under six categories of sensory
quality characteristics viz., colour and
appearance, body, aroma, taste, astringency
and overall acceptability.

The karonda wine along with grape wine as
a check were served for sensory evaluation.
The average values of the scores given by a
panel of ten judges have been reported. The
score ranges between 9 to 12 out of 20
regarded as commercially acceptable wines,
those with a score range of 13 to 16 as
standard wine and with a score range of 17 to
20 was regarded as superior wine as per the
rating given by Ough and Baker (1961).

It is evident from Table 1 that T.S.S.,
reducing sugars and total sugars content of
karonda juice was 16.50 °Brix, 5.72 per cent
and 7.80 per cent, respectively. The titratable
acidity was 0.63 per cent, while pH was 2.93.
Further, the juice recorded 8.10 mg-1 100 ml
ascorbic acid, 0.14 per cent tannins and 0.36
per cent protein content.

Similar findings in chemical composition of
karonda fruits was also reported by Pawar
(1988) while conducting studies on post harvest
handling and preparation of different products
of karonda.

During the study, the T.S.S. of must was
adjusted to 25 °Brix and pH to 3.5 which
changed to 9.96 Brix and 3.73, respectively in
the wine. The reducing and total sugars also
decreased from 6.10 and 13.33 per cent in the
must to 0.56 and 2.12 per cent, respectively in
that of wine. The titratable acidity of wine was
found to be increased (from 0.49 to 0.69%)

with increase in pH from 0.49 per cent in must
to 0.69 per cent in wine. Increase in pH with
increase in acidity was also reported by Anand
(2003) in cashew apple must.

The ascorbic acid was found to be decreased
from 8.10 mg-1 100 ml in juice to 4.99 mg-1

100 ml in must and to 3.07 mg-1 100 ml in the
wine. This may be due to addition of sugars in
juice to maintain the level of T.S.S., which
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Preparation of
inoculum

Preparation of wine

Add yeast powder
(Saccharomyces

cervisiae var.
bayanus No. 8906)

@3 g litre-1 of
must in 10 times
luke warm water

Incubate for 1 hour
at room

temperature

Adjust T.S.S. and pH

Pasteurize at 82°C for 20 min.

Cool to room temperature

Add DAHP (@0.1%)

Add KMS @30 ppm

Incubate at room
temperature

Fermentation

Dismantle the fermentation
assembly after cessation of

foaming and boiling

Pasteurize at 78-79°C for 
20 min.

Add bentonite @ 0.1 g 100-1

ml wine

Siphoning after 4-5 days

Clear karonda wine

Inoculum

Juice

Inoculation

Fig. 1. Preparation of wine from karonda
juice.



diluted parental ascorbic acid content of juice
and due to oxidation of ascorbic acid. Similar
findings were also reported by Lam Van Man
(2005) in pineapple wine.

The tannin content in wine was observed to
be decreased from 0.14 per cent in juice to
0.08 in wine due to the oxidation process,
however the tannin content in must was
recorded to be higher (0.132%). This may be
due to addition of sugar which might
contributed some tannins to the must.

The protein content of karonda juice was
0.36 per cent which decreased to 0.19 per
cent. The protein content of wine was found to
be decreased to settlement of proteins by

treatment of clarifying agent (Bentonite).
Reduction in protein content of wine due to
bentonite treatment was also reported by
Pawar (2009) in sapota wine.

The alcohol content observed in wine
prepared from ripe karonda juice was 11.46
per cent.

Sensory evaluation of karonda wine :
The wine prepared from ripe karonda fruits was
evaluated for its organoleptic characteristics by
a panel of 10 judges on 20 points score card
and mean scores are given in Table 2. The wine
prepared from grape was taken as a reference
wine (control) for comparison.

As far as colour and appearance of wine is
concerned,   karonda wine showed 15 score
out of 20 and was slightly less than that of the
reference check (16). However, both the wines
ranked same rating of standard wine. The score
for body of karonda wine was 16 which was
equal to the reference wine (16).

The score for aroma of karonda wine was
16 and was superior than that of the reference
wine (15). The score obtained for the taste of
karonda wine (14) rated under standard wine
and this wine compared well with grape wine
with respect to taste.

The reference wine (15) showed a score
higher than karonda wine (14) considering the

More et al.484

Table 1. Chemical composition of karonda juice, must
and wine.

Constituent Karonda Karonda Karonda
juice must wine

Total soluble solids 16.5 25.00 9.96
Reducing sugars (%) 5.72 6.10 0.56
Total sugars (%) 7.80 13.33 2.12
Titratable acidity (%) 0.63 0.49 0.69
pH 2.93 3.50 3.73
Ascorbic acid 8.10 4.99 3.07
(mg-1 100 ml)
Tannins (%) 0.14 0.132 0.08
Proteins (%) 0.36 0.17 0.19
Alcohol (%) - - 11.46

Table 2. Sensory evaluation of karonda wine.

Treatment Colour Body Aroma Taste Astrin- Overall Overall
and gency accep- quality
apprearence tability (average

score)

Karonda wine 15 14 16 14 14 15 15
Reference (grape wine-white) 16 16 15 14 15 14 15

Score Range Rating
9-12 Commercially acceptable wines
13-16 Standard wines 
17-20 Superior quality wines



astringency. The overall acceptability socres
recorded by karonda wine (15) was higher than
that of the reference wine (14). However, both
these wines fell under the same rating of
standard wine. The wine prepared from
karonda must recorded score for overall quality
of wine same as that of reference wine (15.0).
The results observed in the present study of
karonda wine are in agreement with the results
of Bhajipale (1997) in karonda wine.

Therefor, standard quality wine can be
prepared from ripe karonda juice by adjusting
T.S.S. to 25 °Brix and pH to 3.5 along with
0.1 per cent DAHP and 30 ppm SO2
treatment to juice of ripe karonda.

Nirmal More
C. D. Pawar
P. M. Haldankar
A. A. Shelar

Dept. of Horticulture
College of Agriculture, Dapoli - 415 712 (India)
July 08, 2011.
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Evaluation of Rabi Sorghum Genotypes and Varieties Against
Shoot Fly (Atherigona soccata Rond.) under Irrigated and

Rainfed Situation

______________

Sorghum crop suffers damage from pests
viz., shoot fly, aphid, delphacid, stem borer and
earhead caterpillars. Among them shoot fly
(Atherigona soccata Rond.) is the major one
which cause nearly 32 per cent loss of the
actual produce (Borad and Mittal 1984).

In management of insect pests, the use of

resistant genotypes/varieties or hybrids for
cultivation is one of the important package of
practices to avoid damage/losses. Therefore, in
research it is necessary to find out the
genotypes/varieties/hybrids of the crops
resistant to insect pests. The studies on the
reaction of sorghum genotypes/varieties
(hybrids) have been conducted by various



workers (Mote et al. 1983, Teli et al. 1983).
However, there is a need to find out the
resistant sources of sorghum to various pests.
Therefore, during the present myestigation
some genotypes and recommended varieties of
sorghum were evaluated against shoot fly in the
field.

A field experiment was executed al All India
Coordinated Sorghum Improvement Project,
Mahatma Phule Krishi Vidyapeeth, Rahuri.
During rabi season of 2010-11 on 56 sorghum
genotypes and 7 local varieties as check were
evaluated. Two sets of total 63 entries were
sown on a bed of 2.00 x 0.60 m with a spacing
of 60 x 15 cm under irrigated and rainfed
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Table 1. Reaction of sorghum genotypes and varieties to
shoot fly (Rainfed and irrigated condition).

