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Soil test based fertilizer recommendation is
based on the basic assumption that an increase
or decrease of available nutrient in the soil will
directly influence crop yield.

The ferfilizer application practices based on
targeted yield approach indicated the possibility
of enhancing production potentials of
cauliflower (Ramamoorthy et al. 1967). The
hybrid varities of cauliflower have a good
potential for higher yields. Further, the IPNS
based targeted yield approach along with FYM
has not been studied for cauliflower. Hence, the
present study was under taken to develop
balanced fertilizer schedule under FYM
condition for desired yield targets of cauliflower
in Vertisols.

Materials and Methods

Soil test crop response (STCR) correlation
experiment with hybrid cauliflower (cv.
Namdhari-10) was conducted during rabi
2005-06 on Typic Haplusterts at Soil Test
Crop Response Correlation Project Farm,
MPKV, Rahuri. The soil represents Padegaon
series, which is slightly calcareous, well drained
clayey in texture and alkaline (pH 8.2) in
reaction. The alkaline KMNO4- N, Olsen's P
and ammonium acetate K in experimental field
of cauliflower were 201, 18.75 and 480 kg
ha-1, respectively.

Before conducting the actual field
experiment the fertility gradient was prepared
by applying graded doses of N, P2O5 and K2O
fertilizer for obtaining the appreciable variation
in soil fertility in the field.

The fertility gradient was created by dividing
the experimental field into four equal
rectangular strips as L0 with no N, P2O5 and
K2O fertilizer, L1/2 with 100:75:75, L1
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The nutrient requirement for producing one tonne of cauliflower cobs was 3.38,0.83 and 3.00 kg of N,

P2O5 and K2O, respectively. The per cent contributions from soil and fertilizer nutrients were found to be
17.23 and 39.47 for nitrogen, 43.17 and 19.54 for phosphorus and 6.15 and 76.56 for potassium,
respectively. Similarly, the per cent contribution of fertilizers in presence of FYM was 56.30 for nitrogen,
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of cauliflower (cv. Namdhari 10) on Vertisol by following IPNS based targeted yield equation and considering
soil test values N: 200, P:16 and K:350 kg ha-1 would be 254, 175 and 144 kg ha-1 along with 10 t ha-1
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200:150:150 and L2 400:300:300 kg ha-1 N,
P2O5 and K2O respectively. Maize (fodder) was
grown during kharif season as a preparatory
crop so that fertilizers could interact with soil,
plant and microbes and thus, becomes a part of
soil system. After harvest of maize crop at
tasseling stage, four FYM blocks across the
gradient were prepared by applying 0, 10 and
20 t ha-1 FYM. The FYM was applied 20 days
before transplanting of cauliflower. After
application of FYM the ridges and furrows were
opened for transplanting of cauliflower. Each
strip was divided into 24 equal size plots.

Twenty four fertilizer treatment as (N75 P0
K0, N75 P75 K0, N75 P75 K75, N150 P0 K0,
N150 P0 K75, N150 P75 K0, N150 P75 K75,
N150 P150 K0, N150 P150 K75, N150 P150
K150, N225 P0 K0, N225 P75 K75, N225 P150

K150, N225 P225 K0, N225 P225 K75, N225
P225 K150, N300 P150 K75, N300 P150 K150,
N300 P225 K75, N300 P225 K150, N0 P0 K0, N0
P0 K0 and N0 P0 K0) constituted of different
combinations of N (0, 75, 150 and 225 kg
ha-1, P (0, 75, 150 and 225 kg ha-1) and K (0,
75, 155 and 225 kg ha-1) were randomly
distributed in each strip alongwith four control
plots (unfertilized-absolute control) and three
levels of FYM each of 0, 10 and 20 t ha-1.

The fertilizer materials used were urea,
single superphosphate and muriate of potash.
Doses of P2O5 and K2O alongwith 50 per cent
dose of nitrogen were applied at the time of
cauliflower transplanting and remaining 50 per
cent nitrogen dose was applied at 30 days after
transplanting. Plot wise soil samples were
collected before application of fertilizer
treatments. The yield data of cob and stalk of
cauliflower for all the plots were recorded at the
end of the experiment.

Soil sample were analyzed for available N
(Subbiah and Asija,1956), P (Olsen, et al.
1954) and K (Hanway and Heidal 1952). The
total nitrogen content in FYM was determined
by H2SO4 digestion mixture using Macro-
Kjeldhal method (A.O.A.C. 1990). Phosphorus
and potassium were estimated by digesting 1 g
dry FYM sample with 10 ml triacid mixture
(9:3:1 HNO3 : HClO4 : H2SO4) at 180-200 °C
and digested material used for estimation of P
and K.

The plot wise yield of cauliflower cob and
biomass were recorded. The plant samples
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Table 1. Range and mean soil available nutrients in the
pre- transplanting surface soil and fresh cob yield
of cauliflower.

Parameter Range Mean

Soil test values (kg ha-1) :
KMnO4-N 172 - 238 205
Olsen-P 7.30 - 41.1 24.20
NH4OAc-K 259 - 575 417

Uptake (kg ha-1) :
Nitrogen 35.3 - 224.9 130.10
Phosphorus 11.91 - 65.38 38.64
Potassium 18.2 - 210.30 114.25

Cob yield (t ha-1) :
Treated plots 11.15 - 52.30 31.72
Control plots 9.20-11.15 10.17

Table 2. Nutrient requirement, per cent contribution from soil, fertilizer and FYM.

Parameter N P2O5 K2O

Nutrient requirement (kg t-1 of fresh cauliflower cob) 3.38 0.83 3.00
Contribution from soil available nutrients (Cs) (%) 17.23 43.17 6.15
Contribution from fertilizer nutrients (Cfa) (%) in absence of FYM 39.47 19.54 76.56
Contribution from fertilizer nutrients (Cfp) (%) with FYM 56.30 21.12 97.66
Contribution from FYM (Cfym) (%) 10.47 5.08 13.75



(cauliflower cob and biomass) from each plot
were analyzed for total N, P and K (Piper,
1966) and total uptake was computed. Using
the data on initial soil test values, cauliflower
cob yield, nutrient uptake and fertilizer nutrients
applied, the basic parameters viz., nutrient
requirement (kg t-1 of fresh cob), contribution of
nutrients from soil (Cs), contribution of fertilizer
nutrients in absence (Cfa) and presence of FYM
(Cfp) and contribution of nutrients from FYM
(Cfym) were estimated as described by
Ramamoorthy et al., (196l). These parameters
were used for the formulation of fertilizer
prescription equation.

Results and Discussion

Soil available nutrients and
cauliflower yield : The range and mean
values of cauliflower cob yield, uptake and soil
available nutrients of treated and control plots
are furnished in Table 1. The KMnO4-N ranged
from 172 to 238 kg ha-1 with a mean of 205
kg ha-1, Olsen- P ranged from 7.30 to 41.10
kg ha-1 with a mean of 24.20 kg ha-1 and
NH4OAc-K ranged from 259 to 575 kg ha-1

with a mean of 417 kg ha-1. The cauliflower
cob yield in treated plots ranged from 11.15 to
52.30 t ha-1 and in control plots from 9.20 to
11.15 t ha-1. The nitrogen, phosphorus and
potassium uptake ranged from 35.3-224.9 kg
ha-1, 11.91 to 65.38 kg ha-1 and 18.20-
210.30 kg ha-1, respectively. This indicated
that a vide variability existed in the soil test
values and cauliflower cob yield of treated and
control plots, which is prerequisite for
calculating the basic parameters and fertilizer
adjustment equations for calibrating the
fertilizer doses for specific yield targets.

Basic Parameters : The basic data viz.,
the nutrient requirement for producing one
tonne of cauliflower cob yield (kg t-1), per cent
contribution from soil (Cs), fertilizer in presence
(Cfp) and absence of FYM (Cfa) and FYM (Cfym)

have been calculated (Table 2) which were used
for formulating the fertilizer presription
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Table 3. Fertilizer prescription equation.

Without FYM With FYM

FN = 6.83 XT - 0.35 X SN FN = 6.00 XT - 0.30 X
SN - 1.44 FYM

FP205 = 4.25 XT - 2.21 X SP FP205 = 3.92 XT - 2.04
X SP -1.20 FYM

K20 = 3.90 XT - 0.08 X SK K20 = 3.07 XT - 0.06 X
SK - 1.12 FYM

Where : FN, FP2O5 and FK2O - Fertilizer N, P2O5 and
K2O in kg ha-1, respectively: T - Yield target in t ha-1; SN,
SP and SK - KMnO4-N, Olsen-P and NH4OAc-K in kg
ha-1 respectively; FYM: t ha-1

Table 4. Estimate of soil test based fertilizer
recommendations for 40 and 50 t ha-1 cob yield
of cauliflower.

Soil test NPK alone NPK + FYM
values ––––––––––––– ––––––––––––––
(kg ha-1) 40 t 50 t 40 t 50 t

ha-1 ha-1 ha-1 ha-1

Nitrogen (kg ha-1) :

180 220 278 172 260

200 203 272 166 254

220 196 265 160 248

240 189 258 154 242

260 182 250 148 236

Phosphorus (kg ha-1) :

12 143 186 144 183

14 139 182 140 179

16 135 177 136 175

18 130 173 132 171

20 126 168 128 167

Potassium (kg ha-1) :

250 136 175 119 150

300 132 171 116 147

350 128 167 113 144

400 124 163 110 141

450 120 159 107 138



equations for NPK alone and NPK with FYM
(Table 3).

The nutrient requirement of N, P2O5 and
K2O were 3.38, 0.83 and 3.00 kg t-1 of
cauliflower cob yield, respectively. The per cent
contribution from soil and fertilizer nutrients
were found to be 17.23 and 39.47 for
nitrogen, 43.17 and 19.54 for phosphorus and
6.15 and 76.56 for potassium respectively.
However, per cent contribution of fertilizer
nutrients in presence of FYM were 56.30,
21.12 and 97.66 for N, P2O5 and K2O
respectively. Similarly the per cent contribution
of N, P2O5 and K2O from FYM was 10.47,
5.08 and 13.75 respectively.

The data on Cs and Cf indicated that the
nutrient contribution from fertilizer were
greater than soil in case of nitrogen and
potassium. Whereas, the soil contribution for
phosphorus was higher than fertilizer. The
findings are in close conformity with those
reported by Tamboli et al., (1996), Ray et al.,
(2000), Santhi et al., (2002) and Kadam and
Sonar (2006).

The magnitude of nutrient availability from
fertilizer source in presence of FYM was higher
than that of without FYM. The data on per cent
contribution from fertilizer in presence of FYM
was higher for potassium (21.1%) followed by
nitrogen (16.83%) and phosphorus (1.58%). In
the combined addition, the FYM would have
provided enough carbon as energy source
which accelerated the soil microbial population
leads to the higher mineralization. Further,
FYM also reduces the fixation of nutrients in
soil. The FYM has positive role in enhancing
solubilisation of metallic micronutrients like Fe,
Mn, Zn and Cu. Similar trend in results were
also recorded by Sharma and Singh (2005) for
wheat varities PBW-154 and HD 2643,
Venkatesan et al., (2003) and
Balasubramaniam et al., (2005)

Fertilizer prescription equation under
IPNS for desired yield : Soil test based
fertilizer requirement for targeted yield (40 and
50 t ha-1) of cauliflower were formulated using
the targeted yield equations (Table 4). On the
basis of these equations a ready reckoner was
prepared for a range of soil test values with two
yield targets as 40 and 50 t ha-1. It is evident
from the data that the fertilizer N, P2O5 and
K2O requirements decreased with increase in
soil test values. For producing 40 t ha-1 of fresh
cauliflower cob yield in Vertisol, the fertilizer
doses required for the average soil test values
(200, 18 and 350 kg ha-1 N, P and K
respectively) was found to be 203, 130 and
128 kg ha-1 of N, P2O5 and K2O respectively.
Under IPNS, the fertilizer requirement was
166, 132 and 113 kg ha-1 N, P2O5 and K2O
respectively. The findings indicated that
application of fertilizer-nutrients along with
FYM based on IPNS fertilizer prescription
equation, the doses are tailored as per the
specific yield targets of cauliflower.

Thus fertilizer application strategy should be
improved from the conventional blanket
recommendations to site-specific fertilizer
application to sustain higher yields and
maintain or build soil fertility. This requires the
estimates of nutrient requirement, soil nutrient
supply capacity, recovery efficiency of applied
nutrients both through fertilizer and organic
manure. The quantitative relations derived in
the present experiment should be a good basis
for fertilizer recommendation in the Vertisol of
Western Maharashtra. The study also highlights
the importance of integrated nutrient
management (INM) where different sources of
plant nutrients to complement and supplement
mineral fertilizers are applied.
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The deep placement of fertilizer, use of slow
release and nitrification inhibitors are
recommended. The use of urea super granules
(USG), urea briquettes, urea-DAP briquette are
recent developments. The use of briquettes for
low land transplanted rice crop under anaerobic
condition is amply proved (Savant et al. 1992).
Significant improvement in all growth
characters and yield of sugarcane were
observed due to briquette form over non
briquette form of NPK fertilizers (More et al.,
2004). However, considering 40 to 45 per cent
area under ratoon crop it is necessary to test
NPK briquette for sugarcane ratoon. The high
cost of manuring and fertilization is a basic
problem in sugarcane cultivation. These
difficulties need to be considered through
minimizing the present recommended dose of
NPK fertilizer without sacrificing the ratoon
cane yield by keeping trash in furrow initially as

mulch, subsequently used as organic manure
and by linking up the NPK dose with the fertility
status of soil. Considering long duration of
sugarcane crop standing in the field for 12 to
18 months and heavy requirement of nutrients,
it would be more beneficial to use sugarcane
ratoon as crop. Keeping such aspects in view,
the present investigation was undertaken to
assess the possibility of saving of NPK fertilizer
and increasing its use efficiency by use of
briquette with in-situ trash organic manure for
sugarcane ratoon.

Materials and Methods

A field experiment was conducted at Central
Sugarcane Research Station, Padegaon in
Satara district of Maharashtra during 2009-12
for three sugarcane ratoon crops grown on
inceptisol. The average annual rainfall is 417
mm. The experiment was laid out in
randomized block design, with eight treatments
and three replications. The sugarcane was
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An application of 75 per cent recommended dose of NPK fertilizer through briquette found beneficial in

terms of yields of sugarcane ratoon (107.02 t ha-1) and commercial cane sugar (14.81 t ha-1). The fertilizer
applied through straight fertilizers @ 100 per cent NPK either by conventional or by crow bar method and
recommended dose fertilizer applied through briquette @ 75 per cent NPK recommended dose (RD) by crow
bar found equally effective in terms of cane and commercial cane sugar yields indicating the 25 per cent
saving of recommended dose of NPK fertilizer for sugarcane ratoon. The higher status of available N, P and
K in soil at harvest that was recorded only by briquette treated plots might be due to deep placement of NPK
briquette fertilizer and slow release of N, P and K. The briquettes applied along with trash in-situ management
saved the cost of cultivation with improved soil fertility. The per cent use efficiency of briquette form of
fertilizer is higher than the straight fertilizers in sugarcane ratoon crop.
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harvested and three successive ratoon crop
experiments were grown in three seasons on
different sites. During 2009-10 first crop was
harvested on 02/01/2009 and its ratoon on
29/02/2010, during 2010-11 first crop was
harvested on 25/01/2010 and its ratoon on
30/02/2011. In 2011-12 first crop was
harvested on 25/01/2011 and its ratton on
26/02/2012.

Fertilizer application : The
recommended dose (RD) of N, P2O5 and K2O
was applied at the rate of 300:140:140 kg
ha-1 through straight fertilizer viz., urea, single
super phosphate and muriate of potash,
respectively by conventional method (line
method) of application in three splits of 30 per
cent N, 50 per cent P2O5 and 50 per cent K2O
at first irrigation, 30 per cent N at 60 days and
40 per cent N, 50 per cent P2O5 and 50 per
cent K2O at 135 days for treatment T2. For the
treatments T3, T5 and T7 straight fertilizers
were given with three levels of 100, 75 and 50
per cent of NPK RD in two splits of 50 per cent
at first irrigation at 10 cm deep, 10 cm apart
from stool on one side with keeping distance of
30 cm in between two spots. Then the holes
were closed with the soils and remaining 50 per

cent was applied at 135 days on opposite side
by same method.

The NPK fertilizer briquette containing N:
P2O5:K2O in proportion of 2.14:1:1 (same as
the recommended dose of 300:140:140) were
mechanically prepared by mixing of
commercial grade urea, diammonium
phosphate and muriate of potash, with the help
of briquetter using high pressure. For the
treatments of briquette plots (T4, T6 and T8)
with three levels of 100, 75 and 50 per cent of
RD, 50 per cent of RD of NPK were applied at
first irrigation and remaining 50 per cent dose
at 135 days.

The briquettes were applied at optimum
moisture conditions with crow bar method. In
one plot of 10 x 6 m2 size 180 stools were
maintained at the rate of 30,000 stools ha-1.
The fertilizers (urea, diammonium phosphate
and muriate of potash) to supply 50 per cent
dose of RD NPK for 180 stools were calculated
which was 3.75 kg. As the briquettes were to
be applied for one stool (two plants) the
required quantity of fertilizers was 20.83 g per
stool. As the one briquette weight is 2.6 g the
number of briquettes for one stool (two plants)
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Table 1. Effect of different treatments on yield parameters of sugarcane ratoon (pooled mean).

Treatments NMC ACW Cane CCS CCS
("000" (kg yield (%) (t ha-1)
ha-1) cane-1) (t ha-1)

T1 - Control (No fertilizer) 71.62 0.67 51.55 7.01 13.65
T2 - 100% NPK RD straight fertilizer by conventional method 90.90 1.08 98.62 13.66 13.88
T3 - 100% NPK RD straight fertilizer by crow bar (50:50) 92.07 1.06 98.00 13.58 13.88
T4 - 100% NPK RD briquette (50:50) 101.06 1.11 112.41 15.70 13.98
T5 - 75% NPK RD straight fertilizer by crow bar (50:50) 80.73 1.02 86.73 12.05 13.92
T6 - 75% NPK RD briquette (50:50) 96.83 1.13 107.02 14.81 13.89
T7 - 50% NPK RD straight fertilizer by crow bar (50:50) 81.14 0.93 75.05 10.44 13.91
T8 - 50% NPK RD briquette (50:50) 87.40 0.93 82.88 11.74 14.18
SE(m) ± 1.16 0.03 3.39 0.50 0.16
CD at 5% 3.50 0.08 10.29 1.50 NS
CV% - - 6.61 6.95 -

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



were 8 for 100 per cent, 6 for 75 per cent and
4 for 50 per cent RDF. The remaining 50 per
cent dose of briquette was given at 135 days by
same method of briquette application as
described.

Soil samples at initial and after harvest of
each crop were collected and used for
determination of available N, P and K and some
chemical properties using standard procedures.
Soil samples were analyzed for pH and EC in
1:2.5 soil suspension ratio, organic carbon
were estimated as per Nelson and Sommers
(1982), available N by alkaline permanganate
method Subbiah and Asija, (1956), available P
as per method Olsen et al. (1954) and available
K determined flame photometrically as
described by Knudesn et al. (1982). Plant
samples were analyzed for total nutrient uptake
as per method given by Parkinson and Alien
(1975). Cane juice quality was determined by
using procedure outlined by Spencer and
Meade (1964) and commercial cane sugar
(CCS) was calculated. The data obtained on
chemical properties of soil, uptake of nutrient
by plant, juice quality and yield of sugarcan,e
were analyzed statistically using procedure
given by Panse and Sukhatme (1995).

Results and Discussion

Yield parameters : The treatment of 100
per cent NPK RD through briquette recorded
significantly higher cane yield (112.41 t ha-1)
and CCS yield (15.70 t ha-1) and it was on par
with 75 per cent NPK RD through briquette
(107.02 and 14.81 t ha-1). Whereas in case of
average cane weight the treatment of 100 per
cent NPK RD briquette in two equal splits (1.11
kg), 75 per cent NPK RD briquette in two equal
splits (1.13 kg), 100 per cent NPK RD through
straight fertilizer by conventional method (1.08
t ha-1) and 100 per cent NPK RD through
straight fertilizer by crow bar in two equal splits
(1.06) were statistically equal and significantly

higher than the rest of treatments (Table 1).
While in case of number of millable canes and
the treatment of 100 per cent NPK RD through
briquette in two equal splits (101.06 "000"
ha-1) found significantly superior over all the
treatments. The fertilizer applied through
straight fertilizers @ 100 per cent NPK RD
either by conventional or by crow bar methods
and fertilizer applied through briquette @ 75
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Table 2. Effect of different treatments on soil chemical
properties at harvest (pooled mean).

Treat- pH EC Org. Available nutrients
ments (dS C. (g (kg ha-1)

m-1) kg-1) ––––––––––––––––––––––
N P K

Initial 8.04 0.21 6.50 289.00 27.00 310.00
T1 7.81 0.21 6.00 261.85 21.53 247.20
T2 7.38 0.23 7.70 305.55 27.54 288.19
T3 7.58 0.20 7.40 316.65 37.68 302.32
T4 7.52 0.20 7.80 324.85 37.76 332.72
T5 7.76 0.20 7.00 313.30 27.46 291.31
T6 7.57 0.25 7.20 320.49 31.43 318.31
T7 7.70 0.25 7.40 304.69 20.00 289.80
T8 7.66 0.22 7.30 307.31 21.19 268.26
SE(m)± 0.07 0.04 0.30 4.49 3.19 9.11
CD 0.22 NS 0.80 13.62 9.69 27.63
at 5%

Table 3. Effect of different treatments on nutrient uptake
by sugarcane ratoon (pooled mean).

Treat- Nutrient uptake Nutrient utilized
ments (kg ha-1) by sugarcane

–––––––––––––––––––––– (kg tonne-1)
N P K –––––––––––––––––

N P K

T1 121.59 37.07 137.27 2.40 0.58 2.69
T2 214.95 64.96 225.66 2.19 0.66 2.29
T3 306.76 60.72 339.99 3.21 0.63 3.54
T4 330.00 78.88 366.27 2.96 0.72 3.28
T5 175.62 51.79 207.95 2.03 0.60 2.40
T6 240.63 61.35 292.08 2.27 0.70 2.77
T7 170.10 41.74 199.88 2.28 0.60 2.66
T8 181.24 45.48 237.81 2.20 0.66 2.88
SE(m)± 6.66 2.32 2.60 - - -
CD at 5% 20.20 7.03 7.90 - - -



per cent NPK RD by crow bar found equally
effective in terms of cane and commercial cane
sugar yields. It is observed that considering cane
and commercial cane sugar yields, the
application of fertilizer through briquettes can
save 25 per cent recommended dose of NPK.
There was better survival of plants in briquette
treated plots, .This could be attributed to better
and longer availability of N, P and K by 10 cm
deep placement of briquette in soil along with
in-situ manuring of trash in ratoon crop. These
results are in agreernent with findings of
Kadam (1986) and Bangar and Sharma (1992)
in case of application of USG for sugarcane.
Whereas Jadhav et al., (2000) also observed
that keeping trash in furrow with pocket
application of NPK fertilizers in two equal splits
15 days after ratooning and 135th days after
ratooning in five successive ratoon crops
recorded significantly higher cane and CCS
yields than conventional practice of trash
burning. Further, Kadam et al. (1991) and
Nasir Ahmed et al. (1992) observed that the
deep placement (10cm) of nitrogenous fertilizer
significantly increased the cane yield over the
line method of application of N fertilizer. More
and Shinde (1999) also proved the superiority
of NPK briquette over non briquette fertilizer in
sugarcane crop. Considering quality parameter,

commercial cane sugar per cent were non-
significant indicating no influence on
commercial cane sugar per cent due to forms of
fertilizer application.

Soil studies : The soil EC was not
significantly influenced due to different
treatments, however the pH, organic carbon
and available N, P and K significantly differed
from each other (Table 2). The application of
fertilizer through 100 per cent NPK in the form
of briquette recorded higher available N
(324.85 kg ha-1), P (37.76 kg ha-1) and K
(332.72 kg ha-1) in soil, however, it was at par
with 75 per cent NPK RD through briquette by
crow bar and 100 per cent NPK RD through
straight fertilizer by crow bar (50 per cent at
planting and 50 per cent at 135 days) in case
of available N and P, while in case of available
K it was on par with 75 per cent NPK RD
briquette. The higher status of available N, P
and K in soil at harvest was recorded only by
briquette treated plots might be due to deep
placement of NPK briquette fertilizer and also
due to slow release of N, P and K from
briquettes. It was also observed that, the higher
status of organic carbon content and available
N, P and K in soil at harvest was maintained by
the application of both 100 per cent and 75
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Table 4. Use efficiency of N, P and K by use of briquette and non briquette forms of fertilizers (pooled mean).

Treatments Fertilizer use efficiency Per cent increase of FUE of briquette
(%) over non-briquette

––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––
NUE PUE KUE Mean Mean

T1 - - - - - - - -
T2 43.43 42.93 39.17 41.84 -
T3 60.36 38.95 59.62 52.98 -
T4 63.16 53.01 62.52 59.56 4.42 26.53 4.63 11.68
T5 30.77 28.43 33.99 31.06 - - - -
T6 49.47 39.58 53.00 47.35 37.81 28.18 35.87 33.95
T7 28.52 11.19 31.32 23.68 - - - -
T8 32.91 18.50 42.28 31.23 13.85 39.51 25.91 26.26
Mean - - - 18.53 31.41 22.14 24.02

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



per cent NPK RD through briquette along with
use of organic manures of in-situ trash
management in ratoon crops. This could be
ascribed due to better availability of NPK
nutrients in soil for longer time by use of
briquette along with trash in situ application in
ratoon. Jadhav et al., (2000) reported that
placing trash in furrow with pocket application
of chemical fertilizers in two equal splits, first at
one side within 15 days after date of ratooning
and second on opposite side on 135th day of
ratooning in five successive crops maintained
the higher level of organic carbon, available N,
P and K status in soil at harvest. Talekar and
Dongale (1993) and Deshmukh and Tiwari
(1996) observed better USG for rice crop in
case of available N and More and Shinde
(2002) reported NPK briquette better for
sugarcane in available N, P and K content in
soil at harvest.

Nutrient uptake : Application of 100 per

cent NPK fertilizer dose through briquette
recorded significantly higher uptake of NPK
(330.00,78.88 and 366.27 kg ha-1

respectively) and it was superior over all the
treatments, indicating maximum utilization of
N,P and K might be owing to better availability
of NPK nutrients in soil for longer period (Table
3). More and Sinde (1999) and Kadam et al.,
(1991) reported higher uptake of NPK by
sugarcane with use of NPK briquette and USG
respectively placed at 10 cm deep in soil. In
general 2.19 to 3.21 kg N, 0.58 to 0.72 kg P
and 2.29 to 3.54 kg K were utilized by
sugarcane to produce one tonne of cane yield.

Fertilizer use efficiency : The use
efficiency of nitrogen (NUE), phosphorus (PUE)
and potassium (KUE) were recorded higher with
the use of 100 per cent NPK RD through
briquettes (63.16, 53.01 and 62.52 per cent
respectively). Similar trend was also noticed in
the treatment of 75 and 50 per cent NPK RD
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Table 5. Cost of fertilizer and economics of sugarcane as influenced by different treatments (2009-10, 2010-11 and 2011-
12).

Treatments Nutrient applied (kg ha-1) Yield Mean Cultivation Net B:C
–––––––––––––––––––––––––– (t ha-1) return cost returns ratio
N P K (Rs. ha-1) (Rs. ha-1) (Rs. ha-1)

T1 00 00 00 51.55 95367 - - -
T2 300 140 140 98.62 182447 37259 145188 3.90
T3 300 140 140 96.34 178229 38579 139649 3.62
T4 300 140 140 112.41 207959 33861 174098 5.14
T5 225 105 105 86.73 160451 36168 124283 3.44
T6 225 105 105 107.02 197987 30169 167818 5.56
T7 150 70 70 75.05 138843 33756 105087 3.11
T8 150 70 70 82.88 153328 26477 126851 4.79
SE(m) ± - - - 3.39 6275 - 6275 0.04
CD at 5% - - - 10.29 19033 - 19033 0.11

1. Rates of fertilizer : Urea Rs. 5.63 kg-1, SSP = Rs. 11.88 kg-1, DAP = Rs. 21.00 kg-1, Decomposting culture = Rs. 40.00
kg-1

2. Cost of cultivation :
1. Rs.27011 ha-1 (excluding cost of fertilizer and manures and including application cost for conventional method )
2. Rs. 17174 ha-1 (Excluding cost of briquette and including application cost of briquette)

3. Manuring cost of briquette : Rs. 3.0 kg-1

4. Application cost of briquette (16 labour unit hectare-1) : Rs. 1920 ha-1

5. Cane price : Rs. 1850 t-1



through briquette. The results indicated that per
cent increase of fertilizer use efficiency (FUE)
was also found (11.86, 33.95 and 26.26 per
cent) in all treatments of NPK briquette form of
fertilizers. From this results, it is seen that the
average per cent increase of FUE of briquette
over straight fertilizer is 24.02 per cent (Table
4).

Economics : The data presented in Table 5
clearly indicate that application of NPK fertilizer
@ 75 per cent NPK RD through briquette
recorded higher monetary returns (Rs. 1, 97,
987 ha-1), net profit (Rs.1,67, 818 ha-1) and
B:C ratio (5.56) with saving of 25 per cent
NPK dose.

It could be concluded that the application of
fertilizer to sugarcane ratoon crop through
briquette along with in situ trash application 50
per cent at planting and 50 per cent after 135
days of ratooning by crow bar method found
beneficial for increasing cane and commercial
cane sugar yield with 25 per cent saving of
recommended dose of NPK besides
maintaining soil fertility.
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Most of the soils of Osmanabad district are
very shallow underlined by murrum layer in
basaltic area. The clay content, cation
exchange capacity and water holding capacity
of these soils were very low (Patil, 2011) which
directly influence the productivity. Thus these
soils were grouped under marginal land and the
farmers paid less attention for their utilization
and conservation. The tank sediments have
higher nutritive value (Anonymous, 2003).
Addition of tank silt to cultivated field improve
the physico-chemical properties of the soil
which results into good crop growth and higher
yield (Binitha, 2006 and Kabir et al. 1991).
The tank silt is invariably available free of cost
to the farmers, except the cost for its transport.
Application of sediments desilted from the tank
to very shallow soil appears to be potentially
viable option for returning the eroded fertile soil
back to the field. This practice may help to

improve the soil quality and productivity of very
shallow soil. However, not much scientific
information is presently available. With these
backgrounds the present investigation was
carried out to ascertain the effect of tank silt
application on soil quality attributes and crop
productivity.

Materials and Methods

The study area was located in Osmanabad
district (Maharashtra) extending from 18° 17'
52" N latitude and 76° 05' 00" E longitudes at
an altitude of 660 m above mean sea level
(MSL). The experiment was conducted on four
hectare area of very shallow soil underlined by
murrum layer at College of Agriculture Farm,
Osmanabad during 2010-11. This area was
split into four equal plots and applied the tank
silt @ 0, 500, 1000 and 1500 cum ha-1 i.e.
0,5,10 and 15 cm thick layer of tank silt on
very shallow soil. Soil profile studies were
carried out after harvesting of soybean crop and
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yield of soybean was recorded. The soil
moisture data were recorded at both flowering
and harvesting stage of soybean crop. The soil
profiles were examined under different layer of
tank silt applied plots and studied for their
morphological properties of soil as per Soil
Survey Mannual (Soil Survey Division Staff,
2000). The horizon wise soil samples were
collected, processed and analyzed using
standard analytical procedures. The particle size
distribution was carried out by international
pipette method according to the procedure
given by Jackson (1979). The bulk density was
determined by clod coating method (Black,
1965). The available water content was
calculated using water retained between 33kPa
and 1500 kPa, saturated hydraulic conductivity,
CEC, exchangeable bases Na and K were
determined by standard procedure (Richards,
1954) and Ca and Mg were determined by

Piper (1966). Soil pH and EC were determined
in soil water suspension 1:2.5 (Jackson, 1967).
Soil organic carbon was determined by Walkley
and Black method (Jackson 1973). CaCO3,
was determined by rapid titration methods
(Piper, 1950). The available nitrogen was
determined by alkaline potassium
permanganate method (Subbaiah and Asija,
1956). Available phosphorous was determined
by Olsen's methods (Jackson, 1967). Available
potassium was determined by using neutral
normal ammonium acetate (Jackson, 1973).
The yield data of soybean crop were recorded
from 1.5 x 1.5 m2 plot size from three different
locations in each plot and were subjected for
statistical analysis (Panse and Sukhatme, 1985).

Results and Discussion

Soil characteristics : The initial
morphological characteristics (Table 1) of these
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Table 1. Morphological characteristics of soil under different depth of tank silt application in very shallow soils of Osmanabad
district.

Horizons Depth Boun Matrix Structure Texture Pores Roots Consistance Effectice
(cm) dry colour sce

Pedon : P1 without tank silt (control plot) :
Ap 0-9 cs 10YR5/4 1 fgr Scl vfcfm vfcfm vfr ns np e
Ac 9-18 di 10YR5/6 1 mgr S vfc vfc vfr ns np e
M 18-60 10YR5/6 -Murrum layer-

Pedon : P2 Application of tank silt @ 500 cum ha-1 (5 cm depth of tank silt) :
Ap 0-9 cs 10YR4/3 1 fsbk C vfm vfmfm vfr ss ps e
AE 9-22 di 10YR5/4 1 fgr cl vfm vfmfm vfr ns np e
Ac 22-32 di 10YR5/6 1 mgr Scl vfc vfc vfr ns np e
M 32-60 10YR5/6 -Murrum layer-

Pedon : P3 Application of tank silt @ 1000 cum ha-1 (10 cm depth of tank silt) :
Ap 0-10 cs 10YR4/3 1 sbk C vfm vfmfm sh ss ps e
AE 10-28 di 10YR5/4 1 sbk cl vfm vfmfm vfr ns np e
Ac 28-38 di 10YR5/6 1 mgr Scl vfc vfc vfr ns np e
M 38-60 10YR5/6 -Murrum layer-

Pedon : P4 Application of tank silt @ 1500 cum ha-1 (15 cm depth of tank silt) :
Ap 0-14 cs 10YR4/3 1 m sbk C vfm vfmfm sh ss ps e
AE 14-33 di 10YR5/4 1 f sbk cl vfm vfmfm vfr ss ps e
Ac 33-51 di 10YR5/6 1 mgr Scl vfc vfc vfr ns np e
M 51-60 10YR5/6 -Murrum layer-



soils were represented in pedon 1 in control
plot. They were very shallow in depth (<20cm)
underlined by murrum layer having dark
yellowish brown (10YR5/4) to yellowish brown
colour (10YR5/6), sandy to sandy clay loam
texture, and granular structure. The soil
consistency was very friable when moist, non-
sticky non-plastic when wet due to low clay
content.

The morphological characteristics of tank
silt applied soils (P2, P3 and P4) indicated that
they were shallow to moderately shallow (32 to
51 cm) in depth. The variation was attributed
due to application of various depth of tank silt
layer. The soil colour of the tank silt applied
soils were dark brown (10YR4/3) to yellowish
brown (10YR5/6). These soils were subangular

blocky to granular in structure and clay to sandy
clay loam in texture. The soil consistency was
slightly sticky, slightly plastic to non sticky non
plastic when wet. The change may be attributed
to application of tank silt.

The initial physical characteristics of soil (P1)
indicated that these soils were loamy sand in
texture. The hydraulic conductivity was very
high (28.9 cm hr-1 weighted mean 0-30 cm soil
depth) (Table 2). The moisture retention at
33kPa was 19.8 per cent whereas at 1500kPa
8.6 per cent in surface horizon (Ap). The soil
moisture at flowering and harvesting were low
(14.8 and 10.8 respectively). This may be due
to low clay content (<20 %) and high amount of
coarse fragment (>60 % weighted mean) in
these soils.
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Table 2. Physical characteristics of soil under different depth of tank silt application in very shallow soils of Osmanabad
district.

Horizons Depth Coarse BD Partial size analysis HC Moisture AWC
(cm) fragment (Mgm-1) ––––––––––––––––––––––– (cm content (%) at (%)

(%) Sant Silt Clay hr-1) ––––––––––––––––
(%) (%) (%) 33 15

KPa KPa

Pedon : P1 Without tank silt (control plot) :
Ap 0-9 25.0 1.61 57.2 23.3 19.5 28.4 19.8 8.6 11.2
Ac 9-18 54.4 1.65 64.0 16.2 19.0 29.2 18.3 7.2 10.7
M 18-40 92.0 1.67 80.0 15.9 05.5 - - - -

Pedon : P2 Application of tank silt @ 500 cum ha-1 (5 cm depth of tank silt) :
Ap 0-9 10.9 1.34 38.0 31.4 29.7 16.1 31.4 19.2 12.2
AE 9-22 22.4 1.39 49.0 24.1 26.9 29.1 - -
Ac 22-32 58.2 1.74 62.1 19.4 18.5 30.1 - -
M 32-60 86.4 1.62 82.2 15.0 02.4 - - -

Pedon : P3 Application of tank silt @ 1000 cum ha-1 (10 cm depth of tank silt) :
Ap 0-10 8.9 1.39 13.0 42.6 44.4 11.3 30.0 16.6 13.4
AE 10-22 18.0 1.34 47.5 24.2 25.3 19.2 - -
Ac 22-38 25.9 1.64 52.0 22.6 25.4 27.5 - -
M 38-60 93.6 1.67 84.6 12.8 02.6 - - -

Pedon : P4 Application of tank silt @ 1500 cum ha-1 (15 cm depth of tank silt) :
Ap 0-14 13.0 1.40 14.0 38.2 47.8 05.4 34.7 21.0 13.7
AE 14-33 22.0 1.41 50.0 22.0 28.0 20.2 29.4 18.2 11.2
Ac 33-51 51.0 1.62 60.6 19.0 21.4 29.2 18.6 08.3 10.3
M 51-60 90.0 1.62 81.4 15.1 03.5 - - - -



The physical characteristics of tank silt
applied soils indicated that the clay content
varied from 2.6 to 47.8 per cent. The
maximum clay content was observed in tank silt
applied surface horizons in pedon P4 (47.8%)
which decreased with depth. However, the clay
content in subsurface horizon of tank silt
applied soil (P2, P3 and P4) gradually increased
over control. This may be due to eluviation
process (Sehgal, 1996) and mixing of tank silt
in initial soil through intercultural operation.
The hydraulic conductivity of Ap horizon of
these soil varied from 5.4 to 16.1 cm ha-1. The
water retention at 33 KPa varied from 30.0 to
34.7 per cent whereas at 1500 KPa from 16.6
to 21.0 per cent and which was nearly twofold
higher over control (Table. 2). This indicated
that the application of tank silt increased the
water retention capacity and decreased the

hydraulic conductivity of these soils. Binitha
(2006) and Anonymous (2003) reported that
addition of tank sediments to cultivated field
improve the physical properties of soil which
improve the crop growth and yield of crop.

The soil is alkaline (7.1 to 7.2) and slightly
calcareous in nature (CaCO3 2.0-2.2%) with
low cation exchange capacity (19.9 cmol (p+)
kg-1 weighted mean) low to moderate fertility
status and high organic carbon content (0.97
%) (Table 3). The chemical characteristics of
tank silt applied soils (P2, P3 and P4) indicated
that the pH values of 7.1 to 7.3 with electrical
conductivity from 0.13 to 0.24 dSm-1 which
indicated no sodicity and salinity hazards. The
organic carbon varied from 0.19 to 0.94 per
cent and low to high fertility status (Ramesh,
1998). The CEC of these soils varied from 20.2
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Table 3. Chemical characteristics of soil under different depth of tank silt application in very shallow soils of Osmanabad
district.

Hori- Depth pH EC O.C. Ca CEC Cations (cmol (p+) kg-1) Available Available Available
zons (cm) (dS (%) CO3 cmol –––––––––––––––––––––––––– N P K

m-4) (%) (p+) Ca++ Mg++ Na+ K+ (kg ha-1) (kg ha-1) (kg ha-1)
kg-1

Pedon : P1 Without tank silt (control plot) :
Ap 0-9 7.1 0.21 0.97 02.2 19.90 11.42 7.60 0.38 0.17 312 11.6 278
Ac 9-18 7.2 0.25 0.73 02.1 20.80 11.42 7.40 0.22 0.11 233 10.7 254
M 18-40 7.2 0.20 0.33 02.0 19.83 10.36 5.00 0.20 0.05 183 09.7 121

Pedon : P2 Application of tank silt @ 500 cum ha-1 (5 cm depth of tank silt) :
Ap 0-9 7.2 0.13 0.79 10.9 31.86 24.60 5.40 0.69 0.22 271 12.6 350
AE 9-22 7.2 0.21 0.78 08.9 29.85 24.41 7.40 0.28 0.32 271 12.5 254
Ac 22-32 7.1 0.23 0.38 03.6 20.80 11.42 7.20 0.22 0.29 174 07.1 148
M 32-60 7.1 0.22 0.20 02.3 20.80 12.36 6.30 0.20 0.12 174 09.7 121

Pedon : P3 Application of tank silt @ 1000 cum ha-1 (10 cm depth of tank silt) :
Ap 0-10 7.2 0.14 0.80 11.6 45.54 34.80 7.20 0.91 0.43 230 11.6 287
AE 10-22 7.1 0.18 0.94 08.4 30.05 20.60 7.60 0.30 0.35 302 10.7 171
Ac 22-38 7.2 0.24 0.35 03.4 22.08 14.20 5.40 0.22 0.29 233 09.7 148
M 38-60 7.3 0.22 0.19 02.8 20.20 12.36 6.30 0.22 0.14 189 09.7 121

Pedon : P4 Application of tank silt @ 1500 cum ha-1 (15 cm depth of tank silt) :
Ap 0-14 7.2 0.15 0.88 12.9 43.77 36.00 5.32 0.38 0.35 271 10.7 305
AE 14-33 7.2 0.19 0.91 08.9 31.79 24.80 7.20 0.24 0.32 302 12.5 254
Ac 33-51 7.2 0.24 0.29 03.7 25.85 20.41 5.60 0.22 0.29 233 09.7 171
M 51-60 7.1 0.21 0.24 02.8 21.45 12.42 5.30 0.22 0.11 188 09.7 121



to 45.54 cmol (p+) kg-1. The Ca++ was the
dominant cation followed by Mg++, Na+, and
K+. The calcium carbonate content of these
soils ranged from 2.3 to 12.9 per cent which
increased over control pedon P1. This may be
attributed due to application of highly
calcareous tank silt (CaCO3 16.9 %) which
needs attention. The high amount of calcium
carbonate in clay fraction is yield reducing
factor (Sys. et al. 1993).

Impact of tank silt application on soil
quality : Application of tank silt having high
clay content and CEC to very shallow soil
improved the clay content and cation exchange
capacity from 9.6 to 27.0 per cent and 19.9 to
31.3 cmol (p+) kg-1 respectively and reduced
the bulk density and hydraulic conductivity from
1.65 to 1.49 Mg m-3 and 28.9 to 12.6 cm
hr-1 (Table 4). However, the soil moisture
content also improved nearly threefold at
flowering and harvesting stage from 14.8 to
38.9 and 10.8 to 35.9 per cent, respectively in
root zone. Decrease in coarse fragment (Table
2) in root zone and no change in pH, EC and
organic carbon content was observed while an
appreciable change was noticed in
exchangeable bases and availability of N, P and
K (Osman et al. 2007). The improvement of
clay content will not only improve the water
holding capacity of these soils but also reduce
the losses of nutrients through leaching.

Impact on yield : The application of tank
silt in very shallow soil underlined by murrum
layer @ 500, 1000 and 1500 cum ha-1 (P2, P3
and P4) increased the yield of soybean over
control (P1). The maximum yield of soybean
(29.3 q ha-1) was noticed in application of tank
silt 1500 cum ha-1 (P4) which was nearly
threefold increase over control (10 q ha-1). On
the basis of correlation analysis it was observed
that depth of tank silt, clay conent, CEC, HC
and soil moisture content significantly
influenced the yield of soybean. However,
simple correlation study (Table 5) showed that
the yield of soybean showed significantly
positive correlation with depth of tank silt layer
(r=0.98), clay content (r=0.98), moisture
content at flowering (r=0.98), moisture content
at harvesting (r=0.98) and CEC (r=0.97) and
significantly negative correlation with hydraulic
conductivity (r= -0.99) of these soils. It can be
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Table 4. Soil properties based on weighted mean in depth of soil profile (0-60 / 0-30cm) and yield of soybean (q ha-1).

Soil Treatments Clay CEC BD HC Soil moisture Soil moisture Yield
profile (Depth of tank (%) cmol (Mg (cm hr-1) (%) at (%) at (q ha-1)

silt application (p+) m-3) (0-30 cm flowering harvesing
kg-1 depth) (0-30 cm (0-30 cm

depth) depth)

1 T1 Control 9.6 19.9 1.65 28.9 14.8 10.8 10.2
2 T2 05 cm (@ 500 cum) 14.5 24.4 1.56 25.5 19.8 20.2 14.2
3 T3 10 cm (@ 1000 cum) 20.2 27.7 1.52 17.1 37.0 32.3 23.9
4 T4 15 cm (@ 1500 cum) 27.0 31.3 1.49 12.6 38.9 35.9 29.3

Table 5. Correlation coefficient between soil attributes
and yield of soybean (q ha-1).

Parameter r

Clay % 0.98*
BD (Mgm-3) -0.93
CEC (cmol (p+) kg-1) 0.97*
Depth of tank silt (cm) 0.98*
Soil Moisture content at flowering (%) 0.98*
Soil Moisture content at harvesting (%) 0.98*
HC (cm hr-1) -0.99**

**,* Significant at 1 and 5 per cent levels.



concluded that the application of tank silt
improved the quality and productivity of
marginal land. It is inferred that the tank silt
application will be a good option to bring
marginal land under cultivation with improved
productivity.
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Soil salinity/sodicity is one of the most
serious forms of soil quality degradation
affecting approximately 10 per cent of the total
land surface of the globe. The problem occurs
in varying intensities in more than 120
countries and is more prominently witnessed in
the arid and semi- arid areas (Yadav, 1993). In
semi-arid and arid regions, irrigation induced
problems of water-logging, secondary
salinization and sodication goes hand in hand.
These problems pose a great threat to the
sustainable productivity. Nearly 10-12 per cent
of shrink-swell soils under command of Mula,
Pravara, Godavari, Dhom, Girna, Purna,
Jayakwadi, Nira, Krishna, Mutha and several
such major and minor irrigation projects have

turned into saline and sodic Vertisols (Varade et
al. 1985). India covers an area of salt affected
soils to the tune of 13.50 M ha. In Maharashtra
state about 0.54 million ha of black soils are
initially reported to be salt affected which has
increased to 1.06 million ha and is about 3.4%
of geographical area (Gaikwad and Challa,
1996). The soils of Mula command area in
distributory No.2 turned to highly saline after
35 years of introduction of canal irrigation.
Therefore, it is necessary to characterize the
soil quality degradation due to salinity and
sodicity in distributory No.2 of Mula command
area (Kendal Bk, Kendal Kd and Chandkapur)
after lapse of 35 years. It was thought worth
while to collect the precise information on
morphology, physico-chemical properties,
classification and mapping of these soils. The
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Abstract
The soils in general were high in clay content ranged from 52 to 71 per cent and relatively higher clay

content was recorded in the sodic soils of mid region. The bulk density of soils ranged from 1.42 to 1.83 Mg
m-3. The hydraulic conductivity was low and ranged from 0.06 to 1.52 cm hr-1 and it was reduced in the sub
soil horizon. The mean weight diameter (MWD) varied from 0.25 to 0.67 mm and it was positively correlated
with hydraulic conductivity and negatively correlated with ESP and EMP. The soils were moderately to strongly
alkaline in reaction and CEC was ranged from 48 to 71 cmol(p+) kg-1. The organic carbon content varied
from 4.5 to 10.9 g kg-1 in salt affected soils and it was positively correlated with MWD, exchangeable Ca2+

and negatively correlated with EMP indicating poor content of soil organic carbon content in sodic soils of tail
region. The calcium carbonate content in these soils ranged from 75.5 to 172.5 g kg-1 and it increased with
depth. The ESP values ranged from 6.58 to to 27.61 per cent. It was positively correlated with pHs and
negatively correlated with hydraulic conductivity, clay content and bulk density. Among the major available
nutrients, the soils were low in nitrogen (81.5 to 182.0 kg ha-1), low to medium in phosphorus (3.03 to
15.15 kg ha-1) and high to very high in potassium (448 to 672 kg ha-1). The soils were sufficient in available
Fe, Mn and Cu while deficient in available Zn. Nearly 22.39 per cent soils were found to be degraded out of
which 6.11 per cent were saline, 6.18 per cent were saline -sodic and 10.10 per cent were sodic soils. The
major soils are Inceptisol and Vertisols. Taxonomically classified as Typic Haplustepts (P1 and P3), Vertic
Haplustepts (P2, P4 and P5), Sodic Haplusterts (P6, P7 and P9) and Sodic Calciustert (P8).
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information is lacking at present. The present
investigation was therefore, planned in order to
develop the database on soil quality degradation
due to salinity and sodicity in distributory No.2
of Mula command area of Ahmednagar district.

Materials and Methods

The study area is a part of Mula command
area in Rahuri Tahsil of Ahmednagar district of
Maharashtra state. The area comprises of
Kendal Bk, Kendal Kd and Chandkapur villages
in Rahuri tahsil. The study area is located
between 19°51' to 19° 54' N latitude and 74°
21" to 74° 25' E longitude covers total area of
688.53 ha. Its elevation is 502 m above mean
sea level and is suited about 15 km east to
Rahuri town on both sides of distributory No.2
of Mula right bank canal. The soils of study area
are slight to severely salt affected, nearly leveled
to very gentle slopping midlands of low lying
area of lower and upper pedimont plains (basin
shape topography). The climate of study area is
semi-arid tropical and characterized by hot
summer (March to May) and general dryness in
other months except in rainy months (June to
September). The average rainfall of study area
is 535.4 mm and moisture regime is ustic and
soil temperature is hyperthermic.

The standard methodology of detailed soil
survey was followed. The survey of India (SOI)
topographical sheets in 1:50,000 scale (47
1/11) was used, to collect topographic
information. The toposheets were used for
location of sample areas, ground truth sites and
planning for traverse routes in the field and
cultural details. A cadestral map of the area
given in the scale of 1:8000 was used as a base
map for delineating boundaries and number of
soil sample spots of scale 1: 250 m was used.
In each class one representative pedon was dug
out and examined morphologically (Soil Survey
Staff, 2006). Nine representative typifying
pedons were selected for this study (Table 1).

Horizon wise soil samples were collected,
processed and analysed using standard
analytical techniques. The soil samples were
analysed for physical and chemical properties
by using standard procedures (Page et al.
1982). Among the saline and sodic soil units
the degree of degradation was categorized
(Richards 1968) based on pHs, ECe and ESP of
the saturation extracts of the soils and the
extent of the degradation in each class was
assessed by making further classes in each
category.

Results and Discussion

Physical properties of soils : The clay
content varies from 55.0 per cent (head region,
P9) to 71.0 per cent (tail region, P5). The soils
of upland have less than 65 per cent clay (Table
2). The bulk density in surface horizons varied
from 1.42 to 1.74 Mgm-3 and it was increased
with depth. The Bss horizon of Typic
Haplustepts (P3) and Vertic Haplustepts (P5)
had higher bulk density than surface and sub-
surface horizons which may be due to high clay
content resulting in greater compaction in
swelling clay soils (Ahuja et al., 1988). The
saturated hydraulic conductivity of the soils
ranged from 0.06 to 1.52 cm hr-1 in different
soil horizons. The lowest hydraulic conductivity
was observed in the Sodic Haplusterts soils of
low land (P6) and mid land region (P7). The
decrease in hydraulic conductivity might be due
to high clay of smectitic nature and Na+ and/or
Mg2+ on exchange complex. Similar
observations were also made by Pal et al.,
(2006) and reported that the excess of 100 per
cent base saturation was due to soil modifiers
like zeolites minerals which decreases the
hydraulic conductivity by suppling Mg2+ ion to
the soil system. The hydraulic conductivity was
significantly influenced by Ca2+ / Mg2 ratio (r =
0.37**), aggregate stability (r = 0.45**) and
MWD (r = 0.26*) and negatively influenced by
ESP (r = -0.53**) and EMP (r = -0.36**). The
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negative correlation between hydraulic
conductivity and ESP and positive correlation
between H.C. and Ca2+ / Mg2 ratio has been
reported by Kadu et al., 2003 in the soils of
Chandrabaga basin area. The hydraulic
conductivity of soils was reduced due to
dispersion of soil owing to the high ESP in tail
region soils.

Chemical properties of soils : The pH
of soils ranged from 8.1 to 9.16 indicating their
moderately to very strongly alkaline soil
reaction. The electrical conductivity of the soils
ranged from 1.41 to 7.40 dSm-1. The organic
carbon content of soils ranged from 4.5 to 10.9
g kg-1 soil in different horizons and decreased
with depth (Table 2). Organic carbon was lower
in pedons having high pH and CaCO3
(Bhattacharyya et al., 2004). The calcium
carbonate in these soils ranged from 82.0 to
172.5 g kg-1 soil. The CaCO3 was relatively
low in the soils of Typic Haplustepts (P2) and
Sodic Haplusterts (P6) in the command (82.5
and 75.0 g kg-1) in the surface layer and
increased with depth. The maximum CaCO3
(105.0 g kg-1) was observed in the Ap horizon
of pedon P6 and P8. The high CaCO3 in these
soils may be due to semi-arid climate which is
responsible for the pedogenic processes
resulting in the depletion of Ca2+ ions from the
soil solution in the form of calcretes with the
concomitant increase in the ESP with depth

(Vaidya and Pal, 2002).

Cation exchange capacity of the soils
ranged from 45.6 to 62.4 cmol (p+) kg-1 in
different horizons of pedons. The maximum
CEC of 62.4 cmol(p+) kg-1 was observed in
Typic Haplustepts soils (P2) having high clay
content (>60 %). The soils are highly base
saturated and the base saturation ranged from
75.8 to 114.0 per cent thereby suggesting
good fertility of these soils for crop production.
The high base saturation in these soils may be
due to the base contributing minerals such as
zeolites in black soils (Pal et al., 2006).
Exchangeable sodium percentage (ESP) of soils
ranged from 6.58 to 27.61. The Typic
Haplustepts soils of upland region (P1 and P2)
of command area showed comparatively low
ESP (< 10 %) while, it increased considerably
(15.81 to 27.61 %) in midland and tail region
(P3 to P8). The increased ESP values with depth
along with lower EC, particularly in Sodic
Haplusterts (P6, P7 and P9) and Sodic
Calciusterts soils (P8) might have caused
deflocculation of clays and decreased hydraulic
conductivity. (Tiwari et al., 1983). The ESP is
positively influenced by pHs (r = 0.63) and
negatively correlated with hydraulic conductivity
(r = 0.39), per cent clay (r = 0.25) and bulk
density (r = 0.32). The negative correlation of
ESP with hydraulic conductivity and bulk
density was reported by Ashok kumar and
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Table 1. Details of the pedon, their location, taxanomic classification and tentative soils series.

Pedon Location Tecanomic Identified soil
No. classification series

P1 Survey No. 17, Village : Chandkapur, Mid region Typic Haplustepts Chandkapur-1
P2 Survey No. 50, Village : Chandkapur ,Head region Vertic Haplustepts Chandkapur-2
P3 Survey No. 51, Village: Kendal Kd. Mid region Typic Haplustepts Kendal Kd-1
P4 Survey No. 255, Village: Kendal Kd. Head region Vertic Haplustepts Kendal Kd-2
P5 Survey No. 167/2, Village : Chandkapur, Tail region Vertic Haplusterts Chandkapur-3
P6 Survey No. 247/2, Village : Kendal Bk., Mid region Sodic Haplusterts Kendal Bk-1
P7 Survey No. 238, Village : Kendal Kd., Tail region Sodic Haplusterts Kendal Kd-3
P8 Survey No. 177, Village : Kendal Kd., Tail region Sodic Calciusterts Kendal Kd-4
P9 Survey No. 196, Village : Kendal Bk. Head region Sodic Haplusterts Kendal Bk-2



Prasad, 2010).

Exchangeable magnesium percentage (EMP)
of soils were in the range of 26.5 to 43.9 per
cent. The Typic Haplustepts soils (P1) had less
EMP (< 29.8 %) than the other soils. The
maximum EMP was observed in Ap horizon of
P9 (43.9 %). The exchangeable magnesium can
cause the structural deterioration in soils under
specific conditions and this was reflected in
reduced hydraulic conductivity of soils on
upland region of command.

