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South Gujarat falls under high rainfall zone
(1500 - 2500 mm) and majority of soils are
high in clay content (40 - 60%) exhibiting poor
physical properties. They are marked by low
infiltration rate, high plasticity and stickiness,
low organic matter, high cation exchange
capacity, calcarious and alkaline reaction are
some of the properties associated with these
types of soils. Puddling followed by ponding of
water is a common practice in wet land rice
during kharif season. Not only this, but farmers
are growing summer paddy due to the presence
of perennial irrigation facility. Adoption of high
water requiring crop sequence viz., paddy-
paddy and paddy-sugarcane have not only
raised the ground water table, but also
deteriorated the soil health. It is well established
fact that puddling deteriorates soil structure,

alters particle orientation, reduces soil
permeability and causes maximum damage to
the hydraulic conductivity of surface soil (Alok
Kumar and Tripathi, 1990). Also, it requires
additional energy and water for land
preparation and causes excessive breaking of
aggregates in puddled layer and compaction
underneath which in turn affects growth and
yield of succeeding rabi crops (Tripathi, 1992
and Bajpai and Tripathi, 2000). Under these
circumstances, it is advisable to grow low water
requiring rabi crops like wheat, sorghum,
castor etc. instead of summer paddy by
following appropriate land treatments and
applying organics. Keeping this in view,
present investigation was planned pertaining to
find out combined use of land configuration and
organics on productivity of some rabi crops and
bio-physical properties of Vertic Ustochrepts
under kharif paddy.
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Abstract
The results revealed that raised bed planting increased seed grain yield of wheat, castor and sorghum by

7, 14 and 9 per cent, respectively over the flat bed sowing. Application of organics through PM numerically
increased the seed give, long term yield of wheat, castor and sorghum by 28, 25 and 18 per cent, respectively
over its no applications. Raised bed configuration significantly improved the bacterial population (8%) after
harvest of crops over flat bed. The beneficial effect of FYM application was also evident on bacterial and
fungal population, as the population was increased by 6 and 34 per cent, respectively over no application.
Coarser and finer fractions of water stable aggregate of surface soil were significantly influenced only due to
FYM additions and the extent of increase was by 9 per cent as compared to control. Bulk density was affected
significantly due to land configuration and organics factors. The BD was decreased by 4 per cent due to raised
bed and 6 per cent due to application of FYM as compared to control. Infiltration rate was also affected
significantly due to all the three factors crop long configuration and organics. Among the crops, castor
registered significantly higher infiltration rate (9.5 mn hr-1) as compared to other two crops. Similarly, the
raised bed configuration and FYM application could improve IR of soil by 8 and 13 per cent, respectively.

Key words : Land configurations, crops, organics, bacterial population, fungal population,
WSA, BD, IR.
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Materials and Methods

A field experiment with 18 treatments
comprising of 2 land configurations (L1 - flat
bed and L2 - raised bed), 3 crops (C1 - wheat,
C2 - castor and C3 - sorghum) and three
organics (A0 - control, A1 - farm yard manure
and A2 - pressmud) in SPD with four replication
was conducted at Soil and Water Management
Research Farm, Navsari Agricultural University,
Navsari during the rabi season of 2003-04.

The experimental soil was clay in texture
(62.8 to 63.4% clay) and medium in organic
carbon (0.52 to 0.55%). It was not having any
problem of sodicity or salinity as the values of
pH and EC are below the critical limit. It is fairly
rich in available K2O and medium in P2O5
(Table-1).

Before sowing the crops, FYM @ 10 t ha-1

and PM @ 6 t ha-1 were applied as per the
treatments and mixed thoroughly in the top
soil. Nutrient content in organic manure was as
shown in Table-2. The N, P and K were applied
through urea, SSP and MP, respectively, as per
the recommendations. Line sowing of wheat
and sorghum was followed; while in castor,
dibbling of two seeds/hill was done manually
with 6 lines plot-1. Total five irrigations for
wheat and four for castor and sorghum crops
were given as per the recommendations under
South Gujarat conditions. Flood irrigation
method was adopted for irrigation crops on
flatbed. The care was taken while irrigating the
raised bed, that irrigation water was applied
only in furrows so that whole raised bed would
wet through lateral movement of water in soil.
Crops were grown up to maturity and at
harvest plot wise plant and soil samples were
collected. All the data collected during the
course of investigations were subjected to
statistical analysis by adopting method of
'Analysis of Variance' (Cochran and Cox, 1967)
for comparing overall 18 treatment

combinations for individual and interaction
effects of crops, land configurations and
organic amendments.

Results and Discussion

Crop yield : The results depicted in Table
3 indicated that the mean value of grain yield of
wheat was higher by 7 per cent with raised bed
sowing (3.22 t ha-1) as compared to flat bed
sowing (3.02 t ha-1). Similarly, the use of PM
and FYM (3.43 and 3.25 t ha-1) found to
increase grain yield by 28 and 21 per cent,
respectively over control (2.69 t ha-1).
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Table 1. Physico-chemical and biological properties of the
experimental soil.

Parameters Depth (cm)
–––––––––––––––––
0-15 15-30

Physical :
Mechanical composition
Sand (%) 14.48 13.23
Silt (%) 23.82 24.17
Clay (%) 62.80 63.40
Texture Clay Clay
Infiltration rate (mm hr-1) 4.00 -
Bulk density (mg m-3) 1.6 -
Water stable aggregate (%)
> 1 mm 64.5 54.7
0.5 to 1 mm 18.00 18.30
Taxonomy Vertic Ustochrepts

Chemical :
PH 8.00 8.16
EC (dS m-1) 0.36 0.46
Organic carbon (%) 0.55 0.52
Available N (kg ha-1) 248 228
Available P2O5 (kg ha-1) 45.3 41.8
Available K2O (kg ha-1) 428 419
Micro nutrient (mg kg-1)
a)  Fe 18.4 15.4
b)  Mn 15.5 15.1
c)  Zn 0.60 0.51
d)  Cu 2.03 2.00

Biological :
Bacteria (cells ml-1) 350 315
Fungi (CFU ml-1) 6.00 5.00



In case of castor seed yield, raised bed sown
castor (3.04 t ha-1) recorded 14 per cent higher
seed yield as compared to flat bed sown crops
(2.66 t ha-1). An application of organics has
more pronounced effect on seed yields of
castor. This is evident from increase in seed
yield by 25 and 18 per cent with PM (3.12
ha-1) and FYM (2.95 ha-1) application,
respectively over control (2.49 ha-1).

Third crop for comparison was sorghum
which showed mean value of grain yield higher
by 9 per cent with raised bed sowing (4.37
ha-1) as compared to flat bed sowing (4.02
ha-1). Similarly, an application of PM was found
to increase grain yield (4.51 ha-1) by 18 per
cent as compared to control (3.82 ha-1). This
increase with FYM application (4.27 ha-1) was
12 per cent over control.

This beneficial effect of raised bed sowing
on yield might be due to maintenance of
optimum moisture supply in the effective root
zone area and relatively free air movement.
Similar beneficial effects of land configuration
were observed earlier by Ugale et al. (2000)
and Khatri et al. (2002). More increase in yield
of crops with organics than land configuration
treatment could be attributed to the improved
nutrient availability owing to combined use of
organics and fertilization. Similar findings were
also brought out by Premi et al. (2005) from
Udaipur in Mustard.

Biological properties : At 60 DAS, the
bacterial population was affected significantly
due to the effect of land configuration and
organics. Adoption of raised bed configuration
has increased bacterial population (504 cells
ml-1), significantly in comparison to flat bed
sowing (462 cells ml-1). Similarly, at this
sampling, application of FYM (511 cell ml-1)
recorded significantly more bacterial population
than pressmud (476 cell ml-1) and control (461
cells ml-1). The latter two treatments were also

differed significantly from each other.

While, at harvest, the bacterial population
was influenced significantly due to main effects
of crops and organics only. Among the crops,
castor outclassed wheat (418 cells ml-1) and
(425 cells ml-1) by recording bacterial
population of 446 cells ml-1. The beneficial
effect of castor on bacterial population in soil at
harvest seems to be due to wider spacing of
crops facilitating better aeration. Similarly,
applications of organics i.e. performed better
than control (416 cells ml-1) were at par with
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Table 2. Nutrient content in organic manures.

Element FYM PM

Organic carbon (%) 26.0 21.0
N (%) 1.00 1.6
P205 (%) 0.32 2.82
K20 (%) 0.68 1.54
Fe (mg kg-1) 7803 5174
Mn (mg kg-1) 368 160
Zn (mg kg-1) 99 49
Cu (mg kg-1) 26 32

Table 3. Grain/seed yield of wheat, castor and sorghum
as influenced by different treatments.

LC (L) Organics (A) Mean
–––––––––––––––––––––––––––––
A0 A1 A2

Wheat grain yield (t ha-1) :
L1 2.64 3.10 3.33 3.02 (-)
L2 2.74 3.40 3.52 3.22 (7)
Mean 2.69 (-) 3.25 (21) 3.43 (28) -

Castor seed yield (t ha-1) :
L1 2.30 2.80 2.89 2.66 (-)
L2 2.68 3.10 3.35 3.04 (14)
Mean 2.49 (-) 2.95 (18) 3.12 (25) -

Sorghum grain yield (t ha-1) :
L1 3.64 4.04 4.37 4.02 (-)
L2 3.94 4.49 4.64 4.37 (9)
Mean 3.82 (-) 4.27 (12) 4.51 (18) -

(   ) = Values in parenthesis are per cent increase over
respective control



each other. At 60 DAS and harvest no
significant interaction effect on bacterial
population in soil was observed.

With respect to fungal population, it was not
affected conspicuously due to the main effects
of crop and land configuration at both the
samplings (Table-4). Whereas, organics effect
conspicuously turned out to be significant. At
both the samplings, application of FYM
recorded significantly higher fungal population
as compared to PM and control. An increase in
bacterial and fungal population in soil due to
application of organics and more so with FYM
could be attributed to relatively more organic
carbon content in FYM than PM. An increased
microbial activity in soil due to application of
organics was reported by Tompe and More
(1996), Jain et al. (2003) and Selvi et al.
(2004). The results further revealed that harvest
interaction effect of crops organics was also
significant on fungal population. Among the
different combinations, C3A1 (sorghum with
FYM), (10.25 CFU ml-1) was significantly more
as compared to rest of the combinations (Table-
5).

Physical properties : The results of water
stable aggregates (WSA) reported in the Table 6
revealed that in surface soil (0-15 cm), only
main effects of organics was significant on both
the fractions of WSA. In case of finer fraction
(0.5 to 1 mm), application of either PM (14%)
or FYM (13.5%) could reduce the WSA
significantly as compared to control (17.5%).
Whereas, coarser fraction (>1.0 mm) of
aggregates recorded with FYM (72.1%),
pressmud (67.90%) and control (65.6%)
differed significantly from each other. The main
effect of other variables and all the possible
interactions failed to exert significant impact on
WSA in sub surface soil (15-30 cm). None of
the treatment i.e. main as well as interactions
could alter the finer and coarser fractions of
WSA significantly.

The results of BD of surface soil reported in
the Table 6 revealed that only main effects of
land configuration and organics were found to
be significant. The BD of soil recorded with
raised bed configuration found to be
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Table 4. Effect of different treatments on bacterial and
fungal population in soil at 60 DAS and after
harvest of crops.

Treatment Bacterial Fungal 
population population
(cells ml-1) (CFU ml-1)

––––––––––––––––– –––––––––––––––––––
60 DAS Harvest 60 DAS Harvest

C1 471 418 9.04 6.75
C2 498 446 10.08 7.38
C3 480 425 9.46 7.63
SEm± 8.3 7.0 0.298 0.263
CD@5% NS 21 NS NS
L1 462 425 9.19 7.00
L2 504 434 9.72 7.50
SEm± 6.8 5.7 0.244 0.215
CD@5% 20 NS NS NS
CV(%) 8 8 15 18
A0 461 416 8.33 5.83
A1 511 444 10.58 8.83
A2 476 429 9.46 7.08
SEm± 5.2 6.5 0.262 0.252
CD@5% 15 19 0.75 0.72
CV(%) 5 7 14 17
Significant - - - C x A
Interaction

DAS=Days after sowing

Table 5. Interaction effect of crops and organics on fungal
population (CFU ml-1) in sioil after harvest of
crops.

Crops (C) Organics (A)
––––––––––––––––––––––––––––––––
A0 A1 A2

C1 5.75 7.88 6.63
C2 6.00 8.34 7.75
C3 5.75 10.25 6.88
SEm± 0.437
CD@5% 1.25



significantly lower (1.50 mg m-3) than flat bed
(1.56 mg m-3) whereas, application of FYM
(1.49 mg m-3) was found to reduce BD
significantly as compared to control (1.59 mg
m-3), but it remained at par with PM (1.51 mg
m-3). The main effect of other variables and
their interaction were not significant on the BD
of surface soil.

The results of IR, given in the Table-6
indicated that, it was significantly influenced
due to the main effect of all the variables i.e.
crops, land configuration and organics. Among
the crops, caster increased IR (9.9 mm hr-1)
significantly as compared to other two crops
sorghum (9.5 mm hr-1) and wheat (8.0 mm

hr-1). Raised bed configuration enhanced the IR
(9.5 mm hr-1) significantly as compared to flat
bed (8.8 mm hr-1). Application of either PM or
FYM could increase IR, significantly as
compared to control (8.4 mm hr-1). The
increase in IR, with PM and FYM was of the
order of 14 and 12 per cent, respectively, over
control. This implies that growing of castor or
sorghum coupled with application of PM or
FYM could enhance the IR. An improvement in
aggregation due to addition of organics could
be attributed to the binding clay particles by
organic matter. The binding might have
enhanced further due to increased microbial
activities under these treatments. Considerably,
this special significance from crop production
point of view in high clay containing puddled
soils. The results of present study are in close
agreement with those reported by Raman et al.
(1996).
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Abstract
The application of 75 per cent recommended dose of NPK fertilizer along with green manuring of

Crotolaria juncea (Dhaincha) before sugarcane and green manuring of Sesbania aculeate (sannhemp) taken
as inter crop found beneficial in terms of cane and CCS yields, growth and nutrient uptake of sugarcane with
maintaining soil fertility.

Key words : Sugarcane, fertilizer, economy, sustainable productivity, green manuring,
inceptisol.

______________

Choudhary and Sharma (1992) observed
that in situ green manuring can supply upto 80
to 100 kg N ha-1 and half of this N is crop
usable and a green manure crop could
substitute for 50 to 60 fertilizer N kg-1. All
these beneficial effects make us to explore the
growing of green manuring legumes as sole
crop before and in inter row space as intercrop
in sugarcane. Sugarcane is generally planted in
rows of 90 to 100 cm apart. The initial crop
growth of sugarcane up to 100 days after
planting is slow. As a result the lateral spread of

crop foliage is not much which allows to grow
green manuring intercrops in sugarcane. Crop
rotation also plays important role in
maintaining fertility status of soil. Therefore if
we take green manuring crop before sugarcane
planting instead of monoculture practice of
sugarcane, it will be more beneficial in terms of
cane yield and maintaining soil fertility.
Keeping such aspects in mind, the present
investigation was undertaken to assess the
possibility to reduce nitrogen, phosphorus and
potassium dose by growing green manuring
crops before sugarcane and as inter crop in pre
seasonal sugarcane with maintaining soil
fertility and productivity.

1. Asstt. Professor, Soil Science and Agril. Chemistry,
College of Agriculture, Pune-411 005, 2. Jr. Res. Asstt.
College of Agriculture, Pune-411 005 and 3. Ex.
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Materials arid Methods

A field experiment was conducted during
2007-08, 2008-09 and 2009-10 for pre-
seasonal sugarcane on Inceptisol at Central
Sugarcane Research Station, Padegaon, Dist:
Satara (Maharashtra), India in randomized block
design, with twelve treatments and three
replications. The green manuring crops was
sown, buried, sugarcane planting and
harvesting were done in three successive years
as given below :

Soil samples at initial and after harvest of

each crop were collected and used for
determination of available N, P and K with
other chemical properties using standard
procedures. Soil samples were analyzed for pH
and EC in 1:2.5 soil suspension ratio, organic
carbon were estimated as per Nelson and
Sommers (1982), available N by alkaline
permanganate method (Subbiah and Asija,
1956), available P as per Olsen et al. (1954)
and available K determined by flame
photometrically as described by Knudesn et al.
(1982). Plant samples were analyzed for total
nutrient uptake as per method given by
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Table 1. Green manuring sown, buried, sugarcane planting and harvesting schedule.