Genotype % dead hearts at 28 DAE
––––––––––––––––––––––––––––––
Rainfed Irrigated

DSRMD, Hyd-1 50.74 (45.42) 60.04 (50.79)
DSRMD, Hyd-2 44.54 (41.86) 64.03 (53.15)
DSRMD, Hyd-3 46.43 (42.94) 60.27 (50.92)
DSRMD, Hyd-4 53.58 (47.05) 50.99 (45.56)
DSRMD, Hyd-5 31.09 (33.88) 63.95 (53.10)
DSRMD, Hyd-6 30.34 (33.41) 67.86 (55.47)
DSRMD, Hyd-7 29.54 (32.91) 63.66 (52.93)
DSRMD, Hyd-8 45.71 (42.53) 50.72 (45.41)
DSRMD, Hyd-9 34.37 (35.89) 49.26 (44.57)
DSRMD, Hyd-10 26.15 (30.74) 67.39 (55.22)
DSRMD, Hyd-11 24.78 (29.85) 59.23 (50.31)
DSRMD, Hyd-12 46.57 (43.44) 64.89 (53.67)
DSRMD, Hyd-13 19.93 (26.51) 65.99 (54.33)
DSRMD, Hyd-14 30.89 (34.25) 46.63 (43.06)
DSRMD, Hyd-15 38.25 (38.20) 57.93 (49.96)
DSRMD, Hyd-16 26.29 (30.84) 53.37 (46.93)
DSRMD, Hyd-17 28.80 (32.45) 67.84 (55.46)
DSRMD, Hyd-18 48.68 (44.24) 83.16 (65.82)
DSRMD, Hyd-19 24.81 (29.87) 62.96 (52.51)
DSRMD, Hyd-20 27.59 (31.68) 54.17 (47.39)
DSRMD, Hyd-21 44.77 (41.99) 61.81 (51.84)
DSRMD, Hyd-22 13.85 (21.84) 51.36 (45.78)
DSRMD, Hyd-23 24.08 (29.38) 47.94 (43.81)
DSRMD, Hyd-24 38.22 (38.18) 52.38 (46.36)
DSRMD, Hyd-25 20.15 (26.66) 62.25 (52.09)
DSRMD, Hyd-26 38.94 (38.60) 51.79 (46.02)
DSRMD, Hyd-27 24.02 (29.34) 51.64 (45.93)
DSRMD, Hyd-28 27.48 (31.61) 37.77 (37.92)
DSRMD, Hyd-29 31.66 (34.23) 61.03 (51.37)
DSRMD, Hyd-30 41.66 (40.19) 62.56 (52.27)
DSRMD, Hyd-31 28.35 (31.95) 70.49 (57.10)
DSRMD, Hyd-32 32.97 (35.03) 74.18 (59.50)
DSRMD, Hyd-33 17.76 (24.90) 61.33 (51.54)
DSRMD, Hyd-34 37.84 (37.94) 60.38 (50.99)
DSRMD, Hyd-35 37.54 (37.68) 62.96 (52.53)
DSRMD, Hyd-36 28.10 (32.00) 63.19 (52.65)
DSRMD, Hyd-37 23.44 (28.95) 55.88 (48.38)
DSRMD, Hyd-38 41.33 (40.00) 68.96 (56.14)
DSRMD, Hyd-39 29.81 (33.05) 62.58 (52.29)
DSRMD, Hyd-40 33.30 (34.71) 55.51 (48.16)
DSRMD, Hyd-41 36.51 (37.16) 52.80 (46.60)
DSRMD, Hyd-42 24.05 (29.36) 62.81 (52.42)

Table 1. Reaction of sorghum genotypes and varieties to
shoot fly (Rainfed and irrigated condition).

Genotype % dead hearts at 28 DAE
––––––––––––––––––––––––––––––
Rainfed Irrigated

DSRMD, Hyd-43 24.28 (29.51) 63.90 (53.07)
DSRMD, Hyd-44 43.93 (41.51) 62.02 (51.96)
DSRMD, Hyd-45 34.93 (36.22) 53.75 (47.14)
DSRMD, Hyd-46 31.25 (33.98) 63.84 (53.03)
DSRMD, Hyd-47 41.77 (40.26) 50.71 (45.40)
DSRMD, Hyd-48 33.29 (35.22) 55.05 (47.90)
DSRMD, Hyd-49 33.00 (35.05) 54.63 (47.65)
DSRMD, Hyd-50 28.43 (32.21) 52.63 (46.50)
DSRMD, Hyd-51 26.75 (31.14) 45.17 (42.22)
DSRMD, Hyd-52 22.50 (28.30) 50.55 (45.31)
DSRMD, Hyd-53 25.22 (30.13) 62.53 (52.26)
DSRMD, Hyd-54 20.04 (26.57) 47.46 (43.54)
DSRMD, Hyd-55 43.01 (40.97) 44.13 (41.62)
DSRMD, Hyd-56 38.23 (38.18) 54.46 (47.55)
Phule Maulee (C) 7.78 (16.18) 36.21 (36.98)
B-35 (C) 25.85 (30.54) 52.29 (46.31)
R-16(C) 19.23 (26.00) 51.90 (46.08)
CSV216R(C) 5.28 (13.27) 34.36 (35.85)
M-35-1 (C) 17.48 (24.70) 26.89 (31.23)
Phule Chitra (C) 18.17 (25.22) 36.37 (37.07)
Phule  Anuradha (C) 10.64 (19.03) 29.00 (32.58)
S.E.± 0.59 2.70
C.D. at 5% 1.70 4.74

DAE = Days after emergence



conditions in a randomised block design with
two replications. The observations on plants
showing dead hearts caused by shoot fly and
healthy palnts were recorded on 28th day of
emergence. The data on per cent dead hearts
in each entry was recorded and subjected to
statistical analysis.

The data on per cent dead hearts caused by
shoot fly to the genotypes and check varieties
from irrigated and rainfed conditions are
presented in Table 1. It is seen that the
incidence of shoot fly was low in cultivated/
recommended local varieties than other
genotypes under rainfed situation as compared
to irrigated situation. Among the varieties CSV
216 R recorded significantly lowest shoot fly
damage (5.26%) followed by Phule Maulee
(7.78%) and Phule Anuradha (10.64) under
rainfed situation among the genotypes and
varieties. Whereas, the varieties M 35-1
showed significantly lowest shoot fly damage
(27.40%) and it was followed by Phule
Anuradha (28.69%) under irrigated conditions.
Therefore, it seems that the varieties/local
types had ability to resist the shoot fly damage
under both situation. Among the genotypes
DSRMD Hyd -22 showed the lowest shoot fly
damage (13.23%) followed by DSRMD Hyd-
33 (19.14%) and DSRMD Hyd-54 (21.73%)
under rainfed situation. While the genotypes
viz., DSRMD Hyd-28 (37.77%) showed lowest
shoot fly damage.

The results of the present study could not be
confirmed as the reaction of the genotypes
evaluated to shoot fly was not reported earlier.
However, during the study it was noticed that
the varieties/genotypes grown under rainfed
situation showed less damage by shoot fly than

the irrigated humid condition. Similarly local
types exhibited tollerance against the pest
indicative of presence of genes against the
shoot fly. This indicated that the dryness affects
the infestation of shoot fly. Delobel (1983)
reported that the mortality of shoot fly due to
desiccation did not exceed 5.7 per cent during
rainy season increasing to 17 per cent during
dry season. Mote and Kadam (1986) observed
positive correlation between shoot fly adults
with  temperature, relative humidity and
rainfall.

D. B. Pawar
S. V. Nirmal
S. R. Gadakh

AICRP on Sorghum
Mahatma Phule Krishi Vidyapeeth, 
Rahuri - 713 722 (India)
August 07, 2011.
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Gluconacetobacter diazotrophicus
bacterium is grown on high sucrose
concentration (10% sucrose) and  at a very low
pH (3.0). It has an ability to fix N under
microaerophilic conditions. The carbon source
that best supports growth is sucrose at 10 per
cent and the bacterium prefers to grow even at
high concentration of sucrose (30%). This
bacterium utilizes carbon source and it favours
higher N fixation for high sugar crops like sweet
corn, sugarcane, sweet potatoes, sugar beet
etc.

The present investigation was conducted at
Agronomy Farm, College of Agriculture, Pune

during kharif, 2008. The experiment was laid
out in split plot design with four replications.
There were twenty one treatments. Main plot
treatment included three levels of fertilizers i.e.
F1 : 100 per cent RDF, F2 : 75 per cent RDF
and F3 : 50 per cent RDF. Sub plot treatment
includes G1 : Seed treatment of G.
diazotrophicus, G2 : Soil application of G.
diazotrophicus by enriching with FYM (30
DAS), G3 : Slurry application of G.
diazotrophicus (30 DAS), G4 : Seed treatment
with G. diazotrophicus + soil application
enriched with FYM (30 DAS), G5 : Seed
treatment with G. diazotrophicus + its slurry
application of G. diazotrophicus (30 DAS),

J. Agric. Res. Technol., 37 (3) : 488-490 (2012)

Effect of Fertilizer Levels and Gluconacetobacter
diazotrophicus on Chemical and Biological Properties of

Soil and Plant under Sweet Corn

Table 1. Effect of different treatments on available N, P and K (kg ha-1) in soil and N, P and K content in plant at harvest
of sween corn.