Available nutrients : The available
nitrogen content ranged from 81.5 kg ha-1 in
Sodic Haplusterts (P9) to 182.0 kg ha-1 in
Typic Haplustepts (P1) (Table 3) indicating very
low to low nitrogen content in the soils of
command area. The available phosphorus
content in soil ranged from 3.03 kg ha-1 to
15.15 (P1) which was categorized as very low
to medium. The available potassium varied
from 448.0 kg ha-1 in Typic Haplustepts (P5) to
650 kg ha-1 in Sodic Haplusterts (P9) indicating
very high status. Higher values of these
nutrients were found in surface horizon than
subsurface horizon. This might be due to strong
alkaline reaction, low organic matter content ih
the surface horizon. These results are in the line
of that reported by Ashok Kumar and Prasad
(2010) in sugarcane growing soils of
Ahmednagar district. These soils have relatively
low to medium DTPA Fe (5.5 to 13.40 mg
kg-1), DTPA Mn (8.2 to 18.7 mg kg-1), DTPA
Cu (2.18 to 7.52 mg kg-1) and DTPA Zn (0.18
to 0.58 mg kg-1). These soils were sufficient in
Fe, Mn and Cu but are deficient in Zn as per the
critical limits (4.5, 3.0 and 0.2 mg kg-1 of soil,
respectively). While Zn was less than critical
value of 0.6 mg kg-1. Similar results were
reported by Nipunage et al., 1996 in Inceptisol
soil series of Maharashtra.

Soil classification : The dominant nine
soil series have been identified based on soil

correlation on the basis of soil characteristics by
taxonomical classification and delineation of
boundaries in the field. The classification of soil
series is given in Table 1. Based on
morphological, physical and chemical
properties, the soils have been classified as per
keys to Soil Taxonomy (Soil Survey staff,
2003). Pedon 1 and 2 was moderately saline,
medium deep, have cambic horizon and hence
placed in order Inceptisols. Owing to ustic
moisture regime in the area, these pedons have
been classified as Ustepts at sub order level.
These soils do not have duripan, within 100 cm
and have CaCO3 content > 15 per cent in
lower horizon and also have > 60 per cent base
saturation per cent within 25 and 75 cm from
the mineral soil surface hence grouped under
great group of Haplustepts. These pedon also
had wide cracks upto 25 cm hence classified as
Vertic Haplustepts (P2). P1 represents-central
concept of great group and hence classified as
Typic Haplustepts and identified soil series was
named as Chandkapur-1. The soils of P1 and
P2 had more than 60 per cent clay and thus
was grouped into very fine smectitic
(calcareous) hyperthermic family of Typic
Haplustepts (P1) and Vertic Haplustepts (P2)
and identified soil series was named as
Chandkapur-2.

The soils of P3, P4 and P5 showed typical
saline-sodic soil characteristics, P3 developed
on the tail region of the command area had
cambic horizon and hence placed in order
Inceptisol. Owing to ustic moisture regime in
the area, these pedons have been classified as
Ustepts at suborder level. Pedon 4 and 5
developed on mid ridge area of command
showed well developed intersecting slickenside,
cracks upto 25 cm and have high clay content
thus qualifying for Vertisols and classified as
Vertic Haplustepts and identified soil series was
named as Kendal Kd-2 and Chandkapur-3,
respectively. Similar results were reported by
Ashok Kumar and Prasad (2010) in sugarcane

Journal of Agriculture Research and Technology 375



Kale et al.376

Table 2. Physical and chemical properties of soil.

Horizon Depth pHs ECe O.C. Ca Exchangable cations CEC ESP Clay B.D. Disp. H.C.
(cm) (dS (g CO3 (cmol (p+) kg-1) (cmol (%) (%) (Mg index (cm

m-1) kg-1) (g ––––––––––––––––––––––––––– (p+) m-3) h-1)
kg-1) Ca2+ Mg2+ Na+ K+ sum kg-1

Pedon 1 . Chandkapur (Fine, smectitic hyperthermic Typic Haplustepts) :
Ap 0-22 8.10 5.92 10.9 95.0 32.0 17.2 3.91 1.43 54.6 59.4 6.58 66.0 1.48 15.07 0.58
Bw1 22-39 8.15 5.08 8.0 110.0 30.0 16.0 4.77 1.48 52.4 58.4 8.17 68.0 1.52 17.10 0.47
Bw2 39-62 8.12 4.93 7.4 112.5 28.8 16.4 6.07 1.69 53.1 57.0 10.65 68.4 1.56 19.94 0.43
Bw3 62-88 8.20 5.71 7.0 127.5 26.0 16.6 8.25 1.74 52.6 55.6 14.84 67.5 1.54 17.17 0.46
Bk1 88-120 8.25 5.29 7.0 155.0 23.2 15.2 6.51 1.64 46.7 54.4 12.76 69.0 1.50 20.10 0.40
Bk2 120-150 8.30 4.72 6.2 165.0 20.8 14.8 6.94 1.79 44.5 50.4 12.92 67.0 1.46 22.29 0.42

Pedon 2 . Chandkapur (Fine, smectitic hyperthermic Vertic Haplustepts) :
Ap 0-28 8.10 7.40 10.0 82.5 32.0 20.0 5.21 1.54 58.8 62.4 8.35 61.5 1.42 19.04 0.31
Bw1 28-62 8.15 6.70 7.0 107.5 32.0 18.0 7.38 1.64 59.1 57.0 12.95 62.0 1.46 22.07 0.18
Bw2 62-80 8.20 6.34 6.6 127.5 29.2 19.6 6.67 2.00 60.0 55.6 12.10 69.0 1.52 25.82 0.23
Bk1 80-120 8.15 5.71 5.8 175.0 26.0 18.0 6.70 2.05 53.9 51.6 12.98 58.0 1.47 21.87 0.28
Bk2 120-150 8.14 5.63 5.7 168.0 25.2 19.2 5.54 1.92 54.9 51.3 10.99 57.0 1.45 20.12 0.22

Pedon 3 . Kendal Kd (Fine, smectitic hyperthermic Typic Haplustepts) :
Ap 0-18 8.50 4.93 9.6 75.0 33.6 17.6 9.55 1.13 61.8 52.6 15.81 52.0 1.50 33.10 0.78
Bw1 18-42 8.55 4.72 7.4 95.0 31.2 16.8 9.98 1.23 59.2 58.0 17.21 54.0 1.54 38.08 0.64
Bw2 42-79 8.60 4.65 6.6 105.0 28.0 15.2 10.4 1.08 54.7 56.8 18.34 58.0 1.58 40.93 0.60
Bw3 79-115 8.60 4.44 6.4 110.0 25.2 16.8 10.8 1.74 54.6 57.6 18.84 55.0 1.56 43.79 0.62
Bk 115-150 8.65 4.30 5.8 115.0 23.2 16.0 9.98 1.84 51.0 60.4 18.97 56.0 1.58 44.91 0.55

Pedon 4 . Kendal Kd (Fine, smectitic hyperthermic Vertic Haplustepts) :
Ap 0-21 8.98 4.58 8.0 95.0 30.0 18.0 8.25 1.08 57.3 48.0 17.18 64.0 1.55 36.10 0.28
Bw1 21-58 8.80 4.44 6.8 105.0 28.4 15.6 9.11 1.18 54.3 51.0 17.86 69.0 1.58 42.00 0.24
Bw2 58-102 8.90 4.37 6.0 110.0 23.2 16.0 9.88 1.74 50.9 53.8 18.55 67.0 1.56 46.12 0.27
Bw3 102-125 8.85 4.30 5.5 105.0 19.6 17.2 10.8 1.79 49.4 54.4 19.44 60.0 1.62 37.00 0.35
Bk 125-150 8.70 4.25 5.0 102.0 20.2 18.4 11.3 1.80 51.7 55.0 20.6 59.0 1.60 38.00 0.39

Pedon 5 . Chandkapur (Fine, smectitic hyperthermic Vertic Haplustepts) :
Ap 00-20 8.70 5.78 8.0 85.0 30.0 19.2 9.11 1.18 59.5 49.6 18.37 62.5 1.53 35.94 0.31
Bw1 20-52 8.75 5.56 6.8 85.0 27.2 17.6 9.55 1.79 52.1 51.0 18.73 68.0 1.58 42.93 0.22
Bw2 52-79 8.85 5.22 6.0 95.0 23.2 16.0 10.8 2.00 49.3 56.4 19.24 71.0 1.60 47.06 0.30
Bw3 79-112 8.60 5.15 5.5 105.0 19.6 17.2 10.4 2.15 48.8 51.0 20.43 64.0 1.54 39.00 0.20
Bk 112-150 8.60 5.05 5.4 100.0 18.4 18.0 10.4 2.00 48.6 54.4 19.15 62.0 1.53 38.00 0.20

Pedon 6 . Kendal Bk (Fine, smectitic (cal.) hyperthermic Sodic Haplusterts) :
Ap 0-19 8.70 2.33 7.40 105.0 26.8 18.0 8.24 0.72 52.1 48.6 16.95 65.0 1.60 24.50 0.12
Bw 19-51 8.65 1.97 6.80 120.0 24.8 17.2 8.68 0.92 51.6 50.4 17.20 67.5 1.64 38.50 0.08
Bss1 51-82 8.52 2.40 6.20 127.5 22.8 16.4 11.3 1.13 51.6 52.8 21.36 69.0 1.65 37.34 0.07
Bss2 82-115 8.65 1.90 5.50 152.5 19.4 16.4 10.4 1.43 47.7 53.6 19.40 64.0 1.68 34.88 0.06
Bssk 115-150 8.65 2.68 4.70 165.0 17.2 16.0 9.98 1.53 44.7 46.8 21.32 60.0 1.58 29.10 0.25

Pedon 7 . Kendal Kd (Fine, smectitic (cal.) hyperthermic Sodic Haplusterts) :
Ap 0-23 8.60 2.18 7.60 97.50 25.2 18.0 7.81 0.92 51.9 48.0 16.27 59.5 1.64 25.03 0.15
Bw 23-48 8.55 1.97 6.60 127.5 23.2 16.8 9.1 1.02 50.1 54.4 16.75 63.0 1.72 33.00 0.11
Bss1 48-81 8.55 2.89 6.00 130.0 20.4 17.6 12.151.23 51.4 55.6 21.85 65.0 1.74 42.25 0.09



growing soils of Ahmednagar district. Pedon 3
represented central concept of great group and
hence classified as Typic Haplustepts. These
soils have less than 60 per cent clay and qualify
for fine particle size class. They are classified as
fine smectitic (calcareous) hyperthermic family
of Typic Haplustepts and identified soil series
was named as Kendal Kd-1 (Table 1).

The soils of pedon 6, 7 and 9 were very
deep black, very fine texture (> 60 % clay), 4 to
5 cm wide cracks, pressure faces and
intersecting slickensides at lower depth with
ustic moisture regime (cracks remain open for >
90 cumulative days), high ESP (> 15) confirmed
sodic condition at subgroup level. The soil
showed very high clay content with
predominance of smectite and hyperthermic
temperature class and hence these soils were
classified as very fine smectitic hyperthermic
family of sodic Haplusterts and identified soil
series was named as Kendal Bk-1, Kendal Kd-3

and Kendal Bk-2. Pedon 8 was classified as
sodic calciustert was strongly sodic (high pH >
8.9), very deep Vertisol with ustic moisture
regime. Calcic sub-surface diagnostic horizon
(> 15 cm thick with CaCO3 > 15 %) observed
at lower depth so placed at sub group level (ESP
> 15) with argillic horizon. The soils showed
very high clay content (>60%) with
predominance of smectite and hyperthermic
temperature regime therefore pedon-8 was
classified as very fine smectitic hyperthermic
family of sodic Calciusterts and tentatively soil
series was named as Kendal Kd-4.

Kind and degree of land degradation :
The soils were categorized into saline, saline-
sodic and sodic soils using the criteria of U.S.
soil salinity laboratory based on the diagnostic
parameters like pHs, ECe and ESP. The results
revealed that 22.39 per cent soils are found to
be degraded out of which 6.11 per cent are
saline, 6.18 per cent saline-sodic and 10.10
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Bss2 81-118 8.50 2.75 4.9 155.0 18.8 17.2 13.891.49 51.4 52.4 26.51 63.0 1.74 44.00 0.06
Bssk 118-150 8.55 2.60 4.5 165.0 19.2 14.8 13.021.69 48.7 48.8 26.68 56.0 1.68 38.00 0.20

Pedon 8 . Kendal Kd (Fine, smectitic (cal.) hyperthermic Sodic Calciusterts) :
Ap 0-22 8.98 2.25 7.2 105.0 25.2 20.8 8.24 0.92 55.2 48.4 17.02 58.0 1.65 18.03 0.22
Bw 22-51 8.95 1.97 6.4 117.0 25.6 19.2 9.98 0.97 55.7 51.6 19.34 62.0 1.67 23.05 0.19
Bss1 51-84 9.15 2.60 5.8 140.0 24.0 18.4 11.281.54 55.2 54.4 20.73 64.0 1.55 25.21 0.15
Bss2 84-110 9.16 2.11 4.7 155.0 19.6 19.6 13.892.00 55.1 57.0 27.23 60.0 1.70 26.00 0.19
Bssk 110-150 9.05 2.33 4.5 155.0 17.6 19.2 12.541.69 51.0 45.6 27.61 57.0 1.64 21.00 0.35

Pedon 9 . Kendal Bk (Fine, smectitic (cal.) hyperthermic Sodic Haplusterts) :
Ap 0-17 8.75 1.90 7.2 85.0 28.0 20.0 7.38 0.89 56.2 45.6 16.18 59.0 1.74 25.94 0.15
Bw 17-46 8.70 1.83 6.8 105.0 27.2 18.0 9.55 0.97 55.7 52.4 18.22 56.2 1.80 38.86 0.08
Bss1 46-70 8.71 1.76 6.0 127.5 27.2 16.8 11.281.48 56.8 52.0 21.69 55.0 1.81 43.00 0.09
Bss2 70-102 8.70 1.69 5.6 147.5 24.8 16.8 13.891.54 57.0 51.0 27.23 57.5 1.81 39.88 0.14
Bss3 102-128 8.75 1.55 5.1 165.0 21.2 18.0 12.591.69 53.5 51.6 24.40 56.0 1.82 38.30 0.86
Bssk 128-150 8.75 1.41 4.8 172.5 22.0 20.0 11.281.59 54.9 49.6 22.74 58.0 1.83 36.30 1.52

Table 2. Contd.

Horizon Depth pHs ECe O.C. Ca Exchangable cations CEC ESP Clay B.D. Disp. H.C.
(cm) (dS (g CO3 (cmol (p+) kg-1) (cmol (%) (%) (Mg index (cm

m-1) kg-1) (g ––––––––––––––––––––––––––– (p+) m-3) h-1)
kg-1) Ca2+ Mg2+ Na+ K+ sum kg-1
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Table 3. Available nutrient status in typifying soil pedons.

Horizons Depth Available nutrients (kg ha-1) DTPA Extractable micronutrients (mg kg-1)
–––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––
N P K Fe Mn Cu Zn

Pedon 1. Chandkapur (Fine, smectitic hyperthermic Typic Haplustepts) :

Ap 0-22 182.0 15.15 582.4 9.3 13.4 4.96 0.42

Bw1 22-39 163:0 11.57 548.8 11.2 9.4 3.48 0.32

Bw2 39-62 157.0 7.16 537.6 12.4 9.8 7.52 0.38

Bw3 62-88 150.5 9.37 526.4 10.4 10.2 3.24 0.34

Bk1 88-120 100.4 6.89 459.2 12.1 8.8 2.72 0.33

Bk2 120-150 112.9 5.51 459.2 12.8 8.1 2.18 0.30

Pedon 2 . Chandkapur (Fine, smectitic hyperthermic Vertic Haplustepts) :

Ap 0-28 175.6 13.78 549.0 9.8 13.4 4.48 0.56

Bw1 28-62 157.0 9.09 526.4 11.2 14.2 4.20 0.48

Bw2 62-80 144.0 7.16 515.2 13.4 12.1 3.86 0.42

Bk1 80-120 119.2 5.78 504.0 12.6 11.8 3.50 0.36

Bk2 120-150 118.0 5.70 502.0 12.8 11.6 3.40 0.32

Pedon 3 . Kendal Kd (Fine, smectitic hyperthermic Typic Haplustepts) :

Ap 0-18 163.0 12.95 538 10.2 13.2 5.20 0.44

Bw1 18-42 150.5 8.27 504 9.2 12.2 4.80 0.42

Bw2 42-79 135.0 6.61 493 9.6 9.6 3.80 0.38

Bw3 79-115 112.9 4.96 459 9.8 10.8 2.90 0.36

Bk 115-150 97.2 3.03 448 8.6 11.4 4.60 0.32

Pedon 4 . Kendal Kd (Fine, Smectitic hyperthermic Vertic Haplustepts) :

Ap 0-21 169.3 14.05 616.0 8.70 11.6 5.20 0.52

Bw1 21-58 154.0 8.82 594.0 8.42 10.8 5.08 0.42

Bw2 58-102 144.2 7.44 582.4 8.38 8.2 4.80 0.46

Bw3 102-125 116.0 4.96 549.0 8.26 9.6 4.64 0.43

Bk 125-150 112.0 4.90 540.0 8.20 9.4 4.60 0.38

Pedon 5 . Chandkapur (Fine, smectitic hyperthermic Vertic Haplustepts ) :

Ap 00-20 166.2 13.22 605.0 11.20 10.6 4.80 0.48

Bw1 20-52 150.5 9.37 582.4 13.40 10.1 4.44 0.54

Bw2 52-79 128.6 7.98 526.4 9.60 9.8 3.80 0.58

Bw3 79-112 112.9 5.23 515.2 8.20 10.4 4.90 0.52

Bk 112-150 110.0 5.20 510.4 8.10 10.2 4.80 0.48

Pedon 6 . Kendal Bk (Fine, smectitic (cal.) hyperthermic Sodic Haplusterts) :

Ap 0-19 156.8 12.40 605.0 6.8 7.8 2.50 0.30

Bw 19-51 144.3 7.98 582.4 7.4 9.6 2.80 0.20

Bss1 51-82 128.6 7.16 549.0 10.4 8.6 3.10 0.30

Bss2 82-115 125.4 4.96 526.4 9.8 8.4 3.00 0.30

Bssk 115-150 90.9 3.48 493.0 8.8 10.2 3.30 0.40

Pedon 7 . Kendal Kd (Fine, smectitic (cal.) hyperthermic Sodic Haplusterts) :

Ap 0-23 159.9 12.67 672.0 8.2 11.2 2.90 0.25



per cent are sodic soils (Table 4). These soils are
further subdivided as moderately saline soils
(92.90 %) and strongly saline soils (7.10 %)
based on degree of degradation. The saline-
sodic soils are further divided into moderately
saline-sodic (87.22 %) and strongly saline-sodic
(12.78%). The sodic soils are further subdivided
as moderately sodic (92.77 %) and strongly
sodic (7.23 %).

Conclusions : It can be concluded from the
available data that the major soils in the mula
command area are Inceptisols and Vertisols.
The dominating soils in the tail region of the
command area are Sodic Haplusterts and Sodic
Calicusterts. The land degradation processes
are more in this region due to severe limitations
of hydraulic conductivity, pHs, ECe and ESP.
The soil degradation due to salinity and sodicity
could be restored by appropriate cropping
pattern, use of soil amendments and enhancing

organic status of soil.
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India has merely 8.3 million hectares (4.4%)
cropped area under fodder crops and there is
little scope for its future expansion because of
the existing pressure on agricultural land for
food and grasses. However, problem of
maintenance of livestock is more serious due to
their large number of surplus unproductive
population coupled with inadequate feeds and
fodder supply (Singhal, 1999).

At present more emphasis is given on the
breeding programme of the fodder grasses,
keeping the nutritive aspect aside. By analyzing
the fodder grasses, the total digestibility, energy
supply and other nutrients required for the
animals can be determined. The nutritive
fodder can be fed to animals to reduce cost of
feeding to the milch animals. This analytical
aspect is also helpful in breeding programme of
fodder grasses to formulate high nutritive
varieties. The high nutritive value fodder crops
can help to boost up animal production as well
as to reduce cost of feeding to the milch animal.
Therefore, an attempt was made to analyze
four types of fodder grasses at different cuttings
stages.

Materials and Methods

The promising four grasses developed at
Crops Breeding Scheme at Mahatma Phule
Krishi Vidyapeeth, Rahuri were grown for
cutting at various stages. One dose of basic
fertilizers (40:30:20, NPK ha-1) was given at
the time of sowing. At the appropriate growth
stage, the grasses were cut, then dried and
analyzed at least three times for their nutritive
value. Bajra x napier hybrid grass (RBN-9) and
guinea grass (PGG-9) cut at 45,90, 135, 180
days, Cenchrus grass (CAZRI-75) at 60, 150,
240 days and stylo grass (Stylo hamata) at 90,
180, 270 days.

Dry matter, crude fiber, crude protein, ash,
iron, oxalates and carbohydrate contents of
various fodder grasses at various cutting stages
were estimated by the standard procedure of
A.O.A.C. (1990). Total sugars were
determined by Nelson-Smogyi method (Nelson,
1944). In-vitro dry matter digestibility (IVDMD)
of fodder grasses at various cutting time
intervals was determined by the method of Van
Soest et. al. (1967). The calcium content was
determined by the method as described by
Black et al. (1965) while phosphorus and
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potassium were estimated by colorimetric
method as described by Chapman and Pratt
(1961). Lignin and silica content in fodder
grasses were estimated by the method of Van
Soest (1963). The total phenolics content of
the fodder grass was determined by the method
of Swain and Hillis (1959). Statistical analysis
was carried out by CRD design using standard
procedure of Panse and Sukhatme (1967).

Results and Discussion

The dry matter content of the four fodder
grasses increased with increasing cutting day's
interval. Each variety showed the lowest dry
matter content at first cutting, while the last
cutting showed the highest dry matter content.
On an average cenchrus grass showed the

highest dry matter content than other three
fodder grasses (Sanjiv Kumar and Garg, 1995).
Crude fiber content increased with increased
cutting day's interval. Considering all cutting
stages at different interval, it ranged from 21.3
to 36.3 per cent (Table 1). Similar trend was
observed by Sanjiv Kumar and Garg (1995,
1998) and Misra et al. (1997). There was
decreasing trend in crude protein content in
fodder grasses at their cutting stages from first
to last cutting, protein content ranged from 3.1
to 19.1 per cent at all cutting stages (Rai and
Patil, 1986, Singh et al. 1992). Stylo grass had
higher mean value of crude protein content
(17.1%) than the other three grasses because it
is a leguminous crop (Gupta et al. 1974, and
Chaudhari, 1977). Decreasing trend of crude
protein was observed with increasing dry mater
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Table 1. Biochemical constituents in fodder grass at different cutting stages.

Cultivar, cutting Dry Crude Crude Carbo- Total IVDMD
interval (days) matter fiber protein hydrate sugars (%)

(%) (%) (%) (%) (mg 100 g-1)

Bajra x napier hybrid grass (RBN-9) :
45 38.1 23.2 8.72 68.9 60.4 44.4
90 52.0 29.0 6.64 69.8 67.4 42.8
135 61.1 32.4 4.15 70.9 54.7 42.2
180 72.3 33.4 3.08 71.1 61.6 37.8

Guinea grass (PGG-9) :
45 40.5 24.5 11.13 65.0 38.4 64.0
90 51.0 33.6 9.96 65.2 55.8 62.1
135 64.0 34.4 6.64 67.2 60.5 61.0
180 71.5 36.3 3.32 67.4 50.0 58.7

Cenchrus grass (CAZRI-75) :
60 52.2 21.6 6.23 69.8 53.5 32.4
150 60.7 30.2 4.98 69.8 67.4 37.4
240 71.9 31.6 3.73 69.9 59.3 29.8

Stylo grass (Stylo hamata) :
90 51.2 21.3 19.09 62.1 72.0 58.7
180 63.2 25.9 17.84 62.6 75.6 57.5
270 68.1 26.2 14.11 65.0 73.5 54.9
Range 38.9-75.1 21.3-36.3 3.08-19.09 62.1-71.1 38.4-75.6 29.8-64.0
S.E.± 10.78 4.83 5.08 2.92 9.75 11.48
CD at 5% 32.33 14.83 15.26 8.75 29.23 34.44

*Mean of three replications for each observation.



and crude fiber content. Stylo grass had higher
sugars content followed by, bajra x napier,
cenchrus and guinea grass. Carbohydrate and
dry matter content in fodder grasses increased
with increasing cutting interval. In-vitro dry
matter digestibility of fodder grasses ranged
from 29.8 to 64.0 per cent during various
cutting stages of fodder grasses. The IVDMD of
fodder grasses decreased with increasing
number of cutting. On an average guinea grass
had relatively higher amount of IVDMD 64 per
cent. The above results are in agreement with
the earlier results reported by Panda et al.
(1967) and Lohan et al. (1983). Total mineral
content in all the four grasses ranged from 4.37
to 16.62 per cent.

Major minerals (calcium, phosphorus, and
potassium) content in fodder grasses were

significantly different at every cutting stage.
Stylo grass had higher level of phosphorus
while potassium and iron content were at
higher level in cenchrus grass (Table 2). Similar
results observed by earlier research workers
(Pathak and Kamara, 1989, Satya Paul et al.
1982, Singh et al. 1992, Sanjiv Kumar and
Garg, 1998).

There was no definite trend in the content
of lignin and silica during various cutting
internals. This might be the genetic variability in
the synthesis of these molecules in the plant
parts. Stylo grass had relatively higher amount
of lignin content (8.74%) while silica was at
higher level in guinea grass (3.01%) than the
other three grasses (Table 3). Chaudhari et al.
(1973) and Gupta and Pradhan (1975)
reported similar results for lignin and silica
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Table 2. Ash and major mineral content of fodder grass at different cutting stages.

Cultivar, cutting Ash Calcium Phosphorus Potassium Iron (mg
interval (days) (%) (%) (%) (%) 100 g-1)

Bajra x Napier hybrid grass (RBN-9) :
45 9.81 0.58 0.26 3.16 84.3
90 11.96 0.50 0.35 1.50 88.7
135 12.25 0.66 0.22 2.50 85.6
180 14.01 0.72 0.28 2.70 95.6

Guinea grass (PGG-9) :
45 10.81 0.36 0.22 1.80 93.1
90 11.42 0.68 0.37 2.30 108.1
135 12.16 0.54 0.24 3.80 105.0
180 14.81 0.62 0.20 3.30 98.7
Cenchrus grass (CAZRI-75) :
60 12.79 0.42 0.32 2.50 106.9
150 14.87 0.34 0.19 2.20 122.5
240 16.62 0.48 0.23 2.80 80.6

Stylo grass (stylo hamata) :
90 4.37 0.58 0.34 1.30 63.7
180 6.95 0.90 0.41 3.00 90.6
270 7.12 1.00 0.31 2.30 61.2
Range 4.37-16.62 0.34-1.00 0.19-0.41 1.30-3.80 61.2-122.5
S.E.± 3.29 0.18 0.05 0.66 16.11
CD at 5% 9.87 0.54 0.20 2.00 48.32

*Mean of three replications for each observation.



forage grasses. The allelo chemicals such as
phenolics and oxalate content change variably
during stage of cuttings. Second cutting showed
lower level of phenolics in all grasses studied.
Oxalate content ranged from 1.52 to 2.70 per
cent during all four cutting of fodder grasses.
Cenchrus grass had relatively higher amount of
oxalate (2.43%) than other fodder grasses
studied.

Considering all nutritional and
antinutritional components (dry matter, crude
fiber, crude protein, minerals, IVDMD, lignin,
silica, phenolics and oxalate) present in fodder
grasses, this study indicated that the first cutting
of bajra x napier hybrid, third cutting of guinea

grass, second cutting of cenchrus and stylo
grass appeared to be suitable for providing
higher level of nutrients for animal feeding.
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Abstract
Among the twenty four paddy varieties not a single variety would be suitable as a seed for immediate use

in rabi upto 30 days after harvesting of kharif crop. The varieties Ratnagiri-24 and Karjat-3 were treated with
different chemicals viz., bavistin, captan, thiram, blastogan, neemazol, PSB and kavach and stored for eight
months at ambient temperature. All the tested chemicals were superior over the control in improving the seed
quality parameters but the treatment of bavistin produced the highest seed germination (57.50 %), seed
viability (60.66 %), seedling vigour index (927.98), root length (7.74cm) and shoot length (6.98 cm) and fresh
and dry weight of root and shoot. Seed treatment with captan and thiram showed almost similar results
compared to that of bavistin.

Key words : Rice, fungicide, seed quality, germination, vigour.
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Seed is an important basic and crucial input
in agriculture. The two most important aspects
in the seed programme are maintaining the

continuous supply of high quality seeds to
producers, and to produce genetically pure seed
and to preserve the quality of seeds from
harvest to next sowing. Seed dormancy is very
much influenced by season / environment and
crop duration. However, safe removal of seed
dormancy is necessary; whenever fresh seed is
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required for planting immediately after harvest.
It is well established fact that only high quality
seed can respond better to all the inputs and
management practices. Thus maintenance of
high seed quality during storage is of great
significance. Therefore, an understanding of
how best the seeds can be stored under ambient
condition at relatively low cost, with minimum
deterioration in quality for periods extending
over one or more seasons will be of immense
importance in the seed industry and for farming
community. Accordingly, the objective of this
study was to study the seed dormancy and
effect of different seed treatments on seed
quality parameters.

Materials and Methods

In first experiment, seeds of the twenty four
paddy varieties (Table 1) produced during
kharif 2011 were collected at the time of
physiological maturity from the farm of
Department of Agricultural Botany, College of
Agriculture, Dr. Balasaheb Sawant Konkan
Krishi Vidyapeeth, Dapoli. Collected seed of
twenty four varieties were tested for speed of
germination and seed germination count up to
getting germination more than 80 per cent
which is the minimum seed certification
standard by ISTA, 1999.

In second experiment, five hundred grams
hand cleaned seeds of two varieties viz., Karjat-
3 and Ratnagiri-24 of paddy were collected
from Department of Botany. Each variety of
paddy seeds were treated with chemicals, viz.,
bavistin @ 1 g kg-1, captan @ 3 g kg-1, thiram
@ 3 g kg-1, blastogan @ 6 g kg-1 neemazol @ 3
ml kg-1, PSB @ 25 g kg-1 and kavach @ 1.5 g
kg-1 of seeds, on 1st April 2011. Dry method of
seed treatment was used for treating the seeds.
After fungicide treatment the seeds were stored
in cloth bags at ambient conditions for eight
months. The design of experiment adopted was
factorial randomized block design with three

replications. The seeds were drawn at random
from bags after eight months of storage and
analyzed for various seed quality attributes.
Moisture content was determined by electronic
moisture meter. Germination test was
conducted with three replications of 100 seeds
each by following top of paper method as
described by ISTA (Anonymous, 1999).
Tetrazolium solution was used for determining
the seed viability test. Hundred seeds were put
in butter paper cover and five normal seedlings
selected from each replication for measuring
root and shoot length (cm). Fresh weight of root
and shoot was recorded after 21 days of
sowing. The seedlings were kept in hot air oven
at 100°C for 24 hours and dry weight was
expressed in grams. The vigour index was
calculated by adopting the method suggested by
Baki and Anderson (1973) and expressed in
number.

Vigor index = (Mean of shoot length +
Mean of root length) x germination (%).

Results and Discussion

Among the twenty four varieties of paddy,
the minimum dormancy period (30 days) was
recorded by Karjat-2 and Karjat-6 varieties of
paddy followed by Panvel-2, Sahyadri and
Phondaghat-1 (35 days). The highest dormancy
period (50 days) was observed in Panvel-1,
Karjat-1, Karjat-4, Sahyadri-2 and Sahyadri-4.
Out of twenty four varieties, ten varieties
showed the dormancy period of 40 days. This
indicated that nearly 41.66 per cent varieties
studied recorded the dormancy period of
minimum 40 days (Table 1). Veasey et al.
(2004) reported that seed of the cultivated
species O. sativa and O. glaberrima has lower
intensity of dormancy (up to 60 days) soon after
harvesting, similar to the observations of Ellis et
al. (1983). Roberts, 1961 reported that a wide
variation of mean dormancy period has been
observed among 137 varieties of O. sativa,
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from 0 to 110 days. The highest speed of
germination was found in Karjat-2 (5.68)
followed by Karjat-6 (5.53) whereas, the lowest
speed of germination was noticed in Sahyadri-
2 (0.00).

All the seed treatments of paddy seed was
found to be effective for improving seed quality
parameters (Table 2) such as germination
percentage, seed viability, seedling vigour
index, root and shoot fresh and dry weight, root
and shoot length over the control.

Among the seed treatments, seed treated
with bavistin @ 1 g kg-1 of seeds recorded
significantly higher seed germination
percentage when compared to untreated

control and other seed treatments. There was
86.51 per cent increase in seed germination of
paddy seeds with the treatment of bavistin @ 1
g kg-1 than control. Results of seed treatment
with captan @ 3 g kg-1 seeds and thiram @ 3 g
kg-1 seeds were at par with bavistin. Similar
results were found by Jha et al. (2004) in paddy
and Koche et al. (2009) in soybean.

The other seed quality parameters viz., seed
viability, seedling vigour index, fresh and dry
weight of root and shoot showed best results by
seeds treatment with bavistin @ 1 g kg-1 of
seeds. The treatment bavistin recorded higher
seed viability (66.66 %), seedling vigour index
(927.98), fresh weight of root (0.22 g), fresh
weight of shoot (0.72 g), dry weight of root
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Table 1. Germination percentage at a five days interval after harvest before seed treatment and speed of germination.

Variety Germination percentage (DAH) Speed
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– of germi-
5 10 15 20 25 30 35 40 45 50 nation

Ratnagiri-24 0 1.66 6.33 13.66 22.66 34.33 47.66 62.66 83.00 - 0.45
Karjat-184 0 0.33 11.33 21.00 36.00 53.66 73.66 87.66 - - 0.80
Ratnagiri-711 6.00 12.66 19.66 41.00 53.00 62.33 75.33 97.00 - - 2.60
Ratnagiri-73 0 0 3.00 13.00 17.00 35.66 49.00 67.33 83.00 - 0.21
Panvel-1 0 5.33 12.33 19.00 28.00 37.66 52.66 65.00 79.66 95.00 0.88
Ratnagiri-1 0 0 17.66 30.00 44.66 55.33 71.33 85.00 - - 1.26
Ratnagiri-2 0 8.66 19.33 31.66 46.33 60.33 78.00 94.33 - - 1.38
Karjat-1 0 1.33 2.66 9.33 15.33 26.33 41.33 63.33 77.66 97.33 0.19
Panvel-2 5.66 15.33 29.66 41.00 55.66 67.33 81.00 - - - 3.25
Palghar-1 1.66 10.66 23.33 32.33 43.66 52.00 61.00 73.66 85.33 - 1.99
Karjat-2 14.00 28.33 40.33 55.33 70.66 85.33 - - - - 5.68
Ratnagiri-3 2.66 13.66 23.00 33.00 46.66 60.33 75.33 93.33 - - 2.17
Karjat-3 0 0 8.00 15.00 33.33 43.33 64.00 79.33 87.00 - 0.57
Karjat-4 0 0 7.00 12.00 21.66 34.33 41.66 54.33 66.66 83.00 0.50
Sahyadri 4.66 12.00 21.33 35.00 52.66 69.33 81.66 - - - 2.45
Panvel-3 0.66 7.33 13.33 26.66 40.00 61.00 73.66 87.33 - - 1.08
Phondaghat-1 1.66 7.00 18.33 35.66 48.66 68.00 97.66 - - - 1.64
Palghar-2 1.66 5.66 13.66 25.66 36.33 57.33 74.00 96.66 - - 1.30
Sahyadri-2 0 0 0 11.00 24.33 36.33 46.66 59.00 71.33 84.33 0.00
Karjat-5 0 0 8.66 17.66 32.00 51.00 71.33 87.00 95.66 - 0.61
Karjat-6 14.33 26.00 37.33 52.00 68.33 82.33 - - - - 5.53
Sahyadri-3 3.66 12.66 22.33 32.33 45.00 63.33 77.00 95.00 - - 2.32
Sahyadri-4 0 0 7.00 16.33 22.66 32.33 45.00 52.33 70.33 86.33 0.50
Karjat-7 0.33 4.33 12.66 19.33 39.00 54.66 69.66 86.33 - - 0.07



(0.05) and dry weight of shoot (0.24 g)
whereas, untreated control recorded lower seed
viability (35 %), seedling vigour index (304.59),
fresh weight of root (0.05 g), fresh weight of
shoot (0.14 g), dry weight of root (0.01) and

dry weight of shoot (0.00 g) at the end of the
storage period. Between two varieties Karjat-3
showed significantly higher seed quality
parameters. Similar results were found by
Shivankar et al. (2000) in wheat; Koche et al.
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Table 2. Effect of seed treatments on quality of paddy seedlings.

Treatment Mois- Germination Seed Seed- Fresh Dry Root Shoot
ture percentage viabi- ling weight (g) weight (g) len- len-
(%) (on days) lity vigour –––––––––––– –––––––––––– gth gth

–––––––––––––––––––– index Root Shoot Root Shoot (cm) (cm)
5th 10th 14th

T0 - Control 13.60 41.33 66.83 84.33 91.00 1125.48 0.97 1.18 0.13 0.18 6.99 5.49
T1 - Bavistin @ 1 g kg-1 12.90 63.50 88.66 96.00 98.16 1811.76 2.22 2.65 0.30 0.41 9.81 8.81
T2 - Captan @ 3 g kg-1 13.13 59.00 83.16 92.33 96.33 1619.47 1.98 2.29 0.29 0.32 9.02 8.11
T3 - Thiram @ 3 g kg-1 13.08 61.16 85.66 94.33 97.00 1709.83 2.02 2.23 0.27 0.35 9.60 8.36
T4 - Blastogan @ 0.6 g kg-1 13.15 54.66 77.83 88.83 93.50 1487.63 1.71 1.62 0.22 0.28 8.52 7.24
T5 - Neemazol @ 3 g kg-1 13.28 50.16 74.33 S7.00 92.00 1361.25 1.68 1.66 0.22 0.23 8.12 6.65
T6 - PSB @ 25 g kg-1 13.35 46.00 70.50 85.83 93.00 1222.11 1.25 1.46 0.16 0.21 7.15 6.23
T7 - Kavach @ 1.5 g kg-1 13.20 57.16 81.66 90.50 95.00 1532.42 1.93 1.91 0.25 0.28 8.65 7.61
S.Em.± 0.08 230 1.08 1.55 0.56 28.50 0.02 0.04 0.00 0.01 0.28 0.10
CD at 5% 0.25 6.63 3.13 4.49 1.63 82.09 0.07 0.14 0.02 0.03 0.78 0.28

Varieties :
V1 - Ratnagiri-24 12.79 50.79 77.33 88.25 95.04 1502.53 1.57 1.54 0.19 0.25 8.65 7.30
V2 - Karjat-3 13.62 57.45 79.83 91.54 93.95 1464.95 1.87 2.21 0.27 0.32 8.31 7.32
S.Em.± 0.04 1.14 0.54 0.77 0.28 14.22 0.01 0.02 0.00 0.00 0.14 0.05
CD at 5% 0.12 3.31 1.56 2.24 0.81 41.04 0.03 0.07 0.01 0.01 NS NS

Interaction :
V1T0 13.36 40.33 65.33 81.33 91.33 1121.94 0.96 1.04 0.12 0.18 7.06 5.44
V1T1 12.40 58.66 87.33 95.33 99.33 1864.98 1.93 2.07 0.27 0.31 10.06 9.16
V1T2 12.53 56.33 82.00 91.33 97.33 1649.84 1.86 1.68 0.24 0.29 9.12 8.18
V1T3 12.50 58.33 84.00 93.33 98.33 1772.14 1.88 1.79 0.23 0.29 9.86 8.54
V1T4 12.66 51.33 76.33 87.00 93.66 1493.55 1.63 1.33 0.20 0.26 8.67 7.16
V1T5 12.96 45.00 73.33 85.00 91.33 1355.46 1.42 1.48 0.14 0.20 8.39 6.40
V1T6 13.23 41.00 69.66 83.66 93.33 1202.74 1.13 1.28 0.13 0.19 7.11 5.96
V1T7 12.70 55.33 80.66 89.00 95.66 1559.58 1.78 1.66 0.22 0.27 8.93 7.60
V2T0 13.83 42.33 68.33 87.33 90.66 1129.01 0.97 1.32 0.14 0.19 6.92 5.53
V2T1 13.40 68.33 90.00 96.66 97.00 1758.52 2.52 3.24 0.36 0.52 9.56 8.46
V2T2 13.50 61.66 84.33 93.33 95.33 1589.09 2.11 2.90 0.32 0.35 8.92 8.04
V2T3 13.46 64.00 87.33 95.33 95.66 1647.50 2.17 2.67 0.31 0.42 9.34 8.18
V2T4 13.70 58.00 79.33 90.66 93.33 1481.69 1.79 1.92 0.24 0.29 8.37 7.32
V2T5 13.76 55.33 75.33 89.00 92.66 1367.04 1.94 1.85 0.30 0.27 7.84 6.90
V2T6 13.76 51.00 71.33 88.00 92.66 1241.47 1.37 1.64 0.20 0.24 7.18 6.50
V2T7 13.60 59.00 82.66 92.00 94.33 1505.25 2.09 2.16 0.28 0.30 8.38 7.63
S.Em.± 0.12 3.25 1.53 2.2 0.80 40.19 0.03 0.06 0.01 0.01 0.88 0.31
CD at 5% 0.34 NS NS NS NS NS 0.10 0.19 0.02 0.04 2.45 0.86



(2009) in soybean; Gawade et al. (2009) in
sorghum. It was reported that seed treated with
bavistin @ 1 g kg-1 showed highest root length
(6.74 cm) and shoot length (7.98 cm) followed
by thiram @ 3 g kg-1 and captan @ 3 g kg-1.
Untreated seeds exhibited lowest root length
(4.46 cm) and shoot length (4.82 cm). Similar
observation were recorded by Shivankar et al.
(2000) in wheat; Jha et al. (2004) in rice, and
Gawade et al. (2009) in sorghum. They also
observed that bavistin was found to be very
effective in improving seed quality parameters.

From the results it was concluded that, none
of the tested variety seed can be used
immediately after harvesting of kharif where as
paddy seed produced during kharif season
looses viability up to second rabi season (12
months) due to humid climate during middle
kharif season. But among all the treatments,
seed treated with bavistin @ 1 g kg-1 of seeds
during seed processing was comparatively
effective for enhancing the storability and to
maintain higher seed quality throughout the
storage period.
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India ranks first in mango production
(151.188 lakh MT) with about 51 per cent of
the worlds share (Anonymous, 2009). About
30-35 per cent of older mango orchards (age of
more than 40 year) are of seedling origin
embodying of non - descript material and poor
genetic potentiality which at present have
become senile. Mango trees often start
declining after reaching the age of 40 years
which results 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 tree height at manageable limits
with open architecture and canopy of healthy
shoot with outwardly growth, which facilitates
penetration and utilization of sunlight. In this
context, the present investigation was
undertaken to study the varietal response of
mango to top working particularly in the

Western Maharashtra region.

Materials and Methods

The investigation was carried out at
Mahatma Phule Krishi Vidyapeeth, Rahuri.
Forty year old mango orchard consisting 216
trees of local seedling origin was selected for
beheading. The experiment was conducted in
factorial randomized block design (12x3) with
three replications. The first factor comprised of
year round beheading of local mango trees at
monthly interval while, the second factor
comprised of three scion varieties (viz., Kesar,
Ratna and Sindhu) for wedge grafting. Two
mango trees per replication were selected.

The mango trees were headed back at 2m
height from the ground level in second fortnight
of every month for a year; commencing from
March, 2010 to February, 2011 by keeping 2-
4 branches on main trunk by following open
center method. For heading back operation, a
sharp slanting cut towards inner side of branch
was given to enhance the sprouting of apical
buds from the periphery. To prevent the pest
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Abstract
Among the scion varieties, cv. Kesar recorded significantly highest graft success (61.93%) over the scions

of cvs. Sindhu (55.12%) and Ratna (50.01%). The survival was found to be more in February grafting and the
least in June grafting. The maximum success and survival were observed in cv. Kesar. October beheading and
January grafting with Kesar had highest graft survival. Shoots grafted with Kesar recorded significantly more
girth, length, number of leaves and branches shoot-1 and they were lowest in Sindhu. The maximum growth
was observed in shoots grafted in December, January, February and March months at 360 days after grafting
(DAG) in all the three varieties as compared to other months of grafting. Top worked trees with Ratna took
the minimum days for appearance of inflorescence in February beheading and May grafting
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and disease infestation, the trunks were washed
with carbaryl @ 4 g l-1 after scrapping of old
back of beheaded trees and cut portion of
branches were pasted with copper oxychloride
(10%). It was followed by applying thick layer of
cow dung on cut portion of beheaded trees to
avoid excessive sap flow from pruned limbs and
also to accelerate healing of pruned apical
portion (Hasan et al., 2009). For regular
orchard management immediately after
beheading additional dose of one kilogram of
suphala (15:15:15 NPK) was applied to each
tree, followed by irrigation. A recommended
dose of fertilizer consisting 50 kg FYM and
1.5:0.5:0.5 kg NPK was applied to each tree in
the month of June followed by irrigation.
Alternate spray of Bavistin @ 2 g l-1 +
Curacron @ 2.5 ml l-1 or Captan @ 2 g l-1 +
Carbaryl @ 2 g l-1 at monthly interval were
given to prevent incidence of pest and diseases.

After sprouting, only 5-10 healthy apical
shoots on headed back branches were retained
for grafting. Excessive bud sprouts on the main
branches were immediately pinched off at
regular 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 5-10mm diameter of stock-shoot. From
three scion cultivars, matured scion stick of 5-
10mm diameter with dark green stem colour
was selected and procured for 10 days prior to
grafting to accelerate sprouting of apical bud.
Wedge grafting was done at monthly interval
from Jun, 2010 to May, 2011. Observations
on growth parameters of grafted shoots were
recorded at 30, 90,180, 270 and 360 days
after grafting (DAG).

Results and Discussion

Graft success and survival : Effect of
beheading/grafting months and scion variety

on graft success and survival in mango top
working (MTW) revealed that (Table 1) the trees
beheaded in the month of May and grafted in
August recorded the highest graft success
(84.68%) followed by June beheaded and
September grafted (75.78%) and April
beheaded and July grafted (74.31%) which
were at par with each other. Significantly least
graft success (24.79%) was registered by
December beheaded plants. The higher graft
success during August grafting could be
attributed to congenial atmospheric conditions
such as high humidity (93%) coupled with
moderate temperature (21-29°C), moderate
rainfall (49.2 mm), lower wind velocity (5.9 km
hr-1) and low sunshine hours (3.5) prevailed for
long duration in this month. Such congenial
atmosphere might have prevented the
desiccation of active tissue and resulted in
production of new xylem and phloem
permitting the vascular connection between the
scion and root stock. The term graft success
was applied at initial stage of graft sprouting i.e.
30 DAG while, graft survival was associated
with growth of sprouted graft upto 90 days
after grafting. The findings of Patel and Amin
(1981) also support the present investigation.
The significantly maximum graft success
(61.93%) was recorded by the scion cv. Kesar
and the least (50.01%) was in cv. Ratna which
was at par with cv. Sindhu (55.12%). As cv.
Kesar is more adaptable for Western
Maharashtra region, it also proved to be best
scion for MTW.

Interaction effect on graft success in mango
top working revealed that the beheading in May
followed by grafting in August resulted in
maximum graft success in scion cultivars
Sindhu (87.76%) and Kesar (85.41%) which
were at par with each other. These results are
supported by the findings of Mishra et. al.
(2007) on mango top working under North
Indian conditions where the highest grafting
success was noticed in August month with two
scion cvs. Dashehari (84.00%) and Chausa
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(64.00%). In the present investigation, higher
graft success in top working (74.31 to 84.68%)
was observed when grafting was undertaken
from July to September. Similar observations
were also recorded by Upadhyay and Prasad
(1988) in mango who reported that July to
September as the most congenial period for
grafting of cv. Dashehari while, Islam et al.
(2004) reported that the time of grafting play
vital role in mango grafting.

Survival of grafts is of immense importance
in sustainable top working technique. The data
revealed that beheading/grafting months, scion
varieties used and their combined effect had
significantly influenced graft survival percentage
in mango top working. Perusal of data indicated
that beheading in November and grafting in
February scion registered the significantly
highest survival percentage (38.46%) while on
the other hand, March beheaded and June
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Table 1. Effect of beheading and grafting months and scion variety on graft success and survival in MTW.

Top working Graft success % at 30DAG stage Graft success % at 90DAG stage
–––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––
Months of Months of Scion cultivars Scion cultivars
beheading grafting –––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––

Kesar Ratna Sindhu Mean Kesar Ratna Sindhu Mean

Mar- 10 Jun-10 72.39 60.87 71.09 68.11 11.09 7.93 8.62 9.21
(58.31) (51.33) (57.57) (55.73) (19.45) (16.30) (17.06) (17.60)

Apr- 10 Jul-10 78.06 71.12 73.75 74.31 23.86 14.78 16.52 18.39
(62.52) (57.50) (59.33) (59.78) (29.22) (22.58) (23.82) (25.21)

May- 10 Aug-10 85.41 80.88 87.76 84.68 19.28 16.64 22.60 19.50
(67.65) (64.10) (69.53) (67.09) (25.99) (24.07) (28.36) (26.14)

Jun-10 Sep-10 75.29 74.43 77.62 75.78 20.28 18.39 22.31 20.32
(60.28) (59.69) (61.81) (60.59) (26.75) (25.37) (28.16) (26.76)

Jul-10 Oct-10 61.99 60.42 66.19 62.87 11.71 10.19 14.92 12.27
(51.94) (51.04) (54.46) (52.48) (20.01) (18.55) (22.71) (20.42)

Aug-10 Nov-10 61.15 54.44 64.94 60.18 25.06 20.55 27.30 24.30
(52.00) (47.57) (53.73) (51.10) (30.03) (26.94) (31.48) (29.49)

Sep-10 Dec- 10 27.77 24.44 22.18 24.79 25.66 18.92 21.06 21.88
(31.79) (29.58) (28.09) (29.82) (30.39) (25.77) (27.29) (27.82)

Oct-10 Jan- 11 45.00 31.19 25.82 34.00 42.40 27.09 23.44 31.00
(42.12) (33.85) (30.51) (35.49) (40.62) (31.26) (28.91) (33.60)

Nov-10 Feb-11 61.12 39.03 38.97 46.37 40.66 38.46 36.25 38.46
(51.43) (38.66) (38.58) (42.89) (39.62) (38.32) (37.02) (38.32)

Dec- 10 Mar- 11 61.37 38.99 44.52 48.29 40.62 35.40 30.38 35.47
(51.67) (38.56) (41.84) (44.02) (39.59) (36.51) (33.44) (36.51)

Jan-11 Apr-11 61.26 42.56 48.79 50.86 35.40 25.15 13.19 24.58
(51.51) (40.72) (44.29) (45.51) (36.51) (30.07) (21.29) (29.29)

Feb-11 May- 11 52.32 21.72 39.77 37.94 21.59 17.71 20.13 19.81
(46.33) (27.77) (39.07) (37.72) (27.68) (24.86) (26.64) (26.39)

Mean 61.93 50.01 55.12 - 26.47 20.93 21.39 -
(52.29) (45.03) (48.23) - (30.49) (26.72) (27.18) -

SE(+) CD at 5% SE(+) CD at 5%
Variety 0.67 1.96 Variety 0.29 0.87
Month 1.34 3.91 Month 0.59 1.74
Variety x Month 2.31 6.77 Variety x Month 1.03 3.01

* Figures in parenthesis are arcsine values.



grafted plants recorded the significantly lowest
graft survival (9.21%).

It is important to note that, even though
initial graft success at 30 DAG was the highest
in plants beheaded from March to August
coupled with grafting from June to November
(60.18 to 84.68%) but the final graft survival at
90 DAG stage was suddenly reduced (9.21 to
24.30%). It was mainly due to incidence of
stem borer during the specific period of March
to September (25.33 to 74.66%). These
observations on stem borer incidence are in
agreement with the reports of Palaniswami et
al. (1977) who noticed the highest incidence of
mango stem borer during the period from June
to September (i.e. during rainy season). In the
present investigation, it was particularly noticed
that only beheaded old mango trees in the
orchard were severely infected by stem borer.

These observations are in agreement with the
findings of Khan et. al. (1985) and Shinde et
al. (2002). The incidence of mango stem borer
recorded was more in old aged trees than
younger ones as reported by Kannan and Rao
(2006). Furthermore, higher wind velocity
during the months of May, June and July (8.45
to 11.28 km hr-1) leads to breakage of grafted
scion sticks and resulted in lower survival
percentage of grafts.

As regards scion varieties used in top
working, the scion of Kesar cultivar registered
significantly highest graft survival (26.47 %)
which was followed by Sindhu (21.39 %) and
Ratna (20.93 %) cultivars. Thus, in general it
was observed that all scion cultivars are suitable
for MTW. However, the peak graft survival was
recorded in the scion of cv. Kesar when
interacted with January grafting (42.40%),
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Table 2. Days required for inflorescence production in different mango varieties in MTW.

Top working Days for inflorescences production (DAG)
–––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Months of Months of Kesar Ratna Sindhu Mean
beheading grafting

March June 601.32 588.38 592.98 594.23
April July 571.58 479.25 490.26 513.70
May August 467.36 550.36 552.33 523.35
June September 471.12 499.03 526.36 498.84
July October 473.27 467.26 446.60 462.38
August November 429.10 428.79 433.68 430.52
September December 391.88 403.18 416.50 403.86
October January 367.37 364.67 380.47 370.83
November February 362.67 335.01 315.01 337.56
December March 327.34 330.67 419.60 359.20
January April 281.61 294.94 378.00 318.18
February May 577.50 275.72 358.67 403.96
Mean 443.51 418.11 442.54

Source SE(±) CD at5%
Replication 1.19 NS
Variety 1.19 3.47
Month 2.37 6.94
Variety x Month 4.11 12.03

*DAG: Days After Grafting.



followed by February and March graftings
(40.66 and 40.62%, respectively). The least
graft success and survival in mango top working
was recorded in scion of cv. Ratna grafted
during May (21.72%) and June (7.93%),
respectively. It clearly demonstrated noticeable
effect of scion varieties and grafting months top
working in mango. The scion of cv. Kesar
proved its supremacy in MTW may be due to
the vigorous callusing capacity for vascular
connection during grafting followed by wide
adaptable nature to withstand against adverse
climatic conditions. In accordance with the
present investigations, response of scion variety
for grafting success and survival was also
reported by Radha and Aravindakshan (2000),
Gurudatta et al. (2004), Alam et al. (2006),
Mishra et al. (2007) and Nalage et al. (2010) in
mango.

Days required for inflorescence
production : Shoot maturation is an
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Table 3. Growth parameters of top worked plants as
influenced by months of grafting and scion
varieties.

Treatments Shoot Shoot Leaves Branches
girth length shoot-1 shoot-1
(cm) (cm)

Scion varieties (V) :
Kesar 1.59 79.93 83.92 3.79
Ratna 1.52 73.70 74.16 2.76
Sindhu 1.40 66.35 68.30 2.79
SE (±) 0.02 1.02 1.32 0.10
CD at 5% 0.06 2.85 3.68 0.27

Grafting months (GM) :
June 1.05 54.98 63.23 2.22
July 1.38 69.38 70.16 2.59
August 1.13 52.63 46.98 1.15
September 1.24 69.62 62.51 1.65
October 1.15 57.35 52.39 1.77
November 1.46 76.23 82.37 2.59
December 1.79 80.95 82.57 2.78
January 2.13 97.45 113.20 5.75
February 1.72 83.82 97.13 4.65
March 1.80 84.27 80.47 4.15
April 1.71 81.37 83.43 4.32
May 1.48 71.84 71.10 3.71
SE(±) 0.04 2.05 2.64 0.19
CD at 5% 0.12 5.70 7.36 0.53

Days after grafting (DAG) :
90 0.84 42.12 31.51 0.93
180 1.31 66.13 64.83 2.39
270 1.76 85.77 93.36 4.00
360 2.11 99.29 112.14 5.13
SE(±) 0.02 1.18 1.53 0.11
CD at 5% 0.07 3.29 4.25 0.31

Two way interaction A) Variety x Grafting Month
(V x GM= 36) :
Kesar x January 2.14 111.89 119.51 5.80
Ratna x January 2.30 96.72 118.60 5.93
Sindhu x January 1.94 83.76 101.48 5.52
SE(±) 0.07 3.54 4.58 0.33
CD at 5% 0.20 9.87 12.74 0.92

Two way interaction B) Variety x Days After
Grafting (V x DAG = 12) :
Kesar x 90 0.87 46.87 34.75 1.17
Kesar x 360 2.26 107.82 124.59 6.39
Ratna x 90 0.84 41.39 28.67 0.70

Ratna x 360 2.11 99.41 113.35 4.50
Sindhu x 90 0.81 38.09 31.11 0.92
Sindhu x 360 1.94 90.64 98.49 4.51
SE(±) 0.04 2.05 2.64 0.19
CD at 5% 0.12 6.90 7.36 0.53

Two way interaction C) Grafting Month x Days
After Grafting (GM x DAG = 48) :
January x 90 1.07 68.60 48.79 2.31
January x 1 80 2.07 94.92 91.95 3.40
January x 270 2.61 109.40 151.63 8.39
January x 360 2.79 116.90 160.43 8.92
SE(±) 0.08 4.09 5.28 0.38
CD at 5% 0.23 11.39 14.71 1.06

Three way interaction A) Variety x Grafting Month
x Days After Grafting (V x GM x DAG = 144 ) :
SEm(±) 0.14 7.09 9.15 0.66
CD at 5% NS NS NS NS

Table 3. Contd.

