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The role of nitrogen, phosphorus and
potassium for the better growth of rose is well
documented. The pruning practice is to be
followed for controlling pest, disease and to
avoid loss of nutrients and to develop new
branches which gives the good quality of
flowers. It is also necessary for maintaining
proper canopy of the plant. The balanced
nutrition and its concentration in shoot at the
time of flowering in specific cultivars is an
essential tool for obtaining the good quality
flowers. The nitrogen, phosphorus and
potassium concentration in the leaves or shoots
before and after pruning may result into the
improvement in yield, quality and vase life of
cut flowers. Scanty information on the
optimum concentration of nitrogen,
phosphorus and potassium in leaves or shoots
before and after pruning of different genotypes
of rose is a major constraint in flower yield and
quality. Therefore, the present investigation
was carried out to determine concentration of

N, P and K of rose genotypes at various growth
stages.

Materials and Methods

The present investigation was carried out
under polyhouse condition at the Hi-Tech
Floriculture and Vegetable Production Project,
under the ICAR scheme Niche area of
Excellence for Protected Floriculture and
Vegetable Production, College of Agriculture
Pune-5 during June-2009 to December-2009.
Twelve cultivars were selected for present
study. These cultivars were procured from
Trimurti Rose Nursery, Rawet (Pune) and they
were cultivated under protected conditions for
two years and four months. The soil was used
as growing media and it was obtained from
Maval, District Pune. The soil was Oxisols
having slightly acidic in reaction (pH 6.62), EC
(0.78 dS m-1), high in organic carbon (0.85%),
low in available N (231 kg ha-1) and moderately
high in available P2O5 (36 kg ha-1) and high in
available K2O (660 kg ha-1). The experiment
was laid out in completely randomized block
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Abstract
At the stage of 45 days after pruning the maximum nitrogen concentration (3.22%) and potassium

(2.68%) were noticed in the genotype Iceberg. However, the maximum phosphorus (0.84%) was observed in
Snow white genotype. The maximum losses of nitrogen (0.65 g plant-1) and phosphorus (0.19 g plant-1) were
observed in pruned parts of rose genotype Naranga. However, the highest potassium losses (0.55 g plant-1)
was recorded in pruned parts of genotype Iceberg. The significant differences of losses in N were observed
in various cultivars. However, P and K losses did not influence significantly in pruned parts of rose plants. The
red genotypes reported more nitrogen, phosphorus and potassium uptake as compared with yellow and white
genotypes. The white colour genotypes recorded lower uptake of potassium as compared to red and yellow
colour genotypes.
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design replicated thrice with 12 genotypes viz.,
Red (Passion, Grand gala, First red), Yellow
(Gold strike, Spinx, Sunking), Orange
(Naranga, Mericlear, Sakira) and White (Bianca,
Ice berg, Snow white). The commercial grade
water soluble inorganic fertilizers schedule was
adopted The polyhouse was naturally ventilated
(GH-1) type and UV stabilized 200-micron
thickness polythene film was used as cladding
material. For maintaining temperature 50 per
cent shade net was provided in the polyhouse.
The misting system was provided for controlling
the temperature and humidity. The pruned part
of the plants was air dried and weighed and
recorded as dry matter yield after pruning for
calculating the loss of nutrients in prunning.
The dried plants were grind and the powdered
samples were used for the estimation of N, P
and K concentration. The concentration was
multiplied with dry matter yield to obtain the
loss of nutrients after pruning. The bending was
done at third node, of the rose stem and it was
carried in the month of November 2009 to
divert the nutrient flow. The side bud below the
terminal bud was removed carefully. The
disbudding practice was followed for saving and
diverting the food materials to the beneficial
parts of plants. The upper leaves on the
flowering stem at pruning and bud formation
stage (45 DAP) were collected, dried under
shade and powdered samples were utilized for
nitrogen, phosphorus and potassium analysis.

The representative samples were collected
before and after pruning at the bud formation
stage (45 days after pruning). The collected
samples were dried in shade and then hot air
oven at 65°C for 24 hours and then grinded
and used for analysis of N, P and K. The
samples were digested and acid extract used for
determination of N, P and K. The N was
determined by Micro-Kjeldahl method, P by
vanadomolybdate phosphorus yellow colour
method and K by flame photometer as per the
methods described by Jackson (1973).

Results and Discussion

Concentration of nutrients before
pruning : The nitrogen concentration was
observed in the range of 1.49 to 2.19 per cent.
The genotype Naranga  recorded the highest
concentration of N in plants than other
genotype. The minimum concentration of
nitrogen (1.49%) was noticed in Sunking
genotype. The concentration of N before
pruning indicated that the red genotypes
(Passion, Grand gala and First red) and white
genotypes (Bianca, Ice berg and Snow white)
found similar values of nitrogen concentration
in plant before pruning. The yellow cultivars
(Gold strike, Spinx and Sunking) and orange
cultivars (Naranga, Mericlear and Sakira)
showed exactly similar values of concentration
of nitrogen before pruning.

The concentration of phosphorus ranged
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Table 1. Concentration of nirtrogen, phosphorus and
potassium before pruning as affected  by different
cultivars of rose grown  under polyhouse
condition.

Colour of Genotypes N P K
genotypes (%) (%) (%)

Red Passion 2.10 0.45 1.20
Grand gala 1.68 0.27 1.31
First red 1.91 0.37 1.51
Mean 1.89 0.36 1.34

Yellow Gold strike 1.82 0.43 1.83
Spinx 1.72 0.60 1.81
Sunking 1.49 0.97 1.58
Mean 1.67 0.66 1.74

Orange Naranga 2.19 0.68 1.88
Mericlear 1.63 0.90 1.61
Sakira 1.72 0.90 1.95
Mean 1.84 0.82 1.81

White Bianca 1.72 0.71 2.11
Ice berg 1.82 0.72 2.16
Snow white 1.96 0.74 1.88
Mean 1.83 0.72 2.05

S.E. ± 0.18 0.11 0.34
CD 5% 0.52 0.33 NS



from 0.27 to 0.97per cent. The orange
cultivars required higher concentration of
phosphorus for better growth before pruning.
The Sunking genotype of rose had significantly
higher concentration of phosphorus in plants
before pruning than Passion, Gold strike, First
red and Grand gala. All the genotypes were on
par with each other in respect of phosphorus
content when the colour is considered. In
general, the lowest concentration was observed
in red cultivars. However, the highest
concentration of phosphorus in plants was
observed in orange cultivars which was followed
by white cultivars. The potassium concentration
in rose plant before pruning was found to be
non significant. The similar values of
concentration of nitrogen, phosphorus and
potassium have been recorded by Nijjar and
Rehalia (1977), Singh (2006 and 2009).

Concentration of nutrients after
pruning : The nitrogen concentration was
recorded in the range of 1.40 to 3.22 per cent
after pruning. The Iceberg genotype of white
colour had significantly higher concentration
than Grand gala, Sakira, First red, Mericlear
and Sphinx at the stage of 45 days after
pruning. The minimum concentration of
nitrogen (1.40%) was recorded in Spinx
genotype and it was on par with Gold strike,
Grand gala, Sakira, First red and Mericlear. The
data revealed that white genotypes were having
more absorbing capacity of N than orange
cultivars. The Snow white genotype resulted in
significantly higher concentration of
phosphorus (0.84%) which was on par with rest
of the genotypes except First red (Table 2). The
phosphorus concentration was found to be in
the range of 0.39 to 0.84 per cent. The
significantly lower concentration of phosphorus
(0.39%) was recorded in the First red cultivar
than Snow white, Grand gala and Gold strike.
The potassium concentration in the rose plant
at the stage of 45 days after pruning was found
to be non significant, the highest value (2.73%

K) was observed in Mericlear. The minimum
concentration of potassium (2.16%) was
recorded in Gold strike (Table 2). The results
showed that by growing different genotypes of
rose under polyhouse condition did not
influence significantly in the absorption of
potassium. The white genotypes (Bianca,
Iceberg and Snow white) recorded highest
concentration of nitrogen (2.84%) and
phosphorus (0.74%) at 45 days after pruning.
However, the potassium concentration in the
rose plants did not significantly influence by
various genotypes grown under polyhouse
conditions. These results are in conformity with
the findings of Singh (2005, 2006 and 2009)
and Chan (1960).

Losses of nutrients by pruning : The
maximum  nitrogen loss was observed by
Naranga cultivar which was on par with other
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Table 2. Concentration of nitrogen, phosphorus and
potassium after pruning as affected by different
cultivars of rose grown under polyhouse
condition.

Colour of Genotypes N P K
genotypes (%) (%) (%)

Red Passion 2.42 0.66 2.38
Grand gala 2.15 0.79 2.58
First red 2.10 0.39 2.40
Mean 2.22 0.61 2.45

Yellow Gold strike 2.28 0.73 2.16
Spinx 1.40 0.68 2.55
Sunking 2.52 0.54 2.30
Mean 2.06 0.65 2.33

Orange Naranga 2.47 0.56 2.28
Mericlear 2.05 0.67 2.73
Sakira 2.12 0.61 2.28
Mean 2.21 0.61 2.43

White Bianca 2.84 0.68 2.50
Ice berg 3.22 0.71 2.68
Snow white 2.47 0.84 2.31
Mean 2.84 0.74 2.49

S.E. ± 0.31 0.11 0.31
CD 5% 0.89 0.33 NS



cultivars except Snow white, Gold strike and
Mericlear. It might be because of higher dry
matter production (Table 3). The loss of
nitrogen was observed in the range of 0.32 to
0.65 g plant-1. It attributed to the variation in
the production of dry matter. However, the
minimum nitrogen losses were resulted by
Mericlear cultivar of orange genotype. The loss
of phosphorus in rose plants by pruning was
found to be non significant. The maximum loss
of phosphorus (0.19 g plant-1) was recorded by
Naranga while minimum was recorded by Gold
strike (0.08 g plant-1). The potassium loss in
rose plants were found to be non significant.
The maximum loss of potassium was noticed in
Ice berg while minimum loss was noticed in
Snow white. The results concluded that the
significant difference of losses of N was
observed as affected by various cultivars.
However, the P and K losses did not influence
significantly in pruned part of rose plants.

Nutrient uptake : The nitrogen uptake
was observed in the range of 0.63 to 1.93 g
plant-1. The maximum nitrogen uptake was
observed in First red cultivar (1.93 g plant-1)
which was significantly superior over rest of the
genotypes except Passion, Naranga and Ice
berg (Table 4). It is because of the highest dry
matter (91.19 g plant-1) was recorded by First
red genotype. However, the lowest uptake of
nitrogen (0.63 g plant-1) was observed in
Mericlear cultivar which was followed by Spinx,
Sunking and Snow white at the stage of 45
days after pruning. The Passion genotype
recorded significantly higher phosphorus
uptake in plants than Bianca, Mericlear,
Sunking and Sakira. The phosphorus uptake
was recorded in the range of 0.08 to 0.49 g
plant-1. The minimum phosphorus uptake was
recorded in Sakira cultivar (0.08 g plant-1)
which was followed by Mericlear and Snow
white. The significantly maximum potassium
uptake was recorded in First red cultivar (2.20
g plant-1) which was on par with Passion,
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Table 3. The losses of nutrients (g plant-1) in pruned parts
of rose grown under polyhouse condition.

Colour of Geno- Dry N P K
genotypes types matter losses losses losses

g plant-1

Red Passion 25.97 0.53 0.12 0.35
Grand gala 36.86 0.62 0.10 0.48
First red 32.49 0.62 0.11 0.46
Mean 31.29 0.59 0.11 0.43

Yellow Gold strike 19.08 0.35 0.08 0.33
Spinx 27.68 0.48 0.16 0.50
Sunking 29.43 0.44 0.19 0.47
Mean 24.29 0.42 0.14 0.43

Orange Naranga 29.23 0.65 0.19 0.53
Mericlear 19.67 0.32 0.17 0.33
Sakira 25.21 0.43 0.14 0.50
Mean 24.29 0.46 0.16 0.45

White Bianca 23.00 0.40 0.15 0.43
Ice berg 21.99 0.40 0.18 0.55
Snow white 18.12 0.36 0.11 0.28
Mean 20.58 0.38 0.14 0.42

S.E. ± 1.25 0.09 0.05 0.11
CD 5% 3.79 0.27 NS NS

Table 4. The uptake of nutrients (g plant-1) by different
cultivars of rose grown under polyhouse
condition.

Colour of Geno- Dry N P K
genotypes types matter

g plant-1

Red Passion 74.54 1.80 0.49 1.91
Grand gala 45.71 0.97 0.44 1.57
First red 91.19 1.93 0.35 2.20
Mean 70.37 1.56 0.42 1.89

Yellow Gold strike 44.05 1.00 0.32 0.96
Spinx 50.49 0.70 0.35 1.33
Sunking 30.68 0.77 0.17 0.73
Mean 40.24 0.82 0.20 1.00

Orange Naranga 67.54 1.67 0.28 1.18
Mericlear 30.58 0.63 0.21 0.81
Sakira 42.08 0.98 0.08 0.69
Mean 47.44 1.09 0.19 0.89

White Bianca 35.24 1.00 0.24 0.88
Ice berg 39.10 1.27 0.28 1.03
Snow white 31.11 0.77 0.27 0.57
Mean 35.23 1.01 0.26 0.82

S.E. ± 3.20 0.29 0.08 0.31
CD 5% 9.65 0.85 0.25 0.89



Grand gala and Spinx. The potassium uptake
was observed in the range of 0.57 to 2.22 g
plant-1. The lowest potassium uptake was
recorded in snow white cultivar (0.57 g plant-1)
which was followed by Sunking and Sakira.
Arulmozhiyan (1988) observed that the keeping
quality of the flowers as well as the uptake of N,
P and K were better with the application of
nitrogen @ 120 kg ha-1 of marigold. Lorenzo et
al. (2000) reported that the addition of
ammonium - N to the nutrient solution
containing nitrate, increased total nitrogen
uptake during shoot elongation. The addition of
ammonium - N to the hydroponics solution
increased potassium and phosphate uptake
when both nitrate and ammonium were
supplied in hydroponics rose plant. 

Results indicted that the red genotypes
required more nitrogen, phosphorus and
potassium as compared with yellow and white
genotypes. The white colour genotypes
recorded lower uptake of nitrogen and
potassium as compared with red and yellow
colour genotypes.
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Watermelon is grown popularly in Konkan
especially during rabi season due to short
duration, minimum tillage, water requirement
and higher profitability within a short period.
Drip lingaiion is an efficient and useful method
of water application. The system has proved it's
superiority over the other conventional system
of irrigation especially in fruit and vegetable
crops. Under the situation of labour crises drip
irrigation can save water, increase the crop
production and also minimize the labour
dependence. Black polythene plays an
important role in controlling the weed as well as
raising Ihe soil temperature and conservation ol
soil moisture. Therefore, it saves the cost of
management, improves the microbial activities,
root growth and availability of soil moisture to

crop through its better moisture conservation
(Thiruvelavan et al. 2001). Spacing is one of
important agronomic variable which will decide
the size and number of fruits and yield
hectare-1 in watermelon. Crop geometry and
plant population plays an important role in
obtaining higher yields. (Kerala et al. 1984).
Considering small family size in India (3-5
members) small sized fruits (2-3 kg) are
preferred in market. By reducing the spacing
upto optimum level the higher number of fruits
may increase, fruit yield hectare-1 as compared
to wider spacing. Among several factors
controlling the yield and profit from crops,
plant nutrient is an important factor. Organic
manures have been traditionally important
input for maintaining soil fertility and ensuring
yield stability. Closer spacing may need the
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Abstract
The spacing of 2.25 x 0.30 m recorded significantly superior mean number of leaves per 0.25 sq. m,

number of fruits hectare-1 (25510 fruits) and fruit yield (57.02 t ha-1) over rest of the treatments and was at
par with 2.25 x 0.45 m in case of fruit yield. The spacing of 2.25 x 0.75 m recorded significantly superior
number of fruits hill-1 (2.37) over remaining spacing treatment. The spacing of 2.25 x 0.90 m recorded
significantly superior average circumference of fruit (58.62 cm), weight of fruit hill-1 (7.62 kg) and average
weight of fruit (3.27 kg) over rest of the treatments. The treatment drip with 125 per cent RDF and 125 per
cent manure recorded statistically superior mean length of vine, mean number of branches hill-1, mean
number of leaves per 0.25 sq. m., total sugar, average circumference of fruit (56.78 cm), average weight of
fruit (3.01 kg) and fruit yield (52.35 t ha-1) over the rest of the treatments. The treatment drip with 125 per
cent RDF and 125 per cent manure recorded statistically superior available nitrogen, phosphorus, potassium,
organic matter and organic carbon over rest of the treatments. The treatment drip with 100 per cent RDF
and 100 per cent manure found significantly superior in producing number of fruits hill-1 (2.22), weight of
fruits hill-1 (6.65 kg), number of fruits hectare-1 (18040 fruits) and T.S.S. (9.87 °Brix). The treatment
combination of 2.25 x 0.30 m and drip with 100 per cent RDF and 100 per cent manure recorded the
highest net proft with Rs. 2,46,470 ha-1 and B:C ratio 2.19. The irrigation water saved over control (furrow
irrigation as per recommendation) was 59.80 per cent with the water use efficiency (WUE) of 3.33 t ha-1 cm.

Key words : Watermelon, spacing, fertilizer, manure and drip.
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higher quantity of these inputs. Proper spacing
and adequate dose of NPK and manure are
important in obtaining maximum yields under
drip and black polythene mulching.

Materials and Methods

A field experiment was conducted during
rabi season of 2011-2012  at Department of
Agronomy, Dr. Balasaheb Sawant Konkan
Krishi Vidyapeeth, Dapoli. The trial was
conducted in split plot design with three
replications. The main plot treatments were
spacing while in sub plot were levels of N,
P2O5, K2O and manure. Three control

treatments were included for comparison. Soil
was sandy clay loam with pH 5.8. The available
nitrogen was 297.92 kg ha-1, available P2O5 of
10.11 kg ha-1, available K2O, 248.98 kg ha-1,
organic carbon 0.98 and organic matter 1.61
per cent. The watermelon variety Black boy
was dibbled on 8th December 2011. The
furrows were opened with the help of tractor
drawn ridger for drip irrigation treatment and
hills were demarked as per spacing treatments.
Manures and fertilizers were applied as per the
treatment, at demarked hills and mixed them
throughly with soil and finally dome shape ridge
was prepared with help of spade. For drip
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Table 1. Growth character, yield attributes and fruit yield as influenced by different treatments in watermelon.

Treatments Length of Branches Fruits Average Weight Average No. of Fruit
vine (cm) hill-1 hill-1 circum- of fruits weight fruits yield
at 40 at 40 ference hill-1 of fruit hectare-1 (t ha-1)
DAS DAS fruit (cm) (kg hill-1) (kg) (000)

Spacing :
S1 - 2.25 x 0.30 m 135.87 19.06 1.72 53.10 3.85 2.23 25.51 57.02
S2 - 2.25 x 0.45 m 135.10 13.80 1.93 54.24 5.24 2.69 19.11 51.72
S3 - 2.25 x 0.60 m 139.52 14.08 2.24 55.34 6.53 2.90 16.59 48.33
S4 - 2.25 x 0.75 m 134.47 15.58 2.37 57.47 7.39 3.11 14.02 43.78
S5 - 2.25 x 0.90 m 131.70 15.15 2.34 58.62 7.62 3.27 11.55 37.63
'F' test NS NS Sig. Sig. Sig. Sig. Sig. Sig.
S.E.± 3.86 0.59 0.12 0.77 0.40 0.09 0.73 2.50
C.D. at 5% - - 0.39 2.50 1.30 0.29 2.39 8.14

Levels of N, P2O5, K2O and manure :
F1 - Drip, 50% RDF and 126.76 12.49 2.02 54.57 5.37 2.61 16.69 41.09

50% manuare
F2 - Drip, 75% RDF and 132.16 13.76 2.06 55.23 5.85 2.79 19.91 45.13

75% manure
F3 - Drip, 100% RDF and 139.07 15.28 2.22 56.44 6.65 2.95 18.04 52.22

100% manure
F4 - Drip, 125% RDF and 142.33 15.83 2.17 56.78 6.62 3.01 17.80 52.35

125% manure
'F' test Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig.
S.E.± 1.57 0.25 0.04 0.46 0.20 0.07 0.38 2.05
C.D. at 5% 4.54 0.72 0.13 1.32 0.50 0.19 1.11 5.92

Controls :
C1 - Furrow as per recommendation 116.13 8.8 1.93 49.89 3.99 2.06 14.35 29.56
C2 - Furrow as per recommendation 134.6 14.29 1.97 53.11 4.97 2.51 14.66 36.81

with black polythene mulch
C3 - Drip, without mulch 96.41 9.13 1.91 49.84 3.65 1.94 14.18 27.07



irrigation, full dose of P2O5, K2O, manures and
1/3rd dose of N were supplied as basal dose
through straight fertilizer, urea, S.S.P., MOP
and FYM. While the remaining quantity of
2/3rd nitrogen supplied through urea at the
time of vine formation and flowering initiation
in two equal splits. Top dressing of urea was
carried out by preparing a hole by using
bamboo stick below the dripper. In case of
furrow irrigation as per recommendation (C1)
and furrow irrigation as per recommendation
with black ploythene treatment (C2), after
opening furrow with ridger, the hills were
demarked at spacing of 60 cm and the pits of
30 x 30 x 30 cm were excavated. The manures
and fertilizers were applied in excavated pits
and mixed it with soil and refilled. The fertilizer

and manure dose was applied to all basins as
per the treatments, in case of treatment C1
(Furrow as per recommendation) the urea was
top dressed in hills by opening a circular band.
In case of C2 (furrow as per recommendation
with black polythene) 1/3rd dose of N, 100 per
cent dose of P2O5, K2O and manure was
applied in a excavated pits and mixed it
thoroughly and finally a furrow was closed and
dome shape was given at the top with the help
of spade. The remaining quantity of N was
applied in two equal splits at vine formation and
flowering initiation stages by preparing hole
with the help of bamboo stick, 10 cm away
from stem in root zone. For drip irrigation
laterals were spread before spreading mulch.
The one dripper hill-1 was fixed on lateral as
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Table 2. T.S.S. (°Brix), total sugar (per cent), available nitrogen, available phosphorus, available potassium, organic carbon
(per cent) and organic matter (per cent) in soil after harvest as influedced by different treatments.

Treatments T.S.S. Total Available Available Available Organic Organic
(°Brix) sugar N P2O5 K2O carbon matter

(%) (kg ha-1) (kg ha-1) (kg ha-1) (%) (%)

Spacing :
S1 - 2.25 x 0.30 m 9.39 6.51 310.30 10.72 249.82 1.03 1.77
S2 - 2.25 x 0.45 m 9.46 6.68 312.08 11.11 253.95 1.04 1.80
S3 - 2.25 x 0.60 m 9.63 6.69 320.37 11.36 255.19 1.05 1.80
S4 - 2.25 x 0.75 m 9.50 6.71 332.88 11.52 257.17 1.06 1.82
S5 - 2.25 x 0.90 m 9.42 6.81 336.65 11.60 259.90 1.10 1.89
'F' test NS NS NS NS NS NS NS
S.E.± 0.10 0.11 8.73 0.56 2.40 0.03 0.06
C.D. at 5% - - - - - - -

Levels of N, P2O5, K2O and manure :
F1 - Drip, 50% RDF and 50% manure 8.98 6.16 287.12 9.97 247.04 0.95 1.63
F2 - Drip, 75% RDF and 75% manure 9.22 6.18 298.02 11.21 249.32 1.03 1.77
F3 - Drip, 100% RDF and 100% manure 9.87 7.06 331.65 11.78 259.81 1.08 1.86
F4 - Drip, 125% RDF and 125% manure 9.85 7.11 373.65 12.09 264.65 1.16 2
'F' test Sig. Sig. Sig. Sig. Sig. Sig. Sig.
S.E.± 0.10 0.07 6.48 0.41 1.83 0.03 0.44
C.D. at 5% 0.30 0.21 18.73 1.18 5.30 0.07 0.13

Controls :
C1 - Furrow as per recommendation 7.8 5.7 - - - - -
C2 - Furrow as per recommendation with 9.3 6.37 - - - - -

black polythene mulch
C3 - Drip, without mulch 8.3 5.99 - - - - -



per the spacing treatments. The average
discharge of turbo-key dripper computed at
operating pressures of 0.8 kg cm2 was 3.0,
3.12, 3.25, 3.27 and 3.30 lph emitter-1 at
spacing between 3.0, 0.45, 0.60, 0.75 and
0.90 m, respectively. The black polythene
mulch of 75 cm width and 25 micron was
spread on ridges. The biometric yield
observations were recorded and economics of
the treatment was studied by calculating net
income and B:C ratio.

Results and Discussion

Effect of spacing : The length of vine and

mean number of branches hill-1 (Table-1) was
not influenced (40 DAS) by spacing treatments.
During the vegetative growth phase, no
crowding of watermelon vines was observed
which might be reflected in recording of
statistically equal values of above mentioned
growth characters (Singh et al. 2001). The
mean number of leaves per 0.25 sq. m. were
statistically superior under S1 (2.25 x 0.30 m).

The treatment S4 (2.25 x 0.75 m) recorded
significantly superior number of fruits hill-1 and
was at par with treatments S3 (2.25 x 0.60 m)
and S5 (2.25 x 0.90 m). The treatment S5
(2.25 x 0.90 m) recorded significantly superior
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Table 3. Total cost, fruit yield, net income and benefit cost ratio, saving of irrigation water and water use efficiency of
watermelon as influenced by different treatments.

Treatments Total Fruit Net B:C Seasonal Saving Field water
cost yield income ratio water over use
(Rs. ha-1) (t ha-1) (Rs. ha-1) requirement furrow efficiency

(ha cm) (%) (t ha-1 cm)

S1F1 1,68,548 47.58 1,64,512 1.98 19.39 59.80 2.45
S1F2 1,80,516 50.26 1,71,304 1.95 19.39 59.80 2.59
S1F3 2,06,150 64.66 2,46,470 2.19 19.39 59.80 3.33
S1F4 2.16.088 65.61 2,43,182 2.12 19.39 59.80 3.38
S2F1 1.51,426 40.76 1,33,894 1.89 17.88 62.35 2.28
S2F2 1,70,849 49.83 1,77,961 2.04 17.88 62.35 2.79
S2F3 1,90,044 58.71 2,20,926 2.16 17.88 62.35 3.28
S2F4 1,97,531 57.56 2,05,389 2.04 17.88 62.35 3.22
S3F1 1,47,233 42.75 1,52,017 2.03 17.14 63.90 2.49
S3F2 1.60,380 46.44 1,64,700 2.03 17.14 63.90 2.71
S3F3 1,73,846 50.41 1,79,024 2.03 17.14 63.90 2.94
S3F4 1,86,560 53.74 1,89,620 2.02 17.14 63.90 3.14
S4F1 1,40,277 39.09 1,33,353 1.95 16.43 65.41 2.38
S4F2 1,54,602 43.79 1,51,928 1.98 16.43 65.41 2.67
S4F3 1,65,828 45.84 1,55,052 1.93 16.43 65.41 2.79
S4F4 1,75,322 46.41 1 ,49,548 1.85 16.43 65.41 2.82
S5F1 1,33,969 35.26 1,12,851 1.84 16.08 66.15 2.19
S5F2 1,42,916 35.35 1 ,04,534 1.73 16.08 66.15 2.20
S5F3 1,58,937 41.51 1,31,633 1.82 16.08 66.15 2.58
S5F4 1,64,161 38.42 1,04,779 1.64 16.08 66.15 2.39

Controls
C1 1,37,809 29.56 69,117 1.5 47.50 - 0.62
C2 1,53,717 36.81 1,03,953 1.68 47.50 - 0.77
C3 1,41,700 27.07 47,790 1.34 17.14 63.90 1.58



average circumference of fruit (58.62 cm),
weight of fruits hill-1 (7.62 kg) and average
weight of fruit (3.27 kg) and was at par with S4
(2.25 x 0.75 m). Due to increase in spacing,
higher quality of fertilizer and manure, ample
water and sunlight resulted in increased number
of fruits hill-1, average circumference of fruits,
weight of fruit hill-1 and average weight of fruit.
In wider spacing also observed that when plants
were wider spaced, dry matter of individual
plant increased with decrease in plant density
(Holliday (1960 and Patil and Bhosale (1978).

The treatment 2.25 x 0.30 m recorded
significantly superior number of fruits hectare-1

(25.510 fruits) and fruit yield (57.02 t ha-1),
which was at par with the treatment 2.25 x
0.45 m in case of fruit yield. The higher
number of hills ultimately reflected in
production of higher number of fruits hectare-1

as observed by Singh et al. (2001) also.

The mean total sugar, total soluble soild
from pulp of watermelon fruit, available
nitrogen, phosphorus and potassium, organic
carbon and organic matter from soil (Table-2)
were non-significant due to different spacing
treatment.

Fertilization : At 40 DAS treatment F4
(Drip, 125% of RDF and 125% of manure)
recorded significantly superior mean length of
vine, mean number of functional leaves per
0.25 sq. m. and mean number of branches
hill-1 was at par with the treatment F3 (Drip,
100% of RDF and 100% of manure). The
treatment F3 (Drip, 100% of RDF and 100% of
manure) recorded significantly superior number
of fruits hill-1 (2.22), weight of fruits hill-1 (6.65
kg), number of fruits hectare-1 (18,040) and
total soluble soilds which was at par with F4
(Drip, 125% of RDF and 125% of manure).
The treatment Drip, 125 per cent of RDF and
125 per cent of manure recorded significantly
superior average circumference of fruit (56.78

cm), average weight of fruit (3.01 kg), fruit yield
(52.35 t ha-1) and total sugar (6.81%) and was
at par with the treatment F3 (Drip, 100% of
RDF and 100% of manure). After supplying
ample amount of N, P2O5, K2O and manure to
F3 (Drip, 100% of RDF and 100% of manure)
contributed probably enough chlorophyll
content in leaf which enhanced the
photosynthetic efficiency resulted in higher dry
matter accumulation which has reflected in
recording superior values of growth parameters
(Chander and Mangal, 1989).

A treatment F4 (Drip, 125% of RDF and
125% of manure) recorded significantly
superior available nitrogen, phosphorus and
potassium, organic carbon and organic matter
in soil over rest of the treatments. The
treatment F4 (Drip, 125% of RDF and 125% of
manure) recorded significantly superior
available phosphorus in soil over treatments F1
(Drip, 50% RDF and 50% manure). However,
former treatment was at par with F2 (Drip, 75%
RDF and 75% manure) and F3 (drip, 100%
RDF and 100% manure). After utilization of
nutrients and organic matter by watermelon
crop for its growth and development the
remaining quantity of nutrients and organic
matter retained in soil mass in case of F4 (drip,
125% RDF and 125% manure). The quantity of
fertilizers and manures applied were higher as
compared to rest of fertilizer and manure levels,
which ultimately resulted in significantly
superior value of N, P2O5, K2O, organic matter
and organic carbon after harvest of crop.

The furrow as per recommendadtion with
black polythene recorded higher number of
fruits hill-1, average circumference of fruit,
weight of fruits hill-1, average weight of fruit,
number of fruits hectare-1 and fruit yield over
the treatments furrow as per recommendation
and drip without mulch. All controls recorded
lower number of fruits hill-1, average
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circumference of fruit, weight of fruit hill-1,
average weight of fruit, number of fruits
hectare-1 and fruit yield as compared to
treatment, drip, 100 per cent RDF and 100 per
cent manure provided with black polythene
mulch.

Economics : The highest total cost (Rs.
2,16,088 ha-1) was recorded by treatment
combination S1F4 (2.25 x 0.30 m with drip,
125% RDF and 125% manure). The treatment
combination S1F3 (2.25 x 0.30 m with drip,
100% RDF and 100% manure) recorded the
highest net profit of Rs. 2,46,470 ha-1. The
highest B:C ratio (2.19) was recorded by the
treatment combination, S1F3 (2.25 x 0.30 m
with drip, 100% RDF and 100% manure),
while the lowest B:C ratio (1.34) was recorded
with the treatment C3 (drip without mulch).

Irrigation water saved over control C1
(furrow irrigation as per recommendation) were
59.80, 62.35, 63.90, 65.41, and 66.15 per
cent for the spacing treatments S1 (2.25 x 0.30
m), S2 (2.25 x 0.45 m), S3 (2.25 x 0.60 m), S4
(2.25 x 0.75 m) and S5 ( 2.25 x 0.90 m),
respectively. It could be seen from the Table 3
that water use efficiency (WUE) was higher for
treatment S1F4 (2.25 x 0.30 m with drip,
125% RDF and 125% manure) i.e. 3.38 t ha-1

cm, while, it was the lowest for the treatment
C1 (furrow irrigation as per recommendation)
i.e. 0.62 t ha-1 cm.

It could be concluded from the invistigation,
for obtaining higher yield (64.66 t ha-1), net
profit (Rs. 2,46,470 ha-1), B:C ratio (2.19),
water use efficiency (3.33 t ha-1 cm), the
watermelon variety Black boy may be grown
under black polythene with spacing of 2.25 x
0.30 m with drip, 100 per cent RDF and 100
per cent manure under drip with saving of
irrigation water 59.80 per cent over furrow
irrigation.
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Among the various commercially important
medicinal plants, coleus (Coleus forskohlii
Briq.) Syn. Coleus barbatus Benth.,
Plectranthus forskohlii is one of the quality
medicinal plants belongs to the family
Lamiaceae. It has attained greater importance
in the Indian drug industry. C. forskohlii being
indigenous to India, came into prominence by
virtue of being an exclusive source of forskolin
(syn. Coleonol) which is a diterpene compound
(Shah et al., 1980). Forskolin present in its
tubers is valued for its efficacy in the treatment
of glaucoma, congestive cardiomyopathy,
asthma, certain cancers, etc.  Recently, a
sudden spurt in the requirement for forskolin
from Europe, America and Japan for use in
cosmetics have created a wide spread demand
in India for its tubers. Modern nutrient
management strategy has shifted its focus
towards the concept of sustainability and
ecofriendliness. Continuous application of
heavy doses of chemical fertilizers without

organic manures or biofertilizers has lead to a
deterioration of soil health in terms of physical
and chemical properties of soil, declining of soil
microbial activities, reduction in soil humus,
increased pollution of soil, water and air. Some
of the bioferilizers, viz., Azotobacter, Vesicular
Arbascular Mycorrhiza (VAM) and phosphorus
solubilising bacteria (PSB) are known to
increase the yield and quality of crops. Hence,
considering the environment friendliness and
maintain better soil health, it is imperative that
plant nutrients are to be used effectively by
adopting the integrated nutrient management
practices. Keeping this in view, an investigation
was carried out to study the effect of organic
manures and inorganic fertilizers in
combination with microbial inoculants on yield
and economics of coleus cultivation.  

Materials and Methods

The investigations were carried out at the
Department of Medicinal and Aromatic Plants,
Kittur Rani Channamma College of
Horticulture, Arabhavi, Karnataka during
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Abstract
Application of  recommended dose (RD) NPK + RD FYM + Azotobacter + phosphorus solubilising

bacteria + vesicular arbiscular mycorrhiza (T11)  recorded significantly higher values for number of tuberous
roots plant-1 (12.57), length of tuberous roots (12.26 cm), girth of tuberous roots (1.64 cm), fresh weight of
tuberous roots plant-1 (277.50 g) and dry weight of tuberous roots plant-1 (39.39 g). It also recorded highest
fresh (6.76 kg and 11.27 t) and dry tuberous root yield (0.96 kg and 1.60 t) plot-1 and hectare-1, respectively,
dry matter per cent in tuberous roots (14.02 %), net income (Rs. 39.064.50 ha-1) and cost : benefit ratio
(1:1.95).
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kharif 2006 and 2007 geographically situated
at 16°15' N and 94°45' E longitude and at an
altitude of 612 m above mean sea level. The
experimental site had clay loam soil with a pH
of 7.6. 

The experiment was laid out in a complete
randomised block design and replicated three
times as follows T1 - Recommended dose (RD)
NPK (40:60:50 kg ha-1) + RD FYM (15 t ha-1),
T2 - RD FYM alone, T3 - RD FYM + vesicular
arbascular mycorrhiza 10 kg ha-1 (VAM), T4 -
RD FYM + VAM + 80% P + NK, T5 - RD FYM
+ VAM + 60 per cent P + NK, T6 - RD FYM +
phosphorus solubilising bacteria 10 kg ha-1

(PSB), T7 - RD FYM + PSB + 80 per cent P +
NK, T8 - RD FYM + PSB + 60 per cent P +
NK, T9 - RD FYM + PSB + VAM + 70 per cent
P + NK, T10 - RD FYM + PSB + VAM + 50
per cent P + NK, T11 - RD FYM + RD NPK +
Azotobacter 10 kg ha-1 (AZT ) + PSB + VAM,
T12 - RD FYM + AZT + PSB + VAM, T13 - RD
FYM + neem cake 1 t ha-1 (NC) + AZT + PSB
+ VAM,  T14 - vermicompost 1 t ha-1 (VC),
T15 - VC + VAM  and  T16 - VC + PSB.

The biofertilizers used in this experiment
were Glomus fasciculatum, Bacillus
megaterium and Azotobacter croococcum.
Thirty days old, healthy and uniformly rooted
plants were transplanted to the main field at a
spacing of 60 cm between the rows and 40 cm
between the plants. The data on yield
parameters were subjected to Fisher's method
of analysis of variance (ANOVA) as outlined by
Sundararaj et al. (1972). The cost of the inputs
prevailing at the time of cultivation was
considered to work out the cost of cultivation
which is given in rupees hectare-1. Gross
income was calculated based on the prevailing
market price for the produce. The net income
hectare-1 was calculated on the basis of gross
income and cost of cultivation hectare-1 as Net
income = Gross income - cost of cultivation.

The benefit to cost ratio was worked out by
using the following formula: Benefit: cost ratio
=  Net income (Rs. ha-1) / Cost of cultivation
(Rs. ha-1).

Results and Discussion

In the present study, yield components, viz.,
number of tuberous roots plant-1, length of
tuberous roots, girth of tuberous roots (Table 1)
and fresh and dry tuberous roots weight plant-1

were significantly influenced by organic
manures, inorganic fertilizers and bio-fertilizers,
during both the years and in pooled data also.
The plants supplied with RD NPK + RD FYM
+ AZT + PSB + VAM (T11) registered
maximum number of tuberous roots plant-1

(12.75), length of tuberous roots (12.26 cm),
girth of tuberous roots (1.64 cm), fresh weight
tuberous-1 root (21.60 g) and fresh weight of
tuberous roots plant-1 (277.50 g), while the
least values for all the above yield components
were recorded in plants which received
vermicompost alone (T14). This could be due to
the application of organic manures and
inorganic fertilizers coupled with bio-fertilizers
which created favourable condition by
providing balanced nutrition to the root system.
These are in line with the findings of Ravi
(2004) in coleus and Suja et al. (2005) in
cassava. 

The fresh and dry tuberous roots yield
hectare-1 varied significantly due to organic
manures, inorganic fertilizers and bio-fertilizers.
The highest fresh (11.27 t) and dry tuberous
roots yield (1.60 t) hectare-1 was recorded in
the plants provided with RD NPK + RD FYM +
AZT + PSB + VAM (T11), while the least fresh
(3.96 t) and dry (0.41 t) tuberous roots yield
was recorded in the treatment vermicompost
alone (T14). The dry matter per cent of
tuberous roots also varied significantly. The
highest dry matter per cent of tuberous roots
(14.02) was produced in plants which were
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supplied with RD NPK + RD FYM + AZT +
PSB + VAM (T11). The increased tuberous
roots yield could be attributed to effective
utilisation of nutrients by the plants for the
synthesis of metabolites. It also helped in
enhancing the uptake of nutrients by the plants
and in turn maximum production of tuberous
roots and dry matter accumulation. This could
also be related to better growth of plants and
yield components. These findings are in
conformity with the results of Ravi (2004) in
coleus, Rameshbabu (1996) in ashwagandha,
Balakumbahan et al. (2005) in cassava and
Velmurugan et al. (2008) in turmeric.

Cost:benefit ratio is an important and

ultimate factor which decides the optimum
levels of inputs used, yield and returns of any
crop. The cost : benefit ratio worked out for
pooled data (Table 2) indicated that the plants
provided with RD NPK + RD FYM + AZT +
PSB + VAM (T11) resulted in the highest net
income hectare-1 (Rs. 39064.50), whereas it
was under negative side (Rs.  14688.00) in the
plants which received RD FYM alone (T2).
Maximum cost: benefit ratio (1:1.95)  was
derived from the treatment RD NPK + RD FYM
+ AZT + PSB + VAM (T11) and the least value
of 1:0.61 was found in the plants receiving RD
FYM only (T2).

Thus, considering the better yield and cost :
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Table 2. Cost : benefit ratio as influenced by phosphorus solubilising bacteria in combination with organic manures and
fertilizers in Coleus forskohlii Briq.

Treat- Fertilizer Cost of organics (Rs. ha-1) Cost Total Yield Gross Net Cost:
ment cost ––––––––––––––––––––––––––––– of BF cost of (t income profit benefit

(Rs. FYM VC NC (Rs. cultivation ha-1) (Rs. (Rs. ratio
ha-1) ha-1) (Rs. ha-1) ha-1) ha-1)

T1 2047.50 7500.00 - - - 39735.50 0.88 44000.00 4264.50 1 : 1.11
T2 - 7500.00 - - - 37688.00 0.46 23000.00 -14688.00 1 : 0.61
T3 - 7500.00 - - 400.00 38088.00 0.47 23500.00 -14588.00 1 : 0.62
T4 1800.00 7500.00 - - 400.00 39888.00 0.74 37000.00 -2888.00 1 : 0.93
T5 1552.50 7500.00 - - 400.00 39640.50 0.62 31000.00 -8640.50 1 : 0.78
T6 - 7500.00 - - 400.00 38088.00 0.50 25000.00 -13088.00 1 : 0.66
T7 1800.00 7500.00 - - 400.00 39888.00 0.82 41000.00 1112.00 1 : 1.03
T8 1552.50 7500.00 - - 400.00 39640.50 0.65 32500.00 -7140.50 1 : 0.82
T9 1676.25 7500.00 - - 800.00 40164.25 0.70 35000.00 -5164.25 1 : 0.87
T10 1428.75 7500.00 - - 800.00 39916.75 0.57 28500.00 -11416.75 1 : 0.71
T11 2047.50 7500.00 - - 1200.00 40935.50 1.60 80000.00 39064.50 1 : 1.95
T12 - 7500.00 - - 1200.00 38888.00 0.65 32500.00 -6388.00 1 : 0.84
T13 - 7500.00 - 7000.00 1200.00 45888.00 0.73 36500.00 -9388.00 1 : 0.80
T14 - - 2000.00 - - 32188.00 0.41 20500.00 -11688.00 1 : 0.64
T15 - - 2000.00 - 400.00 32588.00 0.76 38000.00 5412.00 1 : 1.17
T16 - - 2000.00 - 400.00 32588.00 0.79 39500.00 6912.00 1 : 1.21

T1 - Recommended (RD) NPK (40:60: 50 kg ha-1) + RD FYM (15 t ha-1), T2 - RD FYM alone, T3 - RD FYM + vesicular
arbascular mycorrhiza 10 kg ha-1 (VAM), T4 - RD FYM + VAM + 80% P + NK, T5 - RD FYM + VAM + 60% P + NK, T6 -
RD FYM + phosphorus solubilising bacteria 10 kg ha-1 (PSB), T7 - RD FYM + PSB + 80% P + NK, T8 - RD FYM + PSB +
60% P + NK, T9 - RD FYM + PSB + VAM + 70% P + NK, T10 - RD FYM + PSB + VAM + 50% P + NK, T11 - RD FYM
+ RD NPK + Azotobacter (AZT) + PSB + VAM, T12 - RD FYM + AZT + PSB + VAM, T13 - RD FYM + neem cake (1 t ha-

1) + AZT + PSB + VAM, T14 - Vermicompost (1 t ha-1) (VC), T15 - VC + VAM, T16 - VC + PSB.
FYM = Farm yard manure, BF = Bio-fertilizer



benefit ratio, application of  RD FYM + RD
NPK + AZT + PSB + VAM is found beneficial
and can be more profitably adopted by the
coleus growers in the Western dry zone of
Karnataka. 
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Abstract
A treatment receiving 110:40:60:40 kg NPKS + 7.5 t FYM + 2.5 t poultry manure + 2.5 t

vermicompost + bio-fertilizer (5 kg each of Azospirillum + Posphobacteria) hector-1 recorded the highest
bulb yield of 57.61 t ha-1 as compared to control (35.82 t ha-1). It is indicated that the use of bio-fertilizers
in combination with inorganic fertilizers and organic manures offers a great opportunity to increase the
production in onion. The maximum (60%) increase in total bulb yield was recorded in INM treatment over
control. The total nutrient uptake of N, P, K, S, Zn and B was influenced by various treatments of integrated
nutrient management system. 

Key words : Onion, INM, nutrient uptake.

______________

In onion production, nutrition is one of the
most important factor. Application of organic,
inorganic and bio-fertilizers would be the

optimum integrated nutrient management
practices for higher yield, nutrient uptake and
fertility status of soil. Soil fertilization is the
basic condition for adequate mineral supply to
the plants (Shrma et al. 2000). Organic and
biological routes of improving soil health and
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1. Vegetable Research Officer, 2. M.Sc. student, 3. Sr.
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fertility for optimum crop production form the
vital component of integrated plant nutrient
supply system. The yields obtained with the use
of fertilizers in combination with organic
manures are higher than the use of inorganic
fertilizers alone (Warade et al. 1995). The soil
status for crop and the uptake of nutrients by
the crop is important for deciding the fertilizer
requirement in integrated nutrient management
system (Shanti et al. 2005). Growing of high
value vegetables like onion, to obtain higher
yields is important.  Hence there is a need to
study the nutrient uptake by onion under
integrated nutrient management practices for
Western Maharashtra conditions. An attempt
has therefore been made to investigate the
suitable organic, inorganic and bio-fertilizers for
onion to obtain higher yield and uptake of
major nutrients.

Materials and Methods

The experiment was conducted at All India
Coordinated Research Project on Vegetable
Crops, Mahatma Phule Krishi Vidyapeeth,
Rahuri during rabi season of 2010-11. The trial
was laid out in a randomized block design with
three replications having ten treatments
including one control i.e. recommended dose of
fertilizers. The onion variety N-2-4-1 was used
for present investigation. The soil of the
experimental plot was medium black with pH of
8.17, EC (dSm-1) 0.28, CaCO3 - 0.45 per
cent, organic carbon 0.41 per cent and
available N, P2O5 and K2O were 169.50,
14.25 and 360.0 kg ha-1 respectively. The
available zinc was 0.46 mg kg-1, available
Boron was 0.45 mg kg-1 and available sulphur
was 6.90 mg kg-1. The details of treatment
schedule were T1 - 100:50:50 kg NPK ha-1 +
20 t FYM ha-1 (RDF without biofertilizers), T2
- 100:50:50 kg NPK ha-1 + 20 t FYM ha-1

(with biofertilizer), T3 - 150:50:80:50 kg NPKS
+ 20 t FYM ha-1, T4 - 110:40:60:40 kg NPKS
+ 15 t FYM ha-1, T5 - 110:40:60:40 kg NPKS

+ 7.5 t FYM ha-1, T6 - 110:40:60:40 kg NPKS
+ 7.5 t VC ha-1, T7 - 110:40:60:40 kg NPKS
+ 7.5 t FYM + 2.5 t PM ha-1, T8 -
110:40:60:40 kg NPKS + 7.5 t FYM + 2.5 t
VC ha-1, T9 - 110:40:60:40 kg NPKS + 3.5 t
PM + 3.5 t VC ha-1, T10 - 110:40:60:40 kg
NPKS + 7.5 t FYM + 2.5 t PM + 2.5 t VC
ha-1.

The half dose of nitrogen and full dose of
phosphrous, potasium, FYM (Farm yard
manure), PM (poultry manure), VC
(vermicompost) and sulphur were given at the
time of transplanting and half of nitrogen was
applied one month after transplanting i.e. top
dressing with urea and 5 kg each of
Azospirillum and phophobacteria hectare-1 to
all treatments except treatment T1. Seed of c.v.
N-2-4-1 was sown on raised bed on 28 October
2010. The main field was prepared to fine tilth
and flat beds of 3 x 2 m2 weres made. Eight
weeks old healthy and uniform seedlings having
about 15-20 cm height were used for
transplanting. The transplanting was done on
5th January 2011 at 15 x 10 cm spacing.
Recommended agronomic practices and plant
protection measures were taken to grow
healthy crop. The treatment wise total bulb
yield (t ha-1) was recorded. The soil nutrient
status was analyzed before the application of
treatments and after the harvesting of the crop
by adopting the methods suggested by
A.O.A.C. (1990).

For nutrient uptake plant samples were
collected from each treatment separately at
harvest and dried in diffused sunlight and then
in an oven at 60°C till constant weight. The
oven dry samples were grind and finely
powdered in Willey Mill into composite sample.
The samples were further digested with 1:1
mixture of the concentrated sulphuric acid in
Kjeldahl digestion unit at required temperature
as suggested by Parkinson and Alien (1975).
The acid extract was used for the analysis of N,
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P, K, S, Zn and B concentration by using
standard methods of analysis. The total uptake
of N, P, K, S, Zn and B was calculated from
concentrations of N, P, K, S, Zn and B and bulb
yield was recorded and the data was analyzed as
method suggested by Panse and Sukhatme
(1989).

Results and Discussion

As per soil test, soil pH, EC and CaCO3
after harvest were not significantly influenced
by various treatments (Table 1). Percentage of
soil organic carbon was significantly influenced
by various treatments and it was maximum
(0.56%) in treatment 110:40:60:40 kg NPKS
+ 7.5 t FYM + 2.5 t PM + 2.5 t VC ha-1.
However, it was minimum in treatment T1
(0.46%). Organic carbon was increased in soil
in treatments with addition of FYM, PM, VC
and bio-fertilizers. These results are in close
agreement with those of Siag and Yadav (2004)
and Shanti et al. (2005).

The quantitative assessment of crop
productivity, growth characters and yield
contributing characters influenced the total bulb

yield significantly. Integrated nutrient
management system increased both vegetative
growth parameters and yield contributing
characters which increased total bulb yield. The
treatment 110:40:60:40 kg NPKS + 7.5 t
FYM + 2.5 t PM + 2.5 t VC ha-1 recorded the
highest bulb yield (57.61 t ha-1) which was at
par (54.26 t ha-1) with 110:40:60:40 kg NPKS
+ 3.5 t PM + 3.5 t VC ha-1, T7 (52.59 t ha-1,
110:40:60:40 kg NPKS + 7.5 t FYM + 2.5 t
PM ha-1, T5 (50.30 t ha-1) with 110:40:60:40
kg NPKS + 7.5 t FYM + 2.5 t PM ha-1) and the
T1 recorded lowest yield of 35.82 t ha-1 which
received only recommended dose of fertilizers
i.e. 100:50:50 NPK kg ha-1 + 20 t FYM ha-1.
The use of bio-fertilizers in combination with
inorganic fertilizers and organic manures offers
a great opportunity to increase the production
of onion.  In onion combination of organic,
inorganic and bio-fertilizers enhances the bulb
yield production with better quality of bulbs as
recorded earlier by Warade et al. (1995). In
present investigation the maximum (60%)
increase in total bulb yield (57.61 t ha-1) was
recorded in treatment T10 over treatment T1
(35.82 t ha-1). These results are in close
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Table 1. Effect of different treatments of integrated nutrient management on total uptake of N, P, K, S, Zn and boron in
onion.