Treatment Soil content (kg ha-1) Plant content (%)
–––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––
N P K N P K

Fertilizer levels (F) (% RDF) :
F1 - 100 186.37 31.69 528.00 1.03 0.0735 0.25
F2 - 75 177.41 41.57 570.83 0.85 0.0798 0.27
F3 - 50 166.66 36.04 561.60 0.81 0.0836 0.21
S.E.m± 1.27 0.38 3.17 0.02 0.0008 0.002
C.D at 5% 4.39 1.33 10.96 0.07 0.0027 0.008

Method of application  of G. diazotrophicus (M) :
G1 163.07 36.02 492.80 0.75 0.0665 0.22
G2 179.80 36.05 563.73 0.89 0.0740 0.24
G3 167.25 34.20 530.13 0.79 0.0754 0.20
G4 188.16 39.75 607.67 1.07 0.0931 0.28
G5 183.98 36.02 571.20 0.98 0.0887 0.26
G6 204.88 45.26 679.47 1.07 0.1020 0.30
G7 150.53 27.73 429.33 0.72 0.0532 0.18
S.E. m± 5.93 0.86 4.94 0.04 0.0031 0.01
C.D at 5% 16.82 2.42 14.00 0.10 0.0090 0.03
Mean 176.81 36.43 553.48 0.90 0.0790 0.24

Interaction F x M :
S.E.m± 10.27 1.48 8.55 0.06 0.005 0.02
C.D at 5 % N.S. 4.20 24.25 0.17 0.0156 N.S.



G6 : Seed treatment with G. diazotrophicus +
its soil application (20 DAS) slurry  application
and slurry application (30 DAS) and G7 :
Control : No G. diazotrophicus. The rate of
application of G. diazotrophicus is 25 g kg-1

seed for seed treatment, 6.5 kg in 250 kg FYM
ha-1 for soil application and 6.5 kg ha-1 in 150
lit. water as slurry application combinations
formed due to three fertilizers levels.

The soil of experimental field was clay in
texture, low in nitrogen (147.50 kg ha-1),
medium in available phosphorus (17.20 kg
ha-1), high in available potassium (280.00 kg
ha-1) and slightly alkaline in reaction with 7.7
pH. The gross and net plot sizes were 6.0 x 4.8
m2 and 5.2 x 3.6 m2 respectively. During the
crop growth period, the mean minimum and
maximum temperature ranged from 19 to
22.4°C and 25.3 to 32.7°C respectively with
relative humidity ranging from 82-93 per cent
in the morning and 38-82 per cent in the
evening. Crop condition during the period of
experimentation was satisfactory. Sweet corn
F1 Sugar-hybrid 75 was used for dibbling.

The bacterial count of Gluconacetobacter
diazotrophicus, was taken from soil and plant
before sowing, 30 DAS, 60 DAS and at harvest
by standard serial dilution and plating method
(Subba Rao,1999).

Soil analysis at harvest : The available
N, P and K in the soil of the experimental field
at harvest were influenced significantly due to
different fertilizer levels. The application of 100
per cent RDF reported higher availability of N
over rest of treatments followed by 15 per cent
and 50 per cent RDF. The higher available P
and K were  also observed with  75 per cent
RDF i.e. 41.57 and 570.83 kg ha-1

respectively.

The methods of application of G.
diazotrophicus significantly influenced the
availability of N, P and K in the soil. The

available nitrogen, phosphorus and potassium
in the soil at harvest were higher in the seed
treatment with G. diazotrophicus + its soil
application (20 DAS) and slurry application (30
DAS) i.e. 204.88, 45.26 and 679.47 kg ha-1,
respectively.

The fertilizer levels were significantly
influenced the N, P and K content in plant. The
application of 100 per cent RDF was found
significantly higher over rest of the fertilizer
levels i.e. 1.03 per cent (N), 0.0798 per cent
(P) and 0.2 per cent (K).

The lowest values were found with
application of 50 per cent RDF i.e. 0.81g per
cent (N), 0.21 per cent (K). Thus, 100 per cent
RDF was found to be superior over other
fertilizer levels.

N, P and K content in plant was significantly
influenced by  different methods as seed
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Table 2. Microbial count of G. diazotrophicus (106 g-1).

Treatment 30 DAS 60 DAS At harvest
in leaf in leaf in leaf

Fertilizer levels (F) (% RDF) :
F1 - 100 0.96 4.59 2.64
F2 - 75 0.99 4.49 2.56
F3 - 50 0.95 4.14 2.10
S.E.m± 0.02 0.04 0.05
C.D at 5% N.S. 0.13 0.15

Method of application  of G. diazotrophicus (M) :
G1 3.90 5.53 3.17
G2 0.00 5.13 2.73
G3 0.00 5.13 2.73
G4 0.00 4.60 2.87
G5 0.00 5.05 2.77
G6 2.86 5.40 2.77
G7 0.00 0.00 0.00
S.E. m± 0.03 0.23 0.06
C.D at 5% 0.09 0.81 0.16
Mean 0.96 4.14 2.43

Interaction F x M :
S.E.m± 0.05 0.14 0.10
C.D at 5 % N.S. N.S. 0.27



treatment with G. diazotrophicus + its soil
application (20 DAS) and slurry application (30
DAS) had maximum N, P and K content i.e.
1.07, 0.1020 and 0.35 per cent respectively
Similar results were also reported by Sevilla et
al. (2001).

Microbial count of G. diazotrophicus:
The microbial count at 30 DAS was not
significantly influenced by different fertilizer
levels but it was significantly influenced due to
fertilizer level at 60 DAS and at harvest. The
microbial count of G. diazotrophicus before
start of the experiment was not observed and it
was strongly supported by Sevilla et al. (2001).

The microbial counts of G. diazotrophicus
were significantly influenced by the methods of
application of G. diazotrophicus. However, it
was high in the seed treatment of G.
diazotrophicus at 60 DAS (5.53 x 106 g-1 of
leaf) followed by seed treatment of G.
diazotrophicus at 30 DAS. Whereas no cells
were observed in uninoculated control. More of
less similar trend of microbial population was
noticed at 30 DAS and harvesting stage of the
crop Dobereiner (1988) and Sevilla et al.

(2001) reported similar type of observation in
sugary crops. Interaction effects were found to
be non significant between fertilizer levels and
method of application of G. diazotrophicus on
sweet corn.

M. M. Patil
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Assessment of Physiological Efficiency in Summer Groundnut

______________

Groundnut needs good sunshine and higher
temperature to produce more pods (Cox, 1979
and Ong, 1986), leading to higher productivity.
The yield of groundnut is largely influenced by
amount of photosynthates that are produced
between vegetative and productivity phases.
The area under this crop is continuously
increasing. Ultimately the research for evolving
ideal plant type suitable for summer cultivation
so as to boost up the productivity should be

taken up.

The field experiment was conducted in a
randomized block design with 22 groundnut
genotypes in two replication during summer
2009 at research Farm of AICRP Groundnut,
Cotton Improvement Project, M.P.K.V.,
Rahuri. The crops were grown following the
recommended package of practices to maintain
the proper growth and development of crop.



Three plants were selected at random from
each genotypes in each replication for
recording observations on physiological traits
viz., photosynthetic rate, transpiration rate,
stomatal conductance and stomatal frequency
and yield attributes.

The observations for photosynthetic rate,
transpiration rate and stomatal conductance
were taken with the help of portable Infra Red
Gas Analyzer i.e. IRGA model LI COR 6400 at
flowering and pod development stages.

Stomatal frequency of leaf of each genotype
was calculated for both abaxial and adaxial side

of leaves at flowering stage of crop. For this
purpose paste was prepared by adding xylene
and thermacol in sufficient quantity. Paste was
applied on both upper and lower surface of
freshly harvested leaf and dried for 1-2 hours. It
was then removed with the help of fine forceps
and observed under microscope for recording
the stomatal density.

After harvesting the observation on yield
attributes viz., number of mature pods plant-1,
number of kernels pod-1, weight of 100
kernels, dry pod yield plant-1, plot-1 and
hectare-1, harvest index were recorded. Harvest
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Table 1. Rate of photosynthesis (µmol m-2 sec-1), transpiration (µmol m-2 sec-1) and stomatal conductance (µmol m-2 sec-1)
of different groundnut genotypes at different growth stages.