Treatments Shoot Shoot Leaves Branches
girth length shoot-1 shoot-1
(cm) (cm)



important prerequisite for flowering in mango.
Seven months old mature shoot do flower in
mango. In the present investigation flowering
was observed in all three varieties. It is observed
from Table 2 that minimum days required for
appearance of inflorescence in three scion
cultivars were 275.25 days for Ratna (February
beheading and May grafting), 281.61 days for
cv. Kesar (January beheading and April
grafting) and 315.01 days in cv. Sindhu
(November beheading and February grafting).
This could be attributed to the normal flowering
season and maturation of shoot. The normal
flowering season of mango under Western
Maharashtra condition is from December to
February. The grafts made in between February
to May have attained the minimum age of shoot
maturation (i.e. seven months) coinciding with
flowering season (December to February) and
hence, flowered within a year. However, the
June grafts took maximum days (594.23) as
they missed first flowering season because the
shoots were immature (less than seven months).
Most of flowering was observed on South-West
side of tree. On an average 60-70 per cent of
flowering was observed on bearing tree.
Eventhough, inflorescences appeared on top
worked mango trees, they were pinched off in
the first year to improve the canopy of top
worked mango trees.

Growth performance of grafted
shoots : The growth parameters viz. girth,
length, number of leaves and number of
branches of grafted shoot were recorded for
one year period at 90 days interval starting
from 90DAG stage.

The individual character i.e. variety, grafting
month and DAG were significant in respect of
girth, length, number of leaves and number of
branches of grafted shoot. The cv. Kesar
recorded maximum girth (1.59 cm), length
(79.93 cm), number of leaves (83.92) and
number of branches (3.79) grafted-1 shoot. In

all grafting months, maximum girth (2.13 cm),
length (97.45 cm), number of leaves (113.20)
and number of branches (5.75) grafted-1 shoot
was observed in January grafting. At 360DAG,
highest growth in respect to girth (2.11cm),
length (99.29cm), number of leaves (112.14)
and number of branches (5.13) grafted-1 shoot
was recorded.

The data revealed that the three way
interaction was observed to be non significant
with respect to growth parameters of grafted
shoot, however, the two way interactions
between variety and grafting month, variety and
DAG and grafting month and DAG were found
to be significant.

In the two way interaction, shoots of Kesar
showed maximum length (111.89cm) and
number of leaves (119.51) in January grafting.
More number of branches in Kesar were
recorded in March grafting and it was at par to
shoots grafted with Kesar, Ratna and Sindhu in
January. The shoot of Ratna showed maximum
girth (2.30cm) in January grafting and was at
par to Ratna grafted in December and Kesar
grafted in January and March.

The maximum girth, length, number of
leaves and branches were recorded in shoot
grafted with Kesar at 360DAG and they were
minimum in shoot grafted with Kesar, Ratna
and Sindhu at 90DAG. Growth habit of the
variety is also a possible reason for such
differential response. These results are in
agreements with the findings of Lal et al.
(2000), Radha and Aravindakshan (2000),
Islam et al. (2004), Gurudatta et al. (2004),
Alam et al. (2006) in mango, Mishra et al.
(2007) in aonla and Ghosh and Mathew (2002)
in ber.

Significantly maximum growth in respect of
girth, length, leaves and branches shoot-1 was
observed at 360DAG. A linear increase in
growth was observed after grafting. It is a
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natural phenomenon to have more growth at
later stage under normal conditions. At
360DAG in January grafted shoot the
maximum girth, length, number of leaves and
branches were recorded and these values were
minimum in June, July, August, September,
October and November grafting. However, the
growth of shoot was maximum in December,
January, February and March grafting at
360DAG in all the three varieties as compared
to other months of grafting. Reduced growth
was observed during rainy season, due to heavy
incidence of mango stem borer which might
have disturbed the conductive tissue of tree and
thus, restricted the food translocation. Secondly
more number of shoots emerged below the
graft union during rainy season which required
more pinching and less food supply was made
available to grafted shoots as compared to
January to March graftings. Similarly, this could
be attributed to system of mango tree, to supply
more food material to inflorescences duing
flowering (December to February) and autumn
(March-April i.e. at fruit development stage)
season under western Maharashtra condition
and grafting operation done during this period
(January to March) got the favorable soil
moisture, atmospheric humidity and optimum
temperature which showed the favorable effect
on growth of grafted shoots in MTW. Similar
observations were recorded by Upadhyay and
Prasad (1988) in mango, Ghojage et al. (2009)
and Gadekar et al. (2011) in Jamun.

At 360 and 270 DAG no statistical
difference in growth parameters such as girth,
length, number of leaves and branches shoot-1

was observed in January grafting, because this
period might be the resting period of mango
trees for inflorescence.

References
Alam, M. A., Mortuza, M.G.,Uddin, M.Z., Sarker, D. and

Barman, C. 2006. Effect of length and variety of scion
in stone grafting of mango. Int. J. Sustain, Crop Prod.

1(2): 07-11.

Anonymus. 2009. Indian Horticulture Database- 2008.p.3-
309; Pub. Nat. Hort. Board, Ministry of Agric., Govt.
of India.

Gadekar, A. K., Bharad, S. G., Jogdande, N. D. Raut, V.
U. and Pingle, A. N.2011. Effect of time of grafting
on success in Jamun. J. Agric. Res. Technol. 36(1):
297-298.

Ghosh, S. N. and Mathew, B. 2002. Performance of nine
ber (Ziziphus mauritiana Lamk) cultivars on top
working in the semi-arid region of West Bengal. Jour.
Appl, Hort. 4(1) 49-51.

Ghojage, A. H., Swamy, G. S. K., Kanamadi, V. C.,
Jagadeesh, R. C., Kumar, P., Patil, C. P. and Reddy,
B. S. 2009. Effect of season on softwood grafting of
Jamun (Syzygium cumini, Skeels). Acta. Hort. 890:
366-369.

Gurudutta, P. S., Jain, V. and Singh, P. N. 2004. Response
of mango cultivars to epicotyls grafting. Indian J. Hort.
61(3): 267.

Hasan, M. A., Singh, B., Sarkar, S., Jha, S. and Ray, S. K.
2009. Canopy management of unproductive mango
(Mangifera indica L.) orchards. Acta. Hort. 820: 339-
346.

Islam M. N., Rahim, M. A. and Farooque, A. M. 2004.
Standerdization of time and grafting techniques in
mango under Bangladesh condition. Asian J. Plant
Sci. 3(3): 378 -386.

Kannan, M. and Rao, N. V. 2006. Influence of age and
stage of the host plant on insect pests of mango
(Mangifera indica L.). J. Agric. Sci. 2(1): 351-356.

Khan, M. M., Hegade, M., Mallik, B., Hiremath, I. G.,
Hanamashetti, S. I., Rao, M. V.N. and Krishnamurthy,
K. 1985. Rejuvenation of old cashew trees by top
working Indian Cashew. 17(3): 9-25.

Lal, B., Rajput, M. S., Rajan, S. and Rathore, D. S. 2000.
Effect of pruning on rejuvenation of old mango tree.
Indian J. Hort. 57(3): 240-242.

Misra Dushyant., Lal, B., Pandy, D., Varma Ajay and
Pathak, R. K. 2007. Improving productivity of mango
and aonla by top- working. Indian Hort.: 32-33.

Nalage, N. A., Magar, S, D., Bhosale, S. S. and Mhetre, D.
A. 2010. Effect of height of rootstock on success of
epicotyl grafting in mango (Mangifera indica L.) cv.
Kesar. Int J. Agri Sci. 6(1): 124-128.

Patel, B. M., and Amin, R. S., 1981. Investigation in to the
best period for softwood grafting of mangoes in situ.
South Indian Hort. 29: 90-93.

Palaniswami, M. S., Subramaniam, T. R. and Babu, P. C.
S. 1977. Studies on the nature of damage and

Jadhav et al.396



chemical control of the mango stem borer Batocera
rufomaculata De Geer in Tamil Nadu. Pesticides.
11(1): 11-13.

Radha, T. and Aravindakshan, K. 2000. Different response
of mango varieties to epicotyl grafting on commercial
scale. Acta.Hort. 509: 265-268.

Shinde, A. K., Waghmare, G. M., Godase, S. K. and Patil,
B. P. 2002. Pruning for rejuvenation of overcrowded,

old Alphanso mango (Mangifera indica L.) garden in
Konkan. Indian J. Agric. Sci. 72(2): 90-92.

Singh, H. S., Nath, V., Singh A. and Mandal, S. 2008.
Mango preventive practices and curative measures.
Satish Pub. House, Delhi, pp. 111-124.

Upadhyay, N. P. and Prasad, R. S. I. 988. Effect of time of
veneer grafting on sprouting and growth in mango cv.
Dashehari. Ind. J. Hort. 45(1 and 2): 61-62.

Journal of Agriculture Research and Technology 397

J. Agric. Res. Technol., 39 (3) : 397-400 (2014)

Studies on Local Wisdom of Tribal Community of Arunachal
Pradesh for Use of Local Vegetables for Livelihood and

Medicinal Value

A. K. Phurailatpam1, K. Kartek2, R. Senjam3 and S. D. Warade4

College of Horticulture and Forestry, Central Agricultural University - Pasighat - 791 102 (India)
(Received : 30-09-2013)

Abstract
Arunachal Pradesh is rich in biodiversity for different crops Adi, the tribal society of East Siang district

and its surrounding areas in Arunachal Pradesh has the tradition of consuming raw leaves, young
inflorescences, tender stalks and other plant parts as food. The present investigation was conducted with the
methodical field survey during the year 2011 and 2012. Local people of 30-70 years age group of both
genders were interviewed (using standard questionnaires) on the different types of plants parts they have been
eating raw for generations and medicinal values they obtained from this mode of eating. The interviewees
were represented from wide array of the disciplines of the localities (vegetable sellers, collectors, users,
scientific societies, etc.) to gather the maximum information related to plants and discuss briefly with particular
emphasis on their scientific name, local name, family, parts used and medicinal benefit they claimed to obtain
from these plants in this mode of eating.

Key words : Adi, east siang, raw plants' part, tradition.

______________

East Siang district of Arunachal Pradesh is
one of the districts which are dominated by the
Adi tribes. In the tribal society the use of plants
parts as vegetables in daily diet with medicinal
values is well known since early days. They used
different plant species in the treatment of
various diseases using the roots, stems leaves,
bark etc. of the plant (Mibang and Chowdhari
2003). These plants are thought of having
medicinal properties. Raw plants parts are used

with their indigenous preparation along with
meat and fish. This tradition of eating raw plant
parts is handed down from generation to
generation and believed that they get direct
medicinal benefit by this mode of eating.
Besides the parts used in raw form of eating,
other parts are also used in cooking. These
plants are also used as medicine in other forms
such as juice, supernatant after boiling,
crushing, direct application, etc. Plants are used
as medicine from time immemorial; as many as
1,200 plants are mentioned in ancient texts

1., 3. Assistant Professor, 2. Research Fellow and 4.
Professor.



(Jain and Mudgal 1999).

Very few and sporadic attempt have been
made on ethno botanical studies of Arunachal
Pradesh were carried out by several workers
(Singh and Singh 1985, Sinha 1987, Singh et
al. 1988, Devi 1990, Sinha 1992, 1996,
Singh 1996, Singh et al. 2003, Sharma et al.
2003). However, none of the study is reported
on the use of plants for vegtables by the Adi
tribes residing in East Siang district and their
vegetable habit and its medicinal properties.
The present study was carried out which
provides firsthand information of the local
wisdom of Adi tribe in East Siang district of
Arunachal Pradesh regarding the use of raw
plants' part as vegetables and the medicinal
benefit they get by consumption of these
plants.

Materials and Methods

The present investigation was carried out at
College of Horticulture and Forestry Pasighat
situated in East Siang District of Arunachal
Pradesh (28.07°N 95.33°E). It has an average
elevation of 153 metres (501 ft). The area
experiences tropical humid climate during
summer and dry mild winter. The place is
known for receiving highest rainfall in a single
year. June- August are the hottest months with
average temperature of above 36°C, while
January is the coldest month (9°C). The present
investigation was based on the methodical field
survey conducted during the year 201l and
2012. Adi tribal people of 30-70 years age
group of both genders were interviewed (using
standard questionnaires) on the different types
of plants' parts they have been using as
vegetable in raw form for generations and
medicinal values they obtained from this mode
of eating. The interviewes are represented from
wide array of the disciplines of the localities
(vendors, collectors, users, scientific societies,
etc.) to gather the maximum information

related to plants and benefits derived. The
specimens of the plants are collected and
identified on the basis of vernacular name,
regional floras and published literature (Deb
196la, Deb 1961b, Singh et al. 2000). They
are enumerated alphabetically with scientific
name, local name, family, part used and
associated medicinal values. Most of the plant
species are collected and maintained in the
herbal garden of the college.

Results and Discussion

During the survey, altogether 62 species
were collected ranging from gymnosperm to
angiosperm which are consumed as raw or as
cooked by the Adi tribes which they believed to
have many medicinal benefits. Based on the
family dominance, Solanaceae and Rubiaceae
(5) are found to be the most widely used family
followed by Asteraceae (4), and Piperaceae
and Zingiiberaceae are represented by 3
species each and Actinidiaceae, Apiaceae,
Lamiaceae, Caryophyllaceae, Malvaceae,
Rutaceae represents 2 species each. However,
many families (30 families) such as Arecaceae,
Aristolachiaceae, Asparagaceae, Athyriaceae,
Begoniaceae, etc are represented by one
species each. They used various part of the
plant such as leaves, young inflorescences,
tender stalks and other plants' parts in this
mode of eating. Among the different plant
parts, twigs/stalks/stems (27.27%) were most
frequently used followed by leaves (33%), fruit
(14%), stem (10%), shoots (10%), root (7%),
rhizome (7%), whole plant (6%), seed (4%), bulb
(2%) and flowers (1%). The collected plant
species were grouped as per their habit such as
herbs, shrubs, trees and climbers. On the basis
of habit of the plant, herbs were among the
most preferred habit (45%) followed by shrub
(29%), trees (21%), climber/creeper (5%), etc.
The belief behind this mode of eating is for
good health and acts as a remedy for various
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ailments. This could be attributed due to the
presence of phyto-chemicals in these plants
that enhance the power of immunity of human
body Craig 1999 and Benny and Vanitha
2004. Raw plant foods are considered to be
rich in nutrition and energy; and low in calories.
These are further rich in vitamin C, K, E,
carotenoids, folate, magnesiun, selenium,
potassium, zinc, fiber, etc.

It may be hypothesized that the longevity of
life in rural and forest dwelling people are more
as compared to the urban and city dwellers
might be due to the fact that daily physical work
combined with all these medicinal doses they
took every day as vegetables. The daily intake
of herbal medicine in the form of vegetables
might be one of the important reasons for the
life longevity and less occurrence of the
developed world killer ailments like cancer,
diabetes, heart diseases. The traditional
knowledge of eating raw plants by Adi of
Arunachal Pradesh as medicine/nutrient
supplement in their diet is an age-old practice in
the state of Arunachal Pradesh and is
transmitted from one generation to another. To
conserve the above mentioned traditional
knowledge, it needs to be studied in detail and
documented, in particulars. Study advocates a
coordinated effort among different agencies
such as Government, NGOs and research
institutions for strengthening the biodiversity
conservation and healthcare system together.
Thus, collaborative research and integrated
efforts are necessary to preserve the knowledge
of indigenous people on traditional healthcare.
Mass awareness programmes on usefulness of
plants will be a basic tool for conservation and
sustainable utilization of these natural
resources. These efforts may help in upliftment
of the rural economy as well as long-term
biodiversity conservation and security of the
traditional healthcare system.
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Abstract
The results revealed that there was a significant difference in number of fruits and fruit yield plant-1.

Significantly higher number of fruits were observed in soil application of paclobutrazol @ 7.5 g.a.i tree-1

(36.38) which was at par with soil application of PP-333 @ 3.75 g.a.i. tree-1 (33.09) over control (11.88).
The fruit yield was significantly higher in soil application of paclobutrazol 7.5 g.a.i tree-1 (252.54 kg tree-1)
which was at par with soil application of paclobutrazol 3.75 g.a.i tree-1 (242.81 kg tree-1) over control
(74.38 kg tree-1). Paclobutrazol induced early fruit maturity in jackfruit by 3 to 4 weeks as compared to
control. The PP-333 3.75 g.a.i. is economically feasible as it gave more than Rs. 1129 tree-1 extra income
over control. Thus, paclobutrazol 3.75 g.a.i. tree-1 is promising treatment for increasing fruit yield and early
fruits maturity in jackfruits.

Key words : Fruiting, jackfruits, paclobutrazol.

______________

The Jackfruits (Artocarpus heterophyllus)
which are grown in Konkan region of
Maharashtra, generally get matured in the
months of May-June. During June rain causes
great loss for most of the Jackfruits. To increase
the yield and hasten the maturity of fruit, the
effect of paclobutrazol was studied.
Paclobutrazol has been known for inducing
regular and early flowering-fruiting in mango by
inhibiting the GA biosynthesis (Kachru et al.
1971). Paclobutrazol-a-GA biosynthesis
inhibitor causes flowering in mango (Voon et.

al. 1991). Paclobutrazol induced early
flowering and fruiting in Alphonso mango by
20 to 25 days (Shinde et al. 2000). Therefore
the present field experiment was conducted to
study the effect of paclobutrazol for increasing
yield and enhancing fruit maturity in jackfruits.

Materials and Methods

Field experiment was conducted at Botany
farm of Dr. Balasaheb Sawant Konkan Krishi
Vidyapeeth, Dapoli for 3 years during 2008-
09, 2009-10 and 2010-11 on 28 years old
jackfruit trees to study the effect of
paclobutrazol on fruiting and yield of jackfruits.
Uniform size trees were selected for the study.
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Soil drenching of paclobutrazol was done near
the manuring ring at 10 cm depth in the month
of August. Paclobutrazol @ 3.75 g.a.i. tree-1

(15 ml Cultar) and 7.5 g.a.i. tree-1 (30 ml
Cultar) was applied as per Burondkar and
Gunjate (1991). Treatment without application
of paclobutrazol control was also kept for
comparison. The experiment was laid out in
randomized block design with seven
replications. The observations on number of
fruits tree-1, fruit yield tree-1, weight of fruit,
length of fruit, circumference of fruit were
recorded for each tree. The number of fruits
harvested during the week for each tree were
recorded for calculation of earliness of maturity.
The data of three years of experimentations
was analysed as per Panse and Sukhatme
(1985).

Results and Discussion

There was significant difference in number
of fruits tree-1 due to paclobutrazol treatment
during last 3 years and pooled mean.
Significantly higher number of fruits plant-1

were recorded in paclobutrazol 7.5 g.a.i. tree-1

(36.38) which was at par with paclobutrazol
3.75 g.a.i. tree-1 (33.09) over control (11.88).
Similarly the fruit yield tree-1 was significantly
higher in paclobutrazol 7.5 g.a.i. tree-1 (252.54
kg tree-1) which was at par with paclobutrazol
3.75 g.a.i tree-1 (242.84 kg tree-1) over control
(74.38 kg tree-1). Shinde et al. (2000) recorded
that application of paclobutrazol @ 0.75 g
meter-1 as well as 1.25 g meter-1 on crown
diameter basis applied during 90 to 120 days
before bud break significantly increased
flowering and fruit yield in Alphonso mongo as
compared to control. There was no significant
difference in individual fruit weight, length of
fruit and circumference of fruit due to
paclobutrazol treatment. Higher weight of fruit
and length of fruit were recorded in
paclobutrazol 3.75 g.a.i. tree-1 as compared to
other treatments. The soil application of
paclobutrazol @ 3.75 g.a.i. tree-1 induced early
fruit maturity in jackfruits by 3 to 4 weeks over
control. Paclobutrazol induced early fruit
maturity in more than 70 per cent fruits as
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Table 1. Effect of different doses of paclobutrazol on fruiting behaviour of Jackfruit (Artocarpus heterophyllus).

Treatment Fruits Fruit Weight Length Circum- Harvesting Earliness
tree-1 yield of fruit of fruit ference –––––––––––––––––––– over

(kg (kg) (cm) of fruit Initiation Duration control
tree-1) (cm) week (days)

T1 - PP-333 (7.5 g.a.i. tree-1) 36.38 252.54 7.9 35.81 74.57 May 1st May 25-30
T2 - PP-333 (3.75 g.a.i. tree-1) 33.09 242.81 8.1 36.80 74.33 April 4th April-May 20-25
T3 - Control 11.88 74.38 7.9 36.76 74.71 May 3rd May-June -
SE ± 3.7 3.22 0.44 1.17 2.78 - - -
CD @ 5% 11.6 9.93 NS NS NS - - -

Table 2. Economics of application of Paclobutrazol for Jackfruit (Artocarpus heterophyllus).

Treatment Yield Income Additional Extra income
(kg tree-1) tree-1 (Rs.) expenditure (Rs. tree-1)

(Rs. tree-1)

T1 - PP-333 (7.5 g.a.i. tree-1) 252.5 1262.5 170.00 1092.5
T2 - PP-333 (3.75 g.a.i. tree-1) 242.8 1214.0 85.00 1129.0
T3 - Control 74.38 371.9 - -



compared to control. Similar results were also
recorded by Shinde et al. (2010) in Jackfruit
and Burondkar and Gunjate (1993) in
Alphonso mango. The paclobutrazol 3.75 g.a.i.
tree-1 recorded higher extra income (Rs. 1129
tree-1) than paclobutrazol 7.5 g.a.i. tree-1 (Rs.
1092.50) over control.

The first report in the use of paclobutrazol @
1.25 to 10 g.a.i. tree-1 in Dasheri and
Banganpalli came from India (Kulkarni, 1988).
Kachru et al. (1971) reported that exogenous
application of gibberellin can inhibit the
flowering in mango. Cultar- a gibberellin
biosynthesis inhibitor, had been demonstrated
to induce flowering in the off year in a number
of commercially important mango cultivars
(Voon et al. 1991). Paclobutrazol induced
profuse flowering of mango (Tongumpai et al.
1989 and 1991). Application of paclobutrazol
by collar drenching is more effective than foliar
application for regulation of flowering in
mango (Hasdiseve et al. 1986).

Thus paclobutrazol 3.75 g.a.i. tree-1 is
promising treatment for inducing number of
fruits plant-1, fruits yield plant-1, earliness and
extra income over control in jackfruits.
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Growth and production of potato is
influenced by climate and several other factors
like use of improved varieties, good quality
seed, planting time, nutrition and irrigation,
incidence of pest and diseases and weeds.
Among these factors, planting time plays a very
important role in potato production as
manipulation of light and temperature can be
done to a certain extent by altering planting
time. For best yields, potato crop needs long
day conditions during growth and short day
conditions during tuberization (Chadha, 2009).
The information about the exact period for
planting the potatoes in Marathwada region is
not available hence to find out the solution the
present investigation was undertaken.

Materials and Methods

The present investigation was undertaken at
the Instructional Farm, Department of
Horticulture, College of Agriculture, Latur
during September 2012 to March 2013. It was
laid out in randomized block design with eight
treatments replicated thrice. The treatments
comprised of eight planting dates viz., 30th

September (D1), 10th October (D2), 20th

October (D3), 30th October (D4), 10th

November (D5), 20th November (D6), 30th

November (D7) and 10th December (D8). The
variety 'Kufri Pukhraj' was used for the study.
The tubers were first treated with copper
oxychloride @ 2g kg-1 of tubers. The treated
tubers were dried in shade and then treated
with Azotobacter and Trichoderma @ 3 g kg-1

of tubers. The tubers were then planted in plots
3.6 x 4.5 m size at the side of ridges at a
spacing of 60 x 15 cm. The data on different
growth and yield attributes were recorded and
analyzed statistically as per the standard
procedures suggested by Panse and Sukhatme
(1985). The weather parameters recorded
during the crop growth period are given in
Table 1.

Results and Discussion

Emergence percentage : The results of
the present investigation (Table 2) indicated
that, there were no significant differences with
respect to the emergence percentage of potato
influenced due to different planting dates.
However, at 15 and 20 DAP the maximum
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Abstract
The results revealed that maximum emergence (80.26%) of potato at 20 days after planting (DAP) and

significantly minimum number of days (27) for completion of vegetative phase were recorded when potato
was planted on 30th September (D1). Whereas significantly maximum number of leaves at 75 DAP, tubers
plant-1 (8.20), highest weight of tubers (250 g) and highest yield (27.74 t ha-1) of tubers were recorded when
tubers planted on 10th October. However, delay in planting enhanced the maturity, reproductive phase and
reduced yield in potato.

Key words : Potato, planting dates, production, maturity.
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emergence (65.32 and 80.28%, respectively)
was obtained in planting date of D1 while, the
minimum (48.23 and 64.93% respectively) was
found in D8 planting date. The higher
emergence percentage in planting date of D1 as
compared to the planting date of D8 could be
attributed to favourable climatic conditions in
general and temperature in particular. Similar
findings were earlier reported by Lal and
Sahota (1983) and Gopalakrishnan (2007).

Height of plant : The maximum height at
45 DAP (52.93 cm) and 75 DAP (70.23 cm)
recorded in the planting date D2 while, the
minimum values were observed in D8. The
better growth in planting date of D2 might be
due to prevalence of favourable temperature
(15.6 to 27.9 °C) required for better vegetative
growth. Similar findings were also reported by
Modisane (2007), who reported that, plants
grew taller at high (27/17 °C) temperature as
compared with low (22/14 °C) temperature.

Leaves plant-1 : The data regarding
number of leaves plant-1 also showed
significant differences in the different planting
dates. The maximum number of leaves at both
45 and 75 DAP were recorded in planting date
of D2, while minimum number was recorded in
planting date D8. This could be attributed to the
favourable temperature day and night range
(27.9 to 15 °C) available during vegetative

growth phase of this planting date. While, the
wider temperature range (30.7 to 12 °C) the
vegetative phase of planting date of D8 might
have resulted in reduction of number of leaves
plant-1. Khan et al. (2011) also obtained similar
findings which strongly supports the results of
the present investigation.

Vegetative phase : The significantly
minimum number of days (27) for completion
of vegetative phase was required in plating date
D1 while, maximum days (42) were required in
the planting date of D8. These results indicated
that, the higher temperatures prevailing during
vegetative phase (27.9 to 20.4 °C) of planting
date of D1 might have caused accelerated
photosynthetic activities, thereby, reducing the
period required for completion of vegetative
phase. Lower minimum temperature (12 °C)
during the vegetative growth of planting date
D8 might have resulted in retarding the
photosynthetic as well as metabolic activities,
thereby, resulting in increasing the period
required for completion of vegetative phase in
planting date of D8. These results are strongly
supported with the findings of Gopalakrishnan
(2007), who reported that, growth of potato
plant is accelerated during long days and at high
temperature.

Reproductive phase : The data clearly
showed that, the days required for completion
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Table 1. Mean weather conditions during crop growth period in different planting dates.

Treatments Vegetative (temp.) Reproductive phase (temp.)
––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––
Max. Min. R.H. Max. Min. R.H.
(°C) (°C) (%) (°C) (°C) (%)

30th September (D1) 27.9 20.4 76.0 29.8 15.3 65.3
10th October (D2) 27.9 15.6 70.4 30.7 12.0 61.9
20th October (D3) 27.9 15,6 70.1 30.7 12.0 55.6
30th October (D4) 29.8 15.3 65.0 30.7 12.0 50.4
10th November (D5) 29.8 15.3 66.7 30.7 12.0 49.0
20th November (D6) 29.8 15.3 64.7 30.7 12.0 46.5
30th November (D7) 30.7 12.0 61.7 30.7 12.0 45.8
10th December (D8) 30.7 12.0 55.5 30.7 12.0 46.7



of reproductive phase were also significantly
influenced due to different planting dates. The
minimum days (36) for completion of
reproductive phase were required in the
planting date D8 while, the maximum days (63)
were required in D1 planting date. The earliness
in completion of reproductive phase in planting
date of D8 might be due to the regulatory
principle formed in the long dark period that
promoted early flowering (Hazra and Som,
2010). Likewise, crop maturity period may be
reduced due to short photoperiod (Chadha,
2009).

Period required for maturity : The
period for maturity was also significantly
influenced by different planting dates. The
minimum days (78) were required in planting
date D8 while, the maximum days (96) in D4
planting date. This could be attributed to more
number of days required for completion of
vegetative growth and low humidity (46.7%)
which retarded the growth and developmental
processes of the plant or may be due to short
photoperiod during the reproductive phase of
the plant. Chadha (2009) also reported
earliness in maturity due to short photoperiod
which supports the present findings.

Tubers plant-1 : It is revealed from the

result (Table 3) that, the number of tubers
plant-1 were significantly influenced due to
different planting dates. The maximum number
of tubers (8.20) plant-1 were recorded in
planting date of D2 which was at par with D4
and D5, while, the minimum number of tubers
(4.00) plant-1 were as obtained in planting date
of 10th December (D8). More number of tubers
in planting date of D2 could be attributed to
significantly strong growth in terms of height
and number of leaves plant-1 which has
produced more photosynthetic area resulting in
production of high quantity of photosynthates,
subsequently their translocation to the
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Table 2. Effect of different planting dates on growth attributes of potato.

Planting dates Emergence Plant Leaves Days required for completion of
percentage height at –––––––––––––––––––––––––––––––––––––––––
at 20 DAP (cm) 75 DAP Vegetative Reproductive Maturity

phase phase

30th September (D1) 80.28 68.80 46.40 27 63 90
10th October (D2) 71.81 70.23 55.63 30 60 90
20th October (D3) 77.89 67.60 40.83 33 60 93
30th October (D4) 79.63 63.93 40.77 35 61 96
10th November (D5) 78.53 63.43 44.63 36 57 93
20th November (D6) 74.33 62.77 41.20 38 53 91
30th November (D7) 78.17 62.70 35.43 38 48 86
10th December (D8) 64.93 50.37 33.80 42 36 78
S.E.± 5.22 3.10 2.26 2 2 3
C.D. at 5% NS 9.40 6.84 7 7 10

Table 3. Effect of different planting dates on yield
parameters of potato.

Planting dates Number Weight Tuber
of of yield
tubers tubers (t ha-1)
plant-1 plant-1

30th September (D1) 5.80 159.15 17.68
10th October (D2) 8.20 249.63 27.74
20th October (D3) 6.50 227.34 25.26
30th October (D4) 7.30 216.84 24.09
10th November (D5) 7.67 215.28 23.92
20th November (D6) 6.30 169.68 18.85
30th November (D7) 5.20 133.65 14.85
10th December (D8) 4.00 96.93 10.77
S.E.± 0.31 8.68 1.00
C.D. at 5% 0.95 26.33 3.00



formation of more number of tubers coupled
with the favourable temperatures with required
humidity might have resulted in production of
more number of tubers in the plants of this
planting date. These results are in conformity
with the earlier findings of Sharma and Verma
(1987) and Khan et al. (2011).

Weight of tubers : Significant variations
ranging from 97 to 250 g with respect to
weight of tubers was observed among the
different planting dates. The highest weight of
tubers (250 g) was recorded in planting date of
D2 while, minimum (97 g) was recorded in
planting date of D8. The higher tuber weight in
planting dates of 10th October (D2) and 20th

October (D1) could be attributed to overall
strong vegetative structures of plants raised
during this period which might have supplied
the required quantum of photosynthates
towards the development of tubers over a long
period of time that might have resulted in
gaining higher weight of individual tuber.
Further, the lower temperature (12 °C) and
short days might have resulted in better growth
of the tubers. Similar results were obtained by
Sharma and Verma (1987).

Tuber yield : The significant variations in
tuber yield hectare-1 were observed among the
different planting dates studied. The highest
yield (27.74 t ha-1) was recorded in planting
date of D2 which was statistically at par with
D3. While, the lowest yield (10.77 t ha-1) was
observed in planting date of D8. The yield of
potato is significantly influenced due to
environmental factors in general and
temperature in particular. The crop factors like
height of the plant, number of leaves, number
of tubers and weight of tubers play a dominant
role in yield contribution. The strong vegetative
growth in terms of height and number of leaves
and better reproductive growth in terms of
more number of tubers and higher tuber weight

in planting date of D2 might have favoured
towards getting higher yield in this planting
date. Further, as the temperature is the most
dominating factor in yield contribution of
potato, the required temperatures during
vegetative as well as reproductive growth phase
might have contributed towards getting better
vegetative growth and higher yield in this
planting date. Similar findings were also
reported by Perumal (1981), who recorded
higher yield due to persistence of foliage and
high rate of uninterrupted tuber bulking under
Shillong conditions.

It can be concluded that, the planting of
potato should be done from 10th October to
20th October for getting better growth and
higher yield of tubers in Marathwada region of
Maharashtra.
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The best grapes come from those vineyards
where vegetative growth and crop yield are in
balance Dry et al. (2004). Vine balance was
defined by Gladstones (1992) by stating,
balance is achieved when vegetative vigour and
fruit load are in equilibrium and consistent with
high fruit quality.

The physical and chemical properties of soil
determine water-holding capacity as well as
efficient root distribution after the supply of
water, mineral and growth regulators to above
ground parts (Richards, 1983). The dry matter
partitioning is the end result of the flow of
assimilates from the source organ via a
transport path to the sink organ (Marcelis,
1996). The term dry matter partitioning is used
in various meanings. It may be defined as for
instance, the distribution of dry matter between
the organs of a plant or as a distribution
between different processes (Marcelis, 1996).

Any environmental factors or cultural
practices that alter the demand-supply
relationship of crop load, water, nutrient and
pest and diseases will likely affect the vine
reserve status (Cheng and Xia, 2004).
Although, there is a considerable information
on the operations of individual processes in
plants such as photosynthesis, sugar
metabolism, translocation and cell expansion,
the control which actually regulate the
partitioning of dry matter at the crop level are
still only poorly understood (Wardlaw, 1990).
However, there has been recently some
progress in quantifying and modeling dry
matter partitioning in fruits (Wermelinger et al.,
1991; Grossman and DeJong, 1994). Besides
genotypes, developmental stages of plant many
growth condition and internal regulation by
plants may also affect dry matter partitioning
(Marcelis, 1996). Palmer (1986) suggested that
for a regular perennial production pattern of
apple fruits, the fraction of assimilates
partitioned into the fruits should not exceeds
60-65 per cent.
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Abstract
Highly significant differences were observed among varieties, various vine parts and their combinations.

Among the varieties, maximum dry matter content was recorded in Sharad Seedless (42.87%) followed by
Tas-A-Ganesh (42.29%) and among the various parts of the vine, it was found maximum in cordon (54.84%)
followed by trunk (54.39%). When dry matter content was measured in particular variety in specific part of
the vine, maximum dry matter was recorded in the trunk of Sharad Seedless variety. Roots were the source
of nutrient absorption by the vine. Root health was found to be positively correlated with the health of the
plant and productivity. The highest dry matter content of the roots was observed in the Sharad Seedless with
the mean value 47.72 per cent. Also the dry matter content of the harvestable organ (bunches) was found
maximum in Sharad Seedless (25.73%) as compared to other variety.

Key words: Dry matter, cordon, trunk, petiole, bunches, harvesting stage.
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More productivity generally comes from
healthy vines. This can be measured in terms of
dry matter production. In the present
investigation, dry matter status was measured
from source to the sink (harvestable organ-
bunches) at harvesting stage.

Materials and Methods

The trial was conducted at the farm of
National Research Centre for Grapes, Pune
during 2007- 2008. The grape rootstock, Dog
Ridge, was planted during March, 2001 and
the table grape varieties (Thompson Seedless,
Tas-A-Ganesh, Flame Seedless and Sharad
Seedless) were grafted during October, 2001.
The vines were planted at the spacing of 3.0 m
between the rows and 1.83 m between the
vines, totalling the density of 1800 vines per
hectare. The vines were trained to flat roof
gable system of training with four cordons (H
shape) developed horizontally. The vines were
trained on a horizontally divided canopy trellis
with vertical shoot positioning. The height of
cordon from the ground surface was 1.20 m
and was separated by 0.60 m wide cross arms.
The distance from the fruiting wire to the top of
foliage support wire was 0.60 m.

The experimental site is situated in Mid-
West Maharashtra at an altitude of 559 m
above sea level; it lies on 18.32 °N latitude and
73.51 °E longitudes. The climate in this region
is mild to slightly dry. Since the region falls
under tropical conditions, double pruning and
single cropping were followed. Hence, the
vines were pruned twice in a year (once after
the harvest of crop i.e. back pruning and
second for fruits i.e. forward pruning). The trial
was laid out in factorial Randomized Block
Design. The land in the experimental plot was
uniform and levelled. During the season, all the
recommended cultural operations like
fertilizers, irrigation and plant protection, etc.
were given to the vine. The vines were irrigated

with drip irrigation system having 2
drippers/vine of 8-litre capacity. A light trench
of 0.6 x 1.2 m trench was opened at a depth of
10 cm twice in a year to apply well rotten
farmyard manure and single super phosphate
and the trench were closed back. At the time of
harvest, the vines under each variety were
uprooted and the samples were brought to the
laboratory. The observation on fresh weight of
different parts of vine (roots, trunk, cordons,
shoot, petiole and bunches) were recorded. The
samples were then kept in the oven for about 3
days at 50 °C to record the observations on dry
weight. The data on fresh weight and dry
weight of individual vine parts were recorded
and the dry matter was calculated. The varieties
used under the study were Thompson Seedless,
Tas-A-Ganesh, Flame Seedless and Sharad
Seedless These varieties were studied for dry
matter content in various parts of the vines,
such as root, trunk, cordon, shoot, petiole and
bunches There were total 24 treatment
combinations for dry matter estimation.

The shoot samples were collected leaving
one node at the base and the initial weight was
measured. The samples were then allowed to
dry for 72 hours in hot air oven at 75°C or until
no change in dry weight and again weight was
recorded after drying and the dry matter were
calculated. The data was analyzed statistically
using SAS version 9.3, where all the data tested
for treatments effects on individual parameters
was arranged by the general linear model
(GLM) and analysis of variance (ANOVA)
techniques as a combined analysis was used.

Result and Discussion

The observation recorded (Table 1 and 2) on
dry matter content in various parts of different
grape varieties (Thompson Seedless, Tas-A-
Ganesh, Flame Seedless and Sharad Seedless)
revealed. Significant differences were recorded
for dry matter content in the varieties.
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Considering the total amount of dry matter
content in the vine, the variety Flame Seedless
had highest per cent dry matter content
followed by Sharad Seedless, Tas-A-Ganesh
and Thompson Seedless. The dry matter
content in different parts of vine also varied
significantly. The dry matter content in roots
was maximum in Tas-A-Ganesh grapes
(54.17%) followed by Sharad Seedless
(47.72%) whereas the least amount of dry
matter % was recorded in Thompson Seedless
grapes (45.17%). The variation in availability of
dry matter in different grapevine parts suggests
the response of different grape varieties
differently for physiological developments. The
root system plays an important role in grape
production. In peninsular condition, grapevine
is pruned twice in a year for two different
purposes. Cultural practices like opening of
light trench to apply farm yard manure and the
fertilizers are followed before each pruning.
The new root growth starts alongwith the shoot
growth after pruning of a vine. Williams (1996)
reported that a flush of root growth occurs
shortly after shoot growth begins in the spring
and peak at anthesis. Root biomass of
Thompson Seedless grapevine decreases
during the period from the middle of the
dormant portion of the season until anthesis. F
value estimated for varieties, different parts of
the vine and their interaction were 40.61,
1974.89 and 12.33 respectively. Significant
differences were also recorded for varieties,

different vine parts and their interactions (Table
3). Miller and Howell (1998) also reported that
high capacity vines produced the greatest
quantity of fruits, leaves, shoots and total
canopy dry mass. The fruits are produced by
pardoning of carbohydrates to berries at the
expense of vegetative tissues and an increase
dry matter production/unit leaf area as the sink
strength increases (Layne and Flore, 1995 and
Miller and Howell, 1996).

Although there is considerable information
on the operation of individual processes in
plants such as photosynthesis, sugar
metabolism, translocation, and cell expansion,
the controls which actually regulate the
partitioning of dry matter at the crop level are
still only poorly understood (Wardlaw, 1990).
However, there is some progress in quantifying
and modeling dry matter partitioning in fruits
(Wermelinger et al., 1991; Grossman and
Belong, 1994) and vegetables (Dayan et al.,
1993; Marcelis, 1994; De Koning, 1994;
Heuvelink, 1996). There seems to be a great
diversity in the way a crop partitions of
assimilates. Consequently, the simulation
models available at the moment are rather
species specific. The most suitable simulation
approach depends on the type of crop studied
and the aim of the model.

The trunk is considered as one of the major
plant part for food reserve that can supply food
material to the sink, a developing bunch.

Journal of Agriculture Research and Technology 409

Table 1. Dry matter content in different parts of grape varieties.

Vine parts Varieties
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Thompson Seedless Tas-A-Ganesh Flame Seedless Sharad Seedless

Roots 45.17e (5.00) 54.17ab (4.00) 46.27de (5.00) 47.72de (5.51)
Trunk 53.90ab (5.00) 52.58bc (5.00) 53.92ab (3.00) 57.15a (5.00)
Cordon 54.66ab (4.00) 55.68ab (5.00) 53.64ab (3.00) 55.38ab ( 4.00)
Shoot 40.17f (3.00) 45.88e (4.51) 39.30f (4.00) 49.69cd (5.00)
Petiole 20.25j (3.00) 20.48ij (2.00) 19.35j (2.00) 21.54ijh (1.00)
Bunches 24.42gh (4.00) 24.98gh (4.00) 23.97igh (3.00) 25.73g (4.00)



Canopy management plays an important role
in storing the food material in grapevine. The
dry matter content varied significantly in the
trunk part of all the four varieties studied. The
highest dry matter content in the trunk was
recorded in Sharad Seedless (53.92%),
however, the lowest dry matter was recorded in
Tas-A-Ganesh grapes (52.58%). Clingeleffer
and Krake (1992) suggested that the amount of
biomass partitioned to the stem declines as the
number of shoots per vine increases.
Orientation of shoots also decides the
availability of biomass (Kliewer et al., 1989).

Primary and secondary cordons combine
together supply food material to the developing
shoots that ultimately offer the fruit bud
differentiation. Basically, a cordon becomes the
primary source of food material to the canes.
Higher amount of dry matter was recorded in
the cordons of Tas-A-Ganesh vines (55.68%) as
compared to the lowest in cordons of Flame
Seedless (53.64%). In crop growth models, the
dry matter partitioning among plant organs is
often described as only a function of the
developmental stage of the crop (Penning de
Vries and van Laar, 1982). However, this
description is entirely empirical and usually only
valid under a limited range of growing
conditions (Pick et al., 1975; Loomis et al.,
1979; Wilson, 1988).

The dry matter partitioning between root
and shoot has been described as a functional
equilibrium between root activity (water or
nutrient uptake) and shoot activity
(photosynthesis); i.e. the ratio of root-to-shoot
weight is proportional to the ratio of shoot-to-
root specific activity (Brouwer, 1963). Although
in this way the ratio between shoot and root dry
weight can often be estimated fairly well in
vegetative plants, the mechanism underlying
this equilibrium is quite complicated and not
well understood (Brouwer, 1983; Lambers,
1983; Farrar, 1992). Furthermore, this

equilibrium can only be applied to shootroot
ratios and not easily to ratios between other
plant organs, because of the absence of
functional interdependence. Dry matter
partitioning is the end result of a co-ordinated
set of transport and metabolic processes
governing the flow of assimilates from source
organs via a transport path to the sink organs.
The activities of these processes are not static,
but may change both diurnally and during plant
development (Patrick, 1988). Assimilates are
produced by photosynthesis in the source
organs (mainly leaves). The assimilates can be
stored or transported from the source to the
different sink organs via vascular connections
(phloem). The translocation rate of assimilates
in the phloem is often considered to be driven
by gradients in solute concentration or in water
or turgor potential between the source and the
sink ends of the phloem (Ho, 1979;
Wolswinkel, 1985; Lang and Thorpe, 1986;
Patrick, 1988; Lang and During, 1991).
Utilization and compartmentation of the
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Table 2. Mean dry matter content comparison in different
varieties and parts.

Mean dry matter Mean dry matter content a
content among mong different parts
varieties

39.76b 48.33b

42.29a 54.39a

39.41b 54.84a

42.87a 43.76c

20.41e

24.78d

LSD 0.78 0.96

Table 3. ANOVA for four grape varieties, parts of vine
and their combinations.

Mean Square F Value Pr>F

Variety 55.25 40.61 <.0001
Parts 2686.86 1974.89 <.0001
Variety parts 16.77 12.33 <.0001



assimilates in the sink are important to maintain
these gradients. The control of dry matter
partitioning may be at the source, at the sink
and/or at the transport path. However, several
authors have found indications that dry matter
partitioning among sink organs is primarily
regulated by the sinks themselves (Evans, 1975;
Gifford and Evans, 1981; Farrar, 1988; Ho,
1988; Verkleij and Challa, 1988).

The considerable amount of dry matter
varied significantly in the shoots of different
varieties. Higher dry matter was recorded in the
canes of Sharad Seedless (49.69%) as
compared to the lowest in the canes of Flame
Seedless variety (39.30%). This indicates the
availability of dry matter for developing bunch
varies with the variety.

Petiole is considered as an indicator for
nutrient requirement of a vine. In grape
vineyard, generally after 45th day during both
pruning, the petiole of 5th leaf is harvested to
study the nutrient status of a vine. The dry
matter content in the petiole indicates the vine
storage. Significant differences were recorded
for dry matter content in the petiole. The
petiole of Sharad Seedless had higher dry
matter (21.54%) and the lowest in Flame
Seedless (19.35%). Higher dry matter also
recorded in bunches of Sharad Seedless
grapevine (25.75%) and was followed by Tas-A-
Ganesh (24.98%), however, the lowest dry
matter content was recorded in Flame Seedless
(23.97%). Edson and Howell (1993) considered
the interaction of the yield components: total
yield, clusters vine-1 and berries vine-1 and how
these reproductive components might influence
the source:sink relationship.
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Guava is the fourth most important fruit
crop in India after mango, banana and citrus
(Ray, 2002). It is a rich source of vitamin C and
A along with minerals like iron, calcium and
phosphorus. It is liked much by all kinds of
people due to its excellent taste, flavour and
nutritional values. It is highly responsive to
fertilizers and exhibit sensitiveness to availability
of nutrients (Malik and Singh, 1960). Use of
inorganic fertilizers is a common practice by
our farmers but the latest research has shown
that the combined application of biofertilizers
and inorganic fertilizers gives better results. The
use of biofertilizers in enhancing plant growth
and yield has gained momentum in recent years
because of higher cost and hazardous effects of
chemical fertilizers. Besides, there is an urgent
need for an alternative nutritional package to
attain long term sustainability for fruit
production as well as for maintaining soil
productivity under integrated nutrient
management system. Accordingly, an
investigation was planned with reducing dose of
inorganic fertilizers and supplementing through
biofertilizers like Azotobacter and PSB.

Materials and Methods

The experiment was conducted in a well
established orchard with 8 years old Sardar
guava trees planted at 5m x 5m spacing having
uniform growth and productivity at the
Instructional-cum-Research Farm, Department
of Horticulture, College of Agriculture, Latur.
during 2012-2013. The experiment was laid
out in randomized block design with fourteen
treatments replicated twice. The treatment
comprised of 100 per cent RDF (T1), 100 per
cent RDF + FYM + Azotobacter + PSB (T2),
100 per cent RDF + FYM + Azotobacter (T3),
100 per cent RDF + Azotobacter + PSB (T4),
100 per cent RDF + FYM + PSB (T5), 75 per
cent RDF + FYM + Azotobacter + PSB (T6),
75 per cent RDF + FYM + Azotobacter (T7),
75 per cent RDF + Azotobacter + PSB (T8),
75 per cent RDF + FYM + PSB (T9), 50 per
cent RDF + FYM + Azotobacter + PSB (T10),
50 per cent RDF + FYM + Azotobacter (T11),
50 per cent RDF + Azotobacter + PSB (T12),
50 per cent RDF + FYM + PSB (T13) and
control (T14). After preparation of basins, FYM
@ 20 kg tree-1 was given to all treatments
except in T1, T4, T8, T12 and T14. The doses
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The maximum values of most of the growth characters and the highest yield (50.26 kg tree-1 and 20.11

t ha-1) of guava was recorded with RDF (800: 400: 400 g NPK) + FYM @ 20 kg along with the combined
application of biofertilizers (Azotobacter + PSB each at 100 g tree-1) year-1. The performance of treatment
of 100 per cent RDF + Azotobacter + PSB was found at par with the treatment giving the highest yield
showing its importance in improving the levels of the parameters of study.
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of Azotobacter and PSB were given @ 100 g
each tree-1 as per treatments by mixing in soil.
Half dose of nitrogen and full dose each of
phosphorus and potassium as per treatments
were applied to all plants except control (T14) at
the beginning of monsoon. The remaining half
dose of nitrogen was given at fruit set stage.
Accordingly, observations were recorded and
analyzed statistically as per the standard
procedures suggested by Panse and Sukhatme
(1985).

Results and Discussion

Growth of trees : The vegetative growth
parameters viz., shoot length, number of leaves
shoot-1, tree height, stem girth and tree spread
were significantly influenced due to the

application of different treatments (Table 1).
The maximum values of these parameters were
recorded in the treatment of 100 per cent RDF
+ FYM + Azotobacter + PSB (T2) and it was at
par with the treatment of 100 per cent RDF +
FYM + Azotobacter (T3) and 75 per cent RDF
+ FYM + Azotobacter + PSB (T6) for most of
the characters, while, the minimum values were
observed in control treatment (T14). The
improvement in growth could be attributed to
easily availability of required quantity of
nutrients and improved soil conditions due to
the addition of FYM and biofertilizers for
releasing the different macro and micro
nutrients at proper stage required for plant
growth, which might have manifested in
enhancing the growth in terms of shoot length
and number of leaves. This resulted in
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Table 1. Effect of inorganic fertilizers and biofertilizers on growth of guava.

Treatments Increase Leaves Increase Increase Increase in tree Flowers Fruits Fruit
in shoot shoot-1 in tree in stem spread (cm) m-2 m-2 set
length height girth ––––––––––––––––––– (%)
(cm) (cm) (cm) East- North-

west south

T1 21.95 14.25 21.90 3.23 26.60 29.95 10.85 6.24 57.85
T2 28.90 18.90 41.55 5.90 37.55 50.80 18.50 12.50 67.10
T3 24.00 15.85 36.95 5.70 32.90 47.55 16.10 9.85 61.05
T4 25.60 12.85 31.00 5.25 31.70 41.65 14.45 9.50 66.15
T5 24.00 14.50 30.05 4.52 30.30 38.00 14.00 7.70 54.95
T6 27.20 15.05 35.50 5.54 35.95 45.55 16.60 9.92 60.00
T7 22.85 14.20 33.60 5.08 33.80 43.00 14.40 8.90 61.75
T8 23.35 12.95 29.70 4.34 30.95 35.50 13.20 7.25 55.05
T9 22.60 17.05 23.90 3.79 26.45 33.30 12.50 6.20 49.50
T10 22.55 14.60 33.90 4.88 30.60 34.85 14.15 8.55 60.60
T11 22.20 15.60 28.40 4.05 29.70 37.20 13.15 7.60 57.80
T12 22.45 16.70 24.55 3.42 25.70 35.00 11.60 6.95 60.05
T13 20.00 15.45 20.10 3.15 20.40 29.00 10.55 5.75 54.50
T14 19.75 11.70 19.10 2.84 19.00 25.80 9.25 4.35 47.20
SE(m)± 1.11 0.85 1.36 0.23 1.41 2.01 0.77 0.62 2.77
C.D. at 5% 3.40 2.60 4.14 0.69 4.30 6.14 2.34 1.89 8.47

T1 : 100% RDF (800 g N, 400 g P2O5 and 400g K2O tree-1), T2 : 100% RDF + FYM + Azotobacter + PSB, T3 : 100%
RDF + FYM + Azotobacter, T4 : 100% RDF + Azotobacter + PSB, T5 : 100% RDF + FYM + PSB, T6 : 75% RDF + FYM
+ Azotobacter + PSB, T7 : 75% RDF + FYM + Azotobacter, T8 : 75% RDF + Azotobacter + PSB, T9 : 75% RDF + FYM
+ PSB, T10 : 50% RDF + FYM + Azotobacter + PSB, T11 : 50% RDF + FYM + Azotobacter, T12 : 50% RDF +
Azotobacter + PSB, T13 : 50 % RDF + FYM + PSB, T14 : Control



production of more quantum of carbohydrates
and subsequently their translocations towards
the stem and branches. While, the minimum
values in control could be due to poor
availability of nutrients needed for plant growth.
These findings can be very well supported with
the findings of Ram et al. (2007), Dutta et al.
(2009) and Goswami et al. (2012).

The maxinium values of reproductive
growth parameters viz., number of flowers m-2,
number of fruits m-2 and per cent fruit set were
also recorded in 100 per cent RDT + FYM +
Azotobacter + PSB (T2) while, the minimum
values were noticed in control (Table 1). The
increase in these attributes could be the result of
the interaction effects between biofertilizers and
inorganic fertilizers (Sharma and Bhutani,
1998), which improved the nutrient status as
well as their uptake by the plants, leading to
higher leaf chlorophyll content caused by
Azospirillum inoculation. Tiwary et al. (1999)
supports the present findings citing that
interaction effects of biofertilizers and inorganic

ferilizers lead to increased photosynthetic rate
and carbohydrate accumulation.

Yield : The yield data (Table 2) shows
significant variations due to the applications of
different treatments of inorganic and
biofertilizers. The highest yield tree-1 (50.26 kg)
and hectare-1 (20.11 t) was recorded in the
treatment of 100 per cent RDF + FYM +
Azotobacter + PSB (T2) and it was at par with
the treatment of 100 per cent RDF +
Azotobacter + PSB (T4), while the lowest yield
tree-1 (14.72 kg) and per hectare (5.89 t) was
recorded in control treatment (T14). The
maximum yield in the combined application of
organic, inorganic and biofertilizers is a result of
the interaction effects between them which
helped in increasing the soil nutrient status and
their uptake by the plants due to improved soil
health conditions. This resulted in better
vegetative growth in terms of shoot length and
number of leaves which have produced the
higher quantum of carbohydrates needed for
the development of the fruits thereby,
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Table 2. Effect of different levels of inorganic fertilizers and biofertilizers on yield parameters of guava.

Treatments Fruits Average Yield Yield
m-2 weight of tree-1 hectare-1

fruit (g) (kg) (tonnes)

T1 : 100% RDF (800 g N, 400 g P2O5 and 400g K2O tree-1) 202.48 144.16 29.19 11.68
T2 : 100% RDF + FYM + Azotobacter + PSB 248.94 201.90 50.26 20.11
T3 : 100% RDF + FYM + Azotobacter 224.93 193.12 43.44 17.38
T4 : 100% RDF + Azotobacter + PSB 246.76 183.54 45.29 18.12
T5 : 100% RDF + FYM + PSB 242.13 165.49 40.07 16.03
T6 : 75% RDF + FYM + Azotobacter + PSB 234.44 184.32 43.21 17.29
T7 : 75% RDF + FYM + Azotobacter 246.26 179.24 44.14 17.66
T8 : 75% RDF + Azotobacter + PSB 244.01 157.45 38.42 15.37
T9 : 75% RDF + FYM + PSB 225.82 155.61 35.14 14.06
T10 : 50% RDF + FYM + Azotobacter + PSB 240.91 174.13 41.95 16.78
T11 : 50% RDF + FYM + Azotobacter 230.39 160.60 37.00 14.80
T12 : 50% RDF + Azotobacter + PSB 207.86 152.65 31.73 12.69
T13 : 50 % RDF + FYM + PSB 201.11 131.27 26.40 10.56
T14 : Control 170.78 89.12 14.72 5.89
SE(m)± 11.32 7.86 1.76 0.70
C.D. at 5% 34.58 24.02 5.38 2.15



increasing the number, size and weight of fruits
which ultimately leads towards getting higher
yield in these treatments. The lowest yield in
control treatment (T14) could be the result of
poor vegetative growth on account of scarce
nutrient availability in turn, reducing the
number, size and weight of the fruits. The
results on similar lines were also reported by
Ram and Pathak (2007) and Dutta et al.
(2009).

From the foregoing results and discussion, it
can be concluded that the combined application
of RDF, FYM and biofertilizers like Azotobacter
and PSB (T2) has produced significantly
superior effects on most of the growth
parameters and yield of guava. The
performance of T4 (100% RDF + Azotobacter
+ PSB) was found at par with the potential
treatment showing its importance in improving
the levels of these parameters of study.
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Any morphological character that is
associated with higher seed yield or which
makes a significant contribution to yielding
ability would be useful in the improvement of
grain yield. The basic studies on the basis of
morpho-physiological traits are needed to
overcome the yield barriers within the
genotypes. There are two physiological
approaches to achieve the target of yield
potential. One is physio-genetic, which consists
the genotypic differences in physiological traits
and another one is the physio-agronomic
relates with the management practices. It is
ultimately the morpho-physiological variations,
which is important for realizing higher
productivity as evident from very high and
positive association within traits (Mathur,
1995). Therefore the present study was
undertaken with the objectives to evaluate
soybean genotypes for physiological traits.