Treatment Bulb Soil EC Organic CaCO3 N P K S Zn Boron
yield pH (dSm-1) carbon (%) uptake uptake uptake uptake uptake uptake
(t ha-1) (1:2.5) (%) (kg (kg (kg (mg (g (g

ha-1) ha-1) ha-1) ha-1) ha-1) ha-1)

T1 35.82 8.16 0.21 0.46 4.36 56.15 17.34 56.15 21.7 443.75 135.4
T2 44.36 8.05 0.27 0.48 4.30 58.65 21.70 75.10 27.9 497.27 157.4
T3 41.66 7.99 0.30 0.49 4.40 68.46 25.60 75.60 26.5 453.25 155.9
T4 41.75 8.01 0.27 0.52 4.33 57.76 23.25 77.75 28.6 443.67 136.6
T5 50.30 8.06 0.27 0.50 4.30 60.33 24.72 92.04 28.1 376.40 163.3
T6 45.54 7.99 0.27 0.53 4.20 66.24 24.86 90.24 26.3 410.18 164.3
T7 52.59 8.00 0.28 0.52 4.40 77.75 33.30 87.36 29.6 481.13 174.9
T8 47.54 8.01 0.28 0.54 4.36 68.46 26.33 80.84 27.4 479.74 173.8
T9 54.26 8.08 0.30 0.52 4.20 78.41 37.16 89.62 29.9 458.73 176.2
T10 57.61 8.08 0.27 0.56 4.46 81.40 36.90 93.03 30.7 498.80 182.9
S.E.± 2.46 0.14 0.08 0.02 0.07 4.24 3.06 3.55 1.56 24.22 1.78
C.D. at 5% 7.32 NS NS 0.06 NS 12.59 9.10 10.55 4.64 71.97 5.29



agreement with those reported by Khandelwal
(2010).

The total nutrient uptake of N, P, K, S, Zn
and B by onion crop was significantly
influenced by various treatments. Total nitrogen
uptake (81.40 kg ha-1) by onion was maximum
in treatment T10 which was at par with T7
(77.75 kg ha-1) and T9 (78.41 kg ha-1) and
minimum in treatment T1 (56.15 kg ha-1) i.e.
control. The total phosphorus uptake (17.34 kg
ha-1) was recorded in treatment T1 (Control)
and maximum (37.16 kg ha-1) in treatment T9
followed by T10 (36.90 kg ha-1). Minimum
potassium uptake by onion bulb was recorded
in treatment T1 (56.15 kg ha-1) and it was
maximum (93.03 kg ha-1) in treatment T10.
This may be because of application of iriorganic
fertilizers with organic sources which are
responsible for increasing nutrient use
efficiency by the crop. Uptake of nutrients
increased with increasing availability of
nutrients and also with nitrogen use efficiency.
Similar results were also reported by Sharma et
al. (2000) and Shanti et al. (2005).

The maximum (30.7 mg kg-1) sulphur
uptake by onion recorded in treatment T10 and
minimum (21.7 mg kg-1) in treatment T1. The
treatment T7 (29.6 mg kg-1) and T9 (29.9 mg
kg-1) were at par with treatment T10 for sulphur
uptake. Maximum zinc uptake by onion was
recorded (498.80 g ha-1) in treatment T10 and
minimum in treatment T1 (443.75 g ha-1). The
treatment T2 (497.27 g ha-1), T7 (481.13 g
ha-1) and T8 (479.74 g ha-1) were at par with
treatment T10 for zinc uptake. Maximum boron
uptake (182.9 g ha-1) was recorded in
treatment T10 and minimum (135.4 g ha-1) in
treatment T1. The treatment T9 (174.20 g

ha-1) was at par with treatment T10 for boron
uptake. From these studies it was seen that
uptake of micronutrients increased with
application of organic, inorganic and
biofertilizers in combinations. These results are
in close agreement with those of Siag and
Yadav (2004).

It is evident from the present studies that
judicious use of organic, inorganic and bio-
fertilizers as integrated nutrient management
system would be useful for enhancing the yield
and uptake of various nutrients in onion.
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The extent of genetic variability available in
crop is a prerequisite for its improvement due
to the fact that the efficiency of selection mainly
depends on it. There is good scope for
increasing production of pea by developing
high yielding varieties to overcome the present
status and low productivity of the crop, by
identifying superior genotypes by exploiting the
available variation, understanding the
association between various yield contributing
characters with their degree of divergence.

Materials and Methods

The materials under investigation consisted
of fifty varieties obtained from the germplasm
maintained at All India Co-Ordinated Vegetable
Improvement Project, Mahatma Phule Krishi
Vidyapeeth, Rahuri. The experimental material
was grown in rabi season (November-February
of 2008-2009) at Instructional Farm of the
Horticulture Department. The experiment was

designed under randomized block design with
three replications. Five plants were randomly
selected from each genotype per replication to
study the yield of green pods and various
quantitative characters. The analysis of variance
for individual characters and the analysis of co-
variance for character pairs were carried out
according to Cochran and Cox (1957). The
genotypic coefficient of variation (GCV) and
phenotypic coefficient of variation (PCV) were
worked out by the formulae suggested by
Burton and De Vane (1953). Genetic diversity
was worked out following Mahalanobis (1936)
D2 statistics.

Results and Discussion

Quantitative characters : The variations
among the 50 genotypes were highly
significant for all the seventeen characters
studied. The fruit yield per plant ranged from
48.79 to 92.64 g (Table 1). Ten genotypes
recorded comparatively higher yield than the
general mean of 66.12 g. The yield hectare-1
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Abstract
A high degree of variation among 50 pea genotypes was observed in respect of all the characters studied.

The estimates of genotypic coefficient of variations were low as compared to phenotypic coefficient of
variation. Genotypic as well as phenotypic coefficient of variation were highest for number of branches
plant-1 followed by pod borer incidence (%) and yield plant-1. Most of the characters showed high estimates
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indicating additive gene effects in their inheritance and scope for selection. On the basis of D2 analysis, fifty
genotypes were grouped in to four clusters with genetic divergence between them. Cluster A, B, C and D had
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ranged from 54.87 to 98.82 g while the
number of branches plant-1 ranged between
4.06 to 6.54. The maximum and minimum
plant height was 94.82  and 79.50 cm
respectively. The pod plant-1 ranged between
44.80 and 32.74. The length of pod ranged
from 5.21 to 6.89 cm. The T.S.S. ranged from
9.61 to 12.70 per cent. The maximum weight
of pod was 2.25 and minimum was 1.31 g.

The number of grains pod-1 varied from 3.95
to 6.47. Out of 50 genotypes, some genotypes
showed earliness for first flower initiation at
9.22 node and late at 12.88 node. Days to 50
per cent flowering varied from 48.22 to 59.33.
The days to first picking ranged from 74.22 to
79.88. The shelling percentage ranged
between 42.74 and 53.66. The crude protein
percentage of green peas ranged from 9.41 to
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Table 1. Range, mean and estimates of genetic parameters in pea.

Characters Range Mean PCV GCV Hertability GA GA
(%) as
(Broad %
sense) mean

Yield plant-1 (g) 48.79-92.64 66.12 13.83 9.18 44.04 8.30 12.54

Yield hectare-1 (q) 54.87-98.82 70.73 13.37 8.62 41.49 8.09 11.43

Branches plant-1 4.06-6.54 8.97 283.54 30.79 1.18 0.69 6.89

Height of plant (cm) 79.50-94.82 88.08 3.78 2.57 46.22 3.17 3.60

No. of pods plants-1 32.74-44.80 38.54 6.94 4.80 47.82 2.63 6.83

Length of pod (cm) 5.21-6.89 6.11 6.57 1.54 5.48 0.05 0.74

Breadth of pod (cm) 1.23-1.59 1.40 6.97 4.04 33.66 0.07 4.83

T.S.S. (%) 9.61-12.70 11.30 5.44 3.50 41.40 0.53 4.64

Weight of pod (g) 1.31-2.25 1.72 12.66 8.45 44.59 0.20 11.63

Grains pod-1 3.95-6.47 4.98 11.18 7.28 42.46 0.49 9.78

Nodes on which 1st flower initiated 9.22-12.88 11.41 8.08 5.79 51.42 0.98 8.56

Days to 50% flowering 48.22-59.33 54.60 4.75 2.18 21.05 1.12 2.06

Days to 1st picking 74.22-79.88 76.26 1.67 0.97 33.41 0.88 1.15

Shelling percentage 42.74-53.66 47.17 5.13 0.72 1.99 0.10 0.21

Crude protein content 9.41-16.28 12.69 10.22 5.72 -31.33 0.84 6.59

Wilt disease incidence (%) 1.83-3.83 2.80 18.36 3.85 -4.39 0.05 1.66

Pod borer incidence (%) 6.16-13.00 9.85 15.41 9.76 40.41 1.26 12.74

Table 2. Distribution of 50 genotypes in clusters.

Cluster Genotypes numer Geno-
types

A VL-3 (07), NDVP-7, P. Bonneville, IC-2561, PRS-4, Selection-93, Selection-35, VP-6, GC-19,  47
PH-Rnomex, Forestry, T-163, VP-166, VRP-12(07), VRP-4, Muller, VRP-12, LP-25, TP-3, BNN, GC-52, 
VRP-7, VRP-3, VL-3, GL-486, Snopy, JP-15, DGP-4, T-61, Mitaphali, DG-4(07), VP-5, IC-6045, 
TC-6045, NDVP-8, Sel-35 (08), DARL-401, KS-225, Pea-101, ICTP-8, PH-1, Wai late, PLP-186, 
P. Arkel, IC-2990, Ragdenda, Padali No.1

B VP-8902 1

C P-16 1

D Barton sp. 1



16.28. The wilt disease incidence varied from
1.83 to 3.83 and the pod borer incidence
ranged from 13 to 6.16 per cent. Significant
variability for various quantitative characters has
been reported earler by various workers viz.,
Chaudhari and Sharma (2003), Ranjan et al.
(2006) and Singh and Singh (2006).

GCV and PCV : The estimates of
genotypic coefficient of variation were low as
compared to phenotypic coefficient of variation
(Table 1) for all the characters under study. The
genotypic coefficient of variation was lowest for
the character shelling percentage (0.72) and
highest for number of branches per plant
(30.79). The phenotypic coefficient of variation
was the lowest for the character days to first
picking (1.67) and highest for number of
branches plant-1 (283.54). Both the coefficients
of variation for rest of the characters ranged in
between those for above characters. The
genotypic and phynotypic coefficients of
variation, were low for length of pod (cm),
T.S.S. (%), days to 50 per cent flowering, days
to first picking, shelling percentage and height
of plant. These characters thus offer little scope
for improvement by selection. These findings
are in conformity with the results of Sharma et
al. (2003) and Singh and Singh (2003).

Heritability and genetic advance : Low
heritability was recorded for characters crude
protein content, wilt disease incidence, number
of branches plant-1, shelling percentage and
length of pod (-31.33 to 5.48) (Table 1). These
results were in close agreement with those
reported by Dixit (1998). However, the
characters like yield plant-1 (g), weight of pod
(g), height of plant (cm), number of pods per
plant and nodes on which first flower initiated
recorded high heritability percentage (44.04 to
51.42), where as remaining characters like days
to 50 per cent flowering, days to first picking,
breadth of pod (cm), yield hectare-1 (q), T.S.S.,
pod borer incidence and number of grains

pod-1 recorded medium heritability ranging
from 21.05 to 42.46 per cent. These findings
were in conformity with the results obtained by
Dixit et al. (2002), Sharma et al. (2003) and
Ranjan et al. (2006). High heritability indicates
the effectiveness of selection based on
phenotypic performance but does not
necessarily mean a high genetic advance for the
particular trait. The characters with high
heritability when associated with high genetic
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Table 3. Average inter (D2) and intra cluster D1 values (in
brackets).

A B C D

A 16.61 23.28 32.95 41.88
(3.95) (4.83) (5.74) (6.47)

B 0.00 43.77 50.19
(0.00) (6.62) (7.09)

C 0.00 60.55
(0.00) (7.78)

D 0.00
(0.00)

Table 4. Cluster means for seventeen characters.

Name of characters A B C D

Yield plant-1 (g) 66.72 60.18 48.79 61.49

Yield hectare-1 (q) 71.17 64.19 62.05 65.59

No. of branches plant-1 5.381 5.03 5.55 185.27

Height of plant (cm) 88.02 83.76 94.83 88.74

No. of pods plants-1 38.75 38.95 34.36 32.74

Length of pod (cm) 6.11 5.68 6.40 6.49

Breadth of pod (cm) 1.41 1.32 1.32 1.23

T.S.S. (%) 11.29 11.81 10.90 12.27

Weight of pod (g) 1.72 1.88 1.41 1.85

Number of grains pod-1 4.99 4.01 5.01 5.27

Nodes on which 11.38 12.22 12.89 10.55
1st flower initiated

Days to 50% flowering 54.55 57.33 56.33 52.78

Days to 1st picking 76.25 75.77 76.99 77.00

Shelling percentage 47.27 44.99 46.07 46.11

Crude protein content 12.73 12.61 10.68 12.94

Wilt disease incidence (%) 2.77 3.33 3.00 3.33

Pod borer incidence (%) 9.86 12.67 7.50 8.83



gain may be attributed to the additive gene
effects, which can effectively be improved by
selection.

The genetic advance varied from 0.045 for
length of pod to 8.30 for yield plant-1. The
genetic advance expressed as percentage of
mean, however, ranged from 0.21 per cent for
shelling percentage to 12.74 per cent for pod
borer incidence percentage. Yield plant-1 also
showed higher percentage of genetic advance
(12.54) followed by weight of pod (11.63) and
yield hectare-1 (11.43). Similarly Ranjan et al.
(2006) reported high genetic advance for yield
plant-1, plant height and yield hectare-1.
Moderate percentage of genetic advance was
observed for number of grains pod-1 (9.78),
nodes at which first flower initiated (8.56) and
number of branches plant-1 (6.89). Low values
were recorded for length of pod (0.74), days to
first picking (1.15), wilt disease incidence (1.66)
and T.S.S. (4.63). Kuskal et al. (1983) reported
low genetic advance for weight of pod, number
of seeds per pod and length of pod,
respectively.

Genetic diversity : Based on D2 values
four clusters were formed for fifty genotypes.
Out of these four clusters, cluster A was the
largest having fourty seven cultivars, which was
followed by cluster B, C and cluster D having
one cultivar each. The cultivars B, C and D had
single cultivars each indicating wide divergence
among the cultivars. The inter and intra cluster
D2 values are given in Table 3. The maximum
inter cluster divergence was observed between
the clusters D and C (7.78), while it was lowest
between cluster A and B (3.95). Intra cluster D
values for the cluster A (3.95), B (0.00), C
(0.00), D (0.00) suggested unequal diversity
within themselves, while the clusters B, C and
D comprising of a single cultivar each had no
intra cluster divergence. The mean values of
seventeen characters for all clusters are
presented in Table 4. The cluster mean for

number of branches plant-1 was the highest in
cluster D (185.27) followed by cluster C (94.83)
for height of plant and the lowest in the cluster
D (1.23) for breadth of pods. The remaining
clusters had intermediate mean values.

The mean yield hectare-1 (q) was maximum
in cluster A (71.17) and minimum in cluster C
(62.05). The mean number of pods plant-1 was
maximum in cluster B (38.75) and minimum in
cluster D (32.74) while the cluster mean for
length of pod was highest in cluster D (6.49)
followed by cluster C (6.40) and the lowest in
cluster B (5.68). The cluster mean for breadth
of pod (cm) was highest in cluster A (1.41) and
lowest in cluster B and C (1.32). The cluster
mean for T.S.S. (%) was highest in cluster D
(12.27) and lowest in cluster C (10.90). The
cluster mean for weight of pod (g) was highest
in cluster B (1.88). The cluster mean for
number of grains pod-1 was highest in cluster D
(5.27) and lowest in cluster B (4.01). All other
remaining clusters were having intermediate
values. The cluster mean for shelling
percentage was highest in cluster A (47.27) and
lowest in cluster B (44.99). The cluster mean
for crude protein content was highest in cluster
D (12.94) and lowest in cluster C (10.68). The
cluster mean for wilt disease incidence was
highest in cluster B and D (3.33) and lowest in
cluster A (2.77). The cluster mean for pod
borer incidence was highest in cluster B (12.67)
and lowest in cluster C (7.50). The rest of the
clusters had intermediate value. The clustering
pattern obtained in the present investigation
revealed that geographic diversity did not seen
to have a direct association with genetic
diversity. Kalloo et al. (1980) and Ramesh et
al. (2002) reported that the geographical and
genetic diversities were unrelated. It is
suggested that varieties from more diverse
groups and having high yield potential coupled
with quality attributes might be useful in
breeding programme.
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Mango is called as king of the fruits
(Purseglove, 1972). Its cultivation is as old as
Indian civilization. Proportion of perfect to the
staminate flowers (sex ratio) is a variable
component within panicles, trees and among
cultivars but is usually less than 50 per cent.
Percentage of hermaphrodite flowers is an
inherited character, associated with the
productivity of mango varieties and it is the
most important factor influencing initial fruit-set
on the panicle. This parameter is greatly
influenced by environment also, because
mango cultivars exhibit ecogeographical
preference for flowering and fruiting (Yadav and
Rajan, 1993) and the same cultivar may behave
differently in fruit set behavior under different
localities. Hence, it was considered worthwhile
to study the sex-ratio of cultivars under Konkan
conditions.

The present research venture was therefore
initiated on fifteen commercial cultivars of
mango to investigate important aspect on sex
expression of mango under Konkan conditions
highly relevant to the fruit production.

Materials and Methods

The experiment was carried out at
Department of Horticulture, Dr. Balasaheb
Sawant Konkan Krishi Vidyapeeth, Dapoli,
Dist. Ratnagiri during 2003-04. Trees were
grown under uniform agronomic and climatic
conditions. There were three replications and
fifteen cultivars. A panicle was tagged on each
side of plant. Panicle initiation data was noted
with the emergence of first panicle on the tree.
Male and hermaphrodite flowers were counted
on each panicles tagged twice a week
throughout the flowering season with forceps
and contact lens. Both male and hermaphrodite
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Abstract
Cultivar Kesar recorded maximum number of panicles cubic-1 meter (12.94) which was significantly

superior over others. Panicles shoot-1 were maximum in Fernandia (30.33) followed by Doodhpedha (25) and
Vanraj (23.60). The Neelam recorded maximum number (63.67) panicle-1 and percentage of perfect flowers
(33.61%). Maximum number of hermaphrodite flowers were noted in Vanraj (396.73), which was significantly
greater than Fernandia (278.75), Kesar (266.06) and Balanpur Baneshan (261.00). The varieties
Doodhpedha (27.43%), Pulivora (27.03%) and Sindhu (26.17%) recorded significantly less percentage of
perfect flowers. Significantly higher percentage of male flowers (90.86%) were observed in cv. Alphonso
followed by Balanpur Baneshan (89.27%). The cultivars like Neelam (1.99:1), Doodhpedha 02.97:1), Pairi
(3.05:1) and Sindhu (3.27:1) exhibited comparatively narrow sex ratio resulting into satisfactory initial fruit-
set. Whereas, varieties like Kesar (12.80:1), Balanpur Baneshan (12.43:1), Totapuri red small (12.04:l)
showed very wide sex ratio resulting in higher fruit set. The regular bearing varieties like Totapuri (3.22),
Neelam (2.56) expressed higher fruit set followed by Vanraj (1.87) as compared to other. Proportion of
hermaphrodite flowers in all the fifteen cultivars was quite variable in respect to direction of plant.

Key words : Mango, hermaphrodite flowers, sex ratio.

1. Head, Dept. of Hort., 2. Ph. D. scholar and 3. Asso.
Prof. of Hort.



flowers were detached after counting.

Observations on various nine flowering
characters viz., number of panicle cubic-1

meter, panicles shoots-1, perfect flowers, male
flowers, hermaphrodite and male flowers
panicles-1, sex ratio and fruit set were recorded.
Analysis of variance was performed as per
standard procedures. The experiment was laid
out in a randomized block design (RBD) and
data was analyzed by Duncan's Multiple Range
test (DMR) at P > 0.05.

Results and Discussion

Panicles : Number of panicles cubic-1

meter (Table 1) among the cultivars ranged
between 2.67 and 12.94. Cultivar Kesar
recorded maximum number of panicles cubic-1

meter (12.94) which was significantly superior
over others followed by Suvernarekha (12.67)
and Vanraj (10.67). The regular bearer varieties
Neelam (2.67) and Totapuri Red small (4.92)
recorded comparatively lowest number of

panicles square-1 meter.

The variation in panicle shoot-1 in different
cultivars ranged from 5.22 to 30.33. It was
maximum in Fernandia (30.33) followed by
Doodhpedha (25) and Vanraj (23.60) and
lowest in Pulivora (5.22).

Flowers : Cultivar Neelam recorded
significantly highest perfect flowers panicle-1

(63.67) which was closely followed by cultivar
Vanraj (63.27). The next superior cultivars were
Pulivora (60.94) and Creeping (60.20). Cultivar
Alphonso recorded less number of perfect
flowers (5.61) panicle-1.

Highly significant (P > 0.05) difference
among fifteen cultivars was observed regarding
number of male flowers panicle-1 which ranged
between 57.34 and 396.73 among the cvs.
Maximum number of hermaphrodite flowers
were noted in Vanraj (396.73), which was
significantly (P > 0.05) greater than Fernandia
(278.75), Kesar (266.06) and Balanpur
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Table 1. Studies on variability in sex ratio in various mango varieties under Konkan condition of Maharashtra.

Variety Panicle Panicle Perfect Male Total Perfect Male Sex Fruit
m-3 shoot-1 flower flower flower flower flower ratio set

panicle-1 panicle-1 panicle-1 (%) (%) (%)

Alphonso 7.56 17.01 5.61 57.34 62.96 9.15 90.86 9.68:1 0.97
Kesar 12.94 14.07 27.67 266.06 293.73 10.72 89.25 12.8:1 1.80
Ratna 7.38 14.72 21.00 165.53 163.92 13.39 86.57 7.92:1 1.22
Sindhu 7.43 8.04 29.33 90.55 120.44 26.17 73.83 3.27:1 1.11
Neelam 2.67 11.11 63.67 122.33 186.00 33.61 66.39 1.99:1 2.56
Totapuri Red Small 4.92 8.53 24.20 233.60 257.90 9.96 88.04 12.04:1 1.73
Totapuri 10.56 9.36 41.47 152.28 193.76 21.19 77.81 5.61:1 3.22
Pairi 8.43 16.33 46.67 145.67 192.33 24.69 75.3 3.05:1 0.66
Doodhpedha 3.38 25.00 46.88 133.63 180.50 27.43 72.14 2.97:1 1.50
Balanpur Baneshan 8.50 11.42 24.33 261.00 284.33 10.72 89.27 12.43 :1 1.25
Fernandia 7.83 30.33 58.33 278.75 337.08 17.09 82.90 6.07:1 1.83
Suvarnarekha 12.67 14.67 20.27 166.33 186.60 16.89 83.11 18.29:1 1.33
Pulivora 10.11 5.22 60.94 148.83 209.61 27.03 72.95 4.49:1 0.83
Vanraj 10.67 23.60 63.27 396.73 460.00 14.35 85.68 8.11 :1 1.87
Creeping 6.64 23.65 60.20 218.34 278.54 21.08 78.89 4.66:1 0.92
S.E.± 2.720 1.501 6.763 29.441 33.211 3.132 3.23 2.286 0.367
C.D. at 5% 7.883 4.334 19.533 85.02 95.909 9.047 9.336 6.601 1.061



Baneshan (261.00). The minimum number of
male flowers were observed in cultivar
Alphonso (57.34).

Data regarding total number of flowers
panicle-1 showed significant difference among
cultivars, which ranged from 62.96 to 460.00.
The cultivar Vanraj had significantly (P>0.05)
greater number of flowers (460) while,
Alphonso had significantly less number of total
flowers (62.96).

The number of hermaphrodite flowers in a
panicle is an important criteria related to the
yield. The percentage of hermaphrodite flowers
varies depending upon late or early emergence
of panicle, the type of cultivar, place and
temperature during flowering.

Statistical analysis showed that cultivars
varied significantly (P > 0.05) among each
other with respect to percentage of perfect
flowers. Maximum percentage of perfect
flowers was noted in Neelam (33.61%), which
was significantly (P > 0.05) greater than
Doodhpedha (27.43%), Pulivora (27.03%) and
Sindhu (26.17%). This high percentage of
hermaphrodite flowers is found to be closely
associated with the more productivity in Langra
(Mukherjee, 1953). While the minimum
percentage was recorded in Alphonso (9.15%).
In Konkan region of Maharashtra Desai et al.
(1985) observed that Alphonso, Goamankur
and Kesar cultivars of mango beared 9.37,
26.08 and 31.82 per cent of hermaphrodite
flowers at north direction, respectively.

Significantly (P > 0.05) highest percentage
of male flowers (90.86%) were observed in cv.
Alphonso followed by Balanpur Baneshan
(89.27%), Kesar (89.27%) and Totapuri Red
Small (88.04%) while it was significantly lowest
in variety Neelam (66.39), Doodhpedha (72.
14), Pulivora (72.95) and Sindhu (73.83).

Sex ratio : Considering flowering

characteristics the sex ratio ranged from 1.99:1
to 12.80:1 in various mango cultivars under
study. The results therefore, suggested that the
low yield of mango genotypes in specific agro-
ecogeographical region may be because of wide
male to hermaphrodite ratio. The cultivars like
Neelam (1.99:1), Doodhpedha (2.97:1), Pairi
(3.05:1) and Sindhu (3.27:1) exhibited
comparatively narrow sex ratio resulting into
satisfactory initial fruit-set. Whereas, varieties
like Kesar (12.80:1), Balanpur Baneshan
(12.43:1) and Totapuri Red Small (12.04:1)
had very wide sex ratio resulting in higher fruit
set. These results are in agreement with the
finding of Ram Kumar et al. (1998). The
variability in the flower sex ratio seems to be
governed by a cultivar of physiological and
environmental conditions.

Fruit set : Mango is a cross pollinated crop
and pollination is essential for the fruit set
which is primarily accomplished by the insects
and housefly being the chief insect. Fruit set is
varietal character, which depend upon several
factors such as time of flowering, sex ratio,
efficient cross-pollination, intensity of drop as
well as climatic conditions etc. Cultivars differ
from one another in these respects and this
leads varying fruit set in different cultivars which
affect the productivity and yield.

The regular bearing varieties like Totapuri
(3.22%), Neelam (2.56%) expressed higher fruit
set as compare to other. The comparatively
lower fruit set was observed in the varieties like
Pairi (0.66%), Pulivora (0.83%) and Alphonso
(0.97%). Varieties like Doodhpeedha (1.50%),
Kesar (1.80%), Fernandia (1.83%) and Vanraj
(1.87%) showed moderate fruit set.
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Abstract
Consumers demand quality flowers. Red was the most preferred colour and president was the most

preferred variety of Anthuriums by the consumers. Women purchase  flowers more frequently compared to
men from high income families and were well educated.
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There is a vast market potential, both in the
domestic and export markets which is yet to be
tapped. In order to harness the huge potential
of the domestic and export market, it is
essential to know the consumer preferences
and their purchase behaviour which are the key
factors affecting the demand and sale of
Anthurium flowers (Rajeevan and Valasakumar,
2000). The results of this study, conducted in
Karnataka, would be useful to the growers and
sellers in offering the right product attributes,
improve competitiveness and marketability for
Anthuriums. The specific objectives of the study
were to findout the socio-economic profile of

the Anthurium consumers, their purchase
behaviour and to know the quality preference
for Anthuriums by the consumers.

Materials and Methods

Anthurium cultivation in Karnataka is
concentrated in the districts of Bangalore and
Coorg where it is establishing itself as a
horticultural sub-enterprise among the farmers
of the area. Coorg district stands first in area
and production in Karnataka. Hence, it was
purposefully selected for the present study. To
study the retail market preferences and
consumer behaviour with respect to
Anthuriums, a sample of 45 consumers who1. Res. student, 2., 3., 4., and 5. Asso. Professor.



frequented the markets for the purchase of
Anthuriums and who were actively involved in
flower shows in Coorg district were selected
randomly. Tabular analysis was employed for
conclusion.

Results and Discussion

The socio-economic profile of the sample
respondents showed that out of the total, 15
respondents were between 21 to 30 years of
age, six respondents were aged between 31 to
40 years and 24 were above 40 years of age,
constituting 33.33, 13.33 and 53.33 per cent
of the total number of the respondents
respectively. The classification of respondents
based on education level revealed that 39 of
them were graduates constituting 87 per cent
of the total respondents. Only six respondents
had their education upto pre-university level,
constituting about 13 per cent of the total
respondents.

It was observed that, of the total
respondents 26 were males constituting about
58 per cent of the respondents and 19 were
females constituting about 42 per cent of the
total respondents. With respect to the income
criterion, among the 45 consumers, five
belonged to the low income group (upto Rs.
6,000 per month) with an average income of

around Rs.5,500 per month, constituting 11
per cent of the total respondents. Eighteen
respondents belonged to the medium income
group (Rs.6,001 to Rs. 12,000 per month)
with an average income of around Rs. 10,500
per month, comprising of 40 per cent of the
respondents and 22 of them were categorised
under high income group (> Rs. 12,000) with
an average income of Rs. 17,000 per month
constituting 49 per cent of the total
respondent.

It was observed that 16 per cent of the
respondents were from joint family group with
an average of eight members in the family and
84 per cent of the respondents were from
nuclear family group with an average of five
members in the family. Of the total
respondents, 42 of them had house with
garden. Only three respondents had house
without garden.

The sample consumers were divided into
three groups (Table 1) based on their pattern of
purchase. It was observed that about 11 per
cent of the consumers were occasional buyers
who purchased the flowers during special
occasions. Around 56 per cent of the
consumers were regular buyers and the
remaining 33 per cent of the consumers bought
flowers infrequently.
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Table 1. Relationship between the frequency of cutflowers purchased and the socio-economic characteristics.

Consumer groups Infrequent but planned Regular Occasional
––––––––––––––––––––––––– –––––––––––––––––––––––– –––––––––––––––––––––
Number Per cent Number Per cent Number Per cent

Entire consumer group* 15 33.33 25 55.55 5 11.11
Gender **

Men 10 66.66 10 40.00 3 60.00
Women 5 33.33 15 60.00 2 40.00

Monthly income (Rupees)**
Upto 6,000 2 13.33 - - 3 60.00
6.001-12,000 9 60.00 7 28.00 2 40.00
> 12,000 4 26.66 18 72.00 - -

Note: * - Percentages are calculated considering the sample size 45. ** - Percentages are calculated for the respective total
number of consumers in each category.



An analysis of the purchase pattern
according to the gender groups revealed that
60 per cent of the regular buyers were women
whereas 40 per cent of the regular buyers were

men. In case of the occasional group, women
accounted for 40 per cent and men accounted
for 60 per cent.
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Table 2. Consumers'/preferential ranking for different varieties of Anthuriums.

Varieties Preferential ranking (%) Total
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– (%)
1 2 3 4 5

President 2.22 11.11 15.35 13.33 - 42.21
Sunset 4.44 17.77 4.44 8.88 - 35.53
Midori 8.88 8.88 6.66 8.88 2.22 35.52
Lipstick 13.33 2.22 8.88 6.66 2.22 33.31
Tropical 11.11 6.66 8.88 - 2.22 28.87
Sunburst 11.11 8.88 6.66 - - 26.65
Cancan 4.44 4.44 11.11 4.44 2.22 26.65
Sonate - 8.88 2.22 2.22 4.44 17.76
Pistachi 11.11 2.22 2.22 2.22 - 17.77
Calypso 2.22 4.44 2.22 8.88 - 17.77
Choco 8.88 2.22 2.22 4.44 - 17.77
Scarletta - 4.44 8.88 - - 13.32
Manomist 2.22 4.44 4.44 2.22 - 13.32
Acropolis 2.22 4.44 - . 4.44 11.10
Scorpion 2.22 2.22 2.22 4.44 - 11.10
Fantasia - 4.44 2.22 2.22 - 8.88
Laguna - 2.22 4.44 - - 6.66
Casino 2.22 2.22 - - 2.22 6.66
Surprise 4.44 - - - . 4.44
Nitta 4.44 - - - - 4.44
Agnihotri 4.44 - - - - 4.44
Senator - 2.22 - - - 2.22
Honduras red - - 2.22 - - 2.22
Arizona - - - - 2.22 2.22
Linda - - 2.22 - - 2.22

Table 3. Significance of the presentation of cutflowers for sale.

Characters Degree of importance
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Extreme Moderate Little
––––––––––––––––––––––––– ––––––––––––––––––––––––– ––––––––––––––––––––––
Men Women Men Women Men Women

Long stem 16 (61.53) 9 (47.36) 10 (38.46) 10 (52.63) - -
Attractive packing 10 (38.46) 5 (26.31) 10 (38.46) 10 (52.63) 6 (23.07) 2 (10.52)
Flower quality 26 (100) 19 (100) - - - -
Presence of foliage 6 (23.07) 9 (47.36) 16 (61.53) 8 (42.10) 3 (11.53) 1 (5-26)

Note : Figures in parentheses indicate percentage to the total number of men and women interviewed.



The analysis of purchase pattern according
to the income levels of the consumers showed
that, in the regular buyers group, 28 per cent
and 72 per cent of the consumers belonged to
the medium and high income groups
respectively. In case of occasional buyers. 60
per cent belonged to the low income group and
40 per cent belonged to the medium income
group. The corresponding figures for the low,
medium and high income category for the
'infrequent but planned' group were 13.33, 60
and 26.66 per cent respectively.

The consumers' liking for different colours
of the anthurium flowers in Coorg district
showed that red was the most popular colour
preferred by 77.76 per cent of the consumers
followed by orange and pink preferred by
68.87 and 64.44 per cent of the consumers
respectively.

The consumers' preferential ranking for the
different varieties of anthuriums given in Table
2 indicated that President was the most
preferred variety buy about 42 per cent of the
consumers, followed by Sunset and Midori buy
about 35.53 and 35.52 per cent of the
consumers respectively.

The use of cutflowers is influenced by

various quality attributes of cutflowers through
which the consumers express their preferences
for cutflowers. Flower purchasers indicated a
strong preference for top quality flowers. The
lack of consumer demand for flowers was their
appearance. The degree of, importance placed
on the characteristics sought by the purchasers
at the point of sale (Table 3) showed 47.36 per
cent of the women and 61.53 per cent of the
men preferred long stem.

It was seen that men (38.46%) gave more
importance for attractive packing as compared
to the women (26.31%). Presence of foliage
was strongly preferred by 23 per cent of men
and about 48 per cent of the women
consumers. Similar observations were also
reported by Behe and Nelson (1995) and
Paawana (2004).
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Grain yield under stress is the primary trait
for selection in breeding programmes for
drought prone environments.  It is also useful to
screen for secondary traits which are associated
with yield under stress.  For a secondary trait to
be useful in a breeding programme, it must be
genetically correlated with grain yield, least
affected by environment with high heritability,
genotypic variability must be predominant in
the breeding population. The rapid and
economic measurement of the trait is possible
and not linked to poor yields in the favourable
environment (Lafitte et al., 2003).

Although direct selection under drought
stress has been reported to give greater
response in rice (Babu et al. 2003, Atlin et al.
2004, Venuprasad et al. 2007), but the major
problem associated with it is the management
of experimental conditions. Positively
associated productivity and physiological
secondary traits could be useful to confirm the
yield performance of genotypes under drought

stress and for indirect selection for yield (Babu
et al., 2003). Hence, the present investigations
were carried out to study the association of
physiological traits with productivity traits and
yield under drought condition.

Materials and Methods

Two back-cross populations, which
were developed at IRRI using IR-64 (a high
yielding widely adapted indica variety developed
at IRRI) and Teqing (a high yielding upland
adapted indica variety developed at China) as
recurrent parents with Binam (a traditional
japonica land race from Iran known to be
drought tolerant) as donor were used.  These
two introgressed populations (in BC2F2
generation) have been genotyped and mapped
with 80 well distributed polymorphic SSR
markers selected from the linkage map
developed at Cornel University (Temnykh et
al., 2001).  BC2F4 seeds of two introgressed
populations along with genotypic data were
provided by IRRI.  

Fifty eight randomly selected Near
Isogenic Introgression Lines (NIILs) from IR-64
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x Binam (IB) and 55 NIILs from Teqing x Binam
(TB) were evaluated preliminarily to know
maturity duration.  These NIILs were grouped
based on maturity and evaluated along with
popular upland land race, Dodiga and high
yielding variety, MTU-1001 in three sets.  The
evaluation was done under randomized
complete block Design during summer 2005
under irrigation.  The NIILs of each maturity
group were planted in compact blocks
separated by 2 m in order to impose stress at
particular stage by withholding irrigation.  Each
NIIL was planted in one row of 2 m length with
row spacing of 20 cm and 10 cm between
plants. The recommended package of practices
was followed to raise the crop.   

The three sets of NIILs were subjected to
three different environments viz., E1 - Non-
stress by maintaining wet throughout the
cropping season, E2 - Moisture stress at
vegetative stage by withholding irrigation for 15
days at tillering stage, and E3 - Moisture stress
at reproductive stage by withholding irrigation
for 15 days.  The per cent average soil moisture
recorded in different environments was 22.49
in (E1), 11.74 in E2 at peak stress and 7.50 in
E3 at peak stress.

The observations on productivity and
physiological traits were recorded on 10
randomly selected representative plants in all
the genotypes in each replication during peak
stress condition at both vegetative and
reproductive stages.  Photosynthetic rate and
other gas exchange parameters were measured
on the second fully expanded leaf of three
representative plants per genotype with a
portable photosynthesis system (LI-6400
LICOR, Nebraska, and Lincoln, USA). The
measurements were made between 10.00 AM
to 12.00 noon on all sampling dates on clear
days. The measured parameters were
photosynthetic rate (PH) µ mol of CO2 m-2 s-1,
transpiration rate (TR) m mol of H2O m-2 s-1,

stomatal conductance (SC) µ mol of CO2 m-2

s-1, water use efficiency (WUE) µ mol CO2 m
mol-1 H2O, radiation use efficiency (RUE) µ mol
CO2 µ mol-1 PAR, leaf temperature (LT) °C.

The analysis of variance, test of significance
of variance components and broad sense
heritability were carried out as suggested by
Panse and Sukhatme (1961). To assess the
association of morphological, physiological and
yield components with grain yield and among
them, simple correlation coefficients were
computed from the mean of all traits over
replications for all possible combinations of
characters and tested for significance as per the
procedure given by Panse and Sukatme (1961).  

Results and Discussion

Drought tolerance of NIILs can be assessed
by several parameters viz., yield under stress,
relative yield (yield under stress as a percentage
of yield under non-stress) and drought
susceptibility index (Fisher and Maurer, 1978).
Relative yield and actual yields under non-stress
were negatively associated (r = -0.19 and -0.27
in IB NIILs; -0.32 and -0.10 in TB NIILs
between E1 and E2; E1 and E3 respectively).
Thus, the NIILs performing better under non-
stress conditions had marked yield reduction
under drought.  On the other hand, relative
yields were positively correlated with actual
yield under drought stress in both IB and TB
NIILs.  Therefore, absolute yield of NIILs under
moisture stress represents their relative drought
tolerance, despite its association with potential
yield under non-stress conditions. Similar
results were reported in rice by Blum et al.
(1999) and Babu et al. (2003).

Grain yield under non-stress (E1) as
well as moisture stress at vegetative (E2) and
reproductive stage (E3) was positively correlated
with number of panicles plant-1, panicle weight,
number of grains panicle-1 and spikelet fertility
in both IB and TB NIILs (Table 1) indicating
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these traits as important yield contributing traits
irrespective of non-stress or stress situation.
Similar reports depicting positive association of
grain yield with productivity traits are found in
literature (Surek et al., 1998; Babu et al.,
2003; Lafitte, 2004; Lanceras et al., 2004).

Plant height at vegetative stage as well as at
maturity under moisture stress conditions was
significantly and positively correlated with
panicle length and panicle weight in both IB
and TB NIILs and with number of grains
panicle-1 in TB NIILs.  This resulted in positive
correlation of plant height with grain yield in
TB NIILs under drought condition. These
findings support the hypothesis that, the
genotypes which maintain good early vigour
and growth under prolonged drought are
associated with maintenance of favourable
plant water status (Nguyen, et al., 1997) and
produce better grain yield under stress (Lafitte
et al., 2006).  

Relationship between physiological
and productivity traits : Association of
photosynthetic rate with grain yield was
positive under non-stress as well as stress
conditions.  It was significant in case of TB
NIILs under moisture stress situation at
vegetative stage and in case of IB NIILs under
non-stress situation at reproductive stage.
Ravindrakumar et al. (2002) reported that, the
drought tolerant genotypes have the ability to
maintain photosynthesis for longer duration
under drought condition as indicated by the
positive correlation between the two in earlier
report (Xu and Shen, 1991).  The significant
negative association of transpiration rate (TR)
in case of TB NIILs with grain yield and
important yield related traits was noticed under
non-stress condition.  Stomatal conductance
(SC) was also negatively correlated with panicle
weight and grains panicle-1 in case of TB NIILs
under non-stress situation.  However, these
correlations were changed to positive direction

under moisture stress especially at vegetative
stage (E2) in case of TB NIILs (Table 2).
Stomatal conductance and transpiration rate
were also positively correlated with relative yield
in E2 though not significant.  Similarly relative
transpiration also had positive correlation with
yield, relative yield and yield related traits in E2.
Relative transpiration was negatively correlated
with days to 50 per cent flowering indicating
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Table 1. Association of grain yield with productivity traits
under non-stress (E1), moisture stress at
vegetative stage (E2) and moisture stress at
reproductive stage (E3) in two NILLs populations.

Traits/ NIILs# Grain Relative Drought
Enviro- yield yield suscepti-
nment plant-1 bility

index

Panicle weight (g) (PW) :
E1 IB 0.48** - -

TB 0.47** - -
E2 IB 0.31* -0.01 0.01

TB 0.50** 0.30* -0.30*
E3 IB 0.44** 0.24 -0.24

TB 0.41** 0.28* -0.28*

No. of grains panicle-1 (GNP) :
E1 IB 0.45** - -

TB 0.40** - -
E2 IB 0.31* 0.07 -0.07

TB 0.34* 0.08 -0.08
E3 IB 0.38** 0.16 -0.16

TB 0.36* 0.33* -0.33*

Spikelet fertility (%) (SFP) :
E1 IB 0.22 - -

TB 0.35* - -
E3 IB 0.48** 0.41** -0.41**

TB 0.35* 0.36* -0.36*

1000 grain weight (g) (TW) :
E1 IB 0.03 - -

TB 0.02 - -
E2 IB 0.01 -0.08 0.08

TB 0.12 0.05 -0.05
E3 IB 0.18 0.23 -0.23

TB 0.17 0.18 -0.18

* - Significant at 0.05; **- Significant at 0.01 probability.
#: IB = IR-64 x Binam; TB= Teqing x Binam



that relatively less drought affected genotypes
maintain higher transpiration rate under stress.  

These findings are in accordance with
Cabuslay et al. (1999) and Kamoshita et al.
(2000) who concluded that, a high transpiration
rate under conditions of water deficit implies
high stomatal conductance and associated with
continued water extraction.  The improvement
in water acquisition is important than
decreasing water loss which limits food
production (Yeo et al., 1997). The
transpiration will help the plants to maintain
cooler canopy and photosynthesis for longer

period under drought (Blum, 1988). This is
evident from the significant negative correlation
between relative transpiration and leaf
temperature (For IB derivatives, -0.61, -0.31
and incase of TB derivatives, -0.30, -0.27 in E2
and E3, respectively) in the present
investigation.

Differences in canopy temperature among
rice cultivars are known to be related to drought
avoidance mainly based on the potential to
maintain transpiration rate under stress.
Canopy temperature has been reported to be
negatively correlated with biomass and grain
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Table 2. Association of productivity traits photosynthetic rate and related traits under non-stress at vegetative stage (E1),
moisture stress at vegetative stage (E2), non-stress at reproductive stage (E1R) and moisture stress at reproductive
stage (E3) in two NILLs populations.

Traits/ NILLs# Pannicle Pannicle Grains Spikelet 1000 Grain Relative Drought
Enviro- length weight pannicle-1 fertility grain yield yield suscept-
nment (cm) (g) per cent weight plant-1 ibility

(g) index

Photosynthetic rate (m mol M-2 S-1) (PH) :
E1 IB 0.08 -0.08 -0.19 0.04 0.32* 0.25 - -

TB 0.11 0.18 0.14 0.13 0.07 0.22 - -
E2 IB 0.02 0.05 0.09 - 0.08 0.17 0.12 -0.12

TB 0.01 0.26 -0.05 - 0.03 0.30* 0.32* -0.32*
E1R IB 0.12 0.09 0.04 -0.02 0.09 0.31* - -

TB -0.03 -0.02 -0.02 0.15 0.06 0.10 - -
E3 IB -0.04 0.19 0.34* 0.23 -0.09 0.24 0.15 -0.15

TB -0.23 -0.10 -0.04 0.10 0.09 0.16 0.12 -0.12

Transpiration rate (µ mol M-2 S-1) (TR) :
E1 IB 0.10 -0.03 -0.02 -0.01 -0.01 -0.18 - -

TB -0.12 -0.54** -0.56** -0.31* 0.17 -0.30* - -
E2 IB 0.12 0.05 0.15 - -0.14 0.01 0.13 -0.13

TB 0.05 0.12 0.15 - -0.04 0.24 0.24 -0.24
E1R IB 0.07 0.08 0.05 -0.14 0.06 0.07 - -

TB 0.09 -0.37* -0.34* -0.36* 0.03 -0.23 - -
E3 IB 0.19 0.28* 0.24 0.11 0.08 0.04 0.01 -0.01

TB -0.06 0.11 -0.05 -0.03 0.07 0.17 0.04 -0.04

Relative transpiration rate (%) (RTR ) :
E2 IB 0.16 0.09 0.16 - -0.16 0.09 0.14 -0.14

TB 0.11 0.35* 0.11 - -0.13 0.23 0.15 -0.14
E3 IB 0.09 0.17 0.23 0.11 0.09 0.02 0.07 -0.07

TB -0.07 0.16 0.12 0.12 0.03 0.21 0.06 -0.06

* - Significant at 0.05; **- Significant at 0.01 probability, #: IB = IR-64 x Binam; TB= Teqing x Binam



yield under water-deficit condition in rice
(Garrity and O'Toole, 1995; Blum et al.,
1999).  In the present study, leaf temperature
was negatively associated with grain yield under
non-stress as well as in E2.  It was also
correlated negatively with important
productivity traits in E2 and association was
highly significant between leaf temperature and
panicle length in case of TB NIILs.  

The association between leaf temperature
and days to 50 per cent flowering was
significantly positive in E2 and E3 in case of IB
NIILs.  This correlation was also positive in TB
NIILs in E2. This indicated that genotypes,
where flowering is delayed to a greater extent
under moisture stress condition experience
more stress and reduce transpiration rate
drastically.

Water use efficiency (WUE), the ratio
between carbons gained for water used is an
important trait for conditions of limited water
supply (Nguyen, et al., 1997).  Kobata et al.
(1996) reported that, the high dry matter
production of rice cultivars known to be
drought resistant under field conditions could be
related to an ability to maintain transpiration
rate supported by deep root system and not
because of higher WUE.  This hypothesis is
supported by non significant correlation
between WUE and productivity traits under
moisture stress situation in the present
investigation (Table 3).  There was positive
correlation between WUE and days to 50 per
cent flowering under E2 indicating that,
genotypes flowering late were better for WUE.
Significant positive correlation of WUE was
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Table 3. Association of productivity traits with leaf temperature and WUE traits under non-stress at vegetative stage (E1),
moisture stress at vegetative stage (E2), non-stress at reproductive stage (E1R) and moisture stress at reproductive
stage (E3) in two NILLs populations.

Traits/ NILLs# Pannicle Pannicle Grains Spikelet 1000 Grain Relative Drought
Enviro- length weight pannicle-1 fertility grain yield yield suscept-
nment (cm) (g) per cent weight plant-1 ibility

(g) index

Leaf temperature (°C) (LT) :
E1 IB 0.02 -0.04 0.04 -0.27 -0.18 -0.42** - - 

TB 0.12 -0.07 -0.07 -0.05 0.10 -0.22 - - 
E2 IB -0.11 -0.16 -0.20 - 0.21 -0.23 -0.23 0.23 

TB -0.52** -0.14 -0.19 - -0.01 -0.25 -0.27 0.27 
E1R IB 0.16 -0.10 0.01 -0.11 -0.18 -0.28* - - 

TB 0.18 -0.27 -0.27 -0.31* 0.00 -0.20 - - 
E3 IB -0.03 0.01 0.00 -0.12 0.07 0.01 -0.13 0.13 

Water use efficiency (µ mol CO2 m mol-1 H2O) (WUE) :
TB 0.25 0.32* 0.14 0.12 0.03 0.15 -0.07 -0.07 

E1 IB -0.09 -0.01 -0.07 0.04 0.14 0.29* - - 
TB 0.13 0.61** 0.63** 0.38** -0.16 0.36* - - 

E2 IB -0.17 0.09 -0.08 - 0.22 0.00 -0.11 0.11 
TB -0.04 0.07 0.18 - 0.08 -0.11 -0.12 0.12 

E1R IB -0.02 -0.08 -0.07 0.10 -0.02 -0.01 - - 
TB -0.07 0.35* 0.31* 0.41** 0.00 0.24 - - 

E3 IB -0.15 -0.30* -0.22 -0.06 -0.06 -0.02 0.00 0.00 
TB 0.08 0.00 0.07 0.12 -0.07 -0.09 0.06 -0.06 

* - Significant at 0.05; **- Significant at 0.01 probability, #: IB = IR-64 x Binam; TB= Teqing x Binam



observed with yield and yield related traits in E1
in case of TB NIILs.  This positive association
can be explained on the basis that, the
condition of screening in this study was almost
aerobic even under non-stress conditions with
some limitation of water. Hence judicious
moisture utilization of a genotype would have
been an important factor for better productivity
under non-stress aerobic condition.  

Phenotypic correlations of RWC, a
moisture stress indicator were significant with
plant phenology and production traits in
moisture stress at vegetative stage.  Leaf RWC
was negatively correlated with days to 50 per
cent flowering (-0.37 and -0.41 in IB and TB

NIILs, respectively) under vegetative stage stress
similar to earlier findings (Babu et al., 2003).
Likewise, RWC was also negatively associated
with physiological traits like leaf temperature
and WUE in E2 and E3 in case of both IB and
TB NIILs (Table 5).  

Chlorophyll content was correlated with
stress yield only in one group of genotypes with
Azucena alleles (Lafitte et al., 2004).  In the
present study, chlorophyll meter (SPAD)
reading was positively correlated with grain
yield under drought stress. It was also correlated
significantly and positively with productivity
traits like panicle number plant-1, panicle
weight and grain number panicle-1 in TB NIILs,
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Table 4. Association of productivity traits with RWC, SPAD and DS under non-stress at vegetative stage (E1), moisture stress
at vegetative stage (E2), non-stress at reproductive stage (E1R) and moisture stress at reproductive stage (E3) in two
NILLs populations.

Traits/ NILLs# Pannicle Pannicle Grains Spikelet 1000 Grain Relative Drought
Enviro- length weight pannicle-1 fertility grain yield yield suscept-
nment (cm) (g) per cent weight plant-1 ibility

(g) index

Relative water content (%) (RWC) :
E1 IB 0.04 -0.01 -0.06 -0.05 0.17 0.23 - - 

TB -0.10 0.34* 0.21 0.17 0.17 0.39** - - 
E2 IB 0.15 0.24 0.10 - 0.14 0.42** 0.34* -0.34* 

TB 0.04 0.30* 0.09 - 0.19 0.40** 0.21 -0.21 
E1R IB -0.10 -0.10 -0.13 -0.11 0.12 0.15 - - 

TB -0.15 0.24 0.15 -0.10 0.09 0.12 - - 
E3 IB -0.05 0.16 0.15 0.24 0.12 0.27* 0.20 -0.20 

TB -0.05 0.27 0.28 0.19 0.13 0.10 0.08 -0.08 

Chlorophyll meter reading (SPAD) :
E1 IB -0.03 0.16 0.12 -0.08 0.14 0.14 - - 

TB -0.11 0.15 0.22 0.15 -0.19 0.19 - - 
E2 IB 0.06 0.07 0.06 - 0.18 0.18 0.05 -0.05 

TB 0.14 0.34* 0.30* - -0.08 0.23 0.09 -0.09 
E1R IB 0.28* 0.18 0.16 -0.25 0.09 0.08 - - 

TB -0.26 0.11 0.11 0.16 -0.03 -0.01 - - 
E3 IB -0.10 0.10 0.19 -0.06 -0.24 0.03 0.01 -0.01 

TB -0.15 -0.02 0.10 0.16 -0.11 0.21 0.29* -0.29 

Leaf drying score (DS) :
E2 IB -0.12 -0.20 -0.03 - -0.16 -0.18 -0.17 0.17 

TB 0.08 -0.09 -0.09 - 0.06 0.10 0.20 -0.20 

* - Significant at 0.05; **- Significant at 0.01 probability, #: IB = IR-64 x Binam; TB= Teqing x Binam



but not in IB NIILs (Table 4). SPAD reading was
negatively correlated with days to 50 per cent
flowering under E2 indicating that presence of
sufficient chlorophyll under stress which in turn
may help in avoiding delay in flowering and
affecting assimilation rate and productivity
under stress.  