Year Crotolarea C. Sugarcane Sesbania Sesbania Sugarcane
juncea juncea planting aculeate aculeate harvesting
sown buried sown buried date

2007-08 11.05.2006 22.06.2006 01.07.2006 23.07.2006 20.10.2006 17.02.2007
2008-09 10.09.2007 27.10.2007 04.11.2007 27.11.2007 18.01.2008 27.02.2009
2009-10 08.07.2008 28.08.2008 08.11.2008 26.11.2008 21.01.2009 12.03.2010

Table 2. Effect of different treatments on yield parameters of sugarcane (2007-08, 2008-09 and 2009-10).

Treatments GM yield Yield CCS ACW NMC CCS
(t ha-1) (t ha-1) (t ha-1) (kg) (000 ha-1) (%)

T1 - NPK-0 - 75.31 10.27 0.98 76.18 13.68
T2 - NPK-RD - 113.31 15.81 1.27 90.51 13.98
T3 - NPK-RD + FYM-RD - 121.97 16.98 1.26 97.40 13.93
T4 - NPK-RD + GM-I 21.38 116.45 15.92 1.23 95.99 13.66
T5 - NPK 75% + GM-I 19.41 112.36 15.70 1.27 89.39 13.98
T6 - NPK-RD + GM-II 3.71 109.59 15.30 1.19 93.83 13.97
T7 - NPK 75% + GM-II 3.40 117.19 16.60 1.34 88.31 14.19
T8 - NPK-RD + GM-I + GM-II 20.27 (5.17) 137.00 18.70 1.33 103.38 13.73
T9 - NPK75% + GM-I + GM-II 17.33 (4.82) 131.33 18.12 1.31 101.00 13.8
T10 - NPK50% + GM-I + GM-II 16.96 (4.89) 112.47 15.88 1.26 98.77 14.13
T11 15.23 (4.30) 97.24 13.47 1.16 85.49 13.84
T12 4.34 88.73 12.45 1.04 85.61 14.09
SE± - 2.64 0.41 0.04 2.15 0.18
CD at 5% - 7.72 1.20 0.12 6.29 N.S.
CV % - 4.11 4.61 - - -

Figures in bracket indicate green manuring yield as intercrop, ACW : Average Cane Weight, NMC : Number of Mill able
Canes. CCS : Corrmercial Cane Sugar, GM : Green manuring, VC : Vermicompost, T11 : Organic 100% (GM-I + GM-II +
Acetobacter @ 10 kg ha-1 + PSB @ 1.25 kg ha-1 + 25% N through FYM. T12 : Organic 100% (Azotobacter + Azospirillum
+ PSB @ 1.25 kg  ha-1 each + Acetobacter @ 10 kg ha-1 + GM-II + 25% N through VC.



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. Nitrogen use
efficiency was calculated as per formula given
by Thomason et al. (2000). The data obtained
on chemical properties of soil, Uptake of
nutrient by plant, juice quality and yield of
sugarcane were analyzed statistically by using
procedure laid down by Panse and Sukhatme
(1978).

Results and Discussion

Yield parameters : The treatment of
NPK-RD along with double green manuring
crops registered maximum yield of green
biomass (25.44 t ha-1) followed by 75 per cent
NPK-RD with double green manuring crops
(22.15 t ha-1). Significantly higher yields of
sugarcane (137.0 t ha-1) and CCS (18.7 t ha-1)
were recorded when double green manuring
was taken with recommended dose of NPK for
pre seasonal sugarcane which was on par with
NPK 75 per cent + GM-I + GM-II (T9)
treatment where the 75 per cent NPK-RD was
applied with double green manuring practice
(131.3 t ha-1 and 18.1 t ha-1 ).This might be
attributed by higher number of millable canes
and average cane weight which influenced due
to addition of nutrients viz., 157.3 kg N, 43.3
kg P and 137.9 kg K and 137.3 kg N, 37.8 kg
and 119.9 kg K in soil through application of
NPK RD + 25.44 t ha-1 biomass in terms of
GM-I and GM-II and application of NPK 75 per
cent RD + 22.15 t ha-1 biomass in terms of
GM-I and GM-II respectively (Table 7). Yadav
and Yaduvanshi (2001) also reported that
integration of green manuring intercrop and
fertilizer N increases the yield of sugarcane
considerably. In case of yield contributing
parameters NPK-RD+GM-I+GM-II (Tg)
recorded significantly higher number of millable
canes per hectare (103.40 "000" ha-1),
averagec cane, weight (1.33 kg) which were on
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Table 3. Cane and commercial cane sugar yields of
sugarcane (2007-08, 2008-09 and 2009-10).

Treat- Cane yield (t ha-1) CCS yield (t ha-1)
ments–––––––––––––––––––––– ––––––––––––––––––––

2007 2008 2009 2007 2008 2009
-08 -09 -10 -08 -09 -10

T1 76.92 81.43 65.57 10.30 10.93 9.60

T2 108.32 117.98 113.61 15.06 15.98 16.39

T3 122.04 123.68 120.20 15.96 17.57 17.43

T4 115.99 118.44 114.93 15.47 16.10 16.19

T5 113.52 113.99 109.58 15.43 15.74 15.95

T6 108.03 112.20 108.54 15.19 15.05 15.66

T7 111.67 127.42 112.50 15.78 17.78 16.26

T8 136.97 142.99 128.33 17.32 20.11 18.58

T9 128.46 139.65 125.90 16.98 19.15 18.32

T10 111.42 120.85 105.14 15.08 17.06 18.50

T11 95.18 99.04 97.50 12.51 13.74 14.18

T12 88.33 103.65 74.23 12.09 14.36 10.91

SE± 4.38 4.87 5.30 0.64 0.68 0.87

CD 12.87 14.28 15.55 1.89 1.99 2.55
at 5%

Table 4. Effect of different treatments on soil chemical
properties at harvest (Pooled mean).

Treat- pH EC Org. Avail. Avail. Avail. 
ments (dS C N P K

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

Initial 8.30 0.18 0.80 206 19 307
status :

T1 7.88 0.16 0.76 177 18 254

T2 8.04 0.17 0.90 201 22 304

T3 8.07 0.18 0.95 208 26 331

T4 7.92 0.21 0.92 218 25 332

T5 8.00 0.16 0.87 213 24 330

T6 7.99 0.20 0.88 209 23 324

T7 7.97 0.19 0.92 223 19 339

T8 7.94 0.18 1.01 232 28 347

T9 7.97 0.19 0.98 212 22 325

T10 7.98 0.18 0.99 217 23 333

T11 7.93 0.17 0.98 198 22 327

T12 7.87 0.17 0.95 192 21 312

SE± 0.032 0.11 0.038 5.30 1.76 9.72

CD N.S. N.S. 0.111 15.55 5.16 28.51
at 5%



par with NPK 75 per cent + GM-II (T7) and
NPK 75 per cent + GM-I + GM-II (T9) for
average cane weight and NPK-RD+FYM-RD
(T3), NPK 75 per cent + GM-I + GM-II (T9) and
NPK- 50 per cent + GM-II (T10)for number of
millable canes per hectare. In case of CCS per
cent results are non significant (Table 2). More
et al. (2007 and 2009) also reported
significantly highest cane (119.85 t ha-1) and
CCS (15.6 t ha-1) yields due to intercropping of
green manuring of Berseem, Lucerne,
Sunhempe and Dhiancha in sugarcane by
addition of biomass @ 17.9, 15.5, 9.5 and 5.6
t ha-1 respectively through three successive
cuttings at 55, 75 and 100 days. According to
Bokhtiar et al. (2003) green manure increases
cane yield by 2 to 26 per cent.

Soil properties : The soil pH slightly
decreased due to growing of green manuring
crops either single or double as well as due to
100 per cent organic treatments for pre
seasonal sugarcane. However, the results of pH
and EC of the soil were found to be non
significant. The organic carbon content in soil
at harvest was significantly higher due to
influence of green manuring as well as organic
manure treatments. While the application of
NPK-RD along with double green manuring i.e.
NPK-RD + GM-I + GM-II (T8) recorded
significantly higher organic carbon, available N,
P and K content in soil at harvest but it was on
par with all treatments except NPK-0 (T1),and
NPK-RD (T2) in respect of organic carbon and
available K. Whereas NPK-RD + FYM-RD (T3),
NPK 75 per cent + GM-II (T7) and NPK-50 per
cent + GM-I + GM-II (T10) and NPK-RD +
FYM-RD (T8), NPK-RD + GM-I (T4), NPK-75
per cent + GM-I (T5), NPK-RD + GM-II (T6),
NPK 75 per cent + GM-II (T7), NPK 75 per
cent GM-I + GM-II (T9) and NPK-50 per cent +
GM-I + GM-II (T10) were statistically equal and
at par with NPK-RD + GM-I +GM-II (T8)
treatment respectively for available N and P.
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Results indicated that there is improvement in
N, P, K status in soil at harvest might be due to
either single or double green manuring
practices (Table 4 and 5). From this results it is
seen that green manuring either single or
double improved the nutrient status in soil.
Green manure crops like Dhaincha and
sesbania have been a source of crop nutrients
and have been extensively used for soil
productivity improvement and increasing of
crop yields and quality (Sundara,2007). Similar
type of results were also reported by Yadav and
Yaduvanshi (2001) and More et al. (2007 and
2009).

Nutrient upmtake : The significantly
lowest uptake of N, P and K kg t-1 as well as kg
ha-1 were observed in the treatments where
only either organic or inorganic fertilizers were
applied. The treatment of NPK-RD along with

double green manuring recorded significantly
higher NPK uptake, but it was on par with NPK
75 per cent + GM-II (T7) and NPK 75 per cent
+ GM-I + GM-II (T9) treatments in case of N
uptake only. The highest uptake of NPK. might
be due to the addition of nutrients through
organic manures thereby resulted into increases
the available N, P and K content in soil during
crop growth stages. Nitrogen use efficiency was
higher when NPK-50 per cent RD + GM-I +
GM-II (67.00%) followed by NPK 75 per cent +
GM-II (53.33%), NPK 75 per cent  + GM-I +
GM-II (53.33%) and NPK-RD + GM-I + GM-II
(46.75%). The least nitrogen use efficiency was
observed in NPK-RD only (26.50%).Results
indicating that the NPK fertilizer applied either
with single or double green manures increases
nitrogen use efficiency (Table 6). Yadav and
Prasad (1986) also reported that intercropping
of legumes increased N use efficiency in
sugarcane by checking the losses of NO3-N and
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Table 6. Effect of different treatments on nutrient uptake
by sugarcane plant (2007-08, 2008-09 and
2009-10).

Treat- Nutrient uptake NUE
ment ––––––––––––––––––––––––––––––––––– (%)

kg ha-1 kg tonne-1

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

T1 157 29 203 2.08 0.39 2.70 -
T2 263 52 333 2.32 0.46 2.94 26.50
T3 319 73 319 2.62 0.60 2.62 40.50
T4 302 67 312 2.59 0.57 2.68 36.25
T5 295 63 295 2.63 0.56 2.63 46.00
T6 292 56 330 2.66 0.51 3.01 33.75
T7 318 60 255 2.71 0.51 2.18 53.67
T8 344 91 384 2.53 0.67 2.82 46.75
T9 317 80 346 2.41 0.61 2.63 53.33
T10 291 68 307 2.59 0.60 2.73 67.00
T11 202 49 245 2.08 0.50 2.52 -
T12 195 40 204 2.20 0.45 2.30 -
SE± 10.35 2.96 1059 - - - -
CD 30.37 8.68 31.05 - - - -
at 5%

NUE = Nitrogen Use Efficiency
Table 7. Addition of nutrient by different green manuring

crops (2007-08, 2008-09 and 2009-10).

Treat- GM Addition of NPK (kg ha-1)
ments yield ––––––––––––––––––––––––––

(t ha-1) N P K

T1 - - - -
T2 - - - -
T3 - - - -
T4 21.38 128.3 34.2 117.6
T5 19.41 116.0 31.1 106.8
T6 3.71 25.6 7.8 18.9
T7 3.40 23.5 7.1 17.3
T8 20.27 (5.17) 157.3 43.3 137.9
T9 17.33 (4.82) 137.3 37.8 119.9
T10 16.96 (4.89) 135.5 37.4 118.2
T11 15.33 (4.30) 121.1 13.4 105.7
T12 4.34 29.9 9.1 22.1

Figures in bracket indicate green manuring yield as
intercrop
N% P% K% (on fresh weight basis)
0.60 0.16 0.55
0.69 0.21 0.51

GM : Green manuring



by increasing the N uptake. Intercropping of
legumes also increases the utilization efficiency
of applied P.

Economics : The economics of application
of green manuring in sugarcane indicated that,
the application of NPK-RD along with double
green manuring (T8) and 75 per cent NPK-RD
along with double green manuring (T9) gave
significantly higher monetary returns (Rs.
2,92,594 ha-1 and Rs. 2,82,360 ha-1). The net
profit (Rs. 1,84,703 and Rs. 1,76,859 ha-1)
and B:C ratio (2.71 and 2.68) were significantly
higher than rest of treatments indicating that
75 per cent NPK-RD along with double green
manuring (T9) could save 25 per cent
recommended dose of NPK.

Growing of double green manuring crops
like first green manuring (Crotolaria juncea)
before sugarcane and second green manuring
as an intercrop (Sesbania aculeate) in pre
seasonal sugarcane was found to save 25 per
cent NPK RD with maintaining soil fertility.
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Abstract
Among the treatments specific nutrients management through fertilizers for targeted yield of 10 t ha-1

recorded significantly higher plant height (204.7 cm), number of green leaves plant-1 (6.4), leaf area plant-1

(4003.3 cm), total dry matter production plant (501.4 g), cob length (20.3 cm) number of grain rows cob-1

(20.5), number of grains row-1 (41.3), number of grains plant-1 (891.2) test weight (32.9 g), grain yield (9.77
t ha-1) and stover yield (11.25 t ha-1) as compared to other treatments. 

Key words : Growth, yield, plant height, maize, grain, SSNM, STCR.

______________

The site specific nutrient management
(SSNM) and soil test crop response (STCR) are
cost effective and plant need based approaches.
These approaches provide principles and tools
for supplying crop nutrients as and when

needed to achieve higher yield and do not
specifically aim to either reduce or increase
fertilizer use. Instead, the aim of these
approaches is to apply nutrients at optimal
rates and time to achieve higher yield and high
efficiency of nutrient use by the crop, leading to
more net returns per unit of fertilizer invested
(Shankar and Umesh, 2008). Soil test
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calibration permits the balanced fertilization
through right kind and amount of fertilizers. In
this regard, targeted yield approach had been
found to be beneficial, considering the soil
available nutrient status and crop needs
(Ramamoorthy et al., 1967). For getting the
best goal, the approaches are being used in
growing areas of good maize varieties and
combined with intensive crop managements.
Moreover, currently recorded average maize
yield compared with the yield potential for a
given variety and climate indicate significant
opportunities to further increase in maize
productivity through site-specific, integrated
nutrient and crop management (Dobermann et
al., 2003). The research aims at determining
the effect of targeted yield approach on growth
and yield of maize.

Materials and Methods

An experiment was conducted during kharif
2011 at Zonal Agricultural Research Station,
UAS, GKVK campus Bengaluru, Karnataka to
study growth and yield of maize (Zea mays L.)
hybrid NAH 1137 (Hema) as influenced by
nutrient management through targeted yield
approach. The soil of the experimental site was

slightly acidic in reaction (pH 5.64). The soil
was medium in available nitrogen (550 kg ha-1),
available phosphorus (38.49 kg ha-1) and
available potassium (175.08 kg ha-1). The
organic carbon content was low (0.45 %). The
experiment was laid out in a randomized
complete block design with ten treatments
replicated thrice. In the experimental plot
sunhemp was grown in 2010 (June-September
2010) and than land was kept fallow. Before
sowing of seeds, furrows were opened at 60 cm
interval with the help of hand hoe. Basal dose
of fertilizers (50% N and 100% P and K) were
applied and mixed with soil at the base of seed
row based on the treatments and two seeds
were dibbled at each hill with distance of 30 cm
and covered with soil. Treatments were based
on soil nutrient status to achieve targeted yield
of maize through SSNM, STCR and RDF. The
amount of fertiliser for SSNM treatments (T3,
T4, T5 and T6) was calculated by using the
formulae, FA = Nutrient uptake by crop per
tonne grain yield x T x %EFR

%EFR = 30% more or less fertilizer to be
applied as per the soil supply capacity for N,
P2O5 and K2O as low (30% less than the
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Table 1. Growth parameters and total dry matter accumulation of maize at harvest as influenced by targeted yield approach.