Genotype Photosynthetic Transpiration Stomatal Stomatal
rate at rate at conductance at frequency at

–––––––––––––––––––– –––––––––––––––––––– –––––––––––––––––––– ––––––––––––––––––
Flow- Pod Flow- Pod Flow- Pod Flow- Pod
ering develo- ering develo- ering develo- ering develo-

pment pment pment pment

TPG-41 26.450 22.020 10.930 8.665 0.432 0.310 17.0 14.5
JAWL-98 22.010 19.380 10.260 8.805 0.460 0.410 17.0 11.5
ICG-08440 32.505 29.850 8.150 7.830 0.408 0.370 21.5 11.0
ICG-08505 27.815 23.380 9.975 9,010 0.439 0.400 22.5 16.0
ICG-08023 21.555 20.865 11.210 9.710 0.266 0.123 20.0 15.0
ICG-08084 29.155 25.690 10.020 7.325 0.269 0.263 20.5 18.0
ICG-08437 31.250 26.860 8.300 6.340 0.108 0.073 15.0 8.0
RHRGS-06072 26.075 22.425 6.830 5.270 0.172 0.080 20.0 12.0
ICG-08404 31.990 26.9.10 9.185 6.850 0.346 0.170 25.0 19.5
RHRGS-28 29.360 25.875 9.705 758.5 0.322 0.358 16.0 13.0
RHRGS-19 30.505 29.140 10.110 8.885 0.222 0.248 21.0 18.5
ICG-08446 2.8.100 23.060 8.030 7.820 0.357 0.265 17.0 13.9
ICG-08474 31.840 29.340 9.260 7.605 0.170 0.667 20.5 9.0
ICG-08483 30.370 25.400 9.195 8.000 O.M9 0.158 23.0 10.0
ICG-08085 29.550 25.325 10.210 8.230 0.224 0.096 16.0 9.5
ICG-08424 34.440 30.210 9.640 8.750 0.275 0.255 25.0 11.0
ICG-08422 31.775 24,245 10.342 8.385 0.424 0.391 17.0 13.0
ICG-08511 24.750 21.875 7.150 6.855 0.330 0.225 19.0 15.5
ICG-08356 28.330 21.870 9.165 7.035 0.360 0.221 16.5 11.0
ICG-OS125 25.835 20.485 7.040 6.715 0.378 0.253 19.0 16.0
ICG-08433 29.970 24.490 9.230 8.125 0.368 0.365 21.0 18.0
TAG-24 31.305 25.995 10.430 9.640 0.419 0.345 18.0 12.0
S.E.± 1.488 1.904 1.040 0.834 0.080 0.062 0.486 1.077
CD at 5% 0.830 N.S. 3.110 N.S. N.S. 0.183 1.428 3.167



index was calculated by using formula given by
Donalds (1962).

In the present investigation genotypic
differences were observed with respect to
physiological parameters (Table 1). Significant
differences were observed among the twenty
two genotypes for photosynthetic rate and
transpiration rate at flowering stage and non
significant at pod developmental stage.
Whereas the stomatal conductance was non
significant at flowering stage and significant at
pod development stage.

At flowering and pod development stages
the genotype ICG-08424 recorded highest
photosynthetic rate (34.440 µmol m-2 sec-1)
over all the genotypes except ICG-08440
(32.505 µmol m-2 sec-1), whereas, the
genotype ICG-08023 recorded significantly
lowest photosynthetic rate. Transpiration rate
was highest in the genotype ICG-08023
whereas the genotype RHRGS-06072 had
lowest transpiration rate.

At flowering and pod development stage the
genotype JALW-98 and the genotype ICG-
08437 recorded the maximum and minimum
stomatal conductance respectively.

The data on mean stomatal frequency are
presented in Table 1. The genotypic differences
as regards to stomatal frequency were
statistically significant in both abaxial and
adaxial side of leaves. The genotype ICG-
08404 (19.5) recorded significantly highest
stomatal frequency on abaxial side. Whereas
the genotype ICG-08437 (8.0) recorded
significantly lowest stomatal frequency. The
genotype ICG-08424 (25.0) recorded highest
stomatal frequency on adaxial side whereas the
genotype ICG-08437 (15.0) recorded lowest
stomatal frequency.

The generative growth constitutes the
growth and development of reproductive parts.
The data from yield point of view,
photosynthetic rate was significantly correlated
with yield of crop (Bhattacharya and Singh,
1999). The genotype ICG-08440 and ICG-
08424 with high photosynthetic rate also
resulted in high yield.

Transpiration rate was negatively correlated
with yield potential of crop. The genotype ICG-
08023 with higher transpiration rate showed
low yield. The number of pods plant-1 weight of
100 kernel, dry pod yield (g) plant-1 also
affected the ultimate yield of the crop. The
genotype ICG-08440 recorded highest yield
than any other genotype except ICG-08424
and ICG-08422. The lowest yield was recorded
in the genotype ICG-08023.

N. B. Gharge
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Mahatma Phule Krishi Vidyapeeth, 
Rahuri - 713 722 (India)
August 28, 2011.
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Monitoring pest population is necessary to
understand the major factor influencing pest
population to forecast its incidence. Adult moth
catches in pheromone trap can be incorporated
in developing predictive model designed to
provide information on ovipositor patterns and
population abundance of H. armigera. Hence,
an attempt has been made to investigate the
sensitivity of the incidence of H. armigera
infesting chickpea to the different
meteorological parameters.

The study was conducted at Pulses
Improvement Project, Mahatma Phule Krishi
Vidyapeeth, Rahuri, Dist. Ahmednagar,
Maharashtra, India during rabi 2008-09 to
2010-11. Four funnel shaped pheromone traps
were installed at a distance of 100 m from each
other in chickpea research field. Pheromone
traps baited with rubber septa and the synthetic
H. armigera pheromone were used to attract
the adult moths. Pheromone septa were
changed at every 21 days. The moth catch in
the pheromone traps were recorded regularly at
9 a.m. every day. Total numbers of moth catch
at weekly interval were reported.

Similarly, the larval population was recorded
on one meter row length of plant at weekly
interval on standard meteorological week basis
from unsprayed chicpea field.

The emergence of Helicoverpa male moth
was appeared from 44th meteorological week
to 52nd meteorological week, then its
population increased gradually up to 9th

meteorological week and then decreased
gradually. So Integrated Pest Management
Programme on chickpea against Helicoverpa
should be started from 44th meteorological

week i.e. last week of November to suppress
the pest population very effectively.

The data summarized in Table 1 revealed
that, the male moth catch in the pheromone
traps was started from 44th meteorological
week (1st week of November 2008), 48th
meteorological week (last week of December
2009) but in 2010 it was appeared on 52nd

meteorological week (last week of December),
respectively. The moth catch was recorded
highest in 7th meteorological week i.e. 2nd

week of February 2009, 3rd meteorological
week i.e. 3rd week of January 2010 and in case
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Population Dynamics of Pod Borer Helicoverpa armigera
(Hubner) Infesting Chickpea

Table 1. Monitoring Helicoverpa armigera adult male
population through pheromone traps in chickpea
pooled over three years (2008-09 - 2010-11).

MW Month Male moth Larvae 
catches m-1 row
trap-1 length

of plants

44 Nov. 0.09 0.1
45 0.19 0.1
46 0.19 0.2
47 2.47 2.12

48 Dec. 2.19 1.65
49 2.38 2.02
50 3.14 2.87
51 1.52 2.48
52 3.66 4.76

1 Jan. 3.61 5.05
2 4.62 4.78
3 3.71 3.45
4 3.33 3.50

5 Feb. 5.09 3.71
6 4.52 3.05
7 5.81 3.03
8 3.19 2.5

9 Mar. 1.76 1.02
10 0.47 0.04



of the year 2011 it was in 8th meteorological
week i.e. 3rd week of February. The maximum
number of moth trapping was observed during
last week of February and first week of April by
Prasad and Newpane (1992) in Nepal.

The larval population of H. armigera
ranged from 0.30 to 6.70, 0.10 to 4.20 and
0.28 to 9.57 larvae meter-1 row length of plant
during 2008-09, 2009-10 and 2010-11
respectively. The pest commenced in 44th

meteorological week i.e. first week of Nov.,
46th meteorological week i.e. 3rd week of Nov.
and 47th meteorological week i.e. fourth week
of Nov. in 2008-09, 2009-10 and 2010-11
respectively. The maximum larval population
was recorded (6.90) in 2nd meteorological week
i.e. 2nd week of January, (4.20) in 3rd

meteorological week i.e. 3rd week of January
and (7.00 larvae/m row L of plant) in 1st

meteorological week i.e. 1st week of January
during 2008-09, 2009-10 and 2010-11
respectively.