The association of leaf drying score with
grain yield under moisture stress was negative
in IB NIILs, whereas it was positive in TB NIILs.
However, both associations were non-
significant.  In literature, however, many reports
indicate negative correlation of leaf drying score
with grain yield (Ingram et al., 1990; Blum et
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Table 5. Association among physiological traits under non-stress at vegetative stage (E1), moisture stress at vegetative stage
(E2), non-stress at reproductive stage (E1R) and moisture stress at reproductive stage (E3) in two NILLs populations

Traits/ NILLs# Stomatal Transp- Relative Leaf Water Radiation Relative SPAD Drought
Enviro- condu- iration transp- tempe- use use water reading score
nment ctance rate iration rature efficiency efficiency content

Photosynthetic rate :
E1 IB 0.55** 0.41** - -0.37** -0.07 1.00** 0.20 0.38** -

TB 0.19 0.13 - -0.09 0.13 1.00** 0.11 0.19 -
E2 IB 0.41** 0.50** 0.48** -0.27* -0.22 1.00** 0.23 0.19 -0.18

TB 0.37** 0.65** 0.55** -0.21 -0.33* 1.00** 0.51** 0.16 -0.18
E1R IB 0.38** 0.45** - 0.07 -0.22 1.00** 0.06 -0.01 -

TB 0.37** 0.20 - 0.16 0.20 1.00** 0.10 0.43** -
E3 IB 0.21 0.52** 0.44** -0.10 -0.36* 1.00** 0.37** -0.04 -

TB 0.42** 0.34* 0.29* -0.15 -0.27* 1.00** 0.32* 0.04 -

Stomatal conductance :
E1 IB 0.77** - -0.38** -0.62** 0.55** 0.18 0.25 -

TB 0.73** - -0.44** -0.66** 0.19 0.19 -0.09 -
E2 IB 0.68** 0.60** -0.36* -0.54** 0.41** 0.08 0.15 -0.30*

TB 0.35* 0.22 -0.11 -0.23 0.37** 0.21 0.23 -0.35*
E1R IB 0.07 - -0.01 -0.02 0.38** 0.20 -0.15 -

TB 0.28* - 0.14 -0.11 0.37** 0.29* 0.03 -
E3 IB 0.55** 0.43** -0.45** -0.48** 0.21 -0.11 0.18 -

TB 0.57** 0.49** -0.38** -0.51** 0.42** 0.16 0.09 -

Transpiration rate (µ mol M-2 S-1) (TR) :
E1 IB - 0 -0.92** 0.41** 0.09 0.11 -

TB - 0.07 -0.93** 0.13 -0.03 -0.05 -
E2 IB 0.93** -0.61** -0.79** 0.50** 0.25 0.31* -0.21

TB 0.82** -0.34* -0.88** 0.65** 0.45** 0.28* -0.27
E1R IB - -0.07 -0.95** 0.45** 0 0.14 -

TB - 0.25 -0.90** 0.2 -0.05 0.06 -
E3 IB 0.84** -0.28* -0.92** 0.52** 0.14 0.01 -

TB 0.90** -0.16 -0.96** 0.34* 0.24 -0.05 -

Relative transpiration rate (%) RTR :
E2 IB -0.61** -0.76** 0.48** 0.32* 0.42** -0.29*

TB -0.30* -0.72** 0.55** 0.45** 0.43** -0.31*
E3 IB -0.31* -0.76** 0.44** 0.16 0.02 -

TB -0.27* -0.83** 0.29* 0.21 -0.15 -

* - Significant at 0.05; **- Significant at 0.01 probability, #: IB = IR-64 x Binam; TB= Teqing x Binam



al., 1999; Babu et al., 2003, Lafitte et al.,
2004).  Puckridge and O'Toole (1981) reported
that lines with low drought score do not
necessarily perform well in dry conditions and
suggested the importance of target
environments and development of suitable
screening methods for scoring.  

Association among physiological traits
under drought stress : Highly significant
inter-correlations were observed between leaf
area at vegetative stage, leaf area at maturity
and boot leaf area under non-stress as well as
moisture stress conditions (Table 5) as normally
expected.  Leaf area at vegetative stage in E2
was negatively associated with photosynthetic
rate (r = -0.29) and its related traits (stomatal
conductance r = -0.29; transpiration rate r =
-0.15).  This was also associated negatively with
RWC (r = -0.14), a water status indicator in TB
NIILs.  This suggests that, the smaller and
narrow leaves in the initial stage are important
under stress, which avoids excessive
transpiration and water loss (Cabuslay et al.,
1999).

The correlation of photosynthetic rate with
stomatal conductance, transpiration rate, and
relative transpiration were highly significant
(Table 5).  This is in conformation with the
report of Zhao et al., (2003) and Kou et al.
(2004), who found positive correlation of
photosynthetic rate with stomatal conductance
and also with specific leaf weight (Lin et al.,
2003) in drought, indicating the importance of
these traits to improve photosynthesis under
stress.  In the present study, photosynthetic rate
was also positively correlated with RWC under
stress at both vegetative stage and reproductive
stage, while it was positively associated with
chlorophyll meter reading under non-stress as
well as moisture stress at vegetative stage.
These traits thus assume importance under
drought situation. Photosynthetic rate in-turn
had positive association with yield to achieve

better productivity under drought stress.
Photosynthetic rate decreased with decrease in
stomatal conductance under drought in wheat,
but a weak relationship between them implied
that non-stomatal limitations to photosynthesis
might have been in operation (Siddique et al.,
1999).  In the present study, a non-significant
association was observed between
photosynthetic rate and stomatal conductance
under moisture stress at reproductive stage in
IB NIILs, though significant correlations
between these traits was noticed in other
combinations.  

Photosynthetic rate and its related traits like
stomatal conductance, transpiration rate and
SPAD reading were negatively correlated with
WUE (Table 5).  These results are in accordance
with earlier reports (Morgan et al., 1993;
Kobata et al., 1996). They stated that, drought
resistance under field conditions could be
related to an ability to maintain transpiration
rate supported by deep root system and not
because of higher WUE.  Significant positive
correlation of WUE with leaf temperature in
this study under stress also supports that, lower
WUE because of continued transpiration rate
maintained, lower leaf temperature and thus
maintaining better photosynthesis under
moisture stress.  

Transpiration is a vital process in the life
cycle of plants, which gives cooling effect
besides promoting water and nutrient
absorption (O'Toole and De Datta, 1986).
Significant negative correlations of leaf
temperature were observed with transpiration
rate (-0.61 and -0.34 respectively in IB and TB
NIILs) in E2. Similarly, these traits were also
negatively correlated in E3 (-0.28 and -0.16 in
IB and TB NIILs respectively). Leaf temperature
also had negative association with relative
transpiration (-0.61 and -0.30 in IB and TB
NIILs; -0.31 and -0.27 in IB and TB NIILs
respectively in E2 and E3) under moisture stress
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in the present study.  This association was very
poor under non-stress condition indicating
transpiration may not be a limitation for
maintaining cooler canopy and assimilation
processes.    

Conclusion : Grain yield was positively
correlated with panicle weight, number of
grains panicle-1 and spikelet fertility under
drought stress across populations in rice.
Association of photosynthetic rate with grain
yield was significantly positive in drought stress
at vegetative stage and non-stress condition.
Significant positive correlation of RWC with
yield was observed across populations. The
correlation of photosynthetic rate with stomatal
conductance, transpiration rate and relative
transpiration was highly significant indicating
importance of these traits to improve
photosynthesis under stress.  The physiological
traits, phtosynthetic rate, transpiration rate,
stomatal conductance and RWC are positively
associated with productivity traits and ultimately
yield under drought stress.
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Estimation of genetic diversity is a pre
requisite for initiation of crop improvement
breeding programme in any crop species.
Garlic, being a sexually sterile species, does not
enjoy the privilege of selecting and using the
diverse parents for its improvement through
hybridization. Nevertheless, quantification of
genetic diversity hold its own significance in
asexually propagated crops also. Use of this
method helps when the questions of
maintaining large germaplasm collections
arises. Diversity analysis helps in avoiding the
duplicates by getting first hand information
about the level of diversity present in genotypes
based on morphological characters, aids in
maintaining more collections and also gives a
fair amount of information about the diversity
present in new cultivars developed from the
already released commercial varieties. D2

statistics measure the degree of diversification
of genotypes and also determines the relative
contribution of each component character to
the total divergence.

Materials and Methods

Forty five genotypes of garlic selected on the
basis of their vigour and plant stand during
2008-09 were raised in a randomized block
design replicated twice, during rabi 2009-10 at
All India Coordinated Research Project on
Vegetable Crops, Department of Horticulture,
Mahatma Phule Krishi Vidyapeeth, Rahuri.
Each genotype was sown at a spacing of 15 x
10 cm with plot size of 3 x 2 m in each
replication. Recommended agronomic package
of practices were followed as and when
required during the entire growth period of
crop. Observations were recorded on 10
randomly selected plants for plant height and
number of leaves between 100-110 days
interval after planting and on five randomly
selected plants for bulb length, bulb diameter,
neck thickness, average bulb weight, average
weight of 10 cloves, number of cloves bulb-1,
days required for harvest. The yield was
calculated on plot basis and converted into
quintal hectare-1. The data were subjected to
analysis of variance followed by multivariate
analysis (Mahalanobis, 1936) and contribution

J. Agric. Res. Technol., 38 (2) : 218-221 (2013)

Genetic Divergence in Garlic (Allium sativum L.)

B. T. Patil1, M. N. Bhalekar2 and K. G. Shinde3

All India Coordinated Research Project on Vegetable Crops,
Mahatma Phule Krishi Vidyapeeth, Rahuri - 413 722 (India)

(Received : 23-06-2012)

Abstract
The significant differences between 45 genotypes of garlic for all the characters studied were observed.

The population grouped into seven clusters with cluster II having maximum genotypes (19) followed by cluster
I and cluster IV, VI and VII having monogenotypic. Maximum inter-cluster distance was recorded between
cluster II and VII (5487.84) and maximum intra-cluster distance was recorded in cluster III (155.75). The
highest contribution towards genetic diversity was contributed by bulb yield followed by days required to
harvest and bulb weight. Selection of genotypes based on these characters will contribute to wider genetic
diversity in the existing gene pool of garlic germplasm.

Key words : Garlic, genetic diversity, clusters.

1. Jr. Vegetable Breeder, 2. Sr. Vegetable Breeder and
3. Vegetable Res. Officer.



of different characters to total divergence was
based on Tocher's method (Rao, 1952). The
genotypes were further grouped into clusters on
the basis of Ward's (1963) minimum sum of
squares.

Results and Discussion

The analysis of variance revealed significant
differences among the genotypes for all the
characters studied. The analysis of dispersion
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Table 1. Clustering composition of 45 genotypes of garlic.

Cluster Genotype Genotype number

I 13 RHRG-2, RHRG-4, RHRG-3,  RHRG-42, RHRG-5, RHRG-1, RHRG-37, RHRG-6, RHRG-39,
RHRG-9, RHRG-40, RHRG-23, RHRG-1 1

II 19 RHRG-14, RHRG-18, RHRG-15, RHRG-19, RHRG-43, RHRG-35,   RHRG-34,   RHRG-28,
RHRG-7, RHRG-30, RHRG-27, RHRG-22, RHRG-13, RHRG-12, RHRG-26, RHRG-33, RHRG-
25, RHRG-32, RHRG-10

III 07 RHRG-8, RHRG-44, RHRG-24, RHRG-3 8, RHRG-20, RHRG-41, RHRG-36

IV 01 RHRG-3 1

V 03 RHRG-1 6, RHRG-2 1, RHRG-1 7

VI 01 RHRG-29

VII 01 RHRG-45

Table 2. Average intra and inter cluster D2 and D values (in brackets).

I II III IV V VI VII

I 99.00 (9.95) 317.20 (17.81) 339.66 (18.43) 520.29 (22.81) 207.07 (14.39) 1578.47 (39.73) 4725.18 (68.74)
II 96.63 (9.83) 392.04 (19.80) 199.04 (1 4.11) 277.22 (1 6.65) 1605.60 (4 0.07) 5487.84 (74.08)
III 155.75 (12.48) 278.55 (1 6.69) 381.81 (1 9.54) 721.46 (26.86) 3677.20 (60.64)
IV 0.00 (0.00) 541.02 (2 3.26) 940.03 (30.66) 4809.42 (69.35)
V 63.20 (7.95) 1691.67 (41.13) 4484.98 (66.97)
VI 0.00 (0.00) 2198.67 (46.89)
VII 0.00 (0.00)

* Values in the parenthesis indicates D values, * Diagonal values- indicate intra-cluster distance.

Table 3. Mean performance of seven clusters for various characters in garlic.

Chara- Leaves Plant Neck Average Average Average Average Cloves Yield Yield Days
cters plant-1 height thick- bulb bulb bulb weight bulb-1 plot-1 ha-1 required

(cm) ness weight length diameter of 10 (kg) (q) for
(cm) (g) (cm) (cm) cloves harvest

(g)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Cluster 1 2 3 4 5 6 7 8 9 10 11

I 8.53 48.90 0.80 18.46 3.18 3.50 10.27 18.98 6.13 102.31 117.46
II 8.00 52.66 0.88 24.01 2.97 3.97 9.42 22.37 8.49 141.58 126.57
III 8.84 50.51 1.01 28.92 3.54 4.07 13.80 19.40 8.89 148.29 123.57
IV 9.30 55.30 0.91 33.90 3.19 4.06 12.00 23.90 11.12 185.45 127.00
V 8.06 47.03 0.79 19.60 2.82 3.68 10.46 16.26 7.24 120.71 127.00
VI 8.80 52.20 1.09 40.50 4.16 5.07 22.20 19.90 11.77 196.28 123.00
VII 9.70 52.10 1.08 24.85 3.51 3.90 33.70 5.50 7.30 121.68 127.00



using Wilk's 'V criterion of 45 genotypes was
significant indicating the significant pooled
effect among all the characters studied between
different genotypes.

Forty five genotypes were grouped into
seven clusters using Ward's minimum variance
method (Table 1). Cluster II had the maximum
number of genotypes (19) followed by cluster I
(13), cluster III (7), cluster V and cluster IV, VI
and VII were monogenotypic. Distribution of
accessions into various clusters showed no
uniformity and those belonging to same place
were distributed among various clusters, thus
ruling out the association between geographical
distribution of genotypes and genetic
divergence. Similar results were also reported
by Patil and Kale (1985), Lokhande et al.
(1987), Lee et al. (1996), Mohanty (2001) and
Khar et al. (2006). Lack of correspondence
between genetic diversity and geographical
distribution imparted that forces other than
geographic origin, such as genetic drift, free
and frequent exchange of breeding material,
variation and artificial selection, differential
gene expression due to genotype-environment
interaction were responsible for creation of
genetic diversity (Singh et al. 1971). Murthy
and Arunachalam (1966) reported that genetic
diversity among genotypes of common
geographical origin could be due to
heterogeneity, genetic architecture, past history
of selection, development at traits and general
combining ability. Although general combining
ability in case of garlic may be ruled out due to
its asexual mode of propagation.

The intra and inter-cluster distances among
genotypes studied were of varying magnitude
(Table 2). The maximum inter-cluster D2 value
(5487.84) was observed between cluster II and
VII indicating a wider genetic diversity between
the genotypes in these groups. Inter-cluster
distance was found to be minimum (207.07)

between cluster I and V indicating close
relationship and similarity for most of the
characters of the genotypes in these clusters.
Intra-cluster D2 values ranged from 0.0 to
155.75. Cluster III had maximum intra-cluster
distance (155.75) followed by cluster I (99.00)
and cluster II (96.63) indicating a wide amount
of diversity within this clusters. Low inter cluster
distance were observed in cluster IV, VI and VII
because these clusters are monogenotypic.

The cluster means for different characters
under study revealed considerable genetic
differences between the groups (Table 3).
Cluster VI recorded the highest mean value for
average bulb weight, average bulb length, bulb
diameter, average weight of 10 cloves, yield
plot-1 and yield hectare-1. Cluster IV registered
the highest mean value for number of leaves
plant-1, plant height and number of cloves
bulb-1. The lowest neck thickness and number
of cloves bulb-1 were found in cluster V. Similar
finding was reported by Khar et al. (2006).

The characters contributing maximum to
the D2 values are to be given greater emphasis
for deciding the cluster for the purpose of
further selection. The relative contribution of
different plant traits towards diversity was also
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Table 4. Relative contribution of eleven characters to
genetic diversity in garlic.

Character Contri-
bution (%)

Number of leaves plant-1 0.51
Plant height (cm) 1.11
Neck thickness (cm) 0.10
Average bulb weight (g) 15.22
Average bulb length (cm) 14.34
Average bulb diameter (cm) 0.01
Average weight of 10 cloves (g) 0.71
Number of cloves bulb-1 0.10
Yield plot-1 (kg) 26.77
Yield ha-1 (q) 36.46
Days required for harvest 17.37



investigated (Table 4) based on Tocher's method
(Rao, 1952). The highest contribution in this
regard was from bulb yield (36.46%), days
required for harvest (17.37%) and bulb weight
(15.22%). Hence, these traits were considered
to be important traits contributing towards
genetic divergence, Matus et al. (1999) also
reported that duration of growth period, quality
characters of bulb and plant characteristics
(height and number of green leaves) explained
maximum amount (29.9%) of variation present
in the garlic germplasm. Whereas, Gvozdarovic
(1997) identified height of the above ground
part i.e. plant height, number of leaves bulb-1,
mass of bulb, mass of clove and yield as the
characteristics which contributed significantly to
the clustering of garlic genotypes.

Thus, it can be concluded that wide
variability in garlic exists and for selection in
garlic more divergent groups may be paid
attention to exploit the existing variability for
improvement, since it is difficult to create
variability because of its asexual mode of
reproduction.
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Yield is a complex character, which depends
upon many determining characters, hence, the
information on the correlation between yield
and its component characters is prerequisite for
crop improvement. The phenotypic correlation
indicate the extent of observed relationship
between two characters while genotypic
correlation provides information about linkage
for the gene controlling the pair of characters.
Therefore correlation coefficient at genotypic
and phenotypic levels were considered.
However, they do not provide the exact picture
of direct and indirect causes of such association,
which can be cleared through path analysis.
(Dewey and Lu, 1959). The selection based on
performance of yield is not very efficient, but
based on the component characters could be
more efficient, for genetic improvement of yield
and other characters. In any crop, it is essential
to know the nature and extent of association of
various component characters with grain yield.
Thus correlation and path analysis help in
identifying suitable selection criteria for
improving the yield. So the present study was
undertaken to know the inter-relation among

different yield contributing characters and their
association with grain yield.

Materials and Methods

The experimental material for the present
study consisted of 22 genotypes of upland rice
collected from Upland Paddy Research
Scheme, Marathwada Krishi Vidyapeeth,
Parbhani. These 22 genotypes along with two
checks i. e. 'Parag' and 'Avishkar' were
evaluated using randomized block design with 3
replications on experimental field at Upland
Paddy Research Scheme, during kharif 2011.
A plot of 4.5 x 3 m was assigned to each
genotype with 30 cm spacing between two
rows. The recommended agronomic practices
were adopted timely to raise the healthy crop,
five randomly selected plants of each genotype
in each replication were used for recording
observations on nine characters viz., plant
height, number of effective tillers plant-1,
effective tillers length, days to 50 per cent
flowering, days to maturity, panicle length,
number of grains panicle-1, 1000 grain weight
and grain yield plant-1. Interrelationship of
different yield contributing characters with grain
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yield plant-1 and path analysis was done
according to the procedure suggested by Dewey
and Lu (1959).

Results and Discussion

Correlation was studied in 24 genotypes for
nine characters in order to find out the inter
relationship of different yield contributing
characters with grain yield plant-1. The
genotypic and phenotypic correlation
coefficient for nine characters are presented in

Table 1.

The character plant height had positive and
significant correlation with days to 50 per cent
flowering and panicle length. Whereas it
showed negative and significant correlation
with grain yield plant-1 characters except
effective tillers m-1 length. Number of effective
tillers plant-1 showed positive and significant
correlation with days to 50 per cent flowering.
Similar findings were also reported by Sabesan
et al. (2009) and Nandan and Singh (2010).
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Table 1. Genotypic correlation coefficient of 9 characters in 24 genotypes of upland rice.

Characters Plant Effective Effective Days Days Panicle Grains 1000 Grain
height tillers tillers to 50% to length panicle-1 grain yield
(cm) plant-1 m-1 flowe- matu- (cm) weight plant-1

length ring rity (g) (g)

Plant height (cm) 1 -0.251* 0.119 0.298* -0.506** 0.238* -0.237* -0.365** -0.271**

Effective tillers plant-1 1 0.091 0.403** 1.079 0.063 0.482** 0.437** 0.923**

Effective tiller m-1 length 1 0.111 -0.059 0.137 0.238* -0.405** 0.201

Days to 50% flowering 1 0.192 0.516** -0.137 -0.013 0.214

Days to maturity 1 -0.153 0.300* 0.271* 0.864**

Panicle length (cm) 1 0.719** 0.214 0.206

Grains panicle-1 1 0.431** 0.673**

1000 grain weight (g) 1 0.468

Grain yield plant-1 (g) 1

*,** significant at 5 and 1 per cent probability level respectively.

Table 2. Direct (diagonal) and indirect (above and below diagonal) path effects of different characters on grain yield plant-1.

Sr. Plant Effective Effective Days Days Panicle Grains 1000 Correlation
No. height tillers tillers to 50% to length panicle-1 grain with grain

(cm) plant-1 m-1 flowe- matu- (cm) weight yield
length ring rity (g) plant-1

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– (g)
1 2 3 4 5 6 7 8

1 -0.1042 -0.1402 0.0000 -0.0048 -0.0010 0.0017 -0.0296 0.0016 -0.2154
2 0.0204 0.7149 0.0000 -0.0109 0.0027 0.0008 0.1220 -0.0018 0.8970**
3 -0.0098 0.0775 0.0004 -0.0004 -0.0006 0.0011 0.0504 0.0019 0.1847**
4 -0.0088 0.1375 0.0000 -0.0566 0.0014 0.0011 -0.0056 0.0000 0.0796**
5 0.0228 0.4088 -0.0000 -0.0168 0.0048 -0.0000 0.0565 -0.0006 0.4809**
6 -0.0120 0.0384 0.0000 -0.0044 -0.0000 0.0147 0.1057 -0.0009 0.1417**
7 0.0114 0.3234 0.0000 0.0012 0.0010 0.0058 0.2696 -0.0018 0.6141**
8 0.0285 0.2113 -0.0001 0.0008 0.0005 0.0022 0.0818 -0.0060 0.3268**

*, ** significant at 5 and 1 per cent probability level respectively.



Effective tillers m-1 length showed positive
and non significant correlation with grain yield
plant-1 but its anociation was positive and
significant with grains panicle-1 and negative
with 1000 grain weight.

Panicle length showed positive and
significant correlation with number of grains
panicle-1 but non-significant positive correlation
with grain yield plant-1.

The character number of grains panicle-1

showed positive and significant correlation with
1000 grain weight. Positive and significant
correlation was found between grain yield
plant-1 and number of effective tillers plant-1

days to maturity, number of grains panicle-1

and 1000 grain weight. Similar findings were
also reported by Abdul Majid and Muhammad
Shafi (1971), Ajmersingh (1979) and Watto et
al. (2010).

The correlation dose not show the exact
picture of direct and indirect effects of yield
contributing characteristics on grain yield plant-
1. Path analysis was carried out to find out the
extent and nature of direef and indirect effects
of yield components on grain yield (Table 2).

Plant height had recorded negative direct
effect on grain plant-1. Whereas, negative
indirect effect was recorded through number of
effective tillers plant-1. Number of effective
tillers plant-1 had recorded maximum direct
effect on grain yield plant-1. This character also
showed positive indirect effect through number
of grains panicle-1. However, low indirect effect
was contributed through days to 50 per cent
flowering. Effective tillers m-1 length showed
maximum positive indirect effect through
number of effective tillers plant-1 followed by
number of grains panicle-1.

Days to 50 per cent flowering had recorded
negative direct effect (-0.0566) on grain yield
plant-1. The character also exhibited positive

indirect effect (0.1375) through number of
tillers plant-1. Days to maturity had showed
maximum positive indirect effects on grain yield
through number of effective tillers plant-1

followed by number of grains panicle-1.

Panicle length had recorded positive direct
effect on grain yield plant-1. This character also
showed positive indirect effect through number
of grains panicle-1 followed by number of tillers
plant-1. Number of grains panicle-1 had
recorded positive, direct effect (0.2696) on
grain yield plant-1 and through number of
effective tillers plant-1, 1000 grain weight
exhibited maximum positive indirect effect
through number of effective tillers plant-1

followed by number of grains panicle-1.

In the present study it was observed that
number of effective tillers plant-1, number of
grains panicle-1 and panicle length exerted the
maximum direct effect on grain yield plant-1.
Similar results were also reported by Zia et al.
(2005), Kishor et al. (2007), Nandan and Singh
(2010) and Watoo et al. (2010).
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Abstract
The plant height, length of internode, cane height and cane weight were significantly higher in 90-180

x 30 cm paired row planting than other planting patterns. However, other yield parameters were not
influenced by planting patterns. The number of millable cane was significantly higher in single row planting
with 90 x 30 cm spacing (92780 ha-1), but it was at par with paired row planting of 90-180 x 30 cm spacing
(91020 ha-1). The cane yield (131.95 t ha-1), cane equivalent yield (143.91 t ha-1) and CCS yield (19.21 t
ha-1) obtained in 90-180 x 30 cm paired planting was significantly higher than rest of the treatments. The
mean number of leaves, tiller number clump-1, number of internodes plant-1, mean girth of cane, cane height,
number of millable canes ha-1 were not influenced significantly due to intercropping system. The dry matter
accumulation plant-1 in sugarcane at harvest (554.58 g) was significantly more in sole planted sugarcane than
groundnut intercropped. The mean yield of sugarcane and CCS yield was significantly higher in sole
sugarcane (112.15 and 16.09 t ha-1) than groundnut intercropped cane. Significantly higher cane equivalent
yield (131.61 t ha-1) was recorded by groundnut intercropped sugarcane than control (115.59 t ha-1).
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Sugarcane is a perennial crop and putforth
dense canopy cover throughout the life period.
This causes problems in aeration of the crop,
which indirectly reduce the crop yield. The
techniques like spaced planting with various
row spacing have brought out promising results
in this respect with very low additional cost in
preparation of layouts. The population per unit
area and distance between cane rows play a
significant role in influencing the yield. Wide
row sugarcane planting technology is spreading
fast particularly in tropical states (Sundara,

2002). Temporal differences can be best
exploited by using species or varieties of
intercrops that are sufficiently early maturing
and harvested before they compete with cane
(Verma and Yadav, 1986).

Materials and Methods

The present investigation was conducted at
Agronomy Farm, College of Agriculture, Pune-
5 during spring season of 2008-09. The
experiment was laid out in strip plot design with
three replications. The treatments comprised of
four planting patterns viz., 90 x 30 cm single
row planting, 90-180 x 30 cm paired row

1. Jr. Res. Asstt., 2. Asso. Professor and 3. Asstt.
Professor.



planting, 180 x 30 cm single row planting and
120 x 30 cm single row planting with
sugarcane planter as main plots and two
intercropping system viz., sugarcane +
groundnut and sole sugarcane. The gross and
net plot sizes were 13.00 x 9.00 and 11.00 x
7.20 m2, respectively. The soil of the
experimental field was medium deep black, well
drained, clayey in texture with alkaline in
reaction (pH 7.6). The field capacity and
permanent wilting point values were 36.07 and
18.45 per cent, respectively. The bulk density
was 1.21 g cm3. Two common irrigations were
given to all the treatments after planting to
facilitate germination.

Sugarcane crop (Co 86032) was planted on
3rd February, 2008 and was raised with
recommended package of practices. In single
row planting system single line of groundnut
was sown in inter-row space of sugarcane on
one side of ridge and in paired row and wide
row planting. Two rows of groundnut were
sown in inter-row space of sugarcane. The
groundnut (TPG 41) was sown at 15 cm intra

row spacing using 1/3 recommended seed rate
(100 kg ha-1). The sowing of groundnut was
carried out on 09.02.2008 and harvested on
05.06.2008.

The sugarcane crop was fertilized as per
recommended dose of 250:115:115 kg N,
P2O5 and K2O ha-1. Intercrop was supplied
with 25 kg N and 50 kg P2O5 ha-1. All other
cultural practices were followed as per the
recommendations. The initial emergence count
was taken after 45 days after planting and
sugarcane crop was harvested on 30.01.2009.

Results and Discussion

Effect of planting patterns : The
significant increase in plant height was
observed due to influence of planting patterns
with increase in age of crop. It was significantly
higher in 90-180 x 30 cm spaced paired row
planting as compared to those recorded in
other treatments. The paired row plant grows
rapidly due to availability of light, space and
moisture. More (2003), reported the
significantly highest plant height in paired
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Table 1. Efflect of planting pattern and intercrop on growth contributing charecters of sugarcane.

Treatment Plant Funct- Tillers Dry Inter- Length
height ional clump-1 matter nodes of
(cm) leaves plant-1 internode

(g) (cm)

Planting patterns :
90 x 30 cm single row planting 300.63 7.39 8.89 549.49 22.49 19.06
90-180 x 30 cm paired row planting 312.12 7.69 9.25 552.00 23.18 20.13
180 x 30 cm single row planting 306.30 7.57 9.17 553.49 23.01 19.76
120 cm single row planting with sugarcane planter 303.94 7.50 8.99 551.16 22.89 19.37
SE± 0.63 0.03 0.02 1.78 0.63 0.12
CD at 5% 2.19 0.09 NS NS NS 0.42

Intercrop :
Sugarcane + groundnut 304.85 7.51 9.02 548.49 22.78 19.48
Sole sugarcane 306.69 7.57 9.12 554.58 23.00 19.69
Mean 305. 77 7.54 9.07 551.54 22.89 19.58
SE± 0.47 0.01 0.03 1.39 0.40 0.10
CD at 5% 1.53 0.04 NS NS NS NS

Interaction :
SE± 0.94 0.02 0.07 2.78 0.79 0.20
CD at 5% NS NS NS NS NS NS



planting of 90-180 x 30 cm. The significant
increase in mean number of leaves per plant of
sugarcane due to different planting patterns
was observed in 90-180 x 30 cm paired row
planting than other treatments. This could be
attributed to the fact that more area of land per
shoot was available for growth and
development under pair row planting as
compared to single row planting. The results
are in conformity with the findings of More
(2003).

Non significant differences for the number
of tillers clump-1, dry matter plant-1, girth of
cane and number of internodes were observed
due to planting patterns. Number of tillers and
number of internodes were highest in treatment
90-180 x 30 cm paired row planting among
various planting techniques. The highest dry
matter plant-1 was recorded in the treatment
180 x 30 cm single row planting. The mean
length of internodes was significantly higher in
paired row planting (90-180 x 30 cm) than rest
of the treatments, but it was at par with single

row planting (180 x 30 cm). Similar results
were also reported by Roodagi et al. (2001).

The mean millable cane length was affected
significantly due to planting patterns. More
(2003) recorded that the millable cane length in
paired row planting was significantly higher
than that observed in single row planting. The
number of millable canes at harvest were
affected significantly due to different planting
patterns and were significantly higher in single
row planting with 90 x 30 cm spacing (92,780)
than rest of single row planting,but it was at par
with paired row planting of 90-180 x 30 cm
spacing (91,020). Prabhakar (1999) and
Mahadevswamy (2001) also observed highest
millable cane population under normal row
spacing (90 cm) and it was reduced under wider
row spacing of 150 cm.

The results indicated that average individual
cane weight differed significantly due to
planting patterns. It was significantly higher in
paired row planting than single row planting.
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Table 2. Effect of planting pattern and intercrop on yield contributing characters of sugarcane.

Treatment Girth Length Millable Cane Cane CCS Cane
of of canes weight yield yield equiva-
cane millable ('000 (kg) (t ha-1) (t ha-1) lent
(cm) cane ha-1) yield

(cm) (t ha-1)

Planting patterns :
90 x 30 cm single row planting 8.70 263.07 92.78 1.11 102.55 14.51 118.91
90-180 x 30 cm paired row planting 8.92 276.70 91.02 1.45 131.95 19.21 143.91
180 x 30 cm single row planting 8.96 271.29 59.99 1.42 85.17 11.63 106.04
120 cm single row planting with sugarcane planter 8.87 267.26 86.06 1.37 117.91 17.13 127.55
SE± 0.02 1.08 1.16 0.01 1.36 0.16 2.19
CD at 5% NS 3.73 4.02 0.04 4.70 0.57 7.59

Intercrop :
Sugarcane + groundnut 8.89 268.59 81.65 1.31 106.67 15.16 131.61
Sole sugarcane 8.84 270.57 83.26 1.36 112.15 16.09 116.59
Mean 8.86 269.58 82.46 1.34 109.39 15.62
SE± 0.02 0.74 0.89 0.01 1.49 0.22 0.99
CD at 5% NS NS NS 0.04 4.87 0.73 3.25

Interaction :
SE± 0.04 1.49 1.79 0.02 2.99 0.45 1 .99
CD at 5% NS NS NS NS NS NS 8.95



However, it was at par with 180 x 30 cm
planting. The higher cane weight in paired row
planting might be due to increase in number of
internodes and length of internodes, length of
millable cane, respectively. The single cane
weight under wider row spacing was increased
as compared to closer row spacings. Similar
findings were reported by earlier workers
(Nagendran and Palanisamy, 1997, More
2003).

The result indicated that the difference in
cane yield due to different planting patterns was
significant. The yield of cane in paired row
planting with 90-180 x 30 cm spacing (131.95
t ha-1) was significantly higher than rest of the
treatments of single row planting. In paired row
planting, main factors contributing towards
cane yield were number of internodes, length of
internodes, millable cane length and weight of
cane. Among the single row planting the
treatment of 120 cm with use of sugarcane
planter recorded significantly maximum cane
yield than traditional planting methods. It was
also reported earlier that cane yield increased in
paired row (90-180 cm) planting pattern than
normal planting (90 cm) Anonymous (2002).
The mean yield of CCS was influenced
significantly due to different planting and
maximum was recorded by 90-180 x 30 cm
paired row planting treatment as compared to
single row planting. The mean cane equivalent
yield was significantly affected by planting
patterns and significantly higher cane
equivalent yield was recorded by paired row
planting at 90-180 x 30 cm (143.91 t ha-1)
than rest of the treatments and it was 21.02
per cent higher than single row planting of 90
x 30 cm.

Effect of intercrop : The mean periodical
cane height, number of functional leaves, cane
weight, cane yield, CCS and cane equivalent
yield were affected significantly due to
intercrop, sharing less values for these traits in

groundnut intercropped sugarcane than sole
sugarcane. Similar results were reported by
Jayabal (1992). However, the characters
number of tillers plant-1, dry matter plant-1,
number of internodes, length of internodes,
girth of cane, length of millable cane and
number of millable cane were unaffected due to
intercropping of groundnut compared to sole
sugarcane. The results obtained are in close
conformity with the findings of Roodagi et al.
(2001).
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Mango trees often start declining after
reaching the age of 30-40 years or so on, and
result in production of low yields of poor
qualities (Singh et al., 2008). A simple orchard
management practice like top-working can
rejuvenate and improve the old local trees into
improved cultivars. This technology also helps
for canopy management by maintaining the
manageable tree height with open architecture
canopy of healthy shoot, which facilitates
effective penetration and utilization of sunlight.
But unfortunately, this vital aspect of mango
cultivation was neglected and thus, scanty
information is available. In this context, present
investigations were undertaken to standardize
the protocol for mango top working especially
for Western Maharashtra region.

Materials and Methods

The present investigations were carried out
at an Instructional Farm, Post Graduate
Institute, Mahatma Phule Krishi Vidyapeeth,
Rahuri. Forty year old, local mango orchard
consisting of 216 seedling originated was
selected for top working. The experimentn was
conducted in factorial randomized block design
with three replications. The first factor
comprised of year round beheading at monthly
interval (i.e. 12 beheading months) while
second factor comprised three scion varieties
(viz., Kesar, Ratna and Sindhu) for wedge
grafting. Two trees per replication were
selected. Minimum 50 grafts per replication
were attempted and grafting success was
evaluated at 30 days after grafting.

The mango trees were headed back at 2m
from the ground level in second fortnight of
every month for a year; commencing from
March 2010 to February 2011 by keeping 2-4
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branches on main trunk by following open
center method. A unique package of post-
pruning operation was employed with removal
of old bark and washing of beheaded trunk with
carbaryl @ 4 g l-1 to prevent the incidence of
mango stem borer. Pasting of cut portion of
branches was done with copper oxychloride
(10%) to prevent infection of diseases,  followed
by applying thick layer of cow dung on cut
portion of beheaded trees to avoid the sap flow
from pruned limbs and also to accelerate
healing of pruned apical portion. In addition to
regular orchard managemen immediately after
beheading additional dose of one kilogram of
Suphala (19:19:19 NPK) was applied to each
tree, followed by irrigation. Due care was taken
to prevent incidence of pest and diseases.

After pruning, only 5-10 healthy apical
shoots per headed back branches were retained
for grafting. Excessive bud sprouts on main
branches were regularly pinched off at monthly
interval for healthy canopy management.
Wedge grafting on selected apical stock-shoots
of beheaded tree was undertaken within 5-10
weeks period, at particular stage when copper
red leaves of new stock-shoots turned to green
colour, coupled with 5-10 mm diameter of
stock-shoot. Minimum 50 grafts per replication
(i.e. two tree) were attempted and grafting
success was evaluated at 30 DAG. From three
scion cultivars, matured scion stick of 5-10 mm
diameter with dark green stem colour was
selected and defoliation was undertaken 10
days prior to grafting to accelerate sprouting of
apical bud. Wedge grafting was carried out at
every month from June, 2010 to May,
2011.Growth parameters of beheading trees
and grafted shoots were recorded at regular
interval.

Results and Discussion

Days to first sprout : The monthly
beheading showed remarkable and significant

effect on the days to first sprout (Table 1). Early
sprouting was recorded in the mango trees
beheaded in the month of July (37. 91 days)
which was at par with the heading back in
August (41.01 days), June (41.24 days) and
September (42.24 days). While, mango trees
beheaded in April recorded the longest period
to sprout (61.76 days), which was at par with
the pruning done in March (58.97 days),
February (57.18 days) and January (56.9 days).
The early sprouting during rainy season might
be related with congenial conditions like high
humidity and warm temperature. The hot and
cold climate led to delay in sprouting of
beheaded mango trees during summer and
winter season, respectively.

Number of sprouts per beheaded
branch : Significantly more number of sprouts
per branch were observed in, July pruned trees
(26.31) and was at par with trees pruned in
August (24.70), September (21.45) and June
(23.31). While, the significantly least number of
sprouts per branch (9.91) was found in
November pruned tree and was at par with
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Table 1. Effect of year round beheading on mango stock
tree.

Treatments Days Sprout Days to
to branch-1 leaf turn
sprout green

March-10 58.97 15.83 18.39
April-10 61.76 16.37 18.67
May-10 46.42 18.23 16.29
June-10 41.24 23.36 15.40
July-10 37.91 26.31 14.82
August-10 41.00 24.70 16.21
September-10 42.24 21.45 15.98
October-10 44.74 13.35 22.89
November-10 47.68 9.92 25.30
December-10 54.65 11.52 21.69
Januvary-11 56.89 16.31 19.50
Februvary-11 57.18 18.88 18.58
Mean 48.49 18.01 18.56
SE(m) 1.99 1.81 1.73
C.D. 5.90 5.34 5.10



October (13.35) and December (11.52) pruned
trees. Lower temperatures during winter season
accelerated dormaricy and had affected the
sprouting duration and number of sprouts per
plant.

Number of days for chlorophyllous
leaf development : Dys required for leaves to
turn from copper red to green colour was
significantly influenced by the monthly pruning
(Table 1). The trees pruned in July displayed
significantly early duration for development of
chlophyllous leaves (14.82 days) and were at
par with trees pruned in June (15.40 days),
May (16.29 days), March (18.39 days),
February (18.87 days), April (18.67 days) and
January (19.50 days). Significant more duration
for chlorophyllous leaves development (25.30
days) was noticed in November pruning and it
was at par with October (22.89 days) and
December (21.69 days) pruning treatments. It

might be due to short photo period coupled
with low temperatures during winter season
which influenced on the leaf maturation.

Number of days for graft sprouting :
Trees pruned in May and grafted in the month
of August (Table 2) recorded minimum duration
for graft sprouting (15.64 days) and it was
statistically at par with grafts made in the month
of July (15.89 days), June (16.44 days), March
(16.42 days), April (16.60days), September
(16.99 days) and May (17.72 days). While, the
maximum duration for graft sprouting was
observed in trees headed back in September
and grafted in December (25.36 days) and it
was at par with trees headed back in October
and grafted in January (23.18 days). Similar
results were obtained by Singh et al. (2007) in
Jamun.

Among the scions, cv. Kesar recorded
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Table 2. Effect of beheading and grafting on mango top working.

Top working details Days required to graft sprout Graft leaves turn green (days)
––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––
Beheading Grafting Scion cultivars Scion cultivars
month month –––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––

Kesar Ratna Sindhu Mean Kesar Ratna Sindhu Mean

March-10 Jun-10 15.43 16.89 17.01 16.44 15.52 17.10 16.07 16.23
April-10 Jul-10 15.14 15.20 17.34 15.89 14.43 16.29 15.14 15.29
May-10 Aug-10 15.81 16.07 15.06 15.64 15.83 16.52 14.95 15.77
June-10 Sep-10 16.89 17.76 16.33 16.99 16.76 17.20 15.83 16.60
July-10 Oct-10 18.83 19.52 17.54 18.63 17.42 18.19 16.77 17.46
August-10 Nov-10 18.40 20.14 17.74 18.76 18.62 19.29 17.74 18.55
September-10 Dec-10 25.42 23.71 26.96 25.36 24.29 23.71 26.00 24.67
October-10 Jan-11 23.66 20.60 25.30 23.18 22.21 20.60 24.61 22.47
November-10 Feb-11 18.33 17.83 20.32 18.83 18.68 17.69 19.54 18.64
December-10 Mar-11 15.33 16.38 17.53 16.42 15.55 17.35 16.12 16.34
January-11 Apr-11 15.91 16.70 17.18 16.60 15.99 17.74 16.85 16.86
February-11 May-11 16.98 17.53 18.64 17.72 16.24 18.17 16.67 17.03
Mean 18.01 18.19 18.91 17.63 18.32 18.02

SE(+) CD @5% SE(+) CD @5%
Rep 0.26 NS 0.23 NS
Var 0.26 0.77 0.23 NS
Month 0.52 1.53 0.47 1.37
Var x Month 0.91 2.65 0.82 NS



significantly minimum days (18.01) for graft
sprouting and it was statistically at par with cv.
Ratna (18.19 days). While, scion cv. Sindhu
recorded significantly more days for graft
sprouting (18.91). This displayed varietal
response for graft sprouting. Alam et al. (2006)
also reported the varietal response in mango
grafting for scion cvs. Bari Aam-3 and Langra
under Bangladesh conditions.

Interaction of two factors revealed that the
grafts of Sindhu made in the month of August
recorded the earliest duration (15.06 days) to
sprout and it was at par with the cv. Kesar in
July (15.14 days), March (15.33 days), June
(15.43 days), August (15.81 days) and April
(15.91 days); cv. Ratna grafted in July (15.20
days), August (16.07 days) and March (16.38
days) and cv. Sindhu grafted in September
(16.33 days). The grafts of Sindhu made in
December recorded the longest duration (26.96

days) to sprout and it was at par with grafts of
Kesar and Sindhu made in December (25.42
days) and January (25.30 days), respectively.
Much delayed graft sprouting in December and
January was because of low temperatures and
inadequate flow of cell sap. Higher temperature
during March to October helps in early graft
sprouting because of fast establishment of
vascular connection with root stock and scion.
Thus, wedge grafting especially during June to
October proved to be optimum period for
mango top working.

Number of days for chlorophyllous
leaf development in grafts : The grafts
made in the month of July took minimum days
(15.29) to turn leaves green which was at par
with grafting in month of August (15.77), June
(16.23), March (16.34), September (16.60),
April (16.86) and May (17.03). While,
December grafted shoots registered
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Table 3. Initial performance of mango top working at 30 DAG stage.

Top working details Percentage graft success Mean
–––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––––––––
Beheading Grafting Kesar Ratna Sindhu
month month

March-10 June-10 72.39 (58.31) 60.87 (51.33) 71.09 (57.57) 68.11 (55.73)
April-10 July-10 78.06 (62.52) 71.12 (57.50) 73.75 (59.33) 74.31 (59.78)
May-10 August-10 85.41 (67.65) 80.88 (64.10) 87.76 (69.53) 84.68 (67.09)
June-10 September-10 75.29 (60.28) 74.43 (59.69) 77.62 (61.81) 75.78 (60.59)
July-10 October-10 61.99 (51.94) 60.42 (51.04) 66.19 (54.46) 62.87 (52.48)
August-10 November-10 61.15 (52.00) 54.44 (47.57) 64.94 (53.73) 60.18 (51.10)
September-10 December-10 27.77 (31.79) 24.44 (29.58) 22.18 (28.09) 24.79 (29.82)
October-10 January-11 45.00 (42.12) 31.19 (33.85) 25.82 (30.51) 34.00 (35.49)
November-10 February -11 61.12 (51.43) 39.03 (38.66) 38.97 (38.58) 46.37 (42.89)
December-10 March-11 61.37 (51.67) 38.99 (38.56) 44.52 (41.84) 48.29 (44.02)
January-11 April-11 61.26 (51.51) 42.56 (40.72) 48.79 (44.29) 50.86 (45.51)
February-11 May-11 52.32 (46.33) 21.72 (27.77) 39.77 (39.07) 37.94 (37.72)
Mean 61.93 (52.29) 50.01 (45.03) 55.12 (48.23)

SE(+) CD @5%
Rep 0.67 NS
Var 0.67 1.96
Month 1.34 3.91
Var x Month 2.31 6.77

* Figures in the parenthesis indicate arcsine transformed values, DAG - Days After Grafting.



significantly maximum days (24.67) to leaves
turn green which was at par to the grafts made
in January (22.47). However, the second factor,
scion varieties and interaction of two factors
were non significant.

Graft success percentage at the 30
DAG stage : Data depicted in Table 3 revealed
that the May pruned trees which grafted in the
month of August recorded highest success
(84.68%) followed by grafts made in September
(75.78%) and July (74.31%). A proportionately
increasing trend in graft success was noticed for
grafts made in June to August (68.11 to
84.68%). This might be due to moderate
temperature (25-30°C) and humidity (70-80%)
during this period which is congenial for plant
growth.

The per cent grafting success in the present
investigations were thereafter found to be
slowly declining from 75.78 to 60.18 during
September to November grafting.

During this particular period, in present
investigations moderately decline from 75.78
to 60.18 per cent was observed in success of
grafting. Similarly, a percentage of mango stem
borer infestation was found gradually declining
during this particular period. The least graft
success (24.79%) was recorded when grafts
made in the month of December.

Perusal of Table 3 also indicated influence of
scion varieties on graft success, where Kesar
recorded significantly highest graft success
(61.93%) than other scions cv. Sindhu
(55.12%) and Ratna (50.01%). Upadhyay and
Prasad (1988) claimed for maximum success of
veneer grafting in July, August and September
with mango cv. Dashehari. Similarly, Mishra et
al. (2007) reported mango top working under

North Indian (Utter Pradesh) conditions where,
minimum duration of 15 days with scion cv.
Mallika and Amrapali and maximum duration of
19 days with scion cv. Chausa for graft
sprouting and further reported success of
veneer grafting in the month of August, varied
from 84 to 64 per cent for cv. Dashehari and
Chausa respectively.

The interaction studies of two factors (i.e.
monthly grafting and scion varieties) revealed
that the grafts of Sindu made in August
recorded highest success (87.76%) and was at
par to cv. Kesar (85.41%) and Ratna (80.88%).
While grafts of Sindhu made in December
recorded the minimum success (22.18%) and it
was at par with scion cv. Ratna (24.44%) and
Kesar (27.77%). However, due to least mango
stem borer incidence, the January grafting
proved the best option for sustainable mango
top working under Western Maharashtra
conditions. Among scion varieties cv. Kesar
proved the best option when mango tree were
beheaded from October to December and
successive grafting made from January to
March.
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Cotton is one of the most important cash
crop in Maharashtra and occupies 39.42 lakh
ha area (2010-11). After introduction of Bt
hybrids, the area under diploid cotton is
consistently decreased. However, under rainfed
condition and in marginal soils, the
performance of Bt hybrids is not consistent.
Suitability for rainfed conditions, low cost of
cultivation and resistant to biotic and abiotic
stresses are the advantages of the diploid cotton
varieties (Anonymous, 2011a). Looking to
these advantages, the area under diploid cotton
is again increasing. In Khandesh, desi cotton is
very well adopted to the fluctuating rainfall and
poor growth conditions and hence suit well to
scanty resources of the poor farmer. Desi
cotton is also resistant to many biotic and
abiotic stresses. There is a large coverage under
G. arboreum cultivar Y-1, JLA-794 and some
of the private sector varieties/hybrids. These
arboreum cultivars have comparatively low
fibre properties as compared to American and
Egyptian cotton. Looking to the present trend
of growing cotton organically, desi cotton can

be a suitable alternative. As the fibre qualities of
these varieties was found to be low as
compared to hirsutum, work of developing G.
arboreum variety with superior fibre properties
was initiated.

Materials and Methods

G. arboreum basically possess a coarse,
rough and medium fibre used to be
commercially rated lower than hirsutum cotton.
The wild species G. anomalum is having high
fibre length, fineness, strength and maturity.
This species is also resistance to jassids, mites,
bollworms, rust and bacterial blight and CLCV.
To introgress these characters into cultivated G.
arboreum, efforts were made by crossing. The
cross was made between G. arboreum MPKV
GMS x G. anomalum, Wew. and Peyr at
Cotton Improvement Project, MPKV, Rahuri
during the year 2001-02 and the strain RAC-
024 was developed by pedigee selection
method. The genotype was tested consecutively
for five years under TMC projects at different
locations as well as MLT and AICCIP trials. The
university multilocation trials were conducted at
Rahuri, Jalgaon and Dhule during 2006-07 and
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2007-08, whereas, the coordinated trials were
conducted at 16 locations (Sriganganagar,
Faridkot, Ludhiana, Hisar, Kanpur, Khandwa,
Ameli, Akola, Parbhani, Jalgaon, Bharuch,
Dharwad, Raichur, Nandyal, Mudhol and
Kovilpatti). The fibre properties viz., 2.5 per
cent span length, uniformity, micronaire,
strength, elongation and SFC were tested at
CIRCOT, Mumbai. The genotype was tested for
wider spacing as well as higher doses of
fertilizers. It was also tested for major pests and
diseases at MPKV, Rahuri as well as in co-
ordinated trials. The variety was released under
the name "Phule Anmol" for commercial
cultivation in Khandesh region of Maharashtra
in the year 2011. The statistical analysis was
carried out according to Panse and Sukhatme
(1985).

Results and Discussion

Performance of RAC-024 in different
trials : The performance of RAC-024 in
different trials viz., station, multilocation and

coordinated trials is presented in Table 1.
During 2003-04, the strain recorded the
highest seed cotton yield at Surat (2290 kg
ha-1) as compared with check G.Cot. 16
(991kg ha-1). At Nanded, during 2004-05 the
culture RAC-024 recorded the highest seed
cotton yield (2528 kg ha-1) as compared with
check PA-183 (1139 kg ha-1) and in 2005-06
it recorded significantly higher seed cotton yield
(2015 kg ha-1) over both the checks PHH-316
(1041 kg ha-1) and NH-545 (984 kg ha-1) in

Journal of Agriculture Research and Technology 235

Table 1. Seed cotton yield (kg ha-1) of RAC-024 in different sation / MLT / coordinated trials.