Treatments Plant Number Leaf area LAI LAD TDM
height of leaves (cm2

(cm) plant-1 plant-1)

T1 : 100% recommended dose of fertilizer 181.2 5.53 2000.0 1.11 65.2 288.5
T2 : 1 00% Recommended dose of NPK + FYM 183.3 5.73 2538.4 1.41 75.2 362.5
T3 : SSNM through fertilizers for targeted yield of 8 t ha-1 188.6 6.13 3093.9 1.72 99.5 402.1
T4 : SSNM through fertilizers for targeted yield of 10 t ha-1 204.7 6.93 4003.3 2.22 125.6 501.4
T5 : SSNM through INM for targeted yield of 8 t ha-1 187.8 6.07 3042.7 1.70 98.3 397.5
T6 : SSNM through INM for targeted yield of 10 t ha-1 194.5 6.20 3320.9 1.84 108.5 471.9
T7 : STCR through fertilizers for targeted yield of 8 t ha-1 186.5 5.87 2646.0 1.47 85.4 388.9
T8 : STCR through fertilizers for targeted yield of 10 t ha-1 197.8 6.53 3425.1 1.90 111.3 482.6
T9 : STCR through INM for targeted yield of 8 t ha-1 184.6 5.80 2587.3 1.44 82.3 371.2
T10 : STCR through INM for targeted yield of 10 t ha-1 190.4 6.13 3278.8 1.82 105.7 411.0
S.Em± 6.4 0.40 318.5 0.18 7.6 16.7
CD (P= 0. 05) 19.1 1.19 954.9 0.53 22.7 50.1

LAI : Leaf Area Index, LAD : Leaf Area Duration (cm2 plant-1 day-1), TDM : Total Dry Matter Accumulation (g plant-1)



calculated value), medium (As per the calculated
value) and high (30% higher than the calculated
value). The amount of fertilizer for STCR
treatments (T7, T8, T9 and T10) was calculated
by using standardized STCR equations as FN =
3.84T - 0.42 SN. (KMnO4 - N) - 0.268 x OM,
FP2O5 = 1.57T - 1.85 SP2O5. (Bray's P2O5) -
0.23 x OM and FK2O = 1.15T - 0.11 SK2O
(Ammo. Acetate K2O) - 0.11 x OM.

Where, T = Targeted yield (t ha-1), FN =
Nitrogen supplied through fertilizer (kg ha-1),
FP2O5 = Phosphorus supplied through fertilizer
(kg ha-1), FK2O = Potassium supplied through
fertilizer (kg ha-1), OM = Organic matter (tonne)
and SN, SP2O5 and SK2O are Initial available
N, P2O5 and K2O, kg ha-1, respectively.

The treatment one was RDF (150:75:40 kg
NPK ha-1). And treatment two was RDF + FYM
@ 10 t ha-1. The fertilizer amount for each
treatment was applied as per the treatments. In
INM treatments N was applied 50 per cent
through fertilizers and 50 per cent through
FYM, P and K were balanced as per the
treatments.

Results and Discussion

Growth and yield : SSNM through
fertilizers for targeted yield of 10 t ha-1

exhibited significantly higher growth attributes
(Table 1) harvest viz., plant height (204.7 cm),
number of green leaves (6.93 cm), leaf area
index (2.22) and leaf area duration from 90
DAS to at harvest (125.75 cm2 plant-1 day-1)
as compared to other treatments except STCR
through fertilizers for targeted yield of 10 t
ha-1 and SSNM through INM for targeted yield
of 10 t ha-1. The total dry matter production
per plant significantly increased with
advancement of crop growth in SSNM through
fertilizers for targeted yield of 10 t ha-1 over
100 per cent RDF and 100 per cent RDF +
FYM @ 10 t ha-1 and it was on par with STCR
through fertilizers for targeted yield of 101
ha-1 and SSNM through INM for targeted yield
of 10 t ha-1. The higher grain and stover yield
of maize was might be due to better
translocation of photosynthates from source to
sink and higher growth attributing characters
viz., higher number of leaves, leaf area and
higher dry matter production and its
accumulation into different parts of plant and
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Table 2. Grain yield and yield parameters of maize at harvest as influenced by targeted yield approach.

Treatments Grain yield %YA Cob length NGC NGR NGP 100
(t ha-1) (cm) GW (g)

T1 4.04 - 16.5 13.6 31.4 426.7 21.4
T2 5.93 - 16.7 14.7 33.4 489.6 22.9
T3 7.69 96.17 18.4 16.2 35.0 569.3 26.6
T4 9.77 97.67 20.3 20.5 41.3 891.2 32.9
T5 7.53 94.13 18.3 16.1 34.9 564.4 25.3
T6 8.43 84.33 18.8 19.0 38.5 797.8 29.5
T7 7.16 89.54 17.3 15.1 34.5 517.3 25.1
T8 8.56 85.57 19.8 19.2 39.0 802.9 29.8
T9 6.87 85.88 17.3 14.7 33.9 498.9 24.0
T10 8.06 80.63 18.5 16.6 38.0 796.8 28.1
S.Em± 0.77 - 0.6 0.6 1.2 32.2 2.0
CD (P= 0. 05) 2.32 - 1.9 1.8 3.5 96.6 6.1

NGRC:  Number of grain rows per cob, NGR : Number of grains per row, NGP : Number of grains per plant, %YA : per cent
yield achieved over 100% RDF. 100 GW : 100 Grain weight (g)



yield attributing characters like grain weight per
cob, number of seeds per cob, number of rows
per cob, test weight and cob length. These
results are in accordance with those obtained by
Dhillon et al. (2006) and Arvind Verma et al.
(2006).

Significantly higher yield attributing
characters (Table 2) viz., cob length (20.3 cm),
number of grain rows cob-1 (20.5), number of
grains ggr row (41.3), number of grains plant-1

(891.2), 100 grain weight (32.9) were
significantly higher in SSNM through fertilizers
for targeted yield of 101 ha-1 over 100 per cent
RDF and 100 per cent RDF + FYM @ 10 t
ha-1 and it was on par with STCR through
fertilizers for targeted yield of 101 ha-1 and
SSNM through INM for targeted yield of 101
ha-1. The grain yield of maize was significantly
higher with SSNM through fertilizers for
targeted yield of 101 ha-1 (9.77 t ha-1) followed
by STCR through fertilizers for targeted yield of
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Table 3. Nutrient balance in soil after harvest of maize as influenced by targeted yield approach.

Treatments Nutrients Applied Crop Residual Expected Net gain (+)
(kg ha-1) uptake avail. nutri. balance or loss (-)

(kg ha-1) (kg ha-1) (kg ha-1) (kg ha-1)
1 2 4 3=1-2 5=4-3

T1 N 150.0 219.4 423.2 480.6 -57.4
P2O5 75.0 32.2 54.2 81.3 -27.1
K2O 40.0 73.9 146.6 141.2 5.4

T2 N 150.0 254.6 405.6 445.4 -39.8
P2O5 75.0 44.6 49.8 68.9 -19.2
K2O 40.0 81.9 142.5 133.2 9.3

T3 N 210.0 369.8 379.2 390.2 -11.0
P2O5 111.2 70.4 78.8 79.3 -0.5
K2O 268.4 157.2 289.6 286.3 3.3

T4 N 263.0 504.8 326.9 308.5 18.7
P2O5 140.4 103.5 90.8 75.4 15.4
K2O 358.0 212.3 339.0 320.8 18.2

T5 N 210.0 327.9 417.8 432.2 -14.3
P2O5 111.2 61.8 86.0 87.8 -1.8
K2O 268.4 154.0 297.2 289.4 7.7

T6 N 263.0 417.1 408.3 395.9 12.4
P2O5 140.4 76.5 105.9 102.4 3.4
K2O 358.0 164.0 395.4 369.1 26.4

T7 N 73.4 317.4 281.3 306.0 -24.7
P2O5 54.3 60.6 31.0 32.2 -1.2
K2O 71.9 93.6 159.1 153.4 5.7

T8 N 160.2 433.5 261.6 276.7 -15.1
P2O5 85.8 82.9 37.9 41.4 -3.4
K2O 95.0 184.5 95.2 85.5 9.6

T9 N 73.4 314.8 307.6 308.6 -1.0
P2O5 54.3 56.6 42.3 36.2 6.1
K2O 71.9 93.0 158.6 153.9 4.7

T10 N 160.2 398.6 322.3 311.6 10.7
P2O5 85.8 75.3 49.5 49.0 0.5
K2O 95.0 160.1 115.7 110.0 5.8



10 t ha-1 (8.56 t ha-1). The yield increased in
SSNM through fertilizers for targeted yield of
10 t ha-1 was 142 per cent over 100 per cent
RDF and 65 per cent over 100 per cent RDF +
FYM @ 10 t ha-1. Grain yield is governed by
the factors which have direct or indirect impact.
The factors which have direct influence on the
grain yield are the yield components viz., gram
weight cob-1, test weight, cob length, number
of rows cob-1, number of grains cob-1 and dry
matter production plant-1 and its accumulation
into various plant parts have an indirect
influence on grain yield through the yield
components, which in turn depends on
different growth components viz., plant height,
number of leaves, leaf area and LAI. All these
growth components could have been promoted
by more quantity of nutrients made available by
the treatments to maize crop. This was
evidenced through higher uptake of nutrients;
as reported by Heckman et al. (2001),
Doberman et al. (2002) and Trinh et al.
(2008).

Nutrient balance : The nutrient retained
in the soil after harvest of the crop mainly
depends on both supply of nutrients through
various sources and uptake by the crop. In
general, higher the uptake of nutrients by crop
lower will be the residual available nutrients in
the soil. Further, higher the nutrient supplied
higher is the residual soil nutrients. However,
several factors influence the uptake as well as
available nutrients. Uptake of nutrients was
significantly highest with the SSNM through
fertilizers for targeted yield of 10 t ha-1 (504.7,
103.5, 212.3 kg NPK ha-1, respectively) (Table
3). Higher nutrient uptake is well reflected in
terms of higher grain and stover yield of maize.
The nitrogen, phosphorus and potassium
uptake were highly correlated with grain yield.
Obviously this could be due to supply of more
nutrients as a basal dose of 50 per cent N and
entire P and K through targeted yield approach
as well as top dressing of remaining (50 %)

nitrogen in two splits and this might be due to
higher uptake of nutrients by the crop. The
results are in conformity with the findings of
Surendra Singh and Sarkar (2001), Manoj
Kumar and Singh (2003).
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Considering the need to improve soil fertility
and sustain productivity and high cost of
chemical fertilizers and difficulty in their
availability in right quantities and at right times,
there is a need to supplement them with other
organic and biological sources, besides
improving their efficient use by adopting
integrated nutrient management practices
(Sundara 2007). The production sustainability
can be achieved by increasing ratooning ability
of the cane. One plant cane and more than two
ratoons with proper management will help in
considerable saving on the expenses of
preparatory tillage, seed and labour without
disturbing soil health. In view of this present
investigation was under taken as alterative
practices of managing the fertilizer nutrients
more judiciously, effectively and in balanced
proportions to make agriculture more
sustainable. Use of organic manure and
biofertilizers are the only future viable options
for sustaining soil productivity under valid

ecological situations, where maintaining soil
fertility with less costly options is an imperative.

Materials and Methods

A field experiment was conducted during
2006-07 to 2010-11 for one plant cane of pre
seasonal sugarcane and four ratoon crops
grown on Inceptisol at Central Sugarcane
Research Station, Padegaon (M.S.) in a
randomized block design, with eight treatments
and four replications. The sugarcane planting
and harvesting were done in five successive
crops (one plant cane and four ratoons) in five
years.

The green manuring crop of sannhemp was
sown, buried and different sources of organic
manures like FYM, PMC, vermicompost were
applied at the time of preparation of ridges and
furrow, mixed well in soil and simultaneously
chemical fertilizers were also applied as per
treatments. The seed treatment of biofertilizer
was given to sugarcane setts as per treatment.
The pre seasonal sugarcane planting was done
and recommended cultivation practices were
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Significantly highest cane (103.73 t ha-1) and commercial cane sugar yield (15.06 t ha-1) was obtained

by the application of 75 per cent NPK RD through chemical and 25 per cent NPK RD through organic
fertilizer followed by the application of chemical fertilizer applied as per soil test (100.78 and 14.89 t ha-1
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Table 1. Treatment details.

Treatment details Sources for plant cane Sources for ratoon

T1 : 100% NPKRD 1. Sannhemp (GM) before sugar cane 1. In situ trash @7.5 t ha-1 composting
through organic 2. Use of FYM @21 t ha-1 2. Use of FYM @ 12 t ha-1

3. Use of PMC @5 t ha-1 3. Use of PMC @5 t ha-1

4. Use of vermicompost @2.5 t ha-1 4. Use of vermicompost @2 t ha-1

5. Composite culture of BF @5 kg ha-1 5. Composite culture of BF @5 kg ha-1

T2 : 100% NPKRD 1. NPK:400:170:170 kg ha-1 1. NPK:300:140:140 kg ha-1

through chemical 2. Ferous sulphate:25 kg ha-1 2. Ferous sulphate: 25 kg ha-1

3. Zinc sulphate: 20 kg ha-1 3. Zinc sulphate: 20 kg ha-1

*Without trash and with off baring

T3 : Fertilizer dose as  1. NPK:400:170:128 kg ha-1 1. NPK:300:l40:105 kg ha-1

per soil test with FYM 2. Ferous sulphate:25 kg ha-1 2. Ferous sulphate:25 kg ha-1

& Biofertilizer 3. Zinc sulphate: 20 kg ha-1 3. Zinc sulphate: 20 kg ha-1

4. Biofertilizer seed treatment @5 kg ha-1 4. In situ trash @7.5 t ha-1 composting
5. FYM @25 t ha-1

T4 : 75% RD Organic + 1. Sannhemp (GM) before sugarcane 1. In situ trash @7.5 t ha-1 composting
25% RD chemical 2. Use of FYM @15 t ha-1 2. Use of FYM @8 t ha-1

3. Use of PMC @2 t ha-1 3. Use of PMC @2.5 t ha-1

4. Use of vermicompost @1 t ha-1 4. Use of vermicompost @1.5 t ha-1

5. Composite culture of BF @5 kg ha-1 5. Composite culture of BF @5 kg ha-1

6. NPK:100:43:43 kg ha-1 6. NPK:75:35:35 kg ha-1

T5 : 50% RD Organic + 1. Sannhemp (GM) before sugarcane 1. In situ trash @7.5 t ha-1 composting
50% RD chemical 2. Use of FYM @4 t ha-1 2. Use of FYM @4 t ha-1

3. Use of PMC @1 t ha-1 3. Use of PMC @1 t ha-1

4. Use of vermicompost @0.5 t ha-1 4. Use of vermicompost @0.5 t ha-1

5. Composite culture of BF @5 kg ha-1 5. Composite culture of BF @5 kg ha-1

6. NPK:200:85:85 kg ha-1 6. NPK:150:70:70 kg ha-1

T6 : 25% RD Organic + 1. Sannhemp (GM) before sugarcane 1. In situ trash @7.5 t ha-1 composting
75% RD chemical 2. Composite culture of BF @5 kg ha-1 2. Composite culture of BF @5 kg ha-1

3. NPK:300:128:128 kg ha-1 3. NPK:225:105:105 kg ha-1

T7 : Rishi-Krishi tantra 1. Angara-Soil beneath Baniyan tree:38 kg ha-1 1. Angara-Soil beneath Baniyan tree:38 kg ha-1

2. Amrutpani: 2. Amrutpani:
i. Ghee of local cow 625 g ha-1 i. Ghee of local cow 625 g ha-1

ii. Honey:1.25 kg ha-1 ii. Honey:1.25 kg ha-1

iii. Cow dung of local cow:25 kg ha-1 iii. Cow dung of local cow:25 kg ha-1

iv. Water:500 L ha-1 iv. Water:500 L ha-1

Application of above material was done in Application of above material was done 
three times, one times by seed treatment in three times by through fertigation
and twotimes by fertigation

T8 : Jivamrut 1. Dung of indigenous cow:25 kg ha-1 1. Dung of indigenous cow:25 kg ha-1

2. Urine of indigenous cow:12.5-25 L 2. Urine of indigenous cow:12.5-25 L
3. Black/old jaggery:2.5 kg 3. Black/old jaggery:2.5 kg
4. Flour of any pulses:5 kg 4. Flour of any pulses:5 kg
5. Rhizosphere of same crop:5 kg 5. Rhizosphere of same crop:5 kg
6. Water:500 L 6. Water:500 L
*Above material from Sr.1 to 5 dissolved in * Above material from Sr.1 to 5 
water and fermented for 2-7 days. dissolved in water and fermented 
*This material was applied per hectare at for 2-7 days.
planting and monthly intervals up to 5 months *This material was applied per hectare

at monthly intervals up to 5 months



followed from planting to harvesting. The four
ratoon crops were taken in four successive
years. In situ trash composting @ 7.5 t ha-1

was undertaken in all ratoons except T2
treatment (Table 1) in which off baring
operation was undertaken. The different
organic sources and soil application of
biofertilizer as per treatments were applied for
ratoon crops. The farmers practices like Rishi-
krishi tantra (T7) and Jivamrut (T8) were applied
as per treatments for both plant cane and
ratoon crops. Fertilizer application for plant
cane was given as 10 per cent N, 50 per cent
P and K each of recommended dose applied at
planting, 40 per cent N of recommended dose
applied at 60 days after planting, 10 per cent N
of recommended dose applied at 90 days after
planting and 40 per cent N, 50 per cent P and
K each of recommended dose applied at 135
days after planting.