Patnaik and Senapati (1996) observed that
the larval activity peaked between the 50th and
2nd standard week (i.e. 2nd week of December
and 2nd week of January). Similar observation
were noticed by Jadhav and Suryawanshi

(1998) and Tripathy et al. (1999). Thus the
present observation of incidence of H.
armigera on chickpea crop are more or less in
accordance with the earlier reports.

A. P. Chavan
S. K. Patil
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Pulses Improvement Project
Mahatma Phule Krishi Vidyapeeth, 
Rahuri - 713 722 (India)
September 18, 2011.
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Effect of Integrated Nutrient Management on Growth, Yield
and Economics of Soybean Genotypes

______________

The integrated nutrient management now a
days is the only concept which needs to be
adopted in agriculture. Similarly, crop
genotypes may vary in producting economic
yield in a given set of agro-climatic conditions.
Considering the above facts the present study
was undertaken.

The field experiment on soybean was
conducted at Instructional cum research farm,
Indira Gandhi Krishi Vishwavidyalava, Raipur
(C.G.) under rainfed condition during kharif
2009 in clay soil having low in available
nitrogen (217 kg ha-1) medium in available
phosphorus (13 kg ha-1) and high in available



potassium (317 kg ha-1) contents. The reaction
of the soil was neutral (7.1 pH). A trial was laid
out in a factorial randomized block design with
three replications with gross plot size 6.0 x 3.6
m. Crop was sown on 5th July. 2009 adopting
30 x 10 cm spacing and harvested on 14th

October, 2009. All recommended cultural
practices were followed. The treatments
comprised of 12 nutritional schedules (Table-1)
and two varieties of soybean (JS-93-05 and JS-
97-52). Nutrients (as per the treatments) were
given in furrows as entire basal dose at the time
of sowing. However, Bradyrhizobium
japonicum and phosphate solublising bacteria
(PSB) were seed dressed before sowing of
soybean.

Seed yield : The significantly higher seed

yield (20.08 q ha-1) was recorded with the
application of 125 per cent RDF + farm yard
manure (5 t ha-1) as compared to other nutrient
combinations. Further, treatment 125 per cent
of RDF + Rhizobium + PSB (18.86 q) and 125
per cent of RDF (18.60 q) were at par and
stood second in position. These three nutrient
schedules produced 121, 107 and 104 per
cent higher seed over absolute control (9.09 q
ha-1). The absolute control and combination of
Rhizobium + PSB produced similar yield under
study. Maximum seed yield was recorded by the
application of 125 per cent RDF + FYM was
due to nutrient supply by different inorganic
and organic fertilizer cornbinations which
resulted in better development of growth and
yield attributes of soybean. Similar results were
also obtained by Gajbhiye and Mali (2009).
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Table 1. Effect of integrated nutrient management on growth, yield and economics of soybean genotypes.

Treatment Plant Leaves Bran- Dry Nodules Pods Seeds 1000 Seed Stover Net
height plant-1 ches matter plant-1 plant-1 plant-1 seed yield yield returns
(cm) (60 plant-1 plant-1 (No.) (No.) (No.) weight (q (q (Rs.

DAS) (g) (g) ha-1) ha-1) ha-1)

Nutritional schedule :
75% RDF 54.8 35.9 9.5 15.0 52.3 50.4 2.57 81.2 12.68 18.19 14256
75% RDF + 55.0 35.7 9.8 14.0 58.2 53.5 2.62 80.9 13.48 17.69 15791
Rhizobium + PSB
75% RDF + FYM 56.0 34.8 10.2 14.7 58.2 54.7 2.68 81.9 14.67 19.41 17297
100% RDF 57.4 36.8 10.9 15.4 62.2 55.9 2.70 85.9 15.98 21.22 19357
100% RDF + 58.5 37.9 11.1 15.7 70.1 56.3 2.71 86.8 16.27 22.29 19941
Rhizobium + PSB
100% RDF + FYM 59.2 41.4 11.3 16.2 69.6 58.5 2.72 86.8 17.02 24.45 20588
125% RDF 59.2 39.8 11.9 16.5 72.1 55.0 2.74 82.0 18.60 25.39 23146
125% RDF + 59.5 38.5 12.2 17.3 77.3 58.4 2.74 87.4 18.86 25.38 23635
Rhizobium + PSB
125% RDF + FYM 60.0 39.2 12.6 18.1 77.3 60.4 2.79 89.0 20.08 26.24 25148
Rhizobium + PSB 59.9 38.0 8.5 12.0 55.1 43.7 2.51 78.0 09.40 16.64 12529
FYM 55.0 34.2 9.1 12.4 54.1 46.8 2.57 83.3 10.52 16.94 13814
Absolute control 54.1 32.7 8.0 11.0 48.3 41.4 2.41 80.0 09.09 16.21 11927
S.Em.± 0.47 0.66 0.23 1.23 2.03 1.41 0.07 0.18 0.37 0.67 736
C.D. at 5% 1.33 1.89 0.72 3.51 5.78 4.45 0.24 0.57 1.15 2.05 2117

Genotype :
JS-93-05 49.7 35.2 10.1 14.0 66.7 43.6 3.09 89.8 12.05 17.26 22611
JS-97-52 65.1 38.9 10.8 15.7 59.1 62.2 2.20 78.2 17.39 24.42 23644
S.Em.± 0.19 0.27 0.12 0.50 0.83 1.36 0.03 0.08 0.17 0.46 347
C.D. at 5% 0.57 0.77 0.33 1.43 2.36 3.89 0.11 0.24 0.54 1.67 950

RDF = 30:60:40:20 kg ha-1 N, P2O5, K2O and S respectively and FYM dose = 5 t ha-1



Soybean variety JS-97-52 produced
significantly more (44.32%)  seed yield (17.39
ha-1) than JS-93-05 (12.05 q ha-1). The
possible explanation of higher seed yield with
JS-97-52 was the production of taller plants,
number of leaves, root nodules and pods
plant-1 as well as test weight compared to
variety JS-93-05. Yield variation among the
varieties were also observed by Mehasen and
Saeed (2005).

Stover yield : Significantly more stover
yield (26. 24 q ha-1) was obtained with the
application of 125 per cent of RDF + farm yard
manure (5 t ha-1) over other treatments.
However, it was on par with 125 per cent of
RDF (25.39 q), 125 per cent of RDF +
Rhizobium + PSB (25.38 q) and 100 per cent
of RDF + FYM (24.45 q ha-1) nutrient
management systems. The stover yield was not
affected significantly under lower level of
chemical fertilizers and along with bio-fertilizers
(75% of RDF alone and in combination with
Rhizobium + PSB), combination of Rhizobium
+ PSB, FYM alone and absolute control
treatments. These results corroborate the
findings of Sarawagi et al. (2007). Soybean
variety JS-97-52 attained statistically higher
stover yield (24.42 q ha-1) than JS-93-05
(17.26 q ha-1) under study due to favourable
growth parameters. The results are in
agreement with the observations of Gupta et al.
(2003).

Net returns : The net returns realized was
significantly more (Rs. 25148 ha-1) with 125
per cent of RDF + FYM (5 t ha-1) and is being
at par with 125 per cent of RDF + Rhizohium
+ PSB and 125 per cent of RDF as compared
to others. The minimum net returns (Rs.
11927 ha-1) was received under absolute
control. However, it was on par with
Rhizobium + PSB and FYM alone treatments.

Data (Table 1) also indicated that 5 t ha-1 FYM
was similar to 75 per cent of RDF and its
combination with Rhizobium + PSB in respect
of net returns. Similar findings were also
reported by Deshmukh et al. (2005). Between
varieties, JS-97-52 recorded significantly
higher net returns (Rs. 23644 ha-1) than JS-93-
05 (Rs. 22611  ha-1). The higher net returns
might be due to more seed and stover yields.
The results of the study were consistent with
the findings of Paikra et al. (1988).