Trials/station/year Location RAC-024 JLA-974 (C) Other checks

TMC MM 1.3 trial Surat (2003-04) 1 2290 - 981 G.Cot.16 (C)
TMC MM 1.3 trial Nanded (2004-05) 1 2528 - 1139 PA-183(C)
TMC MM 1.3 trial Nanded (2005-06) 1 2015 - 1041 PHH-316 (C)
TMC MM 1.1 trial Rahuri (2006-07) 1 1452 1235 1165 PA-255 (C)
TMC MM 1.3 trial Rahuri (2006-07) 1 1058 780 667 PA-255 (C)
Station trial (2009-10) 1 2083 1732 -
Drought screening trial :
TMC MM 1.3 Nanded (2005-06) 1 1708 - 1958 PA-402 (C)
Mean 1 1876 1249 1159
Multilocation trials :
MLT 2006-07 3 994 1314 -
MLT 2007-08 3 1138 1540 -
Mean 1066 1427 -
Co-ordinated trials :
Mean of 16 locations (2010-11) 16 1144 914 -
Mean 1144 914
Overall mean 1305 1077
% increase over JLA-794 - 21.16

Table 2. Performance of RAC-024  for  drought
tolerance tested at CRS, Nanded in TMC MM
1.3 trial during the year 2005-06.

Genotype Seed cotton % reduction RWC
yield in (%)
(kg ha-1) chlorophyll

RAC-024 1708 21.87 88.63
NH-545 (C) 736 31.77 84.78
PA-402 (C) 1858 28.91 85.20
Mean 1032.33 38.43 80.04
SE± 145.97 - -
CD at 5% 403.96 - -



TMC MM 1.3 trial. During 2006-07, at Rahuri
centre, in TMC MM 1.1 project, the culture
RAC-024 recorded significantly highest seed
cotton yield (1452 kg ha-1) over local check
JLA-794 (1235 kg ha-1) while in TMC MM 1.3
project, the culture recorded significantly
highest seed cotton yield (1058 kg ha-1) over
local check JLA-794 (780 kg ha-1). In university
station trial during 2009-10, the genotype
recorded significantly highest seed cotton yield
(2083 kg ha-1) over local check JLA-794 (1732
kg ha-1) (Anonymous, 2011b).

The university multilocation trials were
conducted at Rahuri, Jalgaon and Dhule during
2006-07 and 2007-08. The entry recorded
lower yield than the check JLA-794, however,
the fibre properties were superior over the
checks. The coordinated trial conducted at 16
locations indicated that the genotype RAC-024
recorded 1144 kg ha-1 seed cotton yield which
was 25.2 per cent higher than the local check
JLA-794 (914 kg ha-1) (Anonymous, 2011b).

The genotype was also tested in drought
screening trial in TMC MM 1.3 trial at Nanded
during 2005-06 (Table 2). Amongst the
genotypes tested, RAC-024 was found

promising as drought tolerant due to less
reduction in chlorophyll content (21.87%) and
high relative water content (88.63%) during
stress period of the season. The entry recorded
higher seed cotton yield (1708 kg ha-1) than the
check NH-545 (736 kg ha-1), however, it was at
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Table 4. Screening of RAC-024 against sucking pest complex and bollworm in TMC MM 1.3 trial at Nanded (2005-06) and
Rahuri (2006-07).

Name of variety Aphids Jassids Thrips White Visual Locule 
flies grade damage

RAC-024 9.83 (3.21) 1.33 (1.35) 11.26 (3.42) 4.51 (2.44) I 4.99 (2.86)
PA-402 (C) 8.11 (2.93) 1.65 (1.46) 10.46 (3.31) 4.87 (2.31) I 2.34 (1.34)
NH-545 (C) 12.66 (3.62) 2.90 (1.82) 13.92 (3.79) 4.62 (2.25) I 17.75 (10.22)
SE± 0.19 0.12 0.17 0.15 - 0.29
CD at 5% 0.51 0.33 0.48 0.41 - 0.79
RAC-024 7.00 1.00 0.83 3.50 I 29.0
JLA-794 (C) 4.66 0.03 0.02 1.73 I 25.0
PA-255 (C) 3.00 0.83 0.03 2.20 I 31.0
SE± 0.75 0.13 0.08 0.27 - 2.32
CD at 5% 2.40 0.41 0.27 0.85 - 5.54
Economic threshold level 10 leaf-1 2 leaf-1 10 leaf-1 5 leaf-1 - Below 10%

*The figures in parenthesis indicates arc sign values.

Table 5. Screening of RAC-024 against major diseases in
TMC MM 1.3 trial at Nanded (2005-06) and
Rahuri (2006-07, 2010-11 ).

Name of Disease grade
variety –––––––––––––––––––––––––––––

ALB BLB GM

2005-06 Nanded :

RAC-024 1 (R) 1 (R) 0 (DF)

PA-402 (C) 2 (MR) 2 (MR) 0 (DF)

NH-545 (C) 1(R) 2 (MR) 2 (MR)

2006-07 Rahuri :

RAC-024 0 (DF) 1(R) 0 (DF)

JLA-794 (C) 0 (DF) 2 (MR) 1 (R)

PA-255 (C) 0 (DF) 0 (DF) 1 (R)

2010-11 Rahuri :

RAC-024 1 (R) 0 (DF) 1 (R)

Y-1(C) 2 (MR) 0 (DF) 3 (MS)

JLA-794 (C) 2 (MR) 1 (R) 3 (MS)

* DF - disease free, R - Resistant, MR-Moderately resistant,
MS- moderaterly susceptible.



par with the other check PA-402 (1858 kg
ha-1).

Pest and diseases : The screening of
RAC-024 in TMC MM 1.3 trials at Nanded
(2005-06) and Rahuri (2006-07) for sucking
pest complex and locule damage revealed that
infestation due to sucking pests was below
economic threshold level at both the locations
except for thrips damage at Nanded (Table 4).
The culture had shown resistant reaction to
BLB, and disease free reaction to dahiya and
ALB (Table 5).

Quality characters : RAC 024 was
adjudged as the best entry in the trials
conducted at 10 locations in respect of fibre
length and strength. This genotype recorded
average fibre length (27.7 mm) and strength
(23.2 g tex-1), along with micronnaire (4.5) in
different trials conducted during 2004-05 and
2010-11 (Anonymous, 2011c).

In view of superior fibre properties and yield
potential over the G. arboreum check varieties
Y-l and JLA-794, the strain RAC-024 was
released in the year 2011 under the name

"Phule Anmol" and recommended for
commercial cultivation in Khandesh region of
Maharashtra (Jalgaon, Dhule and Nandurbar
districts).
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Table 6. Fibre quality parameters of RAC-024 in comparison with JLA-794 and Phule-688.

Genotype 2.5% UNIF MIC STRE. ELON SFC SL
SL (%) value g tex-1 (%) (%) ratio

RAC-024 G. arboreum 27.7 49 4.5 23.2 5.4 12.9 0.85
JLA-794 (C) G. arboreum 25.6 49 4.9 20.0 - - 0.78
Phule-688 (C) G. hirsutum 27.0 50 4.0 22.1 8.0 - 0.82
Fibre norms 26-28 48-50 3.5-4.5 21-22 - - Above 0.80
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Onion is slow growing, shallow rooted crop
with narrow, upright leaves and non branching
habit. Due to this type of growing habit, onion
crop can not compete well with weeds. In
addition to this, frequent irrigation water and
fertilizer application allows for successive
flushes of weeds in onion. Yield loss due to
weed infestation in onion is to the tune of 40 to
80 per cent (Channapagoudar and Biradar,
2007).

The conventional methods of weed control
(hoeing and weeding) are laborious, expensive
and insufficient. More over weeding during
critical growth stages is very difficult due to
increased cost of human labors and its scare
availability.

Materials and Methods

An experiment was conducted during kharif
season of 2010 and 2011 at breeder seed
production farm, Seed Cell Unit, MPKV,
Rahuri. The soil of experimental field was

medium black with slightly saline nature. The
experiment was laid out in a randomized block
design with three replications and nine
treatments, viz., T1 : Weed free check (3 hand
weeding at 20, 40 and 60 DAS), T2 : One
hand wedding at 20 DAS, T3 : Pendimethalin
@ 1.0 kg a.i. ha-1 (PP), T4 : Oxyfluorfen @
0.250 kg a.i. ha-1 (POE), T5 : Pendimethalin @
1.0 kg a.i. ha-1 (PP) + one hand weeding at 40
DAS, T6 : Oxyfluorfen @ 0.250 kg a.i. ha-1

(POE) + one hand weeding at 40 DAS, T7 :
Pendimethalin @ 1.0 kg a.i. ha-1 (PP) +
Oxyfluorfen @ 0.250 kg a.i. ha-1 (POE), T8 :
Pendimethalin @ 1.0 kg a.i. ha-1 (PP) +
Oxyfluorfen @ 0.250 kg a.i. ha-1 (POE)+ One
hand wedding at 40 DAS, T9 : Weedy check.
Two months old seedlings of onion variety
'Baswant-780', were transplanted in the month
of August during 2010 and 2011 at a spacing
of 45 x 10 cm on ridges and furrows layout.
Pendimethalin was applied before one week of
transplanting as pre planting while Oxyfluorfen
was applied 25 days after transplanting when
weeds were at 3-4 leaf stage.
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Results and Discussion

Effect on weeds : The prominent weed
species in the experimental plot were
Chenopodium album, Portulaca oleraceae,
Euphorbia spp., Cynodon dactylon,
Parthenium hysteriphorous, Cyprus
rotundas, Amaranths viridis etc. All
treatments caused significant reduction in total
weed density and dry weight of weeds as
compared to unweeded control during both the
years (Table-1). Significantly lower weed density
and dry weed weight was observed in treatment
weed free check (three hand weedings at 20,
40 and 60 DAS) and was on par with
Pendimethalin @ 1.0 kg a.i. ha-1 (PP)+
Oxyfluorfen @ 0.250 kg a.i. ha-1 (POE)+ one
hand wedding at 40 DAS. Treatment
Oxyfluorfen @ 0.250 kg a.i. ha-1 (POE)+ one
hand weeding at 40 DAS, treatment
Pendimethalin @ 1.0 kg a.i. ha-1 (PP)+ one
hand weeding at 40 DAS and treatment
Pendimethalin @ 1.0  kg a.i. ha-1 (PP) were on
par with each other.

Highest weed control efficiency was
observed in treatment weed free check (three
hand weedings at 20, 40 and 60 DAS) followed
by Pendimethalin @ 1.0 kg a.i. ha-1 (PP) +
Oxyfluorfen @ 0.250 kg a.i. ha-1 (POE) + one
hand wedding at 20 DAS. Similar observations

were also made by Kolhe (2001) and Warade et
al. (2006).

Effect on crop growth : Growth
attributes were significantly influenced with
weed management treatments during both the
years (Table-2). Significantly taller plants were
observed in treatment Weed free check (three
hand weedings at 20, 40 and 60 DAS).
Treatment Pendimethalin @ 1.0 kg a.i. ha-1

(PP) + Oxyfluorfen @ 0.250 kg a.i. ha-1 (POE)+
one hand wedding at 20 DAS was at second
place whereas lowest plant height was observed
in treatment weedy check.

The data of the two experimental years and
in pooled revealed that significantly higher
plant height, neck thickness, bulb weight and
bulb diameter observed in treatment weed free
check (three hand weedings at 20, 40 and 60
DAS) over all other treatments. Treatment
weed free check was on par with all other
treatments except control.

The dry matter plant-1 was significantly
highest with weed free check as compared to all
other treatments however, it was on par with
treatment Pendimethalin @ 1.0 kg a.i. ha-1 (PP)
+ Oxyfluorfen @ 0.250 kg a.i. ha-1 (POE) +
0ne hand wedding at 20 DAS. Khalid
Mahmood et al. (2006) and Chandrika et al.
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Table 1. Effect of weed management practices on various weed parameters in onion (pooled mean).

Treatment Weed density Dry weight of Weed control
(No. m-2) weeds (g m-2) efficiency (%)

T1 : Weed free check 37.75 32.51 72.84
T2 : One hand wedding at 20 DAS 71.63 73.90 47.99
T3 : Pendimethalin @ 1.0 kg ha-1 (PP) 80.47 74.22 39.76
T4 : Oxyfluorfen @ 0.250 kg ha-1 (POE) 78.32 70.08 52.76
T5 : Pendimethalin @ 1.0 kg ha-1 (PP) + one hand weeding 57.72 56.02 63.77
T6 : Oxyfluorfen @ 0.250 kg ha-1 (POE) + one hand weeding 51.44 52.20 59.43
T7 : Pendimethalin @ 1.0 kg ha-1 (PP) +  (POE) 60.43 58.93 61.98

Oxyfluorfen @ 0.250 kg ha-1

T8 : Pendimethalin @ 1.0 kg ha-1 (PP)+ 39.26 38.94 70.91
Oxyfluorfen @ 0.250 kg ha-1 (POE) + one hand wedding

T9 : Weedy check 152.70 126.69 0
LSD (P= 0.05) 10.16 11.48 -



(2009) also reported similar results from their
studies.

Effect on yield : Highest bulb yield was
recorded in weed free check (three hand
weedings at 20, 40 and 60 DAS) over rest of
the treatments (Table-3). Remaining all
treatments recorded on par bulb yield except
control treatment. These result? in respect of
yield attributes were in close conformity with
the earlier findings of Sukhadia et al. (2002)
and Chopra and Chopra (2007).

Economics : Weed free check (three hand
weedings at 20, 40 and 60 DAS) fetched the
higher gross and net monetary return (Rs.
182595/- and Rs. 108080/-respectively) over
all the other treatments. The benefit:cost ratio
was influenced by various treatments and
maximum for Pendimethalin @ 1.0 kg a.i. ha-1

(PP) + Oxyfluorfen @ 0.250 kg a.i. ha-1 (POE)+
one hand wedding at 40 DAS which was
practically convenient and economically feasible
for control of weeds in onion (Table-3). Similar
results were reported by Nandal and Singh
(2002) and Patel et al. (2011).
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Table 2. Effect of weed management practices on.various
growth attributes of onion (pooled mean).

Treat- Plant Neck Bulb Bulb Dry
ment height thick- weight dia- matter

(cm) ness (g) meter (g 
(cm) (cm) plant-1)

T1 51.43 1.35 74.25 6.20 21.93
T2 31.43 1.21 42.66 3.33 12.28
T3 28.28 1.18 38.66 3.55 11.07
T4 26.76 1.16 38.82 3.35 11.19
T5 35.99 1.23 55.58 4.03 16.17
T6 34.65 1.24 60.23 4.29 17.89
T7 29.03 1.27 44.63 3.89 13.06
T8 46.19 1.29 68.17 5.19 20.7
T9 21.38 1.16 27.82 2.25 8.09
LSD 4.52 0.13 3.13 0.21 1.39
(P=0.05)

Table 3. Effect of weed management practices on yield,
GMR, NMR and B:C ratio of onion (pooled
mean).

Treat- Bulb Gross Net B:C
ment yield monetary monetary ratio

(t ha-1) returns returns
(Rs. ha-1) (Rs. ha-1)

T1 26.09 182595 108080 2.45
T2 19.06 133385 73875 2.24
T3 15.17 106155 52140 1.96
T4 15.99 111895 57885 2.07
T5 20.77 145355 83840 2.36
T6 21.02 147140 87630 2.47
T7 19.04 133280 77275 2.38
T8 23.71 165970 105965 2.76
T9 9.11 63770 11760 1.22
LSD (P=0.05) 2.22 2247 1396 -

______________



Mungbean is one of the important and
widely cultivated pulse crops in India. It is highly
nutritive and constitutes an important source of
protein in the cereal based diets of many
people in India and other Asian countries.
Genetic improvement in any crop rests on the
platform architected by genetic variability in the
base population for selection of genotypes. For
developing improved varieties over existing
mungbean varieties, proper selection of suitable
diverse parents for hybridization is an important
step for obtaining  desired recombinants in the
segregating generations. The D2 analysis
classifies the genotypes into homogeneous
groups/clusters with the little diversity within
cluster while, diversity between two clusters is
usually high. Thus, representative genotypes
from diverse clusters can be earmarked for
utilization in hybridization programme
depending upon breeding objective. The
present study was therefore, carried out with an
objective to determine genetic distance among

mungbean genotypes.

Materials and Methods

The 50 genotypes including check variety
were grown in a randomized block design in
three replications having 30 x 10 cm inter and
intra-row spacing at Field Experimentation
Centre, Department of Genetics and Plant
Breeding, Allahabad during kharif, 2011.
Recommended cultural practices were followed
to raise a good crop. Five competitive plants
from each line were randomly selected for
recording observations for eleven characters
viz., days to 50 per cent flowering, plant height
(cm), number of primary branches plant-1,
number of clusters plant-1, number of pods
plant-1, days to maturity, number of seeds
pod-1, pod length (cm), seed index (g), protein
content (%) and seed yield plant-1 (g). The GCV
and PCV (Burton, 1952), heritability (Burton
and Devane, 1953), genetic advance (Lush,
1949) were estimated, while the genetic
divergence was estimated as per Mahalanobis
(1936).
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Analysis of variance revealed significant differences among 50 mungbean genotypes for 11 characters

studied. Maximum genotypic and phenotypic coefficient of variation were recorded for number of pods
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advance as per cent of mean. Fifty genotypes were grouped into eight different clusters. Cluster II comprised
maximum nine genotypes, cluster VII comprised eight genotypes and cluster IV included three genotypes.
Cluster VIII registered maximum cluster mean value for number of pods plant-1 and seed yield plant-1.
Maximum inter-cluster distance was observed between cluster V and VIII. Seed yield plant-1 contributed
maximum to genetic diversity. Therefore, for hybridization between genotypes in clusters V and VIII should
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Results and Discussion

The analysis of variance revealed highly
significant differences for all characters under
study among the 50 genotypes, indicating the
presence of sufficient variability. In general,
phenotypic coefficient of variation  (PCV)
values were higher than genotypic coefficient of
variation (GCV) values, which indicated the
effect of environment on the expression of
characters (Table 1). High PCV and GCV were
recorded for number of clusters plant-1

(35.18% and 34.44%), number of pods plant-1

(37.69% and 36.54%) and seed yield plant-1

(31.57% and 31.54%). Pandiyan et al. (2006)
reported high phenotypic (PCV) and genotypic
(GCV) coefficients of variation for single plant
yield, number of branches  plant-1, number of
pods plant-1, number of clusters plant-1, plant
height and length of branch, indicating greater
scope of selection for these traits.

All characters showed maximum heritability
in green gram whereas maximum genetic
advance as per cent of mean was recorded for
number of pods plant-1 (72.99%), number of
clusters plant-1 (69.46%) and seed yield plant-1

Sonu et al.242

Table 1. Variability parameters for eleven characters in mungbean.

Characters Coefficient of variation h2 Genetic Genetic
––––––––––––––––––––––––––––––– (bs) advance advance as 
Genotypic Phenotypic (%) % of mean

Days to 50% flowering 4.80 5.31 81.90 3.84 8.95

Plant height 14.27 15.15 88.80 15.73 27.71

Primary branches plant-1 15.94 17.41 83.80 1.82 30.06

Clusters plant-1 34.44 35.18 95.80 4.46 69.46

Pods plant-1 36.54 37.69 94.00 17.90 72.99

Days to maturity 2.69 3.14 73.20 3.12 4.74

Pod length 9.44 9.57 97.30 1.41 19.19

Seeds pod-1 5.28 6.46 66.90 1.01 8.90

Seed index 11.64 11.71 98.80 0.73 23.84

Protein content 8.44 8.69 94.40 3.58 16.90

Seed yield plant-1 31.54 31.57 99.90 4.94 64.94

Table 2. Grouping of 50 mungbean genotypes into different clusters.

Cluster No. of Genotypes included
No. genotypes

I 7 KM09-184, KM09-167, KM09-118,ML 130, KM09-188, KM08-216, ABL 19

II 9 ABL 1 1, NGG 2, PLS 476B, PM 21, VGG 121, KM08-215, GPB-272, PLS 96-30, P 166

III 7 ML 1, KM5-174, VGG 07, KM09-159, NL10-1, COGG 939, ABL 9

IV 3 Samart (check), Sanjeevini, ABL 28

V 7 KM08-177, KM08-224, KM09-1 17, ABL 20, PM 1,K 85 1,4441 D

VI 4 KM08-219, KM08-217, ABL 17, GP 58A

VII 8 KM08-235, LOG 422, IM 1036, ABL 6, ABL 7, KM09-187, KM08-238, ABL 10

VIII 5 PM 4, S 8, ABL 18, PUSA 9132, KM09-165



(64.94%), whereas minimum genetic advance
as per cent of mean was observed for days to
maturity (4.74%) (Table 1). Mishra et al. (2008)
reported high estimates of genetic advance as
per cent of mean for pods plant-1, plant height
and branches plant-1.

The genotypes were grouped in to 8 distinct
non over lapping clusters (Table 2). The highest
number of genotypes (9) appeared in cluster II.
The second highest number of genotypes (8)
were present in cluster VII. The third highest
number of entries was present in cluster I, III
and V i.e., seven genotypes each. Cluster VIII

comprised five genotypes, cluster VI comprised
four genotypes and cluster IV included three
genotypes. Grouping of 50 genotypes into
eight distinct clusters, indicate considerable
diversity existed in the genotype which are in
agreement with  earlier reports indicating
substantial diversity in mungbean material (Patel
et al., 2007 and Majumder et al., 2011).

The estimates of intra and inter cluster
distances represented by D2 values have been
given in Table 3. The maximum intra cluster
distance was registered for cluster IV (415.64)
followed by cluster VII (365.16), cluster V
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Table 3. Intra (Diagonal) and Inter-cluster (offdiagonal) distances (D2) in mungbean genotypes.

Clusters I II III IV V VI VII VIII

I 266.23 338.06 670.39 1534.10 1707.68 673.37 1264.92 2960.18

II 195.63 339.71 1224.35 1120.78 992.56 1875.09 3908.92

III 232.62 1379.92 585.68 1812.10 2932.30 5421.11

IV 415.64 1846.04 1962.29 3465.41 5714.30

V 314.10 3539.59 5110.87 8366.50

VI 289.88 504.18 1414.97

VII 365.16 726.02

VIII 300.64

Table 4. Cluster mean values for 11 characters in mungbean.

Characters Days Plant Primary Clusters Pods Days Pod Seeds Seed Protein Seed
Clusters to 50% height branches plant-1 plant-1 to length pod-1 index content yield

flowe- plant-1 mat- plant-1
ring urity

I 41.29 55.67 6.06 6.71 25.60 64.62 6.98 1.32 3.00 22.03 7.46

II 44.04 62.95 6.41 5.36 21.34 66.89 7.43 1.15 3.01 20.88 6.81

III 43.52 55.56 6.00 4.92 19.62 66.14 7.57 0.97 2.88 21.47 5.86

IV 40.89 50.67 4.89 4.19 15.58 64.22 8.79 1.85 4.08 20.76 6.30

V 43.10 53.51 5.32 4.33 12.74 65.19 7.31 1.46 3.00 22.00 4.18

VI 43.00 57.83 6.50 7.00 27.93 65.92 7.42 1.42 3.25 19.99 9.15

VII 43.13 55.89 6.31 8.55 33.74 66.38 6.88 1.17 2.99 20.93 10.19

VIII 42.93 57.69 6.67 10.53 40.04 65.87 7.28 11.51 2.93 20.90 12.03

Mean 42.92 56.77 6.08 6.43 24.53 65.79 7.35 11.29 3.06 21.21 7.62



(314.10), cluster VIII (300.64), cluster VI
(289.88), cluster I (266.23) and cluster III
(232.62). Minimum intra-cluster distance was
recorded for cluster II (95.63). The maximum
Inter-cluster distance was recorded between
cluster V (314.10) and VIII (8366.50) followed
by between cluster IV (415.64) and VIII
(5714.30), cluster III (232.62) and VIII
(5421.11) and cluster V (3339.59) and VII
(5110.87). The minimum inter-cluster distance
was found between cluster I (266.33) and II
(338.06) followed by between clusters II
(338.06) and III (339.71) and cluster VI
(3539.39) and VII (504.18).

The cluster mean values revealed marked
differences between the eight clusters for eleven
different characters (Table 4). Cluster I
comprised seven genotypes identified and
registered early days to 50 per cent flowering
(38.00 days) and maximum protein content
(22.03%). Cluster II comprised nine genotypes
identified and registered maximum
performance for plant height (81.33 cm).
Cluster III comprised seven genotypes identified
and registered maximum performance for
primary branches plant-1 (8.11) and Cluster IV
comprised only three genotypes identified and
recognized maximum performance for seed
index (4.22 g). Cluster V comprised seven
genotypes identified and registered maximum
performance for days to maturity (70.00 days)
followed by protein content (24.85%) and
number of seeds pod-1 (12.66). Cluster VI
comprised four genotypes identified and
registered late days to 50 per cent flowering
(47.33 days). Cluster Vll comprised eight
genotypes identified and registered minimum
performance for plant height (43.44 cm) and
pod length (6.03 cm). Cluster VIII comprised
five genotypes identified and registered
maximum performance for seed yield per plant
(12.59 g). The above results clearly underlines

that different clusters showed wide variation
from one another in respect of cluster mean
values, which indicates that genotypes having
different mean performance for various
characters were separated into different
clusters. The instances of grouping of
genotypes of different origin or geographic
region in same cluster were frequently
observed. This suggested that there is no
parallelism between genetic and geographic
diversity. Therefore, the parents selected on the
basis of genetic divergence analysis would be
more rewarding than the basis of geographic
diversity. This finding is not with the reports of
Raje and Rao (2001) advocating definite
relationship between genetic and geographic
diversity in mungbean.

The highest contribution in manifestation of
genetic divergence was exhibited by seed yield
plant-1 followed by seed index, pod length and
protein content. The lowest contribution
towards total divergence was exerted by
number of seeds pod-1 and days to 50 per cent
flowering, while number of pods plant-1 and
days to maturity had no contribution toward
genetic divergence.
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The rabi sorghum suffers losses due to
abiotic and biotic factors. Among biotic factors
insect pests are the main. Shoot fly, sugarcane
aphid, shoot bug and ear head caterpillar are
major insect pests appearing and damaging the
crop. Maximum yield losses of 75.6 per cent in
grain and 68.6 per cent in fodder have been
reported by Pawar et al., (1984) due to shoot
fly (Atherigona soccata Rondani). Its incidence
is greater in late sown crop in rainy and post
rainy season in India. Sugarcane aphid,
(Malanaphis sacchari Zehntner) occur in rabi
sorghum from November to January. The
shoot bug, Perigrinus maidis (Ashmead) cause

sugary disease in sorghum and cause economic
loss. Similarly, stem borer, Chilo partellus
appear 30-35 days after emergence and cause
losses upto 30 per cent. These pests could be
managed by adopting different methods of pest
control. However, farmers depend mainly on
chemicals. The integration of different
components would be useful and economical in
reducing the pest damage rather than
complete-destruction of the pests. Therefore,
the present study to evaluate IPM practices
against sorghum pests was planned and
executed.

Materials and Methods

An experiment was planned and executed
during rabi season of 2007-08 and 2008-09 at
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Abstract
From the studies on evaluation of IPM components against pest infesting rabi sorghum it was concluded

that the treatment of sole crop with seed treatment of thiamethoxam 70 WS @ 3 g kg-1 seed and one spray
of NSKE @ 5 per cent at 45 DAE could be recommended for the management of shoot fly, stem borer and
aphids on rabi sorghum.

Key words : IPM components, pests rabi sorghum.
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All India Coordinated Sorghum Improvement
Project, Mahatma Phule Krishi Vidyapeeth,
Rahuri. The trial was laid out with 7 treatments
and 3 replications including T1 : sole
commercial cultivar without any treatment, T2 :
sole crop with seed treatment of thiamethoxam
70 WS @ 3 g kg-1 seed, T3 : intercropping with
legumes without any treatment (as per
agronomic cropping system recommendation),
T4 : intercropping with legumes (as per
agronomic cropping system recommendation)
without any treatment + seed treatment of
thiamethoxam 70 WS @ 3 g kg-1 seed, T5 :
sole crop with seed treatment of thiamethoxam
70 WS @ 3 g kg-1 seed and one spray of NSKE
@ 5 per cent at 45DAE, T6 : sole crop with
seed treatment of thiamethoxam 70 WS @ 3 g
kg-1 seed and one spray of endosulfan at 0.07
per cent at 45 DAE, T7 : farmers practice. The
plot size was 8.1 x 9.0 meters with the spacing
of 45 x 15 cm. Phule Vasudha, a variety of
sorghum was sown on 15.09.2007 and
20.09.2008. The agronomical practices were

followed as per the recommendations. The data
on pest incidence viz., shoot fly (Atherigona
soccata Rondani), stem borer (Chilo partellus),
sugarcane aphid (Melanaphis sacchari) were
recorded. The data on per cent dead hearts due
to shoot fly were recorded starting at 28 days
after emergence (DAE), dead hearts due to
stem borer were recorded at 45 DAE while the
aphid incidence was recorded by following
damage rating from 0 to 9 grades by following
methodology of sorghum pest surveillance and
screening trials and nurseries for insect pest
resistance supplied by the Directorate of
Sorghum Research, Hyderabad. The
methodology is as 1 = few aphids present with
no apparent damage to leaves, 2 = lower 1-2
leaves with aphid infestation without severe
aphid damage to leaves, 3 = 2-3 leaves with
aphid damage, 4 = 3-4 leaves with aphid
damage, 5 = 3-4 leaves with severe aphid
damage, 6 = 4-5 leaves with severe damage
symptoms and covered with aphid on the
undersurface, 7 = 5-6 leaves with severe aphid
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Table 1. Effect of various treatments on shoot fly, stem borer and aphid infestation.

Treatment Shoot fly Stem borer Aphid
DH% DH% damade
at 28 at 45 DAE rating
DAE (0-9)

T1 : Sole commercial cultivar without any treatment 45.24* 6.91* 2.0
(42.26) (15.24)

T2 : Sole crop with seed treatment of thiamethoxam 26.77 4.85 2.0
70 WS @ 3 g kg-1 seed (31.15) (12.72)

T3 : Intercropping with legumes without any treatment 41.03 9.03 1.16
(as per agronomic cropping system recommendation) (39.83) (17.48)

T4 : Intercropping with legumes (as per agronomic cropping system 25.87 3.23 1.0
recommendation) + seed treatment of thiamethoxam 70 WS @ 3 g kg-1 seed (30.57) (10.35)

T5 : Sole crop with seed treatment of thiamethoxam 70 WS 24.58 2.43 1.0
@ 3 g kg-1 seed and sprays of NSKE @ 5% at 45 DAE (29.72) (8.97)

T6 : Sole crop with seed treatment of thiamethoxam 70 WS @ 3 g kg-1 26.43 2.67 1.50
seed and sprays of endosulfan at 0.07% at 45 DAE (30.93) (9.35)

T7 : Farmers practice 53.31 13.83 3.50
(46.90) (21.83)

SE± 0.78 0.62
CD at 5% 2.30 1.82

* Average of two years data.



damage and covered with aphid on the
undersurface, 8 = 7-8 leaves with aphid
damage and 9 = most of the leaves damaged by
the aphids and showing symptoms of stunting
and drying. The data were subjected to analysis
of variance and pooled.

Results and Discussion

It is seen from the Table 1 that the per cent
dead hearts due to shoot fly at 28 DAE were
statistically lower in the treatment which
comprised sole crop with seed treatment of
thiamethoxam 70 WS @ 3 g kg-1 seed and one
spray of NSKE @ 5 per cent at 45 DAE
(24.58%) than other treatments however, it was
at par with the treatments wherever the seed
treatment of thiamethoxam has been given.
The seed treatment of thiamethoxam played an
important role against shoot fly however, sprays
were effective for the pests appearing at 45
DAE. The dead hearts due to stem borer were
statistically less in the treatment which was
effective against shoot fly control. However, the

next best treatment was sole crop with seed
treatment of thiamethoxam 70 WS @ 3 g kg-1

seed and one spray of endosulfan at 0.07 per
cent 45 DAE. Similar trial was conducted by
Balikai and Bhagwat (2009) at RARS, Bijapur
and they have reported that treatments viz.,
intercropping of chickpea (2:2) + seed
treatment with thiamethoxam 70 WS @ 3 g
kg-1 seed was effective against shoot fly and
aphid while seed treatment with thiamethoxam
70 WS @ 3 kg kg-1 seed + spray of endosulfan
@ 0.07 per cent at 45 DAE was effective
against shoot bug. Karibasavaraja et al. (2005)
also reported that, the seed treatment with
thiamethoxam 70 WS @ 5 and 4 g.a.i kg-1 seed
were very effective in reducing shoot fly
incidence even under high pest population.
During the present study the treatment with
sole crop with seed treatment of thiamethoxam
70 WS @ 3 g kg-1 seed and one spray of NSKE
@ 5 per cent at 45 DAE was the best against
shoot fly and sole crop with seed treatment of
thiamethoxam 70 WS @ 3 g kg-1 seed and one
spray of endosulfan at 0.07 per cent at 45 DAE
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Table 2. Yield and monetary returns from the treatments in rabi sorghum.

Treatments Grain Fodder Total Net
yield yield monetory returns
(q ha-1) (t ha-1) returns (Rs.)

(Rs. ha-1) over
farmers
practice

T1 : Sole commercial cultivar without any treatment 15.90* 3.70* 24630/- 5640/-

T2 : Sole crop with seed treatment of thiamethoxam 19.30 4.50 29910/- 10920/-
70 WS @ 3 g kg-1 seed

T3 : Intercropping with legumes without any treatment (as 16.55 2.70 23910/- 4920/-
per agronomic cropping system recommendation)

T4 : Intercropping with legumes (as per agronomic cropping 16.95 3.85 26 115/- 7125/-
system recommendation) + seed treatment of 
thiamethoxam 70 WS @ 3 g kg-1 seed

T5 : Sole crop with seed treatment of thiamethoxam 70 WS 23.60 5.00 35820/- 16830/-
@ 3 g kg-1 seed and sprays of NSKE @ 5% at 45 DAE

T6 : Sole crop with seed treatment of thiamethoxam 70 WS 23.60 4.55 35145/- 16155/-
@ 3 g kg-1 seed and sprays of endosulfan at 0.07% at 45 DAE

T7 : Farmers practice 12.20 2.90 18990/- -

* Average of two years, Prices : Grain Rs. 1200/- q. fodder Rs. 1500/- ton.



was effective against stem borer.

The aphid damage rating was less in the
treatment with sole crop with seed treatment of
thiamethoxam 70 WS @ 3 g kg-1 seed and one
spray of NSKE @ 5 per cent at 45 DAE. The
grain yield and fodder yield was also better in
the treatment with sole crop with seed
treatment of thiamethoxam 70 WS @ 3 g kg-1

seed and one spray of NSKE @ 5 per cent at
45 DAE and sole crop with seed treatment of
thiamethoxam 70 WS @ 3 g kg-1 seed and one
spray of endosulfan at 0.07 per cent at 45 DAE
(Table 2). The total monetary returns and net
returns over the farmers practice were
maximum in the treatment with sole crop with
seed treatment of thiamethoxam 70 WS @ 3 g
kg-1 seed and one spray of NSKE @ 5  per cent
at 45 DAE (Rs. 16830/- and Rs. 35820/-) and
sole crop with seed treatment of thiamethoxam
70 WS @ 3 g kg-1 seed and one spray of
endosulfan at 0.07 per cent at 45 DAE
(Rs.16155/- and Rs. 3514.5/-). The results of
present study are in conformity with the
findings of Balikai (2003) and Balikai and
Bhagwat (2009) who reported that net profit
was maximum in the treatment with seed
treatment of thiamcthoxam 70 WS @ 3 g kg-1

seed and  spray of NSKE @ 5 per cent at 45
DAE and seed treatment of thiamethoxam 70
WS @ 3 g kg-1 seed and one spray of
endosulfan at 0.07 per cent at 45 DAE.

Eventhough, the endosulfan was found
better in controlling sorghum pests, it is not
recommended to use against them as the use of
endosulfan for the control of pests infesting
different crops has been banned.
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Some biological plant defense inducers such
as Trichoderma, Psuedomonas, Bacillus,
Serratra, non-pathogenic strains of Fusarium
and yeast have been developed as commercial
product to manage various diseases (Howell et
al. 2000, Benhamon and Garand, 2001,
Droby et al. 2002 and Varhagen et al., 2004).

Host resistance can be induced by the
application of non pathogenic micro organisms
(Vishwanath et al., 1999 and Singh et al.,
1999) and certain chemicals such as salicylic
acid (Spletzer and Enyedi, 1999) and β - amino
butyric acid (Cohen et al., 1994; Kaur and
Kolte, 2001). Plant adopts a variety of
biochemical defense towards microbial attack.

Various metabolic changes in plant tissues
induced by biotic and abiotic inducers have
been reported by various research workers.
(Gorlach et al., 1996; Reuveni et al., 1997;
Sticher et al., 1997, Benhamou and Belanger,
1998, Singh et al., 1999; and Howell et al.,
2000). It is well established fact that the
resistance can be induced in plants by biotic as
well as abiotic agents (Kessman et al., 1994,
Sticher et al., 1997, Kaur and Kolte, 2001).
However, genes in the susceptible plants can be
activated to show resistance by inoculation with
biotic as well as abiotic inducers (Vishwanath et
al., 1999). Therefore, the exploitation of
possibility of utilizing induced host resistance as
a realistic alternative to classical fungicides in
disease management has been tried.

Materials and Methods

Laboratory-cum-glasshouse experiments
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Abstract
The mustard genotype EC-399301 (RESJ-177) (white rust susceptible at cotyledonary leaf stage but

resistant at the true leaf stage), when treated with the amino acids at the cotyledonary leaf stage following pre
inoculation application of A. candida showed no development of symptoms in contrast to profuse
development of white rust (WR) pustules on cotyledons of similarly inoculated check plant of the same
genotype. No symptom development due to the amino acids was characterized by expression of
hypersensitive-like necrotic lesions on the cotyledons. The maximum chitinase activity was recorded in
treatment L-Cys at 2000 ppm. Following post inoculation application of A. candida no symptom
development due to the amino acids was characterized by expression of hypersensitive-like necrotic regions
on the cotyledons in all treatments of amino acids @ 2000 ppm except L-Tyr. The Chitinase activity was
recorded in the range of 5.49 x 10-5 to 7.48 x 10-5 µ mol N-acetylglucosamine x 1 x 1221 x 4 x mg of
protein in comparison to check (7.46 x 10-5 µ mol N-acetylglucosamine x 1 x 1221 x 4 x mg of protein). In
both the cases of pre and post inoculation application of the above amino acids hypersensitive response of
the treated cotyledons was found to be associated with enhanced activity of Chitinase enzyme.

Key words : Chitinase, Albugo candida, genotype EC-399301 (RESJ-177), amino acids.
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were conducted on white rust true leaf resistant
mustard genotype EC-399301 (RESJ-177).
The healthy seeds maintained through selling
were obtained from oilseed pathology
laboratory, GBPUA and T., Pantnagar which
were earlier obtained through NBPGR under
the Indo-UK collaboration on oilseeds (Kolte et
al., 2006). All chemicals and reagents were of
analytical and guarantee grade. Chemicals used
in the study of chitinase assay were obtained
from Sigma Chemical Co., USA.

The seeds were sown in plastic pots and
arranged in propagator trays (41 x 30 x 7 cm)
in three rows. Two to three seedlings were
maintained per pot of the propagator trays.
Seven day old seedlings with expanded
cotyledons were used for inoculation.

The humid chambers were prepared by
putting the iron frame of 1.5 x 0.6 x 0.7 m size
over the cement pit of 1.45 x 0.45 x 0.45 m
size containing water and covered by plastic
sheet. Four sets of such humid chambers were
prepared maintaining the inoculating
treatments in isolation treatments to avoid any
drift. Another type of humid chamber was
prepared by propagators trays of size 41 x 30
x 7 cm containing water and covered by plastic
sheet.

WR infected leaves were collected from
field grown WR susceptible mustard cultivar
"Varuna" at the Crop Research Centre and
further maintained as generation of single WR
pustule on the same cultivar on pot grown
mustard plants under glasshouse conditions.
Zoosporangial powder was obtained by
scrapping the surface of pustules with sterilized
blade. Sporangia of A. candida, i.e. about 200
mg sporangial powder was added to 100 ml of
double glass distilled water in 200 ml of flask.
The flask was then covered with parafilm and
shaken vigorously to obtain uniform suspension
of sporangia in water. The culture was then
incubated for about 4 hr. at 15°C to obtain

germination of sporangia so as to obtain
zoospores suspension which in the true sense
served as the inoculum for inoculation of the
cotyledons. The zoospore concentration was
approximately adjusted to 105 zoospores per
ml. The ten amino acids with 500, 1000, 1500
and 2000 ppm were used (Table 1).

In each case of the two methods of
inoculation, effect of amino acid with the same
concentrations was tested by placing 2 drops
(10 µl) with the help of Eppendorf pipette on
adaxial surface of each cotyledon and the same
leaf surface was used for inoculation of A.
candida. Propogator trays were covered with
polythene to obtain 90 to 100 per cent relative
humidity for 72 hr.

Observations on WR severity on
cotyledonary leaves were recorded 15 days
after inoculation by using an interaction
phenotype(IP) rating scale of 0 - 9 given by
Williams (1985) where, IP of 0-1 (no or traces
of WR infection) was rated as resistant
hypersensitive reactions and IP of 7-9 (profuse
WR symptoms on lower surface of cotyledons)
was rated as susceptible reaction.

Leaves were collected randomly from 2000
ppm concentration and check treatments.
Immediately after sampling, the leaf materials
were wrapped in aluminium foil, weighed and
stored in 1 g packs at -80°C. Then extracted
supernatant was used for the estimation of
chitinase assays. Protein content of mustard
cotyledonary leaves was estimated according to
Bradford method (1976), using bovine serum
albumin as standard.

Enzyme activity was estimated by
colorimetric determination of the release of N-
acetyl glucosamine in the reaction mixture.

Results and Discussion

After fifteen days of pre inoculation
application of amino acid, the highly significant
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difference was found among treatment
concentration and interaction (Tablel 1). It was
observed that highly significant minimum
disease index was observed at cotyledonary leaf
stage when it was preinoculated with L-Cys
Hyd (1.30%) which was at par with L-Pro
(1.37%), L-Cys (1.37%), Gly (1.61%) and L-Glu
acid (1.61). The slightly increased disease index
was observed in L-His Mon (2.14%) which was
at par with L-Arg Mon (2.30%). In treatment L-
Lyc Mon (3.38%) disease index was observed at

par with L-Tyr (3.45%) and L-Len (3.69%) in
comparison to check (39.14%).

After fifteen days of post inoculation
application of amino acid, the highly significant
difference was found among treatment
concentration and interaction in genotype EC-
399301 at cotyledonary leaf stage. It was
observed that L-Cys Hyd, L-Glu acid and L-Arg
Mon recorded (0.0%) disease index at par with
L-pro (0.69%) and L-Hiz Mon (0.69%). The
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Table 1. Effect of pre and postinoculation application of amino acids at different concentrations on reaction of mustard
genotype EC-399301 at cotyledonary leaf stage against WR under glasshouse conditions.

Treatment Disease index (%) after Disease index (%) after 
15 days of pre inoculation 15 days of post inoculation

–––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––
Concentration (%)

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
500 1000 1500 2000 Mean 500 1000 1500 2000 Mean

T1 L-Pro 1.84 0.00 1.84 1.83 1.37 2.77 0.00 0.00 0.00 0.69
(7.63) (0.57) (6.57) (4.90) (4.77) (9.58) (0.00) (0.00) (0.00) (1.84)

T2 L-Lys Mon 4.00 7.71 1.53 0.30 3.38 2.77 0.00 0.00 0.00 1.84
(11.30) (15.28) (6.86) (2.21) (8.90) (7.73) (0.00) (0.00) (0.00) (5.90)

T3 L-Tyr 4.91 3.08 4.61 1.23 3.45 0.00 0.00 2.77 3.70 1.61
(10.61) (8.30) (10.30) (4-07) (8.32) (0.00) (0.00) (7.73) (10.93) (4.66)

T4 L-Leu 0.30 2.15 8.62 3.70 3.69 0.00 2.77 0.00 0.00 0.69
(2.21) (8.22) (15.07) (10.71) (9.05) (0.00) (9.58) (0.00) (0.00) (2.39)

T5 L-Cys 0.30 3.06 1.83 0.30 1.37 2.77 2.77 0.00 0.00 1.38
(2.21) (8.40) (4.90) (2.21) (4.43) (7.73) (7.73) (0.00) (0.00) (3.86)

T6 L-Arg Mon 2.15 4.31 2.46 0.30 2.30 0.00 0.00 0.00 0.00 0.00
(6.56) (11.87) (7.33) (2.21) (5.67) (0.00) (0.00) (0.00) (0.00) (0.00)

T7 L-Gluacid 2.15 0.00 2.46 1.84 1.61 0.00 0.00 0.00 0.00 0.00
(8.22) (0.57) (7.33) (6.57) (6.57) (0.00) (0.00) (0.00) (0.00) (0.00)

T8 Gly 1.84 2.77 1.23 0.61 1.61 0.00 2.77 2.77 0.00 1.38
(6.57) (9.49) (4.07) (3.86) (3.86) (0.00) (9.58) (9.58) (0.00) (4.79)

T9 L-Cys Hyd 1.84 1.54 0.00 1.85 1.30 0.00 0.00 0.00 0.00 0.00
(6.57) (5.72) (0-57) (6.49) (6.49) (0.00) (0.00) (0.00) (0.00) (0.00)

T10 L-His Mon 1.23 2.46 3.08 2.46 2.14 0.00 2.77 0.00 0.00 0.69
(5.40) (8.57) (9.75) (8.90) (8.16) (0.00) (3.19) (0.00) (0.00) (0.79)

Check 39.14 39.14 39.14 39.14 39.14 38.62 38.62 38.62 38.62 38.62
(38.71) (38.71) (38.71) (38.71) (38.71) (38.93) (38.93) (38.93) (38.93) (38.93)

Mean 5.43 6.02 6.07 4.87 5.58 4.27 4.52 4.01 3.85 4.26
(7.44) (8.17) (8.01) (6.49) (7.47) (5.01) (5.36) (4.54) (4.18) (4.97)

C.D. at 5%
Treatment - - - - 3.95 - - - - 2.12
Concentration - - - - 2.38 - - - - 1.28
Interaction - - - - 7.91 - - - - 4.25

Figures in parenthesis are angular transformed.



disease index in Gly tvs (1.38%), L-Tyr (1.61%)
and L-Lyc Mon (1.84%) were minimum.

The mustard genotype EC-399301 (RESJ-
177) (WR susceptible at cotyledonary leaf stage
but resistant at true leaf stage), when treated
with the amino acids at the cotyledonary leaf
stage following post inoculation application of
A. candida showed no development of
symptoms in contrast to profuse development
of WR pustules of check plant of the same
genotype.

These results thus revealed that the amino
acids can be better used to induce resistance in
the host by following pre and post inoculation
method. This also indirectly revealed the
curative effect of these amino acids against WR
infection of mustard. In the present studies, the
amino acids as tested for their in vitro effect on
A. candida indicated the tendency of reduction
of sprorangial germination of A. candida.
However, the results on inhibition on the fungal
growth were non-significant.

The total protein in cotyledons treated with
L-Cys at 2000 ppm was 0.570 m g-1 similar to
check (0.570 mg g-1) in genotype EC-399301
after fifteen days of pre-inoculation (Table 2).

The increase in total protein was recorded in
the cotyledons treated with L-Glu acid at 2000
ppm (0.750 mg) and L-Cys Hyd at 2000 ppm
(0.750 mg) in comparison to check (0.570 mg).
The total protein content in cotyledons from all
other treatments was similar to check.

The total activity of chitinase enzyme in
cotyledons treated with L-Cys at 2000 ppm
was 0.0377 µ mol N-acetylglucosamine eq
min-1, similar to check (0.376 µ mol N-
acetylglucosamine eq min-1) in cotyledons of
EC-399301 after fifteen days of pre-
inoculation.

The total activity of chitinase enzyme of EC-
399301 after fifteen days of post-inoculation
application of amino acids was found to be
similar in cotyledons treated with L-His Mon
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Table 2. Effect of post inoculation application of amino acid on chitinase activity against Albugo candida on mustard
genotype EC-399301 using cotyledonary leaves.

Treatment Conc. Disease Total activity mg of Specific activity
(ppm) index (µ mol N- protein (µ mol N-

(%) acetylgluco- acetylgluco-
samine samine x 1 x 1
eq min-1) 221 x 4 mg of protein

T1 L-Pro 2000 0.00 (0.00) 0.0376 0.570 7.46 x 10-5

T2 L-Lys Mon 2000 0.00 (0.00) 0.0376 0.570 7.46 x 10-5

T3 L-Tyr 2000 3.70 (10.93) 0.0376 0.570 7.46 x 10-5

T4 L-Leu 2000 0.00 (0.00) 0.0376 0.570 7.46 x 10-5

T5 L-Cys 2000 0.00 (0.00) 0.0364 0.570 7.22 x 10-5

T6 L-Arg Mon 2000 0.00 (0.00) 0.0364 0.570 7.22 x 10-5

T7 L-Gluacid 2000 0.00 (0.00) 0.0364 0.750 5.49 x 10-5

T8 Gly 2000 0.00 (0.00) 0.0372 0.570 7.38 x 10-5

T9 L-Cys Hyd 2000 0.00 (0.00) 0.0364 0.750 5.49 x 10-5

T10 L-His Mon 2000 0.00 (0.00) 0.0377 0.570 7.48 x 10-5

Check 38.62 (38.93) 0.0364 0.570 7.22 x 10-5

CD at 5% 1.21 - - -

Figures in parenthesis are angular transformed values Enzyme activity in leaygsjrom some of the promising treatment (s) was
estimated.



(0.377 µ mol N-acetylglucosamine eq min-1) but
at par with L-Pro, L-Lys, L-Tyr, L-Leu at 2000
ppm (i.e. 0.0376 µ mol N-acetylglucosamine eq
min-1) followed by Gly (0.372 µ mol N-
acetylglucosamine eq min-1). All other
treatment showed similar total activity of
enzyme in comparison to check.

In the present investigation, the results thus
revealed induction of host resistance of
otherwise susceptible cotyledonary stage of EC-
399301 (RESJ-1771), when treated with the
amino acids at the cotyledonary leaf stage
following pre inoculation application of A.
candida. No symptom development due to the
amino acids was characterized by expression of
hypersensitive-like necrotic regions on the
cotyledons in L-Pro (@ 1000 ppm), L-Glu acid
(@ 1000 ppm), L-Cys Hyd (@ 1500 ppm). No
symptom development due to the amino acids
was characterized by expression of
hypersensitive-like necrotic regions on the
cotyledons in L-Arg Mon, L-Glu acid and L-Cys
Hyd (@ 500, 1000, 1500, 2000 ppm ) when
treated with the amino acids at the
cotyledonary leaf stage following post
inoculation application of A. candida.

The enhanced Chitinase enzyme activity as
studied in the present investigation was found
to be associated with expression of host
reaction against mustard genotype EC-399301
(RESJ-177) due to pre and post inoculation
application of amino acids .The induction of
host due to pre and post inoculation application
of amino acids was found to be associated with
enhanced activity of chitinase enzyme. The role
of salicylic acid in the induction of host
resistance has also been reported by several
other workers in different host pathogen
systems (Yalpani et al. 1991; Sticher et al.
1997; Harman, 2000 and Rohilla et al.,
2001).
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Some biological plant defense inducers such
as Trichoderma, Pseudomonas, Bacillus,
Serratra, non-pathogenic strains of Fusarium
and yeast have been developed as commercial
product to manage various diseases (Droby et
al., 2002; Benhamon and Garand, 2001,
Varhagen et al., 2004).

In the present studies efficacy of ten amino
acids (plant defense activators) in the control of
mustard white rust was tested under glass house
conditions. The use of these plant activators in
disease management is discussed.

Materials and Methods

In the present study, laboratory-cum-
glasshouse experiments were conducted on
white rust susceptible mustard cv. Varuna at,
GBPUA&T., Pantnagar. The healthy seeds

maintained through selfing were obtained from
oilseed pathology laboratory.