For ratoon crops recommended dose (RD)
of NPK was given in two equal splits of 50 per
cent NPK RD at optimum moisture conditions
at 10 cm deep, 10 cm apart from stool on one
side keeping distance of 30 cm in between two
spots of fertilizer application by crow bar
method. Then the holes were closed with the
soil. The remaining 50 per cent RD of NPK

was given at 135 days after first irrigation by
same method of application as described
above.

The composite initial soil sample before
planting of pre seasonal crop and the plot wise
soil samples were collected after harvest of each
crop and used for determination of available N,
P and K with other chemical properties using
standard procedures. Plant samples were
analyzed for total nutrient uptake as per
method given by Parkinson and Alien (1975).
Cane juice quality was determined by using
procedure outlined by Spencer and Meade
(1964) and commercial cane sugar (CCS) was
calculated. The data pertaining to chemical
properties of soil, uptake of nutrient by plant,
juice quality and yield of sugarcane were
analyzed statistically by using procedure laid
down by Panse and Sukhatme (1978).

Results and Discussion 

Yield parameters : Significantly highest
cane (103.73t ha-1) and commercial cane sugar
yields (15.06 t ha-1) were recorded by the
application of 75 per cent NPK RD through
chemical + 25 per cent NPK RD through
organic fertilizer followed by the application of
chemical fertilizer applied as per soil test +
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Table 2. Effect of different treatments on yield parameters of sugarcane (pooled mean of one plant cane and four ratoons).

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

T1 - 100% NPK RD through organic 80.40 1.07 82.29 14.62 12.47
T2 - 100% NPK RD through chemical 81.4 1.12 89.27 14.49 13.32
T3 - Fertilizer dose AST FYM biofertilizer 90.88 1.13 100.78 14.48 14.89
T4 - 75% RD organic + 25% RD chemical 79.46 1.14 88.94 14.35 12.97
T5 - 50% RD organic + 50% RD chemical 79.88 1.15 91.29 14.56 13.36
T6 - 25% RD organic + 75% RD chemical 91.13 1.14 103.73 14.50 15.06
T7 - Rishiy-krishi tantra 72.53 1.00 70.50 13.43 10.50
T8 - Jivamrut 71.43 1.02 69.58 13.81 10.40
SE± 1.51 0.02 2.70 0.09 0.21
CD at 5% 4.23 0.06 7.63 0.26 0.58
CV% 7.23 8.06 5.72 2.47 6.16

ACW : Average cane weight, NMC : Number of millable canes, CCS : Commercial cane sugar.



biofertilizer + FYM (100.78 and 14.89 t ha-1

cane and commercial cane sugar yields
respectively). Similar type of result was also
noticed in case of number of millable canes per
hectare. The treatment T5, T4, T3, T2 and T6
were at par and significantly higher than rest of
the treatments in case of average cane weight
(Table 2). Kambar and Mattiwade (2007) also
observed that the cane yield increased to the
tune of 17.47 per cent over RDF and that
might be because of improvement in soil
physical and chemical properties of soil due to
application of FYM, PMC, trash along with

vermicompost and RD of NPK, further they
were also observed the average cane weight
and number of millable canes per hectare were
significantly influenced by combined application
of press mud , vermicompost, FYM and green
manuring to sugarcane and it's ratoon crops.
Where as in case of CCS per cent application
of fertilizer applied either through combination
of organic and chemical or alone were found
statistically equal and significantly higher than
Rishi-krishi tantra and Jivamrut applications.
From this results it is clearly indicated that the
commercial cane sugar percentage was not
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Table 3. Effect of different treatments on soil chemical properties at harvest (Pooled mean of one plant cane and four
ratoon).

Treatments pH EC Org. C Avail. N Avail. P Avail. K
(dS m-1) (%) (kg ha-1) (kg ha-1) (kg ha-1)

T1 - 100% NPK RD through organic 7.73 0.23 0.92 249.31 36.87 362.85
T2 - 100% NPK RD through chemical 7.91 0.23 0.81 250.59 37.93 376.94
T3 - Fertilizer dose AST FYM biofertilizer 7.64 0.21 0.91 266.39 37.56 353.93
T4 - 75% RD organic + 25% RD chemical 7.74 0.22 0.96 247.25 34.01 329.02
T5 - 50% RD organic + 50% RD chemical 7.72 0.22 0.90 248.16 32.48 340.18
T6 - 25% RD organic + 75% RD chemical 7.84 0.20 0.90 258.14 38.39 345.76
T7 - Rishiy-krishi tantra 7.67 0.15 0.89 225.83 24.16 324.49
T8 - Jivamrut 7.66 0.16 0.90 233.45 24.36 342.28
SE± 0.01 0.01 0.01 2.53 0.59 0.90
CD at 5% 0.03 0.02 0.02 7.13 1.65 2.54

AST: As per soil test, Rishi-Krishi Tantra: Farmers practice, Jivamrut: Farmers practice.

Table 4. Effect of different treatments on nutrient uptake by sugarcane (Pooled mean of one plant cane and four ratoon).

Treatment Kg ha-1 Kg tonne-1

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

T1 - 100% NPK RD through organic 200.93 24.21 263.47 2.44 0.29 3.20
T2 - 100% NPK RD through chemical 213.46 30.34 273.93 2.39 0.34 3.07
T3 - Fertilizer dose AST FYM biofertilizer 270.64 37.57 287.99 2.69 0.37 2.86
T4 - 75% RD organic + 25% RD chemical 242.62 29.92 271.30 2.73 0.34 3.05
T5 - 50% RD organic + 50% RD chemical 240.32 25.46 281.79 2.63 0.28 3.09
T6 - 25% RD organic + 75% RD chemical 263.5 30.13 280.26 2.54 0.29 2.70
T7 - Rishiy-krishi tantra 167.07 18.97 168.51 2.37 0.27 2.39
T8 - Jivamrut 166.07 20.35 173.44 2.39 0.29 2.49
SE± 1.18 0.54 1.01 - - -
CD at 5% 3.34 1.53 2.85 - - -



influenced due to either combined application
of organic and chemical fertilizer or alone. It is
clearly observed that nutrients applied through
chemical, organic and biofertilizers offered
balanced nutrient supply to sugarcane resulted
higher cane and commercial cane sugar yields
and maintained soil fertility. Similar types of
findings were also reported by Ahmed and
Reddy (2004) reported that the use of FYM in
sugarcane may curtail the N requirement by 30
per cent. Kathiresan (2004) reported that
integrated use of organic and inorganic with
biofertilizer both in N fixer and P solubilizer in
sugarcane economized the application of N and
P by 25 per cent without sacrificing the yield
and quality of sugarcane. Bhoi and More (2007)
also reported the saving of 25 per cent RD of
N and P by use of 5 kg composite culture of
biofertilizers in plant cane and ratoon. More et
al. (2005) also reported that application of 25
per cent N through FYM + biofertilizer reduce
25 per cent quantity of inorganic fertilizer and
found most economical with better soil fertility.
Bhalerao et al. (2006) also reported that 75

per cent recommended dose of NPK along with
25 per cent RD through FYM (20 t ha-1) and
biofertilizers (5 kg ha-1 composite culture as sett
treatment) for plant cane followed by 75 per
cent RD of NPK through inorganic along with
trash and biofertilizer (soil application) for
ratoon crop were found beneficial in terms of
cane yield and monetary returns with
maintaining soil fertility. Kanjana et al. (2007)
reported that integration of vermicompost and
Azophos along with the chemical fertilizers had
favorable effect on cane yield as a result of
increasing nutrient availability in soil by
earthworm ingestion and solubilizing
microorganisms. Further they also reported
that Judicious use of chemical fertilizers,
organic manures and biofertilizers improved the
physicochemical properties of soil for
increasing the availability of nutrient which
resulted in higher number of millable canes,
height and girth had reflected on increased
yields of cane, commercial cane sugar and CCS
per cent. Use of organics like FYM and press
mud along with vermicompost and
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Table 5. Average cost of different inputs of organic and chemical sources (Mean of five years).

Treatments Nutrients applied Fert. Micro FYM PMC VC BF Others Total
(kg ha-1) cost nutrient (RS.) (Rs.) (Rs.) (Rs.) (Rs.) fertilizer

––––––––––––––––––––– (Rs.) (Rs.) cost 
N P K (Rs.)

T1 - - - - - 10905 2500 5300 168 - 18919
T2 320 146 146 8499 1605 - - - - - 10104
T3 320 139 103 7961 1605 - - - 168 - 13456
T4 80 37 37 2068 - 7650 1200 3450 168 - 14516
T5 160 77 77 4403 - 3000 450 1250 168 - 9272
T6 240 110 110 6292 - - - - 168 - 6461
T7 - - - - - - - - - 1270 1270
T8 - - - - - - - - - 1358 1358

Average rates organics and chemical fertilizer:
Urea = Rs.6.65 kg-1, SSP = 7.27 kg-1, Murate of patash = Rs.7.12 kg-1, FeSO4 = Rs.28 kg-1, ZnSO4 = Rs.28 kg-1,
FYM = Rs. 790 t-1, Vermicompost = Rs.3400 t-1

Average rates of biofertilizer :
Acetobactor = Rs. 37 kg-1, Azospirillum = Rs.37 kg-1, Azotobactor = Rs.36 kg-1, PSB=Rs.34 kg-1

Cost of cultivation : 1.Rs.66,604/- ha-1 (excluding cost of fertilizer and manures)
Cane price : Rs.2150 t-1



recommended dose of NPK fertilizer has also
recorded higher cane yield in the range of
16.80 to 17.47 per cent over RDF alone. In
ratoon, residual effect of FYM and press mud
along with vermicompost recorded significantly
higher ratoon cane yield in the range of 33.17
to 38.51 per cent over the rest of the
treatments (Kambar and Mattiwade, 2007).

Soil properties : The data presented in
Table 3 indicated that, the soil pH, EC, organic
carbon, available N, P and K were significantly
influenced due to influence of different
treatments. The application of 100 per cent
NPK RD through chemical fertilizer recorded
significantly higher values of soil pH, EC and
available K and it was superior over all the
treatments except T4 and T5 in case of EC
only. The application of chemical fertilizer as
per soil test along with FYM RD and
biofertilizer recorded significantly higher
available N and P content in soil at harvest,
while it was on par with the treatment of
application of 75 per cent NPK RD through
chemical fertilizer + 25 per cent NPK through
organic manures. In case of organic carbon
content in soil at harvest the treatment of 75
per cent NPK RD through organic + 25 per
cent NPK RD through chemical fertilizer found

significantly superior over all the treatments.
Maximum improvement in organic carbon
content in soil after harvest of ratoon crop after
completion of first life cycle was recorded by
More et al. (2005). Pocket application of
fertilizers, by taking hole s with crow bar at 10
cm distance from sett and 10 cm deep on one
side of ridge with 30 cm distance between two
pockets in two splits of 50 per cent just after Ist
irrigation and 50 per cent at 135 days after
ratoonig date found beneficial for cane and
commercial cane sugar yields of sugarcane
(Jadhav et al. 2000). Jadhav et al. (2001) also
reported that 40 per cent chemical fertilizer can
be substituted by using either 20 t ha-1 FYM
along with biofertilizers or 6 ton press mud cake
+ 2 ton spent wash ash along with biofertilizer.
Similarly 20 per cent chemical fertilizers can be
reduced by use of 5 ton of vermicompost + 5
ton of trash compost + biofertilizers (Jadhav et
al. 2001). Lohate et al. (2002) reported that
the application of composite culture @ 5 kg
ha-1 applied either as sett treatment for plant
cane or soil application for ratoon along with
75 per cent NP and 100 per cent K of
recommended fertilizer was effective in giving
higher cane yield.

Results indicated that the application of
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Table 6. Economics of different treatments (average of five years).

Treatment Yield Gross Cost of Net B:C
(t ha-1) monetary cultivation returns ratio

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

T1 - 100% NPK RD through organic 82.29 116259 85523 30736 1.3.6
T2 - 100% NPK RD through chemical 89.27 122236 76708 45528 1.59
T3 - Fertilizer dose AST FYM biofertilizer 100.78 139709 80060 59649 1.75
T4 - 75% RD organic + 25% RD chemical 88.94 125645 81120 44525 1.55
T5 - 50% RD organic + 50% RD chemical 91.29 127762 75876 51886 1.68
T6 - 25% RD organic + 75% RD chemical 103.73 145326 73065 72261 1.99
T7 - Rishiy-krishi tantra 70.50 98262 67874 30388 1.45
T8 - Jivamrut 69.58 98148 67962 30186 1.44
SE± 2.70 - - - -
CD at 5% 7.63 - - - -



nutrient either through combination of
chemical and organic or alone maintained
significantly lower values of pH and EC and
higher values of available nitrogen, phosphorus
and potassium in soil at harvest. From this
results it can be seen that nutrients should be
applied through combination of chemical
fertilizers, organic manures and biofertilizers for
getting higher cane and commercial cane sugar
yields with maintaining soil fertility.

Nutrient uptake : Significantly higher
uptake of NPK was recorded by the treatment
of 75 per cent NPK RD through chemical
fertilizer + 25 per cent NPK RD through
organic and it was significantly superior over all
the treatments. Results indicating maximum
utilization of N, P and K by sugarcane crop
might be because of better availability of NPK
nutrients in soil for longer period when the
nutrients applied as per soil test along with
organic manures and biofertilizers (Table 4). In
general 2.37 to 2.73 kg N, 0.27 to 0.37 kg P
and 2.39 to 3.20 kg K were required to
produce one ton of cane yield.

Economics : The data presented in Table 5
clearly indicated that application of 75 per cent
NPK RD through chemical + 25 per centN RD
organic gave higher monetary returns (Rs.
1,45,326 ha-1), net profit (Rs.72,261 ha-1) and
B:C ratio (1.99) followed by treatment of
fertilizer dose applied through as per soil test
(Rs. 1,39,709 ha-1, Rs.59,649 and 1.75
respectively). Kambar and Mattiwade (2007)
also recorded maximum B:C ratio when RDF
applied with FYM, PMC and vermicompost to
sugarcane plant and ratoon crops.

Conclusion : Application of 25 per cent
recommended dose of NPK through organics
and 75 per cent dose through chemical fertilizer
is found beneficial for pre seasonal sugarcane
(cv. Co 86032) and its ratoon to get higher
cane and commercial cane sugar yields and for
maintenance of soil fertility. To achieve this, in

situ green manuring of sannhemp before
sugarcane, use of composite, culture of
biofertiliozers @ 5 kg ha-1 (Azotobacter,
Azospirillum, Acetobacter and PSB @ 1.25
kg each) in 100 liter water for sett treatment
and application of 300:128:128 kg N, P2O5
and K2O ha-1 to plant cane and in situ
decomposition of trash (7.5 t ha-1) as per
recommended practice, soil application of
composite culture of biofertilizer @ 5 Kg ha-1

and application of 225:105:105 kg N, P2O5
and K2O ha-1 to ratoon crop found beneficial.
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Abstract
The magnitude of heterosis varied from cross to cross for all the characters studied. The high magnitude

of standard heterosis was observed for grain yield plant-1, number of effective tillers plant-1, ear head weight
and harvest index; while moderate to low heterosis over standard check hybrid (GHB-744) was found for rest
of the traits under study. The highest positive heterosis for grain yield plant-1 over better parent and standard
check was observed to be 77.82 and 42.91 per cent, respectively. The cause of heterosis in grain yield might
be due to heterosis in its component traits, mainly, ear head weight and harvest index. The crosses viz., J-
2454 x J-2467, J-2454 x J-2511 and J-2340 x J-2511 displayed high per se performance, high positive
and significant standard heterosis, heterobeltiosis along with high SCA had involved atleast one good
combiner parent. Therefore, these crosses may be segregate for favorable genotypes in later generations for
selection of superior inbred lines in pearl millet.