Materials and Methods

Thirty soybean genotypes were evaluated in
RBD with two replications during kharif 2011-
2012 at PGI, Botany Research Farm, M.P.K.V,
Rahuri with gross and net plot sizes of 3.00 x
2.40 m2 and 2.80 x 1.80 m2, respectively. The
spacing was 30 x 10 cm. Agronomic practices
were followed as per recommendation. Five
plants from each genotype were selected
randomly for recording the observations on
morpho-physiological traits. The
pholosynthetic rate (Pn: µmol m-2 s-1),
transpiration rate (E: µmol m-2 s-1) and
stomatal conductance (gs: µmol H2O m-2 s-1)
were measured by using Infra-red Gas Analyser
(IRGA; Model Portable Photosynthesis System
LI 6400, LI-COR® Inc, Lincoln, Nebraska,
USA). The E and gs were measured
continuously monitoring H2O of the air
entering and existing in the IRGA headspace
chamber. Measurements were made at mid day,
between 11:30 and 12:00 eastern day time
(1400-1800 mmol m-2 s-1 PPFD), on top fully
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expanded third leaf blades of plants. The flow
rate of air in the sample line was adjusted to
500 µmol s-1. The protein and fat content from
seed samples were estimated on NIR
spectrometer (ZEUTEC, Germany Make), a
dual-beam near infrared spectrometer. In the
NIR spectrometer, the sample is exposed near
infrared light of specific wavelengths, selected
from up to 19 high precision interference
filters. The light penetrated the sample,
interacted with sample molecules and is partly
absorbed and partly diffusely reflected. The
reflected light is measured by a lead sulfide
(PbS) detector mounted in a gold coated
integrating sphere located above the sample.
The mean data was analyzed following Panse
and Sukhatme (1985).

Results and Discussion

For a complete analysis of biological yield, it
is necessary to investigate crop growth through
computation of growth indices such as
vegetative growth and source, dry. matter
production and growth analysis (Awal and
Ikeda, 2003).

The differences among the genotypes
(Table 1) were statistically significant for days
required to first visible flower, 50 per cent
flowering and physiological maturity. The
genotypes, IC-2433 (33.05 days) and EC-
32626 (36.15 days) recorded significantly
lower and higher number of days for initiation
of flowering. The genotypes, EC-93360 (43.5)
and DS-228 (49.8) recorded significantly the
lowest and the highest days to 50 per cent
flowering. The mean number of days required
for physiological maturity ranged between
100.45 (KDS-699) and 102.80 (EC- 32626)
days. The genotype, EC-32626 (76.67 cm)
and KDS-699 (40.33 cm) recorcied the highest
and the lowest plant height. The genotype EC-
32626 (4.05) recorded significantly the highest
mean number of primary branches plant-1

which was at par with the genotype IC-93604.
While the genotype IC-2433 (1.49) recorded
significantly the lowest mean number of
branches plant-1.

The pattern of the dry matter production
and its distribution into component plant parts
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Table 1. Phenology and morphological parameters
influenced by soybean genotype.

Genotype Initia- Days Days Plant Primary
tion of to 50% to height bran-
flowe- flowe- matu- (cm) ches
ring ring rity plant-1

EC-241307 34.00 44.10 100.70 60.00 2.38
EC-2575 35.25 45.20 101.30 74.75 3.23
EC-93360 33.50 53.50 100.05 45.50 2.76
EC-39165 35.90 46.80 103.50 76.00 2.88
EC-481518 33.80 45.15 101.15 53.49 1.91
JS-335 (C) 34.00 44.60 100.65 61.10 3.02
EC- 14475 35.10 45.90 101.15 74.83 2.38
EC- 109540 35.05 46.10 102.20 69.50 2.24
KDS-422 35.65 45.60 101.40 74.50 3.50
KDS-716 35.20 46.40 101.80 71.00 2.20
KDS-708 33.60 44.25 100.95 48.58 1.61
KDS-344 34.80 45.75 101.80 66.67 2.14
DS-228 (C) 34.10 49.80 102.05 56.10 2.05
KDS-693 34.45 45.50 99.90 53 33 1.99
KDS-493 33.30 43.95 99.50 52.50 1.88
EC-14430 33.35 44.35 95.95 54.29 2.34
EC-32626 36.15 47.15 102.80 79.67 4.05
KDS-377 35.65 46.45 101.40 74.16 2.93
KDS-701 35.60 46.35 101.15 74.67 2.48
IC-2433 33.05 44.75 100.20 43.33 1.49
IC-93604 35.35 46.35 101.35 79.33 3.95
BRG-5 34.15 45.45 102.10 54.00 1.22
IC-2064 35.70 48.10 100.90 56.00 1.96
KDS-699 33.75 44.55 100.45 40.33 1.68
EC-33917 34.90 46.00 102.20 67.33 2.25
JS-9305 33.30 44.45 100.90 63.67 2.08
JS-79307 34.95 45.90 102.20 64.00 2.14
JS-79214 35.30 45.95 100.45 71.50 2.53
DS-026970 35.85 46.40 101.45 78.50 3.45
VP-1180 34.75 45.80 101.85 59.83 2.02
Mean 34.65 45.68 101.11 62.51 2.42
SE 0.26 0.28 0.70 2.08 0.09
CD at 5% 0.76 0.81 2.01 6.02 0.27



has been of phenomenal interest to the
research workers engaged in yield analysis. All
the physiological processes results into a net
balance and accumulation of dry matter and
hence, the biological productivity of plant is
judged from their actual ability to produce and
accumulate dry matter. Rate of growth and

growth duration are integrated into conceptual
variables largely correlated with yield or total
biomass accumulation (Yin et al., 2004;
Andrade et al., 2005 and Hammer et al.,
2005).

In the present investigation, the differences
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Table 2. Dry matter production and it's distribution in component parts of plant and biochemical parameters influenced by
soybean genotypes.

Genotypes Dry matter production (g plant-1) Protein Oil Carbo-
––––––––––––––––––––––––––––––––––––––––––––––– content content hydrate
Leaves Stem Pods Total (%) (%) content

(%)

EC-241307 3.99 4.04 16.54 22.58 35.78 19.60 44.27
EC-2575 4.94 5.09 17.34 27.37 35.46 19.69 45.69
EC-93360 2.56 2.73 16.16 20.14 36.06 20.01 39.33
EC-39165 4.86 4.95 17.35 27.17 35.56 19.87 44.95
EC-481518 2.79 2.99 15.33 19.72 35.92 19.56 42.47
JS-335 (C) 5.68 5.79 14.28 25.86 35.64 19.75 43.24
EC- 14475 4.40 4.43 16.98 23.61 35.69 19.88 44.58
EC-109540 4.16 4.18 16.67 25.01 35.76 19.80 44.38
KDS-422 5.62 5.66 17.57 26.07 35.26 19.63 46.67
KDS-716 2.75 2.89 16.63 21.87 36.45 20.57 44.33
KDS-708 2.62 2.70 14.92 18.97 35.83 19.48 41.42
KDS-344 3.58 3.66 15.83 23.07 35.82 19.87 43.50
DS-228 (C) 4.03 3.74 16.21 24.93 35.85 19.90 45.40
KDS-693 2.99 3.03 15.57 21.58 35.93 19.32 42.78
KDS-493 2.75 2.95 15.31 19.60 35.61 20.65 41.98
EC-14430 5.75 5.72 17.68 29.15 35.11 19.65 46.05
EC-32626 5.80 6.39 18.11 30.49 34.95 21.08 45.33
KDS-377 4.85 4.95 17.31 27.26 35.37 20.69 44.70
KDS-701 4.43 4.57 17.08 23.89 35.56 21.11 45.29
IC-2433 2.69 3.16 15.07 20.92 36.08 19.85 41.17
IC-93604 5.79 5.90 17.40 29.09 35.09 20.06 42.50
BRG-5 1.91 3.65 15.44 20.99 36.56 20.49 41.17
IC-2064 2.89 3.09 14.56 19.09 35.98 21.45 42.50
KDS-699 2.62 4.10 15.90 22.62 36.26 20.63 40.64
EC-33917 3.93 4.05 16.57 22.56 35.80 20.97 44.30
JS-9305 3.46 3.53 16.84 23.83 35.86 20.26 43.17
JS-79307 3.60 3.50 15.69 21.09 35.81 20.62 43.95
JS-79214 4.47 4.47 17.04 25.48 35.50 20.45 44.69
DS-026970 5.53 5.82 17.75 26.31 35.30 20.13 46.17
VP-1180 3.35 3.44 15.60 29. 30 35 .90 20.46 43.33
Mean 3.96 4.17 16.35 23.57 35.72 20.18 44.76
SE 0.08 0.14 0.18 1.20 0.09 0.14 0.09
CD at 5% 0.23 0.41 0.52 4.66 0.25 0.42 0.25



in leaf, stem, pod and total dry matter at
harvest due to different soybean genotypes
were found statistically significant (Table 1). The
leaf dry matter ranged between 1.91 and 5.80
with a mean of 3.96 g plant-1. The pod dry
matter ranged between 14.55 and 18.105 g
with a mean of 16.35 g plant-1. The total dry
matter at harvest varied from 18.96 to 30.49 g

with a mean of 23.57 g plant-1. The genotype,
EC-32626 recorded significantly the highest
dry matter accumulation in leaves (5.80 g),
stem (6.39 g), pods (18.11 g) along with total
production plant-1 (30.49 g). In addition to this,
EC-14430, IC-93604, DS-026970 and KDS-
422 maintained higher dry matter production
and it's distribution in component parts of plant.
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Table 3. Physiological parameters influenced by soybean genotypes.

Genotype Photosynthetic Transpiration Stomatal Water use Canopy Chlorophyll
rate rate conductance efficiency temp content
(µmol m-2 s-1) (µmol m-2 s-1) (µmol m-2 s-1) (°C) (SPAD index)

EC-241307 15.50 3.09 0.05 5.02 31.42 44.27
EC-2575 15.31 2.99 0.07 5.12 31.39 45.69
EC-93360 10.43 3.01 0.09 3.47 31.74 39.33
EC-39165 15.73 3.01 0.09 5.23 30.90 44.95
EC-481518 14.28 2.27 0.07 6.29 30.84 42.47
JS-335 (C) 16.80 3.14 0.08 5.35 31.17 43.24
EC- 14475 15.62 3.01 0.07 5.19 31.09 44.58
EC-109540 15.25 3.58 0.01 4.26 30.56 44.38
KDS-422 16.85 3.59 0.07 4.69 31.04 46.67
KDS-716 15.25 3.60 0.06 4.24 31.21 44.33
KDS-708 12.56 3.59 0.08 3.50 30.85 41.42
KDS-344 14.66 3.39 0.09 4.32 31.28 43.50
DS-228 (C) 10.71 3.39 0.09 3.16 31.18 45.40
KDS-693 12.93 3.29 0.09 3.93 30.90 42.78
KDS-493 11.68 3.26 0.09 3.58 30.87 41.98
EC-14430 16.66 2.49 0.08 6.69 30.66 46.05
EC-32626 17.83 3.60 0.07 4.95 31.09 45.33
KDS-377 16.93 3.58 0.09 4.73 30.81 44.70
KDS-701 12.80 2.10 0.07 6.10 30.65 45.29
IC-2433 12.32 2.88 0.06 4.28 31.28 41.17
IC-93604 17.69 3.21 0.05 5.51 31.20 42.50
BRG-5 10.41 3.29 0.06 3.16 31.15 41.17
IC-2064 10.69 3.00 0.06 3.56 31.24 42.50
KDS-699 10.41 3.19 0.09 3.26 31.61 40.64
EC-33917 14.45 3.21 0.08 4.50 31.42 44.30
JS-9305 13.95 2.79 0.08 5.00 31.50 43.17
JS-79307 14.28 3.59 0.07 3.98 31.56 43.95
JS-79214 15.30 3.55 0.08 4.31 32.46 44.69
DS-026970 14.45 3.55 0.08 4.07 30.45 46.17
VP-1180 13.81 3.54 0.07 3.90 30.96 43.33
Mean 14.16 3.06 0.07 4.63 31.15 43.91
SE 0.24 0.07 0.05 0.08 0.18 0.74
CD at 5% 0.93 0.20 N.S. 0.24 0.52 2.15



The oil, protein and carbohydrate content
were ranged between 19.31 and 21.45, 34.95
and 36.55 and 39.33 and 46.67 per cent,
respectively. The highest oil content was
recorded in the genotypes, IC-2064 (21.45%),
KDS-701 (21.11%) and EC-32626 (21.08%).
whereas lowest value for oil content was
recorded in genotype KDS-693 (19.31%). The

highest protein content was recorded by
genotype BRG-5 (36.55%) followed by KDS-
716 (36.45%).The lowest value for protein
content was recorded in genotype EC-32626
(34.95%). The highest value for carbohydrate
content was recorded by genotypes, KDS-422
(46.67%), DS-026970 (46.17%) and EC-
14430 (46.05%). While the lowest value for
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Table 4. Yield and yield contributing characters influenced by soybean genotypes.

Genotype Pods Seeds 100 seed Yield Yield Harvest
plant-1 pod-1 weight plant-1 ha-1 index

(g) (g) (g) (%)

EC-241307 77.00 2.35 12.26 7.47 24.9 45.50
EC-2575 92.50 2.50 11.85 7.26 24.20 48.00
EC-93360 48.00 2.65 12.02 4.52 15.08 41.00
EC-39165 90.50 2.50 12.73 7.68 25.59 47.50
EC-481518 55.00 2.35 12.22 4.49 14.98 40.50
JS-335 (C) 86.20 3.25 16.05 4.29 14.88 36.90
EC- 14475 80.50 2.10 14.08 7.62 25.40 48.00
EC-109540 78.00 2.45 12.27 7.05 23.51 45.50
KDS-422 99.00 2.70 11.02 8.45 28.17 49.50
KDS-716 74.50 2.35 12.85 6.90 23.01 46.00
KDS-708 71.50 2.05 13.90 4.37 14.58 39.00
KDS-344 70.00 2.25 12.84 6.73 22.42 44.50
DS-228 (C) 58.50 2.50 14.40 4.70 15.67 33.90
KDS-693 63.50 2.15 13.84 5.48 18.25 41.50
KDS-493 51.50 2.15 11.02 5.03 16.76 39.00
EC-14430 94.50 2.05 12.17 8.24 27.48 49.00
EC-32626 98.50 2.70 14.25 9.40 31.35 50.50
KDS-377 93.50 2.40 12.26 8.42 28.07 48.00
KDS-701 105.00 2.10 11.24 7.89 26/29 48.00
IC-2433 44.50 2.85 13.48 4.76 15.87 40.00
IC-93604 98.50 3.05 13.50 8.81 29.36 49.50
BRG-5 60.50 2.20 13.94 5.92 19.74 41.00
IC-2064 55.50 2.15 12.43 4.55 15.18 40.00
KDS-699 44.00 2.10 13.94 4.46 14.28 40.00
EC-33917 71.00 2.30 12.43 6.61 22.02 44.00
JS-9305 68.50 2.40 12.87 6.52 21.72 43.50
JS-79307 71.00 2.35 12.85 6.61 22.02 45.50
JS-79214 83.50 2.40 12.50 7.29 24.30 46.00
DS-026970 98.00 2.85 11.07 8.30 27.68 49.50
VP-1180 65.50 2.25 13.58 6.40 21.33 43.50
Mean 75.45 2.41 12.98 6.93 22.76 44.19
SE 9.14 0.09 0.15 0.05 0.06 0.71
CD at 5% 26.44 0.25 0.44 0.19 0.13 2.07



carbohydrate content was recorded in genotype
EC-93360 (39.33%). Sridhara et al. (1997)
observed that soybean genotypes differed
significantly in respect of protein content
composition.

Nautiyal et al. (2012) concluded that, the
knowledge on physiological understanding in
relation to rate of photosynthesis and
productivity and wide genetic variability among
various traits as reported in this study, could be
utilized in developing new potential germplasm
and designing ideotype for making the cultivars
more adaptive for different water availability
areas in semi-arid tropics.

In the present investigation, the genotypic
differences were statistically significant for
physiological parameters except for stomatal
conductance. The genotypes, EC-32626
(17.83 µmol m-2 s-1), IC-93604 (17.69 µmol
m-2 s-1), KDS-422 (16.85 µmol m-2 s-1), JS-
335 (16.80 µmol m-2 s-1) and EC-14430
(16.66 µmol m-2 s-1) for rate of photosynthesis;
KDS-716 (3.60 mol mol m-2 s-1), EC-32626
(3.60 mol m-2 s-1), KDS-422 (3.59 mol mol m-
2 s-1), KDS-708 (3.59 mol m-2 s-1) and JS-
79307 (3.59 mol m-2 s-1) for transpiration rate;
EC-93360, EC-39165, KDS-344, DS-228,
KDS-693 and KDS-699 (0.09 µmol m-2 s-1) for
stomatal conductance; EC-14430 (6.69), EC-
481518 (6.29), KDS-701 (6.10) and IC-93604
(5.51) for water use efficiency; JS-79214
(32.46°C), EC-93360 (31.7°C), KDS-699
(31.6°C) and EC-241307 (31.42°C) for
canopy temperature and KDS-422 (46.67),
DS-026970 (46.17), EC- 14430 (46.05) and
EC-2575 (45.69) for chlorophyll content
(SPAD index) were maintained higher values for
respective characters as compared to other.
Minobu Kasai (2008) conducted experiment on
effect of conductance, transpiration and water
use efficiency and reported that growing
soybean plants under continuous light affected
rate of photosynthesis and other characteristic

concerning biomass production.

From yield point of view, the generative
growth phase assume significance as the sink
lies in the reproductive parts. Hence, the
detailed observations were made on various
aspects of generative growth at the stage of
maturity. The genotypic differences were
statisticaly significant for yield and yield
contributing characters (Table 4). The number
of pods plant-1 ranged between 44.0 and
10.50 with a mean of 75.45. The genotypes,
KDS-701 (105.00), KDS-422 (99.00), EC-
32626 (98.5) and IC-93604 (98.5) recorded
significantly the highest number of pods plant-1

while, the genotype KDS-699 recorded
significantly the lowest number of pods plant-1

(44.0). Sharma et al. (1993) observed genetic
variability for pods plant-1 character in soybean.
The genotype JS-335 (C) (3.25) produced
significantly the highest number of seeds pod-1

and was at par with genotype IC-93604 (3.05).
The genotype EC-14430 and KDS-708 (2.05)
recordcd significantly the lowest mean number
of seeds pod-1. Mahajan et al. (1993) observed
that seed yield plant-1 in soybean was
statistically and positively correlated with
number of seeds plant-1. The genotype JS-335
(16.05 g) recorded the highest hundred seed
weight and the genotype KDS-493 (11.02 g)
recorded the lowest hundred seed weight.
Mehetre et al. (1997) studied 41 soybean
genotypes and revealed that, correlation of
yield plant-1 was highly significant and
positively correlated with 100 seed weight. The
yield plant-1 ranged between 4.29 g to 9.40 g
with a population mean value of 6.93 g. The
genotypes, EC-32626 (9.40 g), IC-93604
(8.81 g), KDS-422 (8.45 g) and KDS-377
(8.42 g) recorded highest yield plant-1 while the
genotype JS-335 (4.29 g) recorded lowest yield
plant-1 which was at par with genotype KDS-
708 (4.37 g). The grain yield ranged between
14.28 and 31.35 q ha-1 with a population
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mean of 22.76 q ha-1. The genotypes, EC-
32626 (31.35 q ha-1), IC-93604 (29.36 q ha-
1), KDS-422 (28.17 q ha-1) and KDS-377
(28.07 q ha-1) produced significantly the
highest grain yield. The genotype KDS-699
(14.28 q ha-1) produced significantly the lowest
grain yield. The genotypes, EC-32626
(50.50%), IC-93604 (49.50%), KDS-422,
(49.50%) and DS-026970 (49.50%) recorded
significantly the highest harvest index. The
genotype DS-228 (C) recorded significantly the
lowest harvest index (33.90%).

In the present investigation, the genotype
EC-93360 was superior for early flowering and
could be utilized in breeding programme for
developing early maturity genotypes. The
genotypes like EC-32626 and EC-93604 had
maximum number of primary branches plant-1,
plant height, dry matter production and its
distribution in component parts, rate of
photosynthesis and highest seed yield. Hence
these could be used for yield improvement in
soybean breeding. The genotype EC-32626,
IC-93604, KDS-422 and KDS-377 produced
significantly higher number of pods plant-1,
seeds pod-1, 100 seed weight, yield plant-1 and
harvest index which may be further useful for
crop improvement. The genotype BRG-5
recorded highest protein (36.56%) content
which may be further useful developing high
protein content soybean. Therefore, on the
basis of relative ranking, the genotype EC-
32626, IC-93604, KDS-422 and KDS-377
might be considered as morpho-physiologically
best genotypes for boosting up the future
breeding programme in soybeans.
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In India maize (Zea mays L.) has becoming
very popular cereal crop, because of the
increasing market price and high production
potential of hybrid varieties in both irrigated as
well as rainfed conditions. Moreover in irrigated
areas farmers produce the income equal to the
cash crops such as sugarcane, onion, cotton,
etc. in comparatively short time period of 120-
130 days by cultivating hybrid maize varieties.
Hence, the trend of diversification of
predominent of some cash crops with maize in
intensive cultivation is observed in present
condition.

Maize crop has better yield response to
chemical or inorganic fertilizers. Hence heavy
doses of these fertilizers are applied to maize.
Though these practices helps in temporary
increase of crop production, deterioration of
natural resources (viz., land, water and air) is

also the another side of such high input
intensive cultivation. Over reliance on use of
chemical fertilizers has been associated with
declines in soil physical and chemical properties
and crop yield (Hepperly et al., 2009) and
significant land problems, such as soil
degradation and soil pollution caused by high
application rates of fertilizers and pesticide
application (Singh, 2000).

The organic sources not only supplies N, P
and K, but also make unavailable sources of
elemental nitrogen, bound phosphates,
micronutrients, and decomposed plant residues
into an available form to facilitate plant to
absorb the nutrients. But, it is also the fact that
optimum yield level of maize production can't
be achieved by using only organic manures
because of their low nutrient content. Efficacy
of organic sources to meet the nutrient
requirement of crop is not as assured as mineral
fertilizers, but the joint use of chemical fertilizers
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Abstract
Integration of 25 per cent recommended dose of fertilizers (RDF) with biofertilizers (Azotobacter

chroococcum + phosphate solubilizing bacteria), green manuring with sunhemp and incorporation of
compost @10 t ha-1 improved soil physico- chemical properties (viz., decrease in alkaline pH by 0.4, bulk
density by 0.04 g cc-1 and increase in infiltration rate by 0.65 cm hr-1). This was also responsible for
improving the nutrient status of soil in respect of organic carbon, available N and available P which were
increased by 0.14 per cent, 4.4 kg ha-1 and 11.7 kg ha-1, respectively over the initial nutrient status of soil.
Maize grain yield increased by 252.38 per cent over control and 147.62 per cent over application of 100
per cent RDF with combined use of organic and inorganic fertilizers which was 7.41 ha-1 with highest gross
return (Rs. 95850 ha-1) and nett return (Rs. 54112 ha-1). Maximum B:C ratio (1.30) was also observed in
jointly use of 25 per cent RDF, compost, biofertilizers and green manuring and it was followed by application
of 100 per cent RDF (1.26) which was responsible for deterioration of nutrient status of soil.

Key words : Maize, integrated nutrient management, inorganic fertilizers, organic manures,
growth, yield and soil properties.
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along with various organic sources is capable to
improving soil quality and higher crop
productivity on long-term basis. Highest
productivity of crops in sustainable manner
without deteriorating the soil and other natural
resources could be achieved only by applying
appropriate combination of different organic
manures and inorganic fertilizers
(Chandrashekara et al., 2000). It is important
to identify the best type of available organic
resources which can be used as fertilizers and
their best combination with appropriate
proportion of inorganic fertilizers. Keeping this
point in view, present investigation was
conducted to find out best combination of
organic and inorganic fertilizers for maximum
production of maize with higher income level in
sustainable manner without affecting the soil
qualities.

Materials and Methods

A field experiment in randomized block
design which consists of 11 treatments with
three replications was conducted at the Breeder
Seed Production Farm of Mahatma Phule
Krishi Vidyapeeth, Rahuri during two
consecutive kharif seasons of year 2011 and
2012. The experimental site was located at 19°
47' N latitudes and 74° 81' E longitudes with
average annual rainfall of 520 mm. The soil of
experimental field was deep with silty clay loam
in texture, slightly alkaline pH (8.2), medium in
organic carbon (0.55%), available P (19.5 kg
ha-1), K (261.5 kg ha-1) and low in available N
(235.0 kg ha-1). Maize hybrid 'Rajershi' was
sown at first fortnight of July for both years on
flat bed at the spacing of 60 x 20 cm with seed
rate of 15 kg ha-1. Different treatments of
application of inorganic sources of nutrients
(viz., recommended dose of fertilizers and 25
per cent RDF) and organic sources of nutrients
(viz., application of compost, biofertilizer,
sunhemp green manuring) and their

combinations with each other were arranged
(Table-1). RDF used in treatment was
120:60:60 kg NPK ha-1 out of which whole P
and K were applied at the time of sowing and
N was applied in three split doses as 20 per
cent at the time of sowing, 40 per cent at 30
DAS and remaining 40 per cent at the time of
tasseling i.e. at 60 DAS). Well decomposed
compost cattle dung and farm residues was
applied 10 tonnes ha-1 before sowing the crop.
In the treatments where 25 per cent RDF was
used, 30:15:15 kg NPK ha-1 was applied as-
50 per cent and whole P and K at the time of
sowing and remaining 50 per cent N was
applied one month after sowing. Biofertilizer
inoculants of Azotobacter chroococcum and
phosphate solubilizing bacteria (Bacillus
megateriuni) were used @ 25 g kg-1 of maize
seed as seed treatment before sowing. For the
application of green manuring, sunhemp
(Crotalaria juncea) seed was sown with seed
rate of 30 kg ha-1 with the row spacing of 60
cm by bullock drawn seed drill before sowing of
maize, but at the same day maize seed was
sown in these plots in between the rows of
sunhemp. Sunhemp crop was then
incorporated into soil by bullock drawn plough
without damaging the maize crop at 40 days
after sowing. Plant protection measures and
irrigations whenever required were provided in
same manner for all the treatments. Regular
biometric observations were recorded at
specific time intervals by selecting randomly five
plants in each treatment. Crop was harvested at
130 days after sowing for both the years and
yield observations were recorded from nett
plots. Randomly five soil samples from each
plot were taken and examined for physico-
chemical properties and nutrient status of soil
after harvest of maize crop. The trend of
observations was same for both the years,
hence data was subjected to pooled analysis for
interpreting the results.
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Results and Discussion

Effect on physico-chemical properties
of soil : Various treatments found to be
effective for changing the different physico-
chemical properties of soil (Table-1).
Significantly lowest pH (7.8) was observed in
treatments which included either combined
application of biofertilizers, green manuring
and compost or their integration with inorganic
nutrient sources. Also the decrease in pH over
initial value was more in these treatments.
When manures and chemical fertilizers are
applied to soil, nitrification and decomposition
processes produce various acids. Nitrification
process releases H+ into soil solution. The
organic matter added with green manuring and
compost application acts as a pH buffer,
releasing H+ which are responsible for reducing
alkalinity of the soil (Antil and Singh, 2007).
Application of Azotobacter and phosphate

solubilizing bacteria as biofertilizers are also
responsible for decreasing soil pH with
producing organic acids which has been earlier
reported by Mohammadi and Sohrabi (2012).

The lower values of bulk density and higher
values of infiltration rate were observed in the
treatments where green manuring and compost
are applied as organic fertilizers. Application of
biofertilizers (Azotobacter+ PSB) + Sunhemp
for green manuring compost and their
combination with 25 per cent RDF resulted in
lowest bulk density (1.34 g cc-1) and highest
infiltration rate (3.74 cm hr-1) after harvesting
the maize crop. These treatment also recorded
maximum values of decrease in bulk density (by
0.04 g cc-1) and increase in infiltration rate (by
0.65 cm hr-1), respectively over the initial
values of these parameters. The main reason of
decreasing bulk density was aggregation of soil
particle due to increasing organic matter as well
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Table 1. Effect of different treatments on physico-chemical properties of soil after harvest of maize and comparison between
initial and after harvest status of these properties (pooled data of two years).

Treatment pH Bulk Infiltration Increase or decrease of soil property
(pHa) density rate status as the effect of treatment

(g cc-1) (cm hr-1) (after harvest)
(BDa) (IRa) –––––––––––––––––––––––––––––––––––––

pH Bulk Infiltration
(pHa- density rate
pHb) (g cc-1) (cm hr-1)

(Bda-BDb) (IRa-IRb)

T1 - 100% RDF 8.1 1.37 3.17 -0.1 -0.01 0.08
T2 - 25% RDF 8.2 1.37 3.17 0.0 -0.01 0.08
T3 - Compost 10 tonnes ha-1 7.9 1.35 3.58 -0.3 -0.03 0.49
T4 - Green manuring with sunhemp 8.0 1.36 3.54 -0.2 -0.02 0.45
T5 - Biofertilizers (Azotobacter + PSB) 7.9 1.37 3.27 -0.3 -0.01 0.18

25 g kg-1

T6 - T2 + T5 + T4 + T3 7.8 1.34 3.74 -0.4 -0.04 0.65
T7 - 25% RDF + compost 7.9 1.35 3.58 -0.3 -0.03 0.49
T8 - T2 + T4 7.9 1.36 3.55 -0.3 -0.02 0.46
T9 - T2 + T5 7.9 1.37 3.29 -0.3 -0.01 0.20
T10 - T5 + T4 + T3 7.8 1.34 3.74 -0.3 -0.04 0.65
T11 - Control 8.2 1.37 3.10 0.0 -0.01 0.01
SEm± 0.05 0.01 0.14 - - -
CD (P=0.05) 0.15 0.03 0.42 - - -

pHb*=Initial soil pH=8.2, BDb*=Initial bulk density of soil = 1.38 g cc-1, IRb*=Initial ihfiltration rate of soil=3.09 cm hr-1.



as stability of aggregates which leads to
increase the total pore space in soil. Islam et al.
(2012) has also reported that addition of
organic matter through organic fertilizers
decreases the bulk density of soil. Higher bulk
density (1.37 g cc-1) was observed in T1, T2, T5
and T9 and control treatment.

The infiltration rate of soil depends upon the
arrangement of soil particles, porosity and
stability of soil aggregates. Also there is inverse
relation in bulk density and infiltration rate of
soil. The soils of the treatments in which
biofertilizer, green manuring with sunhemp and
compost were applied in combination recorded
higher infiltration rate which might be due to
the better soil particle aggregation, microbial

respiration, increased pore space and
decreased soil bulk density. Similar results
regarding the decrease of bulk density and
increase in infiltration rate as the effect of
addition of organic and inorganic fertilizers in
soil were reported by Martens and
Frankenberger (1992) and Rasoulzadeh and
Yaghoubi (2010) in fallow.

Effect on nutrient uptake by maize :
The statistical data in Table- 2 reveals that there
was significant effect of various sources of
nutrients over control on the nutrient uptake of
maize. Highest uptake of N, P and K was
observed in application of 25 per cent RDF+
biofertilizers (Azotobacter + PSB) + green
manuring with sunhemp+ compost. In case of
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Table 2. Effect of different treatments on nutrient uptake by maize, soil nutrient status and gain or loss of these soil nutrients
(pooled data of two year).

Treat- Nutrient uptake Nutient status in soil Gain (+) or loss (-) of nutrients in soil
ment (kg ha-1) after harvest as the effect of treatment (after harvest)

–––––––––––––––––– –––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––
N P K Organic Avail. N Avail. P Avail. K Organic Avail. N Avail. P Avail. K

carbon % (kg ha-1) (kg ha-1) (kg ha-1) carbon % (kg ha-1) (kg ha-1) (kg ha-1)
(OCa) (Na) (Pa) (Ka) (OCa- (Na-Nb*) (Pa-Pb*) (Ka-Kb*)

OCb)

T1 164.2 19.3 132.9 0.38 111.3 22.7 144.5 -0.17 -123.7 +3.2 -117.0
T2 146.9 9.8 88.3 0.34 118.7 10.6 165.4 -0.21 -116.3 -8.9 -96.1
T3 158.0 15.5 115.7 0.61 139.8 23.3 197.1 +0.06 -95.2 +3.8 -64.4
T4 147.6 8.6 87.8 0.59 131.6 10.6 142.4 +0.04 -103.4 -8.9 -119.1
T5 145.4 9.5 124.6 0.37 121.4 13.5 158.5 -0.18 -113.6 -6.0 -103.0
T6 192.8 24.4 181.4 0.69 239.4 31.2 234.6 +0.14 +4.4 +11.7 -26.9
T7 171.7 13.9 120.4 0.61 155.8 20.6 206.8 +0.06 -79.2 +1.1 -54.7
T8 164.1 11.1 96.4 0.59 152.1 11.0 140.9 +0.04 -82.9 -8.5 -120.6
T9 151.3 16.6 124.6 0.38 147.2 14.9 156.9 -0.17 -87.8 -4.6 -104.6
T10 172.0 21.6 162.1 0.69 219.6 26.9 188.3 +0.14 -15.4 +7.4 -73.2
T11 113.4 6.2 81.2 0.34 101.9 9.1 114.0 -0.21 -133.1 -10.4 -147.5
SEm± 2.9 0.6 2.1 0.07 2.43 0.4 2.73 - - - -
CD 8.8 1.8 6.3 0.22 7.3 1.1 8.2
(P=0.05)

(OCb* = Initial organic carbon in soil= 0.55%, Nb* = Initial available N in soil= 235.0 kg ha-1, Pb* = Initial available P in soil=
19.5 kg ha-1, Kb* = Initial available K in soil= 261.5 kg ha-1). T1 - 100% RDF, T2 - 25% RDF, T3 - compost, T4 - green
manuring with sunhemp, T5 - biofertilizers (Azotobacter + PSB), T6 - 25% RDF + biofertilizers (Azotobacter + PSB) + green
manuring with sunhemp + compost, T7 - 25% RDF + compost, T8 - 25% RDF + green manuring with sunhemp, T9 - 25%
RDF + biofertilizers (Azotobacter + PSB), T10 - biofertilizers (Azotobacter + PSB) + green manuring with sunhemp +
compost, T11 - control.



N uptake treatments, application of
biofertilizers (Azotobacter + PSB)+ green
manuring with sunhemp+ compost, 25 per
cent RDF + compost, 100 and 25 per cent
RDF+ green manuring with sunhemp were
found to be on par with each other. The uptake
of N, P and K was found higher to the tune of
70, 293.6 and 123.4 per cent in application of
25 per cent RDF+ biofertilizers (Azotobacter +
PSB) + green manuring with sunhemp+
compost over control. This might be due to the
combined effect of rapid release of nutrients by
decomposition of green manuring crop and
compost and also due to the increased
availability of N and P which added in the soil
through organic and inorganic sources by
Azotobacter and phosphate solubilizing
bacteria. Satish et al. (2011) has also reported
that the combination of organic and inorganic
fertilizer showed higher uptake values of all the
three nutrients, which is in close conformity
with the results obtained in present

investigation.

Effect on soil nutrient status after
harvest : Significantly higher values of organic
carbon percentage, available N, P and K
content in soil were recorded in application of
25 per cent RDF+ biofertilizers (Azotobacter+
PSB)+ green manuring with sunhemp+
compost (Table-2). Green manures and
compost are the rich sources of organic carbon,
nitrogen, phosphorus, potassium and some
other micronutrients also. Azotobacter
chroococcum fixes the environmental nitrogen
asymbiotically and phosphate solubilizing
bacteria (Bacillus megaterium) are responsible
for solubilization of phosphorus fixed in soil and
made it available for absorbtion by plant roots
in elemental form. Thus all the sources of
organic fertilizers were found to be effective for
addition of the various nutrients into soil in
available form. The per cent availability of
organic carbon, N, P and K under 25 per cent
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Table 3. Effect of different treatments on growth and yield attributing characters of maize (at harvest) (pooled data of two
year).

Treatment Plant Total dry Number Number 100 grain
height matter of cobs of grains weight
(cm) (g plant-1) plant-1 cobs-1 (g)

T1 162.5 224.2 1.4 220.2 20.4
T2 136.7 170.4 0.9 185.1 20.8
T3 152.2 177.9 1.1 189.9 23.9
T4 149.3 178.6 1.1 164.8 20.5
T5 147.1 170.1 0.9 162.3 20.6
T6 172.6 256.6 1.6 223.5 24.9
T7 155.9 187.2 1.3 217.5 23.5
T8 151.8 182.1 1.2 182.7 23.5
T9 149.5 180.0 1.1 160.8 20.7
T10 164.6 232.9 1.5 221.3 23.9
T11 123.8 153.3 0.8 155.8 19.9
SEm± 1.9 3.2 0.06 3.66 0.15
CD (P=0.05) 5.8 9.5 0.18 10.9 0.44

T1 - 100% RDF, T2 - 25% RDF, T3 - compost, T4 - green manuring with sunhemp, T5 - biofertilizers (Azotobacter + PSB),
T6 - 25% RDF + biofertilizers (Azotobacter + PSB) + green manuring with sunhemp + compost, T7 - 25% RDF + compost,
T8 - 25% RDF + green manuring with sunhemp, T9 - 25% RDF + biofertilizers (Azotobacter + PSB), T10 - biofertilizers
(Azotobacter + PSB) + green manuring with sunhemp + compost, T11 - control.



RDF+ biofertilizers (Azotobacter + PSB) +
green manuring with sunhemp+ compost was
higher to the tune of 102.9, 134.9, 242.9 and
113.7 percent over control, respectively.
However, in respect of organic carbon per cent
in soil, treatment 25 per cent RDF +
biofertilizers (Azotobacter + PSB) + green
manuring with sunhemp + compost, treatment
biofertilizers (Azotobacter+ PSB) + green
manuring with sunhemp + compost, treatment
25 per cent + compost, whereas T3 i.e.
compost application and treatment T4
application of green manuring were found to be
on par with each other. The lowest availability
of these nutrients was observed in control. The
similar effects of different organic and inorganic
sources of nutrients on the nutrient status of soil
after harvest of the crop were revealed by
Tetarwal et al. (2011) in rainfed maize. The
numerical data in Table-2 revealed that,
application of 25 per cent RDF + biofertilizers
(Azotobacter + PSB) + green manuring with

sunhemp + compost made maximum addition
amongst all the other treatments of organic
carbon, available N and P by 0.14 per cent, 4.4
kg ha-1 and 11.7 kg ha-1, respectively over the
initial status of soil available nutrients. Highest
decreased values in organic carbon and soil
available N, P and K over initial soil status were
recorded in control which were 0.21 per cent,
133.1, 10.4 and 147.5 kg ha-1, respectively.

Effect on growth and yield attributing
characters : All the growth and yield
attributing characters were influenced by
different treatments (Table-3). Significantly
taller plants and highest total plant dry matter
were recorded in application of 25 per cent
RDF+ biofertilizers (Azotobacter + PSB)+
green manuring with sunhemp+ compost.
However, the treatments T1 application of 100
per cent RDF and T10 biofertilizers
(Azotobacter+ PSB)+ green manuring with
sunhemp+ compost were found to be on par
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Table 4. Effect of different treatments on yield and economics of maize (pooled data of two year).

Treatment Grain Stover Gross Net Cost of B:C
yield yield return return cultivation ratio
(t hr-1) (t hr-1) (Rs. ha-1) (Rs. ha-1) (Rs. ha-1)

T1 5.2 10.4 68900 38425 30475 1.26
T2 3.0 8.0 41750 17486 24264 0.72
T3 4.2 8.9 56150 21958 34 192 0.64
T4 3.0 8.4 42150 14540 27610 0.53
T5 2.5 7.9 36025 13695 22330 0.61
T6 7.4 12.6 95850 54112 41738 1.30
T7 5.8 9.8 75050 38845 36205 1.07
T8 4.3 8.2 56575 26980 29595 0.91
T9 3.1 8.4 43275 18905 24370 0.78
T10 6.7 10.7 86075 46365 39710 1.17
T11 2.1 7.1 30725 8495 22230 0.38
SEm± 0.07 0.09 710 680 - -
CD (P=0.05) 0.22 0.27 2120 2040 - -

Sale price of maize grain = Rs. 11250 t-1, sale price of stover = Rs. 1000 t-1. T1 - 100% RDF, T2 - 25% RDF, T3 - compost,
T4 - green manuring with sunhemp, T5 - biofertilizers (Azotobacter + PSB), T6 - 25% RDF + biofertilizers (Azotobacter +
PSB) + green manuring with sunhemp + compost, T7 - 25% RDF + compost, T8 - 25% RDF + green manuring with
sunhemp, T9 - 25% RDF + biofertilizers (Azotobacter + PSB), T10 - biofertilizers (Azotobacter + PSB) + green manuring
with sunhemp + compost, T11 - control.



with each other in respect of these growth
attributing characters. Treatment T6 - 25 per
cent RDF + biofertilizers (Azotobacter + PSB)
+ green manuring with sunhemp + compost
also produced highest number of cobs plant-1,
number of grains cob-1 and weight of 100
grains over rest of the treatments, however it
was on par with treatment T10 application of
biofertilizers (Azotobacter + PSB) + green
manuring with sunhemp + compost in respect
of number of cobs plant-1 which was on par
with treatment T1 i.e. application of 100 per
cent RDF. Treatments 25 per cent RDF +
biofertilizers (Azotobacter + PSB) + green
manuring with sunhemp + compost,
application of biofertilizers (Azotobacter +
PSB) + green manuring with sunhemp+
compost, 25 per cent RDF and 100 per cent
RDF were on par with each other in respect of
number of grains cob-1. This might be due to
the improvement in soil physico-chemical
properties (viz., pH, bulk density and infiltration
rate) and optimum availability of major nutrients
and organic carbon which acted as the growth
and yield enhancing factors for maize crop.
Sujatha et al. (2008) has also reported similar
results of positive effects of combination of
sunhemp green manuring, use of biofertilizers
and compost with inorganic fertilizers on
growth and yield attributing characters of
rainfed maize.

Effect on yield : All the treatments
significantly affected the grain and stover yield
of maize (Table-4). Treatment T6 i.e.
application of 25 per cent RDF + biofertilizers
(Azotobacter + PSB) + green manuring with
sunhemp + compost produced highest grain
(7.41 ha-1) and stover (12.6 t ha-1) yield which
was 252.4 and 77.46 per cent more over
control treatment. While treatment T10 -
application of biofertilizers (Azotobacter +
PSB) + green manuring with sunhemp +
compost was found to be the next superior

treatment which produced 6.7 t ha-1 and 10.7
t ha-1 grain and stover yield, respectively.
Treatment T1 control produced lowest grain
(2.1 t ha-1) and stover (7.1 t ha-1) yield. The
yield advantage observed in combination of
inorganic fertilizers with application of
biofertilizers, green manuring and compost
might be due to the increased growth and yield
attributing characters in maize. Shanwad et al.
(2010) also has been reported the
enhancement in maize productivity with
combined application of nutrients through
organic and inorganic resources.

Effect on economics : Highest gross
return (Rs. 95850 ha-1), net return (Rs. 541 12
ha-1) and B:C ratio (1.30) were found in
application of 25 per cent RDF+ biofertilizers
(Azotobacter + PSB) + green manuring with
sunhemp + compost, which were 211.96,
536.98 and 242.10 per cent more than that of
control treatment, respectively. Treatment
application of biofertilizers (Azotobacter +
PSB) + green manuring with sunhemp +
compost was at second place in respect of
gross and net return with producing Rs. 86075
ha-1 and Rs. 46365 ha-1, respectively. With
considering B:C ratio, application of 100 per
cent RDF is the second best treatment (1.26).
Lowest gross return (Rs. 30725 ha-1), net
return (Rs. 8495 ha-1) and B:C ratio (0.38)
were recorded in control. These results are in
close conformity with the findings reported by
Sujatha et al. (2008).

From the two years experimentation it can
be concluded that, application of 25 per cent
RDF+ biofertilizers (Azotobacter + PSB) +
green manuring with sunhemp+ compost is the
best combination of organic and inorganic
fertilizers for increasing hybrid maize
productivity with maximum B:C ratio. This
treatment is also helpful for improving soil
physico-chemical properties without
deteriorating the nutrient status of soil.
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Among the several existing
entomopathogens, Nomuraea rileyi (Farlow)
Samson is a cosmopolitan species which occurs
regularly in different crop ecosystems on
number of noctuid pests. It has a potential for
developing into myco-insecticide
(Shanthakumar et al., 2010). The
mycopathogen grow and sporulate profusely at
temperature range of 20 to 30°C and rate of
infection is positively correlated with rainfall or
high relative humidity (RH) suggesting that
fungal survival and spread under warm and high
humid situations. These conditions make the
fungus best fit for use against tropical and sub-
tropical pests like Spodoptera litura
(Fabricius). Apart from certain basic laboratory
studies, efforts made towards establishing its
real field potential are very few in India. In the
present study, considering the serious losses
caused by S. litura to potato crop in the recent
past in Maharashtra, efforts were made to

isolate N. rileyi from different geographical
areas and to test the pathogenicity of the most
virulent local N. rileyi isolate in laboratory and
under field conditions against S. litura.

Materials and Methods

The isolation of the N. rileyi fungus
collected from diseased larval specimens of S.
litura from Western Maharashtra was made.
The pathogenicity test of eight isolates was
conducted according to Koch's Postulates in the
laboratory. The most virulent strain (NrAc) was
mass multiplied by procedure described by
Ramegowda (2005) with some modifications.
Experiments were conducted on Kufri Jyoti
potato variety during two kharif periods i.e. 5th

July, 2010 and 29th June, 2011 to test the
efficacy of N. rileyi on S. litura in potato field
at village Ambegaon in Pune. The crop was
raised following the necessary recommended
agronomic practices.

Seven treatments including an untreated
check were replicated three times in a
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Abstract
Isolation of fungus from freshly collected diseased larvae/cadavers of S. litura from field crops in Western

Maharashtra yielded eight N. rileyi isolates. Amongst those isolates, NrAc was found to be the most virulent
to 3rd instar larvae of S. litura and caused highest mortality (86.67%) after 10 days post spore treatment at
1 x 109 conidia ml-1 in laboratory. The field experiments revealed effectiveness of N. rileyi broadcasting and
spray treatments against S. litura under field conditions. In potato ecosystem, the application of N. rileyi
@ 2.5 kg ha-1 through broadcasting and spray methods performed consistently at par with SlNPV and
chlorpyriphos in suppressing S. litura population followed by lowest tuber damage with increase in tuber
yields and nett returns.
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randomized block design. The application of
treatments was made at 15 days interval in
August. Efficacy of the treatments was assessed
on surviving diseased larvae per meter row a
day before and 7 and 14 days after application
and tuber yield from net plot at harvest.
Damaged tubers by S. litura were observed
along with healthy tubers and per cent damage
was computed at harvest. Data were subjected
to statistical analysis.

Results and Discussion

Pathogenicity of NrAc isolate in
laboratory : Third instar larvae of S. litura
were exposed to different concentrations
ranging from 1 x 104 to 1 x 109 conidia ml-1

of NrAc isolate of N. rileyi in laboratory and
data presented in Table 1. The data indicated
that the N. rileyi isolate at different
concentrations was most pathogenic to third
instar S. litura larvae at 6, 8 and 10 days after
spore treatment (DAST) under ambient room
conditions with humidity ranging between 75 to

95 per cent. The treatment with higher
concentration of 1 x 109 conidia ml-1 recorded
86.67 per cent S. litura larval mortality at 10
DAST. It was on par with other treatments of 1
x 108 and 1 x 107 conidia ml-1. As time
progressed after spore treatment, the mortality
of larvae was also increased.

Field efficacy of NrAc isolate : The data
on larval counts of S. litura made in each
treatment plots before and after the first and
second applications are furnished in Table 2.
Pre-treatment larval population of S. litura was
non-significant between treatments to indicate
uniformity in the pest intensity throughout the
experimental blocks. The S. litura incidence
remained at low level during 2010 and 2011
and the mean larval population ranged from
2.85 to 3.05 per meter row. This may be due
to constant precipitation received during
experimental period from June to October in
kharif 2010 and 2011 (Fig. 1 and 2).

The cumulative performance of N. rileyi
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Fig. 1. Meterorological parameters during experimental period from June to October 2010.



isolate (NrAc) for both the years in terms of
survival of S. litura larvae m-1 row, tuber
damage and yield of potato crop indicated
significant reduction in S. litura population by
application through spray or broadcasting
methods (Table 2). The N. rileyi fungal isolate
effect was moderate at 7 days after first
application, but increased gradually at 14 days
and became distinctly evident after second
application. Both the doses (@ 2.0 and 2.5 kg
ha-1 of N. rileyi proved their superiority to
untreated control and comparable with
standard checks of SlNPV and chlorpyriphos at
55 days after planting i.e. after 2nd application.
This probably may be due to cumulative
availability of conidial load on the plant surface
to facilitate fast exposure of larvae to N. rileyi
fungus. Ignoffo et al. (1975) reported that the
incidence of infected larvae from treated plot
was advanced at least 14 days compared to
untreated plots. Kulkarni (1999) and Chaudhari
(2010) also reported that N. rileyi applied
@1.2 x 1012 conidia ml-1 was as infective as
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Fig. 2. Meterorological parameters during experimental period from June to October 2011.

Table 1. Pathogenicity of N. rileyi isolate (NrAc) to 3rd
instar larvae of S. litura in laboratory.

Dose Per cent morality of S. lotura larvae
conidia ml-1 at DAST*

––––––––––––––––––––––––––––––––––––
6 8 10

1 x 109 30.00 66.67 86.67
(32.99) (54.76) (68.83)

1 x 108 26.67 56.67 83.33
(30.98) (48.83) (66.12)

1 x 107 16.67 33.33 73.33
(23.84) (35.20) (58.98)

1 x 106 6.67 23.33 53.33
(12.28) (28.77) (46.90)

1 x 105 3.33 20.00 43.33
(6.14) (26.55) (41.14)

1 x 104 3.33 13.33 23.33
(6.14) (21.14) (28.77)

Untreated 0.00 0.00 0.00
(0.00) (0.00) (0.00)

S.E± (4.45) (1.85) (2.13)

CD at 5% (13.64) (5.67) (6.53)

* DAST: Days after spore treatment, ** Figures in
parentheses are arc sin values.



SlNPV in lowering the population and
restricting the leaf damage by S. litura in
potato, while at the same dose it proved
superior to pathogen infection 50 per cent
reduction of the pest in soybean after 14 days
of spray. It was reported that the treatment
effect was not noticed at 3 days after spray, but
increased gradually at 7 days after spray with
maximum at 14 days after spray.

Among different N. rileyi treatments, spray

application with 2.5 kg ha-1 recorded
significantly higher per cent mycosis (65.34%)
in S. litura larvae followed by spray application
@ 2.0 kg ha-1 (48.43%), whereas the fungus
incidence was to the extent of 22.68 per cent
in larval population of S. litura in untreated
check (Table 2). The per cent mycosed larvae of
S. litura were higher after second application
at 70 days after planting in N. rileyi spray and
broadcasting treatments as compared to others
in potato ecosystems. The possible reason is
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Table 2. Effect of N. rileyi isolate (NrAc) on the population of S. litura in potato during 2010 and 2011.

Treatment Av. No. of S. litura larvae per meter row* Mycosed
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––– larvae
Pre-count First application (40 Seconf application (55 (%)

days after planting) days after planting) **
–––––––––––––––––––––– ––––––––––––––––––––––––
7 DAA 14 DAA 7 DAA 14 DAA

Broadcasting of N. rileyi @ 2.0 kg ha-1 2.96 (1.86) 2.82 (1.82) 2.45 (1.72) 1.86 (1.53) 0.65 (1.07) 39.26 (38.78)
Broadcasting of N. rileyi @ 2.5 kg ha-1 3.03 (1.88) 2.88 (1.84) 2.30 (1.67) 1.47 (1.40) 0.55 (1.03) 47.23 (49.41)
Spray of N. rileyi @ 2.0 kg ha-1 3.05 (1.88) 2.56 (1.75) 2.20 (1.64) 1.22 (1.31) 0.61 (1.05) 48.43 (44.09)
Spray of N. rileyi @ 2.50 kg ha-1 2.85 (1.83) 2.31 (1.67) 1.65 (1.47) 0.96 (1.21) 0.50 (0.99) 65.34 (53.94)
SlNPV @ 0.5 t ha-1 2.94 (1.89) 1.65 (1.46) 1.38 (1.37) 1.03 (1.23) 0.59 (1.04) 12.25 (20.37)
Chlorpyriphos 20 EC @ 1 l ha-1 2.97 (1.86) 1.58 (1.44) 1.56 (1.43) 1.02 (1.23) 0.51 (1.00) 12.32 (20.49)
Untreated check 2.99 (1.87) 3.43 (1.98) 3.30 (1.94) 2.84 (1.82) 3.15 (1.38) 22.68 (28.44)
S.E. ± (0.01) (0.02) (0.01) (0.02) (0.05) (0.55)
CD at 5% (0.03) (0.07) (0.03) (0.06) (0.17) (1.69)

Observations are pooled mean of two seasons, * Figures in brackets are √ n + 0.5, ** Figures in parentheses are arc sin values,
DAA : Days after application

Table 3. Effect of N. rileyi isolate (NrAc) on the tuber damage by S. litura and yield of potato during 2010 and 2011.

Treatment Tuber Tuber Addl. Addl. Addl. ICBR
damage yield yield over return expenditure
(%) (q ha-1) control (Rs. ha-1) (Rs. ha-1)

(t ha-1)

Broadcasting of N. rileyi @ 2.0 kg ha-1 22.96 (28.57) 18.32 3.34 26720 1008 25.51
Broadcasting of N. rileyi @ 2.50 kg ha-1 19.42 (26.13) 19.57 4.58 36640 1134 33.31
Spray of N. rileyi @ 2.0 kg ha-1 18.11 (25.15) 19.33 4.34 34720 1120 30.00
Spray of N. rileyi @ 2.50 kg ha-1 16.17 (23.69) 19.97 4.98 39840 1245 31.00
SlNPV @ 0.5 l ha-1 16.77 (24.17) 19.99 5.01 40080 1500 25.72
Chlorpyriphos 20 EC @ 1 l ha-1 (0.04%) 16.47 (24.15) 20.32 5.34 42720 1000 41.72
Untreated check 28.80 (32.44) 14.99 - - - -
S.E.± (0.45) 0.14 - - - -
CD at 5% (1.41) 0.43

Observations are pooled mean of two seasons, * Figures in parentheses are arc sin values, Cost of potato @ Rs. 10,000
ton-1.



that the potato crop was infested by S. litura
during the favourable period of cropping
season (August to September) for N. rileyi
infection as reported by Lingappa et al. (2000).
However, the fungal infection, in general,
depends on availability of hosts, suitable
environmental conditions, prevailing
microclimate in the crop ecosystem and
quantum of inoculum. The climatic conditions
prevailed during experimental period from June
to October in this study are graphically
presented in Fig. 1 and 2, wherein the morning
relative humidity was above 88 per cent, while
the evening relative humidity ranged between
31 to 73 per cent during both years under
study. The maximum and minimum tempera-
ture ranged between 28.8 to 35.04 and 12.1
to 22.4°C, respectively during 2010 and 2011.

The data over two years in respect of tuber
damage presented in Table 3 revealed that the
spray treatment of N. rileyi @ 2.5 kg ha-1
recorded at par tuber damage (16.17%) as in
chlorpyriphos (16.47%) and it was significantly
superior to untreated check (28.80%).
Superiority of the fungus was obviously due to
non-specificity of hosts and therefore, the pest
activity was lowered to restrict tuber damage.
Sprenkel and Brooks (1975) reported that the
N. rileyi treated plot had less pod damage due
to H. zea in soybean.

With respect to yield, when averaged,
potato receiving the higher dosage of N. rileyi
(2.5 kg ha-1) through spray applications
produced at par yield (19.97 t ha-1) as in
SlNPV @ 0.5 l ha-1 (19.99 t ha-1) and
chlorpyriphos 20 EC @ 1 l ha-1 (20.32 t ha-1)
treatments. On an average, the N. rileyi fungus
sprayed @ 2.5 kg ha-1 potato crop produced
4.98 tonnes incremental tuber yield hectare-1.
At the same time, SlNPV and chlorpyriphos
registered 5.01 and 5.34 tonnes additional
tuber yield ha-1 over untreated check,
respectively (Table 3). The incremental benefit

cost ratio was maximum in chlorpyriphos
(1:41.72) followed by the treatment with N.
rileyi broadcasting @ 2.5 kg ha-1 (1:33.31).
Higher net returns in chlorpyriphos treatment
may be due to increased tuber yield, while it
was due to lesser intervention cost in N. rileyi
treatments. Treatments with N. rileyi caused
maximum net returns of Rs. 37,595 and Rs.
35,506 to the additional investment made on
plant protection to save ravage by S. litura.
ICBR data confirmed the economical
superiority of these treatments. In conclusion, it
was found that the higher benefit cost ratio,
apart from environmental safety and with
increasing demand for organically grown
produce, N. rileyi fits well as the best candidate
for the management of S. litura in potato
ecosystem.
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Sugarcane woolly aphid (SWA)
(Ceratovacuna lanigera Zehntner) was major
sucking pest of sugarcane in Maharashtra and
Karnataka states during 2002 to 2006 and it
resulted into reduction in the sugarcane area.
This also caused decline of 21.41 per cent loss
in cane weight in Co 86032 variety and the loss
of 2.04 units in sugar recovery of Co 94012
variety (Galande, 2007). The activity of aphid
population was recorded throughout the year in
suru crop of sugarcane and abiotic factors play
important role in deciding its population.
The present investigation was therefore,
undertaken to study the effect of abiotic factors
on C. lanigera population in suru crop of
sugarcane.