Mustard plants with fully expanded leaves
were used for induction of resistance using true
leaves. Solutions of ten different amino acid
were prepared in distilled water (w/v). The
amino acid solutions were sprayed on adaxial
surface of the leaf with automizer. For each
treatment, 3 replications were maintained. The
24 hr. already pretreated true leaves with ten
different amino acids were challenge inoculated
after 24 hr. with A. candida keeping suitable
control. The humid chambers were prepared by
putting the iron frame of 1.5 x 0.6 x 0.7 m size
over the cement pit of 1.45 x 0.45 x 0.45 m
size containing water and covered by plastic
sheet. This helps in providing high humidity for
infection. Four sets of such humid chambers
were prepared maintaining the inoculating
treatments in isolation treatments to avoid any
drift. Another type of humid chamber was
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Effect of Pre Inoculation Application of Amino Acids on
Incubation Period of White Rust Disease of Mustard at True

Leaf Stage of cv. Varuna
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Abstract
In the present investigation, following pre inoculation application of amino acid, the minimum incubation

period was observed in cv. Varuna at true leaf stage (11 days). The maximum incubation period was observed
in L-Cys Hyd (13 days) at par with Gly (12.75 days) followed by L-Arg Mon (12.25 days), L-Pro (11.75 days)
and L-Leu (11.50 days). After fifteen days of pre inoculation application of amino acids the maximum disease
index was observed in check (22.26%). The minimum disease index was observed in Gly (8.33%) at par with
L-Cys Hyd (9.49%) followed by L-Lys Mon (12.33%) at par with L-Lys Mon (12.66%), His Mon (14.93%).
After twenty one days of inoculation pre inoculation application of amino acids, the highly significant
minimum disease index was observed in L-Cys Hyd (18.24%) at par with Gly (19.41%) followed by L-Arg
Mon (20.26%) and at par with L-Pro (21.41%). Treatment L-Lyc Mon (22.67%) at par with L-Glu acid
(22.69%) and L-Cys (23.50%) followed by L-Leu (24.67%) and L-Tyr (27.66%) in comparison to check.
Abiotic inducers (amino acids) provide protection against the oomycete Albugo candida when pre inoculation
application of amino acids were undertaken at true leaf stage of cv. Varuna.

Key words : Albugo candida, incubation period, Varuna, amino acids.
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prepared by propagators trays of size 41 x 30
x 7 cm containing water and covered by plastic
sheet.

White rust (WR) infected leaves were
collected from field grown WR susceptible
mustard cultivar "Varuna" at the Crop Research
Centre (CRC) GBPUA&T, Pantnagar and
further maintained as generation of single WR
pustule on the same cultivar on pot-grown
mustard plants under glasshouse conditions.
Zoosporangial powder was obtained by

scrapping the surface of pustules with sterilized
blade. Sporangia of A. candida, i.e. about 200
mg sporangial powder was added to 100 ml of
double glass distilled water in 200 ml of flask.
The flask was then covered with parafilm and
shaken vigorously to obtain uniform suspension
of sporangia in water. The culture was then
incubated for about 4 hr. at 15°C to obtain
germination of sporangia so as to obtain
zoospores suspension which in the true sense
served as the inoculum for inoculation of the
cotyledons. The zoospore concentration was
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Table 1. Effect of preinoculation application of amino acids at different concentrations against white rust of mustard at true
leaf stage cv. Varuna.

Treatment Disease index (%)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Concentration (ppm)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

14 DAI* 21 DAI*
–––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––––
500 1000 1500 2000 Mean 500 1000 1500 2000 Mean

T1 - L-Pro 24.00 16.67 18.67 9.34 17.00 26.67 22.00 20.00 17.00 21.41
(28.69) (23.31) (17.62) (18.73) (22.09) (30.98) (27.92) (26.55) (24.32) (27.44)

T2 - L-Lys Mon 10.00 10.66 17.34 12.67 12.66 27.33 24.00 21.66 17.69 22.67
(17.04) (18.46) (23.40) (20.41) (19.83) (31.09) (29.29) (27.66) (24.8) (28.21)

T3 - L-Tyr 22.00 21.33 13.33 16.00 18.16 36.69 30.83 20.80 22.27 27.66
(27.91) (27.38) (20.56) (24.03) (24.97) (37.24) (33.66) (27.11) (28.12) (31.53)

T4 - L-Leu 24.97 17.34 14.66 14.00 17.74 32.66 24.68 23.33 18.00 24.67
(29.26) (24.50) (22.47) (22.20) (24.62) (34.79) (29.75) (28.84) (25.06) (29.61)

T5 - L-Cys 29.33 26.00 8.00 15.33 19.66 34.60 29.67 13.00 17.33 23.50
(32.78) (30.98) (16.42) (24.90) (26.12) (35.64) (32.93) (21.66) (24.55) (28.55)

T6 - L-Arg Mon 17.52 14.67 10.66 8.67 12.88 26.01 22.00 17.23 15.83 20.26
(24.70) (22.37) (18.98) (16.57) (20.66) (30.61) (27.92) (24.48) (23.41) (26.60)

T7 - L-Glu Acid 26.66 20.00 10.00 10.67 16.83 34.67 26.00 14.10 16.00 22.69
(31.07) (26.51) (18.19) (15.67) (22.86) (36.05) (30.63) (21.77) (23.54) (28.00)

T8 - Gly 11.33 10.00 8.00 3.99 8.33 21.66 20.33 20.67 15.0 19.41
(19.55) (18.37) (16.07) (12.39) (16.60) (27.67) (26.78) (27.02) (22.75) (26.06)

T9 - L-Cys Hyd 14.66 7.33 7.67 8.00 9.49 19.48 20.00 17.33 16.16 18.24
(22.44) (15.59) (15.98) (16.34) (17.59) (26.16) (26.47) (24.59) (23.63) (25.21)

T10 - L-His Mon 26.67 15.33 9.85 7.87 14.93 32.00 25.83 16.97 19.90 23.67
(31.04) (23.04) (18.07) (16.17) (22.98) (34.39) (30.47) (24.26) (24.65) (28.89)

Check 22.66 22.66 22.66 22.66 22.66 34.80 34.80 34.80 34.80 34.80
(28.42) (28.42) (28.42) (28.42) (28.42) (36.12) (36.12) (36.12) (36.12) (36.12)

C.D. at 5% :
Treatment 3.56 2.33
Concentration 2.15 1.40
Interaction 7.13 4.67

Figures in parenthesis are angular transformed values, *DAI = Days after inoculation.



approximately adjusted to 105 zoospores per
ml. Following ten amino acids with 500, 1000,
1500 and 2000 ppm concentration were used
viz., T1 - L-Pro (L-Proline), T2 - L-Lys Mon (L-
Lysine Monohydrochloride), T3 - L-Tyr (L-
Tyrosine), T4 - L-Leu (L-Leucine), T5 - L-Cys (L-
Cystine), T6 - L-Arg Mon (L-Arginine
Monohydrochloride), T7 - L-Glu Acid (L-
glutamic acid), T8 - Gly (Glycine), T9 - L-Cys
Hyd (L-Cysteine Hydrochloride), T10 - L-His
Mon (L-Histidine Monohydrochloride) and
check (unsprayed).

Inocula of A. candida were prepared and
inoculated after 24 hrs keeping suitable control.
Observations on WR severity on true leaves
were recorded 15 and 21 days after inoculation
by using an interaction phenotype (IP) rating
scale of 0-5 given by Williams (1985).

Results and Discussion

Following pre inoculation application of
amino acid, the minimum incubation period
was observed in cv. Varuna at true leaf stage
check (11 days). The maximum incubation
period was observed in L-Cys Hyd (13 days) at
par with Gly (12.75 days) followed by L-Arg
Mon (12.25 days), L-Pro (11.75 days) and L-
Leu (11.50 days). All other treatment such as L-
Lys Mon, L-Glu acid, L-Hys Mon and L-Tyr
showed same incubation period (i.e. 11.25
days). Similar observations were also recorded
by other workers in other host pathogen system
(Urena-Padila et al., 2002, Pria et al., 2003
and Scherm and Ojiambo 2004).

After fifteen days of pre-inoculation
application of amino acids the highly significant
difference was found among treatment,
concentrations and between interactions in cv.
Varuna at true leaf stage (Table 1). The
maximum disease index was observed in check
(22.26%). The minimum per cent disease index
was observed in Gly (8.33%) and at par with L-
Cys Hyd (9.49%) followed by L-Lys Mon

(12.33%) and par with L-Lys Mon (12.66%)
His Mon (14.93%). Treatment L-Glu acid
(16.83%) recorded at par result with L-Pro
(17.00%) and L-Leu (17.74%) followed by L-
Tyr (18.16%).

After 21 days of inoculation pre inoculation
application of amino acids, the highly
significant difference was found among all
treatment, concentration and interaction in cv.
Varuna at true leaf stage. The significantly
minimum disease index was observed in L-Cys
Hyd (18.24%) but at par with Gly (19.41%)
followed by  L-Arg Mon (20.26%) and at par
with L-Pro (21.41%). Treatment L-Lyc Mon
(22.67%) recorded at par result with L-Glu acid
(22.69%) and L-Cys (23.50%) followed by L-
Leu (24.67%) and L-Tyr (27.66%) in
comparison to check. Mustard plants acquired
resistance against white rust caused by Albugo
candida by previous or subsequent inoculation
with chemicals and biotic agents (Vishwanath et
al. 1999, Singh et al. 1999, Kaur and Kolte
2001 and Mishra et al. 2009). In the present
study results revealed that abiotic inducers
provide protection against the oomycete
Albugo candida when preinoculation
application of amino acids were undertaken.
This information on the effectiveness of amino
acids on reaction of mustard to WR infection
will be useful in designing the experiments in
future studies.
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Abstract
The joint scaling test for almost all the characters was found highly significant in all the crosses indicating

inadequacy of additive dominance model and presence of higher order interactions. Duplicate epistasis was
observed in all the crosses for shoofly tolerance. The cross SPV 1546 x RSV 458 is expected to be most
promising among all the four crosses, while parent RSV 458 and RSE-3 exhibited superior average
performance, individually and in cross combinations and parent SPV 1546 also showed better performance
for plant height, number of leaves plant-1 and number of eggs plant-1 studied for shootfly tolerance.

Key words : Epistasis, additive-dominance model, generation mean analysis, shoot fly
resistance, Sorghum bicolor (L.).
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Sorghum (Sorghum bicolor L. Moench) is one of the most important food grain crop in
the semi-arid tropics. Maharashtra is one of the
major sorghum growing state in the nation.
Shootfly (Atherigona soccata Rondani) is one
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of the major biotic factor which affect the
productivity in range of 20 to 50 per cent in
sorghum. Insects cause enormous loss in grain
and forage yield of sorghum worldwide. Grain
yield on poor farmer field are generally low and
insect pest are one of the major factor limiting
sorghum production. Among these pests
shootfly is one of the important, which causes
considerable damage to the crop.

Knowledge of gene action helps in the
selection of parents for hybridization
programme and also to choose the appropriate
breeding procedure for the genetic
improvement of various quantitative characters.
Therefore, insight into the nature of gene
action involved in the expression of various
quantitative characters is essential. It is the
necessity to the plant breeder, to know the
genetics of shootfly in sorghum to evolve
promising genotype either through

conventional breeding or biotechnological
approach.

Materials and Methods

The present investigation was conducted at
Sorghum Improvement Project, Mahatma
Phule Krishi Vidyapeeth, Rahuri. Four crosses
viz., SPV1587 x RSV458, SPV1587 x RSE3,
SPV 1546 x RSV458 and SPV 1546 x RSE3
were effected by hand emasculation and
pollination to study the genetics of traits
imparting shootfly resistance for raising F1
generations during rabi, 2004-05. The selfing
of F1 generation and back crosses were effected
to obtain enough self seed and back cross
generation during rabi, 2005-06.

The experimental material comprised of 36
treatments consisting of parents, F1s, F2s, B1s,
B2s, F3s, B1F2s, and B2F2s of four crosses viz.,
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Table 1. Mean performance and standard error of nine generations for three characters of sorghum shoot fly resistance.

Gen- SPV1587 x RSV458 SPV1587 x RSE3 SPV1546 x RSV458 SPV1546 x RSE3
era- –––––––––––––––––––––––– –––––––––––––––––––––––– ––––––––––––––––––––––––– ––––––––––––––––––––––––
tions Plant Leaves Eggs Plant Leaves Eggs Plant Leaves Eggs Plant Leaves Eggs

height plant-1 plant-1 height plant-1 plant-1 height plant-1 plant-1 height plant-1 plant-1
at at at at
matu- matu- matu- matu-
rity rity rity rity

P1 255.3 11.90 1.73 255.30 11.90 1.73 242.57 11.93 1.62 242.57 11.93 1.62
± 1.55 ± 0.16 0.14 ± 1.50 ± 0.16 0.14 ± 1.12 ± 0.16 0.13 ± 1.12 ± 0.17 0.14

P2 236.3 10.37 1.30 230.80 9.23 1.32 236.20 10.37 1.30 231.07 9.23 1.32
± 1.45 ± 0.17 0.12 ± 2.19 ± 0.15 1.13 ± 1.47 ± 0.17 0.12 ± 2.18 ± 0.15 0.13

F1 250.8 11.40 1.60 252.00 11.27 1.57 243.40 11.53 1.49 244.37 11.20 1.48
± 1.22 ± 0.16 0.14 ± 1.36 ± 0.14 0.13 ± 1.48 ± 0.14 0.13 ± 1.08 ± 0.14 0.10

F2 245.4 11.08 1.48 248.00 11.07 1.60 240.65 10.57 1.54 241.20 10.87 1.52
± 1.07 ± 0.11 0.09 ± 1.42 ± 0.10 0.09 ± 0.94 ± 0.11 0.09 ± 0.57 ± 0.08 0.08

B1 239.7 10.20 1.64 245.95 10.55 1.67 238.41 10.31 1.67 236.67 10.88 1.56
± 0.90 ± 0.10 0.10 ± 0.86 ± 0.09 0.10 ± 0.57 ± 0.09 0.10 ± 0.98 ± 0.09 0.08

B2 242.8 9.81 1.61 243.89 10.08 1.53 234.17 10.48 1.53 238.88 10.20 1.49
± 0.92 ± 0.08 0.10 ± 1.02 ± 0.10 0.08 ± 0.43 ± 0.12 0.08 ± 0.75 ± 0.11 0.08

F3 237.1 9.65 1.53 239.12 9.99 1.64 232.39 10.29 1.58 236.92 10.40 1.51
± 1.09 ± 0.09 0.09 ± 1.20 ± 0.09 0.08 ± 0.55 ± 0.08 0.08 ±  0.60 ± 0.10 0.07

B1F2 234.4 9.39 1.69 240.13 9.87 1.71 226.13 9.41 1.71 234.44 9.56 1.61
± 1.33 ± 0.07 0.09 ± 1.15 ± 0.11 0.07 ± 0.55 ± 0.10 0.07 ± 0.85 ± 0.09 0.07

B2F2 235.56 9.16 1.64 235.97 9.63 1.62 225.75 9.20 1.59 231.37 9.77 1.54
± 1.04 ± 0.08 0.08 ± 0.97 ± 0.12 0.08 ± 0.66 ± 0.10 0.08 ± 0.69 ± 0.99 0.06



SPV1587 x RSV458, SPV1587 x RSE3,
SPX1546 x RSV458 and SPV1546 x RSE3.
The sowing of P1, P2 and F1 generations were
done in a single row of 4.5m length with a
spacing of 45 x 15 cm, whereas the sowing of
F2s, B1s, B2s, F3s, B1F2S and B2F2s were
done in plot size of 4.5 x 3.6 m.,
accommodating 30 plants in each row.
Recommended doses of fertilizers were applied
@ 30 kg N ha-1 and 40 kg P2O5 ha-1 as a basal
dose at the time of sowing and remaining half,
30 kg N ha-1 was applied after 30 days of
sowing. The operations like thinning, weeding
and hoeing have been carried out regularly as
per the need and stage of crop growth. Crop
growth was uniform and satisfactory during the
season.

Ten competative plants were randomly
selected from each replication in both the
experiment in P1, P2 and F1 and twenty five
plants in F2, B1, B2, F3, B1F2, and B2F2
generations for recording observations on plant
height, number of leaves plant-1 and number of
eggs plant-1. The mean values were computed
for three traits associated with shootfly
tolerance of four crosses. The mean values
recorded for various characters from
observational plants were used for statistical
analysis.

To test the adequacy of additive dominance
model A, B, C, and D scaling test were applied.
The individual scaling test indicated that all or
either A, B, C, and D significantly deviated
from zero for all the characters, which indicated
the presence of non-allelic interaction. Three
tests of scale were carried out to detect
presence or absence of gene interaction by
Mather, (1949). Data collected on the mean of
the individual plant for different characters were
subjected to the weighted least square analysis
i.e. joint scaling test as outlined by Cavalli
(1952).

To provide information on the nature of
gene action governing the traits under study, all
the six parameters of generation means were
calculated following the method outlined by
Hayman (1958). The notations for the various
gene effects used in this study were those
adopted by Hayman (1958) are mean (m),
additive (d), dominance (h), additive x additive
(i), additive x dominance (j) and dominance x
dominance (l). The estimated parameters were
used in turn to calculate the expected
generation means.

Results and Discussion

To test the adequacy of additive-dominance
model A, B, C and D scaling test were applied.
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Table 2. Estimation of scaling test for detecting non-allelic interactions  for three characters of rabi sorghum.

Characters Scaling SPV1587 x SPV1587 x SPV1546 x SPV1546 x
tests RSV458 RSE3 RSV458 RSE3

Plant height at maturity (cm) A -26.66** -15.40** -10.14** -13.60**
B -3.58 4.99 -8.25** 2.33
C -11.71* -6.10** 3.05 2.43
D 8.27** 2.16 10.72** 6.85**

No. of leaves plant-1 A -2.90** -2.07** -2.85** -1.37**
B -2.14** -0.34 -0.94** -1.39**
C -1.75** 0.60 -3.07** -0.87
D 2.15** 1.51** 1.29** 0.67**

Number of eggs plant-1 A 0.11 0.03 0.07 0.08**
B 0.33** 0.13** 0.14** 0.12**
C -0.31** 0.16** 0.17** 0.07
D -0.37** 0.02 0.01 -0.06



Joint scaling test resulted into high chi-square
values for most of the characters indicating
inadequacy of additive dominance model. Both
individual scaling test and joint scaling test
revealed the presence of epistasis in all the
characters studied.

Plant height at maturity (cm) : The
mean values for plant height were ranged from
225.75 to 255.30 cm. The parent SPV1587
(255.30cm) recorded highest plant height

among all the parents studied for shootfly
tolerance. Among the crosses the F1 SPV1587
x RSE3 (252.00cm) recorded highest plant
height, followed by F2, B1 and B2 generations
of the cross SPY 1587 x RSE3 (Table 1).

The scaling test A was negatively significant
and had greater magnitude in comparison with
B, C and D scaling test in all the four crosses.
In the cross SPV1546 x RSV458 the scaling
test B was negatively significant and greater in
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Table 3. Estimation of gene effects in four crosses of shootfly resistance for rabi sorghum.

Crosses Plant height at maturity Type
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– of
m d h i j l epistasis
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Cross-I 245.37** -3.04* -11.53* -16.53** -12.53** 44.77** Duplicate
(1.06) (1.28) (5.23) (4.98) (1.66) (7.42)

Cross-II 248.00** 2.05* 4.62 -4.32 -10.19** 14.74 Complementary
(1.41) (1.32) (6.54) (6.26) (1.88) (8.65)

Cross-Ill 240.65** 2.23** -20.42** -21.44** -0.94 39.83** Duplicate
(0.94) (0.70) (4.39) (4.02) (1.16) (5.86)

Cross-IV 241.20** -2.51* -6.15 -13.70** -7.96** 24.97** Duplicate
(0.56) (1.23) (3.72) (3.34) (1.73) (6.32)

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Crosses Number of leaves plant-1 Type

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– of
m d h i j l epistasis
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Cross-I 11.08** 0.39** -4.02** -4.29** -0.38* 9.33** Duplicate
(0.11) (0.13) (0.55) (0.52) (0.17) (0.80)

Cross-II 11.06** 0.47** -2.31** -3.01** -0.86** 5.43** Duplicate
(0.10) (0.13) (0.52) (0.49) (0.17) (0.76)

Cross-Ill 10.57** -0.17 -1.34** -0.72 -0.95** 4.51** Duplicate
(0.10) (0.14) (0.55) (0.52) (0.19) (0.82)

Cross-IV 10.86** 0.66** -2.70** -1.33** -0.66** 2.73** Duplicate
(0.08) (0.14) (0.47) (0.43) (0.18) (0.74)

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Crosses Number of eggs plant-1 Type

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– of
m d h i j l epistasis
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Cross-I 1.51** 0.14** 0.83** 0.74** -0.11** -1.18** Duplicate
(0.094) (0.013) (0.049) (0.046) (0.016) (0.074)

Cross-II 1.60** 0.13** 0.09** -0.002 -0.05** -0.16** Duplicate
(0.092) (0.011) (0.047) (0.044) (0.015) (0.069)

Cross-Ill 1.48** 0.15** 0.12** -0.001 -0.06** -0.17** Duplicate
(0.095) (0.016) (0.043) (0.042) (0.016) (0.063)

Cross-IV 1.57** 0.08** 0.18 0.13** - 0.02** -0.33** Duplicate
(0.075) (0.014) (0.039) (0.037) (0.014) (0.059)



magnitude than rest of the crosses. The scaling
test C was negatively significant in cross
SPV1587 x RSV 458 and SPV 1587 x RSE3.
However, the scaling test was positively
significant in cross SPV 1587 x RSV 458, SPV
1546 x RSV 458 and SPV 1546 x RSE3 and
greater in magnitude in cross SPV 1546 x RSV
458 in comparison with rest of the crosses.
(Table 2).

The estimate of additive gene action was
found to be predominant, for plant height
which is fixable and could be utilized in selection
programme in crosses SPV 1587 x RSE3, SPV
1546 x RSV 458 and SPV1546 x RSE3,
which confirms the earlier findings of Biradar et
al. (2004), Solanki et al. (2007) and Jhansi
Rani et al. (2007) (Table 3 - 4).

The behavior of cross SPV 1587 x RSV458
was totally different from other three crosses, in
which dominance gene action was predominant
in favorable direction along with
preponderance of dominance x dominance (1)
interaction, which indicated the heterosis
breeding method would be more appropriate
for improvement of plant height. Among
epistasis gene effects dominance x dominance
(1) was more pronounced in all the crosses
except SPV1587 x RSE3, indicating it's
predominant role for inheritance of this traits.
The additive and dominance x dominance (l)
gene effects were predominant and both h and
l parameters had opposite sign, suggesting the

duplicate gene action in inheritance of this trait.
This finding confirms the earlier report of
Ravindrababu and Pathak (2001), Premalatha
et al. (2006), Baskheti and (2005) and Patil
(2008).

Number of leaves plant-1 : The number
of leaves plant-1 ranged from 9.16 to 11.93.
Among the parents, SPV1546 recorded the
highest number of leaves, followed by
SPV1587, while F1 of the cross SPV 1546 x
RSV458 exhibited highest number of leaves
plant-1 followed by F2 and B2 generations and
the cross SPV1587 x RSE3 exhibited
maximum number of leaves plant-1 in F2,
followed by B1 and B2 generations than rest of
the segregating generations of different crosses
(Table. 1).

The scaling test A, B and C were negatively
significant in which scaling test A had greater
magnitude and scaling test B and C had equal
magnitude in cross SPV1587 x RSV458.
However, scaling test D was positively
significant and equal in magnitude with scaling
test B. In the cross SPV1587 x RSE3 the
scaling test A was negatively significant and
greater in magnitude than scaling test B, C and
D whereas, the scaling test D was positively
significant. In the present investigation all the
crosses viz., SPV 1587 x RSV 458, SPV 1587
x RSE 3, SPV 1546 x RSV 458 and SPV 1546
x RSE 3, showed significance of individual
scaling test all or either A, B, C or D indicated
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Table 4. Estimates of gene action and gene interaction effects in the inheritance of traits related with shootfly tolerance.

Characters SPV1587 x RSV458 SPV1587 x RSE3 SPV1546 x RSV458 SPV1546 x RSE3
––––––––––––––––––––––– –––––––––––––––––––––– –––––––––––––––––––––– –––––––––––––––––––––––
Gene Gene Gene Gene Gene Gene Gene Gene
action interaction action interaction action interaction action interaction

Plant Dominance Dominance x Additive Additive x Dominance Dominance x Additive Dominance x
height (cm) Dominance Dominance Dominance Dominance

Leaves Dominance Dominance x Dominance Dominance x Dominance Dominance x Dominance Dominance x
plant-1 Dominance Dominance Dominance Dominance

Eggs Dominance Dominance x Additive Dominance x Additive Dominance x Dominance Dominance x
plant-1 Dominance Dominance Dominance Dominance



the presence of all three types of non-allelic
gene interaction effects viz., additive x additive
(i) additive x dominance (j) and dominance x
dominance (l) for plant height and number of
leaves plant-1 (Table 2).

The magnitude of additive gene effects was
higher in desirable direction than dominance
which indicated predominace of additive gene
action in the inheritance of this trait in all
crosses except SPV1546 x RSV458,
suggesting that simple selection would be more
effective for improvement of these traits as
reported by earlier findings of Senthil and
Palanisamy (1994), and Jhansi Rani et al.,
(2007). In cross SPV1546 x RSV458 the
additive effects were not in favorable direction
however, dominance effects were significant
and in desirable direction, indicating selection
method would not have good efficiency.
Looking to the predominance of dominance
gene action, heterosis breeding would be
exploited for the improvement of this trait,
which is in accordance with the earlier findings
of Gaikwad et al., (2002), Premalatha et al.,
(2006), Kulkarni et al., (2006) and Thul
(2007).

Among the digenic interactions, significantly
negative additive x additive (i) and additive x
dominance (j) and significantly positive
dominance x dominance (l) interaction effects
showed the presence of all three non-allelic
interaction effects. The magnitude of
dominance x dominance (l) interaction effect
was higher than additive x additive (i) and
additive x dominance (j) interaction effects
indicated predominance of additive (d) and
dominance x dominance(l) gene effects for
expression of this trait, along with duplicate
gene action This suggested that simple
selection would be effective in this trait. (Table
3 and 4).

Number of eggs plant-1 : From the data

presented in Table 1, it was observed that
number of shootfly eggs plant-1 varied among
the parents and crosses. The oviposition values
were ranged from 1.30 to 1.73. The tolerant
parent RSV458 exhibited less number of eggs
plant-1 followed by parent RSE3. Among the
crosses the lowest number of eggs plant-1 was
recorded in cross SPV1546 x RSE3 in B1F2,
B2F2, B1 and B2 generations, while higher
number of eggs plants-1 were recorded in all the
generations derived from the cross SPV1587 x
RSV458 (Table 1).

The scaling test B was positively significant,
while C and D were negatively significant and
among them D scaling test exhibited greater
magnitude, whereas A scaling test was non-
significant in cross SPV1587 x RSV458. In
cross SPV1587 x RSE3 and SPV1546 x
RSV458 the scaling test B and C were
positively significant in which C exhibited
higher magnitude in comparison with B scaling
test in both the crosses. However, scaling test A
and D were non-significant with less magnitude.
Similarly in the cross SPV 1546 x RSE3 scaling
test A and B were positively significant with
higher magnitude than rest of the scaling test
(Table 2).

The additive (d) and dominance (h) gene
action were positively significant and additive (d)
gene action had higher magnitude indicating
the preponderance of additive gene action in
cross SPV1546 x RSE3 and dominance (h)
gene action was higher in magnitude than
additive (d) gene action in cross SPV1587 x
RSV458, while among the interaction effects
all three types of non-allelic interaction were
negatively significant along with predominant
of dominance x dominance (l) interaction
effects, suggested that simple selection would
be more effective for the improvement. These
findings are in conformity with findings of
Nimbalkar and Bapat (1992), Ravindrababu et
al. (1997) and Thul (2007).

Journal of Agriculture Research and Technology 263



In crosses SPV1587 x RSE3 and SPV 1546
x RSV458 significantly positive additive (d) as
well as dominance (h) component with higher
magnitude of dominance gene effects, indicated
the presence of both additive as well as
dominance gene effects for governing this trait,
along with preponderance of dominance gene
action. The digenic interaction additive x
additive (i) was non-significant for these cross,
while additive x dominance (j) and dominance x
dominance (l) were negatively significant with
duplicate epistasis. Hence, exploitation of
heterosis would be more effective for the
improvement of these traits. Similar findings
were reported earlier by Ravindrababu et al.
(1997), Ravindrababu and Pathak (2000) and
Thul (2007).

Both additive and non-additive gene effects
were found to be important and playing an
important role. While considering the gene
effects simultaneously in the inheritance of the
traits associated with shootfiy tolerance viz.,
plant height at maturity, number of leaves
plant-1 and number of eggs plant-1 in which
either additive (d) or additive x additive (i) or
dominance (h) or dominance x dominance (l)
gene effects, in all the crosses were found to be
quite appreciable.

The importance of additive gene effects in
these traits suggested that selection would be
effective in improvement of thses traits.
However, difficulty in isolating better
performing lines is expected for some of these
characters, whereas, dominance or epistasis
effects were also significant, under such
circumstances heterosis breeding would be
effective for improvement of these traits. The
character viz., plant height at maturity and
number of leaves plant-1 in which dominance
effects with duplicate type of epistasis including
higher order interactions was found
predominant, in which heterosis breeding have
been suggested to break the undesirable

linkage, to accumulate favorable genes and to
generate desirable recombinants.
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Abstract
Among the five nutrient salts tested at different concentrations, CaSO4 @ 1.5 per cent gave significant

reduction in severity of Alternaria blight (by 47.59%) followed by Borax @ 0.75 per cent by 44.64 per cent
reflecting increase in the yield to the extent of 18.16 and 15.99 q ha-1 respectively in comparison to 12.27
q ha-1. All nutrient salts, application showed increase in the glucosinolate content in the seed (67.23-107.97
µ mol g-1) in comparison to unsprayed check plant (76.65 µ mol g-1) which consequently resulted in imparting
tolerance to mustard plant to infection caused by Alternaria brassicae. The maximum test weight was
recorded in borax @ 0.75 per cent (4.31 g) followed by borax @ 0.5 per cent (3.99 g) and potassium chloride
@ 0.5 per cent (3.58 g) in comparison to check. The minimum average apparent infection rate on leaf was
recorded in T15 NaB at 0.75 per cent (r = 0.0945) followed by T2 Cas at 1.0 per cent (r = 0.1071) in
comparison to check. The minimum apparent infection rate on pod was recorded in T12 Zns at 0.75 per
cent (r = 0.0239), followed by T7 Ks at 0.50 per cent (r = 0.0679) and T14 at 0.50 per cent (r = 0.081 8)
in comparison to check.

Key words : Alternaria blight, mustard, non-conventional chemicals, glucosinolate, host
resistance.

______________

The possibility that glucosinolate are
involved in resistance to fungal pathogen is
suggested by a number of findings (Dowson et
al., 1999) examined the changes m the
glucosinolate content of leaves following
inoculation with A. brassicae in cultivars
Bienvenu (single-low) and Cobra (double-low).

The glucosinolate content of leaves increased
markedly after inoculation, but the response
depended on leaf age and cultivar. Salicylic acid
and methyl jasmonate can selectively induce the
accumulation of particular types of
glucosinolate (Kiddle et al., 1994; Doughty et
al., 1995b) and also decrease the susceptibility
of oilseed rape seedling to infection by
particular pathogen (Doughty et al., 1995b).
The present investigation was undertaken to
explore the possibilities of use of non-
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1. Jr. Mycologist AICRP on mushroom, College of
Agriculture, Pune.



conventional chemicals in disease resistance by
enhancing level of glucosinolate content.

Materials and Methods

The present investigation was carried out at
the Govind Ballabh Pant University of
Agriculture and Technology, Pantnagar (India)
during 2003-2004 to study the effects of some
non-conventional chemicals against Alternaria
blight disease of mustard.

The experiments was laid down in a
randomized block design with three replications
and sixteen treatments. The plot size for each
treatment was 3 x 2 m2 for cv. Varuna, where
40 cm row to row and 10-15 cm plant to plant
distance wdre maintained. The distance
between two treatment plots was 1.0 m and
replication to replication was 2.0 m. All
recommended precautions were followed to
raise a good crop. A total of five non-
conventional chemicals, with three different
concentrations were tested as spray treatments
against Altemana, blight. These five non-
conventional chemicals are: CaSO4 (Cas), KCl
(Kl), K2SO4 (Ks), ZnSO4.7H2O (Zns),
Na2B4O7.10H2O (NaB). The first spray of
each non conventional chemical was given after
forty five days after sowing (DAS) and
subsequent second spray of each chemical was
given fifteen days after the first spray. Average
disease index on leaf due to Alternaria blight,
was taken at 10 days interval starting from 60
DAS (15 days after the first spray) until 90 DAS
by using 0-5 rating scale as given by Conn et
al. (1990 ). For recording observations five
leaves from the middle of the mustard plant
from each experimental plot were selected from
each replication randomly. 

Apparent infection rate was calculated from
the disease index at different times and
subsequent infection rate (r) was calculated by
using formula given by Vanderplank (1963).

Dry seed (220 mg) were crushed and 300 µl
70 per cent methanol was added in sample and
blank tube for inactivation of myrosinaze and
decomposition of tissue just after addition of
methanol sample tubes were kept into the
water bath at 80°C for 5 min. thenafter 2 ml of
double distilled boiling water was added to it
and samples were vertex. All the samples were
kept into water bath at 80°C for 15-20 min. All
the samples were kept at room temperature for
15 min. for cooling. All samples were vertex
and centrifuged at 12000 rpm for 10 min. 

5µl of supernatant pipetted into well of a
microplate standard, blank and unknown were
also kept together then 300µl of colour reagent
(2 mM sodium tetrachloropalladate + 20 mM
HCl litre-1) was added to it. Weighed 58.8 mg
of sodium tetrapalladate (117.6 mg) then added
90 ml of double distilled water, 174µl 36.4 litre
HCl and finally volume upto 100 ml were
made. The microtitre plate were kept into oven
at 70°C for 30 min. with blank, known and
unknown samples. The microtitre plate was
kept for reading photometry against blank at
405 nm by ELISA reader multichannel
photometer and finally observation reading
were taken.

Results and Discussion

Spot size : The significant minimum size of
spot was recorded in T15 NaB at 0.75 per cent
(2.05 mm) at par with T1 Cas at 0.5 per cent
(2.08 mm) followed by T5 Kl at 1.0 per cent
(2.24 mm), T2 Cas at 1.0 per cent (2.34 mm)
at par with T9 Ks (2.34 mm) and T4 Kl at 0.5
per cent (2.35 mm). The minimum size of spot
in all other treatment was recorded in the range
of (2.41 to 2.76 mm) in comparison to check
(2.95 mm) (Table 1). Similar results have been
reported by Kaur and Kolte (2001).

No. of spots : There was highly significant
difference among treatment observation
interval and interaction. It was observed that
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check gave maximum number of spots (12.16).
CaSO4 showed minimum number of spot

ranging from 7.52-7.71 at all three
concentrations, followed by ZnSO4 (8.34-
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Table 1. Effect of non conventional chemicals on Alternaria blight of mustered cv. Varuna under field conditions.

Treatment Conc. Size of Number Alternaria Gluco- Apparent Disease Apparent
(%) leaf of leaf blight sinolate infection index infection

spots spot/ (%) content rate on rate 
(mm) 25 mm2 (µ mole on leaf pod on pod

leaf g-1) (r) (r)
area

T1 Calcium sulphate 0.5 2.08 7.71 21.18 96.53 0.1129 31.14 0.0841
(25.24) (32.80)

T2 Calcium sulphate 1.0 2.34 7.52 31.15 72.58 0.1071 27.72 0.0920
(32.17) (31.93)

T3 Calcium sulphate 1.5 2.44 7.59 25.2 76.93 0.1081 31.87 0.0961
(28.44) (32.94)

T4 Potassium chloride 0.5 2.35 9.08 28.5 88.23 0.1280 28.34 0.0907
(29.71) (30.74)

T5 Potassium chloride 1.0 2.24 10.97 29.10 84.15 0.1222 27.75 0.0860
(30.55) (30.50)

T6 Potassium chloride 1.5 2.60 9.96 30.61 86.90 0.3732 26.01 0.0916
(31.34) (28.94)

T7 Potassium sulphate 0.5 2.55 11.04 28.33 105.54 0.1121 26.47 0.0679
(30.27) (29.94)

T8 Potassium sulphate 1.0 2.49 8.38 30.76 99.12 0.1253 34.25 0.0957
(31.70) (33.89)

T9 Potassium sulphate 1.5 2.34 9.82 32.23 94.34 0.1361 26.06 0.0829
(32.25) (31.21)

T10 Zinc sulphate 0.25 2.41 8.92 34.43 107.97 0.2673 32.13 0.088
(33.77) (33.40)

T11 Zinc sulphate 0.50 2.76 9.21 32.62 101.06 0.1386 29.00 0.0967
(32.43) (31.28)

T12 Zinc sulphate 0.75 2.74 8.52 32.16 67.23 0.1224 27.53 0.0239
(32.19) (30.26)

T13 Borax 0.25 2.44 8.34 26.17 68.64 0.1231 27.86 0.0902
(28.48) (31.12)

T14 Borax 0.50 2.53 9.10 27.35 83.01 0.1173 31.57 0.0818
(29.26) (33.18)

T15 Borax 0.75 2.05 8.47 22.37 85.83 0.0945 22.34 0.0907
(26.50) (26.81)

Check - 2.95 12.16 40.41 76.65 0.1170 37.96 0.0890
(38.36) (36.77)

CD at 5% 38.08

Treatments 0.27 1.24 2.08 3.04
Internal 0.15 0.62 1.04 1.52
Interaction 0.54 2.49 4.17 6.09

DAS = Days after sowing



9.10), ZnSO4 (8.52-9.21) at all three
concentrations. Overall mean also showed
highly significant difference among treatments.
CaSO4 showed minimum number of leaf spots
(6.91-7.16) followed by ZnSO4 (7.36-8.29)
and K2SO4 (7.54-9.49) at all three
concentrations. Similar results have been
reported by Kaur and Kolte (2001).

Apparent infection rate : The minimum
average apparent infection rate was recorded in
T15 NaB at 0.75 per cent (r = 0.0945) followed
by T2 Cas at 1.0 per cent (r = 0.1071) which
was at par with T3 Cas at 1.5 per cent (r =
0.1081).

Disease index on pod : It was observed
that disease index increased with time interval
the minimum disease index was found in T14

NaB at 0.75 per cent (22.34%) followed by T6
Kl at 1.5 per cent (26.01%) which was at par
with T9 Ks at 1.5 per cent (26.06%). There was
significantly difference in between treatment
and observations interval and interaction was
found to be significant.

Infection rate on pod : The minimum
apparent infection rate was found in T12 Zns at
0.75 per cent (r = 0.0239), followed by T7 Ks
at 0.50 per cent (r = 0.0679) and T14 at 0.50
per cent (r = 0.0818).

Growth and Yield : The height of cv.
Varuna was measured in different treatment at
the time of harvesting. The treatment T10 Zns
at 0.25 per cent attained maximum plant
height (2.08 m) which was at par with T9 Ks at
1.5 per cent (2.05) in comparison to check.
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Table 2. Effect of non-conventional chemicals on growth and yield components of mustard cv. Varuna under field conditions.

Treatment Conc. Growth components Yield components
(%) –––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––

Plant Primary Secondary Length Length Seeds Seed 1000 Yield
height branc- branc- of main of siliqua-1 yield seed (q ha-1)
(m) hes hes raceme siliqua plant-1 weight

(cm) (cm) (g) (g)

T1 Calcium sulphate 0.5 1.78 6.00 11.93 75.20 5.16 14.26 5.51 3.48 16.33

T2 Calcium sulphate 1.0 1.79 6.71 14.40 74.30 5.01 13.66 8.18 3.35 17.94

T3 Calcium sulphate 1.5 1.81 4.66 10.40 79.56 5.00 14.66 6.72 3.19 18.16

T4 Potassium chloride 0.5 1.73 4.46 11.86 71.20 4.77 15.66 4.82 3.58 13.22

T5 Potassium chloride 1.0 1.83 5.80 10.26 85.50 5.00 13.33 5.59 3.38 13.66

T6 Potassium chloride 1.5 1.80 5.26 11.86 70.23 5.24 14.06 5.91 3.47 12.99

T7 Potassium sulphate 0.5 1.91 5.53 10.53 75.10 5.28 14.66 5.52 3.39 13.26

T8 Potassium sulphate 1.0 1.87 6.42 12.41 65.20 4.68 13.60 7.72 3.04 11.74

T9 Potassium sulphate 1.5 2.05 5.45 9.73 48.72 5.02 13.40 5.57 3.10 13.77

T10 Zinc sulphate 0.25 2.08 5.32 10.13 75.16 5.11 14.33 6.38 3.23 13.16

T11 Zinc sulphate 0.50 1.76 5.40 12.05 78.15 4.90 12.80 4.72 3.53 15.16

T12 Zinc sulphate 0.75 1.74 5.34 12.14 61.16 5.09 12.83 5.75 3.24 13.49

T13 Borax 0.25 1.95 4.80 12.00 67.15 4.60 13.46 4.10 3.44 13.11

T14 Borax 0.50 1.90 5.53 12.26 78.15 4.70 13.83 5.40 3.97 14.11

T15 Borax 0.75 1.84 5.27 11.06 80.02 5.15 13.46 5.35 4.31 15.94

Check - 1.72 5.14 7.13 78.06 5.16 13.40 5.11 3.02 12.27

CD at 5% 0.24 1.47 2.84 17.50 0.51 2.78 4.22 0.54 3.35



The significant increase in plant height was also
observed in T13 NaB (1.95 m), T7 (1.91 m) at
0.5 per cent and T14 NaB at 0.5 per cent (1.90
m) which were at par with each other in
comparison to check. The maximum number of
primary branches were observed in T2 Cas at 1
per cent (6.71), followed by T8 Ks at 1.0
(6.42), T1 Cas at 0.5 per cent (6.00) in
comparison to check (5.14). The significant
maximum number of secondary branches were
observed in T2 Cas at 1.0 per cent (14.40),
followed by T8 Ks at 1.0 (12.41) and T14 NaB
at 0.5 per cent (12.26) in comparison to check
(7.11) (Table 2). Similar results have been
reported by Mengel and Kirkby, (1978) and
Huber (1980). 

The significant maximum average length of
main raceme were observed in T5 Kl at 1.0 per
cent (85.50 cm) followed by T15 NaB at 0.75
per cent (80.02 cm), T3 Cas at 1.5 per cent
(79.56 cm) and T14 Zns and T14 NaB at 0.5
per cent were showed equal length of main
raceme i.e. (78.15 cm). There were significant
effect on average length of main raceme
duetonon-conventional chemicals. The
maximum length of siliqua recorded in T7 Ks at
0.5 per cent (5.28 cm) at par with T7 Kl at 1.5
per cent (5.24 cm) in comparison to check.

The significant maximum seed yield per
plant was recorded in T2 Cas at 1.00 per cent
(8.18g) followed by T8 Ks at 1.0 per cent
(7.72g), T3 Cas at 1.5 per cent (6.72g) at par
with T10 Zns at 0.25 per cent (6.38 g). The
significant maximum seed yield was recorded in
T2 Cas at 1.0 per cent (17.94 q ha-1) followed
by T3 Cas at 1.5 per cent (18.16 q ha-1), and
NaB at 0.75 per cent (15.94 q ha-1) in
comparison to check (12.27 q ha-1) and the
maximum thousand seed weight was recorded
in T15 NaB at 0.75 per cent (4.31 g) followed
by TM NaB at 0.5 per cent (3.99 g), T4 Kl at
0.5 per cent (3.58 g). Highly significant effect

was observed on thousand seed weight due to
spray of conventional chemicals.  Similar results
have been reported by Mengel and Kirkby,
(1978) and Huber (1980).

It was observed that the lowest glucosinolate
content (Table 1) in seed was recorded in check
(76.65 µ mol g-1). From the data it was revealed
that these increase in glucosinolate in the range
of 72.58 to 107.97 µ mol g-1 by following the
spray treatments of different salt nutrients. It
was also observed that the maximum
glucosinolate µ mol g-1 was recorded in T10 Zns
at 10.2516 (107.97 µ mol g-1) at par with T7
Ks at 0.5 per cent (105.94 µ mol g-1) in
comparison to check (76.65 µ mol g-1). Among
the nutrient salts, ZnSO4 application also
showed similar results in increasing the
glucosinolate content in the seed (101-108 µ
mol g-1) in comparison to unsprayed plant
(76.65 µ mol g-1). It is noteworthy to mention
herewith that the glucosinolate content in the
mustard seed has been reported to be
important in making the plant tolerant to
infection particularly the fungal pathogen like
A. brassicae (Dowson et al., 1993, Blight et al.
1995, Doughty et al., 1995a, Doughty et al.,
1995b and Kiddle et al., 1994).

Overall results indicated that nutrient salts
calcium sulphate found to be effective in
controlling disease and increasing yield of
mustard seed in the range of 16-18 q ha-1

though increase in glucosinolate content was
still lower than other treatments (Table 3). All
other salts found to be effective in increasing
the glucosinolate content in the range of
(76.93-107.97 µ mol g-1) and imparting
induction of host resistance thereby increasing
yield and minimizing disease index. Therefore
two spray applications of calcium sulphate @
0.5 to 1.5 per cent at 60-75 DAS could be an
eco-friendly substitute for management of
Alternaria blight of mustard and simultaneously
obtaining highest yield of mustard.
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Habitat manipulation in cropping system in
agriculture as well as horticulture has several
mechanisms by which natural enemies may be
favoured by non-crop vegetation. The most
important in this respect are provision of
shelter (Thomas et al., 1992), plant foods such
as nectar and pollen (Hickman and Wratten,
l996) and alternative prey of hosts (Bugg et al.,
1987). However, these studies like most others
which have used this approach have largely
been neglected until very recently in India.

Cotton (Gossypium hirsutum Linn.) is one
of the important commercial crops grown in
India which plays a significant role in earning
foreign exchange mostly from textile industry.
The crop attracts over 162 species of insect
pests in the country but the striking crop
damage has inflicted by certain sucking pests
and tissue borers. The unilateral approach of

combating the ravages caused by aphids,
jassids, thrips, whiteflies and bollworms both
spotted bollworm and American bollworm by
chemical insecticides reached to peak stage
which has merely increased the cost of plant
protection with meager effect on pest control.
Therefore, it was decided to investigate the
long-term and sustainable pest management
strategies in cotton utilizing biological agents by
way of conservation and augmentation
practices. In order to illustrate the potential for
habitat manipulation to contribute towards a
more sustainable approach for pest
management through biological control, the
attempt has been made particularly in rainfed
cotton cultivated largely in Maharashtra.

Materials and Methods

The field experiment on evaluation of
habitat manipulation practice in comparison
with biointensive pest management (BIPM) and
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Abstract
The practice of habitat manipulation in rainfed crop consisting four paired rows of cotton interspersed

with two rows of cowpea and one row of marigold, paired row of maize as border crop, and release of
Chrysoperla zastrowi sillemi @ 5,000 larvae ha-1 synchronizing with appearance of sucking pests and
Trichogramma chilonis @ 1.5 lakh parasitoids ha-1 four times at weekly interval coinciding with egg laying
of bollworms found statistically effective in suppressing the sucking pests viz., aphids, jassids, thrips and
whiteflies. It was also found that the bollworm (Earias vitella Fab.) damage to bolls (4.97%) and locules
(6.01%) was supressed and increased the population of natural enemies viz., coccinellids (7.32 cotton
plant-1; 8.59 cowpea plant-1) and chrysopids (12.51 cotton plant-1; 7.55 cowpea plant-1) and yield of seed
cotton (16.95 q ha-1) with additional returns from intercrops like cowpea (0.926 q ha-1) and marigold (0.393
q flowers ha-1) over farmer's practice of need based sprays of dimethoate 0.03 per cent, endosulfan 0.07 per
cent and fenvalerate 0.1 per cent. Moreover, the BIPM practice could be compared favourably with habitat
manipulation practice in this respect.
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farmer's practice was conducted at the
Research farm of College of Agriculture, Pune
(Maharashtra) during kharif season of 2007-08
to 2009-10. The non-Bt cotton seeds of
cultivar Ajeet-11, Kanak and Phule-492 were
sown in the month of June of the respective
years. The plant spacing was 90 x 90 cm
except in habitat manipulation block which was
90 x 60 cm to maintain plant population in
paired row planting of cotton. Each treatment
block was 40 x 40 m which was further divided
into 9 sub-plots as replications. The treatments
comprised of - T1 : Habitat manipulation : Four
paired rows of cotton interspersed with two
rows of cowpea and one row of marigold,
paired row of maize as border crop around the
plot, release of Chrysoperla zastrowi sillemi @
5,000 grubs ha-1 synchronizing with
appearance of sucking pests and release of
Trichogramma chilonis @ 1.5 lakh ha-1 four
times at weekly interval coinciding with egg
laying of bollworms; T2 : Biointensive Pest
Management (BIPM) practice : Seed treatment
with Trichoderma @ 5 g kg-1 seeds, border
rows of maize around each plot, erection of
bird perches @ 10 ha-1, need based release of
Chrysoperla zastrowi sillemi @ 14,000 grubs
ha-1 from the appearance of aphids at later
stage, initial spray of neem seed extract @ 5 per
cent suspension and release of T. chilonis @
1.5 lakh ha-1 four times at weekly interval
synchronizing with appearance of bollworm
activity and T3 : Farmers' practice : Need based
sprayings of dimethoate 0.03 per cent,
endosulfan 0.07 per cent and fenvalerate 0.1
per cent.

Paired row planting of cotton (T1) and seed
treatment (T2) were initiated from planting of
the crop. The intercrops- cowpea, marigold
and border rows of maize were  sown three
weeks after germination of cotton seeds.
Release of Chrysoperla zastrowi sillemi was
undertaken at 40 days after germination (DAG)
in T1 and 65 DAG in T2 blocks. The bird

perches were erected at 60 DAG and spraying
of NSE 5 per cent was carried out a week later
in T2. Whereas, inundative release of T.
chilonis started from 60 DAG in T1 and T2
blocks. Need based sprays of insecticides in
farmer's practice block (T3) were given at three
weeks interval starting from 35 DAG. 

Oservations on activity of sucking pests,
bollworms and natural enemies were recorded
on leaves, shoots, locules and green bolls from
five randomly selected plants from each
treatment plots at fortnightly interval. The
population of aphids, jassids, thrips and
whiteflies were recorded on three leaves (top,
middle and bottom portion) from each plant up
to 75 DAG. The bollworm damage especially
Earias vitella Fabricius was recorded by
counting healthy and infested locules and green
bolls on each plant from the treatment plots at
fortnightly intervals till harvest of the crop.

The population of natural enemies (all visible
stages) viz.,  coccinellids and chrysopids were
recorded at fortnightly interval from the whole
plant. The yield of seed cotton (Kapas) and
cowpea and marigold flowers was recorded.

Further, three seasons data were pooled,
transformed appropriately and then subjected
to analysis of variance. The incremental cost
benefit ratio (ICBR) was worked out on the
basis of pooled data.

Results and Discussion

Effect on sucking pests : It is evident
from the data that all the treatments showed
significant differences among sucking pests
(Table 1). The population of aphids, jassids and
whiteflies was minimum in BIPM block,
followed by habitat manipulation and the
treatments differed significantly from each
other except jassids population. However,
thrips population was lowest (19.02 thrips 3
leaves-1 plant-1) in habitat manipulation and it
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was at par with BIPM practice. The farmer's
practice of spraying three rounds of chemical
insecticides in rainfed cotton found least
effective in suppressing the sucking pests
population and the treatment differed
significantly from habitat manipulation as well
as BIPM practices. Earlier, Javier and Altieri
(1990) reported that maize could harbour a
large number of natural enemies in multiple
cropping system, and they stated the
significance of availability of alternate species of
aphids as food for the predators like
Chrysoperla spp. and Nabis sp. in cotton +
maize and cotton + sorghum cropping system.
Further, Wu et al. (1991) observed that
intercropping of maize in cotton fields
increased the population of arancae,
coccinellidae and chrysopidae compared to
control plot. Patel (1996) revealed that
biological control based IPM module having
cotton (H-6) interspersed with maize (10%
plant population) along with release of C.
carnea and T. chilonis proved effective in
suppressing the population of sucking pests in
cotton. Bharpoda et al. (2000) reported that
the IPM module consisting spray of Delfin,

release of T. chilonis, C. carnea and use of
pheromone traps proved effective in managing
cotton pest complex including sucking pests.
Godhani (2006) recorded significant reduction
in sucking pests population in cotton
intercropped with maize, sesame and soybean
which harbored about 12 species of parasitoids
and predators. The findings of these research
workers are in corroboration with the results of
present study.