Key words: Heterosis, pennisetum glaucum, diallel, grain yield.

______________

Pearl millet [Pennisetum glaucum (L.) R.
Br.] is the most drought tglerant warm-season
cereal crop predominantly grown as a staple
food grain and source of feed and fodder. It
provides nutritionally superior and staple food
for millions of people living in harsh

environments characterized by erratic rainfall
and nutrient-poor soil. In fact, pearl millet is the
only suitable and efficient crop for arid and
semiarid conditions because of its efficient
utilization of soil moisture and higher level of
heat tolerance than sorghum and maize
(Harinarayana et al., 1999). Pearl millet is a
highly cross-pollinated crop with protogynous
flowering and wind borne pollination
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3. Res. Scientist (P).



mechanism, which fulfils one of the essential
biological requirements for hybrid development.
The quantum jump (from 303 to 850 kg ha-1)
in the productivity of pearl millet was possible
mainly through development of hybrids by the
utilization of cytoplasmic genetic male sterility
system. Burton (1958) was the first to develop
cytoplasmic male sterile line Tift 23A.This
opened up a new field for hybrid seed
production in pearl millet. In India first Pearl
millet hybrid HB-1 was released in 1965 and
subsequently number of promising hybrids have
been developed and released for general
cultivation.  However, the availability of suitable
restorer is  a limiting factor in the development
of hybrids. Though the A4 and A5 sources were
found to be highly stable, their utility is
restricted due to non-availability of suitable
restorers (Rai et al., 2006). Hence, it is
necessary to develop new inbred (restorer) lines
and isolate the good combining inbreds for
commercial exploitation of heterosis in pearl
millet. Therefore, selection of parents and
crosses for development of new inbred lines is
most critical. Hence, the present investigation
was undertaken to determine the extent of
heterosis and to identify superior inbred lines in
pearl millet.

Materials and Methods

Eight genetically diverse inbreds of pearl
millet viz., J-2290, J-2340, J-2405, J-2454, J-
2467, J-2480, J-2511 and H-77/833-2 were
crossed in all possible combinations (including
reciprocals) during summer-2009. The
resultant diallel set of fifty six cross
combinations along with their eight parents and
one standard check hybrid (GHB-744) were
sown on 13th July during kharif 2009, in a
randomized block design replicated thrice at
Main Millet Research Station, Junagadh
Agricultural University, Jamnagar (Gujarat),
India. Each entry was represented by single row
plot of 5.0 m length. Border rows were planted
at the extreme of each replication. Inter and

intra row distance of 60 and 15 cm. was kept
respectively. The recommended agronomic
practices and plant protection measures
whenever necessary were adopted for raising
the good crop. Observations were recorded on
five randomly selected competitive plants for
each entry, in each replication for 12
characters (Table 1). Days to flowering and days
to maturity were noted on the basis of whole
plot. The heterosis as percentage deviation
from the better parent (heterobeltiosis) and the
standard check, GHB-744 (standard heterosis)
for each character were worked out as per the
standard procedure given by Fonseca and
Patterson (1968) and Meredith and Bridge
(1972), respectively.

Results and Discussion

The use of cytoplasmic genetic male sterility
system has made it practically feasible to exploit
heterosis on a commercial basis in pearl millet.
The nature and magnitude of heterosis help in
identifying superior cross combinations for their
exploitation to obtain better transgressive
segregants. In the commercial exploitation of
hybrid vigour, excess of F1 over standard check
(hybrid) is of significance. Hence, in the present
study, the extent of heterosis over standard
check hybrid (GHB-744) for grain yield and 11
other component traits is discussed as under.

The degree and direction of heterosis varied
enormously for grain yield and its attributing
characters. Overall, the magnitudes of heterotic
effects were high for grain yield plant-1, number
of effective tillers plant-1, ear head weight and
harvest index; whereas, days to flowering, days
to maturity, ear head length and 1000-grain
weight displayed moderate standard heterosis.
Ear head girth, plant height, number of grains
square-1 cm and dry fodder yield plant-1

exhibited the least heterotic values. Pearl millet
being grown in erratic conditions of rainfall, the
earlineas in flowering and maturity are desirable
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Table 1. Three best per se performing parents and three top ranking heterotic crosses along with range of standard heterosis
and number of crosses showing significant standard heterosis in desired direction for various characters in pearl
millet.

Character Best Range of Heterosis (%) over standard check
per se standard (GBH-744) (SC)
performing heterosis ––––––––––––––––––––––––––––––––––––––––––––––
parents (%) Best crosses Heterosis N*

Days to flowering J-2405 -13.85 to 10.25 J-2405 x H-77/833-2 -18.85** 11
J-2454 J-2290 x J-2405 -12.65**
H-77/833-2 J-2405 x J-2290 -12.65**

Days to maturity H-77/833-2 -10.93 to 5.86 J-2511 x J-2454 -10.93** 13
J-2405 J-2405 x H-77/833-2 -10.15**
J-2454 J-2480 x J-2405 -8.98**

Tillers plant-1 J-2290 -46.19 to 77.14 J-2340 x H-77/833-2 77.14** 3
J-2340 J-2480 x J-2340 30.95*
H-77/833-2 H-77/833-2 x J-2480 30.95*

Ear head length (cm) J-2290 -39.26 to 16.45 J-2290 x J-2511 16.45** 7
J-2467 J-2467 x J-2511 15.76**
J-2454 J-2480 x H-77/833-2 15.57**

Ear head girth (cm) J-2290 -31.79 to 5.46 J-2340 x J-2454 5.46 0
H-77/833-2 - -
J-2454 - -

Ear head weight (g) J-2467 -65.21 to 45.94 J-2480 x J-2290 45.94** 10
J-2340 J-2454 x J-2467 43.43**
J-2405 J-2454 x J-2511 37.84**

Plant height (cm) H-77/833-2 -43.26 to 17.55 J-2511 x J-2405 17.55** 3
J-2454 J-2454 x J-2290 9.83**
J-2467 J-2290 x J2405 9.05*

Grain square-1 cm. J-2467 -52.44 to 4.37 J-2480 x J-2290 4.37 0
J-2340 - -
J-2511 - -

1000-grain weight (g) J-2405 -35.21 to 20.55 J-2480 x J-2511 20.55** 2
J-2467 J-2290 x J-2480 18.50**
J-2480 - -

Dry fodder yield plant-1 (g) J-2340 -53.17 to 10.77 H-77/833-2 x J-2511 10.77** 1
J-2480 - -
J-2405 - -

Harvest index (%) J-2467 -58.67 to 37.10 J-2340 x J-2511 37.09** 16
J-2405 J-2467 x J-2480 36.16**
J-2340 J-2454 x J-2405 34.05**

Grain yield plant-1 (g) J-2467 -78.26 to 42.91 J-2454 x J-2467 42.91** 5
J-2340 J-2454 x J-2511 30.91**
J-2405 H-77/833-2 x J-2405 25.86**

*. ** Significant at 5 and 1%, respectively, *N =No. of crosses showing significant desirable heterosis.



in pearl millet for escaping the drought
conditions. Hence, negative heterosis is useful
for days to flowering and days to maturity.
Heterosis over standard check (GHB-744) for
days to flowering and days to maturity ranged
from -13.85 to 10.25 per cent and -10.93 to
5.86 per cent, respectively. Out of 56 crosses
studied, 11 and 13 crosses exhibited significant
heterosis over standard check in desired
direction for days to flowering and days to
maturity, respectively. All the three top ranking
standard heterotic crosses for days to flowering
and days to maturity involved at least one early
parent. Thus, they can be considered as the
desirable parents having favourable alleles for
earliness and to transmit to its progeny in
desirable direction. A large number of crosses
manifested significantly negative standard
heterosis for earliness, suggesting thereby the
existence of dominant genes for earliness.
Similar results of heterosis for earliness in pearl
millet were, also observed by Manga and Dubey
(2004) and Vagadiya et al. (2010).

In case of number of effective tillers plant-1

the extent of heterosis over standard check
ranged -46.19 to 77.14 per cent. The cross
combination J-2340 x H-77/833-2 (77.14%)
recorded the highest positive standard heterosis
followed by J-2480 x J-2340 (30.95 %) and H-
77/833-2 x J-2480 (30.95%) for this trait. All
these three best heterotic crosses possessed

atleast one good per se performing parent for
number of effective tillers plant-1. The high
magnitude of positive and significant standard
heterosis in this trait indicated predominantly
the presence of over dominance. The present
findings corroborate the findings of Singh and
Sagar (2001), Munga and Dubey (2004), Singh
et al. (2004) and Davada et al. (2008) have
also reported positive heterosis for number of
effective tillers plant-1.

With regards to ear head length, the
standard heterosis ranged from -39.26 to
16.45 per cent. Out of 56 crosses, seven
exhibited significant positive heterosis over
standard check. Positive and significant
heterosis for this trait has also been noticed by
Gandhi et al. (1999), Sheoran et al. (2000),
Munga and Dubey (2004), Singh et al. (2004)
and Davada et al. (2008).

Ear head girth is the major component of
the ear head dimension, which is dirtctly
reflecting the grain yield. The range of standard
heterosis varied from -31.79 to 5.46 per cent
for ear head girth. None of the cross showed
significant and positive standard heterosis for
this trait. Heterosis for ear head girth in pearl
millet as observed low in the present study was
also reported by Munga and Dubey (2004) and
Davda et al. (2008).
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Table 2. Five top standard heterotic crosses along with their per se performance, GCA and SCA effects for grain yield
plant-1 and significant desirable standard heterosis for other traits in pearl millet.

Crosses Grain Heterosis (%) over SCA GCA effects of Significant and
yield –––––––––––––––––––––––––– parents desirable heterosis
plant-1 MP BP SC –––––––––––––––– over standard check
(g) P1 P2 in other traits

J-2454 x J-2467 69.07 53.42** 5.92 42.91** 9.69** Poor Good EW, HI
J-2454 x J-2511 63.27 109.47** 77.82** 30.88** 9.66** Poor Good EW, HI
H-77/833-2 x J-2405 60.83 39.82** 22.49** 25.83** -16.25** Poor Good DF, DM,  EW,  HI
J-2340 x J-2511 59.77 37.21** 15.97** 23.73** 6.01** Average Good EW, HI
J-2290 x J-2467 55.40 15.20** -15.04** 14.68** 2.24* Average Good EW, HI

*,"* Significant at 5 and 1%, respectively. MP=Mid parent, BP= Better parent, C=Standard check, DF=Days to flowering,
DM=Days to maturity, EW=Ear head weight, HI=Harvest index.



In case of ear head weight, the range of
standard heterosis was -65.21 to 45.94 per
cent. Out of total of 56 crosses under study, ten
showed significant positive standard heterosis
for this trait. A large number of crosses
exhibiting significant positive standard heterosis
with very high magnitude revealed the
prevalence of dominance and over dominance.
The results are in close correspondence with
the findings of Singh and Sagar (2001), Munga
and Dubey (2004) and Davda et al. (2008).
Plant height is regarded as a favourable
character due to important role of stem as a
source in supplementing assimilates during
grain development (Joshi et al. 2003). The
range of standard heterosis for plant height lied
between -43.26 to 17.55 per cent. Only three
crosses rendered significant positive heterosis
over standard check for this trait. The number
of positively significant heterotic crosses and
magnitude of heterosis were low with respect to
this character, indicating preponderance of
partial dominance. Significant positive heterosis
in plant height has also been reported by
Gandhi et al. (1999) and Sheoran et al.
(2000). The standard heterosis ranged from
-52.44 to 4.37 per cent for numbers of grains
square-1 cm. None of cross showed positive
and significant heterosis over standard check
for this trait.

Test weight being an important yield
attributing character, use of high test weighted
parental line in breeding programme may be
most desirable. The range of standard heterosis
was from -35.21 to 20.55 per cent. Out of 56
crosses, only two registered positive and
significant standard heterosis for this trait.
Vagadiya et al. (2010), Deavda et al. (2008),
Manga and Dubey (2004) and Singh et al.
(2004) observed heterosis for this trait which
confirmed the present findings. With respect to
fodder yield, the range of standard heterosis
varied from -53.17 to 10.77 per cent. Out of
49 significant crosses, only one manifested

positive standard heterosis. Low heterosis for
fodder yield was also reported by Davda et al.
(2008) which confirmed the present result.

The role of partitioning of assimilates to the
economic parts expressed, as harvest index is
undisputed. The range of heterosis was -58.67
to 37.10 per cent in standard heterosis for
harvest index. Of these, 16 rendered positive
significant heterosis over standard check. Joshi
et al. (2005) reported the predominant role of
harvest index with respect to grain yield in pearl
millet under rainfed condition. Further, Manga
and Dubey (2004) and Davda et al. (2008)
have also reported positive heterosis for harvest
index.

Grain yield is the character of economic
importance for which considerable magnitude
of heterosis was registered in a number of
crosses. In all, 13 and 5 crosses manifested
significant positive heterobeltiosis and standard
heterosis, respectively. The magnitude of
heterosis ranged from -55.15 (H-77/833-2 x J-
2467) to 109.41 per cent (J-2454 x J-2511), -
71.17 (J-2405 x J-2467) to 77.82 per cent (J-
2454 x J-2511) and -78.26 (J-2405 x J-2467)
to 42.91 per cent (J-2454 x J-2467) over mid,
better parent and standard check, respectively.

Five top ranking crosses were identified for
grain yield, based on per se performance from
evaluation of 56 crosses (Table 2). The cross
combination J-2454 x J-2467 had the highest
per se performance, standard heterosis and
high positive significant SCA effects and
involved poor x good general combining
parents. Similarly, the cross J-2454 x J-2511
had second rank in per se performance and
standard heterosis, first rank in better parental
heterosis as well as fifth position in SCA effects
and involved poor x good GCA status. This
indicated that involvement of predominantly
non-additive gene effects with significant
additive effects in the expressing grain yield and
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its attributes. These types of crosses can yield
desirable transgressive segregants in further
generations. The cross J-2340 x J-2511
displayed high per se performance, high
estimates of standard heterosis, heterobeltiosis,
high SCA and involved average x good GCA
effects imply that involvement of predominantly
both non-additive and additive gene effects in
the expression of grain yield and its attributes.
Such crosses can generate desirable
transgressive segregants in later generations, if
additive effect of one parent and
complimentary epistatis effects of the other
parent act in the same directioa It is interesting
to note that the cross J-2454 x J-2467 had the
highest standard heterosis in desired direction
for grain yield also possessed the second rank
in ear head weight. Similarly, another high
heterotic cross viz., J-2454 x J-2511 for grain
yield exhibited the third rank in ear head weight
for standard heterosis. All the five high yielding
crosses for grain yield exhibited significantly
standard heterosis in desired direction for grain
yield per plant, ear head weight and harvest
index. The results indicated that the high
heterotic effects of grain yield were mainly due
to ear head weight and harvest index. Present
findings are consistent with results of Sheoran
et al. (2000), Singh and Sagar (2001), Manga
and Dubey (2004), Singh et al. (2004), Joshi et
al. (2005), Davda et al. (2008) and Vagadiya et
al. (2010).

Therefore, all the three high per se
performing crosses viz., J-2454 x J-2467, J-
2454 x J-2511 and J-2340 x J-2511 exhibited
significantly relative heterosis, standard
heterosis, heterobeltiosis and SCA effects in
desired direction for grain yield. They also
registered significantly high heterosis in desired
direction for some attributing traits. Hence,
such crosses are likely to yield useful
transgressive segregants in later generations for
development of high yielding inbred lines in
pearl millet.
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Rice is one of the most important food grain
crops in the world. Rice is the staple food for
most of the people in Asia. The Asia-Pacific
region produces and consumes more than 90
per cent of the world's rice. Rice grows from
the tropics to the subtropical warm temperate
countries up to 40° S and 50° N of the equator.
Due to the absence of dormancy in the seed,
the seed germinates on plants itself and loss in
crop production observed when rains received
at maturity. A loss of 20 per cent rice yield has
been reported due to germination on plants
itself (Anonymous. 1979) due to lack of
dormancy. Keeping this view an attempt was
made to study the feasibility of inducing
dormancy with various concentrations of maleic
hydrazide and NaCl in rice. For inducing seed
dormancy in rice maleic hydrazide
(diethanolamine salt of 1, 2-dihydroxy-3,
6pyridazine-dione), a growth inhibitor has been
used to reduce sprouting losses in rice. The
effectiveness of MH in preventing sprouting of
potato tuber was first reported by Zukel
(1950).