C. R. Patel
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A successful breeding programme for high
yield requires information on the nature and
magnitude of variability in the available material
and role played by environment in the
expression of various plant characters. The
magnitude of heritability and more particularly
its genetic component is the most important
aspect of genetic constitution of the breeding
material which has a close bearing on its
response to selection. The expression of
character by the genotype may differ from one
environment to another environment. The
number of attempts have been made to study
the variability and heritability in brinjal by
number of workers (Singh and Nandpuri 1974,
Vedivel and Bapu 1993 and Ramesh Bubu and
Patil, 2008). An attempt has been made to
study the extent and magnitude of genetic
variability and heritability in a set of 65 brinjal
cultivars with a view, to provide through
understanding of the genetic make up of the

material which is useful for planning a
successful breeding programme in brinjal.

The material under investigation consisted
of 65 genotypes with diverse morphological
characters like fruit shape, fruit colour, growth
habit and spinyness characteristics and were
collected from different parts of India and
maintained at All India Coordinated Research
Project on Vegetable Crops, Mahatma Phule
Krishi Vidyapeeth, Rahuri. The experiment was
laid out in a randomized block design with three
replications during kharif 2009. The
recommended cultural practices for growing
brinjal crops were adopted. Five plants from
each genotype in each replication were selected
at random for recording observations on
fourteen quantitative characters viz., plant
height (cm), plant spread (cm), number of
primary branches plant-1, days to 50 per cent
flowering, days to first harvest, length of fruit
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Genetic Parameters for Quantitative Traits in Brinjal
(Solanum melongena L.)

Table 1. Range, mean and estimates of genetic parameters in 65 genotypes of brinjal.

Name of characters Range General PCV GCV Herit- Genetic GA as
mean bility advance per cent

(bs) (%) (GA) of mean
(K.2.06)

Fruit length (cm) 4.20-17.35 7.25 33.76 30.41 81.13 4.09 56.42
Fruit breadth (cm) 3.23-7.73 5.15 24.80 14.39 39.82 0.96 18.71
Fruit weight (g) 31.09-200.45 57.14 44.58 43.91 97.04 50.92 89.11
Fruit girth (cm) 12.58-21.96 15.90 15.06 12.10 64.58 3.19 20.03
Plant height (cm) 38.17-105.80 58.90 24.59 23.13 88.49 26.40 44.83
Primary branches plant-1 2.82-7.72 4.52 24.17 17.51 52.48 1.18 26.13
Plant spread (cm) (N.S.) 46.85-91.25 64.71 16.57 16.20 95.57 21.11 32.63
Plant spread (cm) (E.W.) 47.39-106.72 68.32 18.55 18.24 96.65 25.23 36.39
Days to 50% flowering 57.35-90.90 77.99 10.11 9.31 84.75 13.77 17.66
Fruits plant-1 16.67-36.88 24.14 16.75 15.21 82.49 6.87 28.46
Yield plant-1 (kg) 0.96-2.80 1.39 21.74 18.60 73.22 0.46 32.79
Yield (q ha-1) 168.90-360.35 252.24 17.28 17.13 98.25 88.21 34.97
Days to first harvest 51.25-99.70 88.30 8.36 4.23 25.66 3.90 4.42
Duration of harvesting 104.80-118.51 111.84 3.58 2.28 40.47 3.33 2.98



(cm), breadth of fruit (cm), girth of fruit (cm),
average weight of fruit (g), number of fruits
plant-1, yield plant-1 (kg), yield q ha-1 and
duration of harvest were recorded. The genetic
parameters were estimated by using the
formula suggested by Burton and Devane
(1953), heritability by Singh and Choudhary
(1977) and genetic advance by the formula
suggested by Allard (1960).

The analysis of variances revealed
significant differences among the genotypes for
almost all the characters. The wide spectrum of
variability noticed in these characters would
offer the scope of selection for evolving the
promising types. All the characters studied were
significant at 5 and 1 per cent level indicating
there was a wide variation in the expression of
the characters. The coefficient of variation was
ranged from 2.76 (Duration of harvesting) to
17.68 (fruit breadth). The range for fruit length
was 4.20 to 17.35 cm with mean of 7.25 cm,
for fruit breadth 3.23 to 7.23 cm, for fruit
weight 31.09 to 200.45 g with mean of 57.14
g, for fruit girth 12.58 to 21.96 cm, for plant
height 38.17 to 105.80 cm, for number of
primary branches 2.82 to 7.72, for plant
spread (NS) 46.85 to 91.25, cm, for plant
spread (EW) 47.39 to 106.72 cm, for days to
50 per cent flowering 57.35 to 90.90, for
number of fruits plant-1 16.67 to 36.88, for
yield plant-1 0.96 to 2.80 kg, for yield
hectare-1 168.90 to 360.35 q, for days to first
harvest 51.25 to 99.70 days and for duration
of harvest 104.80 to 118.51 days. The
magnitude of phenotypic coefficient of
variation (PCV) was higher than the genotypic
coefficient of variation (GCV) for all the
characters indicating the predominant role of
environment in the expression of the traits
studied (Table 1). The highest GCV and PCV
was observed for fruit length, fruit breadth,
average weight of fruit, plant height, plant
spread, number of branches plant-1, number of

fruits plant-1, yield plant-1 and hectare-1. This
was also corroborated with the findings of
Srivastava and Sachan (1973) and
Salehuzzaman and Joarder (1980).

The heritability (bs) percentage was high
(Table 1) for the characters like yield hectare-1,
length of fruit, plant height, plant spread,
number of fruits plant-1, average weight of fruit,
and days to 50 per cent flowering. These
findings were in conformity with the results
obtained by Singh and Nandpuri (1974). The
genetic advance in the present study ranged
from 0.46 for yield plant-1 to 88.21 for yield
hectare-1. The characters with high heritability
when associated with high genetic gain may be
attributed to the additive gene effects (Panse
1957) which can effectively be improved by
selection. In the present study the characters
viz., yield hectare-1, average weight of fruit,
number of fruits plant-1, height of plant, plant
spread and days to 50 per cent flowering has
high values for genetic advance coupled with
high heritability values which could be improved
by selection. Similar observations were also
reported by Vedivel and Bapu (1993). These
results suggest the possibilities of improvement
of these characters through rigorous selection.
By considering the genetic parameters, the
further planning of successful breeding
programme can be made in brinjal.
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Effect of Spacing and Fertilizer on Yield Attributes in Yard
Long Bean (Vigna unguiculata sub sp. sesquipedalis) cv.

Konkan Wali

______________

Yard long bean (Vigna unguiculata var.
sesquipedalis) is an important leguminous crop
grown especially in warm and humid climatic
conditions of Konkan region. It is also cultivated
extensively in Karnataka, Andhra Pradesh,
Tamilnadu and Kerala. It is rich in protein
especially lysine. The 100 g edible portion of
yard long bean contains energy (34 Kcal),
protein (4.20 g), calcium 110 mg, iron (4.70
mg), vitamin (2.40 mg), vit. C (35 mg), (Anon,
2006).

The agroclimatic conditions of Konkan
region are very much suitable for yard long
bean cultivation. It is grown in kharif as well as
summer season in homesteads. The crop is
gaining popularity due to its peculiar taste
especially in long coastal track and hence
commercial cultivations in restricted pockets
are increasing. It is becoming an important
crop in cropping system and the farmers based
on their experience are adopting various
spacing and fertilizer doses. Hence, the present
investigation was undertaken to study the effect
of spacing and NPK fertilizers on growth, yield

and quality of yard long bean under konkan
agroclimatic conditions of Maharashtra state.

The experiment was carried out at
Educational Farm, Department of Horticulture,
College of Agriculture, Dapoli, Ratnagiri during
rabi season, 2007-08. The soil of the
experimental plot was red lateritic with uniform
depth and good drainage. The experiment
comprising four levels of fertilizers (F1 -
60:60:0, F2 - 60:60:30, F3 - 60:60:45 and F4
- 60:60:60 kg NPK ha-1) and three levels of
spacing (S1 - 60 x 120 cm, S2 - 75 x 120 cm
and S3 - 90 x 120 cm) was laid out in a split
plot design with three replications. A basal dose
of nitrogen, phosphorus and potassium as per
the treatment along with F.Y.M. were applied
before sowing in the form of urea, S.S.P. and
MOP. The 2-3 seeds of yard long bean cv.
Konkan Wali were sown on each spot and only
one healthy seedling was retained.