Effect on bollworm damage : The
bollworm damage to bolls and locules due to E.
vitella ranged from 4.97 to 9.55 and 6.01 to
9.54 per cent, respectively in the different
treatment plots. There was significant reduction
in boll (4.97%) and locule (6.01%) damage in
habitat manipulation block and it was
significantly superior to BIPM (6.11 and
7.32%) and farmers practices. Jadhav et al.
(2000) reported that cotton hybrids grown
adjacent to sorghum had significantly increased
egg parasitism by T. chilonis in bollworms than
in monocrop. Patel (2001) observed that maize
and senna when intercropped with cotton
resulted in significant reduction in bollworm
incidence as compared to control. Virk et al.
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Table 1. Effect of crop habitat manipulation on pest complex, natural enemies and yield of rainfed cotton (Pooled data of
three years).

Treatment Sucking pests population NEs population Bollworm Seed
(No. 3-1 leaves plant-1)* plant-1* damage (%)** cotton

––––––––––––––––––––––––––––––– ––––––––––––––––– ––––––––––––––––– yield
Aphids Jassids Thrips White Chry- Cocci- Bolls Locules (q ha-1)

flies sopids nellids

Habitat manipulation 26.59 3.90 19.02 3.41 12.51 + 7.32 + 4.97 6.01 16.95
(5.18) (2.09) (4.40) (1.95) 7.55 on 8.59 on (12.77) (12.49) + 0.926 cowpea

cowpea cowpea + 0.393 marigold

BIPM practice 23.52 3.44 20.09 2.76 11.63 9.19 6.11 7.32 17.65
(4.86) (1.97) (4.52) (1.79) (14.26) (15.67)

Farmer's practice 32.33 5.23 25.42 4.73 5.17 3.94 9.55 9.54 13.90
(5.72) (2.38) (5.07) (2.28) (17.95) (17.93)

SE± (0.07) (0.04) (0.07) (0.04) (0.27) (0.94) 0.25

CD at 5% (0.22) (0.13) (0.22) (0.12) (0.81) (2.83) 0.74

CV (%) (4.29) (5.92) (4.65) (6.14) (5.39) (18.45) 4.60

Means of observations recorded at 15 days interval on 5 plants from each of 9 replications for three years; 
Figures in brackets are *√ n+0.5 and ** arc sin transformed values, NEs : Natural enemies



(2004) reported that sorghum intercropped
with cotton increased the parasitism of T.
chilonis and reduced the incidence of
bollworms, which might be due to shifting of
parasitoids from sorghum to cotton crop.
Godhani (2006) recorded significant reduction
in square and green boll damage by bollworm
E. vitella with considerable increase in
parasitism of T. chilonis when cotton was
intercropped with maize, sesamum and
soybean. Godhani et al. (2010) observed that
habitat manipulation in cotton with bioagents
found effective in suppressing the bud and
green boll damage.

Besides the use of biological components in
BIPM blocks, the bird perches found effective to
encourage predatory birds (Bhagwat, 1997).
Panchabhai et al. (2005) reported that the
package consisting release of T. chilonis @ 1.5
lakh ha-1 + C. carnea @ 2 eggs plant-1 were
significantly effective over other treatments in
suppressing the damage of E. vitella in cotton.
Thus, the findings of these earlier workers in
employing habitat manipulation and BIPM
practices in cotton are in agreement with the
present results.

Effect on natural enemies : Data on
arthropod natural enemies mainly chrysopids
(Chrysoperla zastrowi sillemi Esben-Peterson)
and coccinellids (Coccinella septempunctata
Linn.) recorded in different treatment blocks
during three seasons showed considerable
variation as well as seasonal fluctuations in their
population. Average population of these
predators were maximum (12.51 + 7.55
chrysopids; 7.32 + 8.59 coccinellids plant-1)
on cotton + cowpea in the habitat manipulation
block, followed by BIPM plots (Table 1).
However, these were least in numbers in the
farmer's practice owing to toxic effects of
insecticides applied in the plots. Javier and
Altieri (1990) observed that maize could
harbour large number of natural enemies like
Chrysoperla sp. and Nabis sp. in aphid
colonies on maize as alternate prey in
polycropping system of cotton. Patel (1996)
opined that habitat manipulation in cotton
provided conducive environment to
entomophages which resulted into increase in
their population. Patil (1998) recorded highest
number of predators in cotton + cowpea based
cropping system. Kavitha et al. (2003)
observed that the population of predators like
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Table 2. Economics of different crop management practices in rainfed cotton.

Treatment Material Labour Total cost + Total Net ICBR
cost* cost** plant protection returns returns
(Rs. ha-1) (Rs. ha-1) (Rs. ha-1) (Rs. ha-1) (Rs. ha-1)

Habitat manipulation 12,867 8,700 21,567 50,850 32,707 1: 1.52
+ 1,852
+ 1,572
54,274

BIPM practice 12,800 8,833 21,633 52,950 31,317 1: 1.45

Farmer's practice 13,090 8,267 21,357 41,700 20,343 1: 0.95

*Cost includes seeds, seedlings, fertilizers, insecticides, bioagents, bird perches;
** Land preparation, sowing, interculturing, application of fertilizers and various treatments, harvesting, etc.

Market rates used for calculation of economics
Yield : Cotton- Rs. 3,000 q-1; Cowpea-Rs. 20 kg-1; Marigold flowers-Rs. 40 kg-1

Material cost : Cotton seed- Rs. 375 kg-1; Cowpea seed- Rs. 50 kg-1, Maize seed- Rs. 20 kg-1; Marigold - Rs. 40/100
seedlings; Bird perches- Rs. 80 perch-1;
Trichocard - Rs. 40 card-1; Chrysoperla - Rs. 300 1000-1 larvae; Trichoderma - Rs. 150 kg-1; Neem seeds- Rs. 10 kg-1; 
Dimethoate - Rs. 320 lit-1; Endosulfan - Rs. 265 lit-1; Fenvalerate - Rs. 300 lit-1; Labour charges - Rs. 100 day-1.



spiders, coccinellids and green lace wings was
abundant in cotton plots stripped with sorghum
and maize. Virk et al. (2008) recorded
significantly higher population of natural
enemies in the habitat manipulation practice
than chemical control plots of cotton. Godhani
et al. (2009; 2010) recorded relatively more
number of bioagents (C. carnea, lady bird
beetles, Geocoris bugs, staphylinid adults,
Rogas cocoons and spiders) in habitat
manipulation plots in comparison with
insecticidal treatments and untreated check.
The reports of these earlier workers are in
agreement with the present findings in this
respect.

Effect on yield : Pooled analysis of three
years data revealed that maximum yield of seed
cotton (17.65 q ha-1) was obtained from BIPM
block being superior treatment and it was at par
with habitat manipulation (16.95 q ha-1).
Moreover, there was additional return from
intercrops cowpea (0.926 q ha-1) and marigold
flowers (0.393 q ha-1). Maximum net returns
were realized from habitat manipulation block
(Rs. 32,707 ha-1) with 1:1.52 ICBR which was
inclusive of additional returns from intercrops.
It was, however, followed by BIPM practice
showing 1:1.45 ICBR (Table 2). These results
are in conformity with Bambawale et al. (2004)
who recorded maximum yield of seed cotton
(12.4 q ha-1) with highest net returns (Rs.
16,231 ha-1) from IPM block of Bt cotton cv.
MECH-162, Patel (2001) registered higher
ICBR (1:11.26) when cotton interspersed with
maize and senna as compared to insecticidal
treatment (1:6.45). Similarly, Godhani (2006)
observed 1:12.02, 1:9.33 and 1:3.94 ICBR in
case of cotton interspersed with maize, sesame
and soybean, respectively. Moreover, Godhani
et al. (2009) received significantly highest yield
of seed cotton (21.11 q ha-1) and maximum net
return Rs. 18,685 ha-1 with 1:7.95 ICBR from
habitat manipulation with bioagents and
intercrops as compared to insecticidal control.

It is evident from the current studies that the
habitat manipulation was the most economical
treatment.

Thus, it could be inferred from the present
investigation that habitat manipulation in
rainfed cotton consisting four paired rows of
cotton interspersed with two rows of cowpea
and one row of marigold, paired row of maize
as border crop, release of Chrysoperla
zastrowi sillemi @ 5,000 grubs ha-1

synchronizing with appearance of sucking pests
and Trichogramma chilonis @ 1.5 lakh
parasitoids ha-1 four times at weekly interval
coinciding with egg laying of bollworms found
effective in suppressing the sucking pests as
well as bollworm damage and increased the
natural enemies fauna and seed cotton yield
with 1:1.52 ICBR. This practice could be
compared favourably with BIPM practice.
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Paddy is a unique crop in which
processing/milling is needed in between
production and consumption which make value
addition. The different varieties of paddy are
preferred for different purpose. Hence, the
study was planned in South Konkan region of
Maharashtra with objectives, to estimate the
quantity and varieties of paddy processed by
different rice and poha mills (beaten rice) and
their utilizations in South Konkan region and to
study the price spread in marketing of paddy.

Materials and Methods

The area under rice and its productivity was
more in Sindhudurg district compared to
Ratnagiri district (triennium average 2007-
2009), Sindhudurg district was selected
purposively, for this study. List of rice mill
owners was obtained from District Industrial
Centre of Sindhudurg and Ratnagiri district.
There are 23 rice mills in Sindhudurg district,
out of which 14 rice mills are also having
beaten rice mills (Poha Mills) whereas in

Ratnagiri District, out of 24 rice mills 7 rice
mills are also having beaten rice mills (Poha
Mills).  

Ten rice mills and ten poha mills from 5
talukas which are having highest cultivated area
under paddy were selected randomly from
Sindhudurg district. In addition, 100 farmers
from the vicinity of selected rice and beaten
mills were selected purposively from the vicinity
of selected rice and beaton mills. The data were
collected by personal interviews from mill
owners and farmers with specially designed
schedule for the agriculture year 2010-11. 

Results and Discussion

Among the samples collected, rice mill
owners were having experience of about 23 to
26 years and their educational score was in
between 9 to 10 and farmers were having
experience of at 24-51 years. Most of the rice
mills were modern types having private
ownership. Out of which 60 per cent were
having rubber roll shellers.  In case of poha mills
cent per cent were privately owned; of which
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60 per cent were traditional and 40 per cent
were modern type.

In rice and poha milling two important
methods of milling are observed, custom milling
and trade milling. Out of 10 rice mills 90 per
cent follow custom milling while 10 per cent
are having both custom and trade milling.
Whereas in poha mills 80 per cent follow
custom milling and 20 per cent are having both
custom and trade milling.

The season of rice milling was started from
harvesting of paddy (October - January). In the
1st four months about 30 per cent of paddy
production was brought for milling whereas in
next four months (February- May ) major paddy
production (60 %) was brought for milling. Very
meager quantity of production (10%) of paddy
brought for milling in June- September.  

In case of poha milling October to January
is peak season in South Konkan because poha
milling is done for Dipawali festival and giving
gifts to the relatives after harvest of crop in
these month. In South Konkan, paddy is
generally cultivated in kharif season and there
is no marketable surplus of paddy in this region.
Hence, trade milling was very meager. The rate
of custom milling of rice was Rs. 65 quintal-1

and for poha millings  Rs. 600 quintal-1 .

The per day paddy processed by rice mill
was 43.38 quintals and by poha mill 10.32
quintals. The total paddy processed by rice mill
was 80.69 tones in the year and 7.22 tones by
poha mills in the year. Similar observations
were reported by Adrenola and Kolawale
(1996).

The 70 per cent rice mill owners (Table 1)
and 80 per cent poha mill owners preferred,
Masuri  and Bella as  good varieties for rice and
poha milling respectively. Where as 60 per cent
rice mill owners gave preference for Ratna and

Kolam variety, Jaya (50.00 %), Sahydri (30.00
%) and other varieties like Rupali, Sonam, R-24
were preferred by 20 per cent of rice mill
owners. For custom milling there was no
varietal preferences but while purchasing paddy
for trade milling the recovery and fineness of
grain were important parameter for which first
preference is given by the mill owners. Bhosale
et al. (1997) and Vinayakrao (1992) also found
similar results.

Most of the poha mill owners (80 %)
preferred Bella variety followed by Vallai and
Patni (70 %) and Jaya (30 %) for poha making.

The prominent varieties grown in the South
Konkan region for rice milling are Masuri,
Ratna, Jaya, Suvrna, Sahaydri. Whereas for
poha making farmers preferred Bella, Vallai,
Patni, Masuri, Jaya, Ratna varieties.

The area under rice per farm was 0.83 ha
giving 26 quintals of yield. Out of total annual
production of paddy farmers retained 70.62
per cent for home consumption and 8.69 per
cent for gifts to relatives and wage payment
etc., 2.61 per cent were losses in storage,
packing and transport etc. and 4.23 per cent
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Table 1. Varietals preference by mill owners for rice
processing.

Name of variety No. of mill owners (N=10)
––––––––––––––––––––––––––––
Rice Beaten rice 
Mills (Poha Mills)

Masuri 7 (70.00) 3 (30.00)
Ratna 6 (60.00) 2 (20.00)
Kolam 6 (60.00) -
Jaya 5 (50.00) 3 (30.00)
Sahyadri 3 (30.00) 1 (10.00)
Bella 2 (20.00) 8 (80.00)
Vallai 2 (20.00) 7 (70.00)
Patni 1 (10.00) 7 (70.00)
Other (Rupali, Sonam, 2 (20.00) -
R-24)

Figures in parentheses are percentages to total sample.



kept for seed purpose. Remaining 13.85 per
cent quantity of paddy was marketed in South
Konkan to meet the family expenditure. The
average per quintal price received was Rs.
962.38 for sale of paddy.   

Generally, the farmers choose a marketing
channel as per their convenience, economic
and financial needs. The main marketing
channels of paddy followed by only 30 farmers
who marketed their quantity in the study area
are as Channel I : Producer - processor -
wholesaler - (B) - retailer - consumer, Channel II
: Producer - commission agent - processor -
retailer - consumer, Channel III : Producer -
commission agent - wholesaler (A) - processor -
retailer - consumer and  Channel IV : Producer
- wholesaler (A) - processor - wholesaler (B) -

retailer -   consumer. ('A' stands for sale of
paddy, 'B' stands for sale of Rice)

The price spread refers to the difference
between the price paid by the consumer and
net price received by the producer.  This price
spread consists of marketing expenses and
margins of intermediaries, which ultimately
determined the over all effectiveness of a
marketing systems. The total per quintal
marketing cost incurred (Table 2) by market
functionary was highest in channel III
(Rs.327.64) followed by channel-I (Rs.286.50),
channel-II (274.37) and channel-IV (227.37),
respectively. The producers share in
consumer's rupee was the highest 83.13 per
cent (Rs.1120.63) in channel-IV followed by
channel-II (78.68%), channel-I (75.45%) and
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Table 2. Channel wise per quintal price-spread in marketing of paddy.

Particulars Channel Channel Channel Channel
I II III IV
(N=10) (N=6) (N=10) (N=6)

Net price received by producer 880.50 1012.63 908.36 1120.63
Marketing expenses incurred by producer 76.58 65.26 71.46 70.39
Price paid by commission agent - 1077.89 979.82 -
Marketing expenses incurred by C.A. - 69.38 73.34 -
Marketing margin by C.A. - 13.15 14.35 -
Price paid by WS (A) - - 1067.51 1191.02
Marketing exp. incurred by WS (A) - - 12.85 11.56
Marketing margin by WS (A) - - 9.65 8.75
Price paid by processor 957.08 1160.42 1090.01 1211.33
Marketing exp. by processor 65.00 58.39 69.96 59.27
Marketing margin by processor 12.45 9.10 10.68 9.89
Price paid by (WS) (B) 1034.53 - - 1280.49
Marketing exp. incurred by WS (B) 44.14 - - 31.62
Marketing margin by WS (B) 10.20 - - 8.39
Price paid by retailer 1088.87 1227.91 1170.65 1320.50
Marketing exp. Incurred by 'R' 68.85 46.95 53.37 17.32
Marketing margin by retailer 9.28 12.14 11.98 10.18
Total marketing expenses 254.57 239.98 280.98 190.16
Total marketing margin / price spread 31.93 34.39 46.66 37.21
Total marketing cost 286.50 274.37 327.64 227.37
Price paid by consumer 1167.00 1287.00 1236.00 1348.00
Recovery @ 60% (Rs. kg-1) 19.45 21.45 20.60 22.47
Producer share in consumer rupees (%) 75.45 78.68 73.49 83.13



channel-III (73.49%) respectively. It is observed
that, marketing directly to wholesaler given
more shares to the producer in consumer's
rupee. These reporting drawn were similar to
those reported by Kaujalagi (1999).

All the sample farmers were observed to
prepare rice products namely rice, roti, poha,
amboli, (Ghavan), vade etc. annually  average
quantity utilized for family home consumption,
wages in form of  meals and kind was 62 per
cent, Bhakari (Roti) 23 per cent, Pej 6 per cent,
poha 3 per cent, amboli, (ghavan) 2 per cent
and vade 1 per cent. The products like modhak,
kheer, shewaya, Idli, papad were prepared
occasionally. For consumption of rice, fine
varieties like Ratna, Kolam, Sonum, Masuri
whereas for roti, pej, poha, and ghavan
generally local verities like Bella, vallyai, Patni,
Masuri, Jaya were preferred by them. For
preparing other products they use any rice
varieties, hence there was no special preference
for variety.  

It is concluded that in South Konkan region
there is less marketed surplus with producers.
However, processors in the study area purchase
rice and poha for trading. Rice processing starts
immediately after harvest of crop i.e. from
October onwards. The  main season of rice
milling in South Konkan is from February to
May and for poha milling from October to
January. As per the opinion of rice and poha
mill owners, Masuri, Ratna, Kolam, Jaya and
varieties are good for rice milling and local
varieties like Bella, Patni, Vallai and were
preferred for poha milling.  In case of custom

milling there is no varietal preference while for
trade milling fineness of grain is important
parameter. Masuri, Ratna, Jaya, Suvarna,
Sahydri and Vallai, were preferred by the
farmers for consumption and Bella, patni,
Vallai, Musuri, were preferred for poha, Roti,
Pej and other products making. While
cultivating paddy varieties farmers gave first
preferences to production and height of crop,
second preferences to eating qualities, fineness
and test ,third preferences type and water
lodging condition of soil, fourth preferences to
recovery of grain in milling and fifth preference
to disease and pest  resistances of verities.
Producer sale mostly rice to processor to meet
is financial needs even though there is no
sizable surplus of rice, some time he is selling
paddy to commission agent which are coming
in village. Producer share in consumer rupees
was highest when sale to wholesaler than
commission agent and processor's.
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Agricultural credit plays vital role in the
agro-socio economic development of the nation
both at micro and macro level. It strengthens
the farm business and enhances the
productivity of scarce resources. If these
necessities are fulfilled, the institutional credit,
which is an instrument of agricultural and
economic development of the country, will
serve its desired proposes very well (Hatai et al.
2006).

District central co operative banks (DCCBs)
are infact the link between State Cooperative
Banks and Primary Agricultural Cooperative
Societies (PACS). They are basically meant to
meet the credit requirements of PACS. The
DCCBs are most important institutions in the
entire co-operative credit structure. The success
of cooperative credit structure depends on
working of the DCCBs. These banks not only
safeguard the interest of PACS, but also help
various types of credit and non credit societies
in the district (Venkateswaralu and Bhalerao,
1980). All these DCCBs supply the short term

agricultural credit in the farmers of Konkan
region, but there is inequality in disbursement.
The present study was taken, with the objective
to find out factors responsible for inequality in
flow of short term agricultural credit.

Materials and Methods

Four districts i.e. Thane, Raigad, Ratnagiri
and Sindhudurg were selected for the present
study. Under these four. DCCBs of the selected
districts, 1044 Primary Agricultural Credit
Societies (PACS) were working during the year
2008-09. Short term loan disbursement was
obtained from the publication of NAFSCOB,
annual reports of DCCBs, progress reports and
other records of banks. The time series data on
gross cropped area, net cultivated area, area
under horticultural crops and average rainfall
were collected from the published reports/
bulletins of Government of Maharashtra. This
information was used for factors influencing
inequality in disbursement of total short term
loan. The methods of analysis employed were
used to regression analysis.

In order to study the factors responsible for
total short term credit flow by DCCBs, a

J. Agric. Res. Technol., 38 (2) : 281-284 (2013)

Factors Influencing Flow of Short Term Agricultural Credit in
Konkan Region of Maharashtra*

S. S. Bhosale1, S. S. Burark2, V. A. Thorat3 and H. K. Patil4

Dr. B. S. Konkan Krishi Vidyapeeth, Dapoli - 415 712 (India)
(Received : 14-07-2012)

Abstract
The important factors influencing the district inequality in the disbursement of total ST credit flow were

total deposits, loan recovery, area under horticulture crops and net cultivated area. However, average rainfall
did not have the positive association in influencing the ST credit in Thane, Raigad, Ratnagiri and Sindhudurg
DCCB in the Konkan region. In Raigad DCCB, there has no single factor affect the disbursement of ST credit
flow.

Key words : Short term agricultural credit, total deposits, loan recovery and disbursement.

*Part of Ph.D. thesis submitted by senior author.
1. Sr. Res. Asstt., 2. Asso. Professor, Rajasthan College

of Agriculture, Udaipur-313 001, 3. Asstt. Professor and 4.
Head.



multiple linear regression analysis involving
total short term agricultural credit disbursed
(Rs.) as dependent variable and net cultivated
area in lakh hectares (X1), area under
horticultural crops (X2), total deposits in lakhs
of rupees (X3), short term agricultural loan
recovery in per cent (X4) and average rainfall in
mm (X5) as independent variables were
attempted. This analysis was carried out district
wise as well as for the region as a whole. The
regression coefficients were estimated with zero
intercept. The form of the equation used for the
analysis is given as Y = b1X1 + b2X2 + b3X3 +
b4X4 + b5X5 + u

Where, Y = Total short term credit
disbursed (Rs.), b1….b5 = Regression
coefiicient, X1 = Net cultivated area (lakh
hectares) X2 = Area under horticultural crops
(lakh hectares), X3 = Total deposits in lakhs of
rupees, X4 = Short term agricultural loan
recovery (per cent), X5 = Average rainfall (mm)
and u = Error term.

Results and Discussion

In order to study the factors influencing total

short-term credit flow by DCCBs, a multiple
linear regression analysis was attempted for all
the districts and region as a whole separately
covering the period from 1990-91 to 2009-10.

Initially linear multiple regression model with
intercept was fitted to estimate the effect of
different variables on disbursement of total
short term credit. However, it was observed
that due to introduction of intercept in the
model, most of the variables turned out to be
non significant. The non significant variables
have no meaning in regression analysis. Hence,
model with zero intercept was tried which
improved the significance level of variables
included in the model as per a priory
expectations.

Zero order correlation matrix, for
independent variable along with the dependent
variable, was worked out to examine severity of
multicollinearity. The significance of the
coefficients of each of the regressions from the
estimated function was tested with the help of 't'
statistic. No severe problem of multicolinearity
was observed for any district and region as a
whole.
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Table 1. Factors influencing total short term credit disbursement in Konkan region.

Particulars Regression coefficients
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Thane Raigad Ratnagiri Sindhudurg Konkan region

Net cultivated area (ha) X1 -300.655* 72.05108NS -325.27* -2178.95NS -485.733NS

(99.9277) (75.28299) (172.8062) (2111.832) (402.1312)

Area under Horticulture crops (ha) X2 -3149.6* 288.9539NS 705.5743NS 8459.46NS 1056.755NS

(1224.34) (177.4209) (407.2559) (5404.517) (2434.038)

Total deposits in Rs. Lakhs. X3 1433.813* 470.5263NS 4462.091* 17771.12* 0.032657*
(152.0943) (357.7953) (821.2913) (3470.542) (0.01096)

Short term agril. loan recovery (%) X4 2132073* -80707.8NS -240221.5NS -9082563* 5426783NS

(570631.6) (264663.8) (607515.1) (4812949) (6305801)

Av. rainfall (mm) X5 19180.22NS -5825.75NS 6746.194NS 55645.41NS 12890.34NS

(16324.23) (4983.555) (11439.36) (96523.9) (27423.88)

Coefficient of determination R2 0.97 0.87 0.97 0.96 0.96

Durbin Watson value d 2.021 1.332 1.363 2.537 1.372

Note : Figures in the parentheses indicate standard errors of respective coefficient, * Indicates significance at 1 per cent level
of significance.



The flow of credit to agriculture is supposed
to be associated with the social, economic and
natural factors related to agricultural activities
(Pandey and Kumar, 1988). The selection of
variables was based on some of a prior
expectations so that these variables would
provide sufficient economic explanations. Net
cultivated area was taken as a proxy for
agricultural infrastructure including irrigation
and area under horticultural crops was taken as
indicator of perennial crops, total deposits and
recovery percentage of short term credit
represented amount of funds available for
reutilization and rainfall was taken as a proxy
for climate in this analysis.

The results of the multiple linear regression
analysis for factors influencing the inequality in
short term credit flow are presented in Table 1
for all the districts and Konkan region as a
whole. It was observed that at the regional level,
the total short term credit flow was influenced
significantly by the major factor i.e. total
deposits (X3) during the period under study.
The results of multiple regression analysis
showed a positive and significant influence by
one variable and other three variables found
positive but non significant (Rao and Raju,
1978). The R2 value suggested that the above
said five factors have jointly explained 96 per
cent of the variation in the disbursement of ST
credit in Konkan region.

In Thane DCCB, the coefficient of net
cultivated area (X1), area under horticultural
crops (X2), total deposits (X3) and short term
agricultural loan recovery (X4) were found to be
significant. The coefficient of average rainfall
(X5) was found to be positive but turned out to
be nonsignificant. This has therefore, indicated
that the factors viz., net cultivated area,
horticulture area, deposits and short term
agricultural loan recovery, has played an
important role in determining the disbursement
of short term credit in Thane DCCB. It must be

indicated that these five regressors jointly
explained 97 per cent of the variation in the
disbursement of ST credit in Thane DCCB.

In Raigad DCCB, regression coefficient of
all the factors found to be nonsignificant but net
cultivated area (X1), area under horticultural
crops (X2) and total deposits (X3) were found to
be positive. It was estimated that these factors
together explained 87 per cent of the total
variation in the disbursement of the ST credit in
Raigad DCCB.

In Ratnagiri DCCB, it was noticed that the
coefficient of the factors viz., net cultivated area
(X1) and total deposits (X3) were significant but
net cultivated area found to be negative and
remaining three factors viz., area under
horticulture crops (X2), short term loan
recovery (X4) and average rainfall (X5) which
were positive. The value of R2 was 0.97, which
indicated that the five regressons jointly
explained 97 per cent of the variation in the
disbursement of ST credit in Ratnagiri DCCB.

As regards Sindhudurg DCCB, it was
observed that the coefficient of variables viz., a
total deposit (X3) was positive and short term
agricultural loan recovery (X4) was negative but
both were significant. Thus, these variables do
have the significant role in increasing the
disbursement of ST credit in the Sindhudurg
DCCB. The influence of area under
horticultural crops (X2) and average rainfall (X5)
on ST credit disbursement was positive but
turned out to be non significant. Coefficient of
determination suggested that 96 per cent
variation in ST loan was explained by the five
independent variables selected for this study.

In summing up, it looks that the total
deposits, net cultivated area, short term
agricultural loan recovery and area under
horticulture crops were observed to be most
important factors influencing the district
inequality in the disbursement of total ST credit
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in all the districts except Raigad DCCB during
the period under study, while average rainfall
found to be non significant in all DCCBs in
Kokan region (Reddy and Reddy, 1990). Thus,
variation in the net cultivated area, area under
horticultural crops, total deposits and recovery
of loans among the districts of the region were
responsible for the district inequality in disburs-
ement of total ST credit in Konkan region. 
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Abstract
There was intra-district inequality in short term and medium term credit flow in all DCCBs of the region.

The results of Gini ratio and Lorenz curve for short and medium term credit flow showed intra-district
inequality from base year to terminal year of the study. Intra-district inequality occurred more in medium term
loans as compared to short term loans during the period from 1990-91 to 2009-10.
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The cooperative credit system in India
comprises the short term (ST) or production
credit structure and the long term (LT)
investment credit structure. The ST structure
has its base with the Primary Agricultural Credit
Societies (PACS), which are affiliated to District
Central Cooperative Banks (DCCBs) at the

district level, which in turn, are affiliated to
State Cooperative Bank (SCB) at the state level
(Bhaskar et al. 1994).

The District Central Cooperative Bank
(DCCB) collects deposits for investment in
agricultural and non-agricultural sectors through
cooperative, societies. These banks not only
safeguard the interest of PACS but also help
various types of credit and non-credit societies
in the district. In the year 1990-91 the Govt. of
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Maharashtra launched an ambitious
horticultural development programme linked up
with, "Employment Guarantee Scheme (EGS)."
This increased area under horticultural crops of
Maharashtra and accordingly the demand for
agriculture credit also increased (Gupta et al.
1978). The present study was taken with the
objective to assess the inequality in
disbursement of agricultural loans by DCCBs in
different districts of the Konkan region.

Materials and Methods

Konkan region of Maharashtra State
comprises of six districts out of which two were
excluded due to non agricultural districts
wherein cooperative banks are not advancing
agricultural loans. Thus, four districts i.e.
Thane, Raigad, Ratnagiri and Sindhudurg were
selected for the present study. Under these four
DCCBs of the selected districts, 1044 Primary
Agricultural Credit Societies (PACS) were
working during the year 2008-09.

Short and medium term loan disbursement
were obtained from the publication of
NAFSCOB, annual reports of DCCBs,
progress reports and other records of banks.
The time series data on gross cropped area, net
cultivated area, area under horticultural crops
and average rainfall were collected from the
published reports/bulletins of Government of
Maharashtra. This information was used for
identifying inequality. The methods of analysis
employed were tabular analysis, growth
function, inequality measures like coefficient of
variation, Lorenz curve and Gini ratio.

The districtwise inequality in disbursement
of short term and medium term loans by
DCCBs was assessed with the help of
Coefficient of variation, Gini ratio and Lorenz
curve techniques. To accomplish the objective
relating to the inequality, the district wise
coefficient of variation (CV) was calculated for
20 years (1990-91 to 2009-10) by using the

following formula CV = SD/Mean x 100.

Where, CV = Coefficient of variation, SD =
Standard deviation, Mean = ΣX/n, X = per
hectare credit and n = Number of Districts.

Higher the value of Gini ratio (L), more is
the inequality in distribution of credit and vice
versa. The Gini ratio ranges between 0 to 1.

Lorenz curve technique is the graphical
representation of cumulative proportion of
number of DCCBs in Konkan region on
horizontal X-axis and cumulative proportion of
agricultural credit flow hectare-1 of gross
cropped area by DCCBs on the vertical Y- axis.
The line of equal distribution is the straight line
at 45° angle joining (0, 0) and (100,100)
points. The degree to which a line Lorenz curve
deviates from the line of equal distribution is a
measure of the inequality of distribution of a
loan. Further, the curve moves away from the
equality line, the greater is the inequality.

Both Gini ratio and Lorenz curves were
obtained for the base year (1990-91), mid year
(1999-2000) and terminal year (2009-10) of
the study.

Results and Discussion

Coefficient of variation in short term
agricultural credit flow : The inequality in
short term agricultural credit flow by DCCBs is
given in Table-1. Mean value was highest in
Sindhudurg (813.67) followed by Ratnagiri
(511.48), Thane (461.11) and lowest in Raigad
DCCB which was 118.41. At regional level,
mean value was 452.78. The coefficient of
variation for short term agricultural credit flow
hectare-1 of gross cropped area (GCA) across
the year was 85.80, 97.94, 80.87 and 97.21
per cent in Sindhudurg, Ratnagiri, Raigad and
Thane DCCBs, respectively. At the overall
level, it was 85.12 per cent during the study
period indicating inter district and intra district
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inequality in short term agricultural credit flow
(Arrora and Tiwari, 1978; Giri and Dasgupta,
1988). Per hectare highest short term credit
flow i.e. Rs. 2572 was observed in Sindhudurg
DCCB in the year 2009-10 while it was lowest
(Rs. 33) in Raigad DCCB. This variation was
due to the fact that each bank finalized the scale
of finance every year independently and as per
scale of finance the short term loans were
disbursed to farmers in the Konkan region.

The inequality in medium term agricultural
credit flow by DCCBs is given in Table-1. Mean
values were highest in Thane (305.19) followed
by Raigad (117.48), Sindhudurg (115.34) and
lowest in Ratnagiri DCCBs (70.18). At the
regional level, mean value was 154.13. The

coefficient of variation of medium term
agricultural credit flow hectare-1 of GCA across
the years was 57.38, 113.29, 376.43 and
140.03 per cent in Sindhudurg, Ratnagiri,
Raigad and Thane DCCBs respectively and at
overall level it was 96.05 per cent during the
study period. This indicated interdistrict and
intradistrict inequality in medium term
agricultural credit flow during the study period
in the region. Raigad DCCB observed the
highest medium term credit flow (Rs. 1995)
hectare-1 during 1995-96. The minimum
medium term credit flow also observed in the
same DCCBs i.e Rs. 5 hectare-1 in the year
2000-01.

At regional level highest hectare-1 credit
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Table 1. Trends in district inequality in short and medium term credit (Rs.) flow by DCCBs during 1990-91 to 2009-10 in
Konkan region.

Year Thane Raigad Ratnagiri Sindhudurg Konkan
––––––––––––––––– –––––––––––––––– ––––––––––––––––– –––––––––––––––––– ––––––––––––––––––
ST MT ST MT ST MT ST MT ST MT

1990-91 61.29 24.3 61.62 23.05 90.08 31.62 147.02 58.82 80.90 30.75
1991-92 41.15 10.42 33.23 6.56 41.37 19.81 87.49 47.72 45.95 17.04
1992-93 61.01 18.1 55.56 21.58 96.51 21.26 152.17 56.80 81.54 25.04
1993-94 69.29 13.91 62.08 12.12 119.42 15.30 172.28 36.87 96.55 17.58
1994-95 71.71 12.18 42.06 15.83 122.12 15.65 385.63 200.38 129.92 45.16
1995-96 106.16 33.95 73.92 1995.29 111.37 7.11 198.81 60.77 114.97 462.99
1996-97 111.52 47.76 59.04 18.13 126.51 10.15 238.29 95.72 123.12 38.53
1997-98 143.03 51.08 87.79 17.84 257.79 45.40 464.68 57.48 211.95 42.98
1998-99 177.27 58.79 134.75 29.24 306.04 77.87 391.10 70.55 234.60 58.78
1999-00 219.66 72.41 198.35 4.76 405.25 101.14 437.54 64.87 303.82 63.63
2000-01 469.71 301.17 88.63 4.64 464.77 115.99 551.57 123.27 391.63 168.24
2001-02 422.87 181.12 48.71 12.65 453.44 208.92 763.80 85.89 404.39 131.40
2002-03 469.77 500.39 57.65 66.95 585.98 308.26 920.38 66.24 483.06 262.71
2003-04 473.44 504.3 75.61 5.15 903.20 141.84 1133.46 237.82 618.94 231.29
2004-05 1029.12 559.39 98.89 18.48 906.78 142.40 1359.65 182.33 827.35 241.82
2005-06 878.57 255.16 132.88 21.17 1267.44 34.08 1409.20 156.09 897.53 116.04
2006-07 1079.92 532.13 163.84 7.14 1696.02 28.29 1648.87 185.30 1125.23 193.27
2007-08 1003.52 308.98 168.35 7.34 1553.31 10.12 1920.55 182.50 1123.42 126.33
2008-09 744.36 1838.91 332.33 21.38 219.52 13.50 1319.41 107.06 598.56 548.79
2009-10 1588.77 709.35 393.18 20.28 502.86 54.94 2571.51 230.81 1162.21 260.10
Mean 461.11 305.19 118.41 117.48 511.48 70.18 813.67 115.34 452.78 154.13
SD 448.23 427.35 95.76 442.23 500.64 79.51 698.15 66.18 385.43 148.05
CV% 97.21 140.03 80.87 376.43 97.94 113.29 85.80 57.38 85.12 96.05



flow advanced was Rs. 549 hectare-1. Medium
term agricultural credit flow composition was
very low as compared to short term credit flow
in Konkan region over time (Dongare et al.
1987). 

Gini ratio and Lorenz curve analysis :
Gini ratio and Lorenz curve were used to
measure the interdistrict and intradistrict
inequality in short term and medium term credit
flow by the DCCBs in Konkan region. The Gini
ratio was calculated separately for short term
agricultural credit and medium term agricultural
credit flow for all the 20 years from 1990-1991
to 2009-10. The extent of inequality of the
disbursement of agricultural credit flow was
determined by the Gini ratio. The closer the
ratio to one, the greater is the degree of
inequality and closer the ratio to zero the
smaller is the degree of inequality.

Short term credit flow : It was observed
that the Gini ratio was 0.09, 0.19 and 0.31 for
the base year, mid year and terminal year,
respectively for short term credit flow,
indicating smaller intra district inequality in
short term credit flow by DCCBs in Konkan
region as dipcted in Table 2. The Gini ratio for
short term credit flow showed an increase in
intradistrict inequality from base year to
terminal year of the study.

Lorenz curve presents a picture of the
cumulative percentage of number of DCCBs on
the 'X' axis and cumulative percentage of short
term credit flow on the 'Y' axis for the base
year, mid year and terminal year. Lorenz curves
for short term agricultural credit concerned to
base year, mid year and terminal year depicted
intra district inequality in the region. It can be
seen that these curves being away from the line
of equal distribution (45° degree line) indicated
unequal distribution of short term agricultural

credit among the districts in the region during
the study period.

Medium term loans : The Gini ratio was
0.11, 0.40 and 0.58 for the base year, mid
year and terminal year in Konkan region,
respectively. The intra district inequality in
medium term credit flow was increased over the
years which were supported by Gini ratio
worked out for last 20 years for medium term
agricultural credit flow. The Gini ratio for
medium term credit flow showed wide
intradistrict inequality from base year to
terminal year.

Lorenz curve presents a picture of the
cumulative percentages of number of DCCBs
on 'X' axis and cumulative percentages of
medium term credit flow for the base year, mid
year and terminal year on the 'Y' axis. Lorenz
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Table 2. Gini coefficient ratio of inequality in short term
and medium term agricultural credit flow by
DCCBs in Konkan region.

Year Short term Medium term
agricultural agricultural
credit credit

1990 0.09 0.11
1991 0.15 0.24
1992 0.11 0.12
1993 0.13 0.17
1994 0.32 0.50
1995 0.15 0.71
1996 0.17 0.35
1997 0.21 0.26
1998 0.17 0.23
1999 0.19 0.40
2000 0.25 0.51
2001 0.24 0.39
2002 0.25 0.45
2003 0.32 0.47
2004 0.26 0.50
2005 0.27 0.48
2006 0.30 0.61
2007 0.28 0.58
2008 0.28 0.70
2009 0.31 0.58



curves for medium term agricultural credit
concerning to base year, mid year and terminal
year depicted intra district inequality in Konkan
region. Since, these curves being away from the
line of equal distribution (45° degree line)
indicated unequal distribution of medium term
agricultural credit among the districts in the
region. The intradistrict inequality in the
medium term credit flow assessed by the results
of Gini ratio and Lorenz curve showed an
increased inequality from base year to terminal
year of the study, whiph was ranged between
0.11 to 0.70 (Table 2).

Thus, intradistrict inequality in medium term
credit flow was observed more as compared to
short term credit flow in the Konkan region.

Conclusion : The analysis of coefficient of
variation showed that there was intra district
inequality in short term and medium term credit
flow in all DCCBs of the Konkan region Jadhav
et al. (2007) observed similar results in
inequality in short and medium term credit flow.
The results of Gini ratio and Lorenz curve for
short and medium term credit flow showed
intra district inequality from base year to

terminal year of the study. Intra district
inequality occurred more in medium term loans
as compared to short term loans during the
period from 1990-91 to 2009-10.
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Sheep rearing is a supplementary
occupation of nomadic community in
Agriculture farming system. Sheep occupies a
special place in the rural economy of
Maharashtra. Deccani sheep are one among
the recognized breeds of Maharashtra (India)
and distributed in Western and North
Maharashtra. They are reared mainly for meat,
wool and the primary by- product as skin. Birth
weight is the first observed trait in life of an
animal on which growth, production and
reproduction traits are dependent. So the
present investigation was carried out to study
the various non-genetic factors affecting birth
weight of Deccani lambs born under organized
farm conditions.

Materials and Methods

The data on 78 normal birth of Deccani
lambs born to the animals maintained under
sheep unit, College of Agriculture, Dhule for
the period of six years, 2002-2003 (Y1), 2003-
2004 (Y2), 2004-2005 (Y3), 2005-2006 (Y4),
2006-2007 (Y5) and 2007-2008 (Y6) were
utilized for present study. The Deccani sheep

were reared under semi-intensive system of
management. The animals were grazed from
8.00 to 15.00 hours. In addition ewes were fed
with 100 to 250 g of concentrate mixture.
Each year was divided into three seasons S1
(Jun.-Sept.), S2 (Oct.-Jan.) and S3 (Feb.- May).
The data were analyzed by using least square
model described by Harvey (1990). The data on
birth weight were classified according to sex,
season of year and time of birth. The model
was as under :

Yijklm = µ + Yi + Sj + Mk + T1 + eijklm

Where Yijklm = Observations of the mth

animal in jth year, jth season, kth sex and lth time
of birth, µ = Population mean, Yi = Effect of ith

year of birth, Sj = Effect of jth season of birth,
Mk = Effect of kth type of sex, T1 = Effect of ith

time of birth and eijklm = Random error
associated with NID ~ (0-δ2e).

The statistically significance of various
effects in the least squares model were
determined by F test. The difference between
pairs of levels of effects were compared by
Dunkan multiple range test modified by
Kramer, (1957).
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Results and Discussion

The least squares means and analysis of
variance of birth weight is presented in Table 1
and 2 respectively. Overall least squares mean
(LSM) for birth weight was 2.79 ± 0.04 (kg).
Similar results for birth weight in Bharat Merino
were reported by Tomor et al. (2000).

Effect of year of birth : Effect of year of
birth on birth weight was found to be highly
significant (Table 2). The LSM for birth were
ranged from 2.56 ± 0.09 to 3.07 ± 0.11 kg.
Highest birth weight was observed during the
year 2006-2007 (Y5) and lowest during the
year 2004-2005 (Y3). The DMRT revealed that
birth weight observed during year Y4, Y5 and
Y6 were significantly higher than Y1, Y2 and
Y3. The present findings are in agreement with
the observations made by Bobhate et al.
(2003), Nehra and Singh (2006) and Mishra et
al. (2006) and Jadhav et al. (2007).

Effect of season of birth : The season of
birth was observed to have non significant
effect on birth weight. However, higher birth
weights were obtained for the lambs born
during S3 followed by S2 and S1 season. Similar
findings were reported by Kulkarni and
Deshpande (1988) in Deccani sheep. The ewes
those conceived during winter had lambing
during summer received favorable
environmental conditions with good availability
of the fodder during the gestation period, which
might had been contributed to higher birth
weight of lambs.

Effect of sex of birth : The types of sex
did not exerted any significant effect on birth
weight.  However, male lambs were having
higher birth weight than female lambs. Higher
growth in prenatal stage under the influence of
male sex hormones with anabolic effect (Hafez
1962) might be the reason for higher birth
weight of male lambs.

Effect of time of birth : The results
revealed that out of 78 births 54 per cent births
were observed during evening hrs and 46 per
cent during morning hrs. The least squares
analysis revealed that time of birth had non-
significant effect on birth weight. However,
lambs born during morning hrs. were heavier
than lambs born during evening hrs.

Sex ratio : Among the total lambs born,
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Table 1. Least squares means of birth weight (kg) of
Deccani lambs.

Treat/Effect N Mean ±S.E.

Overall mean 78 2.79 0.04

Year of birth :
Y1 17 2.64bf 0.08
Y2 9 2.65b 0.11
Y3 14 2.56b 0.09
Y4 18 2.82ade 0.08
Y5 9 3.07a 0.11
Y6 11 3.03ac 0.11

Season of birth :
S1 24 2.72 0.07
S2 34 2.77 0.06
S3 20 2.90 0.08

Type of Sex :
M1 - Male 36 2.86 0.06
M2 - Female 42 2.73 0.05

Time of birth :
T1 - Morning 36 2.85 0.06
T2 - Evening 42 2.73 0.05

The mean having different superscripts in same column
differ significantly

Table 2. Least squares analysis of birth weight of Deccani
labms.

Source of variation D.F. M.S.S F.Cal.

Year of birth 5 0.47 4.34**
Season of birth 2 0.16 1.50
Sex 1 0.29 2.37
Time of birth 1 0.25 2.26
Error 38 0.11 -

**(P < 0.01)



the male to female sex ratio was 1:1.17 (i.e.
46.16 per cent males and 53.84 per cent
females). Kale and Raman (1994) reported a
sex ratio of 52.93 per cent males for Madras
Red and 50 per cent for Mandyo sheep.

The results concluded that least squares
mean for birth weight was 2.79 ± 0.04 (kg).
The year of birth had significant effect on birth
weight. However, season of birth, type of sex,
and time of birth did not show significant effect
on birth weight.

References
Bobhate, S. D., Barbind, R. P. and Hanmante, A. A. 2003.

Factors causing variation in birth weight of goats.
Indian J. Small Ruminants 9: 173-175.

Hafez, E. S. E. 1962. Reproduction In Farm Animals. (2nd
Edn). Lea and Febizer, Philadelphia.

Harvey, W. R. 1990. Uses guide for LSMLM with mixed
model least squares and maximum likelihood
computer programme, PE - 2 Varsion, Onio state
Univ. Colombas (Maimeograph) U.S.A.

Jadhav, S., Qureshi, M. I., Singh, Ashok and Nanavati, S.
2007. Study of birth weight in crossbred sheep. Indian
J. Field Vet. 2: 71-72.

Kale, D. G. and Raman, K. S. 1994. Sex ratio, twinning,
still births and abortions in Madras Red and Mandya
breeds of sheep. Indian Vet. J. 71: 1195-1197

Kulkarni, A. P. and Deshpande, K. S. 1988. Genetic
studies on weaning weight and subsequent body
weight in Deccani sheep and its crosses. Indian J.
Anim. Sci. 56(11): 1180-1181.

Kramer, C. Y. 1957. Estimation of multiple range tests to
group corrected adjusted means. Biogenet. 13: 13-18.

Mishra, A. K., Arora, A. I. Kumar, S. and Singh, V. K.
2006. Performance evaluation of Gorole sheep in
semi-arid region of Rajashtan. Indian J. Anim. Sci.
76(5): 393-397.

Nehra, K. S. and Singh, V. K. 2006. Genetic evaluation of
Marwari sheep in arid zone. Indian J. Small
Ruminants. 12: 91-94.

Tomor, A. K. S., Metha, B. S., Jaishankar, J. and Singh.
2000. Genetic studies on growth and greasy fleece
yield in Bharat Marino sheep. Indian J. Anim. Sci.
70(5): 537-539.

Journal of Agriculture Research and Technology 291

______________



Zinc is known to stimulates plant growth by
the synthesis of auxins. Among micronutrients,
zinc deserves special attention. Recently zinc
has gained key position in intensive cropping
system with diminishing use of organic manures
resulting in depletion of zinc from soils at
majority of agriculturally productive areas of
Maharashtra. In this view, the role of zinc in
tillering process assumes importance
particularly in wheat crop. Zinc is an important
component of proteinases and peptidases
enzymes system. Zinc plays important role in
biosynthesis of chlorophyll and production of
growth hormones (Hemantrajan and Garg,
1984). Hence the present investigation was
undertaken to assess the effect of zinc on yield
and quality of wheat on inceptisol.

The field experiment was laid out in
randomized block design with ten treatments
and three replications during the year 2002-03
at Mahatma Phule Krishi Vidyapeeth, Rahuri.
The soil of the experimental site belongs to
Sawargaon (Father) soil series, fine
montmorillonitic,hyperthermic family of Vertic
Haplustepts. The soil of the experimental site
was clay in texture, moderately alkaline (pH
8.24) medium in organic carbon (0.48%) and
low EC (0.21 dSm-1). The DTPA extractable
zinc was 0.42 mg kg-1 with low in available
nitrogen (154 kg ha-1), medium phosphorus
(13 kg ha-1) and very high in potassium (459 kg
ha-1). The wheat (cv. HD-2189) was sown
during rabi, 2002. The wheat crop was
fertilized with recommended dose of
120:60:40 kg N, P2O5, K2O ha-1 for
treatment 2 to 9 and the treatment 10 (Table 1)

was fertilized as per the fertilizer prescription
equation @ 226:48:11 kg N, P2O5, K2O ha-1

for wheat yield target of 45 q ha-1. Half dose of
N and full dose of P2O5 and K2O were applied
at basal as per treatments and remaining
nitrogen was applied one month after sowing.
The zinc was supplied through zinc coated
suphala (0.21% Zn) and through zinc sulphate
(21% Zinc) as basal application. The protein
content of wheat seed and leaf chlorophyll at
50 per cent flowering were determined by
Microjelddhl's method (A.O.A.C., 1990) and
colorimetric (Arnon, 1949) method.

Grain yield : The result revealed that
application of zinc through zinc coated suphala
and through zinc sulphate to wheat produced
significantly higher grain yield. The significantly
highest grain yield (38.80 q ha-1) was
recorded with application of zinc coated
suphala + zinc @ 3.36 kg ha-1 through zinc
sulphate.  Absolute control showed
significantly lower wheat yield (25.47 q ha-1)
followed by NPK through straight fertilizers
(33.46 q ha-1). The higher grain yield of wheat
might be due to zinc application near the
vicinity of root zone at early growth stage of
wheat which increased the rate of diffusion and
mass flow. This might facilitated more uptake
of plant nutrient which benefited for higher
grain yield. The results are in conformity
with the findings of Channabasavanna et al.
(2001).

Straw yield : The straw yield of wheat was
significantly influenced by the application of
NPK through straight fertilizers, uncoated
suphala and zinc sulphate. The absolute control
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produced the significantly lowest straw yield
(38.19 q ha-1). The application of NPK through
uncoated suphala + zinc @ 4:2 kg ha-1 through
zinc sulphate to wheat significantly recorded the
higher straw yield (71.04 q ha-1). The increase
in straw yield due to zinc application to soil
could be possible due to the enhanced synthesis
of carbohydrates and proteins. The similar
results were also reported by Mehta (1999).

Protein content : The effect of zinc
application to wheat through zinc coated
suphala and zinc sulphate and their
combination were found non-significant for
protein content. However, the protein yield was
numerically higher in N, P2O5 and K2O
application through uncoated suphala + zinc @
4.2 kg ha-1 through zinc sulphate (3.98 q
ha-1) which was closely followed by application
of zinc coated suphala @ 0.84 kg ha-1 (3.97 q

ha-1).

Chlorophyll content : The chlorophyll
content of wheat leaves were found statistically
significant by the zinc application. The
application N, P2O5 and K2O through straight
fertilizers + zinc @ 4.2 kg ha-1 through zinc
sulphate recorded significantly higher
chlorophyll-a (0.35 mg g-1 fr. wt.), chlorophyll-
b (0.52 mg    g-1 fr. wt.) and total chlorophyll
(0.87 mg g-1 fr. wt.) followed by application of
N, P2O5 and K2O through uncoated suphala +
Zn @ 4.2 kg ha-1 through zinc sulphate were
significantly superior over no application of Zn
to wheat. It is thought that zinc acts as a catalyst
for different enzymes involved in physiological
process of plants, oxidation and reduction in
plant cells. Absence of zinc may lead to
interference in redox system which is ultimately
related with chlorophyll synthesis. Similar
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Table 1. Effect of zinc application on yield and quality of wheat.