Materials and Methods

A field experiment on rice (Oryza sativa L)
was conducted during kharif 2011 season at
Seed Testing Laboratory, Dr. B.S.K.K.V.,
Dapoli and Research Farm of Department of
Botany. College of Agriculture, Dapoli. Soil of
the experimental field was lateritic type. The
trial consisted of the three varieties viz., V1 -
Ratnagiri-1, V2 - Ratnagiri-24, V3 - Ratnagiri-
711 with combining five chemical treatments
viz., T1 - NaCl-4 per cent, T2 - NaCl-6 per
cent, T3 - Maleic hydrazide-500 ppm, T4 -
Maleic hydrazide-1000 ppm, T5 - Control. The
trial was conducted in split plot design with
three replications. Two seedlings were
transplanted per hill with spacing of 20 x 15
cm. Manures and fertilizers were applied as per
recommendation. Other cultural and
recommended plant protection measures were
carried out. Seeds of these paddy varieties were
collected  at the time of maturity. Collected
seed of these varieties were tested for seed
germination count at specific interval i.e.
0,15,30,45,60 and 90 days after harvest and
subjected to statistical analysis (Panse and
Sukhatme, 1985).
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The variety Ratnagiri-24 recorded significantly less germination over rest of varieties. The variety

Ratnagiri-711 recorded significantly higher germination. The treatment Maleic hydrazide 1000 ppm recorded
significantly less germination over the rest of the treatments. Thus MH 1000 ppm induced the seed dormancy
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Results and Discussion

Germination test at 100 per cent seed
maturity as influenced by different treatments
revealed that the variety Ratnagiri-711 (3.6%)
recorded significantly higher germination over
the rest of varieties. Statistically less
germination was recorded for the variety
Ratnagiri-24 (3.33%) which was at par with
Ratnagiri-1 (3.4%). Maleic hydrazide 500 and
1000 ppm showed no seed germination at 0
days of harvest.

Germination test at 15 days of harvesting
showed that the variety Ratnagiri-711 (13.00%)
recorded significantly higher germination over
variety Ratnagiri-24 (9.6%). The variety
Ratnagiri-24 recorded significantly less
germination over rest of varieties. The
treatment control (16.22%) showed
significantly higher germination over the rest

of treatments. The treatment maleic hydrazide
1000 ppm recorded significantly less
germination over treatments NaCl-4, NaCl-6
per cent and control. Krishnamurthy (1969)
reported that foliar spray of 500 ppm MH at
15 and 25 days prior to harvest induced
dormancy in two varieties of bunch groundnut
Spanish improved and TMV-2. Vaithalingam
and Rao (1973) reported that induction of
dormancy in TMV-2 bunch groundnut by the
foliar application of maleic hydrazide in a field
trial conducted at Coimbtore.

Germination test at 30 days of harvesting
revealed that the variety Ratnagiri-711
(43.73%) recorded significantly higher
germination over variety Ratnagiri-1 (39.4%)
and Ratnagiri-24 (34.2%). The treatment NaCl-
6 per cent (43.66%) found significantly higher
germination over mlaleic hydrazide 500 ppm
(29.55%) and maleic hydrazide 1000 ppm
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Table 1. Germination test at 100 per cent seed maturity as influenced periodically in different treatments.

Treatment Germination percentage (At days)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
0 15 30 45 60 90

Variety :
V1 - Ratnagiri-1 3.4 12.26 39.4 53.8 75.8 92.06
V2 - Ratnagiri-24 3.33 9.60 34.2 49.73 71.06 91.4
V3 - Ratnagiri-711 3.6 13.00 43.73 59.86 80.46 92.86
'F' test SIG SIG SIG SIG SIG SIG
S.EM. ± 0.038 0.19 0.50 0.69 0.27 0.24
C.D. (5%) 0.15 0.78 1.98 2.70 1.07 0.96

Chemicals :
T1 - NaCl-4% 4.22 12.44 42.33 57.11 79.88 94.33
T2 - NaCl-6% 4.88 13.88 43.66 59.11 80.55 94.66
T3 - MH 500 ppm 0.00 8.22 29.55 45.66 66.44 87.77
T4 - MH 1000 ppm 0.00 7.33 27.88 43.66 65.66 85.44
T5 - Control 8.11 16.22 52.11 66.77 86.33 98.33
'F' test SIG SIG SIG SIG SIG SIG
S.EM. ± 0.09 0.36 0.65 0.79 0.39 0.33
C.D (5%) 0.27 1.07 1.92 2.30 1.13 0.98

Interaction :
F test SIG SIG SIG SIG SIG SIG
S.EM.± 0.16 0.64 1.14 1.36 0.67 0.58
C.D. (5 %) 0.47 1.87 3.32 3.98 1.97 1.70



(27.88%). Jagatap (2000) reported the
induction of seed dormancy in bunchy
groundnut genotypes viz., RHRG-12, TAG-24,
RHRG-16 and SB-X1 with foliar application of
MH @ 500 ppm. Appalanaidu and Murthy
(1961) reported that the percentage of
germination in ragi was reduced when MH
sprayed to the crop at the rate of 5 and 10 Ib
per acre after 30 days of sowing.

Germination test at 45 days of harvesting
revealed that the variety Ratnagiri-711
(59.86%) recorded significantly higher
germination over  variety Ratnagiri-1 and
Ratnagiri-24. Significantly less germination was
recorded in the treatments Ratnagiri-24
(49.73%) over the variety Ratnagiri-711 and
variety Ratnagiri-1. The treatment control
(66.77%) showed significantly higher
germination over the rest of treatments.
Treatment T4 (43.66%) recorded significantly
less germination over the treatments NaCl-4
and 6 per cent and control.

Germination test at 60 days of harvesting
revealed that the variety Ratnagiri-711
(80.46%) recorded significantly higher
germination over rest of the varieties. The
variety Ratnagiri-24 (71.06%) recorded
significantly less germination over rest of
varieties under study. Treatment control
(86.33%) showed significantly higher
germination over rest of treatments. The
treatment maleic hydrazide 1000 ppm
(65.66%) recorded significantly less
germination over the treatment NaCl-4, 6 per
cent and control. Nagarjun and Radder (1983)
observed that foliar spray of 1000 ppm maleic
hydrazide (MH) in groundnut after 60 days of
sowing was found to be superior in inducing
seed dormancy compared to later stages of MH
application (75 and 90 days of crop growth).
The concentrations ranging from 250 to 1000
ppm remarkably enhanced the seed dormancy
to the extent of 60-80 per cent. However,

application of MH in lower concentrations (250
ppm) but at an early stage of crop growth (60
days) was found to be as good as that of higher
concentrations in inducing seed dormancy.
Nautiyal (2004) reported that foliar spray of
maleic hydrazide @ 1000 ppm, 60 days after
crop emergence was found to be superior in
inducing dormancy in Spanish groundnut
cultivars.

Germination test at 90 days of harvesting
revealed that the treatment Ratnagiri-711
(92.86%) showed significantly higher
germination over the variety Ratnagiri-24
(91.4%). At 90 days after harvest the treatment
control (98.33%) recorded significantly higher
germination over rest of treatments. The
treatment maleic hydrazide 1000 ppm
(85.44%) recorded significantly less
germination over the rest of treatments.
Randhawa and Nandapuri (1986) reported that
MH sprayed @ 1000 ppm concentrations
reduced the sprouting per cent in onion bulbs.
Shelar et al. (1979) reported spraying of MH @
1000 ppm concentration in groundnut was
most effective in inducing dormancy. The
interaction effect was not found statistically
significant for seed germination at all the stages
of the study.

It could be concluded from the investigation
that variety Ratnagiri-24 recorded higher seed
dormancy at 0, 15, 30. 45. 60 and 90 days
after harvest as compared to Ratnagiri-1 and
Ratnagiri-711. The treatment maleic hydrazide
1000 ppm recorded higher seed dormancy
over NaCl-4, 6 per cent and control at all the
stages.
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Abstract
Vegetative growth of the plant in respect of plant height, leaf area and spike quality parameters like length

of spike and rachis, diameter of spike and florets spike-1 were recorded to be maximum in the cv. Phule
Ganesh sprayed with GA3 150 ppm. However, minimum period for the first spike emergence and maximum
spikes plant-1 were noticed in cv. Phule Tejas and plants treated with GA3 150 ppm. However, corm
parameters viz., corms plant-1 and weight of corms plant-1 were found to be maximum with the variety Phule
Tejas and plants treated with NAA 300 ppm, whereas, the diameter of corm and cormels plant-1 were noted
to be maximum in the variety Phule Ganesh and plants treated with NAA 300 ppm. The interaction effect
found to be nonsignificant except days required for first spike emergence.

Key words : Gladiolus, varieties, growth regulators, flowering, yield.

______________

The growth and development of plants are
governed by internal factors namely hormonal
and nutritional balance. The balance
development of plants, is governed by the
growth regulators, which are being increasingly
used to manipulate the growth and flowering of

ornamental plants. Various research workers
have reported that, the application of foliar
spray of growth regulators and chemicals help
to produce the good quality cut flowers and
yield of gladiolus corms. Gibberellic acid plays a
vital role in improvement of vegetative growth
characters of the plant as it enhances the cell
elongation and cell division by promoting the
DNA synthesis in the cell. It has been reported
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to increase the plant height, leaves and shoots
plant-1 and improves the spike quality (Kirad et
al. 2001), stimulate flowering (Kumar and
Singh. 2005) and increase in the yield of
gladiolus spikes (Sharma et al. 2004 and
Umrao et al. 2007). Similarly, NAA has been
reported to increase the corm yield in respect
of the number and weight of corms in gladiolus
(Ravidas et al. 1992 and Kumar et al. 2008).
Keeping in view the potentialities of growth
regulators like gibberellic acid and napthalein
acetic acid, the present study was undertaken to
find out the suitable variety and concentration
of these growth regulators for the better
growth, flowering and corm production of
gladiolus.

Materials and Methods

The investigation was carried out at Main
Garden, Department of Horticulture, Dr.
Panjabrao Deshmukh Krishi Vidyapeeth, Akola
(M.S.) during rabi season of 2008-09 and
2009-10. The experiment was laid out in split
plot design with four replications and fifteen
treatment combinations. The main factor
comprised of three gladiolus varieties viz.,
Phule Neelrekha (V1), Phule Tejas (V2) and
Phule Ganesh (V3) and sub factor comprised of
five foliar spraying treatments of plant growth
regulators viz. P1 - GA3 100 ppm, P2 - GA3
150 ppm, P3 - NAA 200 ppm, P4 - NAA 300
ppm and P5 - control (water spray). After
preparing the land, the field was laid out with
the beds of 45 cm spaced ridges and furrows.
The rested, cold stored, uniform and bigger size
gladiolus corms of three varieties were selected
and placed at room temperature for 15 days
and treated with 0.3 per cent captaf fungicide
for 15 minutes before planting. After drying in
shade, the corms were planted 20 cm apart.
Solution of plant growth regulators was sprayed
as per the treatment along with control (water
spray) at 30th and 60th day after planting. All
the intercultural operations were followed as

and when required. The observations on
various growth, flowering and corm characters
were recorded. Two years data was pooled
together and statistically analyzed as per the
methods suggested by Fisher (1954).

Results and Discussion

Results obtained are summarized in Table 1
and 2. Analysis of variance revealed that,
gladiolus varieties and different levels of plant
growth regulators had significant effect on
growth, flowering, yield and quality parameters
of gladiolus spikes and corms.

Growth : Different varieties had exhibited
the significant difference in respect of plant
height and leaf area. Significantly the maximum
plant heigh (67.49 cm) and leaf area were
(154.33 cm2) recorded with the variety Phule
Ganesh and it was followed by the variety Phule
Tejas (65.00 and 146.19 cm2). However,
minimum plant height (64.25 cm) and leaf area
(122.38 cm2) were noticed with the variety
Phule Neelrekha. The significant differences in
plant height and leaf area might be attributed
due to the differential genetic makeup and
varied growth rate among the varieties of
gladiolus. Similar variations in growth
parameters due to different varieties of
gladiolus were quoted by Dilta et al. (2004) and
Katwate et al. (2005).

Significantly the maximum plant height
(70.25 cm) and leaf area (153.00 cm2) in
gladiolus were observed with the foliar
treatment of GA3 150 ppm followed by the
treatment of GA3 100 ppm (67.89 and 149.24
cm2). However, the treatment of 300 ppm
NAA had recorded significantly minimum plant
height (62.29 cm) and leaf area (133.37 cm2)
and it was found to be at par with the treatment
of NAA 200 ppm and control treatment. GA3
might have extended the plant height by
increasing the intemodal length which can be
attributed to the cell elongation and cell
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division, Thus, GA3 might have promoted the
vegetative growth, resulted in taller plants with
greater leaf area. While, decrease in plant
height with the spray of NAA might be due to
its higher concentration which might have
caused ethylene formation which is correlated
with an inhibition of the plant growth instead of
promoting the cell division (Krishnamurthy,
1981). The results mentioned above in respect
of gibberellic acid are in conformity with the
findings of Kirad et al. (2001) in gladiolus,
However, Gautam et al. (2006) also reported in
chrysanthemum that, the promotive action of
NAA was maximum at 50 ppm treatment than
the higher level application. An interaction
effect due to the varieties and plant growth
regulators on plant height and leaf area was
found to be non-significant.

Flowering : Significant differences in
respect of days required for first spike
emergence from planting, yield of spikes
plant-1, length of spike and rachis, diameter of
spike and florets spike-1 of gladiolus were

observed due to the different varieties and plant
growth regulator treatments. Significantly early
first spike emergence (61.83 days) and
maximum number of spikes plant-1 (1.76) were
registered with the variety Phule Tejas.
whereas, significantly late first spike emergence
(75.63 and 65.83 days) and minimum number
of spikes (1.62 and 1.55) plant-1 were noted
with the varieties Phule Neelrekha and Phule
Ganesh,  respectively.  However,   in  respect
of quality parameters of gladiolus spike, the
variety Phule Ganesh had recorded significantly
maximum spike length (107.34 cm), rachis
length (54.72 cm), diameter of spike (1.29 cm)
and florets spike (16.11) and was found to be at
par with the variety Phule Neelrekha in respect
of length of rachis and florets spike-1. Whereas,
minimum values for flower quality parameters
viz., spike length, rachis length and florets
spike-1 were recorded due to the variety Phule
Tejas. The variation in days required for first
spike emergence and  flower yield and quality
parameters might be due to difference in
genetic composition of varieties that responded
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Table 1. Effect of growth regulators on growth, flowering, and yield of spikes and corms in gladiolus (pooled means).

Treatments Height Leaf First spike Spike Corms Cormels
of plant area energence plant-1 plant-1 plant-1
(cm) (cm2) (days)

Varieties (V) :
V1 - Phule Neelrekha 64.25 122.38 75.63 1.62 2.11 9.70
V2 - Phule Tejas 65.00 146.19 61.83 1.76 2.18 13.81
V3 - Phule Ganesh 67.49 154.33 65.83 1.55 1.59 28.02
SE(m)± 0.23 1.09 0.63 0.02 0.06 0.28
CD at 5% 0.81 3.80 2.18 0.06 0.16 0.98

Plant growth regulators (P) ppm :
P1 - GA3 100 67.89 149.24 62.58 1.79 1.83 15.70
P2 - GA3 150 10.25 153.00 61.75 1.88 1.89 16.93
P3 - NAA 200 64.04 134.38 73.80 1.55 2.08 19.44
P4 - NAA 300 62.29 133.37 75.80 1.42 2.23 20.79
P5 - Control (Water spray) 63.45 134.54 64.88 1.56 1.73 12.98
SE(m)± 0.46 1.46 0.36 0.05 0.05 0.54
CD at 5% 1.80 4.20 1.05 0.16 0.13 1.55

Interaction effect (V x P) :
SE(m)± 0.80 2.53 0.63 0.09 0.08 0.93
CD at 5% NS NS 1.95 NS NS NS



differently to the environment. Superiority of
some of the genotypes over the others in
respect of flowering parameters was also earlier
reported by Dilta et al. (2004) and Rani et al.
(2007) in gladiolus.