Materials and Methods

The experiment was conducted on suru
crop with Co 86032 variety at Central
Sugarcane Research Station, Padegaon,
(Maharashtra). Planting of sugarcane sets was
done on 4th January, 2004 in an area of 0.2
ha. The crop was raised following all
recommended package of practices without use
of insecticides. The harvesting of sugarcane
was done on 2nd February, 2005. Three leaves
from top, middle and bottom of plant were
selected and tagged. The observations on the
incidence of woolly aphid on 2.5 cm2 leaf area
were recorded at weekly interval on 50 plants
selected at random. The weather data was
recorded daily and weekly averages were
worked out. The population of wooly aphids
was correlated with meteorological parameters
and multiple linear regression equation
(prediction model) was worked out.
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Abstract
The first incidence of sugarcane woolly aphid was noticed in 5th MW of 2004 after planting (11.14

aphid/2.5 cm2 leaf area) and reached at peak level in 9th MW of 2004 (44.55 aphid/2.5 cm2 leaf area). The
woolly aphid population was not observed from 14th to 22nd MW, when temperatures ranged from 19.02 to
39.04°C and relative humidity between 35.28 to 90.57 per cent. The incidence of aphid reappeared in 23rd

MW with population of 0.20 aphid per 2.5 cm2 leaf area and increased to maximum level of 48.66 aphids
per 2.5 cm2 leaf area in 52nd MW. During this period the minimum and maximum temperatures were 11.88
to 29.00°C and evening and morning relative humidity values were 56.00 to 98.71 per cent. Thereafter,
population showed declined trend and recorded 39.86 aphids per 2.5 cm2 leaf area at harvest. The maximum
and minimum temperatures showed significant negative correlation for woolly aphid with 'r' values of - 0.106
and - 0.644, respectively, whereas morning relative humidity and evening relative humidity showed significant
positive and negative correlations with 'r' values of 0.307 and - 0.488, respectively. The multiple linear
regression equation with minimum weather parameters was worked out as Y = 7.363 -2.279 Tmin. + 0.526
MRH (R2 = 0.74) for the year 2004-05 and it was validated during the year 2005-06.

Key words : Abiotic factors, Ceratovacuna lanigera Zehntner, correlation, population,
suru sugarcane crop.
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Results and Discussion

The data regarding SWA population and
abiotic factors viz., minimum and maximum
temperatures, morning and evening relative
humidity, rainfall and bright sunshine hours
during the year 2004 to 2005 for Suru crop
are presented in Table 1. The data revealed two
peaks of SWA during the crop period. The
population of SWA with 11.14 aphid per 2.5
cm2 leaf area was recorded in 5th MW and
reached at peak level (44.55 aphid per 2.5 cm2

leaf area) in 9th MW. During this period,
maximum and minimum temperatures were
between 31.91 and 15.04°C, respectively.
Morning and evening relative humidity values in

this week were 87.85 and 30.97 per cent,
respectively. Thereafter, SWA population
showed declined trend and reached at zero level
in the 14th MW. Woolly aphid incidence was
not observed from 2nd April, 2004 to 3rd June,
2004 (14th to 22nd MW). The average
maximum temperatures in these weeks was
39.04°C and minimum temperatures was
19.02°C, respectively. Morning and evening
relative humidity ranged from 73.42 to 90.57
and 35.28 to 67.14 per cent, respectively. The
rainy season started from 14th MW and there
was dry spell within 15 to 17 MW. The SWA
population was noticed after receipt of rains
(8.32 mm) in 23rd MW with 0.20 aphid per 2.5
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Table 1. Sugarcane woolly aphid population on suru crop and meteorological parameters (abiotic factors) during 2004-05
(4th January 2004 to 2nd February 2005).

Met. Average Temperature °C Relative humidity (%) Rainfall BSS
week wooly –––––––––––––––––––– ––––––––––––––––––––––– (mm) hours

aphid* Tmax. Tmin. Morning Evening

1 0.00 30.08 11.55 98.85 48.42 0.00 8.8
2 0.00 28.12 08.06 97.00 52.00 0.00 9.2
3 0.00 32.32 11.97 99.57 45.57 0.00 9.4
4 0.00 29.08 12.02 96.71 42.28 0.00 9.3
5 11.14 29.52 10.65 93.71 45.14 0.00 8.7
6 32.70 31.14 09.45 91.28 27.57 0.00 9.8
7 40.45 32.51 13.02 89.57 36.00 0.00 9.7
8 44.47 34.47 13.34 90.28 38.85 0.00 10.1
9 44.55 31.91 15.04 87.85 30.97 0.00 10.0
10 44.10 36.61 15.08 89.00 52.57 0.00 9.4
11 37.35 37.01 15.09 83.00 49.71 0.00 10.1
12 20.25 39.02 17.03 87.28 43.00 0.00 10.2
13 05.10 38.07 19.06 88.71 57.85 0.00 9.9
14 0.00 38.02 20.21 82.85 35.28 0.42 9.4
15 0.00 38.27 19.04 74.42 40.28 0.00 10.8
16 0.00 38.94 20.44 73.42 52.85 0.00 11.1
17 0.00 39.03 22.21 79.57 53.14 0.00 9.6
18 0.00 39.04 21.67 76.57 64.42 0.31 9.7
19 0.00 35.37 24.35 86.00 62.71 1.51 8.4
20 0.00 34.41 23.38 90.57 67.14 5.55 7.7
21 0.00 34.91 22.88 89.00 63.00 0.00 10.8
22 0.00 35.62 19.02 77.85 59.14 9.04 7.2
23 0.20 33.71 22.92 91.85 58.57 8.32 8.9
24 0.48 25.88 23.00 89.28 76.00 11.77 2.6
25 0.76 28.71 21.61 88.71 76.71 0.74 3.8



cm2 leaf area. The population showed
increasing trend from July onwards and
reached at peak level with 48.66 on 2.5 cm2

leaf area during 52nd MW. The maximum and
minimum temperatures were 29.00 to
11.88°C and evening and morning relative
humidity were 56.00 to 98.71 per cent,
respectively. At harvesting 39.86 aphids per

2.5 cm2 leaf area were recorded.

The relationship of SWA population with
meteorological parameters on suru sugarcane
crop during the year 2004-05 and correlation
('r') values are presented in Table 2. It could be
seen from the data, that minimum
temperatures showed significant negative
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26 0.92 31.81 21.94 89.14 68.28 0.00 8.4
27 1.02 30.47 21.78 93.42 75.85 1.88 4.5
28 1.28 30.71 21.52 95.85 74.14 0.00 6.0
29 1.44 31.11 22.31 93.57 72.57 2.25 5.1
30 1.60 28.88 31.72 88.85 81.57 0.31 2.7
31 1.08 26.01 21.52 94.42 90.71 14.58 0.1
32 2.04 28.07 22.08 93.57 81.42 1.04 3.4
33 2.48 28.24 21.08 89.85 75.14 3.34 4.4
34 3.08 28.31 21.37 94.28 79.85 0.14 4.7
35 4.40 29.06 19.67 92.42 75.00 0.00 8.5
36 5.40 30.24 21.28 95.28 79.14 4.54 5.4
37 6.40 19.14 20.77 96.28 72.28 0.37 5.8
38 7.48 31.07 21.22 97.42 46.71 10.21 7.0
39 9.44 30.32 21.44 97.42 80.85 9.01 8.1
40 10.76 26.28 18.68 84.57 65.25 5.67 7.9
41 20.13 31.18 20.77 96.42 65.57 0.00 9.1
42 21.80 26.09 15.03 90.28 40.71 0.00 9.8
43 22.06 31.42 14.02 83.28 46.85 0.00 10.0
44 22.53 29.08 18.74 93.14 65.71 0.00 4.9
45 40.47 29.64 17.03 91.14 69.00 0.31 6.0
46 40.53 31.15 21.22 96.14 68.42 0.86 8.2
47 41.80 30.64 12.92 97.14 39.00 0.00 9.4
48 42.33 28.91 10.07 98.00 43.28 0.00 9.3
49 42.66 28.58 9.08 98.85 46.42 0.00 9.0
50 45.40 28.64 9.17 98.14 52.71 0.00 8.6
51 44.93 30.04 9.55 99.85 51.71 0.00 9.1
52 48.66 29.00 11.88 98.71 56.00 0.00 8.3
1 33.66 33.92 15.01 95.42 46.14 0.00 7.7
2 32.33 29.6 9.20 94.00 34.85 0.00 9.6
3 31.66 28.6 7.55 91.71 31.14 0.00 9.5
4 34.53 31.2 13.60 94.14 45.85 0.00 9.6
5 39.86 25.4 10.22 96.57 57.85 0.00 7.2

*aphid per 2.5 cm2 leaf area.

Table 1. Contd.

Met. Average Temperature °C Relative humidity (%) Rainfall BSS
week wooly –––––––––––––––––––– ––––––––––––––––––––––– (mm) hours

aphid* Tmax. Tmin. Morning Evening



correlation for woolly aphid on suru sugarcane
crop during the year 2004-05 with 'r' values of
-0.644, whereas morning relative humidity and
evening relative humidity showed significant
positive and negative correlations with 'r' values

of 0.307* and -0.488** respectively. Rainfall
showed negative correlation with 'r' value of
-0.348**.

The multiple linear regression equation
(prediction model) between woolly aphid
population with minimum meteorological
parameters was worked out as:

Y = 7.363 - 2.279 Tmin + 0.526 MRH
(R2 = 0.74)

where Y = Expected woolly aphid
incidence, Tmin = Minimum temperature and
MRH = Morning relative humidity.

The data of SWA population with
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Table 2. Correlation of sugarcane woolly aphid (SWA)
population with meteorological parameters.

Weather parameters Correlation
('r' values)

Minimum temperatures °C (T min) = -0.644**
Morning relative humidity % (MRH) = 0.307*
Evening relative humidity % (ERH) = -0.488**
Rainfall in mm (RF.) = -0.348**

*, ** Significant at 0.05 and 0.01 per cent, respectively.

Table 3. Validation of prediction model for sugarcane woolly aphid population on suru crop during 2005-06 (1st August
2005 to 31st January 2006).

Met. Temperature °C Relative humidity (%) Rainfall Average Expected χχ2

week ––––––––––––––––––– ––––––––––––––––––––– (mm) wooly wooly
Tmax. Tmin. Morning Evening aphid aphid

(observed)

31 26.56 22.31 96.57 90.86 7.47 2.65 7.31 22.3597
32 27.11 21.46 97.14 84.43 2.21 6.75 9.55
33 28.11 21.46 97.29 81.86 1.67 8.12 9.63
34 29.00 20.36 97.86 76.57 1.39 9.56 12.44
35 31.23 21.51 96.57 64.86 7.01 9.00 9.14
36 30.36 22.34 99.43 78.86 155.49 8.50 8.75
37 28.31 22.20 98.57 81.14 262.53 8.12 8.62
38 28.49 22.17 92.86 74.57 264.04 6.00 5.68
39 29.07 20.34 95.86 67.57 270.67 8.16 11.43
40 31.13 20.79 97.57 57.14 11.73 9.15 11.30
41 32.67 18.69 95.86 46.00 14.87 10.00 15.19
42 30.24 21.03 98.57 59.86 30.42 12.28 11.28
43 30.79 16.06 96.43 42.29 33.20 16.68 21.48
44 30.63 13.71 96.43 37.86 0.00 19.24 26.84
45 30.19 11.87 96.43 42.00 0.00 22.51 31.03
46 30.40 9.94 96.29 38.57 0.00 27.64 35.36
47 30.60 10.47 96.57 45.00 0.00 28.00 34.30
48 29.39 13.31 97.29 51.43 0.00 28.00 28.20
49 29.41 26.46 94.86 60.71 0.00 26.00 20.80
50 28.50 9.00 99.29 51.00 0.00 33.25 39.08
51 28.89 8.04 98.14 51.71 0.00 36.42 40.66
52 27.86 8.88 99.14 42.00 0.00 39.50 39.27
1 27.74 9.27 99.57 47.57 0.00 38.00 38.61
2 29.40 11.30 97.71 47.43 0.00 36.33 33.01
3 31.97 12.49 98.43 35.86 0.00 33.21 30.67
4 28.37 6.56 97.43 31.00 0.00 32.57 43.66



meteorological parameters on suru sugarcane
crop during the year 2005-06 are presented in
Table 3. It could be seen that, the χ2 analysis
(χ2 = 22.397 value) for the said period (1st

August, 2005 to 31st January, 2006) revealed
no any significant difference between the
observed and expected woolly aphid incidence
(the incidence which was expected considering
the meteorological parameters and the above
equation) in suru season. This equation was
validated for the reported period during the
year 2005-06. The present equation was based
on one season data and needs to be further
studied for confirmation of the results.

Results obtained in the present study are in
agreement with observations reported by
Cheng et al. (1994), Galande et al. (2003),
Lingappa et al. (2003), Galande et al. (2004)
and Shetgar et al. (2004). The population of
SWA between second fortnight of April and
June in Taiwan was reported by Cheng et al.
(1994). They further observed that the high
temperatures caused aphid populations to
fluctuate at lower level in summer. However,
Galande et al. (2003) reported that during
March the infestation declined as compared to
previous months in all districts of Maharashtra
due to high temperatures. The survival of SWA
population during summer months on the crop
was reported by Galande et al. (2004) under
tree shade or around water channels and river
banks as well as in low lying areas where high
humidity and low temperatures prevailed. The
incidence of C. lanigera was reported in
November by Lingappa et al. (2003) in field
conditions with excess of irrigation on 8 to 10
months old crop. The winged forms were more
during December and January and thereafter
declined due to increase in temperatures.
Shetgar et al. (2004) reported that woolly
aphid started increasing gradually from 1st

week of July and the highest population of
SWA of 80.1/sq. m. per leaf during 50th MW.
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Maharashtra is leading state in grape
production (9.89 lakh MT) with large area
coverage of 35,000 ha (FAO, 2010).
Thompson Seedless and its clones which are
prime internationally accepted table grape
varieties, covers over 90 per cent area of the
state (Chadha, 2001). The export procedure
and infrastructure has been well established in
major grape growing areas in the state under
special Agri-Export Zones (AEZ).

At present, the cultivation of Thompson
Seedless variety and its clones has become
more labour intensive, requires heavy and
costlier fungicides as well as insecticides in the
changing unpredictable weather. These
problems lead to intensive work in nutrient,
hormone and pest and disease management
(Patil et al., 2008). Until now, wine varieties

have been imported on large scale in
Maharashtra state. For table purpose grapes,
bold self thinning varieties without GA and
girdling needs to be imported to reduce the cost
of cultivation. The evaluation of any new variety
for a particular agro-climate is of paramount
importance, as the climate plays an important
role for successful viticulture (Jindal, 1985). The
growth  parameters of these four imported
varieties under the existing environmental
conditions of Maharashtra are, therefore,
studied so as to provide the promising imported
plant material to the grape growers.

Materials and Methods

The Maharashtra State Grape Growers'
Association commonly known as Maharashtra
Rajya Draksh Bagaitdar Sangh (MRDBS) has
imported cuttings of table grape varieties viz.,
Autumn Seedless (75), Blush Seedless (175)
and Marquis (220) in March 2008 and Autumn
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Abstract
Amongst the four imported table grape varieties, Autumn Seedless and Autumn Royal were found suitable

under agro-climatic conditions of Pune in Maharashtra. The Autumn Seedless, a white seedless variety
matured at 155 days after pruning (DAP). The bud sprouting (8 DAP), flowering (35 DAP) and varison (86-
88 DAP) was earlier than Thompson Seedless. The berries were golden yellow in colour with 15-17 mm
diameter without Gibberellic acid (GA) treatment. It had sweet flavour with high TSS (20-21 °Brix). It was
highly sensitive to GA. It showed tolerance to downy and powdery mildews. Autumn Royal, a black seedless
grape variety was harvested at 145 days after pruning. It had 22 mm berry diameter and 6.80 g berry weight
without GA. Berry TSS was 20 °Brix and 0.35 per cent acidity. It was less susceptible to downy and powdery
mildews as well as pink mealy bugs and thrips. Both these varieties required less thinning and did not require
GA ultimately requirement of labour was low. The yield and quality of both these grape varieties was found
to be the best.

Key words : Imported grape varieties, Autumn seedless, Autumn Royal, Blush Seedless,
Marquis, growth performance.
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Royal (261) in March, 2010 from the
Foundation Plant Services (FPS), University of
California, Davis, USA in consultation with
National Research Centre for Grapes (NRCG),
Pune.

The cuttings of these varieties were raised
under polyhouse conditions at Manjri farm of
MRDBS, Pune under strict supervision of
scientists from National Research Centre for
Grapes, Pune. After hardening, the cuttings
were further planted in a plot on 'Y' trailing
system for production of the mother plants
(Anonymous, 1997). The experimental site is
situated at 18° 31' N latitude and 73° 55' E
longitude in sub-tropical climate with little
summer rainfall. The average precipitation
(June to October) in this area is about 700 mm.
All the plants were kept under uniform cultural
practices. Irrigation was provided frequently by
drip system to each plant. The prophylactic
sprays of fungicides and insecticides were given
as and when necessary. GA treatment was not
given during fruiting stage. The performance of
these varieties was examined with respect to
growth parameters, berry weight and berry
size, total soluble solids (TSS) and acidity and
reaction to pest and diseases during the fruiting

season of 2008-09 and 2011-12 in
comparison with Thomson Seedless variety.

The observations on various growth aspects
such as bud sprouting stage, 5 leaf stage, pre-
bloom and flowering stage, berry setting and
berry size stages as well as veraison stage were
made on ten plants chosen at random from
every vine of each variety after cane pruning in
the month of October. The average berry
weight and berry size were calculated on the
basis of fifty berries randomly picked from ten
bunches of each variety (Thakur et al., 2006).
The total soluble solids (TSS) were determined
with the help of hand refractrometer and acidity
was estimated as per the standard methods in
A.O.A.C. (1985). The reaction of each variety
to pink berry disorder and major diseases
(powdery and downy mildews) as well as major
pests (pink mealy bugs and thrips) was assessed
on vines and leaves of ten vines of each variety
visually. Vine yield and physical characters of
the fruits were recorded when the fruits were
ready for harvest. The data presented are
means of the parameters recorded during
2008-09 and 2011-12.

A trial with different hormones was taken
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Table 1. Growth and yield performance of four imported grape varities (mean of two year) under Western Maharashtra
conditions.

Observations Autumn Blush Marquis Autumn Thomson Seedless
(DAP) Seedless Seedless Royal (Local check)

Sprouting stage 8 8.7 8.5 10 10.5
Five leaf stage 12 14 14.5 15 14.5
Pre-bloom stage 17.5 19 19 19 19
Flowwering stage 34.5 36 35 34 30.5
Berry setting stage 40 42 40 39 41.5
3 to 4 mm berry size 50 52.5 50 49 50.5
6 to 8 mm berry size 61.5 63.5 61 60 61.5
Veraison stage 87 90 86.5 86 91
Harvesting 140 145 122.5 145 137.5
Yield (kg vine-1) 7 8 9 8 3.5

* Mean of 30 vines. DAP = Days after pruning. Date of planting for Autumn Seedless, Marquis = 15.11.2008, Blush Seedless
= 16.11.2008, Autumn Royal = 6.2.2011 and Thompson Seedless = 15.10.2000. Forward pruning for Autumn =
10.10.2009 and 21.10.2011, Blush Seedless = 14.10.2009 and 21.10.2011, Marquis = 12.10.2009 and 21.10.2011,
Autumn Royal = 20.10.2011, Thompson Seedless = 18.10.2009 and 17.10.2012.



on imported grape varieties viz., Autumn
Seedless, Blush Seedless and Marquis during
development stages of berries in November and
December. The application of various doses of
Gibberellic Acid (GA) and CPPU was made
during fruiting season of 2010. Five plants from
each variety were selected for each hormone
treatment. The effect of hormones on grape
vine bunches and berry size was observed in
these varieties with visual ratings.

Results and Discussion

Autumn Seedless : The performance of
this imported table grape variety under climatic
conditions of Pune in Maharashtra was found to
be quite comparable to Thompson Seedless.
This white seedless variety matured late at 155
days after pruning as against 140 days in
Thomson Seedless. The bud sprouting,
flowering and varison stages required 8, 34-35
and 86-88 days after pruning, respectively
under prevailing conditions. It had conical
bunch and the berries were golden yellow in
colour and ellipsoidal in shape. The berry

weight was about 4 g and the berry size without
Gibberellic acid (GA) treatment was 15-17 mm
(Table 1). The skin was loose and separates
from the pulp. The berry attachment was good,
pedicel was medium in length and stronger than
those of Thompson Seedless. Eating quality
was good with sweet flavour. Juice had high
TSS (20-21 °Brix) and 0.54 - 0.65 per cent
acidity. It was highly susceptible to pink berry
disorder and found tolerant to powdery and
downy mildew diseases. The incidence of pests
like pink mealy bugs and thrips was also low
(Table 2). The grapes recorded the yield of 6-8
kg vine-1 without the use of growth hormone
(GA). It was highly sensitive to GA and bunch
coiling was observed after its use at 5 and 10
ppm concentrations in pre-bloom stage. By
using CPPU at different concentrations, there
was no more development in berry diameter
(Table 3). It was selected as promising variety to
conduct the multi-locations trials under agro-
climatic conditions of Nashik, Sangli and
Solapur regions in Maharashtra.

Blush Seedless : The performance of this
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Table 2. Berry physical characters, berry quality characteristics and reaction to pest diseases (mean of two years) of four
imported varieties.

Observations Grape varieties
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Autumn Blush Marquis Autumn Thomson Seedless
Seedless Seedless Royal (Local check)

Berry characters :
Berry weight (g berry-1) 3.95 2.90 4.25 6.80 4.05
Berry diameter (mm) 16 16.00 17.5 22 16.5
Volume (m3 berry-1) 2.3 2.60 3.31 5.67 2.40

Berry quality characters :
TSS (°B) 20.59 18.58 20.31 20 18
Acidity (%) 0.60 0.75 0.55 0.35 0.53
Berry keeping quality Good Good Poor Good Good

Pest/disease reaction :
Pink berry High Low Low Low Low
Downy mildew Low Low Low Low Medium
Powdery mildew Low Suceptible Low Low Low
Pink mealy bugs Low Low Low Low Medim
Thrips Low Low Low Low Low

* Mean of 50 samples (berries)



mid-late season maturing imported grape
variety was more or less similar to Thompson
Seedless. It matured at 140-150 days after
pruning under Pune conditions. The bud
sprouting was earlier at 8-9 days after pruning
as against 10-11 days in Thompson Seedless.
The flowering and berry set stages were at 36
and 42 days after pruning, respectively with
veraison stage at 90 days after transplanting.
Bunches of this variety were conical 'V' shaped.
The berries were red in colour, bold with berry
size of 16 mm without use of GA (Table 1).
Each berry weight was 2.30 to 3.5 g and the
berry attachment was good. The TSS of berry
ranged from 18 - 19 °Brix. The keeping quality
was good. It was found to be susceptible to
powdery mildew disease. The incidence of pink
mealy bugs and thrips was, however, low
compared to Thompson Seedless (Table 2).
The yield obtained was 7-9 kg vine-1 under
Pune conditions without the use of GA
treatment. It was sensitive to GA applications
and bunch coiling was observed after its use at
5 and 10 ppm concentrations in pre-bloom
stage. By using CPPU at different
concentrations, there was no more increase in
berry diameter (Table 3). This variety was not
considered for further testing under multi-
location field conditions due to its comparative
overall performance and susceptibility to
powdery and downy mildew diseases.

Marquis : The performance of this mid
season white seedless imported grape variety
was similar to that of Thomson Seedless under
prevailing conditions at Pune during 2008-09
and 2011-12. It was matured at 120-125 days
after pruning. It had berry setting stage at 40
days after pruning and recorded early veraison
stage at 85-88 days after pruning. The typical
characteristic of this variety was that it had
excellent flavour. Berries were bold (4.0-4.5 g);
thick skined and very juicy. The skin softened as
the berries continue to ripe. Clusters were
highly sensitive to GA applications and bunch
coiling was observed after its use at 5 and 10
ppm concentrations in pre-bloom stage. By
using CPPU at different concentrations, there
was no more development in berry diameter
(Table 3). Berry size was 17 - 18 mm without
the treatment of GA. Berry TSS was 20.0 -
20.6 °Brix and 0.54 - 0.56 per cent acidity.
The keeping quality of bunches was observed to
be poor. It was found tolerant to downy mildew
and powdery mildew. The low incidences of
pink mealy bugs, thrips and pink berries was
recorded during 2008-09 and 2011-12 fruiting
seasons (Table 2). The yield obtained was 10 kg
vine-1 without use of GA applications. This
variety was not considered for further testing
under field conditions due to the poor keeping
quality.

Autumn Royal : This late maturing black
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Table 3. Effects of different hormones on the imported table grapes varieties at Manjri fam, MRDBS, Pune (2010-11 fruiting
season).

Hormone Conc. Autumn Seedless Blush Seedless Marquis
(ppm)

Gibberelic acid (GA)* 5 Bunch coiling Bunch coiling Bunch coiling
10 Bunch coiling Bunch coiling Bunch coiling
Control No bunch coiling No bunch coiling No bunch coiling

CPPU* 0.25 15 mm berry dia. 15 mm berry dia. 17 mm berry dia.
0.5 15 mm berry dia. 16 mm berry dia. 18 mm berry dia.
1.0 16 mm berry dia. 16 mm berry dia. 18 mm berry dia.
Control 16 mm berry dia. 16 mm berry dia. 18 mm berry dia.

* Date of treatment - G.A. : 20/11/2010 and CPPU : 20/12/2010.



seedless grape variety was harvested at 145
days after pruning. The growth parameters
viz., sprouting, five leaf, pre-bloom, flowering,
berry setting and veraison stages were
comparable to that of Thomson Seedless. The
natural berry size was the largest (22 mm)
amongst the varieties tested. The average berry
weight was 6.80 g and berry volume was 5.67
cm3 per berry (Table 1). Berries were ovoid to
ellipsoidal in shape and purple black in colour.
The berry flesh was firm and translucent, skin
was low to medium in thickness and sensitive to
GA applications. Berries were found
susceptible to berry cracking and rot. This
variety required less thinning and did not
require GA dipping for berry development.
Berry TSS was 20 °Brix and 0.35 per cent
acidity. The keeping quality of bunches was
observed to be good. The incidence of powdery
and downy mildews as well as pink mealy bugs
and thrips was low during 2011-12 (Table 2).
The yield harvested was 8 kg vine-1 with no GA
treatment to berries. This variety was found to
be suitable for climatic conditions in Pune.

The comparative performance of four
imported grape varieties in respect of growth
parameters with Thompson Seedless indicated
suitability of Autumn Seedless and Autumn
Royal for table purposes under agro-climatic
conditions of Pune region in Maharashtra. Both
these verities did not require GA and CPPU
hormones for berry development and were
sensitive to GA applications. The yield and
quality performance of both these grape
varieties was found best. Earlier, some grape
varieties have been introduced from European
countries to India for wine industry. The
National Research Centre for Grapes, Pune
being a nodal centre for research and
development of grapes in India, has established
a 'Field Gene Bank' of Grapes at Pune in 1998
(Karibasappa and Adsule, 2008; Karibasappa,
2011). However, it was reported that few of
them are not suitable for Indian climate due to

their poor quality, yield and susceptibility to
pest and diseases (Chadha and Shikhamany,
1999; Patil et al., 2008).

Mother blocks of Autumn Seedless and
Autumn Royal are maintained and
multiplication of these varieties is undertaken in
'Grape Nursery' at Manjri farm of Maharashtra
Rajya Draksh Bagaitdar Sangh, Pune.
However, before providing the planting
material of these varieties to progressive grape
growers, it is necessary to conduct the multi-
location trials under different agro-climatic
regions of Maharashtra since the yield and fruit
quality of grapes significantly varies with
climatic conditions (Daulta and Bakshi, 1978;
Asslin et al., 2001).
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Abstract
The average per hectare use of resources such as human labour and  bullock labour, machine power and

seed was 54.70 mandays, 5.03 pair days, 3.56 hours and 10.26 kg, respectively. At the overall level, per
hectare resource use gap in safflower cultivation was 14.50, 83.40, 89.22 and 75.96 per cent in case of
seed, manures, nitrogen and potash, respectively. The use of potash was observed to be 100 per cent than
other two major nutrients, the average per hectare use of manures was 10.26 quintals and that of fertilizers
was 5.39 kg N, 6.01 kg P2O5 and 2.43 kg K2O at the overall level, which was very less than the
recommended dose (50 kg N and 25 kg P2O5) and  the yield gap-I was found to be highest (40.00 per cent)
among all the gaps. The inputs used for safflower were far below than the recommendation except potash.
This  leads to gap between the potential farm yield and actual farm yield. The highest yield gap was observed
in case of yield gap-I among all yield gaps estimated. It is therefore, suggested that input  (i.e. seed, manures
and fertilizers)  use  be raised in safflower cultivation and  awareness needs to be created  among the farmers
in the utilization of these inputs as per the recommendations.

Key words : Safflower, resource use, yield gap.

______________

In India, Maharashtra and Karnataka are
two important safflower growing states,
accounting for 72 and 23 per cent area and 63
and 30 per cent production, respectively

(Mudinamani et al. 1999). The gap between
indigenous production of edible oils and its
demand is continuously increasing. Oil seeds
and pulses are grown under rainfed condition
and subjected to vagaries of monsoon and also1. Professor and 2. Reseach scholar.



grown on marginal and sub-marginal land,
neither to their generic improvement (Tyagi, et
al.,1993). India is a net importer of edible oils.
It is, therefore, necessary to increase the
production of oilseed crops in general, and
safflower crop in particular.

Materials and Methods

To know the economics of safflower
cultivation and the resource use status and
further the yields gaps in Solapur district during
the year 2009-2010, the present investigation
was undertaken. Amongst the eleven tahsils of
Solapur, six tahsils were major ones wherein
the safflower is grown were selected. From
each tahsils, six villages and from each village,
15 safflower growing farmers were selected.
The selected farmers were categorized into
three size groups viz.; small, medium and large
comprising 30 samples in each size group,
thus,90 sample farmers were studied. The data
were analyzed with the help of statistical tools
like averages, percentages, ratios, etc. 

The yield gaps were estimated by applying
the methodology developed by International
Rice Research Institute (IRRI), Manila,
Philippines (Annonymous 2001). The four yield
gaps were estimated as Yield Gap-I = Xp - Yo,
Yield Gap-II = Yp - Yd, Yield Gap-III = Yd - Ya
and Yield Gap-IV = Ym - Ya 

Where, Yp = Potential yield (i.e. yield
realized at research station), Ya = Actual yield
(i.e. yield realized on farmers field), Yd =
Potential farm yield (i.e. yield realized at
demonstration plots) and  Ym = Mean of
maximum yield on farmers field.

Results and Discussion

Utilization of inputs in safflower
cultivation : The quantities and qualities of
various inputs used directly affect the cost of
cultivation. Therefore, utilization of inputs such

as human and  bullock labours, seeds, manures,
fertilizers, plant protection,  etc. have been
studied on per hectare physical and monetary
terms. 

Human labour : At the overall level (Table
1), the use of human labour was 54.50 man
days per hectare, comprising 13.47 male
human labour and 41.03 female human labour
days. The per hectare labour utilization
indicated that the use of human labour was
more in large size group of holding.

Bullock labour : The per hectare use of
bullock labour was 5.03 pair days. The per
hectare bullock labour utilization was observed
more in case of medium size group of holding
(6.14 pair days) than small and large size group
of holdings. 

Machine power : Per hectare utilization of
machine power was observed to be 3.56 hrs.
The per hectare utilization of machine power
was more (i.e. 4.12 hrs.) in case of small size
group of holding than medium and large size
group of holding. The machine power i.e. use
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Table 1. Per hectare resource use levels in safflower
cultivation .

Particulars Small Medium Large Overall

Total human 55.48 49.42 57.70 54.50
labour  (Mandays)
a. Male 13.00 11.72 14.94 13.47
b. Female 42.48 37.70 42.76 41.03
Bullock power 5.14 6.14 4.30 5.03
(Pair days)
Machine 4.12 2.80 3.80 3.56
power (hrs.)
Seed  (kg) 10.00 11.00 10.00 10.26
Manures  (q) 3.18 1.80 6.20 4.15
Fertilizers (kg) N 5.12 6.30 4.98 5.39
P 7.20 4.80 6.23 6.01
K 2.10 3.12 2.16 2.43
Plant protection 340.12 360.86 523.18 429.84
charges (Rs.)
Irrigation 0.00 0.00 0.00 0.00
charges (Rs.)



of tractors was mostly for the operation of
ploughing and harrowing of plot and use of
harvester machine for the harvesting of
safflower. 

Seed : Utilization of seed was 10.26 kg
hectare-1 which was low than the
recommended seed rate of safflower (i.e. 12 kg
hectare-1). Farmers belonging to small size and
large size group of holding had used relatively
lower seed rate than medium size group of
holding. 

Manure : The use of manure was 4.15
quintals hectare-1 and was more in large size
group of holdings than small and medium size
group of holdings. 

Fertilizers : The per hectare use of
chemical fertilizers i.e. nitrogenous,
phosphorus and potash was 5.39, 6.01 and
2.43 kg hectare-1, respectively. The use of
fertilizers was very less compared to
recommended dose of 50 kg N and 25 kg P.
The medium farmers used more fertilizer than

small and large size group of farmers. 

Even though, there is no recommendation
of 'K' (Potash) for the cultivation of rainfed
safflower crop, the sample farmers have
applied it through complex fertilizers. This
unnecessary application of potash mearly
increased the expenditure on inputs and
ultimately cost of production. The application
of potash might or might not have been
reflected in increasing the yield of safflower
crop. 

Plant protection : The plant protection
charges ha-1 were Rs. 429.84 at the overall
level. The plant protection charges accrued by
small, medium and large size group of holdings
were Rs. 340.12, 360.86 and 523.18
respectively. The expenditure on plant
protection has positive relationship with size of
holding.

Irrigation charges : There was no
irrigation charges as farmers grow safflower
crop under rainfed condition.
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Table 2. Resource use gap in safflower (ha-1).

Recommended Resource use Size groups (N=30 each) Overall
input –––––––––––––––––––––––––––––––––––––––––––– (N=90)

Small Medium Large

Seed (12 kg) Actual 10.00 11.00 10.00 10.26
Gap -2.00 -1.00 -2.00 -1.74
Per cent gap 16.66 8.33 16.66 14.50

Manures (q.) Actual 3.18 1.80 6.20 4.15
Gap -21.82 -23.2 -18.82 -20.85
Per cent gap 87.28 92.80 75.28 83.40

Nitrogen (50 kg) Actual 5.12 6.30 4.98 5.39
Gap -44.88 -43.7 -45.02 - 44.61
Per cent gap 89.76 87.4 90.04 89.22

Phosphorus (25 kg) Actual 7.20 4.80 6.23 6.01
Gap -17.8 -20.2 -18.77 -18.99
Per cent gap 71.2 80.8 75.08 75.96

Potash (No) Actual 2.10 3.12 2.16 2.43
Gap +2.10 +3.12 +2.16 +2.43

'-'  Indicates less use and  '+'  indicates excess use



Resource use gap in safflower
cultivation : The agricultural universities and
various research institutes recommended the
input use for higher production of the crop.
This differs usually from the actual use of inputs
by the farmers. The per hectare resource
use gap in safflower cultivation is presented in
Table 2.

The recommended seed rate of safflower is
12 kg ha-1, whereas in the case of small size
group use was just 10 kg ha-1, leaving a gap of
2 kg (16.66% gap). The medium sized sample
farmers used the seed rate up to 11 kg ha-1. i.e.
exhibiting an absolute gap of 1 kg (8.33% gap).
Similar was the seed rate utilization and yield
gap in the case of large sized sample farmers.
At the overall level, the safflower seed rate
utilized was 10.26 kg, leaving the absolute gap
of 1.74 kg (14.55%). 

In the case of manures, the

recommendation is 25 q ha-1 for the crop.
However, small sized sample farmers, use only
3.18 q ha-1 and in case of medium sized
farmers, it was still less, (1.18 q ha-1). The large
sized sample farmers applied 6.20 q ha-1 of
manure for the crop. In percentage terms the
gaps noticed were 87.28, 92.80 and 75.28
per cent, respectively for small, medium and
large sized groups respectively. 

The annual application of nitrogen by all the
sample farmers observed to be very less i.e.
5.12, 6.30, 4.98 kg ha-1, in small, medium and
large sized farms, respectively. Thus, in terms
of percentage highest gap was observed on
large sized farms (90.04 per cent) followed by
small sized farms (89.76 per cent) and 87.4 per
cent in medium sized farms. At overall level, the
application of nitrogen was just 5.39 kg ha-1,
thus a gap of 89.22 per cent was noticed.

An application of phosphorus by the sample
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Table 3. Yield gap in safflower (q ha-1).

Particulars Resource use Size group Overall
–––––––––––––––––––––––––––––––––––––––––––– (N=90)
Small Medium Large
(N=30) (N=30) (N=30)

Total yield gap
(Yield gap-I) Potential yield 14.7 14.7 14.7 14.7

Actual yield 8.12 8.90 9.20 8.82
Yield gap -6.58 -5.8 -5.5 -5.88
Percent  gap 44.76 39.45 37.41 40.00

Yield gap-II Potential yield 14.7 14.7 14.7 14.7
Actual yield 13.7 13.7 13.7 13.7
Yield gap -1 -1 -1 -1
Percent  gap 6.80 6.80 6.80 6.80

Yield gap-III Potential yield 13.7 13.7 13.7 13.7
Actual yield 8.12 8.90 9.20 8.82
Yield gap -5.58 -4.8 -4.5 -4.88
Percent  gap 40.72 35.03 32.84 35.62

Yield gap-IV Max. farm yield 8.90 9.16 9.80 9.28
Actual yield 8.12 8.90 9.20 8.82
Yield gap -0.78 -0.26 -0.60 -0.46
Percent  gap 0.76 2.83 6.12 4.95



farmers seen to be less, i.e. 7.20, 4.80 and
6.23 kg ha-1 on small, medium and large sized
farms respectively, exhibiting a gap of 71.20,
80.80 and 75.08 per cent, respectively. At
overall level the actual application of
phosphorus was 6.01 kg ha-1 indicating gap of
18.99 kg ha-1, i.e. 75.96 per cent. 

Inspite of no recommendation, it has been
observed that the sample farmers have applied
the dose of potash. The application of potash
to the crop of safflower by the sample farmers
might be because of application of complex
fertilizers viz., 10:26:26, 10:20:20 and
15:15:15. In the present study, the actual use
of potash by the small sample farms observed
to be 2.10 and 3.12 and 2.16 kg ha-1 by
medium and large farmers, respectively. Thus,
it was observed that the use of potash was 100
per cent in excess. 

Yield gap in safflower : Farmers
generally apply the resources for the crops
available with them at that time/during the
season hence, there is large variation in the
crop yield. Therefore, it becomes imperative to
know or find out the yield gaps with the
application of different levels of resources.

Yield gap-I : For small sized sample farms
the actual yield of safflower (Table 3) obtained
was 8.12 q ha-1, thus an absolute gap of 6.58
q was noticed with the potential yield (14.70 q
ha-1). In terms of percentage, it is 44.76 per
cent and is highest among the other two size
groups. On medium farms, the actual yield
realized was 8.90 q ha-1 with the gap of 5.80 q
ha-1 and was 39.44 per cent. In the case of
large sized farms, the actual yield observed was
9.20 q ha-1 with gap of 5.5 q. which is 37.41
per cent. At the overall level, the actual yield
was 8.82 q ha-1 and the gap observed was 5.88
q (40.00%). 

Yield gap-II : As the potential yield and
potential farm yield considered for the safflower

crop are of demonstrated yields, i.e. 14.70 and
13.70 q, respectively, with a gap of just one q.
(6.80%). 

Yield gap-III : The actual farm yield
realized by the sample cultivators from small
sized group was 8.12 q ha-1, leaving a gap of
5.58 q. as the potential farm yield considered
was 3.70 q ha-1. In the case of medium sized
sample farms the actual yield realized was 8.90
q. and for large sized sample farms 9.20 q
ha-1, thus the gaps worked out were 4.8 and
4.5 q., respectively. In terms, of percentage a
decreasing trend was noticed as the actual yield
trend increased with the increasing size group. 

Yield gap-IV : The per cent gap in small,
medium and large farms was observed to be
0.76, 2.83 and 6.12 per cent, respectively with
4.95 per cent at the overall level.

From the results it is concluded that the
average hectare-1 use of resources such as
human labour, bullock labour, machine power
and seed were 54.70 mandays, 5.03 pair days,
3.56 hours and 10.26 kg, respectively. At the
overall level, hectare-1 resource use gap in
safflower cultivation was 14.50, 83.40, 89.22
and 75.96 per cent in case of seed, manures,
nitrogen and potash, respectively. The use of
potash was observed to be 100 per cent more
than other two major nutrients. The average
per hectare use of manures was 10.26 quintals
and that of fertilizers was 5.39 kg N, 6.01 kg
P2O5 and 2.43 kg K2O at the overall level,
which was very less than the recommended
dose of 50 kg N and 25 kg P2O5.

The inputs used for safflower were far below
than the recommendation except potash. This
leads to gap between the potential farm yield
and actual farm yield. The highest yield gap
(40.00%) was observed in case of yield gap-I
among all yield gaps estimated. It is therefore,
suggested that input (i.e. seed, manures and
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fertilizers) use be raised in safflower cultivation
and awareness needs to be created among the
farmers in the utilization of these inputs as per
the recommendations. 
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Abstract
Paclobutrazol (PBZ) application has induced early flowering in mango orchard due to enhanced use of

critical inputs as per canopy of mango tree. Productivity of mango orchard was 6.2 t ha-1. in PBZ adopter
category and 3.9 t ha-1 in PBZ non-adopter category with corresponding cost benefit ratio of 2.05 and 1.72,
respectively. The net returns were 157.33 per cent higher for PBZ adopter than PBZ non adopter. The
benefits due to PBZ, application were valued to Rs. 95230 ha-1 with a additional cost of Rs. 27730 ha-1

realizing net incremental benefits to the tune of Rs. 67460 ha-1. This has influenced profitability of mango
due to higher prices in the early season of marketing of mango.

Key word : Paclobutrazol, productivity, B-C ratio, profitability and net incremental
benefits, mango.

______________

The challenges being faced by Indian mango
is low productivity and enormous post harvest
losses. Although there are several factors
associated with low productivity in mango and
occurrence of alternate bearing habit in
commercial varieties like Alphonso, Dashehari,
Chausa and Langra. In order to obtain regular
bearing in Alphonso variety of mango,
application of Paclobutrazol (PBZ) has made
major change to break alternate bearing and
early flowering in mango for betterment of

mango growers and boosting economy of the
region. Hence, the present study was
undertaken in South Konkan region which
is^most important mango growing zone in
Maharashtra State.

Materials and Method

On the basis of area under mango, two
tahsils namely Vengurle and Malvan were
selected purposively. From each tahsil five
villages were selected randomly, from each
village 6 Paclobutrazol technology (PBZ)
adopter and 6 non-adopters mango growers

1. Asstt. Professor, 2. Head, 3. Jr. Res. Asstt. and 4.
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were selected. Thus final sample consisted of
60 PBZ adopters and 60 non-adopters. The
care was taken to select owner mango growers
having more than 10 years old mango orchard.
Simple statistical tools viz., average,
percentages and standard cost concept were
used to analysise the data.

Results and Discussion

Adopters and Non-adopter mango grower
were grouped into three size groups on the
basis of operational holding as Small, Medium
and Large. It is revealed from Table-1 that 65
per cent mango growers in adopter category
were large farmer, whereas 55 per cent mango
growers in non-adopter category were medium
farmers. The average size of operation holding
and size of mango orchard was 5.02 and 4.07
and 3.11 and 2.32 ha. in PBZ adopter and
non-adopter categories respectively.

The mango growers (adopters) were having
average experience of 6 to 8 years of applying
PBZ from 2nd fortnight of June to 1st fortnight
of August. However, more than three fifth
(63.33%) were following recommended time
schedule for application of PBZ. This has
reflected in early flowering in mango orchard in
the range of 2 to 4 weeks. This observation
confirmed the finding of Shinde (2011).

Along with PBZ, the use of manures and
fertilizers was comparably higher on adopter
farms than to non-adopter mango farms.
Therefore, the input gap was higher on non
adopter farms considering recommended levels
of these inputs. Thus, along with PBZ
application mango growers increased the use of
these critical inputs. The finding of the study
were similar those reported earlier by Mandpe
(2009), Sinde (2011) and Wagle (2005).
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Table 1. Operational land holding and area under mango orchard (Area ha.).

Particulars Adapters (N=60) Non-adapters (N=60)
–––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––
Growers Opera- Area Growers Opera- Area

tional under tional under
holding mango holding mango

Small (up to 2.00 ha.) 3 (5.00) 1.83 1.43 23 (38.33) 1.79 1.52
Medium (2.01 to 4.00 ha.) 18 (30.00) 3.16 2.97 33 (55.00) 3.84 2.65
Large (4.01 and above) 39 (65.00) 6.12 4.79 04 (6.67) 4.76 4.24
Average 5.02 4.07 3.11 2.32

Figures in parentheses are percentage to total.

Table 2. Age wise per hectare productivity (t ha-1) of mango orchard.

Age group of orchard Adapters (N=60) Non-adapters (N=60)
–––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––
Growers Productivity Growers Productivity

Young (<than 15 years) 12 (20.00) 3.2 14 (23.33) 1.80
Adult (16 to 30 years) 14 (28.33) 4.8 16 (26.67) 3.6
Old (30 to 51 years) 12 (20.00) 6.2 17 (28.33) 3.9
Very old (>than 50 years) 19 (31.67) 4.6 13 (21.67) 2.4
Mean - 4.7 - 2.92

Figures in parentheses are percentage to total.



In PBZ adopter and non-adopter categories
of mango orchard, the average productivity was
observed to 4.70 and 2.92 t ha-1 respectively.
This indicated that the productivity has positive
trend with size of mango orchards.

The productivity was maximum during the
orchard age of 31-50 years which was 6.2 t
ha-1 in PBZ adopter category and 3.9 t ha-1 in
PBZ non-adopter category. The difference in
productivity over non adopters according to age
of mango orchard varied from 1.4 to 2.3 t
ha-1. Similarly, the productivity was observed to
increase and later on decrease as the orchard
becoming very old i.e. greater than 50 years of

age. The decline in productivity was also
reported by Gurav (1993).

The per hectare cost of cultivation was Rs.
122373/- and Rs. 69561/-, with gross returns
of Rs. 251450/- and Rs. 119720/- with
resulting into benefit cost ratio of 2.05 and
1.72 in PBZ adopter and PBZ non-adopter
category, respectively. Due to enhanced use of
inputs in PBZ adopter category, the cost of
cultivation of mango was on higher side.
Therefore, estimated per tonne cost of
cultivation of mango was to the tune of Rs.
26037/- and Rs. 23822/- in PBZ adopter and
non adopter category, respectively. Better
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Table 3. Per hectare cost of cultivation of mango orchard.

Particulars Adapter (N=60) Non-adapters (N=60)
–––––––––––––––––––––––– –––––––––––––––––––––
Rs. Percentage Rs. Percentage

Hired labour :
a) Male 8363 6.83 5290 7.60
b) Female 3723 3.04 2981 4.28
Total 12086 9.88 8271 11.89
Manures 6325 5.17 5378 7.73
Fertilizers 7174 5.86 3930 5.65
Plant protection 14234 11.63 9624 13.83
Paclobutrozol 13380 10.93 - -
Input cost 53199 43.47 27203 39.11
Land revenue and other cesses 46 0.04 46 0.07
Depreciation and repairing 568 0.46 384 0.55
Interest on working capital (@6%) 3192 2.61 1632 2.35
Cost A 57005 46.58 29265 42.07
Interest on fixed capital (@10%) 836 0.68 521 0.75
Rental value of land (1/6th of the gross returns)-land revenue 41862 34.21 19907 28.62
Amortization value 9741 7.96 9741 14.00
Cost B 109444 89.43 59434 85.44
a) Family labour (Male) 4372 3.57 4792 6.89
b) Family labour (Female) 3237 2.64 2615 3.76
Total 7609 6.22 7407 10.65
Supervision charges (@10% of input cost) 5320 4.35 2720 3.39
Cost C 122373 100.00 69561 100.00
Production (t.) 4.70 - 2.92 -
Value of produce 251450 - 119720 -
Cost of cultivation/tonne 26037 - 23822 -
Benefir cost ratio 2.05 - 1.72 -



productivity and price advantage grabbed in the
beginning of season, were the benefits to the
PBZ adopter category which resulted into
higher per hectare income. As a whole, the net
returns were 157.33 per cent higher for PBZ
adopters than to PBZ non adopters. The
impact of input use on productivity was earlier
noticed by Shinde (2011).

The total additional input cost incurred by
the PBZ adopter mango grower including cost
of PBZ was observed to the tune of Rs. 27770
ha-1 and added mango production was 1.78 t
ha-1 with a value of Rs. 95230 ha-1. Therefore,
the incremental benefits realized at input cost
level were to the tune of Rs. 6746 ha-1.

The sample farmers opined that profitability
can be further extended, if PBZ is applied as
per given schedule and applying quantities of
manures, fertilizers and plant protection
chemicals properly as per canopy of tree and
monitoring flowering through following timely
spray schedule. Shinde (2011) concluded with
similar finding in her study.

The quantity marketed by the both the
categories of mango growers was observed to
be maximum in the month of April. However,
PBZ adopter started their marketing season
from February onwards and PBZ non-adopters
from March onwards. On the other hand,
prices were substantially higher in the
beginning months compared to May. This early
start of marketing season of mango had

positive and profound influence on higher
income levels of PBZ adopters.

It is concluded that the application of PBZ
has induced early flowering by two to four
weeks. Use of manures, fertilizers and plant
protection chemicals observed to increase with
PBZ for boosting productivity level from 2.92
to 4.7 t ha-1. Increased additional cost of inputs
along with PBZ application resulted in
incremental net returns which is observed to be
more than double. The use of additional inputs
as per recommendation for orchard along with
PBZ needs close management as per canopy
for getting higher returns. Therefore, mango
growers in Konkan region need to be trained
for PBZ application and adoption of
recommended levels of inputs for realizing
higher productivity as per canopy of tree
through extension agencies is recommended.
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Rosenberg (1965) defined the self-esteem as
a stable sense of personal worth or worthiness.
Braden (1969) defined self-esteem as the
experience of being competent to cope with
the basic challenges of life and being worthy of
happiness. It is also described as the core of self
-concept. It is not the fact about one self but it
is what one believes to be true about one self. It
is inclusive of both the descriptive and
evaluative self-related statements. A person's
self-esteem may be unstable for at least two
reasons. First, the person may experience a
larger number of, or more extreme positive and
negative events in daily life as compared to the
people who have stable self-esteem; thus,
situational factors may influence the degree to
which self-esteem is unstable. Second, self-
esteem instability may reflect individual
differences in the vulnerability of self-esteem;
that is, the self-esteem of some people may be
more strongly influenced by potentially self-
relevant events than that of others. Self-esteem

is also an independent outcome. It does not
assure accomplishment. World Health
Organization (2000) recommended that for
preventing suicide strengthening of students'
self-esteem is important from childhood to
adolescent period and it also helps them to
cope up adequately with difficult and stressful
life situations. Self esteem is developed and
enhanced by reflected appraisal, social
comparison, self attribution and psychological
centrality. Self image is another important part
of how one feels about oneself. So it is felt
necessary to assess the self esteem of female
students of Vasantrao Naik Marathwada Krishi
Vidhyapeeth, Parbhani (MS) and to correlate it
with their various factors influencing it.

Materials and Methods

A sample of 200 University female students
(100 each from low and middle Socio-
Economic Status (SES) groups were chosen at
random from the 4 Colleges of Vasantrao Naik
Marathwada Krishi Vidyapeeth (VNMKV)
Parbhani (MS). Out of the 200 female students,
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100 were selected from the UG programmes
and the remaining 100 were from the PG
programmes. The age group of the students
ranged between 17 and 24 yrs. The self-esteem
scale for women developed by Kapadiya and
Verma (1993) was administered on them for
assessing their self esteem levels.
Kuppuswamy's Socio-Economic Status scale for
urban population was used to assess the socio-
economic status of sample students.The newly
structured cum open ended interview schedule
was used to elicit the information related to
students' background and various aspects of
their life.

Results and Discussion

Table 1 indicates that majority of the
students in low SES group hailed from the rural
area as compared to their counterparts in
middle SES group. Majority of the sample
female students belonged to 20-22 year age
group, agricultural science specialization and
were in either second or third year of degree
programmes, middle born and hailed from
middle size families.

Fifty five per cent of VNMKV's female
students assessed to have middle level self
esteem (Fig. 1) followed by high level self
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Table 1. Background information of the University female students.

Background variables SES and  University female students (200) Z value
of the students ––––––––––––––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––

Low SES (100) Middle SES (100) a vs c b vs d
–––––––––––––––––––––––––– –––––––––––––––––––––––––
UG (50) PG (50) UG (50) PG (50)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––
a b c d

Age 
17-19 30.00 (15) 16.00 (8) 12.00 (6) 38.00 (19) 2.26** 2.55**
20-22 46.00 (23) 52.00 (26) 68.00 (34) 46.00 (23) 2.27** 0.60 NS
23-25 24.00 (12) 32.00 (16) 20.00 (10) 16.00 (8) 0.48 NS 1.90 NS

Specialization of the degree 
Home Science 40.00 (20) 28.00 (14) 30.00 (15) 12.00 (6) 1.05 NS 2.04*
Agriculture 34.00 (17) 72.00 (36) 54.00 (27) 70.00 (35) 2.05* 0.22 NS
Food Technology 20.00 (10) - 16.00 (8) 06.00 (3) 0.52 NS -
Horticulture 06.00 (3) - - 12.00 (6) - -

Year of study of degree programme 
First year 32.00 (16) 64.00 (32) 26.00 (13) 44.00 (22) 0.60 NS 2.04*
Later year 68.00 (34) 36.00 (18) 74.00 (37) 56.00 (28) 0.66 NS 2.04*
Sizes of family 
Small (1-4) 16.00 (8) 16.00 (8) 08.00 (4) 08.00 (4) 1.24 NS 1.24 NS
Middle (4-8) 60.00 (30) 60.00 (30) 82.00 (41) 81.00 (41) 2.49** 2.49**
Large (>8) 24.00 (12) 24.00 (12) 10.00 (5) 10.00 (5) 1.89 NS 1.89 NS

Ordinal position 
First born 12.00 (6) 16.00 (8) 22.00 (11) 24.00 (12) 1.34 NS 1.00 NS
Middle born 68.00 (34) 60.00 (30) 58.00 (29) 48.00 (24) 1.04 NS 1.21 NS
Last born 20.00 (10) 24.00 (12) 20.00 (10) 28.00 (14) - 0.45 NS

Locality 
Rural 68.00 (34) 72.00 (36) 48.00 (24) 60.00 (30) 2.06* 1.21 NS
Urban 32.00 (16) 48.00 (24) 52.00 (26) 40.00 (20) 2.06* 1.27 NS



esteem (24.50%) and low level self esteem
(24.50%) irrespective of SES groups. It is
obvious from the results that 44-66 per cent of
both the undergraduate and postgraduate
female students were rated as having middle
level of self esteem for having got secured 86-
106 points on the self esteem scale and it was
followed by high level self esteem female

students (15-30%) for having got secured 107-
123 scores and low level self esteem female
students (19-26%) for having got secured 41-
85 scores. Significantly a higher percentage of
the undergraduate female students found to
have higher levels of self esteem as compared
to their counterpart postgraduates, while it was
vice-versa with regard to middle level of self
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Fig. 1. Comparison of self esteem levels of University female students based on their educational
levels

Table 2. Correlation between self esteem levels of University female students and their various selected background variables
based on educational levels.

Background variables of female students Correlation with self esteem of University 
female students

––––––––––––––––––––––––––––––––––––––––––––––––
Inclusive of UG PG
educational levels

Chronological Age -0.125NS -0.097 NS -0.131 NS
Only one daughter 0.218** 0.457** 0.043 NS
Physical appearance 0.563** 0.628** 0.570**
Physique 0.449** 0.632** 0.294**
Body language 0.434** 0.715** 0.427**
Area of residence 0.181** 0.356** 0.313**
Socio-economic status 0.057 NS 0.356** -0.031 NS
Specialization in degree programme 0.045 NS -0.140* 0.144*
Academic achievement 0.312** 0.430** 0.458**
Prospective job avenues 0.690** 0.801** 0.694**
Feeling adequate to carry out routine tasks 0.536** 0.734** 0.612**
Social competency 0.572** 0.720** 0.570**
Type of relations maintained with both parents 0.402** 0.641** 0.415**
Type of social treatment received at home and outside home 0.595** 0.764** 0.474**
Type of treatment  received from opposite sex peers 0.518** 0.790** 0.286**
Opinions about family property 0.663** 0.720** 0.678**
Faith in destiny -0.416** -0.727** -0.340**
Feeling courageous to face challenges in life 0.583** 0.711** 0.537**

NS- Non-significant, *,**-Significant at 1 per cent and 5 per cent level respectively.
Table r values - P< 0.181 for significant at 1 per cent level; P< 0.138 for significant at 5 per cent level.



esteem of the female students. It was indicated
by them that getting admission for degree
programme (UG) and studying on University
campus made a big difference to them in their
life than studying later in post graduation
programme on the University campus, the
privileges and liberty given to them at UG level
was better and more as compared to their life
style at PG level.