Among different characters studied, spacing
had significant effect on most of the characters
viz., number of branches, pod setting, number
of pods, yield hectare-1 and fibre content. The



plant height (354.67 cm) and number of
branches (30.33) plant-1 were significantly
highest in S2 as compared to S1 and S3. The
lowest values for both the characters (334.69
cm and 28.00 respectively) were recorded in
closer spacing (S1). Among the different
characters under study, the wider spacing (S3)
noticed the significantly highest value for most
of the remaining characters. The pod setting
was highest (66.90 per cent) at wider spacing
(S3) and lowest (62.99 per cent) in medium
spacing (S2). Similarly, numbers of pods plant-1

(68.11) were highest in wider spacing (S3);
whereas significantly the lowest value (41.16)
was recorded in closer spacing (S1).

The different spacing levels also significantly
influenced yield. The highest yield plant-1
(588.46 g) was obtained at wider spacing (S3),
while the lowest (274. 17g) at closer spacing
(S1). While comparing the green pod yield
hectare-1, similar trend to that of green pod
yield plant-1 was observed. However, the yield
of 109.53 q ha-1 of green pods in wider
spacing (S3) was at par with medium spacing
i.e. (S2), (106.66 q ha-1). The similar results
also reported by Sarvaiya et al. (1993) in
pigeon pea.

With regards to the physicochemical
parameters of green pods the various
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Table 1. Effect of spacing and fertilizer on growth, yield and quality of yard long bean (Vigna unguiculata sub sp.
sesquipedalis) Var. 'Konkan wali' under Konkan conditions of Maharashtra.

Treatment Plant Bran- Pod Pod Pod Yield Fibre
height ches length setting plant-1 (q ha-1) content
(cm) plant-1 (cm) (%) (%)

S1 334.69 28.00 41.89 66.71 41.16 76.18 13.24
S2 354.67 30.33 43.34 62.99 60.69 106.66 13.27
S3 339.41 30.17 43.45 66.90 68.11 109.53 13.38
S.Em± 3.79 0.19 0.41 0.49 0.72 1.25 0.03
C.D. at 5% 14.89 0.73 NS 1.92 2.84 4.91 0.1
F1 334.61 29.67 43.89 56.76 53.57 83.27 13.24
F2 334.34 30.44 42.28 63.91 56.78 97.46 13.33
F3 348.08 29.00 42.41 63.41 58.77 103.13 13.31
F4 354.66 28.89 43.00 77.65 57.49 105.98 13.30
S.Em± 2.81 0.38 0.24 0.56 0.89 1.52 0.08
C.D. at 5% 8.36 1.13 0.7 1.67 2.65 4.51 NS
S1F1 323.44 29.33 43.00 53.51 40.52 71.70 13.08
S1F2 314.92 28.67 41.44 70.47 41.33 77.50 13.27
S1F3 346.10 26.67 41.00 58.53 41.41 78.38 13.34
S1F4 354.28 27.33 42.12 84.33 41.36 77.14 13.27
S2F1 351.75 31.00 43.80 56.27 59.49 87.82 13.22
S2F2 366.00 32.00 42.71 64.44 60.17 105.24 13.88
S2F3 348.78 29.33 42.99 61.65 61.69 113.33 13.31
S2F4 352.14 29.00 43.87 69.60 61.42 120.25 13,19
S3F1 328.63 28.67 44.87 60.51 60.68 90.27 13.43
S3F2 322.10 30.67 42.67 56.82 68.85 109.64 13.35
S3F3 349.35 31.00 43.24 70.06 73.20 117.68 13.28
S3F4 357.57 30.33 43.01 79.02 69.70 120.53 13.46
S.Em± 4.87 0.66 0.41 0.97 1.54 2.63 0.13
C.D. at 5% 14.48 1.96 NS 2.89 4.58 7.81 NS



characters were non-significantly varied at the
different spacing levels except fiber content.
Significantly the highest fiber content (13.38%)
was noticed at wider spacing (S3) while the
lowest (13.24%) at closer spacing (S1).

While comparing the fertilizer treatments,
significantly affected all the characters under
study viz., the plant height, number of branches
plant-1, pod-setting per cent, number of pods
plant-1, yield hectare-1, pod length. The highest
plant height (354.66 cm) was recorded in F4,
while the lowest (334.34 cm) at F2. The
number of branches were significantly highest
(30.44) in F2 and lowest (28.89) in F4.
Significantly, the highest pod setting (77.65%)
was obtained in F4 while the lowest (56.76%) in
F1. The number of pods plant-1 were
significantly highest (58.77) in F3 while lowest
(53.57) in F1. Green pod yield hectare-1 was
significantly increased with the increasing levels
of fertilizers. Significantly the highest green pod
yield per hectare was obtained at F4 (105.98 q
ha-1) and was superior to rest of the treatment
but at par with F3 (103.13 q ha-1). The lowest
yield (83.27 q ha-1) was recorded in F1. The
above results are in accordance with Singh and
Behera (1999) in french bean and Swain and
Rath (2006) in yam bean.

Comparing the physicochemical parameters
of green pod, non-significant variations was
observed for fibre content where as the
significant variations in the length of pod was
observed with graded levels of fertilizer.
Significantly the highest pod length (43.89cm)
was noticed in F1 while the lowest (42.28 cm)
in F2.

The interaction effect among spacing and
fertilizers recorded significant differences in
most of the characters under study.

Significantly the highest plant height (366.00
cm) and number of branches (32.00) plant-1

were recorded in S2F2 i.e. medium spacing (75
x 120 cm and 60:60:30 kg NPK ha-1).
Significantly the highest pod setting (84.33%)
was noticed in S1F4 while lowest was recorded
(53.51%) in S1F1. Number of pods plant-1 is
one of the important yield attributing characters
and was significantly varied in different
interactions. The highest number of pods
plant-1 (73.20) was noticed in S3F3, while
lowest (40.52) in S1F1.

The green pod yield hectare-1 (120.53 q)
was significantly highest in S3F4 which was at
par with S2F3, S2F4 and S3F3 while the lowest
yield was recorded in S1F1 (71.70 q).
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The capacity of food legumes to fix
atmospheric nitrogen, leaf shedding ability and
also solubilize phosphorus in association with
phosphobacteria and VAM make leguminous
crop most effective nutrient recycling agents in
nature, food legumes thus play a vital role in
nutrient balance and in maintaining soil fertility.

Green gram (Vigna radiata) has attained its
commercial importance in Indian agriculture
and also in Maharashtra. The seed quality of
summer produce is very superior as compared
to kharif. Hence, cultivation of summer crop
provides good quality seed. The farmers usually
grow mungbean without maintaining proper
spacing. Row planting with appropriate
spacing can help to ensure optimum plant
population per unit area of mungbean, thereby

increasing the yield. Seed produced in kharif
season get damaged due to continuous rains at
the time of harvesting and availability of quality
seed become the constrain. To overcome such
situation summer green gram cultivation is the
best answer (Kumar et al. 2009).

A field experiment was conducted during
summer season of 2009 at experimental farm
of Department of Agronomy, Marathwada
Krishi Vidyapeeth, Parbhani on medium black
soil with soil pH 7.57, 0.42 kg ha-1 available N,
202.60 kg ha-1 available P2O5 and 15.29 kg
ha-1 available K2O. The experiment was laid
out in split plot design with three replications.
The treatments consisted of 12 combinations of
three spacing (30 x 10, 45 x 7.5, and 60 x 5
cm) as main plots and 4 varieties (BM-4, BM-

J. Agric. Res. Technol., 37 (3) : 502-504 (2012)

Effect of Varieties and Plant Geometry on Yield Attributes
and Yield of Summer Green Gram (Vigna radiata L)

Table 1. Yield contributing characters as influenced by various treatments.