Among the different plant growth regulator
treatments, spraying with GA3 150 ppm had
registered minimum days required for first spike
emergence (61.75 days) and maximum spikes
plant-1 (1.88), length of spike (102.61 cm) and
rachis (56.25 cm), diameter of spike (1.06 cm)
and florets spike-1 (16.40) and it was found to
be at par with the foliar treatment of GA3 100
ppm. However, significantly the maximum days
required for first spike emergence (75.80 days)
and minimum number of spikes plant-1 (1.42),
length of spike (92.49) and rachis (47.16),
florets spike-1 (13.59) were recorded due to the
treatment of NAA 300 ppm. This might be due
to the enhanced growth rate of vegetative plant
parts due to the enhanced physiological
activities as influenced by GA3 which also

increases the photosynthetic and metabolic
activities of the plant causing more
transportation and utilization of photosynthetic
products. This might have resulted into
increased production of the better quality
spikes. However, due to an application of NAA
with higher concentration, the reduction in
plant height and leaf area might have been
caused and ultimately less production of spikes
with inferior quality might have been noticed.
The results are in close conformity with the
findings of Dutta et al. (1993) in
chrysanthemum who reported early flowering
with the application of GA3 and delay in
flowering due to the application of NAA.
Maurya and Nagda (2002) in gladiolus who
recorded increased yield of better quality spikes
with the treatment of gibberellic acid.

An interaction effect due to the varieties and
plant growth regulators on all the flowering
parameters was found to be non-significant
except days required for first spike emergence.
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Table 2. Effect of growth regulators on quality of gladiolus spikes and corrns (pooled means).

Treatments Length Diameter Length Florets Diameter Weight of
of spike of spike of rachis spike-1 of corm corms
(cm) (cm) (cm) (cm) plant-1

(g)

Varieties (V) :
V1 - Phule Neelrekha 106.03 0.80 54.21 15.48 5.21 88.66
V2 - Phule Tejas 78.33 1.00 44.10 13.36 5.47 98.10
V3 - Phule Ganesh 107.34 1.29 54.72 16.11 6.10 92.95
SE(m)± 0.33 0.01 1.08 0.36 0.04 0.71
CD at 5% 1.04 0.03 3.40 1.13 0.14 2.46

Plant growth regulators (P) ppm :
P1 - GA3 100 101.55 1.04 54.44 15.98 5.54 90.26
P2 - GA3 150 102.61 1.06 56.25 16.40 5.64 91.59
P3 - NAA 200 95.77 1.02 48.62 14.71 5.72 100.07
P4 - NAA 300 92.49 1.00 47.16 13.55 5.83 102.61
P5 - Control (Water spray) 93.75 1.01 48.56 14.21 5.22 81.61
SE(m)± 0.37 0.004 1.17 0.30 0.04 1.00
CD at 5% 1.06 0.012 3.35 0.86 0.10 2.86

Interaction effect (V x P) :
SE(m)± 0.64 0.01 2.02 0.52 0.06 1.72
CD at 5% NS NS NS NS NS NS



The treatment combination of the variety Phule
Tejas treated with GA3 150 ppm recorded
significantly minimum period for first spike
emergence, however, the variety Phule
Neelrekha treated with NAA 300 ppm required
maximum days for first spike emergence.

Corm production : The gladiolus variety
Phule Tejas had recorded significantly the
maximum corms plant-1 (2.18) and weight of
corms plant-1 (98.19 g) was found to be at par
with the variety Phule Neelrekha in respect of
corms plant-1, whereas, significantly the
maximum diameter of corm (6.10 cm) and
cormels (28.02) plant-1 were registered with
the variety Phule Ganesh. However, minimum
diameter of corm (5.21 cm) and cormels (9.70)
plant-1 were observed with the variety Phule
Neelrekha. The differential behaviour of the
gladiolus cultivars as regards the corm
production might be due to the genetic
differences in the varieties used. Similar
variations in corm characters due to different
genotypes are also reported previously by Saini
et al. (1994) and Neeraj et al. (2000) in
gladiolus.

Significantly the maximum number of corms
plant-1 (2.23), diameter of corm (5.83 cm),
weight of corms plant-1 (102.61 g) and number
of cormels plant-1 (20.79) were noted with the
foliar treatment of NAA 300 ppm and which
was found to be at par with the treatment of
NAA 200 ppm   in respect of weight of corms
(100.07 g) and number of cormels plant-1

(19.44). However, the control treatment had
produced significantly minimum number of
corms plant-1, diameter of corm, weight of
corms plant-1 and number of cormels plant-1.
This might have been due to the delayed and
less production of flower spikes with. the foliar
treatment of NAA due to which the plant
energy might have been diverted towards the
development of corms and it would have
resulted into the production of more yield of

better quality corms. The similar results were
reported by Sharma et al. (2004) and Kumar et
al. (2008) in gladiolus. The data regarding an
interaction effect for the corm and
cormels.production of gladiolus due to the
varieties and plant growth regulator treatments
was found to be nonsignificant.

Thus, it can be concluded that, the gladiolus
variety Phule Tejas and foliar treatment of 150
ppm GA3 were found to be effective for earlier
flowering and getting maximum yield of spikes,
whereas, the variety Phule Ganesh and plants
treated with 150 ppm GA3 were found
effective for enhancing vegetative growth of the
plant and producing better quality spikes of
gladiolus. The cv. Phule Tejas produced
maximum corm yield, whereas Phule Ganesh
produced better quality corms when treated
with 300 ppm NAA.
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Abstract
Onion responded to sulphur levels significantly @ 15-75 kg S ha-1 over recommended dose of NPK. The

yield ranged from 420.22 to 559.94 q ha-1 for varying sources and levels of sulphur. Sulphur content in
bulbs was increased by 0.51 per cent due to 75 kg S ha-1 over only NPK treatment (0.35%). Pyruvic acid
concentration increased from 5.63 µ mole g-1 with 75 kg S ha-1 as against NPK treatment (3.20 µ mole       g-
1). Storage losses were recorded upto 16.75 per cent due to 75 kg S ha-1 as against only NPK treatment
(19.60%) over a period of 6 months storage. It can be stated that the sulphur application (15-75 kg S ha-1)
along with recommended dose of NPK fertilizers found beneficial for improving the yield, quality parameters
and storability of onion bulbs. The application of 45 kg sulphur alongwith recommended dose of fertilizers
(100:50:50 NPK kg ha-1 + 20 t FYM) has recorded the maximum B:C ratio of 5.10 as compared to control
(4.50) receiving no sulphur in onion cv. N-2-4-1 for rabi - summer season.

Key words : Onion, storability, quality, sulphur.
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The average productivity of onion in Maharashtra is low as compared to India. One
of the reason for such low yield is use of an
inadequate and unbalanced fertilization. The
balanced use of all the nutrients along with
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sulphur is necessary for good yields and
storability of onion. Sulphur is essential for
growth and development of plants and if soil is
deficient in sulphur and is not corrected then
the full potential of a crop cannot be realized.
Sulphur deficiencies are widespread in Indian
soils and reports of more area found deficient in
sulphur is becoming regular. About 30 per cent
of cropland in our country is subjected to
various degrees of sulphur deficiency (Tandon,
1995). In sulphur deficient soils, its application
between 20-40 kg ha-1 increases yield
significantly in most of the crops. Increase in
dry weight of onion tops and bulbs due to
sulphur application was reported by Meena and
Singh (1998). Sulphur plays an important role
in improving the quality and storability of
produce (Tandon and Messick 2002). Sulphur
forms the component of secondary metabolic
compounds, i.e. many volatile precursors,
which play important role in determining the
quality of produce (Smittle 1984). The source
of pungency in onion is due to the sulphur
compound formed by SH - sulphydryl linkages.
Keeping this in a view, the present investigation
was undertaken to know the response of
sulphur levels and sources applied on the yield,
quality and storability of onion in medium black
soils of Western, Maharashtra.

Materials and Methods

An field experiment was conducted at All

India Coordinated Research Project on
Vegetable Crops, Mahatma Phule Krishi
Vidyapeeth, Rahuri on onion cv. N-2-4-1
during rabi-summer season of 2010-11 in a
factorial randomized block design with three
replications. The treatment consisted of two
sources of sulphur (gypsum (S1) and elemental
sulphur 95 (S2) and five Sulphur levels (15, 30,
45, 60, 75 kg ha-1) including control i.e. no
sulphur application in each source. The
treatment symbolized as T1 - S1L1 - 0 kg S
ha-1, T2 - S1L1 - 15 kg S ha-1, T3 - S1L2 - 30
kg S ha-1, T4 - S1L3 - 45 kg S ha-1, T5 - S1L4
- 60 kg S ha-1, T6 - S1L6 - 75 kg S ha-1, T7 -
S2L1 - 0 kg S ha-1, T8 - S2L2 - 15 kg S ha-1,
T9 - S2L3 - 30 kg S ha-1, T10 - S2L4 - 45 kg S
ha-1, T11 - S2L5 - 60 kg S ha-1 and T12 - S2L6
- 75 kg S ha-1. Basal application of gypsum and
elemental sulphur 95 was made and mixed
uniformly in soil before the transplanting of
onion seedlings in the field. Recommended
dose of 100 kg N, 50 kg P2O5, 50 kg K2O and
20 tonne FYM per hectare was applied and
mixed with soil for each treatment. Soil of the
experimental plot consist of course sand
(2.20%), fine sand (44.4%), silt (26.3%), clay
(22.5%), bulk density (1.10 mg m-3) with loam
texture in class. The pH (1:2.5) 7.8, electrical
conductivity (0.25 dSm-1), organic carbon
(0.60%), available nitrogen (188 kg ha-1),
available phosphorus (13.70 kg ha-1), available
potassium (330 kg ha-1) and available sulphur
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Table 1. Total bulb yield (q ha-1) in onion as influenced by sources and levels of sulphur.

Levels L1 L2 L3 L4 L5 L6 Mean B:C
Source ratio

S1 420.05 556.66 555.99 558.10 558.21 559.88 534.82 4.79
S2 420.38 552.33 558.22 556.16 557.55 559.99 534.10 4.83
Mean 420.22 554.49 557.10 557.13 557.88 559.94 534.46 4.81
B:C ratio 4.50 4.65 4.78 5.10 4.90 4.95 4.81 4.81

Sulphur sources Sulphur levels Source x Levels
S.E.(m) ± 8.711408 15.0886 21.3385
C.D. at 5% NS 44.25335 NS
C.V.% 6.91 - -



(7.3 mg ha-1). Nitrogen, phosphorus and
potassium were applied through S-free
fertilizers viz., urea, single super phosphate and
muriate of potash, respectively. All the
agronomic practices were adopted to raise
good and healthy crop. The crop was harvested
after attaining maturity during last week of
April. Bulbs were covered by its top and left in
the field for curing for 3-4 days. After neck
cutting, the bulb yield was recorded.
Representative bulb samples were collected for
the biochemical and nutritional analysis.
Chopped bulb samples were dried in hot air
oven at 58°C till the constant weight was
attained. The bulbs and tops was analyzed
separately for nutrient status such as N, P, K
and S by method as suggested in A.O.A.C.
(1989). An appropriate amount of ground
samples were digested using diacid mixture
(Jackson 1973). Total sulphur content in the
digest was determined following the turbidity
procedure (Chesnin and Yien, 1950). In fresh

bulbs, the enzymatically - produced pyruvic acid
was determined by adopting the method
suggested by Schwimmer and Weston (1961).
Sample size of 10 kg from each treatment in
three replications was used for storage study for
a period of 6 months. Samples were kept in
iron wire netted cages under ambient
conditions. Observations were recorded every
month while sorting samples. Treatmentwise
total weight loss during storage was recorded as
the sum of, i.e. weight due to sprout + weight,
due to rot + physiological weight loss. Per cent
weight loss during storage was calculated from
initial bulb weight of samples considered for
study. The observations on yield, quality
characters and storage studies was recorded
and statistically analyzed by using methods
given by Panse and Sukhatme (1985).

Results and Discussion

Sulphur application with recommended
dose of NPK significantly improved the total
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Table 2. Total soluble solids (%) as influenced by sources and levels of sulphur in onion.

Levels L1 L2 L3 L4 L5 L6 Mean
Source

S1 13.07 12.93 12.95 13.21 13.42 13.38 13.16
S2 13.05 13.29 13.34 13.30 13.27 13.57 13.30
Mean 13.06 13.11 13.15 13.25 13.34 13.47 13.23

Sulphur sources Sulphur levels Source x Levels
S.E.(m) ± 0.074983 0.129875 0.183671
C.D. at 5% NS NS NS
C.V.% 2.40 - -

Table 3. Pyruvic acid (µ mol g-1) as influenced by sources and levels of sulphur in onion.

Levels L1 L2 L3 L4 L5 L6 Mean
Source

S1 3.20 4.03 4.50 4.98 5.51 5.63 4.64
S2 3.20 4.03 4.50 4.92 5.51 5.63 4.63
Mean 3.20 4.03 4.50 4.95 5.51 5.63 4.64

Sulphur sources Sulphur levels Source x Levels
S.E.(m) ± 0.025473 0.04412 0.062395
C.D. at 5% NS 0.1294 NS
C.V.% 2.33 - -



bulb yield with irrespective of sources of sulphur
(gypsum or elemental sulphur 95) over control.
The total bulb yield was significantly increased
with application of 15 kg S ha-1 over control
and there after when sulphur level increase,
there was non-significant increase in yield upto
75 kg S ha-1. The highest yield of 559.9 q
ha-1 was recorded at the level L6 with
irrespective of source of sulphur applied, as
compared to control i.e. L1 (420.22 q ha-1)
(Table 1). The sources and interaction effects
were found non-significant. The sulphur levels
L2, L3, L4, L5 and L6 were at par with each
other suggesting that there is no considerable
increase in total yields due to increase in levels
of sulphur. This indicated that sulphur has a
synergistic effect along with other nutrients like
nitrogen in increasing bulb weight. But this
effect was seen upto 15 kg S ha-1 only. The
application of 45 kg sulphur alongwith
recommended dose of fertilizers has recorded
maximum B:C ratio (5.10) as compared to
control (4.50). The levels of sulphur viz., 15
(4.65), 30 (4.78), 60 (4.90) and 75 kg sulphur
ha-1 (4.95) and the sources of sulphur viz.,
gypsum (4.79) and elemental sulphur (4.83)
and mean of all (4.81) recorded the B:C ratio.
Increased bulb yield due to sulphur had been
also reported by Qureshi and Lawande (2006)
in onion crop. The improvement in the yield of
onion owing to sulphur application might be
because firstly, the available sulphur of
experimental field was very low (7.3 mg ha-1)

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

High total soluble solids (TSS), pyruvic acid
and firmness of the bulbs and better storage of
bulbs count for the quality of onion. These
parameters are controlled primarily by crop
genetics and secondly by nutrient management.
In present investigation, the effect of sources
and levels of sulphur along with NPK on quality
of onion showed the improvement in pyruvic
acid concentration, sulphur content in bulbs
and TSS content of, bulb (Table 2, 3 and 4).
Application of sulphur as calcium sulphate @
20-50 kg ha-1 had enhanced the quality of
onion by increasing the pungency in bulbs
(Paterson 1979). Pyruvic acid gradually
increased from 3.20 µ mole g-1 due to only
NPK to highest of 5.63 µ mole g-1 due to
treatment NPK + 75 kg S ha-1 (Table 3).
Sources viz., gypsum and elemental sulphur
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Table 4. S-content (%) on dry weight basis in bulbs of onion as influenced by sources and levels of sulphur.

Levels L1 L2 L3 L4 L5 L6 Mean
Source

S1 0.35 0.40 0.45 0.50 0.51 0.51 0.45
S2 0.36 0.41 0.46 0.47 0.51 0.51 0.45
Mean 0.35 0.40 0.45 0.48 0.51 0.51 0.45

Sulphur sources Sulphur levels Source x Levels
S.E.(m) ± 0.004437 0.007684 0.010867
C.D. at 5% NS 0.022537 NS
C.V.% 4.15 - -



were equally effective for pyruric acid content,
however sulphur levels significantly influenced
the pyruvic acid content in onion bulbs. The
interaction effects were found non significant.
In a green house study, Hamilton et al. (1997)
also found the pyruvic acid content of onion
bulbs increased from 1.9 m mol g-1 fresh
weight (at 2 ppm) to 5.5 m mol g-1 (at 123
ppm). Increase in pyruvic acid content in bulbs
improved the storability of bulbs as it is seen
from the results that storage losses were
reduced as sulphur levels increased. The TSS
content in bulbs is depicted in Table 2, shows
the effect of sulphur levels on TSS content
numerically. Nutrient management played
important role in the improvement of TSS in
onion. The TSS increased from 13.06 to
13.47 °Brix due to application of NPK along
with sulphur. Gradual increase in TSS was
further noticed with every increment of sulphur
level. The highest brix value of 13.57 °B was
recorded due to NPK + 75 kg S ha-1 (S2L6).
Among sources, elemental sulphur (13.30) was
found better than gypsum (13.16) for TSS
content.