Table 2 illustrates the correlation between
self esteem levels of the University female
students and their selected background
variables based on their educational levels (UG
and PG). With regard to the total sample of
University female students, it 'was found that
there was non-significant negative correlation
between their self esteem levels and their
chronological age; significant negative
correlation between their self esteem levels and
their faith in destiny which reflects that with
increase in the levels of self esteem of
University female students, their faith in destiny
found to get decreased. On the other hand,
socio-economic status of the University female
students found to have non-significant
correlation with their self esteem levels except
for undergraduate female students. The
magnitude of self esteem was found to have
significant positive correlation with their
background variables like being the only one
daughter status, physical appearance, physique,
body language, area of residence, academic
achievement in college, prospective job
avenues of their higher education, feeling of
adequacy to carry out routine tasks, their social
competency, types of relations maintained by
them with parents, type of social treatment
received by them at home and outside home,
types of treatment received from the opposite
sex peers, their opinions about their house and
family's property possessions and their courage
to face challenges in life. Some of these

findings are in line with the results focused in
the research studies of Moos and Moos (1986),
Holly (1987), Hayes et al. (1999), Deshpande
and Patnam (2004), Anthony (2004) and
Simone et al. (2012).

These results advocate that for enhancing
University female students' self esteem levels
the above cited factors that influence positively
must be taken care well by the female students,
their families and educational institutions as
higher levels of self esteem plays a pivotal role
for leading happy and successful life.
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The Agricultural Technology Information
Centre (ATIC) was established at every
university by the ICAR in the year 2001 under
NATP project. The idea behind starting these
ATIC is to help farmers for getting information,
publications, planting material advisory services
at one place. Total 44 ATIC were established in
the country.

To fulfill the needs and expectations of the
visitors, ATIC scientists interact with the
farmers regarding the improved agricultural
technologies developed by the university.
Queries made by farmers' visiting personally or
contacting through phone calls or letters and by
other means of the contacts methods. Keeping
this in mind to know the information seeking

pattern of farmers the present study on
'information seeking pattern of farmers
regarding horticultural crops through ATIC' was
undertaken. 

Materials and Methods

The study was conducted at the Agricultural
Technology Information Centre, Mahatma
Phule Krishi Vidyapeeth, Rahuri, Dist.
Ahmednagar of M.S. in India. The data
regarding horticultural crop queries in various
forms available since April 2005 to March
2010 was used for the present study. The
collected data were compiled and analyzed
according to the nature of queries in order to
draw meaningful conclusions in terms of
frequency and percentage. The horticultural
crop queries were compiled and categorized
according to year, area, gender, subject, crop
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cultivation practices information etc. 

Results and Discussion

It is observed from Table 1 that, majority of
the horticultural queries (81.60%) of farmers at
ATIC were received from the jurisdiction of
MPKV and 18.40 per cent farmers' queries
were received from outside the jurisdiction of
the university. About 15.05 per cent
horticultural queries of farmers were received
from jurisdiction of MAU, Parbhani, followed
by Dr. PDKV, Akola (1.90%) and Dr. BSKKV,
Dapoli (1.45%) jurisdiction. This might be
because some districts like Beed and
Osmanabad are adjoining to the Ahmednagar
district.

It is observed from Table 2 that, the majority
of the farmers' queries (81.60%) related to
horticultural crop were received from the
jurisdiction of MPKV. Out of which, majority

were from the Ahmednagar district (66.67%).
While, very few farmers' from other districts
were approached to ATIC for getting the
information. These results might be because of
the ATIC MPKV, Rahuri is located in the
Ahmednagar district and the rest of the districts
have also district extension centres. The
farmers may face difficulty in visiting ATIC or
contacting ATIC at Rahuri for getting
information. These findings are in line with the
findings of Hegade (2001) and Gavhane
(2005).

The information on horticultural fruit crops
queries presented in Table 3 revealed that,
majority of the horticultural queries were on
pomegranate crop (16.25%), followed by citrus
(10.90%), banana (09.66%), papaya (09.37%),
mango (08.30%), sapota and guava (06.69%),
water melon (06.41%), fig (05.45%), anola
(04.97%), santra and mosambi (04.88%),
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Table 1. Information sought by the farmers on horticulture crops from the Agricultural Universities of Maharashtra State.

Jurisdiction of University 2005-06 2006-07 2007-08 2008-09 2009-10 Total Percentage

MPKV, Rahuri 370 325 302 283 352 1632 81.60
MAU,Parbhani 73 58 51 52 67 301 15.05
Dr. PDKV, Akola 09 07 10 06 06 38 1.90
Dr. BSKKV, Dapoli 07 07 01 05 09 29 1.45
Total 459 397 364 346 434 2000 100.0

Table 2. Horticulture queries asked by the farmers' of various districts under the MPKV jurisdiction.

Place of Native 2005-06 2006-07 2007-08 2008-09 2009-10 Total Percentage

Ahmednagar 251 215 212 182 228 1088 66.67
Nasik 37 27 33 30 36 163 9.99
Pune 23 32 18 21 30 124 7.60
Solapur 30 28 15 17 29 119 7.29
Satara 12 10 13 10 13 58 3.55
Sangali 09 10 05 08 09 41 2.51
Jalgaon 05 02 04 07 01 19 1.16
Dhule 02 01 02 05 05 15 0.92
Kolhapur 01 00 00 03 01 05 0.31
Nandurbar 00 00 00 00 00 00 0.00
Total 370 325 302 283 352 1632 100



custard apple (03.82%), tamarind (02.87%)
respectively. These findings are similar with the
findings of Shaikh et al. (2007). These findings
might be observed because of majority of
horticultural crop queries are from Ahmednagar
district and pomegranate and citrus are the
important horticultural crops grown by the
farmers, while, area under custard apple and
tamarind is lesser in the district. 

It is also observed from Table 3 that, the
farmers wants information about different
horticultural practices. In pomegranate,
farmers' queries were on planting time, planting
method, distance of planting is having highest
frequency (52.94%), followed by queries on
varieties (17.06%) and water management
(12.35%), while, very few queries were asked
by the farmers' on fruit setting (2.35%), fruit
drops (1.18%) and nursery management
(0.59%). These findings are on similar line to
the findings of Gavhane (2005). In citrus,

majority of the farmers (30.70%) wants
information on improved varieties followed by
farmers asked queries on (25.44%) planting
time, planting method, distance of planting. 

Majority of the farmers' (40.15%) queries
were on sowing or planting time, method,
distance, followed by queries on information
about improved seed and varieties (20.08%)
and fertilizers management (12.62%), while
very few queries were asked by the farmers' on
fruit drops (2.58%), fruit setting (1.34%),
nursery management (0.67%) and post harvest
management (0.40%).    

These findings indicate that, farmers' may
be trained by organizing specialized training on
sowing and planting, improved seed and
varieties and fertilizers management. Also
propaganda needs to be made for awareness
about fruit drops, fruit setting, nursery
management and post harvest management.    
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Table 3. Distribution of the fruit crops growers' queries according to package of practices.

Crop Sowing Seed/ Ferti- Water Inter Prepa- Fruit Seed Fruit Nursery PHT Total Per-
and vari- lizer manage- cult- ration drop ling sett- manage- cen-
plant- ety ment ure of cut- ing ment tage
ing tings

Pomegranate 90 29 05 21 08 10 02 0 04 01 0 170 16.25
Citrus 29 35 22 00 10 05 0 08 05 0 0 114 10.90
Banana 45 15 18 05 10 0 0 08 0 0 0 101 09.66
Papaya 39 26 08 09 06 0 0 0 0 06 04 98 09.37
Mango 19 24 16 15 04 0 06 0 0 0 0 84 08.03
Sapota 45 07 06 07 00 0 03 02 0 0 0 70 06.69
Guava 30 13 14 09 0 0 04 0 0 0 0 70 06.69
Watermelon 21 15 09 14 03 0 05 0 0 0 0 67 06.41
Fig 20 06 09 05 00 17 0 0 0 0 0 57 05.45
Anola 15 11 08 10 01 0 02 0 05 0 0 52 04.97
Sweet orange 17 10 06 04 05 04 05 0 0 0 0 51 04.88
Custard apple 20 02 04 00 0 10 0 04 0 0 0 40 03.82
Tamarind 13 07 03 04 03 0 0 0 0 0 0 30 02.87
Ber 05 4 02 01 03 03 0 0 0 0 0 18 01.72
Grape 08 4 02 02 0 0 0 0 0 0 0 16 01.53
Other 04 02 0 02 0 0 0 0 0 0 0 08 00.76
Total 420 210 132 108 53 49 27 14 14 07 04 1046 100.00
Per cent 40.15 20.08 12.62 10.33 5.07 4.68 2.58 1.34 1.34 0.67 0.4 100.00 -



The information on vegetable crops queries
presented in Table 4 observed that majority of
the vegetable growers were asked queries on
onion crop production (32.85%) followed by
chili (14.78%), brinjal (7.26%), cucumber
(7.12%), tomato (6.99%), okra (6.73%),
drumstick (4.62%), potato (3.83%), cabbage
(3.56%), bitter guard (3.43%), bottle gourd
(2.77%), pea (1.72%), beans/wal (1.32%),
fenugreek/methi (0.92%), cluster bean/gawar
(0.66%), radish (0.40%), sugar beet and red
pumpkin (0.26%). These findings might be
observed because of vegetables crop growers
preferred to grow the vegetables which are
giving more monetary return in short duration.
Also the crops like onion, chili, brinjal,
cucumber and tomato are more sensitive crops
which required more care than other crops. 

Majority of farmers' (46.97%) sought

information on sowing and planting of
vegetable, followed by seed/variety information
(16.09%), water management (12.80%),
fertilizer management (11.74%), inter culture
(8.71%), fruit drop (2.24%) and preparation of
cuttings (1.45%).

The information on floriculture queries
presented in Table 5 showed that, majority of
the farmers' (41.49%) asked queries on
marigolds followed by roses (20.21%),
chrysanthemums (13.83%), gladiolus (13.83%)
and tuberose (8.51%). It is seen from these
findings that floriculture farmers preferred to
grow the flowers which are having high
monetary returns in short duration. These
findings are similar to the findings of Shaikh et
al. (2007).

Amongst all the flower crop queries the
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Table 4. Distribution of the vegetable growers' queries according to the package of practices.

Crop Sowing Water Seed/ Ferti- Inter Fruit Preparation Total Percen-
and manage- variety lizer culture drop of cuttings tage
planting ment

Onion 111 37 45 36 20 00 00 249 32.85
Chili 75 10 09 04 10 04 00 112 14.78
Brinjal 26 10 09 05 05 00 00 55 07.26
Cucumber 25 10 07 02 00 10 00 54 07.12
Tomato 31 02 09 06 05 00 00 53 06.99
Okra 19 06 09 13 02 00 02 51 06.73
Drumstick 12 04 03 02 05 00 09 35 04.62
Potato 10 03 07 04 05 00 00 29 03.83
Cabbage 08 02 09 05 03 00 00 27 03.56
Bitter guard 10 06 03 02 05 00 00 26 03.43
Bottle gourd 09 03 00 06 00 03 00 21 02.77
Pea 05 00 04 00 04 00 00 13 01.72
Beans/Wal 05 00 02 01 02 00 00 10 01.32
Fenugreek 01 02 02 02 00 00 00 7 00.92
Cluster bean 02 02 01 00 00 00 00 5 00.66
Radish 02 00 01 00 00 00 00 3 00.40
Sugar beet 02 00 00 00 00 00 00 2 00.26
Red pumpkin 01 00 01 00 00 00 00 2 00.26
Other 02 00 01 01 00 00 00 4 00.52
Total 356 97 122 89 66 17 11 758 100.00
Per cent 46.97 12.80 16.09 11.74 8.71 2.24 1.45 100 -



frequency of queries on the information of
planting is the highest (26.60%) followed by
seed/variety (23.40%), irrigation management
and fertilizer management (17.02%),
preparation of cuttings (11.70%), inter culture
and other (2.13%). 

It is observed from Table 6 that, majority of
the farmers' queries (35.87%) was on ginger
followed by turmeric (29.34%), garlic (17.40%)
and coriander (8.70%). Majority of farmers'
(30.43%) asked queries on sowing and
planting, followed by seed of variety (23.91%),
water management (21.74%), fertilizer
(14.13%) and inter culture (9.79%). 

It is concluded that, majority of the farmers
asked horticultural queries were from the
jurisdiction of MPKV. Majority of the farmers'
asked queries on fruit crop pomegranate

followed by citrus, banana, papaya, mango,
sapota and guava, watermelon, fig, anola,
santra, mosambi, custard apple and tamarind.
They sought information firstly on package of
practices viz., planting time, planting method,
distance of planting. Secondly on varieties,
application and requirement of fertilizers, water
management, inter culture practices. Very few
queries were asked by the farmers' on fruit
drops, fruit setting, nursery management and
post harvest management. It shows that the
farmers were very much keen to know detail
information on cultivation of pomegranate as in
the Maharashtra State the climatic conditions
are suitable for this crop. In addition to this
gestation period is less and the produce of this
crop having remunerative prices in the market.
To bring more area on pomegranate cultivation
policy makers and extension personnel can pay
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Table 5. Distribution of farmers queries according to floriculture package of practices.

Crop Sowing Irrigation Seed/ Ferti- Inter Fruit Preparation Total Percen-
and manage- variety lizer culture drop of cuttings tage
planting ment

Marigold 10 07 09 07 00 06 00 39 41.49
Rose 04 03 00 07 00 05 00 19 20.21
Chrysanthemum 05 03 02 01 02 00 00 13 13.83
Gladiolus 03 02 06 00 00 00 02 13 13.83
Tuberose 03 01 04 00 00 00 00 08 08.51
Other 00 00 01 01 00 00 00 02 02.13
Sub total 25 16 22 16 02 11 02 94 100.00
Per cent 26.60 17.02 23.4 17.02 02.13 11.70 02.13 100 -

Table 6. Distribution of farmers queries according to spices package of practices.

Crop Sowing Water Seed/ Ferti- Inter Total Percen-
and manage- variety lizer culture tage
planting ment

Ginger 9 8 4 8 4 33 35.86
Turmeric 8 7 9 0 3 27 29.34
Garlic 4 3 6 3 0 16 17.40
Coriander 3 0 1 2 2 8 08.70
Other 4 2 2 0 0 8 08.70
Total 28 20 22 13 9 92 100.00
Per cent 30.43 21.74 23.91 14.13 9.79 100 -



more attention to small and marginal farmers
by formulating schemes and by arranging
special campaigns in collaboration with SAU's
to deliver the technical know-how to the
farmers. The farmers also sought information
more on planting. For giving details
information to the farmers ATIC can prepare
leaflets on these aspects for dissemination of
required information.

Majority of the queries were asked by the
farmers on the vegetable crops viz., onion,
followed by chili, brinjal, cucumber, tomato,
okra, drumstick, potato, cabbage, bitter guard,
bottle gourd, pea, beans/wal, fenugreek
(methi), cluster bean (gawar), radish, sugar beet
and red pumpkin. The farmers sought
information regarding vegetables on sowing
and planting is highest followed by seed/
variety, water management, fertilizer
management, inter culture, fruit drop and
preparation of cuttings.

Regarding floriculture, majority of the
queries asked by the farmers were on marigolds
followed by roses, chrysanthemums, gladiolus

and tuberose. The farmers sought information
regarding floriculture on planting is followed by
seed/variety, water management, fertilizer
management, preparation of cuttings and inter
culture.

Regarding spices majority of the queries
were sought by the farmers on ginger followed
by turmeric, garlic and coriander. Under these
queries, majority of farmers sought information
regarding sowing and planting followed by seed
of improved variety, water management,
fertilizer management and inter culture.
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The Agricultural Technology Information
Centre (ATIC) is a single window delivery
system of the University. The extension
activities like field visits, replying the queries of
the farmers and other stakeholders, diagnostic
team visits in coordination with Agriculture
department are being performed by the ATIC.
The university scientists attends daily on an
average 150-200 call from the farmers.
(Anonymous, 2010). ATIC scientists help the
farmers regarding their agriculture problems
and suggest them most ideal solution on that
and empowered farmers through providing the
information and knowledge of recent
agriculture developments. All information
regarding improved varieties, cultivation
practices, fertilizer management and plant
protection measures are available for farmers in
a simple way at ATIC. 

To fulfill the needs and expectations of the
visitors, ATIC scientists interact with the
farmers regarding the improved agricultural
technologies developed by the university.
Queries made by farmers' visiting personally or
contacting through phone calls or letters and by

other means of the contacts methods. Keeping
this in mind to know the information seeking
pattern of farmers the present study on
'Farmers' Queries Received at ATIC on
Agronomical Crops' was undertaken with the
objectives to collect and analyze the area and
subject wise distribution of farmers' queries on
agronomical crops from the helpline registers
of SMS, visitor registers, letters, past annual
reports of ATIC etc.

Materials and Methods

The study was conducted at the Agricultural
Technology Information Centre, Mahatma
Phule Krishi Vidyapeeth, Rahuri, Dist.
Ahmednagar of M.S. in India. The data
regarding agronomical crop queries in various
forms were available since April 2005 to March
2010 was used for the present study. The
collected data were compiled and analyzed
according to the nature of queries in order to
draw meaningful conclusions in terms of
frequency and percentage. The agronomical
crop queries were compiled and categorized
according to year, area, gender, subject, crop
cultivation practices information etc.
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Results and Discussion

Subject-wise distribution : It is observed
from Table 1 that, the relatively higher
proportion of the farmers' queries (46.70%)
were received on horticultural crops, followed
by field crops (21.15%), animal husbandry and
dairy science (20.49%) and related to plant
protection (11.66%).

University-wise distribution : In
Maharashtra State four universities viz., MPKV,
Rahuri, Dr. BSKKV, Dapoli, MAU, Parbhani
and Dr. PDKV, Akola having ATIC's at their
head quarters. Besides this, MPKV ATIC is
receiving the farmers' queries from others
university jurisdiction.

It is observed from Table 2 that, majority of
the agronomical queries (79.47%) of farmers at
ATIC were received from the jurisdiction of
MPKV and 20.53 per cent farmers' queries
were received from outside the jurisdiction of
the university. About 17.22 per cent agrono-
mical queries of farmers were received from
jurisdiction of MAD, Parbhani, followed by Dr.
PDKV, Akola (2.98%) and Dr. BSKKV, Dapoli
(0.33%) jurisdiction. This might be because of
some districts like Beed and Osmanabad are
adjoining to the Ahmednagar district.

Field crops queries : It is observed that
(Table 3), the majority of the farmers' queries
(67.64%) related to agronomical crop were
received from the Ahmednagar district. While,
very few farmers' from other districts were
approached to ATIC for getting the
information. These results may be observed
because of ATIC MPKV, Rahuri is located in the
Ahmednagar district and the rest of the districts
are away from the location. The farmers may
face difficulty in visiting ATIC or contacting
ATIC for getting information. For motivating
other districts farmers campaigning could be
organized. 

Crops queries according to field
crop : It is observed from Table 4 that,
maximum number of the agronomical queries
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Table 1. Subject -wise distribution of the farmers' queries.

Year Agro- Horti- Plant Dairy Total
nomy culture prote- science

ction

2005-06 178 459 088 185 910
2006-07 191 397 082 193 863
2007-08 144 364 132 166 806
2008-09 166 346 106 172 790
2009-10 227 434 091 161 913
Total 906 2000 499 877 4282
Rank II I IV III -

Table 2. University - wise distribution of the agronomical/
field crop queries asked by the farmers.

Jurisdiction of Univ. Total* Per cent

MPKV, Rahuri 720 79.47
MAU, Parbhani 156 17.22
Dr. PDKV, Akola 27 02.98
Dr. BSKKV, Dapoli 03 00.33
Total 228 906

* Total for 5 years

Table 3. Agronomical/ field crops queries asked by the
farmers' of various districts under the MPKV
jurisdiction.

Native Total* Per cent

Ahmednagar 487 67.64
Pune 53 7.36
Nasik 51 7.08
Solapur 41 5.69
Jalgaon 31 4.31
Satara 28 3.89
Sangli 16 2.22
Kolhapur 05 0.69
Dhule 04 0.56
Nandurbar 04 0.56
Total 720 100.00

* Total for 5 years



were on sugarcane (35.21%), followed by gram
(11.81%), ground nut (8.28%), soybean
(7.29%), cotton (6.85%), wheat (6.73%), tur
(4.74%), maize (4.41%), green/black gram
(4.19%), jowar (4.10%) and weed (2.21%).

These findings might be observed because
of majority field crop queries are from
Ahmednagar district and sugarcane and gram
are the important crops grown by the farmers,
while, area under castor and paddy is less in the
district. In sugarcane as the crop duration is
more its required different agronomical
practices throughout the year. The findings of
the Singh et al. (2008) are in line with the
above findings.

Package of practices : The farmers wants
information about different agronomical
package of practices. In field crops, farmers'
queries on information about varieties were
having highest frequency (28.04%), followed by
queries on seed/set requirements (27.15%),
sowing (15.78%), fertilizer management
(11.04%), herbicides use (5.19%) and
intercropping (4.86%). While, very few queries

were asked by the farmers' on storage (1.55 %),
agricultural implements (1.43%) and water
management (1.32%). These might be because
sugarcane and gram are the major crops grown
in the Ahmednagar district. This also revealed
that, the varieties developed and the seeds
available and sold by the university having
credibility among farmers and farming
community. The findings of the Singh et al.
(2008) and Das et al. (2012) are in line with the
above findings.

From the findings of the study it is
concluded that, majority of the farmers asked
agronomical queries were from the jurisdiction
of MPKV. Majority of the farmers asked queries
on agronomical crop in that emphasis was on
sugarcane followed by gram, ground nut,
soybean, cotton, wheat, red gram, maize,
green/black gram, sorghum and weed. They
sought information firstly on varieties and seed.
Secondly on package of practices viz., sowing,
fertilizer management, herbicides use and
intercropping. Very few queries were asked by
the farmers' on storage, agricultural implements
and water management. It showed that the

Khose et al.468

Table 4. Distribution of the farmers' queries according to crop cultivation practices.

Crop Variety Seed/ Sowing Ferti- Herbi- Inter Stor- Agril. Water Other Total Percen-
Sets lizer cide crop- age imple- manage- tage

ping ment ment

Sugarcane 87 50 44 57 27 32 00 00 07 15 319 35.21
Gram 42 41 08 09 03 00 04 00 00 00 107 11.81
Groundnut 15 26 17 04 00 00 00 06 03 04 75 08.28
Soybean 07 26 13 04 09 01 04 00 00 02 66 07.29
Cotton 15 02 15 17 06 03 02 00 00 02 62 06.85
Wheat 21 24 06 04 0 0 0 00 02 04 61 06.73
Red gram 15 15 06 01 00 04 00 00 00 02 43 04.74
Maize 11 15 08 00 01 02 00 02 00 01 40 04.41
Mung/Urid 11 16 08 03 00 00 00 00 00 00 38 04.19
Jowar 16 09 04 01 00 00 04 00 00 03 37 04.10
Bajra 02 02 03 00 01 02 00 00 00 00 10 01.10
Sun flower 00 05 04 00 00 00 00 00 00 00 09 00.99
Castor 00 00 04 00 00 00 00 00 00 00 04 00.45
Other 12 15 03 00 00 00 00 05 00 00 35 3.85
Total 254 246 143 100 47 44 14 13 12 33 906 100.00
Per cent 28.04 27.15 15.78 11.04 05.19 4.86 1.55 1.43 1.32 3.64 100 -



farmers were very much aware and keen to
know information of new improved varieties
and seed of field crops. Also the farmers and
farming community having credibility among
the varieties developed and the seeds available
and sold by the MPKV, Rahuri.
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Abstract
The relationships viz., pressure-discharge and pressure-radius of throw were developed for stand alone

rain gun. The linear, logarithmic power and exponential types of equations were fitted for these relationships.
The best relationships were selected based on the value of regression coefficient. The discharge of rain gun
increases with operating pressure. This fact indicates the scope for deciding the operating pressure to obtain
the desired precipitation rate according to the soil type. However the nature of variation of discnarge and
radius of throw with operating pressure were different for different makes of rain gun. Similarly the radius of
throw of rain gun was found to increased with operating pressure.
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Amongst sprinkler irrigation systems, rain
gun can be used most effectively for irrigating
large fields in short period and with minimum
labour requirement. This system consists of a
gaint sprinkler (powerful mega sprinkler) that
throws a large amount of water (up to 500 litre
min-1) to a distance up to radius of 90 meter
and even more, like artificial rain. Basically, two
types of rain guns viz., gear driven, and
hammer action type are available in the market.

They may be portable or fixed type. Giant
sprinklers usually have one large nozzle with
smaller supplemental nozzles for pattern gaps
filling. This system is not suitable for the soil
whose infiltration rate is lower than 4 mm hr-1

and for the regions of appreciable wind and
delicate crops.

Nowadays number of companies are
manufacturing and promoting rain-guns.
Operating pressure of rain gun varies from 3 to
7 kg cm-2. 3 to 10 HP high head and low to
medium discharge type pumps are reuired for

1. Assistant Professor, 2. Associate Professor and 3. M.
Tech. Student.



the operation of rain-gun. A rain gun can
irrigate 0.5 to 1 ha area of land within 2 to 3
hrs. This system can save considerable labour,
time and electricity besides irrigation water.
However, giant sprinklers usually have low
water distribution efficiency, if the system is not
designed properly.

However, adequate information is not
available on hydraulic characteristics of rain gun
irrigation system. Therefore, present
investigation was undertaken to study pressure-
discharge and pressure-radius of throw
relationships of different makes of rain guns
with different riser heights.

Materials and Methods

The experiment was conducted at the
Instructional Farm of the Department of
Irrigation and Drainage Engineering, Dr. A. S.
Shinde College of Agricultural Engineering,
Mahatma Phule Krishi Vidyapeeth, Rahuri
(Maharashtra), India situated between 19°47'
and 19°57' N latitude and 74°84' and 74° 19'
E longitudes. The altitude of the place is 667
meters above mean sea level. The experiment
was conducted during the year 2007.

The experimental set up consisted water
source, pump, field and rain gun irrigation
system. The source of water for rain gun
irrigation system was the shallow open dug
well. The electrical conductivity and pH of
water were 2.31 dS m-1 and 8.32, respectively.
The centrifugal pump of 10 HP having size
11/2DM8 was installed on the well to lift and
supply water to rain gun irrigation system

through mains and sub mains of galvanized iron
pipes. The rpm of pump was 2850 and
operated on 331/420V. The diameter of the
suction pipe was 6.35 cm (2.5") whereas of
delivery pipe was 3.175 cm (1.25"). The
experimental field was properly leveled to the
zero slope and the vegetations in the field and
around the field were removed so as to
maintain the same conditions throughout the
period of experimentation.

Rain gun irrigation system : The system
consisted of the components such as main line,
rain guns, riser and miscellaneous pressure
gauge, pitot tube etc. The main line used for
the experiment was of 5.08 cm (2") diameter
and the length was 45 m. The three different
rain guns having different nozzle sizes were
used. The specification and other details are
presented in Table 1.

The riser of galvanized pipe of 3.81 cm
(1.5") diameter was used for Komet rain gun
and 5.08 cm (2.0") diameter was used for
Jalapari and Marvel rain guns. The risers of
three different heights viz., 1.75, 2.25 and
2.75 m were used for developing the
relationships and estimating the performance
parameters. The riser pipes were threaded
externally at both the ends and were provided
with the nipple of 1.5 cm diameter (internally
threaded) for connecting the pressure gauge.
Pitot tube was used to measure pressure at rain
gun. The pressure gauge connected to the riser
and regulating valve connected to main line
were used to monitor the desired pressure.

Observations : The observations were
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Table 1. The detail specification of the rain guns.

Specification Make-A Make-B Make-C

Manufacturing company Bangalore Tools Italian Irrigation Company Jain Irrigation Pvt. Ltd., Jalgaon
Brand name Jalpari Marvel Komet-A6-23°
Nozzle size 16mm 10mm 8 mm
Drive mechanism Hammer action Gear driven Hammer action



recorded to develop pressure-discharge and
pressure-radius of throw relationships of
different makes of rain guns for all the
combinations that were obtained as a
combination of nozzle size, pressure and riser
height. The nozzle sizes were 16, 10 and 8 mm
and were obtained using the rain guns of
different makes. Three different riser heights
1.75, 2.25 and 2.75 m were used. The
pressures at the riser or near the inlet of the
nozzle were varied in the range from 2.0 to 5.5
kg cm-2 at an interval of 0.5 kg cm-2. The
volume of water discharged through the nozzles
was collected in tank of 500 litre capacity. The
system was operated to fill the tank and time to
fill the tank was recorded. The maximum jet
length or radius of throw is the maximum
length of water sprayed by the rain gun. It is
directly measured by using the measuring tape
from rain gun to the end of water throw. The
data was recorded in three replications.

Pressure-discharge relationship : The
pressure discharge relationships were
developed between pressure and discharge by
using four types of equations, Q = a1 + b1P, Q
= a1eb1P, Q = a1Ph1 and Q = a1 + b1P + c1P2.

Where, P = operating pressure (kg cm-2), Q
= discharge (litre min-1), a1, b1, c1 = constants
of equations.

The regression coefficients were worked out
for all the above equations and the equation
with the maximum value of regression
coefficient was chosen as the function for the
relationship between discharge and pressure.
The pressure discharge relationships were
developed for all the rain guns at different riser
heights.

Influence of pressure variation on
radius of throw : The effect of pressure
variation on radius of throw was studied by
developing four types of relationships

represented by four equations, R = a1 + b1P, R
= a1eb1P, R = a1P1 and R = a1 + b1P + c1P2.

Where, P = operating pressure (kg cm-2), R
= radius of throw (m), a1, b1, c1 = constants of
equations.

Results and Discussion

Pressure discharge relationship : The
variation in discharge of rain gun with respect
to the operating pressure of rain gun was
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Table 2. Pressure (P) - discharge (Q) relationships for rain
gun of Make-A at different riser heights.

Raiser Type of Euqtion R2
height relation-
(m) ship

1.75 Linear Q = 71.208P + 113.05 0.88
Logarithmic Q = 178.76Ln(P) + 129.71 0.92
Power Q = 163.17P06345 0.91
Exponential Q = 153.92e0.2525P 0.87

2.25 Linear Q = 43.59P + 169.09 0.99
Logarithmic Q = 107.07Ln(P) + 181.41 0.99
Power Q = 195.82P0.3862 0.99
Exponential Q = 187.41e0.157P 0.99

2.75 Linear Q = 66.598P + 116.73 0.96
Logarithmic Q = 165.69Ln(P) + 133.66 0.98
Power Q = 164.37P0.5973 0.97
Exponential Q = 15479e0.2397P 0.95

Fig. 1. Pressure (P) - discharge (Q) relationship
of rain gun of Make-A at 1.75, 2.25
and 2.75 m riser heights.



studied by developing the relationships between
pressure and discharge of rain gun. The effect
of pressure on discharge of rain gun for
different makes is presented as below,

Make-A : It is seen from the Fgure 1 that as
the operating pressure increased the discharge
of the rain gun increases. The similar results
were observed by other researchers (Shinde and
Darade, 1993; Aragade and Thombal, 1994;
Muhammad et al. 2000; Javeer et al. 2005

and Sonnar and Kapase, 2006).

Therefore the relationship was developed
between operating pressure of rain gun of
Make-A and its discharge at different riser
heights. The functions of the type linear,
logarithmic, power and exponential were fitted
between operating pressure (P) in kg cm-2 and
discharge (Q) in lpm. The function that gave the
maximum value of regression coefficient was
chosen as the best fit amongst all the fitted
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Table 3. Pressure (P) - discharge (Q) relationships for rain
gun of Make-B at different riser heights.

Raiser Type of Euqtion R2
height relation-
(m) ship

1.75 Linear Q = 36.984P + 78.836 0.99
Logarithmic Q = 106.46Ln(P) + 75.933 0.99
Power Q = 101.96P0.5719 0.99
Exponential Q = 103.92e0.1975P 0.99

2.25 Linear Q = 37.556P + 87.954 0.99
Logarithmic Q = 107.12Ln(P) + 86.065 0.99
Power Q = 111.82P0.5383 0.99
Exponential Q = 113.29e0.1875P 0.99

2.75 Linear Q = 43.681P + 65.776 0.99
Logarithmic Q = 125.82Ln(P) + 62.261 0.99
Power Q = 96.409P0.6555 0.99
Exponential Q = 98.648e0.226P 0.99

Fig. 2. Pressure (P) - discharge (Q) relationship
of rain gun of Make-B at different riser
heights.

Table 4. Pressure (P) - discharge (Q) relationships for rain
gun of Make-C at different riser heights.

Raiser Type of Euqtion R2
height relation-
(m) ship

1.75 Linear Q = 24.042P- 3.9317 0.85
Logarithmic Q = 108.46Ln(P) - 57.511 0.88
Power Q = 18.876P1.1337 0.84
Exponential Q = 33.266e0.2498P 0.80

2.25 Linear Q = 23.595P + 4.1244 0.81
Logarithmic Q = 107.05Ln(P) - 49.354 0.85
Power Q = 22.126P1.0659 0.80
Exponential Q = 37.883e0.2338P 0.76

2.75 Linear Q = 25.07P + 0.7753 0.82
Logarithmic Q = 113. 09Ln(P) - 55.074 0.85
Power Q = 22.19P1.0834 0.81
Exponential Q = 38.12e0.2388P 0.77

Fig. 3. Pressure (P) - discharge (Q) relationship
of rain gun of Make-C at different riser
heights.



functions. The different functions that were
fitted to show the relationship between
operating pressure and discharge for rain gun
of Make-A at different riser heights are
presented in Table 2. The regression coefficient
of almost all the functions are more than 0.9.
However, in general logarithmic functions fit
the data well amongst all the functions as
indicated by the values of regression coefficient.

Make-B : It is seen from the Fig. 2 that as
the operating pressure increases the discharge
of the rain gun increases. The regression
coefficient (Table 3) of almost all the functions
are more than 0.9. However in general
exponential functions fit the data well among all
the functions as indicated by the values of
regression coefficient.

Make-C : It is seen from the Table 4 that
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Table 5. Relationship between the pressure (P) and radius
of throw (R) for rain gun of Make-A at different
heights.

Raiser Type of Euqtion R2
height relation-
(m) ship

1.75 Linear R = 1.9P+ 19.017 0.89
Logarithmic R = 4.5795Ln(P) + 19.633 0.86
Power R = 19.984P01914 0.87
Exponential R = 19.478e0.0794P 0.90

2.25 Linear R = P + 22.467 0.95
Logarithmic R = 2.491Ln(P) + 22.718 0.97
Power R = 22.807P0.1001 0.97
Exponential R = 22.578e0.0402P 0.95

2.75 Linear R = 4.9P + 12.617 0.95
Logarithmic R = 12.201Ln(P) + 13.853 0.97
Power R = 15.789P0.4993 0.97
Exponential R = 15.02e0.2003P 0.94

Fig. 4. Effect of Pressure (P) on radius of
throw (R) for rain gun of Make-A at
riser height of 1.75, 2.25 and 2.75 m.

Table 6. Relationship between the pressure (P) and radius
of throw (R) for rain gun of Make-B at different
riser heights.

Raiser Type of Euqtion R2
height relation-
(m) ship

1.75 Linear R = 3.07P+13.88 0.94
Logarithmic R = 9.0064Ln(P) + 13.458 0.97
Power R = 14.987P0.3996 0.97
Exponential R = 15.29e0.1358P 0.93

2.25 Linear R = 2.918P+ 14.58 0.95
Logarithmic R = 8.4832Ln(P) + 14.262 0.96
Power R = 15.658P0.3691 0.97
Exponential R = 15.893e0.1266P 0.95

2.75 Linear R = 1.96P+ 14.68 0.88
Logarithmic R = 5.4282Ln(P)+ 14.755 0.81
Power R = 15.534P0.2598 0.83
Exponential R = 15.49e0.0936P 0.89

Fig. 5. Effect of Pressure (P) on radius of
throw (R) for rain gun of Make-B at
riser height of 1.75, 2.25 and 2.75 m.



the regression coefficient of almost all the
functions are more than 0.8. However, in
general logarithmic functions fit the data well
among all the functions as indicated by the
value of regression coefficient.

Effect of pressure on radius of
Throw : The variation in radius of throw of
rain gun with respect to the operating pressure
of rain gun was studied by developing the
relationships between pressure and radius of
throw of rain gun. The effect of pressure on
radius of throw of rain gun for different makes
is presented as below.

Make-A, B and C : It is seen from the
Figs. 4, 5 and 6 that as the operating pressure
increases, the radius of throw of the rain gun
also increases. The similar results were
observed by other researchers (Aragade and
Thombal, 1994; Muhammad et al. 2000;
Javeer et al. 2005; and Sonnar and Kapase,
2006).

The different functions that were fitted to
show the relationships between operating
pressure and discharge for rain guns of Make-
A, B and C at different riser heights are
presented in Tables 5, 6 and 7, respectively. It
is seen from the Table 5  that the exponential
type of function at 1.75 m riser height and
logarithmic function at 2.25 and 2.75 m riser
heights fit the data well for rain gun of Make-A.

Similarly, the regression coefficient of
almost all the functions are more than 0.8 for
gun of Make-B. However logarithmic function
for riser height of 1.75 and 2.25 m and
exponential function for riser height of 2.75 m
fit the data well among all the functions as
indicated by the values of regression coefficient.

It is seen from the Table 7 that the
regression coefficient of almost all the functions
are more than 0.8 for gun of Make-C.
However, in general exponential function fit the

data well among all the functions as indicated
by the value of regression coefficient.

It is concluded that the discharge of rain gun
when operated stand alone increased with
operating pressure. This fact indicated the
scope for deciding the operating pressure to
obtain the desired precipitation rate according
to the soil type. However the nature of
variation of discharge with operating pressure is
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Table 7. Relationship between the pressure (P) and radius
of throw (R) for rain gun of Make-C.

Raiser Type of Euqtion R2
height relation-
(m) ship

1.75 Linear R = 2.258P+11.133 0.94
Logarithmic R = 9.95 13Ln(P) + 6.452 0.94
Power R = 10.559P0.4683 0.94
Exponential R = 13.17e0.1061P 0.95

2.25 Linear R = 1.52P+ 15.61 0.95
Logarithmic R = 6.7004Ln(P) + 12.457 0.94
Power R = 14.359P0.2988 0.95
Exponential R = 16.532e0.0677P 0.95

2.75 Linear R = 1.68P + 14.6 0.87
Logarithmic R = 7.2472Ln(P) + 11.351 0.83
Power R = 13.664P0.3231 0.83
Exponential R = 15798e0.0748P 0.88

Fig. 6. Effect of Pressure (P) on radius of
throw (R) for rain gun of Make-C at
riser height of 1.75, 2.25 and 2.75 m.



different for different makes of rain gun.
Similarly the radius of throw of rain gun
increased with operation pressure. However
the nature of variation of radius of throw with
operating pressure was different for different
makes of rain gun.
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Abstract
The soybean crop sown in 27th MW recorded significantly highest soil moisture percentage at pod

development stage (60 DAS) and significantly higher soil moisture percentage were recorded with MAUS-158
variety than MAUS-71. Correlation between weather parameters and phonological stages of soybean showed
significant correlation with high degree of association at grain formation to pod development stage and
thereafter at vegetative stage i.e. at seedling to flowering. Specially rainfall showed positive and significant
association (r = 0.743) at dough to maturity stage of soybean and bright sunshine hour showed highly
significant correlation (r = 0.830) at sowing to flowering stage was found with bright sunshine hours. The
weather change played vital role in yield production of soybean. The grain yield of soybean was obtained
significantly highest in 27th MW sowing and lowest in 29th MW sowing at Parbhani in Marathwada condition.     

Key words: Soybean, weather parameters, phenophases, soil moisture.

______________

Under rainfed situations,  soybean yields are
higher when sown with the onset of monsoon
(Jansani, et al., 1993). However,  during the
recent years the monsoon rains, particularly

after onsets are erratic, leading to failure of
early sown kharif crops. The Meteorological
parameters play an important role in deciding
the success or failure of the crop, because these
strongly influence the physiological expression
and genetic potential of the crop. It is well
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known that yield from any given crop or variety
depends on the availability of certain optimum
conditions of solar radiation, temperature, heat
units etc. during different stages of soybean
crop growth (Dorenbos and Pruit, 1977). 

Photosynthesis is reduced by moisture stress
due to reduction in photosynthetic rate,
chlorophyll content, leaf area and increase in
assimilate saturation in leaves. The
photosynthetic process i.e. entry of carbon
dioxide into the leaf, photochemical reactions
and reduction of carbon dioxide are affected by
moisture stress. As moisture stress increases,
stomata start closing as mechanism to reduce
transpirational losses. As a consequence, re
entry of carbon dioxide is also reduced (Finn
and Breen, 1980). Hence, there is need to
study the influence of soybean grown in
different weather conditions as affected by
change in sowing date.

Materials and Methods

The investigation was carried out during
kharif, 2011-2012, on the experimental farm,

Department of Agricultural Meteorology,
Vasantrao Naik Marathwada Krishi Vidyapeeth,
Parbhani, (190161N, 760471E and 409 MSL)
with an objective to find out the relationship
between the weather parameters and growth
and yield of soybean. The experiment was laid
out in split plot design with three replications by
taking four dates of sowing viz., 26th, 27th,
28th and 29th MW as main plots and two
soybean cultivars viz., MAUS-158 and MAUS-
71 as sub plots. The first sowing was taken up
before onset of monsoon, second sowing taken
up with onset of monsoon and later two
sowings were taken a week interval. Mean
weather parameters viz., maximum and
minimum temperature (Tmax and Tmin), relative
humidity during morning and evening (RH-I and
RH-II), bright sunshine hours (BSS),
evaporation (EVP) and rainfall (RF) that
prevailed at various phenophases of soybean
sown on four sowing dates were recorded. The
crop was raised, following the recommended
package of practices for the region. In case of
identification of phenological events, five plants
were selected randomly from one replication.

Moka et al.476

Table 1. Soil moisture (%) in soybean crop as influenced at 30 cm depth and at 15 days interval.

Treatments Days after sowing At 
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– harvest
15 30 45 60 75

Dates of sowing (D) :
26 MW 28.8 27.4 28.4 28.7 28.5 29.2
27 MW 30.3 29.3 30.5 30.1 29.6 29.6
28 MW 29.2 27.5 30.1 29.6 29.3 29.5
29 MW 27.7 26.0 28.3 27.5 27.3 28.6
S.E. + 0.50 0.48 0.26 0.36 0.54 0.19
C.D. at 5 % 1.50 1.44 0.78 1.08 1.62 0.57

Varieties (V) :
MAUS-158 30.0 29.2 30.8 30.5 29.9 29.6
MAUS-71 29.5 28.7 30.3 29.0 29.4 29.1
S.E. +  0.69 0.29 0.21 0.25 0.53 0.03
C.D. at 5 % 2.07 0.87 0.63 0.75 1.59 0.09

Interaction (D x V) :
S.E. + 0.71 0.68 0.37 0.51 0.76 0.27
C.D. at 5% N.S. N.S. N.S. N.S. N.S. N.S. 
Mean 29.0 27.6 29.3 29.0 28.6 29.2



The day at which, three of them attained any
particular phenological stage was recorded for
attaining that stage. The several phenological
phases from emergence to harvest were
recorded and number of days to attain the
specific phase also recorded for each stage.
Percentage of soil moisture was recorded and
observations taken w.e.f. 15 to 90 DAS at 15
days interval.

Simple correlations were worked out
between weather parameters and resulted crop
growth and yield of soybean to workout
parameters to affect qualitative relationship
between them.

Results and Discussion

The data on soil moisture of different
treatments in soybean crop from sowing to
maturity at 30 cm depth and at 15 days interval
is given in Table 1. It is seen from the table that,
crop sown in 27th MW recorded significantly
highest soil moisture (30.01%) at 60 DAS (pod
development stage) over all other treatments.
Ultimately, it was reflected in yield and showed
the highest yield. While, it is also observed that

sowing dates of 26th MW and 29th MW utilized
low soil moisture at maturity stages and resulted
in  decreased yield of soybean. These results are
in conformity with Eck et al. (1987) and
Kpoghmov et al. (1990). The variety
MAUS-158 utilized higher soil moisture
throughout growing stages, hence produced
more yield (2372.3 kg ha-1) and significantly
highest soil moisture contents at all growth
stages were observed for MAUS-158 than
variety MAUS-71. However, interaction results
were found non-significant. 

The correlation studies were undertaken to
assess the impact of different variables
prevailed during the crop life for different
phenological stages of soybean. Important
variables in utilizing the weather resources for
synthesis of yield were considered.

The correlation was worked out between
weather variables prevailed during sowing to
maturity at specific growth stages of different
cultivars under different sowing dates. The
correlation coefficient showed degree of
association between seed yield and weather
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Table2. Correlation coefficient between weather parameters and yield of soybean.

Weather Phenophases of soybean
parameter –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

P1 P2 P3 P4 P5 P6 P7 P8 P9

Rain fall (mm) -0.102 -0.591* -0.237 -0.198 0.073 0.567* -0.573* 0.172 0.743*
Rainy days 0.445 -0.649* -0.160 0.057 0.247 0.568* -0.270 0.209 0.460
Tmax (°C) -0.575* -0.290 0.330 0.123 -0.123 0.282 0.446 -0.063 -0.120
Tmin (°C) 0.112 0.436 -0.446 -0.370 -0.171 0.553* 0.095 0.256 -0.495
RH-I (%) 0.027 -0.263 -0.365 0.126 0.173 0.451 -0.156 0.156 -0.107
RH-II (%) 0.315 -0.509 -0.450 -0.089 0.284 0.629* 0.143 0.001 0.139
RH mean (%) 0.200 -0.600* -0.461 0.009 0.268 0.615* 0.029 0.033 0.372
Evp (mm) 0.629* -0.123 0.614* -0.037 -0.194 -0.562 -0.281 0.293 -0.662*
B.S.S (hrs day-1) 0.830** -0.030 0.544* -0.164 -0.163 0.100 -0.347 0.366 0.176
W.V (kmph) -0.434 0.097 0.538* -0.111 -0.194 -0.103 0.412 0.194 0.133

*,** Significant at 5 and 1 per cent respectiverly. P1 - Sowing to seedling, P2 - Seedling to branching, P3 - Branching to
flowering, P4 - Flowering to pod formation, P5 - Pod formation to grain formation, P6 - Grain formation to pod development,
P7 - Pod development to pod containing full grain size, P8 - Pod containing full grain size to dough stage, P9 - Dough stage
to maturity.



variables prevailed during phenophases of
soybean crop and are given in Table 2.

The data revealed that evaporation during
emergence to seedling stage (P1), showed
significantly positive association (r = 0.629) and
bright sunshine showed highly positively
significant correlation (r = 830) whereas,
maximum temperature showed negatively
significant (r = -0.575) coorelation. During
branching to flowering (P3) stage, evaporation,
bright sunshine hours and wind velocity showed
significantly positive association and those were
r = 0.614, 0.544 and r = 0.538, respectively.
The grain formation to pod development (P6)
stage showed positive association with rainfall,
rainy days, minimum temperature, evening
relative humidity and mean relative humidity
and showed significantly positive correlation in
between yield and rainfall (r = 0.567), rainy
days (r = 0.568), minimum temperature
(r = 0.553), morning relative humidity (0.629)
and mean relative humidity (r = 0.615) at grain
formation to pod formation stage.  During
dough stage to maturity stage (P9), only rainfall
showed significantly positive correlation
(r = 0.743) and evaporation showed negatively
significant correlation (r = -0.662).   

Effect of sowing date and variety : The
grain yield (Table 3) was significantly influenced
by different treatments. The data on  grain yield
indicated that the crop sown in 27th MW
recorded the highest grain yield (2340 kg ha-1)
and it was found significantly superior over all
other treatments. Whereas, the lowest grain
yield (1982.7 kg ha-1) was recorded with
sowing during 29th MW sowing. These results
are similar to those reported earlier by Sunil
Kumar (2005) and  Singh et al. (2010).

The lowest grain yield was recorded due to
two weeks dry spell and it was ultimately
resulted in low germination percentage of crop.
Statistically, soybean cultivars showed

significant results and variety MAUS-158
produced the highest grain yield (2372.3 kg
ha-1) and found significantly superior over
MAUS-71 ((2310.9 kg ha-1). The interaction
results between sowing dates and variety was
observed non significant. 

The similar results of straw yield were
obtained as that of grain yield. However, the
highest straw yield was observed with 27th MW
sowing (2143.2 kg ha-1) and it was found
significantly superior over all other treatments
with the lowest straw yield with 29th MW
sowing (3668.7 kg ha-1). Amongst the
varieties, results were obtained similar to grain
yield and MAUS-158 showed significantly
superior straw yield (2108.6 kg ha-1) over
MAUS-71 (2310.9 kg ha-1). However,
interaction effect was found non-significant. 

The data presented in Table 3 also indicated
that the similar results of biological yield were
observed as that of grain and fodder yields.
However, crop sown in 27th MW recorded the
highest biological yield (4412.8 kg ha-1) and
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Table 3. Mean grain, straw and biological yields (kg ha-1)
as influenced by different treatments.

Treatment Grain Straw Biological
yield yield yield 
(kg ha-1) (kg ha-1) (kg ha-1)

Dates of sowing (D) :
26 MW 2032.5 1858.1 3901.2
27 MW 2340.0 2143.2 4412.8
28 MW 2139.0 1903.3 4159.2
29 MW 1982.7 1744.2 3668.7
S.E. + 35.92 54.94 95.61
C.D. at 5 % 107.76 164.82 286.33

Varieties (V) :
MAUS-158 2372.3 2108.6 4412.7
MAUS-71 2310.9 1935.8 4358.2
S.E. +  19.70 53.31 17.17
C.D. at 5 % 59.1 159.93 51.51

Interaction (D x V) :
S.E. + 50.80 77.70 135.22
C.D. at 5% N.S. N.S. N.S. 
Mean 2123.5 1912.2 4035.4



found significantly superior over all other
treatments. Whereas, the lowest biological yield
was recorded in treatment 29th MW (3668.7 kg
ha-1). Amongst the variety, MAUS-158
produced higher biological yield (4412.7 kg
ha-1) and it was found significantly superior
over MAUS-71 (4358.2 kg ha-1) similar to
grain and straw yields.

It means that the sowing of variety
MAUS-158 during 27th MW showed overall
significant performance in production of seed,
straw and biological yields.
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Abstract
The feed consumption during early laying period and peak laying period differed significantly (P<0.05)

between the groups. The average egg production also significantly (P<0.05) differed in the treatments during
early and peak laying period. The gross returns from the eggs of purebreds was significantly higher (P<0.05)
than the crossbreds. The feed consumption found lowest in purebreds than crossbreds. The average egg
production was maximum in purebreds as compared to crossbreds upto peak lying period. With minimum
feed consumption of feed cost maximum egg production and gross returns were observed in purebreds. 

Key words : Poulty crossbred, feed efficiency, growth parameter, feeding cost.

______________

Feed conversion efficiency is higher in
poultry crossbred as compared to purebred and

mortality is also less in crossbred as compared
to purebred. These two factors play very
important role in increasing profit in poultry
production (Dwivedi et al. 1986).1. M.Sc. (Agri.) student, 2. Head and 3. Res. Asso.



It is necessary to identify the poultry
crossbred suitable for backyard farming as for
well as for commercial farming in Konkan
region, which are easily adaptable to high
rainfall and high humidity. With these view, the
present study was conducted with primary
objective to study the laying performance, feed
conversion ratio, egg production, egg quality
parameters and cost of production of improved
crossbred and purebreds.

Materials and Methods

The trial was conducted on 147 birds of five
different types crossbred poultry birds and two
purebred poultry birds. Birds were divided into
seven treatments with three replications
consisting of seven bird in each replication. The
twenty one birds were allocated in the
treatments namely, T1 - Giriraja x Delhemred,
T2 - Delhemred x White leghorn, T3 - Giriraja
x Asselkala, T4 - Delhemred x Giriraja, T5 -
Asselkala x Giriraja, T6 - Delhemred pure and
T7 - Vanraj pure. The day old chicks were

housed in seven different compartment in deep
litter system up to chick stage (8th weeks) then
chicks were transferred to cages at the laying
stage. The birds were fed quality feed two times
in a day, with clean and fresh drinking water ad
libitum. The general veterinary aids were
provided to all birds with regular vaccinations as
per the vaccination schedule for layers. The
management practies like deworming,
debeaking were followed in regular intervals.

The experiment was conducted at laying
stage to peak egg laying stages of productive
cycles of layer namely, early laying stage (21-33
weeks) and peak laying stage (34-40 weeks).

The feed consumption was determined by
substracting the balance quantity of feed from
quantity offered on the previous day. Incidence
of sick and dead birds during study was
recorded.Weight of first laid egg was recorded
in all groups.

Per cent chemical composition of the
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Table 1. Performance of improved poultry crossbred and purebred during experimental period.

Feed consumption T1 T2 T3 T4 T5 T6 T7 Cross- Pure-
(g bird-1 day-1) breds breds

Early laying period (19-33 wk) 852.7d 837.7d 847.8d 819.8bcd 790.9ab 778a 796abc 829.78a 787.00b

(g bird-1 week-1)
Peak laying period (34-40 wk) 864.7f 867.7g 859.9d 846.9d 839.2b 836.8a 844.8a 855.68a 840.80b

(g bird-1 week-1)
Age at first lay (days) 124.00b 113.00d 124.00b 136.00a 115.00c 115.00c 115.00c 122.40a 115.00b

Weight of first lay (g) 33.78g 42.75c 36.59d 43.37b 36.30f 47.16a 36.73d 38.55b 41.94a

Hen day production (%)
(a) Early laying period (21-33 wk) 40.68b 61.06g 38.95a 47.81d 44.94c 55.62f 46.68d 46.68b 51.15a

(b) Peak laying period (34-40 wk) 52.71d 51.23a 52.17c 54.87f 53.25e 58.78g 52.15b 52.84b 55.46a

Average feed conversion efficiency/dozen of eggs
(a) Early laying period (21-33 wk) 1.59bcde 1.40ab 1.67e 1.52abcde 1.42abc 1.35a 143abcd 1.50a 1.39a

(b) Peak laying period (34-40 wk) 1.45g 1.32a 1.44f 1.33b 1.35c 1.40d 1.42e 1.378b 1.41a

Average feed conversion efficiency 4 kg of eggs
(a) Early laying period (21-33 wk) 5.49f 5.98g 5.28b 5.29c 5.26a 5.41e 5.34d 5.46a 5.37b

(b) Peak laying period (34-40 wk) 6.08c 6.76f 6.08c 6.40e 6.15d 6.02b 6.00a 6.29a 6.01b

Mortality pattern (%) 4.76b 9.52a 4.76b 4.76b 4.76b 4.76b 4.76b 5.71a 4.76b

Significant (P< 0.05), Means with different superscripts between rows differ significantly with each other.



experimental feed dry matter (90.0), crude
protein (18.0), crude fat (2.0), crude fibre (7.0),
NFE (63.0), total ash (3.50), calcium (1.40),
phosphorus (0.70) and energy (Kcal) (2644).

The amount of feed consumed to produce
dozen of eggs and kg-1 of eggs was also
recorded.Egg production was calculated on
Hen day basis by dividing total eggs laid in the
period by the average number of birds in the
house.

All eggs produced on a certain day of the
week were collected separately from each
treatment group and weighed individually with
an electronic scale. The widths of eggs were
measured by vernier calliper. The total eggs
were examined for shape index (the ratio of
width to length of egg). The egg shell thickness
was measured using micrometer (± µm.). The
yolk was separated from the albumen using
spoon and weighed with electronic balance.
The albumen weight was calculated by
subtracting the weight of yolk and shell from
the whole egg weight. The albumen index (the
ratio of average albumen height to the average
of the width and length), yolk index (the ratio of
yolk height to its average width) and haugh unit
calculated by using haugh formula the ratio of
albumen height and egg weight (Nesheim et.

al., 1979) Haugh unit = 100 log [H + 7.57 -
1.7 W0.37]. Where H = Height of albumen
(mm) and W = Weight of egg (g). The cost of
feeding was worked out considering the present
cost of feeds. The experimental data were
analyzed with randomized block design
(Snedecor and Conhran, 1990).

Results and Discussion

The mean values of the laying performance
of improved poultry crossbred and purebred are
presented in the Table 1. There was significant
difference (P<0.05) in the feed consumption of
crossbred and purebreds during early and peak
laying period. The results showed that feed
consumption in early and peek laying period
was highest 829.78 and 855.68 g day-1 bird-1

in crossbred than the purebreds i.e. 787.00,
840.80 g day-1 bird-1. The results of the
investigation are in agreement with (Dwivedi et
al., 1986 and Dutta et al. 1991.) It is observed
that purebreds group attained the sexual
maturity earlier than the crossbred groups. Rao
(1977) observed that the age at first egg on
improved desi pullets were between 171-190
days of age. The average weight of first lay was
higher (P<0.05) in purebreds than the
improved crossbreds birds. The hen day
production were significantly more (P<0.05) in
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Table 2. Egg quality parameters in different improved poultry crossbreds and purebreds.