Treatment Wheat yield Quality parameters
(q ha-1) –––––––––––––––––––––––––––––––––––––––––––––––

–––––––––––––– Protein Chorophyll mg 100g-1

Grain Straw ––––––––––––––––– wt. of fresh plant tissue
Protein Protein ––––––––––––––––––––––––––––

(%) yield Choro- Choro- Total
(q ha-1) phyll 'a" phyll 'b" Choro-

phyll

Absolute control 25.47 38.19 9.44 2.40 0.18 0.32 0.50

NPK through straight fertilizers 33.46 60.62 10.02 3.35 0.20 0.34 0.54

NPK through uncoated suphala (15:15:15) 34.37 63.65 9.44 3.24 0.21 0.37 0.58

Zinc coated suphala (0.84 kg Zn ha-1) 37.89 68.77 10.49 3.97 0.23 0.37 0.60

Zinc coated suphala + zinc 38.80 65.62 9.85 3.82 0.24 0.42 0.66
@ 3:36 kg ha-1 through zinc sulphate

NPK through straight fertilizers + zinc 38.19 65.75 9.56 3.65 0.27 0.44 0.71
@ 0.84 kg ha-1 through zinc sulphate

NPK through uncoated suphala + zinc 38.74 71.04 9.56 3.70 0.31 0.51 0.82
@ 4.2 kg ha-1 through zinc sulphate

NPK through straight fertilizers + zinc 37.13 66.40 9.56 3.78 0.35 0.52 0.87
@ 4.2 kg ha-1 through zinc sulphate

NPK through uncoated suphala + zinc 38.28 61.95 10.41 3.98 0.28 0.48 0.76
@ 4.2 kg ha-1 through zinc sulphate

NPK as per fertilizer prescription equation 35.28 65.74 10.72 3.78 0.26 0.45 0.71
through zinc coated suphala (0.15 kg Zn ha-1)

S.E. ± 0.40 3.53 0.35 0.12 0.01 0.01 0.01

CD. at 5% 1.20 10.51 N.S. 0.36 0.02 0.03 0.04



results were also reported by Indulkar and
Malewar (1989) and Patil et al. (1997).

Thus from the experimental results it may
be concluded that application of zinc either
through zinc coated suphala or through zinc
sulphate with recommended dose of N, P2O5
and K2O fertilizer to wheat gave beneficial
effect on grain and protein yield.

A. D. Kadlag
V. B. Patil
D. D. Sawale
S. R. Mane

Dept. of Soil Science and Agril. Chemistry,
Mahatma Phule Krishi Vidyapeeth, 
Rahuri - 413 722 (India)
August 31, 2010.
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Effect of Consortia of Beneficial Microorganisms on Yield
and Economics of Groundnut (Arachis hypogaea L.)

______________

Groundnut (Arachis hypogaea L.) is one of
the important oilseeds crop of India. Among
the various reasons of low productivity of
groundnut, lack of seed inoculation is one of
the major loopholes in attaining desired
productivity. The groundnut crop has nodules
on the root in which atmospheric nitrogen is
fixed by the nitrogen fixing bacteria. Hence, the
application of biofertilizers combined with
fertilizers and organic manures enhances the
productivity (Devi et al., 2007). The technology
of seed treatment with bio-inoculants is easily
adoptable by the farmers. Biofertilizers for
nitrogen fixation by groundnut are
Bradyrhizobium sp. and phosphate solubilizing

bacteria for increasing phosphorus availability is
Pseudomonas syringae (Tran Thi Ngocson et
al., 2008). Highly efficient strains of
Bradyrhizobium sp. and phosphate dissolving
bacteria (Bacillus megaterium var.
phosphaticum) were reported by Radwan and
Awad, (2002).

Now a days emphasis has already been
placed on research and development activities
that led to the concept of multi-strain
biofertilizers. The application of gathered group
of soil microorganisms having a definite
beneficial role in supporting plant growth,
developing sustainable soil fertility and bio-



control of soil born diseases have been reported
by Mekki and Ahmed (2005). Keeping this in
mind the investigation was undertaken to study
the effect of bio inoculation alone and in
combination with inorganic fertilizers on
growth and yield of groundnut.

An investigation was carried out at Oilseeds
Research Station, Jalgaon (MS) during kharif
2006-2009. The soil of the experimental field
was low in available nitrogen (196 kg ha-1),
medium in available phosphorus (17 kg ha-1),
high in available potash (683 kg ha-1) and
slightly alkaline (pH 8.2) in reaction. A field
experiment was conducted in a randomized
block design with three replications and set of
nine treatment combinations consisting of T1:
Control, T2: RDF (25:50:0 N, P2O5 and K2O
kg ha-1), T3: RDF + Consortia 1 (Non
fluoresecent Pseudomonas) T4: RDF+
Consortia 2 (PGPR + PSM + Rhizobia), T5:
RDF + Consortia 3 (PGPR +PSM + Rhizobia),
T6: 75% RDF + Consortia-1, T7: 75% RDF +
Consortia 2, T8: 75% RDF + Consortia 3 and
T9: 75% RDF + FYM (Recommended @ 5 t

ha-1). The experimental field was prepared by
ploughing the field followed by repeated
harrowings. The cultivar JL-286 (Phule Unap)
was sown at a spacing of 30 x 10 cm. The
recommended dose of fertilizer @ 25 kg N and
50 kg P2O5 ha-1 was applied as per the
treatment. The seed inoculation of the
composite culture of non fluoresecent
Pseudomonas consortium-1, 2 and 3 (PGPR +
PSM + Rhizobia) was done @ 250 g 10 kg-1

seed separete before sowing. The manure and
recommended dose of fertilizer were applied as
per the tretment. The field was kept weed free
by two hand weedings at 20 and 35 DAS and
earthing up with hoe was done at 40 DAS to
make soil loose and porous for easy pegging
and pod development. The yield and yield
attributes were recorded at harvest and number
of nodules count and their dry weight was taken
at 55 DAS. Initial and post harvest soil samples
were processed and analysed for available
nitrogen, phosphorus and potassium by
adopting standard procedures (Jackson, 1973).

The pod yield and haulm yield was
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Table 1. Yield, economics and soil nutrient status of groundnut as influenced by various treatments of consortia of beneficial
micro organisms (kharif 2006-09).

Treatment Dry Dry Net B:C Nodules Nodule N P K
pod haulm returns ratio plant-1 dry (kg (kg (kg
yield yield (Rs. ha-1) weight ha-1) ha-1) ha-1)
(kg ha-1) (kg ha-1) (g plant-1)

T1 - Control 1410 4874 13811 1.90 33.34 0.057 190 18.3 628
T2 - RDF 1609 5183 16694 1.93 39.34 0.104 207 18.5 650
T3 - T2 + C1 1641 5568 17512 1.97 48.67 0.097 213 18.9 605
T4 - T2 + C2 2013 5780 25782 2.34 81.34 0.123 218 19.7 650
T5 - T2 + C3 1778 5791 20914 2.07 65.00 0.093 218 18.9 605
T6 - 75 % RDF + C1 1586 5380 14249 1.83 41.33 0.093 199 18.2 605
T7 - 75 % RDF + C2 1558 5387 15330 1.89 47.67 0.090 204 18.9 605
T8 - 75 % RDF + C3 1689 5334 16239 1.89 73.00 0.116 210 18.0 641
T9 - 75 % RDF + FYM (5 t ha-1) 1656 4309 11782 1.60 46.67 0.099 220 18.5 650
SE± 68 301 1710 0.08 6.38 0.009 - - -
CD at 5% 199 NS 5009 2.3 19.13 0.025 - - -

PGPR- plant growth promoting rhizobacteria, PSM- phosphate solubilizing mycorhiza, C1 = non-fluorescent Pseudomonas,
C2 = PGPR + PSM + Rhizobia, C3 = PGPR + PSM + Rhizobia.



significantly affected (Table 1) due to
application of consortia of different beneficial
micro-organisms alongwith RDF in groundnut.
Treatment 100 per cent RDF + Consortia-2
(PGPR + PSM + Rhizobia) gave significantly
higher dry pod yield (2013 kg ha-1), net returns
(Rs. 25782 ha-1) and B:C ratio of 2.34 over
rest of the treatments and it was followed by the
treatment 100 per cent recommended dose +
consortia 3 (PGPR + PSM + Rhizobia) which
gave dry pod yield of 1778 kg ha-1, net returns
Rs 20914 ha-1 and B:C ratio of 2.07. The seed
inoculation of nitrogen fixing bacteria fixes
atmospheric nitrogen in root nodules and PSM
increased the availability of native and applied P
through chemical fertilizers near rhizosphere.
The increased availability of nutrients increases
the yield of groundnut in kharif season
(Umamaheshwari et al. 2001).

The bio inoculation of consortia of different
beneficial microorganisms in groundnut
significantly affected the number of nodules and
nodule dry weight. The inoculation of
(consortium-2 along with 100 per cent RDF
gave higher number of nodules (80.75 plant-1)
and nodule dry weight (0.141 g plant-1). This
might be due to the increased availability of
plant nutrients from soil solution due to the
increased activities of beneficial micro
organisms in the soil. Similar trend was
observed in number of nodules and nodule
weight as a result of application of organic
wastes alone or combined with biofertilizers as
compared to chemical fertilizer treatment
(Radwan, 1990).

The bio inoculation also affected the
nutrient status of the soil after harvest of the
crop. The application of 100 per cent RDF +
consortium-2 increased the nutrient status by
increasing available N (218 kg ha-1) and P (19.7

kg ha-1). This might be due to the inoculation of
consortium of beneficial microorganisms which
helped to fix the nitrogen and solubilize the
phosphorus in rhizosphere.

The application of 100 per cent RDF +
consortia - 2 (PGPR + PSM + Rhizobia) was
observed to be the best treatment recording
higher dry pod yield (2013 kg ha-1), net returns
Rs. 26862 ha-1 and B:C ratio 2.34 and build
up soil fertility.

B. D. Malunjkar
B. B. Mulik
J. S. Chaure
A. R. Hajare
S. C. Patil

Oil Seeds Research Station,
Jalgaon - 425 001 (India)
September 25, 2011.
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Finger millet is exceptionally rich in calcium
and a good source of many other
micronutrients such as iron, magnesium, zinc,
chromium, iodine and thiamine (Malleshi,
2007) with good shelf life and grows well even
without pesticides or fertilizers. In Konkan,
generally it is cultivated on hill slopes without
any fertilizers. Since, it is a staple food of large
part of population of Konkan region,
agricultural scientists are concentrating in
bringing out good quality and high yielding
varieties. In the present investigation,an
attempt has been made to assess the
relationship between physico-chemical
properties of soil and nutritional quality of
finger millet grown in Konkan region of
Maharashtra.

Two genotypes of finger millet viz., Dapoli-
l (Red) and Dapoli Safed-1 (white) were selected
for the study. The soil and grain samples were
collected from the department of Agricultural
Botany, Dr. Balasaheb Sawant Konkan Krishi
Vidyapeeth, Dapoli (M.S.) and farmers of
village Gave, situated at a distance of five
kilometers from the University, who regularly
grow the finger millet crop for years. The
surface soil (0-15 cm) samples before sowing
(initial) and after harvest of the crop were
collected from three different spots from each
farmers' fields cultivating finger millet with the
application of organic manure and chemical
fertilizers solely as per the recommended doses,
by following standard procedure of soil sample
collection. Soil samples were processed and
analysed for physico-chemical properties of soil
by following the standard methods of analysis.
In all, twenty farmers were selected and 60 soil
samples @ three samples per farmer and one
grain sample each were collected for present

study. The grain samples were classified
according to the type of grain and cultivation
practice viz., Red (Dapoli-1) and White (Dapoli
Safed-1) coloured grains grown with the
application of organic manure and chemical
fertilizers. The grain samples were cleaned and
ground to fine powder and used for analysis of
nutritional quality and mineral status of finger
millet. The moisture, protein, fat, ash, crude
fibre, calcium, phosphorus and potassium were
analysed by AOAC (1980) procedures.
Carbohydrate content was calculated as the
difference between 100 and the sum of
moisture, protein, fat, crude fibre and ash
contents. The food energy was calculated from
the content of the proximate principles
assuming that proteins, carbohydrates and fats
yield 4, 4 and 9 kcals respectively per gram as
suggested by Gopalan et al. (1989). Chemicals
used for analysis were of analytical grade. The
micronutrients viz., iron, manganese, zinc and
copper were estimated using Atomic
Absorption Spectrophotometer. The
meteorological data with respect to
temperature, humidity and rainfall during the
period of finger millet cultivation was also
recorded.

Data of the physico-chemical properties of
soil from fields under study revealed that
average per cent sand, silt and clay was 53.06
and 52.74, 17.24 and 16.87 and 29.7 and
31.22 respectively for before and after harvest
of finger millet indicating sandy clay loam as
textural class. Bulk density was found to be
1.24 and 1.22 Mgm-3 for initial and after
harvest of the crop, while, maximum water
holding capacity was 49.41 and 49.32 per cent
for before and after harvest, respectively. The
pH ranged from 5.33 to 5.95 with an overall
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average value of 5.63 and 5.35 to 5.90 with an
overall mean value of 5.61 for initial and after
harvest of crop. EC values were found to be
very low with an overall average values for
initial (0.037dSm-1) and after harvest (0.036
dSm-1). Thus, in general, soils from different
finger millet fields under study were sandy clay
loam in texture, moderately acidic in reaction,
with high organic carbon (11.71 g kg-1) content
while low in electrical conductance. Similar
findings have been reported by Sankpal (2008)
and Shinde (2008). Further, data on available
nutrient status revealed overall means for N, P
and K as 300.55 and 274.90, 12.23 and
11.39 and 314.79 and 282.11 kg ha-1

respectively for initial and after harvest,
indicating that the availability was medium
(initial) and low (after harvest) for N, poor for P,
while available K status was high and
moderately high for initial and after harvest
respectively. These results are in conformity
with Mahajan (2001). Data on DTPA
extractable micronutrients indicated that initial
and after harvest status for DTPA extractable
micronutrients were 31.86 and 27.29, 102.61
and 88.16, 2.13 and 1.71 and 2.58 and 1.94
mg kg-1 for Fe, Mn, Zn and Cu respectively. In
general micronutrients status indicated that
there was adequate supply of DTPA extractable
micronutrients (Gajbhiye, 1985). Fe and Mn
status were found to be very high as compared
to Zn and Cu. Fe, Mn, Zn and Cu were
adequately supplied before and after harvest of
the finger millet (Suryavanshi, 2010). However,
in general there was depletion in macro as well
as micronutrients status after harvest of finger
millet. It may be attributed to removal of
nutrients by finger millet as well as leaching
losses of nutrients due to well drained nature of
lateritic soil.

The nutritional quality and mineral status of
the two finger millet genotypes revealed that
the mean moisture content of the millet was

12.36 g 100-1 g, with a range of 10.96 to
13.84 g 100-1 g. Similar findings were also
reported by Babu et al. (1987). There was no
significant difference in moisture content
between the two genotypes. However, moisture
content was significantly higher in the millet
grown with organic manure than the millet
grown with fertilizer application. Genotype
Dapoli Safed-1 was found rich in protein (8.63
g 100-1 g) which was significantly higher than
Dapoli-1 (7.55 g 100-1 g). These findings are in
conformity with the findings of Rachie and
Peters (1977). No significant variations in fat
content among the two genotypes were
observed. The fat content ranged from 0.6 to
1.3 g 100-1 g with a mean of 0.86 g 100-1 g
which is lesser than the value (1.3 g 100-1 g)
reported by Gopalan et al. (1996). The ash
content in Dapoli-1 genotype was found to be
2.76 g 100-1 g and that in Dapoli Safed-1 was
2.75 g 100-1 g. Similar values (2.5-2.9 g
100-1 g) were also recorded by Babu et al.
(1987). However, the difference was non-
significant tor genotypes as well as for manure
or fertilizer application.  On the other hand, the
crude fibre content in Dapoli Sated-1 genotype
was significantly higher (3.38 g 100-1 g) than
Dapoli 1 (3.09 g 100-1 g). These findings are
similar to the findings reported by Sripriya et
al. (1997).

It was further observed that the
carbohydrate content in the red (73.56 g
100-1 g) and white (71.99 g 100-1 g) varieties
differed significantly from each other. The
energy content of Dapoli-1 genotype (331.84
kcal) was found to be significantly higher than
the energy content of Dapoli Safed-1 (329.97
kcal). Also the energy content of the millet
grown with chemical fertilizers was significantly
higher than the energy content of the millet
grown with manure application. Similarly,
calcium was observed to be significantly higher
in Dapoli-1 variety (312.0 mg 100-1 g)
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compared to Dapoli Safed-1 (263.8 mg 100-1

g). However, there was no significant variation
with manure or fertilizer application.   Gopalan
et al. (1996) have reported a calcium content
of 300-340 mg 100-1 g while, Malleshi (2002)
has reported a calcium content of 344 mg
100-1 g in finger millet.  The mean phosphorus
content in Dapoli-1 genotype was found to be
254.60 mg 100-1 g which was significantly
higher than Dapoli Safed-1 (234.70 mg 100-1

g). Also the phosphorus content in the millet
grown with fertilizer application was found to
be significantly higher than the millet grown
with organic manure. The findings are similar
fo the values (283 mg 100-1 g) reported by
Gopalan et al. (1996). Rachie and Peters
(1977) have reported the phosphorus content
in the range of 131-904 mg 100-1 g in finger
millet. No significant differences were observed
for potassium content for genotypes and
fertilizer application.

The iron content (3.43 mg 100-1 g) in
Dapoli Safed-1 genotype was found to be
significantly higher than Dapoli-1 (2.27 mg
100-1 g).   However, the fertilizer application
did not show significant effect on the iron
content. Rao and Deosthale (1988) have also
reported an iron content of 4.9 mg in coloured
and 5.0 mg 100-1 g in white ragi varieties.  The
mean manganese content of 2.16 mg 100-1 g
in white Dapoli Sated-1 genotype was
significantly higher than Dapoli-1 (1.52 mg
100-1 g). Similar findings were also observed
for zinc content which was significantly higher
(3.28 mg 100-1 g) in Dapoli Safed-1 compared
to Dapoli-1 (2.96 mg 100-1 g). However,
manure or fertilizer application was found to be
non significant for Mn and also for Zn. Copper
content in both did not vary significantly for
genotypes as well as for manure or fertilizer
application. Further, when data on nutritional
quality of white and red genotype of finger
millet was compared, it was observed that white

genotype (Dapoli Safed-1) was significantly
higher in protein (8.63 g 100-1 g), crude fibre
(3.38 g 100-1 g), Fe (3.43 mg 100-1 g), Mn
(2.16 mg 100-1 g) and Zn (3.28 mg 100-1 g)
than red genotype. However, red genotype was
significantly higher in carbohydrates (73.56 g
100-1 g), energy (331.84 Kcal), calcium
(312.00 mg 100-1 g) and phosphorous
(254.60 mg 100-1 g) than white genotype.
Shukla et al. (1985) analysed 14 cultivars of
finger millet for their mineral contents and
found that both red and white cultivars were
excellent sources of Ca, Mg, S, P, K and the
micronutrients Fe, Mn, Zn and Cu. Samantray
et al. (1989) have reported that white ragi
varieties contain higher amount as Ca, Mg, Fe,
Zn, P and Cu than the red and black verities
analysed. Similarly, nutritional quality and yield
of finger millet were also influenced by physico-
chemical properties of soil. The data revealed
that yield of finger millet was significantly
correlated with pH, Fe, Mn and Cu. Protein
content of finger millet was found to be
significantly influenced by silt, K and
Mn,whereas there was a significant correlation
between sand, P, Fe, Zn and Cu and energy
content of finger millet. Silt showed significant
effect on protein, Fe, Mn and Zn. Similarly, Mn
content of finger millet varied significantly with
electrical conductance of soil. Significant
influence of organic carbon on calcium content
of finger millet was also observed. Similarly,
there was significant relationship between Mn
and pH with Mn and Zn of finger millet,
respectively. Bulk density and available nitrogen
established a significant positive relationship
with phosphorous of finger millet. Thus various
physico-chemical properties of soil significantly
influenced nutritional qualities and yield of
finger millet.

Pooja Sawant
Nirmala Yenagi
K. P. Vaidya
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Effect of Native Sclerocystis sinuosa and Fly Ash on Growth
and Biochemical Changes in Garlic (Allium sativum L)

______________

Fly ash (FA) is a coal residue produced at
power generating plants. Fly ash increases the
porosity, water holding capacity and
conductivity of soil. Thousands of tones of fly
ash is being generated every day at each

thermal power station. The fly ash contains the
sizable amount of micronutrients viz., boron
(350 ppm), molybdenum (120 ppm), copper
(75 ppm), zinc (100 ppm) and traces of NPK
and physical properties are pH 7.5, electrical



conductivity mmhos cm-1 (5.73 ± 0.05),
moisture content (18.0-38.0 %), organic
carbon (0.39 ± 0.05 %), CEC meq (0.45 ±
0.04), particle distribution such as sand
(45.54%), silt (40.45%), clay (14.01%) (Kene et
al., 1991). It also acts as a conditioner to
improve the physical properties of soil when
incorporated to coarse textured soils (Campbell
et al., 1983). Application of fly ash @ 10 t
ha-1 significantly increased the yield of different
field drops (Singh and Singh, 1986 and Kene
et al., 1991 and 1992).

The present study deals with use of fly ash
and S. sinuosa (SS) for growth and biochemical
changes of garlic (Allium sativum L).

The present investigation was carried out
during rabi season (Oct. 2009- Feb. 2010)
using local verity. S. sinuosa isolated from
rhizosphere soil of Azadiracta indica Juss and
maintained on maize roots using mixture of
soil:sand:FYM (1:1:1). The cultures containing
chlamydospores (80-100 spores 50-1 g)
(Gerdemann, and Nicolson, 1963) and root
segments of maize colonized by S. sinuosa
were used as mycorrhizal inoculum. Application
of inoculum of Sclerocystis sinuosa 10 g-1 bag
per treatment was worked out. Cloves were

planted in 12 x 18 cm poly bag. All the values
recorded with five treatments and five
replicates.

The inoculation treatments included T1 -
control (only soil), T2 - (20% FA + SS), T3 -
(40% FA + SS),  T4 - (60% FA + SS) and T5 -
(80% FA + SS). Observations were recorded 60
days after sowing on shoot length, root length,
fresh weight, dry weight, number of leaves, leaf
area and bulb diameter. The dry weight was
determined after drying the plant at 80°C for
48 hours. The root samples of each treatment
were collected, processed and stained with
cotton blue (Philips and Hayman 1970). Per
cent root colonization was calculated as per
Giovanetti and Mosse (1980). The macro and
micronutrient from bulb were estimated by
using Atomic Absorption Spectrophotometer
(AASPM). The data was analyzed as per the
standard method following Panse and
Sukhatme (1985). The soil used for experiment
was with organic carbon (0.93%), pH (7.10),
available N (0.69%), available P2O5 (4 kg ha-1),
available K (99 kg ha-1), native AM spore
population (averaging 20 spores 50 -1 ml) and
E.C. at 25°C (0.18).

It is evident from Table 1 that maximum
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Table 1. Effect of native AM(SS)  and fly ash on growth parameters of garlic (Allium sativum L.) after 60 days.

Treatment Shoot Root Fresh Dry No. of Leaf % Bulb Soil
length length wt. wt. leaves area VAM dia pH
(cm) (cm) (g) (g) (cm2) colon. (cm)

T1 - Control 13.45 13.70 1.51 0.325 3.00 3.90 - 2.50 6.8

T2 - 20% FA + SS 14.70 14.10 1.75 0.475 3.00 6.35 65 2.60 7.0
(9.29) (2.91) (15.89) (46.15) (00) (62.82) (4.00)

T3 - 40% FA + SS 20.50 20.75 5.46 0.600 4.00 9.75 81 3.85 7.2
(52..41) 51.45) (261.5) (84.61) (33.33) (150) (54.0)

T4 - 60% FA + SS 17.03 26.66 4.26 0.666 3.66 6.33 87 3.40 7.5
(26.61) (94.59) (182.1) (101.9) (22.00) (62.30) (36.0)

T5 - 80% FA + SS 15-00 24.00 4.12 0.555 3.50 2.90 56 3.05 7.5
(11.52) (75.18) (172.8) (70.76) (16.66) (22.4)

CD (p=0.05) 4.32 7.24 2.14 0.160 0.53 3.24 43 0.69

C = Control, FA = Fly Ash (20, 40, 60, 80% of fly ash in soil) SS = Scherocystis sinuosa, Figures in parenthesis are per cent
increase over control.



shoot length of 20.5 cm (52.41% more over
control) was recorded in treatment 40 per cent
FA + SS followed by 17.03 cm (26.61% more
over control) in treatment 60 per cent FA + SS
and root length of 26.66 cm (94.59% more
over control) was highest in the same treatment
followed by 24 cm (75.18% more over control).

The fresh weight of 5.46 g (261.5% more
over control) was recorded in the treatment 40
per cent FA + SS followed by 4.26 g (182.1%
more over control) in the treatment 60 per cent
FA + SS and dry weight of 0.666 g (101.9%
more over control) in the treatment 60 per cent
FA + SS and 0.600 g (84.61% more over
control) in the treatment 40 per cent FA + SS.

Maximum number of leaves 4 i.e. (33.33%
more over control) were recorded in treatment
40 per cent FA + SS followed by 3.66 (22%
more over control) in treatment 60 per cent FA
+ SS and leaf area of 9.75 cm2 (150% more
over control) was highest in treatment 40 per
cent FA + SS followed by 6.33 cm2 (62.30%
more over control) in 60 per cent FA + SS. The
bulb diameter was maximum (3.85 cm) and was
54 per cent more over control in treatment 40
per cent FA + SS followed by 3.40 cm (36.0%
more over control) in treatment 60 per cent FA
+ SS.

The N and P concentration 2.85 per cent
(9.61% more over control) and 326 ppm
(28.34% more over control) were highest in the
treatment 60 per cent FA + SS respectively.
There was also significant increase in K
(2.53%), (14.13% more than control) in the
treatment 80 per cent FA + SS, Ca (1.03%)
which was 32.05 per cent more over control in
treatment 40 per cent FA + SS and increase in
Fe (3.35 ppm) which was 14.33 per cent more
over control in the treatment 20 per cent FA +
SS. These results indicated that use of FA 40 to
60 per cent concentration with S. sinuosa was
good for the growth of garlic. Similar reports
were also reported by Hatch (l937), Mejestrik
(1970), Bowen et al. (1974) that AM
inoculated plants observed more amounts of
minerals like Ca, K, Cu, Mn, Mg and Zn than
uninoculated plants.

The pH of the rhizosphere soil recorded
during experiment was of 6.8 to 7.5. The per
cent root colonization of S. sinuosa was
highest (87%) in the treatment 60 per cent FA
+ SS, followed by 81 per cent in 40 per cent
FA + SS and all growth parameters and
nutrient content were also significant in these
treatment indicated that S. sinuosa played very
important role in mobilization of nutrients from
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Table 2. Effect of native AM(SS) and fly ash on nutrient contents of garlic bulb (Allium sativum L.) after 60 days.

Treatment N P2O5 K2O Ca Mg Zn Cu Fe
(%) (ppm) (%) (%) (%) (ppm) (ppm) (ppm)

T1 - Control 2.60 254 2.27 0.78 0.21 154 24 2.93

T2 - 20% FA + SS 2.40 11.7 2.52 0.95 0.20 89 22 3.35
- - (11.01) (21.79) - - - (14.33)

T3 - 40% FA + SS 2.36 218 2.29 1.03 0.19 57 18 2.05
- - (0.88) (32.05) - - - -

T4 - 60% FA + SS 2.85 326 2.03 0.81 0.19 79 15 0.69
(9.61) (28.34) - (3.84) - - - -

T5 - 80% FA + SS 2.09 229 2.53 0.85 0.20 108 21 2.09
- - (14.13) (8.97) - - - -

CD (p=0.05) 0.34 146.33 0.24 0.12 0.01 46 4 1.27

C = Control, FA = Fly Ash (20, 40, 60, 80% of fly ash in soil), SS = Scherocystis sinuosa, Figures in parenthesis are per
cent increase over control.



soil to the crop (Khan and Khan, 1996; Rizvi,
and Khan 2009).
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Effect of Plant Growth Regulators on Growth, Yield and Yield
Attributes of Cowpea [Vigna unguiculata L. Walp.]

______________

An investigation was undertaken to study
the effect of plant growth regulators on dry
matter production and it's distribution in
component parts of plant, growth and yield
contributing characters and their association
with the yield of cowpea during kharif 2007 at
PGI, MPKV, Rahuri. The experiment was laid

out in FRBD with three replications involving
two factors, varieties (Shweta and Phule
Pandhari) and the plant growth regulators viz.,
TIBA @ 50 and 100 ppm, Ethrel @ 50 and
100 ppm, CCC @ 500 and 1000 ppm, water
spray and absolute control. The foliar
application was carried out at 25 and 45 DAS.
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The variety, Phule Pandhari recorded higher
seed yield than Sweta. Among the treatments,
the treatment CCC @ 1000 ppm recorded the
highest grain yield with favourable effect on all
morpho-physiological characters viz., number
of primary branches, secondary branches, leaf
area, specific leaf weight, dry matter production
on leaf, stem, root and number of pods plant-1,
seed plant-1, grain yield (g plant-1), 100 grain
weight and protein content. Therefore, it could
be concluded that the variety Phule Pandhari
and the treatment with CCC (1000 and 500
ppm) were found to be the best for the
improvement in morpho-physiological traits of
cowpea viz., leaf area, dry matter production,
grain yield, chlorophyll content and protein
content.

The vegetative phase governs the overall

phenotypic expression of the plant and
prepares the plant for next important
reproductive phase. In the present
investigation, the variety, Phule Pandhari was
earlier for days to flowering (43.7 days) and
maturity (70.9 days). The absolute control
(56.2) required maximum whereas, the foliar
application of TIBA @50 ppm (52.1) required
minimum days for 50 per cent flowering. The
variety Sweta was significantly superior over
Phule Pandhari for plant height (119.6 cm) and
number of secondary branches plant-1 (15.3).
The treatments with water spray (114.7 cm)
and absolute control (114.4 cm) recorded
significantly higher plant height however, they
were inferior for other morphological
characteristics (Table 1). Umezaki et al. (1992),
Reddy and Patil (1981), Yadava and Sreenath
(1975) reported that foliar application of CCC
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Table 2. Dry matter production and it's distribution in component parts of plant as influenced by plant growth regulators in
cowpea.

Treatment Dry matter accumulation AGR RGR CGR
(g plant-1) –––––––––––––––––– –––––––––––––––––– ––––––––––––––––––

––––––––––––––––––––––––––––––– DAS DAS DAS
Root Lea- Stem Pods Total –––––––––––––––––– –––––––––––––––––– ––––––––––––––––––

ves 30-45 45-60 60-H 30-45 45-60 60-H 30-45 45-60 60-H

Varieties :
Sweta 10.01 11.51 18.04 10.34 50.24 0.664 0.600 0.669 0.023 0.007 0.005 23.37 19.41 14.13
Phule Pandhari 9.71 9.35 15.82 11.32 46.24 0.624 0.618 0.643 0.023 0.007 0.005 22.97 19.61 15.07
SE± 0.16 0.13 0.28 0.12 0.28 0.006 0.003 0.005 0.002 0.002 0.001 0.20 0.16 0.17
CD at 5% NS 0.38 0.82 0.34 0.81 0.017 0.010 0.015 NS NS NS NS NS 0.51

Growth regulators (ppm) :
TIBA @ 50 10.16 10.31 18.14 10.93 49.31 0.605 0.610 0.617 0.024 0.006 0.005 22.03 20.10 14.31
TIBA@100 10.14 10.05 18.15 11.31 49.06 0.583 0.633 0.622 0.025 0.007 0.005 22.95 19.61 13.51
Ethrel @ 50 9.83 10.98 16.48 10.63 47.92 0.691 0.667 0.747 0.024 0.008 0.004 23.62 19.47 15.68
Ethrel@ 100 9.73 10.06 16.49 11.25 47.53 0.698 0.688 0.768 0.023 0.008 0.005 24.70 20.70 15.51
CCC @ 500 10.07 11.23 18.35 12.26 52.33 0.723 0.664 0.669 0.025 0.008 0.006 24.40 19.75 16.65
CCC @ 1000 10.05 11.33 18.47 11.90 51.95 0.703 0.654 0.683 0.024 0.008 0.005 25.20 20.52 16.48
Water spray 10.00 9.75 15.96 9.05 43.97 0.583 0.604 0.565 0.021 0.006 0.005 21.52 18.05 12.13
Absolute control 9.06 9.53 14.85 9.32 43.90 0.587 0.593 0.575 0.020 0.007 0.004 20.98 17.80 12.49
SE± 0.33 0.26 0.57 0.24 0.56 0.012 0.007 0.010 0.001 0.002 0.001 0.40 0.32 0.36
CD at 5% NS 0.76 1.64 0.69 1.63 0.034 0.020 0.029 0.003 NS NS 1.15 0.92 1.03

Interaction :
SE± 0.46 0.37 0.80 0.34 0.79 0.017 0.010 0.014 0.001 0.001 0.001 0.56 0.45 0.50
CD at 5% NS NS 2.32 NS 2.29 NS NS NS NS NS NS NS NS 1.45



@500 mg l-1 in cowpea reduced mean plant
height. The CCC sprayed @ 500 ppm
maintained higher number of primary (12.0)
and secondary (18.0) branches and leaves
(74.7) followed by CCC@1000 ppm (11.7,
17.8 and 74.7). Increase in mean number of
primary and secondary branches and number
of leaves by application of PGRs were also
reported by Yadava and Sreenath (1975) in
cowpea. The ethrel sprayed @ 100 ppm
(29.86 dm2) and 50 ppm (29.61 dm2) recorded
significantly the highest leaf area plant-1,
whereas, CCC @1000 ppm maintained highest
specific leaf weight (0.407 g dm-2). Similar
results were recorded by Shah and Prathapsena
(1991) in mungbean. Yield improvements have
been achieved through directional selections for
yield contributing traits (Akbar and Kamran,
2006). Pod dry weight, seed yield and 100 seed
weight have been reported among the
prominent grain yield determinants of cowpea
(Brolmann and Stoffella, 1986; Siddique and
Gupta, 1991). They have been found to have
reliable predictability on grain yields in grain
legumes (Singh and Malhotra, 1970; Dani,
1979). The foliar sprays of CCC @500 ppm
recorded maximum number of pods plant-1

(15.66), 100 seed weight (8.69 g), whereas,
foliar sprays of CCC @1000 ppm maintained
maximum number of seeds plant-1 (145.0),
grain yield plant-1 (8.70 g), yield ha-1 (21.81 q),
harvest index (21.53%) and protein content
(21.07%). Yadava and Sreenath (1975)
reported that application of CCC, GA3 and
phosphon-D in cowpea increased 1000 seed
weight. Shinde et al. (1995) observed increase
in seed yield in cowpea due to application of
ethrel.

The pattern of dry matter production and it's
distribution into component plant parts
collected at the different time intervals would
give the picture in quantitative terms as regards
to accumulation and partitioning of the total dry

matter among the plant parts throughout the
growth period of crop. Further, the knowledge
of crop physiology through growth analysis
technique, which involves tracing the history of
growth and identifying the growth and yield
factors contributing for yield variation, is a vital
tool in understanding the crop behavior. The
data on dry matter production and it's
distribution into component plant parts and
growth parameters in Table 2 indicated that,
the variety, Sweta had higher dry matter
accumulation in root (10.01 g plant-1), stem
(18.04 g plant-1) and leaves (11.51 g plant-1)
than Phule Pandhari, whereas, Phule Pandhari
recorded higher dry matter production in pods
(11.32 g plant-1). Therefore, Sweta had
maintained significantly the highest total dry
matter production per plant (50.24 g plant-1).
The foliar spays of TIBA @50ppm (10.16 g
plant-1) and 100 ppm (10.14 g plant-1)
recorded higher dry matter accumulation in
root. The foliar sprays of CCC @1000 ppm
maintained higher dry matter in leaves (11.33 g
plant-1) and stem (14.47 g plant-1) whereas,
@500 ppm recorded higher dry matter in pods
(12.26 g plant-1). Therefore, the foliar sprays of
CCC@500 ppm maintained higher total dry
matter production (52.33 g plant-1). Similar
results were reported by Adedipe and Ormrod
(1977) that application of CCC (0.1 mg l-1)
increased root, leaves and, stem dry matter
production in cowpea.

The variety, Sweta had higher AGR
between 30 and 45 DAS (0.664.g day-1) and
60 days onwards (0.669 g day-1), whereas,
Phule Pandhari had higher AGR between 45
and 60 DAS (0.618 g day-1). The genotypic
difference for RGR and CGR were non-
significant (Table 2). The differences for growth
parameters due to foliar sprays of PGR's were
nonsignificant at various stages of growth.
However, the foliar sprays with CCC@500
ppm (0.723 g day-1) and 1000 ppm (0.703 g
day-1) recorded higher AGR between 30 and
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45 DAS. Between 45 and 60 DAS (0.668 g
day-1) and 60 days onwards (0.768 g day-1), the
foliar sprays of ethrel@100 ppm maintained
higher AGR followed by ethrel@50 ppm
(0.667 and 0.747 g day-1), respectively. The
differences for RGR were not upto the mark for
various treatments of PGR. However, the foliar
sprays of CCC@1000 ppm and ethrel@100
ppm maintained consistently higher CGR at
various stages of growth. Balkrishnan and
Natarajarathan (1987) in pigeonpea and
Nawalgatti et al. (1991) in groundnut reported
increase in AGR, CGR and NAR with
application of CCC, TIBA.

It may be concluded that, the variety Phule
Pandhari was found to be promising for major
yield contributing and morpho-physiological
traits. Among the PGRs, the treatment CCC @
1000 ppm was found to be best followed by
CCC @ 500 ppm over all other treatments in
respect of morpho-physiological traits viz.,
vegetative growth and source, dry matter
production, growth parameters, yield and yield
contributing characters and protein content of
seeds etc. Further detailed investigations are
warranted to confirm and accrue the benefits of
PGRs in cowpea for increasing productivity.

U. J. Kusurkar
S. N. Mate
D. V. Deshmukh
R. W. Bharud

Department of Botany,
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Pre-harvest sprouting occurs when there is
rain just before or during harvest. The higher
moist condition at the time of maturity creates
the loosening of membrane stability leads
reduction in germination percentage due to
losses in reserve storage food value. Sprouting
resistance can be enhanced by prolonging seed
dormancy by using growth regulators. Better
understandings of the growth regulating
processes that maintain seed dormancy are
needed. This research is aimed at identifying
the causes of pre-harvest sprouting and
associated effect at the pre-harvest sprouting in
mungbean.

The experiment on var. Vaibhav was carried
out at MPKV, Rahuri during kharif 2007 in
RBD with three replications adopting the
spacing of 30 x 10 cm. The gross and net plot
sizes were 4.00 x 1.80 m2 and 3.60 x 1.20
m2, respectively. The treatments were foliar
sprays of CCC @ 500 ppm and MH @ 100
ppm at 45, 50, 55 and 60 DAS compared with
an absolute control (without spray) and control
(water spray). The observations on vegetative
growth, dry matter production and generative
growth were recorded at various stages of
growth. Seed quality parameters and chemical
compositions viz., protein content (Jackson,
1971), carbohydrate (Dubois et al. 1956), total
sugars (%), reducing sugars (Nelson, 1944),
moisture (%) and vitamin C (mg 100-1 g) were
recorded for both raw as well as sprouted
condition. The fertilizers @ 25 kg nitrogen + 50
kg P2O5 ha-1 were applied as a basal dose in
the form of urea and SSP. The recommended
packages of practices were adopted for raising
the crop.

The absolute control and water sprayed at

45 DAS recorded higher plant height (49.2 cm)
over the foliar sprays of growth regulators. The
foliar sprays of CCC@500 ppm at 45 DAS
maintained higher number of branches (9.8),
number of pods plant-1 (34.8), yield plant-1

(8.63 g), 1000 grain weight (37.9 g) and
harvest index (22.72%) and earlier for days to
flowering (40.9). In addition to this, the foliar
sprays of MH@100 ppm at 45 DAS was also
promising for number of branches (9.2),
number of pods plant-1 (33.7), number of
grains pod-1 (13.1), 1000 grain weight (37.7 g)
and harvest index (22.84%) and earlier for days
to flowering (41.0). Lee (1988) and Zode and
Durge (1988), also reported the similar effects
of the plant growth regulators. Vikhe (1981)
observed that spraying of NAA, CCC and urea
produced more number of branches in
pigeonpea.

The foliar sprays of CCC@500 ppm at 60
DAS recorded significantly the lowest moisture
content (10.2%), the highest germination
(90.7%) and vigour index (3083) followed by
MH@100 ppm at 60 DAS (10.8, 90.0 and
3060). The foliar sprays at 55 DAS had also
shown better performance for seed quality
parameters. It indicated that the foliar sprays at
advanced stages of growth performed better to
maintain the seed quality in terms of moisture,
germination and vigour index. Similar results
were obtained by using growth regulators in
cowpea by Ogbonna and Abraham (1989).

The differences in sprouted pod number due
to different treatments were statistically
significant at 96 and 120 hrs. The water
sprayed at 45 DAS recorded higher sprouted
number of pods at 48 (0.66), 72 (1.33), 96
(6.66) and 120 hrs (8.66) followed by absolute
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control at 48 hrs (0.33) and water spray,
CCC@500 ppm at 60 DAS, MH@100 ppm at
55 DAS and at 60 DAS at 72 hrs (0.66). At
144 hrs, the highest number of sprouted pods
were recorded in foliar sprays of CCC@500
ppm at 45 DAS and at 60 DAS, MH@100
ppm at 45 DAS (10.00) and water spray
(9.66), The lowest number of sprouted pod at
144 hrs were found in the treatments absolute
control, CCC@500 ppm at 55 DAS, MH@100
ppm at 50 DAS and at 60 DAS (9.33). It might
be concluded that, the foliar sprays of plant
growth regulators were effective only upto 120
hrs for sprouting of seed. The effect of growth
regulators on sprouting is reduction in the time
of germination of legume crop of Vigna
sinensis (Ogbonna and Abraham, 1989).

The treatment (Table 1) water spray (13.11
and 70.80%) and absolute control (12.21 and
69.40%) had the highest moisture content in
raw and sprouted seeds, respectively. The
treatment CCC@500 ppm at 60 DAS
maintained minimum moisture per cent in
sprouted (65.10%) and raw (9.40%) seed. The

foliar sprays of CCC@500 ppm at 50 DAS
(27.95%) was superior for protein per cent in
raw seed followed by CCC@500 ppm at 60
DAS (27.86%), MH@100 ppm at 60 DAS
(27.83%) and CCC@500 ppm at 45 DAS
(27.73%). The highest protein per cent of
sprouted seed was recorded in foliar spray of
MH@100 ppm at 45 DAS (17.41%), followed
by CCC@500 ppm at 60 DAS (17.04%) and
MH@100 ppm at 50 DAS (16.83%). The
results were in conformity with the findings of
Patel and Saxena (1995) in mungbean. The
treatment CCC@500 ppm at 45 DAS (9.55 %)
and MH@100 ppm at 45 DAS (5.79) recorded
the highest sugar content in raw and sprouted
seeds, respectively, whereas, absolute control
(7.67 and 4.38% ) and water spray (7.78 and
4.55%) were found to be inferior for total
sugars in raw as well as sprouted seeds. The
foliar sprays of CCC@500 ppm at 50 (60.33%)
and 45 DAS (60.02%) in raw seeds and
MH@100 ppm (46.46%) and CCC@500 ppm
at 45 DAS (46.36%) in sprouted seed
maintained higher carbohydrate content. The
foliar sprays of CCC@500 ppm at 50 DAS
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Table 1. Proximate composition of raw and sprouted seed influenced by various treatment of plant growth regulators at
various time intervals in mungbean.

Treatment Moisture Protein Total Carbo- Reducing Vit. C
(%) (%) sugars hydrates sugars (mg 100-1

–––––––––––– –––––––––––– (%) (%) (%) g)
R S R S ––––––––––– –––––––––––– –––––––––––– ––––––––––––

R S R S R S R S

Absolute control 12.21 69.40 26.09 15.33 7.67 4.38 58.16 44.16 2.51 3.43 2.56 53.34
Water spray 13.11 70.80 26.20 15.65 7.78 4.55 54.24 44.50 2.46 3.50 2.56 53.66
CCC@500 ppm at 45 DAS 10.30 66.20 27.73 16.75 9.55 5.75 60.02 46.36 3.05 4.10 3.00 54.73
CCC@500 ppm at 50 DAS 10.22 66.96 27.95 16.78 9.39 5.72 60.33 46.16 3.16 3.89 3.10 54.75
CCC@500 ppm at 55 DAS 9.41 65.66 27.15 16.73 9.13 5.67 59.78 46.03 3.05 4.12 3.10 54.75
CCC@500 ppm at 60 DAS 9.40 65.10 27.86 17.04 9.15 5.30 59.52 46.26 3.12 3.94 3.13 54.66
MH@100 ppm at 45 DAS 11.10 66.00 27.66 17.41 9.23 5.79 59.98 46.46 3.06 4.11 3.13 54.97
MH@100 ppm at 50 DAS 11.23 66.53 27.70 16.83 8.94 5.72 60.01 46.10 3.02 3.78 3.13 54.72
MH@100 ppm at 55 DAS 10.43 66.76 27.65 16.76 9.15 5.45 59.98 45.96 3.09 3.97 3.16 54.70
MH@100 ppm at 60 DAS 10.43 65.20 27.83 16.54 9.21 5.71 59.38 46.10 3.06 3.85 3.03 54.93
Mean 10.78 66.86 27.38 16.58 8.92 5.40 59.14 45.81 2.96 3.87 2.99 54.52
SE± 0.53 0.76 0.265 0.277 0.33 0.20 0.221 0.145 0.120 0.145 0.136 0.278
CD at 5% 1.57 2.25 0.786 0.822 0.99 0.60 0.657 0.432 0.355 0.432 0.405 0.825



(3.16%) recorded the highest reducing sugar
per cent in raw seed followed by CCC@500
ppm at 60 DAS (3.12%) and MH@100 ppm at
55 DAS (3.09%). The highest reducing sugar in
sprouted mungbean seed was recorded in foliar
sprays of CCC@500 ppm at 55 DAS (4.12%),
MH@100 ppm at 45 DAS (4.11%) and
CCC@500 ppm at 45 DAS (4.10%). Kasat
(1988) reported that the total sugar reduced
during sprouting in pulses. The foliar sprays of
MH@100 ppm at 55 (3.16 mg 100-1 g), 50
(3.13 mg 100-1 g) and 45 DAS (3.13 mg
100-1 g) and CCC@500 ppm at 60 DAS (3.13
mg 100-1 g) recorded the highest Vit. C (mg
100-1 g) in raw seed, whereas, the foliar sprays
of MH@100 ppm at 45 DAS (54.97 mg
100-1 g), MH@100 ppm at 60 DAS (54.93 mg
100-1 g), CCC@500 ppm at 50 and 55 DAS
(54.75 mg 100-1 g) recorded the highest Vit C
in sprouted seed. In general, the Vit C content
was increased in sprouted seeds. The above
findings strongly supported by Kasat (1988).

The foliar sprays of CCC (500 ppm) and
MH (100 ppm) increased the various
morphological and physiological parameters
along with increased grain yield and chemical
compositions in the seed. In general, the foliar
spray of plant growth regulators at initial stages
were effective for increasing the vegetative and
generative growth, however spraying of plant
growth regulators at advanced stages of growth
were highly effective for improving the seed
quality characters. The bio-chemical
parameters were also improved by the spraying
of plant growth regulators. The protein,
carbohydrates and total sugars were higher in
raw seeds however, it was decreased while it
was sprouted. It might be due to conversion of
carbohydrates and proteins into simple sugars
and Vit C. It may be concluded that the foliar
sprays of CCC and MH are useful at initial

stages of growth for improving the yield and
yield contributing characters, whereas, at
advanced stages for the improvement of seed
quality characters and bio-chemical parameters.
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In 1978, the Committee on Panchayati Raj
Institutions recommended the reservation of
two seats for women in each Panchayat and co-
option of women to these with the 73rd

Constitutional Amendment Act, not less than
one-third of the seats were reserved for women,
with proportional representation. In addition, a
third of the Chairpersons of the Panchayats at
all levels are to be women. Tawade et al.
(1991), Bhosale (1997), Garje (1997) and
Sawarnakar et al. (1997) reported the women
participation in politics and their socio
economic status. The present study was
undertaken to know the training need of
women politicians for effective utilization of
rules and regulations for village development.

The study was conducted on the basis of
responses of 65 women members of the 21
Gram Panchayats from the Nashik Block of
Nashik District. There are 64 Gram Panchayat
and 175 women Gram Panchayat members
were arranged alphabetically and every third
Gram Panchayat was selected for the study
interviewed personally. A pre-designed
questionnaire was used to interview the
respondents to receive their opinions on
training needs. The data so collected were
converted into quantitative form and analyzed
with the help of statistical tools viz., frequency
distribution, percentage distribution, Mean,
Range, Standard Deviation and Correlation Co-
efficient. The women were categorized into
three groups on the basis of mean and standard
deviation. These groups are, less training need
up to 72 per cent, medium training need
between 73 to 84 per cent and more training
need above 84 per cent.

It was observed that almost fifty per cent of

the women were from middle age group i.e. 36
to 50 years of age. Majority of the members
had education less than tenth standard
belonging to higher and middle castes. More
than ninety six per cent of the members had
low social participation and low leadership
background. Majority of them had medium level
of annual income ranging from Rs. 16,001 to
84,000. A large proportion of the respondents
(71.95%) were found with medium use of
sources of information.

Majority of the women members had
medium level of training needs, followed by
more training needs (13.33 per cent) and
11.67 per cent had less training needs.
Regarding training areas almost more than one
fourth members prioritized their training needs,
in all aspects of orientation. All the members
expressed the need of the training in the areas
of role and responsibilities of women members
and training needs in the development and
welfare programmes.

The relationship between age and training
needs of the respondents (Table 1) was found to
positive and statistically significant. This
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Training Needs of Women Members of Gram Panchayat

Table 1. Relationship between respondent's training
needs and selected independent variables.

Independent Correlation
variables co-efficient

(r)

Age 7 0.527**
Education - 0.348 NS
Size of family 0.316**
Type of family 0.067 NS
Land holding 0.311**
Caste 0.217**
Social participation - 0.087 NS
Annual income 0.154 NS



indicated that the training need increases as age
also increases. Therefore, the respondents of
medium age group and above were having
more training needs than the younger group.
The relationship between education and
training needs of the respondents was found to
be negative and statistically non-significant.
Higher the education lesser is the training need,
while lower the education level higher is the
training need. The variable caste has also
shown positive and statistically significant
relationship with training needs. The study
further revealed that the relationship between
size of family and land holding with training
needs was positive and significant. It was
observed from the study that the type of family
and social participation had negative
relationship with the training needs. In this
study, social participation covered both formal
and informal participation by the respondents.
This participation brings an individual in close
contact with other members of social
organizations which increases the general
awareness amongst the respondents. The
relationship between annual income and
training needs of the respondents was found to
be non significant. Majority of the respondents
belonging to lower income groups, have shown
more interest in the training.

Gram Panchayat members faced problems
like lack of knowledge about the duties and
responsibilities, availability of time for the social
work due to pressure of household and farm
work, lack of interest in participation in social
work, lack of training and negligence by the
Govt. officials.

The suggestions made by the respondents
revealed that maximum number of respondents
(93 per cent) suggested providing the
information on role and responsibilities of the
women members and 76 per cent respondents
suggested arranging village level training
programmes on reservation laws and how to
increase social participation. While 31 per cent
of the members suggested that community level
and political integration should prevail for the
overall development of the society and village
as a cohesive unit.

K. P. Mote
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University,
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March 23, 2012.

References

Bhosale, S. G. 1997. A study of role perception and role
performance of women members in gram panchayat
from Rahuri taluka of Ahmednagar District. M.Sc.
(Agri.), thesis M.P.K.V., Rahuri.

Garje, B. M. 1997. A study of role perception and role
performance of the gram panchayat members from
Haveli taluka of Pune District. M.Sc. (Agri.) thesis
M.P.K.V. Rahuri.

Swarnakar, V. K., Kuraria, U. K. and Khare, Y. R. 1997.
Role performance of elected representatives in
panchayati raj system. J. of Exten. Edn. Vol. XVI :
181-186.

Tawde, N. D., Nirban, A. J. and Shinde, S. B. 1995.
Constraints of local leaders in relation to their
agricultural development activities. Maharashtra. J. of
Exten. Edn. Vol. XIV : 235-238.

Mote and Sananse312

______________



Integrated nutrient management is the
maintenance of soil fertility and plant nutrient
supply to an optimum level for sustaining
desired crop productivity through optimization
of benefits from all possible sources of plant
nutrients in an integrated manner. Among the
nutrient elements, potassium plays a significant
role in increasing the crop yield and also exerts
a balancing effect on both nitrogen and
phosphorus. Potassium fertilization leads to
numerous positive effects on the many plant
function for which it is indispensable (Tiwari,
2000).