Treatment Pods Seeds Seeds Seed Test Yield Harvest
plant-1 pod-1 plant-1 yield weight (kg ha-1) index

plant-1 (g) (%)
(g)

Spacing :
S1 - 30 x 10 cm 10.92 6.66 66.99 2.92 40.88 688 29.18
S2 - 45 x 7.5 cm 9.25 7.08 66.15 2.64 40.10 670 27.58
S3 - 60 x 5 cm 8.35 7.98 64.50 2.80 39.69 630 27.12
S.E.± 0.03 0.25 0.30 0.07 0.19 10.84 0.32
C.D. at 5 % 0.10 0.74 0.90 0.22 0.58 32.40 0.96

Variety :
V1 - BM-4 11.60 6.47 75.00 2.97 39.92 737 29.10
V2 - BM-2002-01 9.03 7.31 70.00 2.93 41.17 699 28.23
V3 - BPMR-145 9.00 6.80 64.01 2.66 40.00 631 27.27
V4 - Kopargaon 8.39 8.60 53.17 2.59 39.80 584 26.83
S.E.± 0.02 0.23 0.50 0.08 0.27 29.63 0.42
C.D. at 5 % 0.06 0.69 1.50 0.25 0.81 78.89 1.26

Interaction (S x V) :
S.E.± 0.06 0.43 0.80 0.15 0.46 42.72 0.75
C.D. at 5% NS NS NS NS NS NS N.S.
G. mean 9.51 7.26 65.55 2.79 40.10 662 27.90



2002-01, BPMR-145 and Kopargaon) as sub
plots. The gross plot size, was 6 x 3 m and net
plot sizes were 4.8 x 2.0 m, 4.5 x 2.25 m and
4.8 x 2.0 m for 30 x 10 cm, 45 x 7.5 cm and
60 x 5 cm spacing respectively. Sowing was
done on 08th March, 2010. The crop was
fertilized with 25 kg N + 50 kg P2O5 ha-1. The
recommended plant protection measures for
the crop were followed.

Effect of spacing : The yield attributes
and grain yield of greengram was influenced
significantly due to different treatments of
spacing. Significantly more number of pods
plant-1 were recorded at the spacing of 30 x 10
cm than other spacing. The highest number of
seeds pod-1 was recorded at the spacing of 60
x 5 cm and it was significantly more than other
treatments of spacing. The highest number of
seeds plant-1 were recorded by spacing 30 x 10
cm and was at par with number of seeds
plant-1 recorded at the spacing of 45 x 7.5 cm.
The highest test weight was recorded at the
spacing of 30 x 10 cm and was significantly
more than other treatments of spacing. The
grain yield of green gram was influenced
significantly by different treatments of plant
spacing. The highest grain yield of green gram
was recorded at the spacing of 30 x 10 cm
(688 kg ha-1) and was at par with the grain yield
recorded at the spacing of 45 x 7.5 cm (670 kg
ha-1) and significantly superior over the grain
yield (630 kg ha-1) recorded at the spacing of
60 x 5.0 cm. The results are in line to those
reported by Prasad and Yadav (1990).

As regards to the seed yield plant-1 it was
highest at the spacing of 30 x 10 cm and was
significantly higher over both the remaining
treatments of spacing. The data on harvest
index indicated that, the highest harvest index
was recorded at the spacing of 30 x 10 cm
(29.18%) and was significantly higher than the
harvest index recorded at the spacing of 45 x
7.5 cm and 60 x 5 cm. Similar results reported

by Singh et al. (1993) and Dixit( 1996).

Effects of varieties : The yield attributes
and grain yield of green gram was influenced
significantly due to different varieties.
Significantly highest number of pods plant-1

than other varieties were recorded by the
variety BM-4. The highest number of seeds
pod-1 (8.60) was recorded by the variety
Kopargaon and it was significantly more than
other varieties The variety BM-4 produced
significantly highest number of seeds plant-1

(75 plant-1) and highest seed yield plant-1 (2.97
plant-1), it was significantly superior over other
varieties. The varieties BM-2002-01 recorded
highest (41.18 g) test weight (1000 seed
weight) which was significantly more than test
weight recorded by variety BM-4 (39.93 g),
BPMR-145 (40.09 g) and Kopargaon (39.80
g). Rezai and Hasanzaden (1995) also observed
differences in yield attributing characters under
different varieties of green gram.

The yield of green gram was significantly
influenced by the different varieties. The variety
BM-4 recorded significantly highest grain yield
(737 kg ha-1) over other varieties,Differential
yield potential due to different green gram
varieties was reported by Cordoto (1973),
Malik et al. (1986).

As regards to harvest index, the variety BM-
4 recorded significantly higher (29.10%)
harvest index over BPMR-145 (27.27%) and
Kopargaon (26.83%) and was at par with BM-
2002-01. Malik et al. (1986), also observed
differential harvest indices in different green
gram varieties.
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Effect of Micronutrients on Disease Tollerance and Yield of
Turmeric (Curcuma longa L.)

______________

Turmeric has great demand in health care
industry because of its alkaloid "curcumin"
(Hanif et al. 1997). Farmers are growing
disease susceptible local/improved cultivars
(Singh et al. 2002) because source of resistance
is very limited. Development of resistant
varieties in turmeric is tedious due to clone and
have limited variability. Management of the
disease by fungitoxicants are creating health
hazards and environmental pollution. The
micronutrients play an important role in crop
production. Due to intensive cultivation
availability of micronutrient in soil and plants
are less. Therefore, to see the effect of
micronutrients on yield and response against
disease the trial was conducted.

The trias was conducted in kharif 2006-07,
2007-08 and 2008-09 with variety TCP-2,
moderately resistant against Taphrina leaf
blotch and high yielder (Anonymous 2008)
utilized as planting material. The plot size of 3

x 1 m (30 x 20cm) in a randomized block
design with three replications. The dosages of
fertilizers were applied as 120N:100P:120K.
Full amount of phosphatic fertilizers and half
amount potassic fertilizers were applied at the
time of planting. Nitrogenous fertilizer were
applied in three splits dosage (30 DAP, 90 DAP
and 120 DAP) and half dose of potassic
fertilizers were applied at 90 DAP as per the
recommendation of AICRP on spices and no
fungicide was applied for disease management.
The irrigation was given as an when required
and one hand weeding was done at 45 DAP.
The micro nutrients zinc, boron and ferrous
were applied as zinc sulphate, borax and
ferrous sulphate. The zinc sulphate (Z0 = 0.0,
Z1 = 25.0 kg ha-1, Z2 = 0.5% foliar spray 60
and 90 DAP), ferrous sulphate (F0 = 0.0, F1 =
10.0 kg ha-1, F2 = 1.0% foliar spray  60 and
90 DAP) and Borax (B0 = 0.0, B1 = 10.0 kg
ha-1, B2 = 0.2% foliar spray 60 and 90 DAP)
applied in three dosage with 27 combination.



For disease scoring of the leaves 1-9 scale
was used i.e. 1 = 0-1, 3 = up to 10, 5 = up to
20, 7 = up to 50 and 9 more than 50 per cent
disease intensity. The per cent disease index
(PDI) was calculated as PDI = sum of disease all
rating / (No. of rating x maximum disease
grade) x 100 (Wheeler, 1969). Data on disease
scoring were taken in last week of November.
Yield data were taken at the time of harvesting.

The effects of treatments of micronutrients

shown in Table 1 found that maximum yield
was obtained when combination of Zn and Bo
were applied in combination at basal dose as
well as spray. Ferrous sulphate has no effect on
either applied as basal or spray on yield and
disease intensity. The maximum yield (27.40 t
ha-1) was obtained in pooled data with the
treatment combination of Z2B2F2 but at par
with the treatment Z2B2F0 (25.34 t ha-1)
showed less effect of ferrous on yield followed
by treatments combination Z2B2F1 and Z2B1F2
(26.34 t ha-1 and 25.57 t ha-1 respectively) as
reported earlier by  Jadhav et al. (2005) in
taphrina leaf blotch. An effect of zinc sulphate
and ferrous sulphate was studied by Prasad et
al. (2004) and showed superiority of zink
sulphate over ferrous sulphate in decreasing
leaf blotch severity. Disease reduction with
micronutrients may be due to either a direct
deleterious effect on the fungus or an in direct
effect through development of disease
resistance will be an area of further research.
Role of micronutrients in disease management
was also demonstrated in the case of
manganese sulphate against Deightoniella leaf
spot in banana (Jager et al. 1995).
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Table 1. Effect of different micronutrients on yield and
disease intensity on turmeric crop (pooled mean).

Treatment Disease Yield
intensity (t ha-1)
(%)

Z0B0F0 19.37 16.93
Z0B0F1 18.62 17.72
Z0B0F2 17.21 18.72
Z0B1F0 18.21 17.87
Z0B1F1 17.19 18.55
Z0B1F2 16.49 19.06
Z0B2F0 12.19 22.48
Z0B2F1 11.44 22.69
Z0B2F2 10.93 23.97
Z1B0F0 17.32 18.64
Z1B0F1 17.00 19.63
Z1B0F2 16.5 19.89
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