Egg quality parameters T1 T2 T3 T4 T5 T6 T7 Cross- Pure-
breds breds

External egg quality parameters
Egg weight (g) 46.60f 51.47a 45.79g 48.40c 48.34d 49.99b 47.63e 48.12b 48.81a

Egg shape index (%) 73.6e 71.78f 73.60e 74.06d 77.19a 74.35c 75.57b 74.15b 74.96a

Egg shell thickness (mm) 0.45c 0.45c 0.47a 0.46d 0.45c 0.47a 0.47a 0.456b 0.47a

Internal egg quality parameters
Yolk weight (g) 14.54g 14.81f 15.24c 15.06e 15.76a 15.45b 15.12d 15.08b 15.28a

Albumen weight (g) 27.06f 31.47a 25.78g 28.2c 27.62e 29.10b 27.77d 28.02b 28.43a

Albumen index (%) 7.53e 7.01g 8.22b 9.06a 8.09c 7.70d 7.26f 7.98a 7.48b

Yolk index (%) 37.55f 39.89a 36.74g 38.39d 38.16e 38.61c 39.07b 38.14b 38.84a

Haugh unit 68.45f 66.51g 72.98b 77.50a 69.86d 71.27e 69.13e 71.06b 70.50a

Significant (P< 0.05), Means with different superscripts between rows differ significantly with each other.



purebreds than the crossbreds during both early
and peak laying periods. Balachandran (1979)
also reported that the hen day production of
White leghorn birds ranged from 45.34 to
74.86 per cent.

The feed conversion ratio based upon per
dozen eggs was significantly different (P<0.05)
between crossbred and purebreds. During early
laying period purebreds utilized their feed more
efficiently than the crossbreds. But during peak
laying period crossbreds utilized their feed more
efficiently. Rao (1977) observed feed efficiency
per dozed of egg was highest in Desis (2.97 kg)
as compared to the White Leghorn (2.8 kg) and
Red island Red (2.90 kg). The feed conversion
efficiency ratio based on kg-1 egg produced was
significantly higher in crossbred (P<0.05)
during early and peak laying period than the
purebreds. The maximum mortality was
observed in crossbred than the purebreds
during experimental period. 

The egg weight (Table 2), egg shell thickness
and egg shape index in purebreds was
significantly higher (P<0.05) than that of
crossbreds. These results of investigation are
also similar to the findings of Chand et al.
(1972), Jahari and Singh (1968) and Mahanta
and Sapcota ( 2007).

The eggs produced by crossbred had lighter

yolk (P<0.05) than those of purebreds. Suk and
Park (2001) also found that the yolk weight
increased with increase in age of the birds. The
albumen of the crossbreds egg was lighter than
the eggs of purebreds Similar results were
reported by Izat et al. (1985) that the albumen
weight increased with an advancing age of the
birds.

The improved crossbreds eggs exhibited
higher values of haugh unit than those of
purebreds. However, the yolk index did not
differ between both crossbreds and purebreds
(P<0.05). Mondal et al. (1980) and Izat et al.
(1985) also found that haugh unit values
decreased with increase in age of birds. Many
factors have been reported to affect haugh units
viz., storage time, temperature, and age of
birds, strain, nutrition and disease (Toussant
and Latshaw, 1999).

Cost of feed incurred on crossbred and
purebreds (Table 4) revealed that the average
minimum feed consumption (17.76 kg),
minimum total feed cost (Rs.230.88) with
maximum eggs production(83.85) and more
gross returns (Rs.167.70) was observed in
purebreds (T6). The average minimum feed
consumption within crossbreds (17.93kg) in T5
and produced maximum number of eggs
(82.95) and higher gross returns from eggs
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Table 3. Cost of production of eggs in different improved poultry crossbreds and purebreds.

Parameters Crossbreds Purebreds
––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––
T1 T2 T3 T4 T5 T6 T7

Average feed consumption per bird (kg) 18.89 18.75 18.78 18.33 17.93 17.76 18.04
Feed cost kg-1 (Rs.) 13.00 13.00 13.00 13.00 13.00 13.00 13.00
Total cost of feed (Rs.) 245.57 243.75 244.14 238.29 233.09 230.88 234.52
Eggs produced bird-1 upto 40th wk 66.09 82.95 64.23 73.61 71.33 83.85 74.00
Price of egg (Rs.) 3.50 3.50 3.50 3.50 3.50 3.50 3.50
Gross returns from eggs (Rs.) 231.31 290.32 224.80 257.63 249.65 293.47 259.00
Cost of production egg-1 (Rs.) 3.71 2.93 3.80 3.23 3.26 2.75 3.16
Net returns (Rs.) -14.25 46.57 -19.33 19.34 16.56 62.59 24.48
Benefit cost ratio 0.94 1.19 0.92 1.08 1.07 1.27 1.10



(Rs.290.32) was observed in T2 than the other
crossbred groups.

From the results it could be concluded that
with minimum feed consumption purebred
produced more eggs and utilized feed more
efficiently with more gross returns than
crossbreds. The results also proved that the
Delhemred purebred was found superior than
other crossbreds and purebreds.
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Topping of terminal bud which activates the
dormant lateral buds to produce more branches
is an important low cost operation for
increasing sesame yield (Ramanathan and
Chandrashekharan, 1998). Since management
factors exert a pronounced effect on various
growth characters in a given environmental
condition, the present experiment was carried
out to study the influence of manual topping in
summer sesamum varieties.

Field experiments were conducted during
summer 2008 and 2009 at Post Graduate
Institute Instructional Farm, Mahatma Phule
Krishi Vidyapeeth, Rahuri (India). The initial soil
analysis showed that the soil was silty clay in
texture with 1.33 mg m-3 bulk density and 2.66
mg m-3 particle density having 50 per cent
porosity. The soil reaction was alkaline (pH 8.2)
and the electrical conductivity was low (0.49
dsm-1). The soil was low in available nitrogen
(238.40 kg ha-1), medium in available
phosphorus (23.90 kg ha-1) and high in

available potassium (434.52 kg ha-1).
Experiments were conducted in factorial
randomized block design with five replications
assigning two factors (factor-I, varieties viz.,
Phule Til-1 and AKT-101, factor II Terminal
topping at 30, 45 days after sowing and no
topping). The crop was fertilized with nitrogen
through urea, phosphorus through single super
phosphate and potassium through muriate of
potash at basal rate of 60:40:20 kg ha-1,
respectively. Thinning and gap filling were
done on 15 and 25 days after sowing to
achieve the required plant population. Five
sample plants of sesame from each net plot
were selected at random and labeled for
biometric observations. The periodical
observations were recorded at monthly interval.

The dry matter production (DMP) was
recorded by first shade drying the plant sample
and then oven dried at 65 ± 5°C till the
constant weight was attained and DMP was
expressed in kg ha-1. The crop was harvested
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Effect of Manual Topping on Yield Components, Yield and
Nutrient Uptake of Different Summer Sesamum Varieties

Table 1. Influence of topping management on yield attributes, nutrient uptake and yield of sesame varieties (Pooled mean
over two seasons).

Varieties Capsules Nitrogen uptake Phosphorus uptake Potassium uptake
plant-1 (kg ha-1) (kg ha-1) (kg ha-1)

–––––––––––––––––––––––– –––––––––––––––––––––––– ––––––––––––––––––––––– –––––––––––––––––––––––
Topping at Topping at Topping at Topping at

–––––––––––––––––––––––– –––––––––––––––––––––––– ––––––––––––––––––––––– –––––––––––––––––––––––
30 45 No Mean 30 45 No Mean 30 45 No Mean 30 45 No Mean
DAS DAS top- DAS DAS top- DAS DAS top- DAS DAS top-

ping ping ping ping

Phule Til-168.80 48.80 48.67 55.42 41.16 36.40 36.25 37.93 4.27 3.62 3.57 3.82 35.60 24.84 21.95 27.54
AKT 101 93.74 55.12 52.44 67.10 50.02 48.69 44.90 47.87 5.42 4.79 4.47 4.89 38.36 35.65 28.91 34.30
Mean 81.27 51.96 50.55 61.26 45.59 42.54 40.57 42.90 4.84 4.20 4.02 4.35 36.98 30.24 25.43 30.92
S.Em± 1.01 0.25 0.011 0.02
C.D. 2.98 0.76 0.033 0.06
(P=0.05)



separately from the plots when the leaves and
stem turned yellow and the seed yield was
recorded. Nutrient uptake was calculated by
multiplying per cent nutrient content with
respective yield.

Yield and yield components : Number
of capsules plant-1, the most important yield
contributing characters of sesame varieties were
significantly influenced by manual topping
(Table 1). The variety AKT-101 recorded
significantly higher number of capsules plant-1

(67.10) than Phule Til 1 in two years pooled
data. Topping at 30 DAS recorded significantly
more number of capsules plant-1 (81.27) over
other topping treatments. The crop
architecture developed due to topping in turn
might have increased ability for development of
source and sink features in sesame. The
valuable impact of terminal topping on yield
attribute was also reported by Kokilavani et al.
(2007). The maximum and significantly higher
seed yield of 8.68 q ha-1 was recorded by
variety AKT-101 (Table 1).

This was due to more number of capsules
plant-1. Similar results were observed by
Kathiresan et al. (1997). Topping at 30 DAS
recorded maximum seed yield of 8.49 q ha-1.
This may be due to orientation of more number
of lateral branches plant-1.

AKT-101 in combination with 30 DAS
topping registered more seed yield of 9.44 q
ha-1. The increase in seed yield of sesame in
topped plants over non-topped plants was
owing to increase more number of capsules
plant-1.

Nutrient uptake : Terminal topping done
to both the varieties at different stages of
growth significantly influenced N, P and K
uptake of sesame plants (Table 1). The variety
AKT-101 registered higher uptake of N (47.87
kg ha-1), P (4.89 kg ha-1) and K (34.30 kg
ha-1). The nutrient uptake of plants depends
upon dry matter accumulation of the plant
which is the result of positive growth
characters. Similar finding was also reported by
Venkadachalam (2003).

Terminal topping at 30 DAS recorded
higher N, P and K uptake. Topping activated
the production of more number of branches
would have been enhanced the uptake of
nutrients. This might have been due to more
dry matter production by the varieties which in
turn resulted higher uptake of NPK compared
to no topping. A variety AKT-101 topped at 30
DAS recorded more N (50.02 kg ha-1), P (5.42
kg ha-1) and K (38.36 kg ha-1) uptake. The
AKT-101 topped at 30 DAS performed better
in individual effect and hence the interaction
also found to be better. Similar result was
reported by Venkadachalam (2003).
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Table 1. Contd.

Varieties Seed yield (q ha-1) No. of branches plant-1 Dry matter production (g plant-1)
–––––––––––––––––––––––––––– –––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––

Topping at Topping at Topping at
–––––––––––––––––––––––––––– –––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––
30 45 No Mean 30 45 No Mean 30 45 No Mean
DAS DAS top- DAS DAS top- DAS DAS top-

ping ping ping

Phule Til-1 7.54 7.02 6.9 7.16 3.67 3.60 3.52 3.60 21.45 21.30 20.79 21.18
AKT 101 9.44 8.34 8.25 8.68 4.40 4.20 4.18 4.26 24.15 24.04 22.88 23.69
Mean 8.49 7.68 7.58 7.92 4.04 3.90 3.85 3.93 22.80 22.67 21.84 22.44
S.Em± 0.02 0.05 0.06
C.D. (P=0.05) 0.06 0.15 0.17



In evaluating the varieties, AKT-101
evidenced for its superiority in yield traits
namely number of capsules plant-1, yield and
nutrient uptake with respect to topping
practice done at different intervals of growing
phases. Topping at 30 DAS showed its
supremacy over no topping treatment for the
characters studied. The terminal topping of
sesame necessitated the increased uptake of
nutrient from the soil and this might be the
cause for the increased uptake of NPK for 30
DAS topping. The variety AKT-101 with
topping at 30 DAS showed its superiority over
the rest of the treatment combinations studied
in progressing the yield attributes , yield and
nutrient uptake.

J. J. Korhale
A. A. Shaikh
R. S. Kamble

S. G. Kumbhar

College of Agriculture,
Pune - 411 005 (India)
December 20, 2010
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Response of Fig to Micronutrients in Inceptisols of
Maharashtra

______________

The total area under fig cultivation in the
country is approximately 1800 ha out of which
1500 ha area is in Maharashtra. The fig is
generally cultivated in shallow soils. These soils
are deficient in micronutrient. Often the
fertilizer application remains restricted to major
nutrients only. The micronutrients are gradually
depleted in soil due to non application of
organic manure to fig. Among all the nutrients,
the fig suffers from Fe, Zn and B deficiency. In
this view, it becomes quite clear that the
application of micronutrient particularly Fe, Zn
and B are very much important for increasing
fig production and play as pivotal role in
metabolism of growth, reproduction and

chemical composition and thereby quality of
fruits (Rajput and Chand, 1976). The present
investigation was undertaken to study the effect
of micronutrients on yield and quality of fig.

The investigation was undertaken on four
years old fig orchards of cv. Deanna planted at
5 x 5 m distance at National Agricultural
Research Project, Ganeshkhind, Pune- during
the year 2007-08. The experiment was laid out
in randomized block design with three
replications consisted ten treatments ( Table 1).
The soil of the experimental site belongs to
Inceptisol, clay loam in texture, pH 7.7, EC.
0.23 dS m-1, organic carbon 5.4 g kg-1,



available N 162 kg ha-1, available P2O5 30.16
kg ha-1, available K2O 413. kg ha-1 DTPA
extractable Fe 3.0 mg kg-1, Zn 0.40 mg kg-1,
and hot water soluble B 0.42 mg kg-1. The fig
tree was supplied with basal recommended
dose of 50 kg FYM + 900:225:300 g
N:P2O5:K2O tree-1. Full dose of FYM, P2O5,
K2O and 600 g N were given at pruning and
remaining 300 g N was applied one month
after pruning tree-1 to all treatments. The
micronutrients were applied along with
recommended dose of fertilizers at pruning as
per the respective treatments. The foliar
application of micronutrients were applied one
month after sprouting as per treatments and
pH of solution 6.5 was adjusted with lime. The
fruits were harvested treatment wise at proper
stage of ripening and observation on growth,
yield contributing characters and yield were
recorded. The soil samples were analyzed for
pH, EC, organic carbon, free CaCO3, Av.N,
P2O5, K2O, (Jackson 1973) DTPA extractable
micronutrients (Lindsay and Norvelll978) and
hot water soluble B by Azomethine -H method
(Gupta and Stewart, 1975).The fresh fruits

were used for estimation of total soluble solids
(TSS) by hand refractometer (Steven and Baier,
1939) whereas the reducing and non reducing
sugars and titratable acidity were estimated by
standard methods (Ranganna, 1999).

Fresh fruit yield : The soil application of
FeSO4 + ZnSO4 each @ 20 kg ha-1 + borax @
5 kg ha-1 recorded significantly higher yield
(13.8 tree-1 and 55.5 q ha-1) which was on par
with soil application of FeSO4 + ZnSO4 each @
20 kg ha-1 (13.6 kg tree-1 and 54.5 q ha-1).
Foliar application of FeSO4 + ZnSO4 each @
0.5 per cent + borax @ 0.2 per cent registered
significantly higher yields (12.6 kg tree-1 and
50.6 q ha-1) and it was as at par with foliar
spray of FeSO4 + ZnSO4 each @ 0.5 per cent
treatment. Both the treatments were
significantly superior over control i.e. water
spray (Table 1). Higher yields with micro-
nutrient application might be due to supply of
essential elements in balanced proportion
which resulted in proper growth and meta-
bolism. Similar results were also reported by
Saraswathi et al. (1998) in mandarin orange.
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Table 1. Effect of micronutrients on yield and yield parameters of fig.

Treatments Fruits Fruit Fruit Average Yield Yield
tree-1 length dia- weight (kg (q
(No.) (cm) meter of fruit tree-1) ha-1)

(cm) (g)

Water spray (control) 199 5.50 3.83 49.6 9.8 39.5
Foliar spray FeSO4 (0.5%) 230 5.63 4.13 50.9 11.7 46.8
Foliar spray ZnSO4 (0.5%) 223 5.57 4.17 52.7 11.7 46.9
Borax spray (0.2%) 225 6.53 4.07 50.6 11.3 45.4
Foliar spray FeSO4 + ZnSO4 (0.5%) 243 6.20 4.50 50.4 12.2 48.8
Foliar spray FeSO4 + ZnSO4 (0.5%) + Borax spray (0.2%) 245 7.10 4.73 51.7 12.6 50.6
Soil application FeSO4 @ 20 kg ha-1 241 6.27 4.17 51.5 12.4 49.7
Soil application ZnSO4 @ 20 kg ha-1 240 6.60 4.27 52.5 12.6 50.3
Soil application FeSO4 + ZnSO4 each @ 20 kg ha-1 250 7.00 5.20 54.5 13.6 54.5
Soil application FeSO4 + ZnSO4 @ 20 kg ha-1 each + 247 7.03 5.30 56.1 13.8 55.5
Borax @ 5 kg ha-1

SE (m) ± 5.7 0.23 0.13 1.18 0.28 1.10
CD at 5% 16.9 0.69 0.40 3.51 0.82 3.27



Yield parameters : Significant increase in
number of fruits tree-1 was recorded in all the
treatments over control (water spray). The
highest number of fruits tree-1 were recorded
under soil application of FeSO4+ ZnSO4 each
@ 20 kg ha-1 and it was on par with the other
treatments except foliar spray of 0.5 per cent
FeSO4 and ZnSO4. The increase in number of
fruits tree-1 due to combined application of
micronutrients either through foliar or soil
application might be due to production of
auxins which were probably helpful for
retention of fruits by reducing flower drops
thereby increasing number of fruits (Dinesh et
al. 2007).

The fruit length increased due to
micronutrients application either through foliar
or soil application and it ranged between 5.50
to 7.10 cm (Table 1). The foliar application of
0.5 per cent FeSO4 + 0.5 per cent ZnSO4 +
0.2 per cent borax resulted in significant higher
fruit length (7.10 cm) and it was closely
followed by soil application of FeSO4 + ZnSO4
each @ 20 kg ha-1 treatment (7.03cm). There
was significant increase in fruit diameter due to
application of micronutrients either through
foliar or soil application over control (Table 1).
It ranged between 3.83 and 5.30 cm. The soil

application of FeSO4 + ZnSO4 each @ 20 kg
ha-1 + borax @ 5 kg ha-1 recorded higher fruit
diameter (5.30 cm) significantly. However, it
was on par with application of FeSO4 + ZnSO4
each @ 20 kg ha-1 treatment (5.20 cm). This is
in conformity with the findings of several
workers in different fruits viz. in guava (Rajput
and Chand, 1976) and in mango (Rath et al.,
1980). The increase in fruit length was possibly
due to accumulation of more food material in
the tree that lead to efficient utilization for fruits
development (Ram and Bose, 2000).

The soil application of FeSO4 + ZnSO4
each @ 20 kg-1 + borax @ 5 kg ha-1 registered
significantly higher average weight of fruit (56.1
g). However, it was at par with soil application
of FeSO4 + ZnSO4 @ 20 kg-1 (54.5 g) and
foliar spray of 0.5 per cent ZnSO4 (52.7 g).
The increase in average weight of fruit by
combined application of Fe, Zn and B may be
attributed to the individual role of Fe, Zn and B
as an essential micronutrients, since they are
indispensable for vegetative growth, flowering
and development of plants which are also
directly involved in the process of
photosynthesis. The beneficial effect of
micronutrients on growth and nutrition was also
reported by earlier workers in sapota
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Table 2. Effect of micronutrients on quality parameters of fig .

Treatment TSS Acidity RS NRS
(%) (%) (%) (%)

Water spray (control) 21.00 0.26 15.38 0.44
Foliar spray FeSO4 (0.5%) 21.50 0.22 16.00 0.52
Foliar spray ZnSO4 (0.5%) 21.61 0.24 16.12 0.62
Foliar spray Borax (0.2%) 21.90 0.16 16..34 0.50
Foliar spray FeSO4 + ZnSO4 (0.5%) 21.68 0.21 16.13 0.50
Foliar spray FeSO4 + ZnSO4 (0.5%) + Borax spray (0.2%) 22.03 0.22 16.39 0.69
Soil application FeSO4 @ 20 kg ha-1 21.60 0.21 16.12 0.49
Soil application ZnSO4 @ 20 kg ha-1 21.68 0.21 16.15 0.67
Soil application FeSO4 + ZnSO4 @ 20 kg ha-1 21.75 0.17 16.18 0.55
Soil application FeSO4 + ZnSO4 @ 20 kg ha-1 each + Borax@ 5 kg ha-1 22.28 0.15 16.41 0.65
SE (m) ± 0.08 0.02 0.12 0.07
CD at 5% 0.26 0.06 0.37 NS



(Saraswathy et al., 2000) and Kinnow
mandarin (Dinesh et al., 2007).

Fruit quality : Total soluble salts : The
soil application of FeSO4 + ZnSO4 each @ 20
+ borax @ 5 kg ha-1 registered significantly
higher TSS (22.28) which was on par with
foliar spray of 0.5 per cent FeSO4 + 0.5 per
cent ZnSO4 + 0.2 per cent borax (22.03)
(Table 2). This might be due to application of
micronutrient which may be attributed to an
increased photosynthetic activities and
production of more sugars.

Acidity : The significantly low acidity
(0.15%) was recorded with soil application of
FeSO4 + ZnSO4 each @ 20 + borax @ 5 kg
ha-1 while highest in control i.e. water spray
(0.26%). However, it was on par with 0.2 per
cent borax foliar spray (0.16%) and soil
application of FeSO4 + ZnSO4 each @ 20 kg
ha-1 (0.17%). The reduction in acidity might be
due to conversion of acids into sugar and their
derivatives by reaction involving reversal of
glyconic pathway. The similar results were also
reported by Dhillon and Bindra (1995) in
grapevine, Sharma (1998).

Reducing sugar : The highest sugar
content (16.41%) was recorded due to soil
application of FeSO4 + ZnSO4 each @ 20 kg
ha-1 closely followed by combined foliar
application of 0.5 per cent FeSO4 + 0.5 per
cent ZnSO4 + 0.2 per cent borax treatment
(16.39%). This might be due to increase in
photosynthesis activities and chlorophyll
content of leaves and activities of enzymes like
catalyses, peroxidases and polyperoxidases
which ultimately lead to more accumulation of
sugar in fruits. The similar results were also
reported in by Rath et al. (1980) in mango and
Dutta et al. (2000) in litchi.

Non reducing sugar : The non reducing
sugar ranged from 0.44 to 0.69 per cent. The

highest non reducing sugar content (0.69%)
was recorded due to foliar spray of 0.5 per cent
FeSO4 + 0.5 per cent ZnSO4 + 0.2 per cent
borax. This might be due to combined
application of FeSO4, ZnSO4 and borax as
important role in sugar metabolism.

It is concluded that, the soil application of
FeSO4 + ZnSO4 each @ 20 kg ha-1 + borax @
5 kg ha-1 to fig at pruning is effective in
increasing yield and quality of fig fruits on
Inceptisol.

B. D. Tamboli
D. D. Sawale
S. R. Teke
A. D. Jagdhani
S. P. Surve

Division of Soil Science and Agril. Chemistry,
College of Agriculture,
Pune - 411 005 (India)
July 10, 2013.
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Agronomic Response of Soybean (Glycine max L. Merrill)
Cultivars to Different Nutrient Formulations under Organic

Farming System

______________

The major constraint affecting the
productivity of soybean is the adequate
availability of suitable genotype and nutrients.
Choosing and cultivation of suitable genotype
that adapts itself under the peculiar climatic
condition of the Allahabad region is a necessity
for soybean sustainability. Concurrently,
adoption of appropriate agronomic operations
may result in acceptable phenotypical
characteristics, viz., dry matter production,
nodulation and ultimate enhancement of
productivity of the crop. One of the feasible
solutions for addressing the imbalanced
nutrition and related constrains, is the foliar
spray of Panchgavya, which promote growth
and vigour of plant and improves productivity
(Pathak and Ram, 2002). Organic farming
plays greater role in maintaining soil health and
reducing the risk of soil erosion when
compared to chemical farming (Reganold and
Palmer, 1995).

Keeping these in view, the present study
was carried out during the kharif season of
2012-13 at the Crop Research Farm,
Department of Agronomy (SHIATS Model
Organic Farm, Block-E) Allahabad School of
Agriculture, SHIATS, Allahabad (U. P.) to
evaluate the agronomic response of soybean to
different nutrient formulation under organic
farming system. The soil of the experimental
field was shallow in depth (30 cm) having 0.34
per cent organic carbon, 13.50 kg ha-1

available P2O5, 257.00 kg ha-1 available K2O,
pH 7.5 and EC 0.13 dS m-1. The experiment
was laid out in randomized block design with
three replication. The treatment combinations
in the experiment comprised of 3 sources of
solid organic manures, viz., farmyard manure,
poultry manure and vermicompost which were
calculated on the basis of 40 kg ha-1

phosphorus equivalency (farmyard manure 16 t
ha-1, poultry manure 2.2 t ha-1 and



vermicompost 2.6 t ha-1), 2 cultivars (JS 335,
JS 95-60), and 2 sources of liquid manures
(Panchgavya 3% and fish amino acid 3%).
Foliar application was done during grand
growth (30 DAS), branching (45 DAS) and
flowering (60 DAS). Panchgavya was prepared
with a mixture of five components, viz., (cow
dung, cow urine, milk, curd, cow ghee and six
ripe bananas), in the ratio of 5:4:3:2:1
respectively, and the mixture was fermented for
21 days. Fish amino acid was prepared with a
mixture of two components in the ratio of 1:1,
viz., fish waste and jaggery, and the mixture
was fermented for 21 days.

There was progressive increase in the dry
weight (Table 1), number of nodules plant-1 etc,
and at 75 DAS significantly higher values
(41.33 g, and 14.33 respectively) were
observed in treatment T10 (Farmyard manure +
Panchgavya + Variety JS 335). However,
number of nodules plant-1 in treatment T1
(Vermicompost + fish amino acid + Variety JS
335), T5 (Poultry manure + Fish amino acid +
Variety JS 335) and T9 (Farmyard manure +
Fish amino acid + Variety JS 335), were found
to be statistically at par with T10 (Farmyard
manure + Panchgavya + Variety JS 335).

Significantly higher number of pods plant-1

Journal of Agriculture Research and Technology 491

Table 1. Effect of solid and liquid forms of organic manures on growth, yield attributes, economics and post-harvest soil
status of phosphorus of two cultivars of soybean.

Treatments 75 DAS Number Seed Seed Stover Pre- Post Net B:C
–––––––––––––––––––– of Index yield yield experi- harvest returns ratio
Dry Nodules pods (g) (kg (kg ment (P2O5 (Rs.
weight plant-1 plant-1 ha-1) ha-1) (P2O5 kg ha-1) ha-1)
(g plant-1) kg ha-1)

T1 24.66 11.66 69.06 9.84 1504.33 2314.33 13.50 18.00 36840.35 1.94
T2 29.33 10.00 73.20 9.83 1677.66 3240.00 13.50 15.00 45732.35 2.17
T3 20.33 5.33 22.06 9.24 1157.33 1967.00 13.50 15.00 16263.66 1.41
T4 18.33 5.33 35.93 9.80 1214.66 2198.33 13.50 12.00 22239.00 1.57
T5 26.33 11.66 68.26 10.44 1793.66 3009.00 13.50 12.83 51869.66 2.34
T6 21.66 9.66 52.66 10.75 1793.66 2198.66 13.50 15.00 52013.66 2.35
T7 19.33 5.00 43.66 9.65 1446.33 2082.66 13.50 19.83 34209.66 1.88
T8 21.33 6.00 52.20 10.71 1909.33 2082.66 13.50 16.50 57685.00 2.49
T9 27.66 11.66 59.06 10.77 1851.33 2719.66 13.50 15.00 49450.35 2.12
T10 41.33 14.33 88.46 12.31 2198.33 3876.66 13.50 19.33 72925.66 2.66
T11 21.66 5.33 39.53 9.80 1388.33 2320.66 13.50 11.83 25057.00 1.55
T12 20.66 3.66 32.26 9.786 1562.00 2372.33 13.50 15.00 34849.00 1.79
SEd (±) 2.44 1.75 13.16 0.73 412.02 409.55 - 2.77 - -
CD (P= 0.05) 5.07 3.63 27.29 NS NS 849.35 - NS - -
CV (%) 12.27 25.79 30.39 8.77 31.06 19.81 - 31.05 - -

Vermicompost (2.6 t ha-1), Farmyard manure (16 t ha-1), Poultry manure (2.2 t ha-1), Panchgavya (3%), Fish Amino Acid
(3%), *Data was not subjected to statistical analysis. T1 - Vermicompost + Fish amino acid + Variety JS 335, T2 -
Vermicompost + Panchgavya + Variety JS 335, T3 - Vermicompost + Fish amino acid + Variety JS 95-60, T4 -
Vermicompost + Panchgavya + Variety JS 95-60, T5 - Poultry manure + Fish amino acid + Variety JS 335, T6 - Poultry
manure + Panchgavya + Variety JS 335, T7 - Poultry manure + Fish amino acid + Variety JS 95-60, T8 - Poultry manure
+ Panchgavya + Variety JS 95-60, T9 - Farmyard manure + Fish amino acid + Variety JS 335, T10 - Farmyard manure +
Panchgavya + Variety JS 335, T11 - Farmyard manure + Fish amino acid + Variety JS 95-60, T12 - Farmyard manure +
Panchgavya + Variety JS 95-60



and stover yield (88.46 and 3876.66 kg ha-1

respectively) were recorded in treatment T10
(Farmyard manure + Panchgavya + Variety JS
335). While number of pods plant-1 in
treatment T1 (Vermicompost + Fish amino acid
+ Variety JS 335), T2 (Vermicompost +
Panchgavya + Variety JS 335) and T5 (Poultry
manure + Fish amino acid + Variety JS 335),
were found to be statistically at par with T10
(Farmyard manure + Panchgavya + Variety JS
335). Further, the stover yield in treatment T2
(Vermicompost + Panchgavya + Variety JS
335), was found to be statistically at par with
T10 (Farmyard manure + Panchgavya +
Variety JS 335). The application of different
forms of organic manures improved the general
soil environment, physico-chemical and
biological properties, which may have resulted
in higher yield attributes (Chaturvedi et al.,
2010). With reference to the seed yield and
seed index there were no significant difference
between the treatments. However, similar trend
was observed.

The highest net return and B: C ratio (Rs.
72925.66 ha-1 and 2.66 respectively) was
recorded in treatment T10 (Farmyard manure +
Panchgavya + Variety JS 335). The post-
harvest soil analyses showed that the highest

values of phosphorus 19.83 kg ha-1 was
recorded in treatment T7 (Poultry manure +
Fish amino acid + Variety JS 95-60), which was
closely followed by treatment T10 (Farmyard
manure + Panchgavya + Variety JS 335) with
19.33 kg ha-1.
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Genetic Variability in Advanced Breeding Lines of Rice
(Oryza sativa L.) for Yield and Quality Traits

______________

Genetic variability is the key component of
breeding programme for broadening the gene
pool of both rice and other crops. Variability
results due to difference either in the genetic
constitution of the individual of a population or
in the environment they have grown. The
existence of variability is essential crop

improvement. Quality characteristics of the rice
grain are related to complex physiochemical
properties. Kernel dimension, shape,
elongation on cooking related to physical
component of kernel quality yield being the
final product of many contributing characters
and high-quality rice with mature, plump, clear,



and undamaged kernel appearance is always
more valued by consumers. Keeping in view the
experiment was executed for evaluation of rice
genotypes for yield and quality suited for
eastern zone of Uttar Pradesh.

The investigation was carried out during
kharif 2012 at Department of Genetic and
Plant Breeding, Sam Higginbottom Institute of
Agricultural, Technology and Science,
Allahabad, Uttar Prades. A total of 51 rice
genotypes were taken for the study. The
experiment was laid out in a randomized block
design with three replications. The spacing of
15 cm between the plants within row and 20
cm between the rows was maintained. All the
agronomic package of practices were carried
out to ensure healthy plant growth.
Observations were recorded on thirteen
quantitative traits (Table 1). The analysis of
variance was done following Panse and
Sukhatme (1967). Variability for different
characters was estimated by Burton and
DeVane (1953). Heritability and expected
genetic advance was calculated according to
Hanson et al., (1956) and Johnson et al.,
(1955) respectively.

The analysis of variance revealed significant
differences among the genotypes for all the
quantitative character viz., days to 50 per cent
flowering, number of tillers hill-1, number of
panicles hill-1, number of spikelet's panicles-1,
panicles length, flag leaf length, flag leaf width,
plant height, days to maturity, grain yield
plants-1 (g), biological yield, harvest index and
test weight which indicates significant variability
for yield components in rice.

Based on the mean performance among 51
genotypes IR 09N261 (35.52g) found to the
best genotype for grain yield hill-1 followed by
CT18173-1-9-1-3-6-M (33.68g). The highest
gel consistency was recorded for IR 79643-23-
3-3-3 (Soft), IR 79226-98-1-1-3 and IR
73718-26-1-2-5 (medium soft).

The phenotypic coefficient of variation was
higher than the genotypic coefficient of
variation for all the characters studied (Table 1).
The genotypic and phenotypic coefficient of
variation was maximum for biological yield,
seed yield per plant and harvest index. Similar
results have been reported by Sarawgi et al.
(2000), Shukla et al. (2005), Jadhav and
Dudhare (2007). A Close relation between
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Table 1. Mean, range and genetic parameters for yield and yield related characters in 51 rice genotypes.

Characters Mean Range GCV PCV h2 GA GA as
–––––––––––––––––––––– (%) (%) (bs)% per cent
Minimum Maximum of mean

Days to 50% flowering 91.81 102.33 82.66 6.46 7.17 81.07 11.00 11.98
Plant height 100.33 125.00 76.00 10.50 10.95 92.00 20.90 20.75
Flag leaf length 42.75 53.93 32.71 11.67 12.01 94.44 9.99 23.37
Flag leaf width 1.56 1.89 1.12 9.05 9.45 91.72 0.279 17.86
No. of tillers hill-1 11.96 17.90 7.16 9.79 10.27 90.82 5.08 19.22
No. of panicle hill-1 10.50 15.90 6.10 17.12 1S.40 86.49 3.29 32.80
Panicle length 26.46 34.29 21.20 17.67 19.41 82.83 3.48 33.13
No. of spikelet's panicle-1 162.86 248.69 98.33 23.79 23.85 99.52 79.65 48.90
Days to maturity 121.60 134.00 109.00 5.12 5.67 81.75 11.61 9.55
Biological yield hill-1 54.65 89.18 24.69 29.33 29.73 97.32 32.58 59.62
Harvest index 40.96 69.64 19.46 24.44 24.86 96.67 20.28 49.51
Test weight 26.44 32.75 12.90 11.57 11.71 97.64 6.23 23.57
Grain yield hill-1 21.64 35.52 10.98 27.79 28.45 95.42 12.10 55.93



GCV and PCV was found in all the characters
and PCV values were slightly greater than GCV,
revealing very little influences of environment
for their expression.

The heritability estimated in broad sense
was high for almost all the traits (Table 1). The
maximum heritability was recorded for number
of spikelets panicle-1 (99.52%) followed by test
weight (97.64%). Similar results have been
reported by Satish et al. (2003) and Saxena et
al. (2005). The maximum genetic advance was
observed in spikelet's panicle-1 (79.65),
followed by biological yield hill-1 (32.58),
however, the maximum genetic advance (as per
cent of mean) observed for biological yield
(59.62), followed by grain yield plant-1 (55.93).
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Chemical Control of Blast of Pearl Millet caused by
Pyricularia grisea (Cke.) Sacc.

______________

Recently leaf blast has emerged as a serious
disease in pearl millet in India (Lukose et al.
2007), which becomes more severe during
humid weather conditions especially in kharif
season and become a major limiting factor
causes about 30 to 70 per cent loss in yield.
The area under the crop has been reduced

drastically due to this devastating problem.

Blast infected leaves of pearl millet
exhibiting typical blast lesions of spindle shaped
with a brown margin and gray centre were
collected from farmers fields of khandesh
region and College of Agriculture, Dhule during



kharif 2011. Isolation was made by usual
standard tissue isolation method by using plain
agar and potato dextrose agar medium. The
petri plates were incubated in inversed position
at ambient room temperature (27 ± 1°C) for 7
days. The typical growth of the fungus was
obtained within 5-6 days. The pure culture was
maintained on PDA slants under aseptic
conditions. The culture was identified as
Pyricularia grisea (Cooke) Sacc.

Nine fungicides were evaluated by
employing poison food technique in vitro. The
mean colony diameter (cm) and per cent
inhibition were recorded (Table 1). The bio
efficacy of these fungicides were tested under
field conditions by two sprays of fungicides with
their respective concentration at 60 and 75
DAS on cv. Dhanshakti in RBD design during
kharif 2012. The observations were recorded
as blast severity by following standard 1-9
progressive rating and their per cent disease
index (PDI) and Per cent disease control (PDC)
were calculated and presented (Table 1). The
grain and stover yield were recorded.

Poison food technique (in vitro) :
Fungicides vary in their effectiveness in
inhibiting the growth of various fungi. Studies

on evaluation of nine fungicides against
pathogen P. grisea showed that all the
fungicides under study inhibited the growth of
the test fungus to varying extent at different
concentrations. Among nine fungicides tested
revealed that carbendazim @ 0.1 per cent
recorded maximum growth inhibition (88.15%)
of the test pathogen with minimum colony
diameter of 1.0 cm and was found significantly
superior over rest of the fungicidal treatments
and control. The next best treatments were
benomyl (0.1%), mancozeb (0.25%),
hexaconazole (0.1), captan (0.2%) and copper
oxychloride (0.25%) were recorded 81.85,
80.37, 78.15,71.85 and 67.41 per cent
growth inhibition, respectively. The remaining
fungicides chlorothalonil (0.2%), thiophanate
methyl (0.2) and propiconazole (0.1%)
recorded 53.33, 46.30 and 45.18 per cent
growth inhibition over control. Hossain and
Kulkarni (2001) also reported that
propiconazole and carbendazim to be effective
fungicides followed by hexaconazole and
tricyclazole.

The results obtained in respect of blast
disease control (Table 1) indicates that the
fungicide carbendazim (0.1%) recorded
maximum per cent disease control (49.55%)
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Table 1. Effect of fungicides on disease index of blast and yield of pearl millet caused by P. grisea in vivo.

Fungicides PDI PDC Grain yield Stover yield
(q ha-1) (q ha-1)

Chlorothalonil (0.2%) 66.60 (54.76) 18.92 10.77 25.71
Thiophanate methyl (0.2%) 60.30 (50.99) 26.59 11.59 30.53
Carbendazim (0.1%) 41.44 (40.06) 49.55 18.04 40.56
Hexaconazole (0.1%) 53.65 (47.09) 34.68 14.32 34.28
Mancozeb (0.25%) 57.72 (49.46) 29.73 11.75 32.85
Benomyl (0.1%) 47.73 (43.70) 41.89 14.67 36.28
Captan (0.2%) 61.79 (51.94) 24.77 11.54 26.56
Propiconazole (0.1%) 67.34 (55.18) 18.02 10.62 23.42
Copper oxychloride (0.25%) 64.01 (53.22) 22.07 10.81 26.28
Control 82.14 (65.30) - 7.87 22.56
S. E.± 2.00 - 1.73 5.74
C.D. at 5 % 5.96 - 5.14 N.S.



and was found significantly superior over rest of
the fungicidal treatments. The next best
treatment was found benomyl (0.1%) with
41.89 per cent disease control and was
followed by the treatments hexaconazole
(0.1%), mancozeb (0.25%), thiophanate methyl
(0.2%), captan (0.2%) and copper oxychloride
(0.25 %) and which were recorded 34.68,
29.73, 26.59, 24.77 and 22.07 per cent
disease control, respectively over control.
These results are in agreement with those
reported by Lukose, et al. (2007) who found
that carbendazim (0.05%) was significantly
superior in controlling the disease with the
lowest disease intensity (28.3%) followed by
thiophanate methyl (29.9%) and mancozeb
(32.8%) and Hegde, et al. (2000) reported that
three sprays with carbendazim (0.1%) resulted
in the lowest leaf blast incidence.

Maximum grain and stover yield (Table 1)
was recorded by carbendazim @ 0.1 per cent
(18.04 and 40.56 q ha-1) and was found
significantly superior over rest of the fungicidal
treatments. The next best treatments were
benomyl (0.1%) (14.67 and 36.28 q ha-1),
hexaconazole @ 0.1 per cent (14.32 and
34.28 q ha-1), mancozeb @ 0.25 per cent
(11.75 and 32.85 q ha-1), thiophanate methyl
@ 0.2 % (11.59 and 30.53 q ha-1) and captan

@ 0.2 per cent (11.54 and 26.56 q ha-1) over
rest of the fungicides and control (7.87 and
22.56 q ha-1). Prabhu et al. (2003) stated that
the two applications of tricyclazole or benomyl
controlled panicle blast and increased grain
yield of IAC 202.
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Integrated Nutrient Management in Rice - Chickpea Cropping
System

______________

Rice-chickpea is one of the important
cropping sequence followed in command area
of Krishna- Koyana rivers. The existing system
of fertilizer application is based on nutrient
requirement of individual crop. Organic sources
of nutrient applied to previous crop benefit the

succeeding crop to a great extent. (Singh et al.
1996 and Hegde, 1998) and system
productivity becomes sustainable through
integrated use of organic and inorganic sources
of nutrients (Nambiar et al. 1992 and Singh
and Yadav, 1992). Hence the study was



conducted to find out the optimum combination
of organic and inorganic sources of nutrients
for upland rice- chickpea cropping system.

A field experiment was conducted under
irrigated condition at Agricultural Research
Station, Karad. Maharashtra during 2007 to
2012. The soil of the experimental site was
medium deep, low in available nitrogen (260 kg
ha-1), medium in available phosphorus (45.2 kg
ha-1) and high in available potash (350 kg ha-1).
The soil was slightly acidic with pH of 6.7.

Treatments consisted of organics (T2-T5)
and combination of organic and inorganic (T6-
T8) nutrients with a RDF (T9) (Table 1). The
experiment was conducted in randomized block
design with three replications. The rice and
chickpea was planted at 30 x 10 cm spacing
using seed rate of 100 for rice and 75 kg ha-1

for chickpea. The available soil NPK at harvest
were estimated. Economics such as gross and
net returns as well as benefit:cost ratio were
worked out.

Growth and yield parameters : Among
the organic combinations, application of FYM

@ 10 t ha-1 + Neem cake (NC) @ 250 kg ha-1

applied as basal and at 30 DAS increased the
panicle number and grains panicle-1 in rice and
branches and pods plant-1 in chickpea and on
par with other organic treatments (Table 1).
The treatment having the combination of
organic and inorganic nutrients showed
significant improvement in rice and chickpea
yield. Among the combinations, application of
FYM @ 5 t ha-1 + 100 kg N ha-1 resulted in
better growth and yield parameters (Table 1).

Soil chemical studies : Application of
sole organic and combined use with inorganic
nutrients showed appreciable influence on NPK
availability and organic carbon over the control
(Table 2). Among all the treatments, application
of FYM @ 5 t ha-1 with 100 kg N ha-1

increased available the N and P contents (Table
2).

System productivity and economics :
Among the organic treatments, FYM @ 10 t
ha-1 + NC @ 250 kg ha-1 applied as basal and
at 30 DAS had significant influence on grain
yield (rice 28.92 q ha-1 and chickpea 21.78 q
ha-1). The rice equivalent yield was also 41.10

Journal of Agriculture Research and Technology 497

Table 1. System productivity and economics as influenced by different treatment (Pooled mean).

Treatments Rice Chickpea Rice Gross Net B:C
––––––––––––––––––– ––––––––––––––––––––– equi- mone- ret- ratio
Pani- Grains Yield Bran- Pods Yield valent tory urns
cles pani- (q ches plant-1 (q yield returns (Rs.
hill-1 cles-1 ha-1) plant-1 ha-1) q ha-1 (Rs. ha-1)

ha-1)

T1 - Control 5.0 70.26 18.81 3.73 23.47 15.38 25.78 70608 33430 1.91
T2 - FYM @ 10 tones ha-1 5.20 73.40 24.45 4.27 23.53 18.15 32.52 90247 45296 2.02
T3 - T2 + NC @ 250 kg ha-1 (B) 5.20 79.93 27.52 4.60 23.60 20.17 37.21 102521 56313 2.23
T4 - T2 + NC (30DAS) 5.40 77.87 26.24 4.40 23.73 19.74 35.74 98111 51833 2.13
T5 - T2 + NC (Basal and 30 DAS) 6.27 79.97 28.92 5.13 26.87 21.78 41.10 110977 63478 2.35
T6 - FYM @ 5 t ha-1 + 50 kg N ha-1 6.40 80.07 31.13 5.20 27.33 23.08 42.96 117354 74038 2.73
T7 - FYM @ 5 t ha-1 + 75 kg N ha-1 7.23 86.33 33.94 5.87 29.87 25.21 47.16 128407 84744 2.96
T8 - FYM @ 5 t ha-1 + 1 00 kg N ha-1 7.93 94.73 40.00 6.20 34.07 28.05 48.88 140624 96425 3.20
T9 -100 % RDF 7.27 93.27 37.50 6.06 33.80 26.80 48.04 135377 89858 2.99
SE± 0.69 4.42 0.80 0.41 2.08 0.52 0.35 2195.0 2195.0 0.07
CD at (P=0.05) NS 13.25 2.32 1.22 6.24 1.49 1.10 6633.0 6633.0 0.22



q ha-1 in the same treatment (Table 1). The
similar tread was also noticed in net returns and
benefit: cost ratio (Table 1). Under the situation
of integrated nutrient management using
organic and inorganic nutrients, the highest rice
equivalent yield of 48.88 q ha-1 was obtained
with the treatment combination of FYM @ 5t
ha-1 with 100 kg N ha-1. Net returns of Rs.
96,425/- ha-1 and benefit : cost ratio of 3.20
were also obtained with the same treatment.
The results are in confirmation with those of
Velu and Rani Perumal (1999), Higher yield of
rice owing to combination of organic and
recommended dose of inorganic fertilizer was
also reported by (Pandey and Tripathi,1992).

Thus, from the data it can be concluded
that, combination of FYM @ 5t ha-1 with 100
kg N ha-1 was more economical with higher
yield in rice - chickpea cropping system.
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Table 2. Soil analysis data as influenced by different treatments.

Tretments Available nutrients kg ha-1
–––––––––––––––––––––––––––––––

pH EC OC% N P K

T1 - Control 6.7 0.15 0.45 209 25.5 308
T2 - FYM @ 10 tones ha-1 6.8 0.14 0.69 265 50.2 368
T3 - T2 + NC @ 250 kg ha-1 (B) 6.7 0.15 0.67 262 48.7 371
T4 - T2 + NC (30DAS) 6.8 0.14 0.68 262 49.3 370
T5 - T2 + NC (Basal and 30 DAS) 6.7 0.14 0.68 262 51.8 371
T6 - FYM @ 5 t ha-1 + 50 kg N ha-1 6.8 0.14 0.65 271 52.2 363
T7 - FYM @ 5 t ha-1 + 75 kg N ha-1 6.9 0.15 0.68 276 53.7 363
T8 - FYM @ 5 t ha-1 + 1 00 kg N ha-1 6.8 0.14 0.68 281 54.6 364
T9 -100 % RDF 6.8 0.15 0.68 280 52.5 368
SE± 0.14 0.009 0.021 4.00 2.08 6.90
CD at (P=0.05) NS NS 0.062 12.10 6.23 20.80
Initial 6.7 0.13 0.60 260 45.2 350

______________



Blackgram is a grain legume widely
cultivated in Pakistan, India and other Asian
countries. It is part of diet for millions of people
in these countries and a cheap source of
protein with 17-34 per cent of protein in seeds
(Gour, 1993). Black gram is one of the major
rainy season pulse crop of India. Blackgram is
cultivated on area of 33 lakh hectare with
production 18.3 lakh tonnes and 555 kg ha-1

productivity in 2011-2012.

Biofertilizers are commonly called microbial
inoculants which are capable of mobilizing
important nutritional elements in the soil from
non-usable to usable form by the crop plants
through their biological processes (Marwaha,
1995). For the last one-decade, biofertilizers
are used extensively as an eco-friendly
approach to minimize the use of chemical
fertilizers, improve soil fertility status and for
enhancement of crop production by their
biological activity in the rhizosphere.

Experiments were carried out on the use of
bacteria (Azotobacter, Azospirillum,
Rhizobium, phosphobacteria) and VAM fungi
as biofertilizers to supplement nitrogen and
phosphorus fertilizers and considerable
improvement in the growth of several crop
plants have been observed (Haldar et al., 1997
and Singh et al., 2008). Dual inoculation of N
fixing bacteria biofertilizers and
phosphobacteria proved more effective in
increasing the growth of blackgram
(Selvakumar et al., 2009).

The experimental material for the present
investigation consisted T-9 variety of blackgram
and experiment was conducted in randomized
block design at Field Experimentation Centre,
Department of Genetics and Plant Breeding,
Allahabad during kharif, 2012. The treatments
were T1 - (100% RDN), T2 - (50% RDN + 20g
kg-1 Rhizobium), T3 - (50% RDN + 20 g kg-1

Azatobacter), T4 - (50% RDN + 20g kg-1

J. Agric. Res. Technol., 39 (3) : 499-501 (2014)

Effect of biofertilizers on growth and yield characters of
blackgram (Vigna mungo L. Hepper)

Table 1. Mean performance of blackgram afterbiofertilizer treatment for growth and yield characters.

Treatment Days Plant Primary Clusters Pods Days Pod Seeds Seed Seed
to 50% height bhanches plant-1 plant-1 to length pod-1 index yield
flowering (cm) maturity (cm) (g) (g)

T1 37.67 61.90 4.40 7.43 13.13 71.00 4.47 4.33 3.00 3.63
T2 39.00 71.40 5.20 8.53 15.33 74.67 5.17 6.00 3.40 4.73
T3 36.00 63.27 4.70 8.00 13.40 73.33 5.13 4.67 3.07 4.17
T4 35.00 64.87 5.03 8.27 14.20 75.00 5.30 5.33 3.07 4.40
T5 35.00 73.93 5.53 10.50 17.13 76.00 5.40 6.33 3.60 5.10
T6 36.33 76.43 5.60 11.20 19.77 82.33 5.63 6.67 3.73 5.23
T7 35.00 65.67 5.27 8.47 14.67 74.00 5.27 5.67 3.10 4.47
Mean 36.29 68.21 5.10 8.91 15.38 75.19 5.20 5.57 3.28 4.53
Range
Max. 39 76.43 5.60 11.20 19.77 82.33 5.63 6.67 3.73 5.23
Min. 35.00 61.90 4.40 7.43 13.13 71.00 4.47 4.33 3.10 3.63
SE (m) ± 0.19 0.16 1.06 2.81 0.17 0.33 0.07 0.11
CD (at 5 %) 2.14 2.09 0.59 0.48 3.26 8.65 0.52 1.03 0.22 0.33
CV 11.99 8.00 9.69 14.95 17.99 6.71 8.66 19.31 9.18 11.99



Azospirillum), T5 - (50% RDN + 20g kg-1

Rhizobium + 20g kg-1 Azotobactor), T6 -
(50% RDN + 20 g kg-1 Rhizobium + 20 g
kg-1 Azospirillum) and T7 - (50% RDN + 20 g
kg-1 Azotobactor + 20 g kg-1 Azospirillum).
Treatment with 20:40:40 NPK kg ha-1 and
10:40:40 NPK kg ha-1 were recommended
dose as RDF (recommended dose of fertilizer)
and 50 per cent RDF, respectively. Seeds were
treated with biofertilizer culture before sowing.
Recommended cultural practices were followed
to raise a good crop. Five competitive plants
from each line were randomly selected for
recording observations for ten 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) and seed
yield plant-1 (g). Analysis of variance was
carried out as per standard procedure (Fisher,
1936).

Effect of biofertilizer : Significant
differences were observed for all characters
after treatment with biofertilizersexcept for days
to maturity (Table 1). Maximum values for plant
growth characters viz., plant height (76.43 cm)
and number of branches plant-1 (5.60) were
recorded for treatment T6 (50% RDN + 20 g
kg-1 Rhizobium + 20 g kg-1 Azospirillum).
Treatment T5 (50% RDN + Rhizobium + 20 g
kg-1 Azotobacter), T2 (50% RDN + 20 g kg-1

Rhizobium), T4 (50% RDN + 20 g kg-1

Azospirillum), T7 (50% RDN + 20 g kg-1

Azotobacter + 20 g kg-1 Azospirillum) and T1
(100% RDF) were found equally effective for
increase in plant growth characters.

Among all the treatments (Table 1),
treatment T6 (50% RDN + Rhizobium +
Azospirillum 20 g kg-1) found significantly
superior by recording high values of yield
characters viz., number of clusters plant-1

(11.20), number of pods plant-1 (19.77),
number of seeds pod-1, (6.67), pod length
(5.63 cm), seed index (3.73 g) and seed yield
plant-1 (5.23g). Biofertilizers brought about
significant improvement in different yield
attributes. It may be due to application of
biofertilizers to seed or soil enhanced availability
of nutrients to plant providing an economically
viable and ecologically sound means of reducing
external input of chemical fertilizers (Dhaliwal,
1995). Increase in yield could be ascribed to the
improvement in plant growth, vigor and
production of sufficient photosynthesis during
later part of growth period due to biofertilizers
application.

Minimum seed yield in blackgram showed
by control (T1) whereas maximum in
biofertilizers inoculation with Rhizobium and
Azospirillum. The single inoculation of
biofertilizers could not increase the yield as
compared to dual inoculation. The dual
inoculation of Azospirillum and Rhizobium
gave high yield. Singh et al. (2008) recorded
significantly higher plant height, maximum
number of branches, dry matter and seed yield
in pigeonpea inoculated with dual inoculation
of rhizobium and PSB compared to
uniinoculation and alone treatments. It is
evident that an increase in plant height, number
of pods plant-1 and number of seeds pod-1 has
contributed to increased yield.

N. D. Shihare
G. R. Lavanya
A. N. Shinde

Department of Genetics and Plant Breeding,
Allahabad School of Agriculture,
SHIATS, Allahabad - 211 007 (India)
August 31, 2013.
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Weed Management in Cluster bean (Cyamopsis
tetragonaloba L)

______________

Cluster bean is drought hardy, deep-rooted
and annual legume. In India, the crop is grown
for fresh vegetable and for gum purpose. As a
cluster bean is a rainy season crop and due to
frequent rains, the weed population increases
tremendously and compete for nutrients,
moisture and space with main crop causing
considerable yield reduction (Daulay and Singh,
1982). Season long competition with weeds in
cluster bean causes severe yield reduction
ranging from 29-48 per cent and severity may
even be higher (70-98%) depending on the
weed infestation (Sonone et al., 1982). In most
of the vegetables, the early growth period is the
most critical stage at which stress of any kind
affects the economic yield. Weed competition is
such an important stress during this period.
This growth period is often marked by weather
conditions that do not permit the traditional
methods of weed control. Besides, this period
coinciding with the season of peak labour
activity leading to scarcity of labour for
weeding. So proper weed control method, is
the prime need and very much essential to give
the herbicide usage its due share to obtain
maximum productivity.

In the last four decades, considerable
developments have been taken place in
chemical weed control, thereby increasing the
crop returns by reducing the cost of production.
However, much needed information on the
right kind of herbicides, the time, rate and
method of application and residual effects on
the succeeding crops are lacking in our country,
especially with regard to cluster bean. Keeping
in view of this, the present study was carried
out.

The present investigation was carried out
during kharif season of 2011 at All India
Coordinated Research Project on Vegetable
Crops, Department of Horticulture, Mahatma
Phule Krishi Vidyapeeth, Rahuri. The soil of
experimental plot was light to medium black
having pH 6.5 to 7.5 and low in available
nitrogen, medium in phophorus and ample in
potash content.

Eleven treatments comprising Odyssey 70
per cent WG three doses (52.5, 61.025 and 70
a.i.g ha-1) and same three doses of Odyssey 70
per cent WG with MSO Adjuvant 2 ml litre-1 of
water, Imazethypr 10 per cent SL (100 a.i. g



ha-1), Imazamox 12 per cent SL (42.0 a.i. g
ha-1), Chlorimuron ethyl 25 per cent WP (9.37
a.i.g ha-1), Fenoxoprop ethyl 9 per cent EC
(67.5 a.i.g ha-1) and untreated control. The
experiment was laid out in a randomized block
design replicated thrice. The flat beds of 2.1 x
2.4 m size were prepared and seeds of local
variety was used and sowing was done at a
spacing of 30 x 15 cm. The well decomposed
FYM @ 20t ha-1 was applied uniformly at the
time of land preparation. In addition, crop was
fertilized with 50 kg N, 60 kg P2O5 and 60 kg
K2O ha-1. Half dose of N and full dose of P and
K were applied at the time of seed sowing and
remaining half dose of N was applied at 20-30
days after seed sowing. Light irrigation was
given immediately after sowing and subsequent
irrigations and plant protection measures were
adopted as and when required. All herbicide
sprays were applied when the weeds were at
two leaf stage. Herbicides were applied with a
manually operated Knapsack sprayer with flat
fan nozzle. The spray volume considered to be
500 liter ha-1. The observations on weed
population (intensity) was recorded at 20,40
and 60 days after herbicidal spray by using 0.5
m quadrant in randomly selected places in each
plot per replications. The weed control
efficiency (WCE) was calculated by using
following formula.