A present field experiment was conducted
during kharif season of 2009-2010 at research
field of AICRP for Dryland Agriculture, Dr.
Panjabrao Deshmukh Krishi Vidyapeeth,
Akola. The soil of the experimental site was
Inceptisol which was moderately alkaline in

reaction, low in available nitrogen, medium in
available phosphorus and very high in available
potassium. Nine treatments with four
replications tried in a randomized block design
comprised of control (T1), 100 per cent RDF
(30:75:00 kg NPK ha-1) (T2), 100 per cent
RDF along with biofertilizers (T3), 100 per cent
N through FYM along with biofertilizers (T4),
100 per cent RDF along with 25 kg K ha-1 (T5),
100 per cent RDF along with 25 kg K ha-1 and
biofertilizers (T6), 50 per cent N through
glyricidia along with 50 per cent N through
inorganics (T7), 50 per cent N through
glyricidia along with 50 per cent N through
inorganics and biofertilizers (T8), 50 per cent N
through glyricidia along with 50 per cent N
through inorganics, biofertilizers and 25 kg K
ha-1 (T9). Rhizobium and PSB were used as
seed treatment (25 g kg-1 seed) and
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Influence of Integrated Nutrient Management in Inceptisol
under Semi Arid Conditions on Yield, Nutrient Uptake and

Economics of Soybean

Table 1. Effect of integrated nutrient management on yield and nutrient uptake of soybean.

Treatment Soybean yield Nutrient uptake (kg ha-1)
(q ha-1) –––––––––––––––––––––––––––––––––––––––––––––––––

––––––––––––––– N P K
Grain Straw ––––––––––––––– –––––––––––––– ––––––––––––––

Grain Straw Grain Straw Grain Straw

T1 - Control 10.99 24.33 49.82 40.40 5.86 9.73 6.38 26.44
T2 - 100% RDF (30:75:00 NPK kg ha-1) 12.55 26.64 63.17 44.77 7.11 9.81 8.37 27.49
T3 - 100% RDF + biofertilizer 12.92 28.30 70.80 52.83 8.23 11.95 9.18 32.26
T4 - 100% N through FYM + biofertilizers 11.53 25.08 55.11 41.72 6.84 9.46 8.60 29.51
T5 - 100% RDF + 25 kg K ha-1 13.51 29.29 69.44 52.82 8.47 12.84 9.17 34.82
T6 - 100% RDF + 25 kg K ha-1 + 14.26 30.68 74.77 57.47 9.36 13.81 10.17 37.33

biofertilizer
T7 - 50% N green leaf manure + 11.94 26.58 57.23 45.27 7.08 9.83 8.11 30.30

50% N inorganics
T8 - 50% N green leaf manure + 12.34 26.59 60.80 44.85 7.16 9.93 8.40 30.23

50% N inorganics + biofertilizers
T9 - 50% N green leaf manure + 12.72 27.35 63.05 46.50 7.46 11.12 8.90 31.73
50% N inorganics + 25 kg K ha-1

SE(m) ± 0.61 1.00 0.98 1.09 0.18 0.48 0.35 0.62
CD at (5%) 1.82 3.01 2.93 3.26 0.54 1.43 1.05 1.85



recommended P was applied to all inorganic
treatments. The representative grain and straw
samples from each plot were collected
randomly at the time of harvesting, dried and
ground. These samples were analysed using
standard procedure for N, P and K, (Chapman
and Pratt, 1961) for nutrient content and
nutrient uptake were computed.

Yield : The grain and straw yields of
soybean was significantly influenced by
integrated nutrient management (Table 1). The
grain yield was significantly higher i.e. 14.26 q
ha-1 with the treatment T6 receiving 100 per
cent RDF + 25 kg K ha-1 + biofertilizers and it
was found to be at par with T2, T3, T5 and T9
treatments (Table 1). The lowest grain yield
(10.99 q ha-1) was recorded under control. The
straw yield was also significantly higher (30.68
q ha-1) with the treatment T6 receiving 100 per
cent RDF + 25 kg K ha-1 + biofertilizers and it
was found to be at par with T5 and T3
treatments.

The maximum grain as well as straw yield
was recorded with the treatment T6 receiving
100 per cent RDF + 25 kg K ha-1 +
biofertilizers. This might be due to beneficial
role of potassium which has increased
nodulation of legumes (Tiwari, 2000) and
biofertilizers and also performed better when
soil is well supplied with nutrients particularly
nitrogen and phosphorus by fixing atmospheric
nitrogen. Govindan and Thirumurugan (2003)
observed the positive effect of Rhizobium and
phosphate solublizing microorganism in
increasing the growth and yield of soybean.

Most of Maharashtra experienced a dry spell
from last week of August to 2nd week of
September during flowering and pod filling
resulting in lower number of pods plant-1 and
grain weight, both resulting in lower yield  as
compared to 2008 (Anonymous, 2009).

Nutrient uptake : The data in respect of
nutrient (N, P and K) uptake in grain and straw
and their total uptake by   soybean were
significantly influenced by integrated nutrient
management. The data indicated that
significantly the highest N uptake (74.77 kg
ha-1) in grain was observed under treatment T6
receiving 100 per cent RDF + 25 kg K ha-1

biofertilizers. The lowest N uptake (49.82 kg
ha-1) in grain was observed under T1 i.e.
control. Significantly the highest N uptake
(57.47 kg ha-1) in straw was observed with T6
and the lowest N uptake (40.40 kg ha-1) was
observed under control (T1). The uptake of N
increased due to combination of N, P, + 25 kg
K ha-1 + biofertilizer which increased the
concentration of N, P, K in grain and straw.
Moreover, potassium is reported to have a
beneficial effect on symbiotic N2 fixation by
leguminous plants. These results are in
conformity with the findings of Deshmukh et
al. (1993).

The data in respect of phosphorus uptake
indicated that significantly highest uptake of P
in grain (9.36 kg ha-1) was recorded with T6
receiving 100 per cent RDF + 25 kg K ha-1 +
biofertilizers. The lowest P uptake (5.86 kg
ha-1) in grain was observed with the control
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Table 2. Effect of integrated nutrient management on
economics of soybean cultivation.

Treat- GMR COC NMR B:C
ment (Rs. ha-1) (Rs. ha-1) (Rs. ha-1) ratio

T1 25458 12974 12484 1.96
T2 28854 15537 13317 1.86
T3 29799 15667 14132 1.90
T4 26728 17600 9128 1.52
T5 31123 15841 15282 1.96
T6 32953 16009 16944 2.06
T7 27771 16363 11408 1.70
T8 29446 16533 12913 1.78
T9 28516 16703 11813 1.71

GMR = Gross monetary returns, COC = Cost of
cultivation, NMR = Net monetary returns



(T1). The highest phosphorus uptake in straw
(13.81 kg ha-1) was observed under T6 which
was at par with T5 i.e. 100 per cent RDF + 25
kg K ha-1 and the lowest P uptake (9.73 kg
ha-1) by straw was observed under control (T1).
This might be due to the fact that the potassium
induced the phosphorus use efficiency in
soybean. Sharma and Namdeo (1999)
observed the phosphorus application
encouraged the uptake of these nutrients
significantly. The combined application of
Rhizobium + FYM + PSB produced the
highest uptake of these nutrients.

The potassium uptake by soybean grain was
significantly higher (10.17 kg ha-1) with the
treatment T6 receiving 100 per cent RDF + 25
kg K ha-1 + biofertilizers and it was found to be
at par with the treatments T5 i.e. 100 per cent
RDF + 25 kg K ha-1 and T3 i.e. 100 per cent
RDF + biofertilizers. The K uptake in soybean
straw (37.33 kg ha-1) was significantly higher
with the treatment T6 receiving 100 per cent
RDF + 25 kg K ha-1 + biofertilizers and the
lowest K uptake (26.44 kg ha-1) by straw was
observed  under control (T1). Similar results
were also recorded by Kacha et al. (1990),
Singh et al. (1993) and Singh et al. (2007).

Economics : The highest gross and net
monetary returns and benefit cost ratio (Table
2) observed under T6 receiving 100 per cent
RDF 25 kg K ha-1 + biofertilizers. The lowest
gross monetary returns and cost of cultivation
was observed under control (T1) and the lowest
net monetary returns and benefit cost ratio was
observed with the T4 i.e. 100 per cent N
through FYM + biofertilizers. Hence, the
economics of different treatments in soybean
cultivation indicatd that the application of 25 kg
K ha-1 and biofertilizers along with 100 per
cent RDF (30:75 NP kg ha-1) resulted in higher
monetary returns. Similar results were recorded
by More and Hangarge (2003) and Singh et al.
(2007).

Hence, in view of the above, it can be
concluded that, the application of biofertilizers
along with 100 per cent RDF + 25 kg K ha-1

resulted in improvement in nutrient uptake,
productivity and monetary returns from
soybean grown  in Inceptisol under semi arid
conditions.
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B. A. Sonune
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Dr. Panjabrao Deshmukh Krishi Vidyapeeth,
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Status of Stone Weevil (Sternochetus mangiferae) and Pulp
Weevil (S. frigidus) of Mango in Sindhudurg District of

Maharashtra

______________

The mango stone weevil, Sternochetus
mangiferae Fabncius (Coleoptera:
Curculionidae) and mango pulp weevil,
Sternochetus frigidus Fab. (Coleoptera:
Curculionidae) are monophagous pests of
mango which infest cotyledons of seed and
juicy pulp within the fruits, respectively (Pandey
and Dey, 1985 and Butani, 1993). The sweet
varieties like Alphonso, Bangalora, Neelum and
Totapuri are more damaged by these pests.
Bagle and Prasad (1984) recorded maximum
mean nut weevil incidence of 83.2 per cent in
variety Jahangir. Singh (1989) studied the
relative incidence of this pest on 33 varieties of
mango and found none of the varieties free
from infestation. These insects are not very
injurious to mango fruits but their presence
within has rendered them unacceptable to
foreign countries. The attempts made earlier to

know the status of these pests in Konkan
region of Maharashtra are not adequate. With
this view, present investigation was carried out
during the year 2006 to survey and record the
occurrence and extent of stone weevil and pulp
weevil infestation in thickly growing mango
pockets of Sindhudurg district of Maharashtra.

The five major mango (Alphonso) growing
tahsils of Sindhudurg district of Maharashtra
viz., Vengurle, Kudal, Sawantwadi, Malvan and
Deogad were selected for conducting survey.
The varying number of orchards and sample
trees from each of the above tahsils were
selected randomly depending upon availability
of fruits. Ten fully matured fruits collected
randomly from each of the sample trees were
brought to the laboratory of Department of
Entomology, College of Agriculture, Dapoli,

Table 1. Infestation of mango stone weevil (Sternochetus mangiferae) and pulp weevil, (Sternochetus frigidus) in
Sindhudurg district of Maharashtra.

Tahsil Orchid Bearing Bearing Fruits Fruits infested by Percentage of fruits 
surveyed trees trees samp- –––––––––––––––––––– infested

in samp- led Stone Pulp ––––––––––––––––––––
survey led tahsil-1 weevil weevil Stone Pulp

weevil weevil

Vengurle 10 3400 86 2180 57 0.0 2.62 0.0
Kudal 8 4750 193 1930 45 0.0 2.33 0.0
Sawantwadi 8 2850 200 1990 67 0.0 3.37 0.0
Deogad 14 3320 245 2450 25 0.0 1.02 0.0
Malvan 5 2475 40 400 03 0.0 0.75 0.0
Total 45 16695 764 8850 197 0.0 2.30 0.0



Dist. Ratnagiri- 415 712 and kept for ripening.
A total of 8550 ripened fruits of mango were
thoroughly examined for presence of pulp
weevil. The stones of these fruits were further
dissected to record infestation of stone weevil.
Observations on number of healthy fruits,
number of fruits infested by pulp weevil and
stone weevil were recorded separately.

Data indicated (Table 1) that the infestation
of mango stone weevil was noticed in all five
selected tahsils of Sindhudurg district of
Maharashtra. The per cent incidence of S.
mangiferae was relatively higher in
Sawantwadi tahsil which ranged between 2.3 to
3.9. Average per cent infestation of this pest in
Vengurle, Kudal and Deogad tahsils of
Sindhudurg district was 2.67, 2.33 and 1.02,
respectively. Bagle and Prasad (1984) reported
relatively very high susceptibility of Alphonso to
stone weevil (82.2%). The comparatively lowest
per cent stone infestation of 0.75 was
registered in Malvan tahsil. No incidence of
mango pulp weevil (S. frigidus) was noticed in
the entire area surveyed during present
investigation. According to Butani (1993) pulp
weevil is commonly found in Assam and Bengal
in mango pulp.

Overall infestation of stone weevil to the
extent of 2.30 per cent was recorded in
Sindhudurg district. The reason for maximum
incidence of stone weevil mainly in Sawantwadi
and Vengurle tahsils may be attributed to the
large scale utilizations of stones of susceptible
varieties of mango viz., Neelum and Totapuri in
stone grafting programmes. The canning

industry in this area also prefers above varieties
for canning purpose. The measures like field
sanitation, prevention of stones from one area
to other, radiation of fruits, chemosterilzation
and use of ecofriendly insecticides can prove to
be handy in managing these notorious pests
infesting mango.
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Due to energy crisis, the prices of fertilizers
are increasing day by day. The use of organics
in combination with inorganic fertilizers is
helpful for maintaining the fertility and
productivity of soil. The combined use of
organic and inorganic fertilizers not onjy
increase the crop yield but also improves the
properties of soil have been reported by
Shashidhar et al. (1995). Therefore, the
present study was undertaken during kharif
season of 2007-08 to assess the effect of
integrated nutrient management on yield,
nutrient uptake and quality of sorghum
genotypes in Vertisol at Department of Soil
Science and Agricultural Chemistry, Dr. PDKV,
Akola. The experimental site is a medium deep
Vertisol, with a pH of 7.78 (1:2.5 soil: water
ratio), organic carbon 4.45 g kg-1 soil, available
N 176.00, P 16.5 and K 376.00 kg ha-1. The
experiment was laid out in factorial randomized
block design with two genotypes, eight
treatments and three replications. The
treatment combinations consisted of two
genotypes SPH-840 and SPV-669, full as well
as half recommended doses of fertilizers alone
or in combination with FYM was applied to
sorghum. The farm yard manure was used as a
source of organic manure and Azotobacter as
a bio-fertilizer.

The recommended dose (80:40:40 kg N,
P2O5 and K2O ha-1) was applied to sorghum.
Nitrogen was applied through urea in two splits
applications, half at the time of sowing and half
at 30 DAS, while, phosphorus and potassium
was applied as a basal dose through single
super phosphate and muriate of potash. The
grain and fodder yields of sorghum were
recorded. The grain and fodder samples were

collected after harvest of crop. These samples
were analysed by using standard procedure for
N, P and K (Chapman and Pratt, 1961) and
based on the nutrient content, nutrient uptake
were computed. The crude fibre, sugar per
cent, starch content and mineral matter was
estimated as per standard methods (Chopra
and Kanwar, 1980, Sadasivam and Manickam,
1996).

Yield of sorghum : The grain yield of
sorghum genotypes differed significantly (Table
1). Among the two genotypes, the genotype
SPH-840 recorded the significantly higher
grain yield over SPV-669. However, genotype
SPV-669 produced significantly higher fodder
yield over SPH-840. Significantly highest grain
yield (36.66 q ha-1) was recorded due to the
application of 100 per cent RDF and it was
superior over rest of the treatments. The
application of 100 per cent RDF through
chemical fertilizers produced 25.0 and 30.6 per
cent higher grain yield over FYM @ 7.5 t ha-1

+ 50 per cent RDF and FYM @ 5 t ha-1 + 50
per cent RDF, respectively. This increase in
yield might be due to overall improvement in
plant growth which resulted higher production
and translocation of nutrients ultimately
reflected into higher grain and fodder yield
(Thakur et al. 2010). Similar results were
observed in case of fodder yield of sorghum.
Significantly the highest grain yield (43.22 q
ha-1) was recorded by treatment combination,
SPH-840 with 100 per cent RDF. The lowest
grain yield was recorded in treatment
combination of SPV-669 with absolute control.
The interaction effect of genotype and nutrient
management in respect of fodder yield was
found to be non-significant.
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Nutrient uptake by grain : The nutrient
uptake by two genotypes in grain was
significantly differed. Among two genotypes,
higher uptake of N (39.00 kg ha-1), P (7.22 kg
ha-1) and K (12.85 kg ha-1)   was recorded in
genotype SPH-840. This might be due to the
higher yield obtained in SPH-840 as compared
to SPV-669. Among the different nutrient
management treatments, the significantly
highest uptake of NPK was recorded due to
application of 100 per cent RDF which was
superior over all other treatments. Lowest
uptake of nutrient was recorded in control
treatment. Similar observations were recorded
by Patil et al. (1984), who reported the
significant increase in uptake of P and K by
sorghum crop with application of NPK
fertilizers. The significantly highest uptake of
NPK was observed in the treatment
combination of SPH-840 with 100 per cent
RDF and it was superior over all other

treatments.

Nutrient uptake by fodder : The data in
respect of nutrient uptake by fodder with
respect to genotypes was found to be
significant.  Among two genotypes studied,
significantly highest uptake of NPK was
recorded in SPV-669 compared to SPH-840.
The significantly highest of N (65.52 kg ha-1),
P (18.53 kg ha-1) and K (158.05 kg ha-1)
uptake was recorded in the treatment 100 per
cent RDF which was superior over all other
treatments. The lowest uptake was recorded in
treatment absolute control. Similarly, the
significantly highest uptake of N and K was
recorded in the treatment combination of SPV-
669 with 100 per cent RDF which was superior
over all other treatments. The interaction effect
of genotypes and nutrient management in
respect of P uptake by sorghum fodder was
found to be non-significant.
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Table 1. Grain, fodder yield and nutrient uptake by sorghum as influenced by various treatments.

Treatments Grain Fodder N (kg ha-1) P (kg ha-1) K (kg ha-1)
–––––––––––––––– ––––––––––––––– –––––––––––––––– ––––––––––––––––

q ha-1 Grain Fodder Grain Fodder Grain Fodder

Genotypes :
G1 - SPH-840 27.09 70.48 39.00 35.19 7.22 10.95 12.85 98.14
G2 - SPV-669 20.38 74.46 29.35 38.75 5.35 11.26 8.99 101.43
SE(m)± 0.25 0.52 0.387 0.321 0.07 0.08 0.141 0.737
CD at 5% 0.75 1.50 1.117 0.928 0.22 0.23 0.409 2.275

Nutrient management :
T1 - 100%RDF 36.66 108.21 54.84 65.52 10.85 18.53 18.81 158.05
T2 - FYM @ 5 t ha-1 19.84 55.55 27.30 23.62 4.76 7.68 8.17 70.59
T3 - FYM @ 5 t ha-1 + 50% RDF 28.07 99.77 40.63 50.42 7.63 15.38 13.33 143.83
T4 - FYM @ 5 t ha-1 + Azotobacter 20.49 60.16 29.27 27.08 5.00 8.96 8.98 77.78
T5 - FYM @ 7.5 t ha-1 20.42 60.28 29.18 28.21 4.96 8.76 8.65 81.51
T6 - FYM @ 7.5 t ha-1 + 50% RDF 29.32 103.39 43.62 59.01 8.25 16.45 14.69 151.51
T7 - FYM @ 7.5 t ha-1 + Azotobacter 21.89 64.43 31.81 31.24 5.72 9.71 9.78 88.13
T8 - Absolute control 13.22 27.97 18.28 10.67 3.07 3.40 4.92 27.39
SE(m)± 0.51 1.04 0.774 0.642 0.15 0.16 0.283 1.57
CD at 5% 1.47 3.02 2.235 1.856 0.44 0.46 0.818 4.55

Interaction (G x N) :
SE(m)± 0.71 1.47 1.09 0.909 0.21 0.22 0.400 2.228
CD at 5% 2.08 NS 3.16 2.625 0.62 NS 1.157 6.435



Quality of sorghum grain : The data
with respect to genotypes in respect of protein
and mineral matter content was found to be
significant. Among two genotypes, the highest
protein content (9.09%) and mineral matter
content (2.14%) was recorded in genotype
SPV-669 (Table 2). This might be due to the
higher N concentration in grain -in genotype
SPV-669 as compared to SPH-840. However,
significantly higher starch content (69.98%)
was recorded in genotype SPH-840 compared
to genotype SPV-669, while, both the
genotypes recorded similar values of crude fibre
content.

Among different nutrient management
treatments, significantly highest protein content
(9.36%), crude fibre content (2.35%) and
mineral matter content (2.38%) was recorded
due to application of 100 per cent RDF
followed by application of FYM @ 7.5 t ha-1 +
50 per cent RDF (9.31%) which were found to
be at par with each other. Lowest protein
content (8.67%) was recorded in absolute
control treatment. Patel et al. (1994) reported
that crude fibre content was significantly
increased with N application. The results
further revealed that highest starch content
(72.48%) was recorded in treatment FYM @
7.5 t ha-1 + Azotobacter (T7) followed by
treatment absolute control (72.17%) which
were found to be at par with each other. The
lowest value was observed in 100 per cent RDF
(67.48%). This might be due to increased
concentration of nitrogen in grain showing
grater displacement of starch from grain, thus
resulting into lower starch content.

The significantly highest protein content
(9.44%) was recorded in treatment combination
of SPV-669 with 100 per cent RDF and SPV-
669 with FYM 7.5 t ha-1 + 50 per cent RDF.
The lowest protein content (8.63%) was
recorded in the treatment combination of SPH-
840 in absolute control. The interaction effect

of genotypes and nutrient management was
found to be non-significant in respect of starch,
crude fibre and mineral matter content.

Thus, it can be stated that application of
100 per cent RDF was found optimum for
getting higher sorghum yield, improved quality
and nutrient uptake by kharif sorghum.
However, application of 7.5 t FYM ha-1 + 50
per cent RDF was also found to be beneficial.
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Table 2. Quality parameters of sorghum as influenced by
various treatments.

Treatment Nutrient values (%)
–––––––––––––––––––––––––––––––
Protein Starch Crude Mineral

fibre matter

Genotypes (G) :

SPH-840 8.94 69.98 2.14 2.05

SPV-669 9.09 69.80 2.14 2.14

SE(m)± 0.0099 0.054 0.042 0.019

CD at 5% 0.029 0.158 NS 0.050

Nutrient management (N) :

100% RDF 9.36 67.48 2.35 2.38

FYM @ 5t ha-1 8.77 69.87 2.17 2.00

FYM @ 5t ha-1 + 9.05 68.15 2.05 2.16
50% RDF

FYM @ 5t ha-1 + 8.95 71.86 2.28 2.12
Azotobacter

FYM @ 7.5 t ha-1 8.92 68.91 1.75 2.03

FYM @ 7.5 ha-1 + 9.31 68.19 2.32 2.21
50% RDF

FYM @ 7.5 t ha-1 + 9.09 72.48 2.30 2.16
Azotobacter

Absolute control 8.67 72.17 1.90 1.70

SE(m)± 0.0198 0.109 0.035 0.03

CD at 5% 0.0512 0.32 0.24 0.10

Interaction (G x N)  :

SE(m)± 0.0280 0.155 0.12 0.045

CD at 5% 0.080 NS NS NS
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Genetic Variation for Seed Yield and Character Association in
Greengram

______________

Genetic variability is the most essential
prerequisites for successful crop improvement
and it is of utmost importance as it provides the
basis for effective selection in self pollinated
crops like greengram. Direct selection for seed
yield, a polygenic character would not be
reliable approach on account of being highly
influenced by environmental factors. Hence the
direct as well as indirect contribution of
component characters can be biometrically
estimated by correlation and path coefficient.
The present study was undertaken to assess the
genetic variability, cause and effect inter-
relationship among yield component characters
for yield improvement in greengram.

The experimental material for the present

investigation comprised 82 diverse greengram
genotypes. The experiment was laid in a
randomized complete block design with three
replications at Field Experimentation Centre,
Department of Genetics and Plant Breeding,
SHIATS, Allahabad during kharif, 2010. Each
genotype was raised with 30 cm row to row
spacing and 10 cm plant to plant distance.
Recommended package of practices and plant
protection measures were followed to raise a
healthy crop. Observations were recorded on
five randomly selected plants in each genotype
in each replication for 13 characters. The mean
data over three replications was used for
statistical analysis to estimate genetic
parameters (Burton, 1952 and Johnson et al.,
1955) and correlation (Al-Jibouri et al. 1958).



Analysis of variance revealed significant
differences among genotypes for all studied
characters indicating wide range of variability.
High estimates of phenotypic coefficient of
variation were observed for the characters viz.,
harvest index, seed yield    plant-1, pod yield
plant-1 and pods plant-1, indicating the
presence of high amount of variation in
expression of these characters. However,
harvest index and seed yield plant-1 recorded
moderate values of genotypic coefficient
variation. However, Lavanya (2006) reported
high genotypic coefficient variation for seed
yield plant-1, number of clusters plant-1,
number of pods plant-1 and number of pods
cluster-1.

The proportion of genetic variability which
is transmitted from parents to the progeny, is
reflected by heritability. In the present
investigation, high heritability in broad sense
was recorded for primary branches plant-1

followed by pod length. Moderate estimates of
heritability were recorded for pods cluster-1,
seeds pod-1 and clusters plant-1. Low estimates
of heritability were recorded for days to
maturity and seed index. Characters like harvest
index, primary branches plant-1, seed yield
plant-1 and pods cluster-1 showed moderate
values of genetic advance as per cent of mean.
Lavanya and Singh (2005) reported high
genetic advance as per cent of mean for
number of pods plant-1, seed yield plant-1 and
seed index.

Correlation studies would provide reliable
information on extent and direction of
selection, especially when the breeder needs to
combine high yield potential with desirable
agronomic and grain quality characters.
Phenotypic correlation coefficient for seed yield
exhibited significant and positive correlation
with seeds pod-1, seed index, pods plant-1, pod
yield plant-1, clusters plant-1 and harvest index
whereas days to maturity, plant height, primary
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branches plant-1, pods cluster-1, pod length
showed positive non-significant correlation with
seed yield. But days to 50 per cent flowering
recorded non-significant negative correlation
with seed yield plant-1 at phenotypic level.
Pandian et al. (2006) reported that number of
pods plant-1, number of clusters plant-1,
number of clusters branches-1, number of
branches plant-1, length of branches, protein
content and seed index positively and
significantly correlated with seed yield plant-1

while Rao et al. (2006) reported that plant
height and number of clusters plant-1 were
significantly high and positively correlated with
seed yield plant-1.

The information derived from the
correlation studies indicates only mutual
association among the characters whereas,
path coefficient analysis helps in understanding
the magnitude of direct and indirect
contribution of each component characters to
seed yield. The characters namely pods plant-1,
days to 50 per cent flowering, seeds pod-1,
primary branches plant-1, plant height, 100-
seed weight, clusters plant-1 and pod length,
showed positive direct effect on seed yield,
indicating the effectiveness of these characters
to select and identify desirable greengram
genotypes (Table 1). Lavanya and Toms (2009)
reported that number of primary branches
plant-1, number of clusters plant-1, number of
pods plant-1, number of seeds pod-1 and seed
index showed positive direct effect on seed yield
plant-1.

The present study suggested that
considerable amount of variation exists among
82 genotypes of greengram at Allahabad
region. The characters seed yield plant-1, pod
yield plant-1, pods plant-1, primary branches
plant-1 and pods cluster-1 are the major yield

contributing characters and will help in
improving seed yield. Therefore, due emphasis
should be given to these characters in selection
programme to develop desirable genotypes in
greengram.

Ashok Kumar S. M. 
G. Roopa Lavanya
P. Ashok Reddy
G. Suresh Babu

Dept. of Genetics and Plant Breeding
Sam Higginbottom Institute of Agriculture,
Technology and Science,
Allahabad - 211 007 (India)
April 15, 2012.
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Weeds apart from being a nuiscence,
compete with crop plants for available soil
moisture, nutrients, space and light. This is
generally reflected in a drastic reduction in yield
and quality of the final produce. Further more,
they serve as alternate host for several diseases
and pests. Timely hand weeding becomes
impracticable because of shortage of laboures.
The hand weeding is tedious and costly in
closely spaced crops like onion and also it may
disturb the shallow root system of onion. On
the contrary, chemical weed control was found
to be a cheaper and less laborious method. The
integrated methods of weed control offer the
possibilities of increasing crop production under
weed free environment by keeping the crop
more healthy by suppressing the weeds. Hence
this is imperative need to screen out suitable
herbicides along with their doses for weed
control in combination with manual weeding.
Thus, the present investigation was undertaken
to evaluate different herbicides and their doses
for controlling weeds in rabi onion at All  India
Coordinated Research Project on Vegetable

Crops, Mahatma Phule Krishi Vidyapeeth,
Rahuri (Maharashtra) during the year 2008-09
with plot size of 3 x 2 m and 15 x 10 cm
spacing in a randomized block design with three
replications. The seed of onion cultivar N-2-4-1
was sown for nursery raising on 29.10.2008
and the transplanting was done on 02.01.2009
in flat beds. The three herbicides viz.,
Pendimethalin 38.7 per cent CS @ 1.25, 1.50
and 1.75 l ha-1, Pendimethalin 30 per cent EC
@ 2.5 l ha-1 and Oxyflourfen @ 1.0 and 0.625
l ha-1 were applied to the experimental plot
immediately after transplanting followed by
irrigation. The unsprayed unweeded control
plot was also kept as control. Eight week old
healthy and uniform seedlings were used for
transplanting. Upper one third portion of
seedlings were removed at the time of
transplanting to reduce the transpiration losses
and better establishment of crop. All packages
of practices to raise good crop was done in the
experiment and weed control treatments were
applied as per the herbicides and their doses.
Weed population counts were taken from an

J. Agric. Res. Technol., 38 (2) : 324-326 (2013)

Table 1. Effect of different herbicides on total grasses, broad leaf, weed population, weed control eficiency at 60 days after
application and onion bulb yield.

Treatment Grass weed Broad leaves weed Weed Yield
–––––––––––––––––––––– –––––––––––––––––––– dry (q ha-1)
Popu- Weed Popu- Weed matter
lation control lation control (g plot-1)

efficiency efficiency
(%) (%)

Pendimethalin 38.7% CS @ 1.25 l ha-1 19.8 62.64 8.2 68.22 21.0 354.24
Pendimethalin 88.7% CS @ 1.50 l ha-1 8.6 83.00 7.4 71.32 14.8 391.08
Pendimethalin 38.7% CS @ 1.75 l ha-1 5.2 90.19 5.6 78.29 12.6 422.58
Pendimethalin 30% EC @ 2.5 l ha-1 9.6 81.89 9.2 64.34 19.0 377.08
Oxyflourfen 23.5% EC @ 1 .0 l ha-1 9.0 83.02 4.4 82.95 14.0 391.75
Oxyflourfen 23.5% EC @ 0.625 l ha-1 12.2 76.98 6.8 73.64 15.4 370.91
Untreated check 53.0 - 25.8 - 650.0 210.04
S.E± 0.98 - 0.72 - - 15.18
C.D. at 5% 3.0 - 2.2 - - 46.83

Weed Management in Rabi Onion (Allium cepa L.)



area of one sq.m. quadrant from centre of a
plot of each treatment and in each replication
and number of weeds per quadrant was worked
out at 20, 40 and 60 days after transplanting.

The weed dry matter production, weed
population, per cent weed control efficiency
(WCE), and yield observation were recorded.
The data obtained was subjected to statistical
analysise following Panse and Sukhatme
(1985).

The maximum number of grasses was
recorded in unweeded plots i.e. 40.0, 45.8 and
53.04 at 20, 40 and 60 days, on the
contrarary, the minimum number was
encountered in the treatment Pendimethalin
38.7 per cent CS @ 1.75 l ha-1 i.e. 4.3, 4.8
and 5.2 at 20, 40 and 60 days after application
of herbicides (Table 1.) The maximum weed
control efficiency (%) in grasses was recorded in
treatment Pendimethalin 38.7 per cent CS @
1.75 l ha-1 i.e. 89.20, 89.52 and 90.19 at 20,
40 and 60 days after application of herbicide
which was followed by Oxyflourfen 23.5 per
cent EC @ 1.0 l ha-1 i.e. 82.00, 82.53 and
83.02 at 20, 40 and 60 days after application
of herbicide.  All kinds of grasses was observed
in weedy check treatment. Similar results were
also reported in onion by Vashi et al. (2011).

The maximum number of borad leaf weeds
was recorded in unweeded check i.e. 23.2,
24.0 and 25.8 at 20, 40 and 60 days without
application of herbicides while it was minimum
in the treatment Oxyflourfen 23.5 per cent EC
@ 1.0 l ha-1 i.e. 2.8, 3.4 and 4.4 at 20, 40 and
60 days after application of herbicide followed
by the treatment Pendimethalin 38.7 per cent
CS @ 1.75 l ha-1 i.e. 4.6, 5.2 and 5.6 at 20,
40 and 60 days after application of herbicide.
The maximum weed control efficiency (%) i.e.
87.93, 85.83 and 82.95 at 20, 40 and 60
days after application was recorded by
Oxyflourfen 23.5 per cent EC @ 1.0 l ha-1

followed by the treatment Pendimethalin 38.7
per cent CS @ 1.75 l ha-1 i.e. 80.17, 78.33
and 78.29 per cent at 20, 40 and 60 days after
application of herbicide.  Similar results were
also reported by Patel et al. (1983) and Kumar
et al. (1992).

The yield data was statistically significant as
influenced by different herbicide applications in
rabi onion cv. N-2-4-1. The maximum weed
dry matter was recorded in untreated check
(650.0 g plant-1) while it was minimum in
Pendimethalin 38.7 per cent CS @ 1.75 l ha-1

(12.6 g plant-1) followed by Oxyflourfen 23.5
per cent EC @ 1.0 l ha-1 (14.0 g plot-1)
suggesting effectiveness of herbicides in
controlling the weeds in rabi onion.  The
highest yield was observed in treatment
Pendimethalin 38.7 per cent CS @ 1.75 l ha-1

(422.58 q ha-1) followed by Oxyflourefen 23.5
per cent EC @ 1.0 l ha-1 (391.75 q ha-1) as
compared to untreated check (210.04 q ha-1).
From the above findings it is clear that, the
herbicides viz., Pendimethalin and Oxyflourfen
was found effective in controlling the weed
population of grasses and broad leaf weeds in
onion and thereby increasing the yields as
compared to untreated check. Similar results
were also reported by Patel et al. (1983),
Kumar et al. (1992) and Vashi et al. (2011).
Based on the results on weed population, per
cent weed control efficiency and onion bulb
yield it can be concluded that Pendimethalin
38.7 per cent CS @ 1.75 and 1.5 l ha-1 and
Oxyflourfen 23.5 per cent EC @ 1.0 and
0.625 l ha-1 were effective in controlling weeds
and also found better in increasing the yields in
rabi onion. The herbicides used for control of
grasses and broad leaf weeds in rabi onion
found effective and helpful for increasing the
yields of rabi onion cv. N-2-4-1.

K. G. Shinde
M. N. Bhalekar
B. T. Patil
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The silicon is one of the elements found
abundantly in the earth's crust. Rice is known as
silicon accumulator and plant benefits much
from silicon nutrition (Takahashi, 1995).
Consequently, there is a definitive need to
consider silicon as an agronomically essential
element for increasing and sustaining rice
production. Silica is required for healthy and
productive development of the rice plant (Lewin
and Reimann, 1969).

This eletment is absorbed by rice from the
soil in large amounts that are several fold
greater than those of other macro nutrients.
(Amarasiri and Perera, 1975). Most likely,
silicon content in some regions might be

limiting to sustainable rice production. In
addition, silicon depletion can occur in
traditional rice soils from the continuous
monoculture of high yielding cultivars with
intensive cultivation practices.

Field experiment was conducted during
kharif season of 2010 in an Inceptisol at the
Agronomy Farm, College of Agriculture,
Kolhapur. The paddy crop cv. Bhogavati was
cultivated as test crop. The soil of experimental
field was having 7.52 pH, 0.20 dS m-1 EC ,
6.1 g kg-1 organic carbon, 4.29 per cent
CaCO3, 281, 21.12, 238.41 and 210 kg ha-1

available N, P, K and Si, respectively.

Table 1. Effect of different levels of silicon on growth and yield attributes of paddy.

Treatment Plant Tillers Dry Length Wt. of Grains 1000 Grain Straw
height hill-1 matter of grains planicle-1 grains yield yield
(cm) hill-1 panicle planicle-1 weight (q ha-1) (q ha-1)

(g) (cm) (g) (g)

T1 - Si0 62.90 10.96 22.27 22.50 1.99 99.48 20.38 43.71 47.65
T2 - Si120 65.24 11.84 23.81 23.20 2.26 100.80 21.21 49.15 52.74
T3 - Si240 67.96 12.60 24.60 23.62 2.39 101.32 22.15 53.60 57.15
T4 - Si360 70.50 12.98 25.19 24.09 2.56 101.98 22.51 55.41 59.20
S.E.± 1.19 0.21 0.23 0.21 0.08 0.43 0.24 1.43 1.34
C.D. (P=0.05) 3.68 0.65 0.71 NS NS NS 0.72 4.43 4.14

J. Agric. Res. Technol., 38 (2) : 326-328 (2013)

Effect of Different Levels of Silicon on Growth, Yield and
Nutrient Uptake of Upland Paddy in an Inceptisol

______________
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The experiment was laid out in a
randomized block design with five replications
and four treatment consisting different silicon
level viz., T1 : control, T2 : 120 kg silicon ha-1,
T3 :  240 kg silicon ha-1, T4 : 360 kg silicon
ha-1 which was supplied through calcium
silicate sand mixed in surface soil one month
before dibbling as per treatments. The paddy
cv. Bhogavati was grown by adopting standard
package of practices. The periodical
morphological observations on growth and
yield attributing characters were recorded. The
plant samples collected at harvest and after
harvest of paddy were processed and analysed
for nutrient content by adopting standard
procedure. The treatments were compared
using the F-test by calculating the critical
difference at 5 per cent level of significance.

The plant height (Table 1), number of tillers
hill-1 and dry matter hill-1 of paddy were found
to increased with increasing levels of silicon.
The results revealed fthat the treatment 360 kg
Si ha-1 recorded significantly highest plant
height, number of tillers hill-1 and dry matter
hill-1 of paddy, but it was at par with 240 kg Si
ha-1. The increase in plant height, number of
tillers hill-1 and dry matter hill-1 at harvest might
be attributed to increased availability of
phosphorus and other beneficial effect of
silicon on growth of paddy. These results were
in confirmative with those reported by Sawant
et al. (1994), Singh et al. (2005), Singh et al.
(2007) and Patil and Patil (2011).

The length of panicle weight of grains
panicles-1 and number of grains panicle-1

increased due to application of silicon,
however, the increased was not significantly
highest. The thousand grains weight was
significantly hignest in treatment 360 kg Si
ha-1 (22.51 g), however, it was at par with 240
kg Si ha-1 (22.15 g). The grain and straw yield
of paddy increased with increase in levels of
silicon. The treatment T4 (360 kg Si ha-1)

recorded significantly highest grain and straw
yield (55.20 q ha-1 and 59.20 q ha-1,
respectively), however, it was at par with the
treatment T3 (240 kg Si ha-1). The increased
grain and straw yield of paddy might be
attributed to the beneficial role of silicon in
increasing photosynthetic activity, dry matter
accumulation, increasing uptake of macro and
micro nutrients by paddy. Similar increases in
grain and straw yields of paddy due to silicon
application were reported by Singh et al.
(2005), Singh et al. (2007) and Patil and Patil
(2011).

The total uptake of N, P, K and Si (Table 2)
increased significantly due to application of
silicon. The significantly highest total uptake of
N, P and K was recorded in treatment T4
(90.25,17.04 and 78.33 kg ha-1 N, P, K,
respectively) however, it was at par with
treatment T3.

The total uptake of silicon was increased
significantly with increase in levels of silicon.
The highest total uptake of silicon was recorded
in treatment T4 (216.87 kg Si ha-1), however, it
was at par with treatment T3 (206.37 kg Si
ha-1). The increase in uptake of silicon might be
due io increased availability of silicon with
supply of silicon through calcium silicate and its
luxury consumption. The silicon is absorbed by
rice from soil in higher amount than other
macro nutrient (Nayar et al. 1982). The total
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Table 2. Effect of different levels of silicon on total uptake
of N, P, K and Si.

Treatment Total uptake of nutrients (kg ha-1)
––––––––––––––––––––––––––––––––––––
N P K Si

T1 - Si0 65.88 10.02 60.16 162.06
T2 - Si120 77.02 12.61 68.09 182.71
T3 - Si240 89.14 15.13 74.59 206.37
T4 - Si360 90.25 17.04 78.33 216.87
S.E.± 2.74 0.71 1.97 6.07
C.D. (P=0.05) 8.17 2.12 5.91 18.16



uptake of silica with increase in levels of silicon
were also reported by Dhamapurkar (1999),
Talashilkar et al. (2000) and Mongia et al.
(2003). It was also observed that in the present
study that, the lowest incidence of stem borer
and grass hopper was observed in T4 (4.79%
and 4.50 number m-2 respectively) followed by
T3.

The application of silicon to upland paddy @
240 kg silicon ha-1 was found to be optimum
for increasing the growth, yield attributing
characters uptake of silicon and macro nutrient
(N, P, K) by upland paddy in an Inceptisol.

S. B. Wader
R. B. Pawar
A. L. Pharande

Division of Soil Science and Agril. Chemistry
College of Agriculture,
Kolhapur - 416 004 (India)
June 23, 2012.
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Role of Deogad Mango Grower's Cooperative Marketing
Society in Marketing of Alphanso Mango

______________

The "Deogad Taluka Mango Grower's Co-
operative Sale Purchase Society (DMGSS)" was
established in the village of Vijaydurg, located
around 20 kms away from Deogad taluka place
during 1981-82. It is basically a society dealing

with the marketing and it caters to the
marketing requirements of farmers belonging to
35 villages spread over in the radius of around
50 km from Vijaydurg. Similar marketing
studies have been reported by Jugale (1997),



Pant et al. (1985) and Subbanarasaih et al.
(1987).

The major objectives of the DMGSS are
extend remunerative prices to the farmers for
their produce and provide better quality inputs
to the farmers on subsidized rates. To inculcate
the habit of cooperation among various mango
and other fruit crop growers. Extend credit
facilities to the farmers with a view to raise their
living standard and safeguard the interest of
fanners and free them from the clutches of
private traders. 

The facilities extended by the DMGSS not
only encompass extension of loans to them and
meeting their marketing requirements of
mango and other fruit crops but also extension
of fairly good quality inputs like fertilizer,

pesticides, seeds, crates, packing material etc.
to them.

The foregoing observations are clearly
indicative of the fact that ever since its
establishment, the DMGSS has been
functioning efficiently. During the entire period
between 1987 and 2010-11, there were only
few instances when the society did not do well
in business in terms of marketing of input and
output. But, the point that merits attention here
is that its marketing activities.

The Table 1 depicts trend of quantity of
mangoes marketed by DMGSS during last three
years. During the year 2008-09, the average
rate realized by member farmers was Rs. 47.61
kg-1 and the total quantity marketed was 4936
q. The rate realized in the last year (2010-11)
was Rs. 78.94 kg-1. However, the total quantity
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Table 1. Marketing of aIphonso mango through the DMGSS.

Year Quantity Gross Average net price Average net price Difference in price
marketed value realized by realized by ––––––––––––––––––––
(q) (Rs.) members farmer in Amount Per

of society the vicinity (Rs. kg-1) cent
(Rs.) (Rs.)

2008-09 4936 23,50,062/- 47.61 41.27 6.34 15.36
2009-10 5710 28,62,500/- 50.13 37.87 12.26 32.37
2010-11 4380 34,57,500/- 78.94 45.58 33.36 73.19

Table 2. Yearwise volatility in price of mango.

Year Maximum price Minimum price
–––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––
Month Qty. Price Month Qty. Price

(q) (Rs. kg-1) (q) (Rs. kg-1)

2008-09 March May
1st Fortnight 12.00 95.00 1st Fortnight 57.00 22.00
2nd Fortnight 34.00 85.00 2nd Fortnight 32.59 18.00

2009-10 March May
1st Fortnight 10.00 100.00 1st Fortnight 27.00 17.41
2nd Fortnight 30.00 85.00 2nd Fortnight - -

2010-11 March May
1st Fortnight 8.00 225.00 1st Fortnight 70.00 45.00
2nd Fortnight 10.00 200.00 2nd Fortnight 30.00 30.00



marketed has reduced to 4380 q which was
lower than quantity marketed in the year 2008-
09 by 11.26 per cent. This decline was mainly
due to less mango production during the
season.

The net price realized by member farmers in
the season was higher by 15.36 per cent in
2008-2009, 32.37 per cent in 2009-10 and
73.19 per cent in 2010-11 over the average
net price realized by farmers in the vicinity who
were not members of the society.

In the year (Table 2) 2008-09 it ranged from
Rs. 95 kg-1 to Rs. 18 kg-1 in 2009-10 Rs. 100
kg-1 to Rs. 17.4 kg-1 and in 2010-11 from Rs.
225 kg-1 to Rs. 30 kg-1. The declining prices in
a marketing season affect the mango producers'
ultimate returns. Due to organized marketing
the members were protected by trading their
mangoes at distant places through society and
protecting them form cheating by trading
community particulars during glut in the
market. These observations are similar to those
earlier reported by Borude et al. (1990).

These benefits accrued only because of
organized marketing through a cooperative
body. In order to prevent early ripening of the
produce, one of the suggestion of the society is
in favour of having refrigerated containers.

DMGSS has a very strong financial position.
They supply inputs and technical advoice in
mango production season. The society is
actively involved in market related promotional
activities for marketing of mango and in
marketing practices for remunerative price
realization. The net price realization for mango
to members of society has increased from
Rs.47.61 kg-1 (2008-09) to Rs.78.94 kg-1

(2010-11) in the period of three years. This

increment to the prices was to the tune of
15.36 per cent (2008-09) to 73.19 per cent
(2010-11) through direct sale. The price
analysis and quantity of mangoes marketed
through DMGSS has resulted into beneficial
impact on members due to better price
realization. The producers of mango should
arrange for direct sale of mangoes by opening
sale counters in city areas, through co-operative
association or group marketing for higher price
realization. This observation encompasses
policy suggestions made by Singh et al. (1992)
and Vigneshwara (1986).

J. M. Talathi
V. G. Naik
S. R. Bagade

Dept. of Agril. Economics,
College of Agriculture,
Dapoli - 415 712 (India)
July 14, 2012.
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The present investigation was under taken
in hirsutum cotton involving six lines viz., KH
120, DHY-286-IR, PH 297-7-1, KH 121, NH
572, and L 765 and nine testers viz., L 761,
PH 348, PH 330, PH 44-1-2, PH 1009, PH
1024, NH 545, Cocker and MCU 5 of cotton
genotypes. Fifty four hybrids were developed by
using the line x tester design. These lines,
testers and hybrids along with three checks
PHH 316, NHH 44 and Bunny were grown in
randomized block design with two replications.
Row to row and plant to plant distances were
maintained at 60 cm each. Recommended crop
production and protection practices were
followed to raise a good crop. Five competitive

plants were randomly selected in each
treatment per replication for recording the
observations, on seed cotton yield and fibre
parameters viz., 2.5 per cent span length (mm),
micronaire value (µ inch-1), fibre strength (g
tex-1), fibre elongation, uniformity ratio and
seed cotton yield plant-1 (g). The analysis for
combining ability was done according to
Kempthorne (1957).

For the characters 2.5 per cent span length,
the highest positive significant GCA effects was
observed in the female parental line KH 120
(1.46) whereas, among male parental lines
PM44-1-2 (1.57) and PH 1024 (0.62) recorded
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Table 1. Estimates of general combining ability (GCA) effects of parents for various fibre characters in cotton.

Parents 2.5% span Micronaire Fibre Fibre Uniformity Seed cotton
length value strength elongation ratio yield
(mm) (µg inch-1) (g tex-1) (%) plant-1 (g)

Line :
KH 120 1.46** -0.10 0.51** 0.07 -0.77 -0.51
DRY 286-IR -0.54* 0.17** -0.28 0.11* 0.32** -4.33**
PH 297-7-1 0.12 -0.16** 0.43** 0.25** 0.04 4.23**
KH 121 -0.05 -0.06 -0.34 -0.09 -0.13 -2.84
NH 572 -1.19* 0.16** -0.23 -0.36** -0.78** 5.55**
L 765 0.20* 0.00 -0.10 0.01 -0.24 -1.10
S.E.(gj)± 0.09 0.02 0.10 0.05 0.05 0.42

Testers :
L 761 -0.36 0.06 0.95** 0.15 0.22 -1.20
PH 348 -0.33 -0.09 -0.59** -0.34* -0.33 7.07**
PH 330 -0.95* -0.01 -0.57** -0.18 0.50** 2.01**
PH 44-1-2 1.57** -0.21 0.14 0.07 -0.52** 3 99**
PH 1009 -0.15 0.11 0.26** 0.00 0.21 4.18**
PH 1024 0.52* 0.10 -0.66** -0.37** -0.49** 4.02**
NH 545 0.17 0.00 0.73** 0.33* 0.11 -8.50**
Cocker 0.12 -0.06 -0.14 0.33* 0.21 -2.81**
MCU 5 -0.59* 0.09 -0.11 0.00 0.39** -0.78
S.E.(gi)± 0.11 0.02 0.13 0.06 0.06 0.53

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

Combining Ability Analysis for Fibre Quality Traits in Cotton
(Gossypium hirsutum L.)



highest positive significant GCA effects. In
respect of micronaire value, female parent, PH
297-7-1 (-0.16) recorded negatively significant
GCA effects. PH 44-1-2 (-0.21) and PH 348
(-0.09) showed highest but non-significant
negative GCA effects among male parents for
this traits. As regarding fibre strength, the
female parent KH 120 (0.51) and male parents
L 761 (0.95) and NH 545 (0.73) recorded
highly significant positive GCA effects. For the
character of fibre elongation, the highest
positively significant GCA effect was recorded
by female parent PH 297-7-1 (0.25). The male
parent NH 545 (0.33) and Cocker (0.33)
recorded significantly positive GCA effect.
Significantly positive GCA effects were
observed in the female parent DHY 286-IR
(0.32) and in male parents, PH 330 (0.50) and
MCU 5 (0.39) for uniformity ratio. The female
parental lines NH 572 (5.55) and PH 297-7-1
(4.23) had highly significant GCA effects while,
male parental lines, PH 348 (7.07), PH 1009
(4.18) and PH 1024 (4.02) exhibited highly
significant positive GCA effects for the trait
seed cotton yield. The results are in accordance
with Deosarkar et al. (2009), Singh et al.
(2010) and Kaliyaperumal (2010) reported
different parents with good general combiners
for seed cotton yield and fibre properties.

Specific combining ability study revealed
that for 2.5 per cent span length eighteen cross
combinations had significant positive SCA
effects. The highest magnitude of SCA effects
was observed in three crosses viz., KH 121 x
PH 348 (2.62), NH 572 x MCU 5 (2.34) and
NH 572 x PH 330 (2.03). For micronaire
value, L 765 x Cocker (-0.66), DHY 286-IR x
PH 348 (-0.63) and KH 121 x NH 545 (-0.55)
recorded negative and significant SCA effects.
The combinations KH 121 x PH 348 (2.85), L
765 x PH 348 (2.13), PH 297-7-lx PH 1009
(1.63) exhibited positive significant SCA effects

for fibre strength. In respect of fibre elongation,
the cross KH 121 x PH 330 expressed highly
significant SCA effect (1.18) followed by L 765
x Cocker (1.03) and DHY 286-IR x L 761
(1.00). For the character uniformity ratio, the
cross L 765 x PH 348 exhibited highly
significant SCA effect (1.72) followed by PH
297-7-1 x PH 44-1-2 (1.06) and KH 121 x PH
1009 (0.79).

For seed cotton yield, the hybrid KH 121 x
PH 1024 had recorded positive significant SCA
effect (14.08) followed by the cross
combinations  KH 120 x NH 545 (11.90) and
KH 121 x PH 348 (11.86). Similar findings
were also reported by Deosarkar et al. (2009),
Singh et al. (2010), Kaliyaperumal (2010).

J. D. Deshmukh
D. B. Deosarkar
V. D. Deshmukh

Dept. of Agricultural Botany
Marathwada Krishi Vidyapeeth,
Parbhani - 431 402 (India)
August 25, 2012.
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