Weed count in untreated plot –
Weed count in treated plot

% WCE = –––––––––––––––––––––––––– x 100
Weed count in untreated plot

The weed dry matter production (WDMP)
was calculated by removing total weeds from
0.5 m2 treatment plot after 60 days and air
dried and kept in hot air oven at 60°C for
further drying. The green pod yield was
recorded at each harvesting and sum up after
completion of crop period and average pod
yield per hectare was mentioned. The data was
analyzed as per method suggested by Panse

and Sukhame (1985).

Weed flora : The important grass weeds
observed in experimemtal plot were
Echinochloa colonum, Dinebra arabica,
Bracheria mutica and Eragratis minor while
common broad leave weeds were Amaranthus
viridis, Amaranthus polygamus, Euphorbia
geniculata, Portulaca oleracea, Parthenium
hysterophorus and Physelis minima. In
present study none of the herbicide were found
effective in controlling Cyprus rotundus,
Cyanadon dactylo and Commelina
bengalensis among the weed flora present in
experimental plot.

Weed intensity (weed population) : The
data presented in Table 1 revealed that only
some herbicides were promising as compared
to others. However, in unweeded (control) there
was profuse growth of weeds throughout the
growth period resulting in the suppressing
growth and yield of cluster bean at 20,40 and
60 days after application, all herbicidal
treatments recorded lower weed count as
compared to unweeded (control) providing their
effectiveness in combining the weed menance
during their crop growth. In present study the
Odyssey 70 per cent WG @ 70 a.i.g ha-1 with
MSO adjuvant @ 2 ml litre-1 found effective
and were recorded significantly minimum weed
intensity of grasses at 40 days (4.89) and 60
days (3.01). However same treatment was also
registered significantly lower values for broad
leaved weeds (5.04 and 4.44) respectively at 40
and 60 days after application. Similar results
have been reported by Bhadoria et al. (1996)
and Sumanth Kumar (2005) in clusterbean.

Weed control efficiency (WCE) : The
data on weed control efficiency (WCE) indicated
significant differences due to various herbicides
(Table 1). Among the various herbicide
treatments, WCE was found to be significantly
higher in Odyssey 70 per cent WG @ 70 a.i.g
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ha-1 + MSO adjuvant @ 2 ml litre-1 at 20 days
(61.0%), 40 days (73.0%) and 60 days (81.0%)
respectively for grass weeds. However, same
treatment registered highest WCE for broad
leaf weeds at 40 days (86.0%) and 60 days
(88.0%). While Fenoxyprop ethyl 9 per cent
EC recorded lowest values for WCE at 40 days
(31.0 and 57.0%) and 60 days (37.0 and
62.0%) respectively for grasses and BLWs.
These results are inconformity with those of
Sumanth Kumar (2005).

Weed dry matter production (WDMP) :
The total dry matter produced is an indication
of overall utilization of resources and better light
interception. The total dry matter of weeds as
influenced by different herbicides at different
concentrations and crop weed competition at

different growth stages in cluster bean (Table 1).
In general weight of dry weed matter
production was significantly higher in
unweeded control treatment (3000 kg ha-1)
followed by Fenoxyprop ethyl 9 per cent EC
(2800 kg ha-1) and Chlorimuron ethyl 25WP
(2600 kg ha-1). The lowest total dry weed
matter was observed with odyssey 70 per cent
WG@ 70 a.i. g ha-1 + MSO (60 kg ha-1) which
was at par with odyssey 70 per cent WG 61.25
a.i. q ha-1 (80 kg ha-1). This results indicates
that weed competition effects various
morphological traits and finally reduce the total
dry matter production. These findings are in
concordance with those of Sumanth Kumar
(2005) in cluster bean.

Yield : The variation in cluster bean yield
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Table 1. Effect of different herbicides on total weed intensity, weed control efficiency and yield of cluster bean.

Treat- Total weed intensity Per cent control Weed Yield
ment –––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––– dry (q

Grasses BLW Grasses BLW matter ha-1)
–––––––––––––––––––– –––––––––––––––––––– –––––––––––––––––– –––––––––––––––––– (kg
20 40 60 20 40 60 20 40 60 20 40 60 ha-1)
DAA DAA DAA DAA DAA DAA DAA DAA DAA DAA DAA DAA

T1 15.44 7.27 9.24 12.50 10.57 8.66 34.0 60.0 50.0 69.0 70.0 77.0 120 45.63
T2 9.47 6.73 4.20 12.37 7.91 4.66 59.0 63.0 77.0 70.0 77.0 87.0 70 58.73
T3 12.59 7.40 4.50 11.67 7.43 6.10 46.0 59.0 76.0 71.0 79.0 84.0 180 57.94
T4 9.13 7.67 7.03 11.36 10.63 9.04 31.0 57.0 62.0 72.0 69.0 76.0 120 47.02
T5 9.34 6.73 3.44 10.98 7.00 4.20 30.0 63.0 81.0 73.0 80.0 89.0 80 59.92
T6 9.01 4.89 3.01 11.43 5.04 4.44 61.0 73.0 84.0 72.0 86.0 88.0 60 61.31
T7 4.41 10.97 4.34 6.16 6.76 5.60 81.0 39.0 77.0 85.0 81.0 85.0 100 56.15
T8 11.57 7.77 6.03 13.03 10.50 8.74 50.0 57.0 67.0 68.0 70.0 76.0 140 44.84
T9 18.03 10.77 10.37 19.98 11.91 13.86 23.0 40.0 44.0 51.0 66.0 63.0 2600 11.71
T10 16.40 12.41 11.66 15.44 15.11 14.17 30.0 31.0 37.0 62.0 57.0 62.0 2800 38.69
T11 23.37 18.03 18.54 40.76 34.83 37.00 - - - - - - 3000 30.95
S.E.M± 0.75 0.66 0.48 0.84 0.67 0.55 2.56 2.20 1.90 1.50 1.65 1.88 5.18 5.95
C.D. 2.33 1.99 1.68 2.52 2.01 1.68 7.60 6.75 5.81 4.52 4.99 5.50 15.35 17.65
at 5%

DAA : Days after application, BLW : Broad Leaf Weed. Treatments : T1 - Odyssey 70% WG (52.5 a.i. g ha-1), T2 - Odyssey
70% WG (61.25 a.i. g ha-1), T3 - Odyssey 70% WG (70 a.i. g ha-1), T4 - Odyssey 70% WG (52.5 a.i. g ha-1) + MOS Adjuvant
(2 ml litre-1 of water), T5 - Odyssey 70% WG (61.25 a.i. g ha-1) + MSO Adjuvant (2 ml litre-1 of water), T8 - Odyssey 70%
WG (70 a.i. g ha-1) + MOS Adjuvant (2 ml litre-1 of water), T7 - Imazethapyr 10% SL (100 a.i. g ha-1) + MOS Adjuvant (2
ml litre-1 of water), T8 - Imazamox 12% SL (42 ai. g ha-1) + MOS Adjuvant (2 ml litre-1 of water), T9 - Chlorimuron ethyl
25% WP (9.37 a.i. g ha-1), T10 - Fenoxoprop ethyl 9% EC (67.5 a.i. g ha-1), T11 - Control.



depend on the density of weeds, type of weed
species present and competing ability of crop.
Babikar et al. (1987) noticed that unrestricted
growth of weed reduced crop yield by 98 per
cent in onion.

The data on cluster bean yield indicated
significant differences due to various herbicide
treatment (Table 1). The pod yield was
significantly higher in odyssey 70 per cent WG
@ 70 a.i.g ha-1 + MOS @ 2 ml litre-1 however
it was at par with rest of treatments except
chlorimurom ethyl 25 per cent WP and
fenoxoprop ethyl 9 per cent EC (38.69). The
lowest pod yield was recorded by chlorimuron
ethyl 25 per cent WP (11.71). This was due to
phytotoxic effects of these treatment and
resulted on stunted growth of plant and finally
pod yield. Shekhawat and Maliwal (1991)
reported that application of pendimethalin @
0.75 kg a.i. ha-1 was effective in reducing weed
dry matter and increased the yield significantly.

On the basis of pod yield of cluster bean,
weed population and weed control efficiency
use of post emergence spray of herbicide i.e.
odyssey 70 per cent WG @ 70 a.i.g ha-1 and
61.25 a.i.g ha-1 with or with MSO adjuvant @
2 ml litre-1 was best alternative to hand
weeding and found effective doses in
controlling weeds and increasing yield of cluster
bean but it further need to be confirmed.

It was concluded that where labour is not
constraint resource hand weeding is beneficial
but where labour is constraint use of suitable

herbicide at appropriate concentration and
right stage of application is more suitable to
control weeds and increasing yield.

B. T. Patil
M. N. Bhalekar
K. G. Shinde

AICRP on Vegetable Crops,
Mahatma Phule Krishi Vidyapeeth,
Rahuri - 413 722 (India)
August 31, 2013.
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Leaf blast of pearl millet [Pennisetum
glaucum (L.) R. Br.] Pyricularia grisea caused
by (Cooke) Sacc. is one of the most important
disease of bajra. It is a grain crops and which is
staple food for living in the semi and tropical
regions of Africa and Asia. Pearl millet foliar
blast, also known as leaf spot was first reported
in 1942 from Kanpur, Uttar Pradesh, India
(Mehta, et al. 1952). Recently leaf blast has
emerged as a serious disease of pearl millet in
India (Lukose, et al. 2007), which becomes
more severe during humid weather conditions
especially in dense crop stand during kharif
season and become a major limiting factor
caused about 30 to 70 per cent loss. The area
under the crop has been reduced drastically due
to this devastating problem. Hence, considering
the economic importance of the pathogen it
has been decided to undertake the detail study
of its growth and sporulation by selecting
different cultural media.

Isolation of the pathogen Pyricularia grisea
(Cooke) Sacc. was made by usual tissue
isolation method by using plain agar and potato
dextrose agar medium. The pure culture of the
test fungus was used for further studies. Seven
different culture media were utilized for the
growth, sporulation and cultural characters of P.
grisea. The observations, colony diameter (cm),
sporulation and colony characters like shape,
size, colour etc., were recorded.

From the results it was observed that potato
dextrose agar and host extract agar media
showed maximum colony diameter (9.0 cm) of
P. grisea followed by oat meal agar (8.6 cm)
and potato carrot agar (7.6 cm). The remaining
Asthana and Hawker's agar czapeck's dox agar

and Richard's agar showed moderate to poor
growth 4.6, 4.1 and 3.7 cm, respectively.

In respect of sporulation, potato dextrose
agar, oat meal agar and host extract agar were
recorded good sporulation followed by potato
carrot agar showed moderate sporulation. The
remaining Asthana and Hawker's agar,
Richard's agar and czapeck's dox agar were
produced poor sporulation. The similar results
were recorded by Todmal (1987) and Arun
Kumar and Singh (1995).

Colony characters recorded revealed that on
most of the media colonies were circular,
smooth, profuse to aerial hyphae, mycelium
whitish, gray, dark brownish to greenish
produced zonation on PDA and potato carrot
agar. Zonation was absent on oat meal agar and
host extract agar and concentric rings were
produced on Asthana and Hawker's agar,
Richard's agar and Czapeck's dox agar. Ou
(1980) observed young hyaline, septate
conidiophores of Pyricularia oryzae becoming
grayish at later stage of fungal development.
PDA supported the best growth of the test
fungus. Todmal (1987) reported almost similar
colony characters of Pyricularia spp.

From the results it can been concluded that
potato dextrose agar, host extract agar and oat
meal agar are good cultural media for excellent
growth and sporulation of P. grisea causing
blast of Pearl Millet.

J. H. Pawar
C. S. Thakare

Collge of Agriculture,
Dhule - 424 002 (India)
August 31, 2013.
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Effect of Nitrogen and Potassium on Growth, Yield and
Quality of Gladiolus

______________

Gladiolus is one of the important cut flower
crops grown in India. As a cut flower, it has
great potentiality for export to European
countries during winter months.

Various research workers have reported
that, the proper application of fertilizer doses of
various nutrients help to increase the yield of
good quality spikes in gladiolus. Nitrogen has
been reported to increase the plant height,
number of leaves plant-1 and leaf area
(Gangwar et al. 2012), stimulate flowering and
improve the quality of spikes of gladiolus
(Sewedan et al. 2012). Being a major inorganic
solute, potassium plays a key role in the water
balance of plants. It also reduces lodging,
imparts disease resistance and improves the
quality and shelf life of crop produce.
Considering its role in crop production
potassium is regarded as major element. So,
there is a good scope for increasing the yield of
quality spikes in gladiolus with the use of
appropriate amount of nitrogen and potassium
under the agro-ecological conditions of
Vidarbha region of Maharashtra. Keeping this
in view, the present study was undertaken to
investigate the effect of nitrogen and potassium

on growth, yield and quality of gladiolus.

The investigation was carried out at
Horticulture Section, College of Agriculture,
Nagpur (M.S.) during winter season of 2012-
2013 with. The experiment was carried out in
a factorial randomized block design with three
replications. The treatments comprised of four
nitrogen levels viz., N0 - 0, N1 - 150, N2 - 300
and N3 - 450 kg N ha-1 and four levels of
potassium viz., K0 - 0, K1- 75, K2 - 150 and K3
- 225 kg K2O ha-1. After preparing the land
the field was laid out with the beds of 45 cm
spaced ridges and furrows. The treated corms
were then planted at a spacing of 45 x 15 cm
on the ridges at a depth of 5-6 cm. Light
irrigation was given immediately after planting.
A recommended dose of phosphorus i.e. 200
kg ha-1 was applied for all the treatment plots
as a full dose at the time of bed preparation
before planting. The dose of potassium was
applied as per the treatment as a full dose at the
time of bed preparation, however, the dose of
nitrogen was splitted in three equal splits and
was applied as per treatment at 2, 4 and 6 leaf
stage, respectively. The recommended cultural
and plant protection measures were followed.



The various observations on growth and
flowering characters were recorded and the
data was statistically analyzed following Panse
and Sukhatme (1967).

Significantly maximum (Table 1) leaves
plant-1 and leaf area (24.48 and 132.78 cm2,
respectively) were found with the treatment of
450 kg nitrogen ha-1 which were statistically at
par with 300 kg nitrogen ha-1 (22.62 and
127.53 cm2, respectively). This increase in the
number of leaves plant-1 and leaf area with
increasing level of nitrogen might be due to the
fact that, nitrogen is an essential part of nucleic
acid which plays a vital role in promoting plant
growth. The results are in conformity with the
results reported by Devi and Singh (2010) in
tuberose and Patel et al. (2010) in gladiolus.

Significantly maximum spikes plant-1 (3.12)
were noticed with the treatment of 450 kg
nitrogen ha-1 which was found to be at par with

300 kg nitrogen ha-1 (3.02). Significant
increase in flower yield might be due to
significant increase in growth parameters as
nitrogen is major component of all proteins
(including all enzymes), amino acid, nucleic acid
and chlorophyll. Similar findings were
registered by Singh and Bijimol (2003) in
gladiolus and Khan et al. (2012) in freesia.

However, in respect of quality parameters of
gladiolus spike viz., length of spike (86.44 cm),
length of rachis (37.72 cm), diameter (0.80
cm), florets spike-1 (9.91), longevity on plant
(12.25 days) and vase life of spike (10.17 days)
were found significantly maximum with 450 kg
nitrogen ha-1 which was found statistically at
par with 300 kg nitrogen ha-1. The
improvement in quality parameters of spike due
to higher dose of nitrogen might be due to an
increased vegetative growth of plant which
might have provided maximum food material
for development of gladiolus spikes. These
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Table 1. Growth, flower yield and quality parameters in gladiolus as influenced by nitrogen and potassium.

Treatment Leaves Leaf Spikes Length Length Dia- Florets Vase life
plant-1 area plant-1 of of meter spike-1 of spike

(cm2) spike rachis of spike (days)
(cm) (cm) (cm)

Nitrogen (N) :
N0 - 0 kg N ha-1 17.08 112.70 2.43 75.92 29.32 0.66 7.93 7.58
N1 - 150 kg N ha-1 19.45 122.29 2.60 78.56 32.75 0.69 9.17 8.67
N2 - 300 kg N ha-1 22.62 127.53 3.02 83.44 36.93 0.77 9.70 9.33
N3 - 450 kg N ha-1 24.48 132.78 3.12 86.44 37.72 0.80 9.91 10.17
SE (m) ± 0.74 2.09 0.06 2.68 0.43 0.01 0.21 0.33
CD at 5% 2.12 6.03 0.17 7.73 1.23 0.04 062 0.96

Potassium (K2O) :
K0 - 0 kg K2O ha-1 17.62 116.36 2.46 75.45 32.55 0.68 7.28 8.16
K1 - 75 kg K2O ha-1 20.18 118.91 2.63 76.41 33.93 0.72 8.82 8.67
K2 - 150 kg K2O ha-1 21.60 126.97 2.93 82.16 34.35 0.73 9.97 8.83
K3 - 225 kg K2O ha-1 24.23 133.08 3.15 90.35 35.88 0.79 10.63 10.08
SE (m) ± 0.74 2.09 0.06 2.68 0.43 0.01 0.21 0.33
CD at 5% 2.12 6.03 0.17 7.73 1.23 0.04 0.62 0.96

Interaction effect (N x K) :
SE (m) ± 1.47 4.18 0.12 5.14 0.85 0.03 0.43 0.67
CD at 5% - - 0.35 - - - - -



results are in accordance with the findings of
Patel et al. (2010) in gladiolus and Devi and
Singh (2010) and Khalaj and Edrisi (2012) in
tuberose.

Significantly maximum leaves plant-1

(24.23) and leaf area (133.08 cm2) were noted
with the treatment of 225 kg potassium ha-1

which was followed by 150 kg potassium ha-1

(21.60 and 126.97 cm2, respectively). This
increase in the number of leaves plant-1 and
leaf area with increasing levels of potassium
might be due to role of adequate dose of
potassium in protein synthesis, food formation
and translocation of sugars.These results are
congruent with the findings of El-Naggar (1999)
in tuberose.

Flower yield parameters in respect of spikes
plant-1 (3.15) were found significantly
maximum with 225 kg potassium ha-1 which
was followed by 150 kg potassium ha-1. The
effect of highest level of potassium activate
more than 60 enzymes needed for healthy
plant growth as well as it improves the
efficiency of nitrogenous fertilizers and
translocation of sugars and starch. This is in
accordance with the findings of Talukdar et al.
(2003).

Similarly the treatment of 225 kg potassium
ha-1 had recorded significantly maximum length
of spike (90.35 cm) and rachis (35.88 cm),
diameter of spike (0.79 cm), florets spike-1

(10.63), longevity of spike on plant (11.92
days) and vase life of spike (10.08 days)
followed by150 kg potassium ha-1. The quality
of gladiolus spike improved with an increase in
the dose of potassium from 0 to 225 kg K2O
ha-1. This might have been due to the fact that,
potassium maintain turgor, reduces water loss
and wilting of flowers also intensifies
translocation of newly synthesized
photosynthates from leaves to flowers. This is
in agreement with the findings of Rajwal and

Singh (2006) and Sharma and Singh (2007) in
gladiolus.

Interaction effect of nitrogen and potassium
was found non significant in respect of all
characters studied in this experiment except
flower yield parameters viz., spikes plant-1 and
ha-1. Significantly maximum yield of flower in
respect of spikes plant-1 (3.40) and ha-1 (3.89
lakh) were recorded with the treatment
combination of 300 kg nitrogen ha-1 with 225
kg potassium ha-1 and it was statistically at par
with the treatment combination of 300 kg N
ha-1 with 150 kg K2O ha-1 (i.e. 3.33 and 3.81
lakh, respectively). This might be due to
combine effect of nitrogen and potassium at
adequate level (300 kg N and 225 kg K2O
ha-1) as proper nitrogen and potassium levels
encourage plant growth, and aids in
photosynthesis and food formation and thus
increase crop yield.

M. K. Mahadik
Neha Chopde
K. M. Lambe

Horticulture section, College of Agriculture,
Nagpur - 440 010 (India)
August 31, 2013.
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Effect of Inorganic and Biofertilizers on Yield and Post
Harvest Qualities of guava (Psidium guajava L.) cv. Sardar

______________

An application of organics and inorganics
fertilizers not only increased the yield, but also
improved the fruit quality in guava (Naik and
Hari Babu, 2007). Being highly perishable,
fruits have to be marketed immediately after
harvest. Chundawat et al. (1976) reported that
most of the cultivars can be stored only for 2
days after harvest. During last few years, the
demand for organically grown fruits is
increasing as compared to fruits produced from
inorganic farming systems. Accordingly, an
investigation was planned to study the effect of
biofertilizers like Azotobacter and PSB
(Phosphate Solubilizing Bacteria) with reducing
dose of inorganic fertilizers on yield and quality
of cv. Sardar guava.

The experiment was conducted in a well
established eight years old orchard of Sardar
guava trees planted at 5 x 5 m spacing having
uniform growth and productivity at the

Instructional-cum-Research Farm, Department
of Horticulture, College of Agriculture, Latur
during 2012-2013. The experiment was laid
out in a randomized block design with fourteen
treatments replicated twice. The treatment
comprised of 100 per cent RDF 800:400:400
g N:P2O5:K2O plant-1 year-1 (T1), 100 per cent
RDF + FYM (20 kg tree-1) Azotobacter + PSB
(T2), 100 per cent RDF + FYM + Azotobacter
(T3), 100 per cent RDF + Azotobacter + PSB
(T4), 100 per cent RDF + FYM + PSB (T5), 75
per cent RDF + FYM + Azotobacter + PSB
(T6), 75 per cent RDF + FYM + Azotobacter
(T7), 75 per cent RDF + Azotobacter + PSB
(T8), 75 per cent RDF + FYM + PSB (T9), 50
per cent + FYM + Azotobacter + PSB (T10),
50 per cent RDF + FYM + Azotobacter (T11),
50 per cent RDF + Azotobacter + PSB (T12),
5 per cent RDF + FYM + PSB (T13) and
control (T14). After preparation of basins, FYM
@ 20 kg tree-1 was given to all treatments



except in T1, T4, T8, T12 and T14. The doses
of Azotobacter and PSB were given @ 100 g
each tree-1 as per treatments by mixing in soil.
Half dose of nitrogen and full dose each of
phosphorus and potassium as per treatments
was applied to all plants except control (T14) at
the beginning of monsoon. The remaining half
dose of nitrogen was given at fruit set stage.
Observations on number of fruits tree-1, yield
tree-1 and ha-1 were recorded. Five randomly
selected fruits of uniform maturity were
harvested from each treatment and kept in
open storage at room temperature. The shelf
life of fruits was observed on the basis of
ripening, appearance and physiological loss in
weight after every 2 days. The days up to which
fruits remained in good condition were counted
from the date of harvest and recorded as shelf
life of fruit in days. The data recorded were
analyzed statistically as per the standard
procedure suggested by Panse and Sukhatme
(1985).

Yield : The yield data presented in (Table 1)

showed significant variations due to the
applications of different treatments of inorganic
and biofertilizers. The highest number of fruits
tree-1 (249), yield (50.26 kg tree-1) and hectare
(20.11 t ha-1) was recorded in the treatment of
100 per cent RDF + FYM + Azotobacter +
PSB (T2) and it was at par with the treatment of
100 per cent RDF + Azotobacter + PSB (T4),
while the lowest yield tree-1 (4.72 kg) and
hectare (5.89 t ha-1) was recorded in control
treatment (T14). The maximum yield in the
combined application of organic, inorganic and
biofertilizers is a result of the interaction effects
between them which helped in increasing the
soil nutrient status and their uptake by the
plants due to improved soil health conditions
that resulted in better vegetative growth in
terms of shoot length and number of leaves
which might have produced the higher
quantum of carbohydrates needed for the
development of the fruits thereby, increasing
the number, size and weight of fruits which
ultimately leads towards getting higher yield in
these treatments. The lowest yield in control
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Table 1. Effect of different levels of inorganic fertilizers and biofertilizers on yield.

Treatment Number Average Fruit Fruit
of weight yield yield
fruits of fruit tree-1 (t ha-1)
tree-1 (g) (kg)

T1 : 100% RDF ( 800 g N, 400g P2O5 and 400g K2O tree-1) 202.48 144.16 29.19 11.68
T2 : 100% RDF + FYM + Azotobacter + PSB 248.94 201.90 50.26 20.11
T3 : 100% RDF + FYM + Azotobacter 224.93 193.12 43.44 17.38
T4 : 100% RDF + Azotobacter + PSB 246.76 183.54 45.29 18.12
T5 : 100% RDF + FYM + PSB 242.13 165.49 40.07 16.03
T6 : 75% RDF + FYM + Azotobacter + PSB 234.44 184.32 43.21 17.29
T7 : 75% RDF + FYM + Azotobacter 246.26 179.24 44.14 17.66
T8 : 75% RDF + Azotobacter + PSB 244.01 157.45 38.42 15.37
T9 : 75% RDF + FYM + PSB 225.82 155.61 35.14 14.06
T10 : 50% RDF + FYM + Azotobacter + PSB 240.91 174.13 41.95 16.78
T11 : 50% RDF + FYM + Azotobacter 230.39 160.60 37.00 14.80
T12 : 50% RDF + Azotobacter + PSB 207.86 152.65 31.73 12.69
T13 : 50% RDF + FYM + PSB 201.11 131.27 26.40 10.56
T14 : Control 170.78 89.12 14.72 5.89
S.E.± 11.32 7.86 1.76 0.70
C.D at 5% 34.58 24.02 5.38 2.15



treatment (T14) could be the result of poor
vegetative growth on account of scarce nutrient
availability in turn, reducing the number, size
and weight of the fruits. The similar results were
also reported by, Ram and Pathak (2007) and
Dutta et al. (2009) they have obiained higher
yields in application of organic and inorganic
fertilizers with biofertilizers.

Post harvest qualities : The results (Table
2) indicated significant influence of treatments
on both the parameters studied. The minimum
physiological loss in weight after eight days
storage (16.30%) and maximum shelf life (7.60
days) observed in application of 100 per cent
RDF + Azotobacter + PSB (T4). While,
physiological loss in weight was maximum
(33.55%) and minimum shelf life (4.80 days) in
the treatment of 100 per cent RDF + FYM +
Azotobacter (T3). The maximum weight loss in
the said treatment could be attributed to higher
moisture content, high rate of respiration and
biochemical reactions that might have caused

more weight loss and reduced the shelf life in
the fruits of this treatment. However, minimum
weight loss and more shelf life in the fruits of
100 per cent RDF + Azotobacter + PSB (T4)
treatment could be attributed to slower rate of
respiration and reduced enzymatic activities and
slower biochemical changes occurring in the
fruits of this treatment. The perusal of literature
does not show any evidence in support of the
present findings of the study. However,
Dhomane (2010) reported that, fruit produced
from the trees receiving 75 per cent N through
urea and 25 per cent N through neem cake
showed minimum physiological loss in weight
(12.06%) after eight days of storage and
maximum shelf life of guava fruits (7.4 days)
was observed in the fruits produced from the
trees receiving 100 per cent N through organic
manures.

From the foregoing results and discussion, it
can be concluded that the combined application
of RDF (800 g N, 400 g P2O5 and 400 g K2O
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Table 2. Effect of different levels of inorganic fertilizers and biofertilizers on post harvest qualities of guava fruits.

Treatment Initial Physiological loss in weight (%) Shelf
weight –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– life
(g) After 2 days After 4 days After 6 days After 8 days (days)

T1 510.80 7.98 (470.04) 12.90 (444.91) 15.37 (432.29) 23.10 (392.81) 5.60
T2 1025.40 6.12 (962.65) 10.55 (917.22) 13.46 (887.38) 19.70 (823.40) 6.60
T3 822.50 13.35 (712.70) 19.95 (658.41) 25.00 (616.88) 33.55 (546.55) 4.80
T4 810.70 4.98 (770.33) 6.30 (759.63) 10.10 (728.82) 16.30 (678.56) 7.60
T5 963.90 7.45 (892.09) 12.51 (843.32) 15.15 (817.87) 22.65 (745.58) 6.20
T6 921.60 5.30 (872.76) 7.47 (852.76) 10.45 (825.29) 17.55 (759.86) 6.80
T7 522.40 8.48 (478.10) 14.35 (447.44) 17.40 (431.50) 25.20 (390.76) 5.30
T8 708.70 9.31 (642.72) 15.64 (597.86) 19.35 (571.57) 25.75 (526.21) 5.00
T9 806.20 9.90 (726.39) 16.25 (675.19) 21.00 (636.90) 26.25 (594.57) 4.90
T10 554.50 8.07 (509.75) 13.30 (480.75) 16.85 (461.07) 24.90 (416.43) 5.40
T11 845.20 7.98 (777.75) 13.03 (735.07) 15.65 (712.93) 24.75 (636.01) 5.50
T12 886.30 7.82 (816.99) 12.79 (772.94) 15.25 (751.14) 22.95 (682.89) 5.80
T13 620.00 8.96 (564.45) 15.27 (525.33) 18.90 (502.82) 25.40 (462.52) 5.30
T14 280.20 6.73 (261.34) 12.39 (245.48) 14.49 (239.60) 20.45 (222.90) 6.40
S.E.± 5.26 0.13 0.20 0.14 0.27 0.16
C.D at 5% 16.05 0.39 0.60 0.42 0.81 0.48

*Figures in parenthesis indicate the weight during storage.



tree-1) + FYM @ 20 kg tree-1 + Azotobacter
and PSB each @ 100 g tree-1 year-1 to guava
trees gave higher yield and better quality fruits.

A. A. Singh
A. S. Kadam
Bijeta Thongam
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Latur - 413 512 (India)
September 30, 2013.
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Adoption of Sapota Growing Technology by Farmers

______________

Several efforts of technology transfer have
been made through group discussion, training
programmes, exposure visits, shivar feries and
demonstrations etc. in College Development
Block, Pune. However, there is wide gap
between technology developed and actual
adoption by the farmers at field level. In order
to know the field status regarding adoption of
horticultural technology of sapota growers, the
present study was undertaken at College
Development Block, Pune, to study the
prevailing and recommended cultivation
practices followed by the farmers in that area,
so that future suggestions and recommendation
could be made to improve the existing situation.

For the present study Bhor, Velhe, Haveli
tashils of Pune district were purposely selected,
which comes under College Development
Block, Pune.

In consultation with the staff of Department
Agriculture, Talathi and Gramsevak the

villagewise list of the sapota growers was
prepared. In all 12 villages were selected from
College Development Block having maximum
area under sapota fruit crop. From each village,
5 sapota growing farmers were selected,
randomly. The data were collected frorm 60
sapota growing farmers by personal interview
schedule.

The data regarding practice wise adoption
revealed that all the respondents had
'completely' adopted the practices namely
planting season from June to September,
prunning of disease affected branches and buds
emerged below graft, maturity signs of fruits
and Atul harvester for harvesting of fruits.
Majority of the respondents had 'completely'
adopted the pit size, plant to plant and row to
row spacing of sapota with addition of 20kg
FYM/compost and 2.5kg single super
phosphate' (73.34%), exact time of irrigation at
an interval of 5 days in summer and 8 days in
winter (73.34%).



Majority of the respondents had partially
adopted the practices namely selection of well
drained soil having pH 6 to 8 (70.00%), more
than half of the respondents had partially
adopted spraying of bordeaux mixture (1%)
before rainy season and 2 sprayings after rainy
season (53.33%) to control leaf spot disease.

All the respondents had not adopted the
practices namely propagation method by using
khirni root stock (100.00%) and planting of
chhatri variety (100.00%). More than half
(56.67%) of the respondents had not adopted

the spraying of deltomethrin (2.8%), 1 ml lit-1

water to control fruit borer.

Majority (86.66%) of the respondents faced
constraint of high interest rate, followed by lack
of organized market (83.33%), shortage of
labour (80.00%), insufficiant time for
repayment of credit (80.00%), attack of pest
and diseases (76.66%), greater fluctuation in
prices (73.33%), lack of storage facility
(66.66%) and high cost of chemicals of
fertilizers (60.00%). Similar findings were
reported by Dhakane (2005).
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Table 1. Distribution of the respondents according to adoption of specific practices of sapota cultivation (N=60).

Recommended Adoption
technology ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

CA PA NA

Selection of land 18 (30.00) 42 (70.00) -

Recommended varieties :
A) Kalipatti 36 (60.00) - -
B) Cricketball 24 (40.00) - -
C) Chhatri - - 60 (100.00)
Propagation method - - 60 (100.00)
Planting season 60 (100.00) - -
Planting method and spacing 44 (73.34) 16 (26.66) -
Fertilizer dose 32 (53.34) 14 (23.33) 14 (23.33)
Water management 44 (73.34) 16 (26.66) -
Interculturing 24 (40.00) 24 (40.00) 12 (20.00)
Prunning 60 (100.00) - -

Pest control :
A) Leaf eating caterpillar 28 (46.66) 20 (33.34) 12 (20.00)
B) Bark eating caterpillar 50 (83.34) 10 (16.66) -
C) Fruit borer :
1) First spray 26 (43.33) 24 (40.00) 10 (16.67)
2) Second spray 20 (33.34) 24 (40.00) 16 (26.66)
3) Third spray 14 (23.33) 22 (36.66) 24 (40.00)
4) Fourth spray 6 (10.00) 20 (33.33) 34 (56.67)
D) Bud borer 32 (53.34) 14 (23.33) 14 (23.33)

Disease control :
A) Leaf spot 20 (33.34) 32 (53.33) 8 (13.33)
B) Fruit drop 34 (56.66) 16 (26.66) 10 (16.68)
Maturity indices for harvesting 60 (100.00) - -
Storage of fruits after harvesting 32 (53.34) 16 (26.66) 12 (20.00)

Figures in the parentheses indicate percentages. CA = Complete Adoption, PA = Partial Adoption, NA = No Adoption



Majority (77%) of the respondents suggested
that flexible repayment in case of yield failure,
while 73 per cent respondents suggested that
organised market system with constant price,
Similar findings were reported by Kolte (2002)
and Ingle (2003). Also timely information about
outbreak and attack of pests and diseases with
proper control measure (70.00%), regulation of
labour wages to avoid shortage of labour
(60.00%), and half of the respondents
(50.00%) suggested that increasing the
availability of warehousing and storage
facilities.

The present study conclude that intensive
efforts of technology transfer viz., skill based
demonstrations, trainings on plant protection
measures, value added/processed products of
sapota should be required to raise the level of
adoption of horticultural technology among the
respondents to earn more economic returns.

B. N. Pimpale
S. S. Khandave

College of Agriculture,
Pune - 411 005 (India)
September 30, 2013.
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Table 2. Constraints faced by the sapota growers in
adoption of horticultural technology of sapota
cultivation.

Contraints Trained far-
mers (N=60)
–––––––––––––––
Num Per-
ber cent

Attack of pest and diseases 46 76.66
Shortage of labours 48 80
Lack of technical guidance 12 20
High cost of chemicals and fertilizers 36 60
Non availability of credit on time 14 23.33
High interest rate 42 86.66
Insufficient time for repayment of credit 48 80
Lack of organized market 50 83.33
Lack of transport facility 16 26.66
Exploitation by local traders 20 33.33
Lack of storage facility 40 66.66
Greater fluctuation in prices 44 73.33

Table 3. Suggestions made by the trained sapota growers
in adoption of horticultural technology of sapota
cultivation.

Suggestions Trained far-
mers (N=60)
–––––––––––––––
Num Per-
ber cent

Regulation of wages of labour to avoid 36 60
shortage of labour

Timely information of outbreak and 42 70
attack of pest and diseases with it's
control measure

Regulation in the prices of chemicals 24 40
and fertilizers

Timely availability of credit 10 17

Flexible repayment in case of 46 77
yield failure

Organized market system with 44 73
universal price

Compulsory registration of local traders 12 20

Increasing the availability of 30 50
warehousing and storage facilities

______________



Due to improper weed management 30-70
per cent yield losses in turmeric have been
reported (Krishnamurty and Ayyaswamy,
2000). Turmeric is a long durational crop (more
than 280 days), therefore, pre-emergence
application of herbicides alone do not control
weeds throughout critical crop weed
competition period and needs an integration of
post emergence application of herbicide or
inter-culture operation in combination with pre
emergence herbicide application. Hence a field
experiment was carried out to suggest a
suitable integrated weed management in
turmeric.

The experiment was carried out during
2012-13 in a randomized block design with
three replications on medium black soil with
slightly alkaline in reaction (pH 8.1), low in
nitrogen, medium in phosphorus and high in
potassium content at Weed Science Research
Station, Vasantrao Naik Marathwada Krishi
Vidyapeeth Parbhani, which falls within 19° 16'
N latitude and 76° 47' E longitude. The
turmeric variety Selum was planted on raised
beds at 90 x 30 : 120 cm spacing on 19 June
2012. The recommended dose of FYM @ 10 t
ha-1 and 200:150:150 kg NPK was applied in
equal three splits at planting, 60 and 120 days
after planting. The treatments were T1 -
Metribuzin @ 0.7 kg ha-1 PE fb two hoeings, T2
- Metribuzin @ 0.7 kg ha-1 PE fb Fenoxaprop
@ 67 g ha-1 + Metsulfuron 4 g ha-1 POE, T3 -
Metribuzin @ 0.7 kg ha-1 PE fb straw mulch 10
t ha-1 fb one HW, T4 - Pendimethalin @ 0.7 kg
ha-1 PE fb two hoeings, T5 - Pendimethalin @
0.7 kg ha-1 PE fb Fenoxaprop @ 67 g ha-1 +
Metsulfuron 4 g ha-1 POE, T6 - Pendimethalin
@ 0.7 kg ha-1 PE fb straw mulch 10 t ha-1 fb

one HW, T7 - Attrazrne @ 0.75 kg ha-1 PE fb
Fenoxaprop @ 67 g ha-1 + Metsulfuron 4 g
ha-1 POE, T8 - Attrazine @ 0.75 kg ha-1 PE fb
straw mulch 10 t ha-1 one HW, T9 - Weed free
(6 HW as per req) and T10 - Weedy check. The
herbicides were applied as per treatments,
using a spray volume of 500 L for pre-
emergence and 300 L ha-1 for post emergence
with knapsack sprayer with flat fan nozzle. The
economics was worked out based on cost of
cultivation @ Rs. 79,000 ha-1 and average sale
price of raw turmeric @ Rs. 2000 q-1.

Crop weed association : The dominant
weed flora of turmeric experimental plot was of
broad leaved weeds Acalypha indica,
Euphorbia geniculata, Parthenium
hysterophorus and Dignera arvensis, where
as, among grassy weeds Cynodon dactylon,
Brachiria eraciformis, Cyprus rotundus were
found. The weed count was under taken at 30
and 60 DAS, in addition to this weed dry
matter was also recorded and used for
calculating weed control efficiency in each
treatment The quadrent (1 x 1 m size) was used
for taking the observations on weed studies.

Effect on weeds : A persual of data
indicated that all the weed control treatments
significantly reduced dry weed weight and weed
control significantly over weedy check (Table 1).
Among the various treatments Metribuzin @
0.7 kg ha-1 PE fb straw mulch 10 t ha-1 fb one
HW recorded lowest dry weed weight and
highest WCE (75%) at both the observations as
compared to all other treatments.

Effect on crop : No crop injury was
observed with the pre-emergence herbicide
application under study however, post

J. Agric. Res. Technol., 39 (3) : 515-516 (2014)

Effect of Integrated Weed Management in Turmeric
(Curcuma longa)



emergence application of Fenoxaprop +
Metsulruron 67 + 4 g ha-1 caused injury (50%)
to turmeric. Rhizome weight, finger weight and
number plant-1 and fresh rhizome yield were
significantly influenced by the weed control
treatments (Table 1). Among the various
treatments Metribuzin @ 0.7 kg ha-1 PE fb
straw mulch 10 t ha-1 fb one HW recorded
significantly highest fresh rhizome yield
(121.61 q ha-1) as compare,to other treatments
except the treatments included the straw mulch
application. The increase in yield with straw
mulch included treatments may be due to
season long effective control of weeds due to
suppressing weed growth in later stage and due
to herbicide during early stage. Unweeded
check recorded the lowest fresh rhizome yield
(30.2 q ha-1) with a yield loss of 80 per cent.
Similar results were also reported by Avilkumar
and Reddy (2000) and Ratnuni et al. (2012).

Among the weed management treatments
highest net monitory returns (Rs. 144630) and
B:C ratio (1.47) were recorded with Metribuzin
@ 0.7 kg ha-1 PE fb straw mulch 10 t ha-1 fb

one HW owing to lower weed growth and
highest tunneric yield.

Effective and economic weed management
in turmeric can be undertaken with IWM
treatment of Metribuzin @ 0.7 kg ha-1 PE fb
straw mulch 10 t ha-1 fb one hand weeding.

A. S. Jadhav
S. V. Pawar

Weed Science Research Centre
V. N. Marathwada Krishi Vidyapeeth
Parbhani - 431 402 (India)
October 22, 2013.

References
Avilkumar, K and Reddy, M. D. 2000. Integrated weed

management in turmeric intercropping system. Indian
J. of Weed Sci. 31(1-2): 59-62.

Krishnamurty, V. V. and Ayyaswamy, M. 2000. Effect of
herbicides on yield of turmeric. Spice India. 13: 9-
11.

Ratnum, M., Rao, A. S. and Reddy, T. Y. 2012. Integrated
weed management in turmeric (Curcuma longa)
Indian J. of Agron. 57(1): 82-84.

Jadhav and Pawar516

Table 1. Rhizome yield, dry weed weight and weed control efficiency in turmeric as influenced by weed control treatments.

Treatment Fresh Dry weed weight (g m2) Weed control Fingers Finger Net B:C
rhizome ––––––––––––––––––––––––––––– efficiency (%) plant-1 wt. returns ratio
yield Grassy Broad leaves –––––––––––––– plant-1 (Rs. ha-1)
(q ha-1) –––––––––––– –––––––––––––– 30 60

30 60 30 60 DAS DAS
DAS DAS DAS DAS

T1 101.63 4.7 8.9 14.6 14.1 60 65 24 320 120640 1.46
T2 81.12 4.1 7.5 10.1 18.6 62 70 20 230 89650 0.99
T3 121.61 2.0 6.1 13.2 18.2 68 75 28 370 144630 1.47
T4 97.52 5.1 6.5 20.4 21.8 55 58 18 218 111760 1.34
T5 80.65 3.1 3.8 18.2 26.4 64 71 15 198 78850 0.95
T6 102.83 5.7 8.4 16.1 20.8 68 64 21 338 105880 1.06
T7 76.62 3.1 5.3 10.1 14.3 56 62 16 205 71565 0.87
T8 97.44 5.1 6.0 8.1 14.6 65 72 20 285 97880 0.96
T9 109.49 3.2 5.0 15.2 11.2 70 78 18 336 118430 1.18
T10 30.20 6.1 7.0 18.2 25.1 - - 8 86 19100 0.24
SE± 9.42 0.6 1.6 1.7 1.9 - - 3 28 18140 -
CD at 5% 27.95 2.0 4.8 5.1 5.8 - - 9 87 53815 -

______________
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Performance of Promising Soybean (Glycine max (L) Merrill)
Genotypes at Different Plant Population under Rainfed

Condition

Madhya Pradesh has first rank in soybean
production since last 10 years. It contributed
nearly 65 per cent with respect to area and 56
per cent to production. The average yield of
soybean is a low (1089 kg ha-1) as against the
average yield (1200 kg ha-1) of Asia and (1890
kg ha-1) in world. It is also obvious that even the
yield potentials of the improved varieties are yet
remain to be exploited (Billore et al., 2004).
One of the most important reasons for low
productivity is adoption of very high plant
population by the farmers (0.8 to 10 million
plants ha-1). This result in high biomass
production unit-1 area exhausting most of the
soil resources such as moisture and nutrients in
early stage of crop itself, therefore, deficit of
these during the reproductive stage. It also
causes hindrance to the infiltration of sunlight.
Different genotypes may differ in their canopy
structure, physiological and productivity
parameters, which play a vital role in
smothering nutrient uptake by crop finally

sustain soybean yield (Prabhakar et al., 1992).
The present investigation was therefore
undertaken to study the evaluation of growth
and yield characteristics under different varieties
for optimum plant population of soybean.

A field experiment was conducted at RAK,
College of Agriculture, Sehore, Madhya
Pradesh during kharif season of 2007 and
2008. The soil was clay loam, neutral (pH
7.50), low in available nitrogen (210 kg ha-1),
phosphorus (17.5 kg ha-1) and medium in
potassium (304 kg ha-1). The experiment was
conducted in split plot design, consisting four
plant populations (0.3, 0.4, 0.5 and 0.6 million
plants ha-1) in main plots and three genotypes
of soybean viz., RKS 39, JS 93-05 and JS 335
in sub plots. An uniform dose of 20 kg N, 40
kg P2O5 and 20 kg K2O ha-1 was applied
through urea, diammonium phosphate and
murate of potash, respectively as basal
application. The total rainfall during the crop

Table 1. Effect of plant population and genotypes on morpho-physiological parameter (Mean of 2 years).

Treatment Plant Bran- Dry matter (g plant-1) LAI CGR NAR SPAD-502
height ches ––––––––––––––––––––––––– 45 45-60 30-45 DAS chlorophyll
(cm) plant-1 30 45 60 DAS DAS (mg cm-2 meter value
60 DAS 60 DAS DAS DAS DAS (g m-2 day-1) 45 DAS

day-1) x 10-3

Plant population (million ha-1) :
0.3 62.62 3.73 2.70 15.68 28.56 5.50 6.32 1.25 46
0.4 62.77 4.36 2.89 14.57 23.90 5.80 7.90 1.16 44
0.5 62.66 3.92 3.00 11.88 24.43 6.10 11.60 1.49 42
0.6 63.15 4.14 2.17 12.03 22.30 6.26 13.50 1.35 41
CD at 5 % NS 0.51 0.66 1.93 NS 0.58 5.09 NS 4.14

Genotypes :
RKS 39 60.96 4.88 2.80 13.42 25.98 5.10 11.80 1.46 43
JS 93- 05 62.76 2.77 2.20 11.47 22.56 4.34 9.24 1.41 42
JS 335 65.18 4.46 2.90 15.67 24.37 5.92 7.60 1.22 45
CD at 5 % 2.00 0.34 NS 0.78 NS 0.68 1.03 NS NS



period was 1102 mm. The measurement of
chlorophyll content in the third trifoliate by
using a chlorophyll meter SPAD 502 (Konica
Minolta Sensing, Inc., Osaka, Japan) and values
were recorded at 45 and 60 days after sowing
(Shivey and Hong, 2003). The LAI, CGR and
NAR were worked out at 30, 45, 60 DAS
(Watson 1952).

Genotypes under study significantly affected
plant height, branches plant-1, LAI, CGR and
dry weight plant-1 at 45 DAS, pods plant-1,
seed index, straw yield ha-1, harvest index and
seed yield ha-1, while NAR, chlorophyll content
and dry weight plant-1 at 30 and 60 days and
seeds pod-1 did not differ significantly (Table 1).
Similar results were also reported by Rajput and
Shrivastava (1999) and Veni and Murthy
(2003). Among the genotypes JS 335 recorded
significantly highest seed yield than RKS 39 but
it was at par with JS 93-05. The results
obtained were in close conformity with the
findings of Veni and Murthy (2003). The
genotypes RKS 39 produced significantly
higher number of pods plant-1 followed by JS
335 and JS 93-05. Significantly higher seed
index and harvest index were recorded with JS
93-05 followed by JS 335.

Plant population in soybean showed
significant effect on branches plant-1, dry
weight plant-1 at 30 and 45 DAS, LAI, CGR
and chlorophyll content, pods plant-1 and seed
yield ha-1. But plant height, dry weight at 60
DAS and NAR, seeds pod-1, seed index, straw
yield ha-1 and harvest index showed non
significant response. The LAI and CGR
increased with the increasing plant density
level. Density level 0.6 million plants ha-1 gave
significantly higher LAI (6.26) and CGR (13.50
g m-2 day-1) followed by 0.5, 0.4 and 0.3
million plants ha-1. Significantly higher
chlorophyll value were recorded with 0.3
million plants ha-1 followed by 0.4. 0.5 and 0.6
million plants ha-1. Amongst the different
plant population levels 0.4 million plants ha-1

gave significantly the highest seed yield (2263
kg ha-1) followed by population levels of 0.3,
0.6 and 0.5 million plants ha-1 (Chouhan and
Joshi 2005). It is clear that individual plant
under optimum density level performed better
than plant under higher and lower plant
density. Results obtained are in close
conformity with the findings of Khan and Khalil
(2010) and Rigsby and Borad (2003).
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Table 2. Effect of plant population and genotypes on yield and yield attributes of soybean (Mean of 2 year).

Treatment Pods Seeds Seed Harvest Straw Grain
plant-1 plant-1 index index yield yield

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

Plant population million plants ha-1 :
0.3 49.54 2.80 9.94 35.89 3699 2063
0.4 48.64 2.87 10.33 38.56 3630 2263
0.5 42.84 3.02 10.05 36.74 3655 2114
0.6 38.66 2.96 10.01 37.32 3527 2098
CD at 5 % 2.07 NS NS NS NS 85.55

Genotypes :
RKS39 51.60 2.72 9.49 34.78 3759 2003
JS 93- 05 35.99 3.08 10.62 39.74 3263 2150
JS335 47.21 2.94 10.20 36.86 3860 2251
CD at 5 % 1.49 NS 0.15 2.90 357 160
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Study of Profile and Attitude of Farmers Towards use of Bio
Fertilizers

______________

Agriculture conditions in India are
predominantly influenced by strong inclination
of farmers towards use of traditional methods
of cultivation. The use of biofertilizers is the
recent attempt in increasing yield of different
crops productivity as well as soil fertility.
Despite of having various potential activities,
biofertilizers yet did not get farmers acceptance
adequately. The present investigation was
therefore, aimed to study the personal profile,
ascertain the attitude towards use of
biofertilizers and its relationship with selected
personal characteristics of respondents.

The present study was carried out in "Katol
Panchayat Samiti" of Nagpur district of
Vidarbha region of Maharashtra state. Katol
Panchayat Samiti consists of 187 villages.

Among these 10 villages were selected by
simple random sampling method. A list of these
farmers, who were supplied with the
biofertilizers during 2008-2009, was procured
from Agriculture Officer. Out of 600 farmers of
Katol Panchayat Samiti 100 farmers were
selected by proportionate random sampling
method from selected 10 villages of this
Panchayat Samiti. The data were collected with
help of pre-tested interview schedule from the
respondents. Further it was tabulated, analyzed
and interpreted for results. Statistical
parameters such as frequency, percentage and
coefficient of correlation was worked out.

The Table 1 shows that nearly half of the
respondents (51.00 %) were included in the
middle age group, (32.00%) belonged to young



age whereas, 17.00 per cent were in old age
category. The old age farmers generally did not
take interest in use of biofertilizers. Similar
finding were reported by Chothe and Borkar
(2000) and Borkar et al. (2000).

It is apparent that 30.00 per cent of the
farmers using biofertilizers were educated up to
high school level followed by higher secondary
and middle school level (23.00 and 21.00%)
respectively. These findings confirm the
observations of Borkar et al. (2000).

Nearly half of the farmers (46.00%) had
semi medium (2.01 ha to 4.00 ha) land
holding. It was followed by about one fourth of
the farmers (26.00%) who were possessing
land in between 4.01 to 10 ha. and happened
to be medium land holders. Maximum
percentages of the farmers making use of
biofertilizers had land holding above 2.00
hectares. Similar findings were reported by
Borkar et al. (2000).

The majority of the farmers (65.00%) had
medium level (Table 2) of the extension contact.
The farmers regularly contacted Agricultural
Assistants and Extension Officers of Panchayat
Samiti and sometimes Gram sevak for getting
information and guidance about biofertilizers.

Majority of the respondents, (57.00%)
availed mass media at medium level and
meager percentage (10.00%) of the
respondents has observed under high category
of mass media, whereas, 33.00 per cent of the
respondents who were observed under low
category of the mass media. Respondents
regularly read newspapers, listened radio
programmes, viewed television for getting the
information about biofertilizers. The above
findings are in line with the observation of Ingle
(1999).
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Table 1. Distribution of respondents according to their
personal profile.

Category Respondents (N=100)
––––––––––––––––––––––
Frequency Percentage

Age (years) :
Young (Up to 35 ) 32 32.00
Middle (36 to 50) 51 51.00
Old (5 land above) 17 17.00

Education :
Primary school (1-4th) 13 13.00
Middle school (5-7th) 21 21.00
High school (8-10th) 30 30.00
Higher secondary (11-12th) 23 23.00
College (Above 12th) 13 13.00

Land holding :
Marginal (Up to 1.00 ha.) 05 05.00
Small (1.01-2.00 ha.) 07 07.00
Semi-medium (2.0 1-4.00 ha.) 46 46.00
Medium (4.01-10.00 ha.) 26 26.00
Big (Above 10.00) 16 16.00

Table 2. Distribution of the farmers according to their
social and psychological characteristics.

Category Respondents (N=100)
–––––––––––––––––––––––––––
Frequency Percentage

Extension contact :
Low 26 26.00
Medium 65 65.00
High 09 09.00

Mass media exposure :
Low 33 33.00
Medium 57 57.00
High 10 10.00

Scientific orientation :
Low 43 43.00
Medium 48 48.00
High 09 09.00

Innovativeness :
Low 11 11.00
Medium 46 46.00
High 43 43.00

Cosmopoliteness :
Low 33 33.00
Medium 57 57.00
High 10 10.00



Nearly half of the respondents (48.00%)
belonged to medium scientific orientation
category, however 43.00 per cent of the
respondents comes under low scientific
category. Only 9.00 per cent of the
respondents belonged to high category of
scientific orientation. Similar findings were
reported by Sakharkar (1991). Majority of the
respondents (46.00%) were included in the
category of medium level of innovativeness
followed by (43.00%) respondents with high
level of innovativeness. Majority (57.00%) of
the respondents belonged to medium category
of cosmopoliteness, followed by 33.00 per cent
under low category.

Majority of the respondents (61.00%) were
found (Table 3) to possess favourable attitude
towards use of biofertilizers. Nearly similar
percentage of the respondents (20.00 %)
indicated their unfavorable and neutral attitude
towards its use. Hence there is a need to
popularize this low cost technology among the
farmers and promote them for adoption
through trainings, demonstrations.

The attitude of farmers towards use of
biofertilizers may have been a function of
different factors. In order to identify the factors
related with attitude the coefficient of
correlation between the selected characteristics
of farmers and their attitude were workout and
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Table 3. Distribution of respondents according to their attitude towards use of biofertilisers.

Statement Respondents N=100
–––––––––––––––––––––––––––––––––––––––
Agree Disagree Neutral

Makes the soil fertile and productive 96 2 2
Easiest way to increase the crop yield 10 25 65
Use in food crop is in the favour of health 85 4 11
Increases the quality of produce 76 9 15
More profitable in relation to the cost involved 69 8 23
As no adequate farm yard manure is available, the use is essential 64 21 15
The use of biofertilizers helps to maintain the taste of food 78 10 12
The yield of crop is very much increased 21 11 68
Crop becomes more resistance to disease and insect pests 92 2 6
Act more quickly 24 67 9
Essential for better crop yield 52 26 22
Provide safety and secure food 83 5 12
Overcome residual effect of chemical fertilizers 60 24 16
Easily absorbed by the plants than chemical fertilizers 22 61 17
Use is limited, not available in time and insufficient quantity 93 2 5
Lack of technical knowledge among the farmers 91 3 6
Need to educate the farmers 86 6 8
An eco-friendly technology 73 3 14
Helps to retain the nutrients in soil 56 21 23
Necessary to promote the use 61 21 18
Immediate positive results 24 56 20
Produce fetch good price in market 67 28 5
Use is costly and labors intensive 26 28 46
Increase use to promote organic farming 54 24 22
Mean 61 20 49



presented in Table 4.

Among selected variables, age was
negatively significant with attitude (0.01 level of
significance). However education, land holding,
extension contact, scientific orientation,
innovativeness, cosmopoliteness, mass media
exposure were positively significant with
attitude (0.01 level of significance). It can be
concluded that there is no relationship between
the characteristics of farmers and their attitude.
The findings of Patil (1992) were however
dissimilar. Possibly, may be because of the fact
that the biofertilizers are not directly applied to
crops but on planting material/seeds. Hence
the results are not directly visible. It also shows
gradual effects and takes time to get actual

benefits, economic returns to the farmers.
Increasing demand of organic produce, to
maintain biodiversity in environment it is
important to promote this low cost technology
among the farmers for its more adoption.

S. S. Neware
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Pune - 411 005 (India)
October 22, 2013.
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Table 4. Coefficient of correlation between selected
characteristics of the respondents with their
attitude.

Characteristics 'r' Value

Age -0.5079**
Education 0.4315**
Land holding 0.0790**
Extension contact 0.4614**
Scientific orientation 0.8296**
Innovativeness 0.6383**
Cosmopoliteness 0.3371**
Mass media exposure 0.7165**

** Significant at 0.01 % level of probability

______________
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