The  relative content of pyruvic acid of bulbs
is  influenced by the sulphur fertilization, which
affects the storability of bulbs. Soil application
of sulphur on  percentage total losses in weight
(weight of sprouts + weight of rots +
physiological weight loss) of bulbs is shown in
Table 5. The sources had not much effect on
total storage losses but levels had significant

effect on total storages losses in onion. The
interaction effects was found non significant.
With the increase in sulphur application from 0
to 75 kg ha-1, a reduction in storage losses
from 19.60 to 16.75 per cent was noticed for
the period of 180 days. However, results are at
par with each other for storage losses for
various levels of sulphur. This might be
attributed due to the increase in sulphur and
Pyruvic acid content of bulbs (Table 3 and 4).
Lancaster et al. (200l) investigated the effect of
sulphur nutrition on bulb quality. It was showed
that the storage was adversely affected due to
low supply of sulphur and it was revealed that
the S content in cell walls of bulbs was reduced
leading to reduced firmness of bulbs and
pungency. In similar study, sulphur @ 30 kg
ha-1 along with zinc had reduced rotting,
sprouting and physiological weight loss during
storage of onion (Mukeshkumar et al. 2000).
The results in Table 5 also depict that L1
recorded maximum storage losses (19.60%) as
compare to L6 (16.75%). This could be
elucidated that in the treatment L1 of both
sources no sulphur was applied and hence there
was maximum losses as compared to applied
sulphur level from L2 to L6.

Inference from above findings can be made
that increased levels of sulphur useful for
increasing the bulb yield, TSS, sulphur and
pyruvic acid content in bulbs and reduction in
storage losses of bulbs. Increased sulphur
content in bulbs necessarily improve storability
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Table 5. Total storage losses (%) after 180 days in onion as influenced by sources and levels of sulphur.

Levels L1 L2 L3 L4 L5 L6 Mean
Source

S1 19.83 18.87 19.07 16.40 16.07 16.63 16.98
S2 19.37 19.13 17.37 18.77 16.93 16.87 18.07
Mean 19.60 19.00 18.22 17.58 16.50 16.75 17.53

Sulphur sources Sulphur levels Source x Levels
S.E.(m) ± 0.668215 1.157382 1.636785
C.D. at 5% NS 3.394485 NS
C.V.% 6.18 - -



directly, but improvement in the concentration
of pyruvic acid and TSS of bulbs due to
increased sulphur uptake might have improved
the storability, as the pungency compound
(pyruvic acid) is secondary metabolite of S that
regulate the quality of produce. Similar results
were also reported by Qureshi and Lawande
(2006) in onion.

It was seen in the present investigation that
the sulphur application along with NPK
fertilizers had improved the yield, quality and
storability in onion bulbs. Uptake of sulphur had
improved the quality parameters such as
pyruvic acid concentration and TSS of bulbs
which together had reduced the total storage
losses. The sources of sulphur had not much
influence on all the parameters studied, but the
levels of sulphur from 15 to 75 kg ha-1 had
significantly influenced the yield and quality
parameters in onion. For maximizing the yield
and quality parameters and to improve the
storability in onion, it is stated that the sulphur
application was found beneficial for onion crop.
The application of 45 kg sulphur along with
recommended dose of fertilizers (100:50:50
NPK kg ha-1 + 20 t FYM) has recorded the
maximum B:C ratio of 5.10 as compared to
control (4.50) receiving no sulphur in onion.
For optimum yield and better storability, the
application of sulphur along with recommended
dose of NPK fertilizers found beneficial for
cultivation of onion crop.
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Allelochemicals are the secondary
metabolites produced by plants and are
byproducts of primary metabolic processes
(Levin, 1976). They have both stimulatory and
inhibitory effects on the growth and
development of their own kind and also on
other species grown in their vicinity (Hamayun
et al., 2005). A variety of allelochemicals have
been identified, including the phenolic acids,
coumarins, terpenoids, flavonoids, alkaloids,
glycosides, and glucosinolates (Barnes et al.,
1987). Allelopathic inhibition typically results
from the combined action of a group of
allelochemicals which, collectively, interfere
with severe physiological processes (Blum,
1996). The objective of this paper is the
identification of some allelopathic compounds
in perennial weeds of paddy field of Babol (Iran)
viz., Cyperus difformis, Echinochloa

crusgalli, Paspalum paspaloides and
Sagittaria trifolia and analysis of physiological,
biochemical, growth, yield components and
seed yield of rice variety-Fajr by using foliar
application of whole plant leachates of these
weeds.

Materials and Methods

High performance thin layer
chromatography  (HPTLC) was used to find out
some secondary compounds present in
different mature parts like root, stem and leaves
of the weeds namely Cyperus difformis,
Echinochloa crusgalli, Paspalum paspaloides
and Sagittaria trifolia and rice variety- Fajr in
north of the Iran - Babol at 2010 (Passera et
al., 1964). Then plastic pot culture experiment
was conducted to evaluate the effect of whole
plant leachates of the studied weeds by foliar
application on the physiological and
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biochemical parameters [chlorophyll (a and b)
and phenolic compounds content], growth
parameters (the number of the tiller per hill,
plant height and length of flag leaf), yield
components (number of effective tillers hill-1,
seeds panicle-1, number of filled seeds
panicle-1, 1000 grain weight) and seed yield
pot-1 of the treated crop. Five per cent aqueous
extracts (w/v) were prepared by extracting 5g
of dried samples with 100 ml distilled water for
three days. Water was used because most
allelochemicals are water soluble (Reigosa et
al., 1999; Bhowmik and Doll, 1982). Then the
composition was sieved by using filter paper
and the extract was kept in a refrigerator at 5°C
for subsequent experiments. Five kg capacity
polyethylene bags were filled with air-dried
loamy soil. After preparing of seedlings in the
nursery, three seedlings of the test variety were
transplanted into polyethylene bags. Three
replications of each treatment were made. A
required fertilizer of experimental plastic pot
was calculated according to fertilizer
recommendation which was recommended by
Malakoti and Gheybi (1997) and then was
added the same rate in the all polyethylene bags
as well as was irrigated at the same height (5
cm). Whole plant leachate of the studied weeds
was sprayed on the test variety at weekly till
flowering stage to form factorial examination in
randomized of complete block design (RCBD).
A result of biochemical, physiological, growth,
yield components and seed yield was analyzed
by analysis of variance (ANOVA) separately.
The means of treatments which had significant
differences have been compared by using
Duncan's Univariete range test (α=0.05%).
Inhibition percentage was calculated as [(control
value-treatment value) / control value] x 100.

Results and Discussion

HPTLC analysis clearly showed that the
existence of three phytoconstitute, namely

terpenoids, coumarins and phenolic
compounds in different parts of weeds and Fajr
variety of rice by using three different reagents.
The results of the present study showed that the
secondary compounds like terpenoids, phenolic
and coumarins were containing maximum
structure in the stem of Sagittaria trifolia
(eight), Cyperus difformis root (eight) and
leaves of Paspalum paspaloides (eleven) as
compared with other selected weeds and test
crop. It was also observed that above
compounds were weak in different parts of the
test variety in comparison with various parts of
the selected weeds.

Analysis of mean phenolic compounds
content from flag leaf of the treated crop
showed in (Table 1) indicated that the content
of phenolic compounds significantly increased
by foliar application of whole plant leachates of
Sagittaria trifolia about 234.3 7 per cent over
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Table 1. Effect of whole plant leachates of selected weeds
on chlorophyll and phenolic content of Fajr
variety.

Whole plant Physiological and biochemical 
leachates of parameters
selected weeds –––––––––––––––––––––––––––––

Chrophyll Phenolic
content compounds
(mg g-1) content

(mg g-1)

Control 3.50a 6.78b

Cyperus difformis 2.00±0.75a 9.75±2.61b
(-42.86) (+43.81)

Echinochloa crusgalli 2.38±0.34a 18.45±6.11ab
(-32) (+172.12)

Paspalum paspaloides 2.15±1.15a 6.63±2.07b
(-38.57) (-2.21)

Sagittaria trifolia 2.04±0.69a 22.67±10.28a
(-41.71) (+234.37)

Data presented are mean of three replicates (±) Standard
deviation with different letters within column refer to
significant difference with confidence 95% according
Duncan's Univariete- range test. The data in parenthesis
indicate % inhibition (-) or stimulation (+) over control.



control. It was also observed that foliar
application of studied weeds didn't show
significant harmful effect on chlorophyll
content (a and b) of flag leaf of test crop in any
treatment.

The results of growth parameters also
revealed that mean of the number of tillers
hill-1 was not significantly affected by any whole
plant leachates of selected weeds. On the
contrary, height of the plant was significantly
hampered due to foliar application of all the
studied weeds except Paspalum paspaloides
over control. The greatest inhibitory effect
(13.79%) was caused by whole plant leachates
of Cyperus difformis over control. It was also

found that length of flag leaf (19.44%) was
significantly inhibited by whole plant leachates
of Sagittaria trifolia followed by Echinochloa
crusgalli (11.32%) over control (Table 2).

The results of mean amount of yield
components and seed yield in treated crop
showed that whole leachates of all selected
weeds did not show significant hamper effect
on the number of effective tillers hill-1, the
number of total seeds panicle-1, the number of
filled seeds panicle-1, 1000 grain weight and
seed yield pot-1 (Table 3). With due attention,
foliar application of studied weeds had a
significant effect on phenolic compounds
content of the flag leaf and some growth
parameters as well as some secondary
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Table 2. Effect of whole plant leachates of selected weeds on growth parameters of Fajr variety.

Whole plant leachates Growth parameters
weeds ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Tillers plant-1 Plant height (cm) Length of flag leaf (cm)

Control 21.44±1.34a 81.44±3.23a 24.38±0.94a
Cyperus difformis 21.55±4.67a (+0.51) 70.21±0.28a (-13.79) 25.30±2.02a (+3.77)
Echinochloa crusgalli 20.45±1.35a (-4.62) 71.73±2.6c (-11.92) 21.62±1.88bc (-11.32)
Paspalum paspaloides 20.78±2.34a (-3.08) 76.72±2.99bc (-5.80) 22.78±0.58ab (-6.56)
Sagittaria trifolia 23.27±2.08a (+8.54) 75.84±4.91b (-6.88) 19.64±0.79c (-19.44)

Data presented are mean of three replicates (±) Standard deviation with different letters within column refer to significant
difference with confidence 95% according Duncan's Univariete- range test. The data in parenthesis indicate % inhibition (-) or
stimulation (+) over control.

Table 3. Effect of whole plant leachates of studied weeds on Fajr seed yield and yield components.

Whole weed leachates Effective tillers Total seed Filled seeds 1000 grain Seed yield
plant-1 panicle-1 panicle-1 weight (g) plant-1 (g)

Control 16.89±1.26a 145.41±13.85a 123.42±16.37a 23.85±2.06a 43.08±4.00a

Cyperus difformis 13.78±0.51a 124.29±11.65a 100.08±12.27a 24.20±1.74a 30.76±4.85a 
(-18.41) (-14.52) (-18.91) (+1.47) (-28.60)

Echinochloa crusgalli 14.77±2.70a 127.67±11.43a 100.04±17.36a 22.47±1.54a 32.35±10.77a 
(-12.55) (-12.20) (-18.94) (-5.79) (-24.91)

Paspalum paspaloides 16.55±2.22a 131.67±6.15a 111.76±12.39a 23.49±0.93 38.50±1.28a

(-2.01) (-9.45) (-9-45) (-1.51) (-10.63)

Sagittaria trifolia 13.78±2.91a 135.61±19.87a 112.27±21.76a 23.17±1.70a 31.08±3.57a
(-18.41) (-6.74) (-9.03) (-2.85) (-27.86)

Data presented are mean of three replicates (±) Standard deviation with different letters within column refer to significant
difference with confidence 95% according Duncan's Univariete- range test. The data in parenthesis indicate % inhibition (-) or
stimulation (+) over control.



compounds are detected and confirmed in the
studied weeds by HPTLC analysis but there was
no significant effect on seed yield pot-1 any
treatments when applied. These results are
consistent with finding of Jadhav and Gaynar
(1992) who reported the response to
allelochemical varied according to kinds of
weed species and morphological and
physiological differences among the varieties.
However, Fajr variety is resistant variety by
foliar application of whole plant leachates of
selected weeds. It can be recommended to
farmer for cultivation of Fajr variety in the area
where the studied weed species are dominant
and these weed species had the least
allelopathic effects on the rice or it is advised to
plant breeders to do the insertion of gene agent
to produce allelochemicals that are not found or
content of allelochemicals are low in the rice to
biological control of weeds.
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Mungbean is the most important legume
crop in India after chickpea and pigeonpea. It is
extensively grown in India under wide ranges of
environments. Climate change phenomena
now a days has forced farmers to adjust/
change the sowing time of the crops and
mungbean is not an exception. To harvest the
economic yield in changing environments,
suitable genotypes amenable to such
environments is the need. Mungbean being a
short duration crop, succumbs very much to the
changing environments, hence the present
investigation involving ten elite genotypes was
undertaken to identify stable genotype under
different sowing dates for seed yield and its
contributing characters.

Materials and Methods

Ten promising mungbean genotypes were
grown under four environments (E1 = 20 June
2011, E2 = 1st July 2011, E3 - 12th July 2011
and E4 = 23rd July 2011) during kharif 2011.
Each experiment was laid out in a randomized

block design with three replications at Pulses
Improvement  Project, Mahatma Phule Krishi
Vidyapeeth, Rahnri. Each genotype was
represented by 6 rows of 4 m length with 30 x
10 cm spacing. A basal fertilizer dose of 20 Kg
N and 40 kg P2O5 ha-1 was applied at sowing
time. All the recommended package of
practices and plant protection measures were
followed to raise a good crop. Observations
were recorded on randomly selected five
competitive plants from each genotype in each
replication for days to 50 per cent flowering,
days to maturity, plant height, number of pods
plant-1, number of seeds pod-1, 100 seed
weight and seed yield plot-1. The mean of these
characters were subjected to the stability
analysis as per Eberhart and Russel (1966).
Regarding stability parameters, the genotypes
were considered as stable having high mean
performance (X

–
), regression coefficient close to

unity (bi=1) and deviation from regression
approaching to zero (S2di = 0). The genotype
having (bi>1) and non-significant S2di was
considered as suitable for favorable
environment and the genotype with bi<1 and
non-significant S2di was treated as good for
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poor environment. The genotype having
significant S2di was treated as unstable.

Results and Discussion

The pooled analysis of variance (Table-1)
showed that mean sum of squares due to
genotypes were statistically significant for all
the characters except plant height when tested
against G x E and pooled deviation. The
environmental means also varied considerably
for all the traits which indicated that the
environments were diverse. The highly
significant G x E interaction observed for all the
characters suggesting that presence of genetic
variability among the genotypes and even over
environments. The earlier workers, Abbas et al.
(2008), Patel et al. (2009), Singh et al. (2009)
and Akhtar et al. (2010) also observed
significant differences among genotypes,
environment and G x E interaction for all the
characters they studied in mungbean.

On partitioning the G x E interaction into
linear and non linear components, it was found
that linear component was highly significant for
all the characters except seeds pod-1. The
nonlinear component (pooled deviation) were
found significant for days to maturity, plant
height, pods plant-1, seeds pod-1 and seed yield

plot-1. Significance of both linear and non-liner
components indicated the importance of both
predictable and unpredictable components in
determining interaction of the genotypes with
environments. Similar results were also
reported by Pathak and Lal (1987), Naidu and
Satyanarayana (1991a), Abbas et al. (2008),
Patel et al. (2009) and Raturi et al. (2012).

The environmental indices (Table 2) for all
the characters indicated that E1 (sowing on 20th

June) was the most favorable environment for
plant height (Ij = 11.66), number of pods
plant-1 (1.35), number of seeds pod-1 (1.37),
100 seed weight(0.96) and seed yield plot-1

(0.36) as these characters showed high and
positive environmental indices. For days to 50
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Table 1. Stability analysis in mungbean for different characters.

Sources G E G x E E + E. (L) G x P.D. P.E.
G x E E (L) (pooled) (pooled

devia- error)
tion)

Degree of freedom (DF) 9 3 27 30 1 9 20 72
Days to 50% flowering 4.35++** ## 35.96++**## 0.899# 4.405 107.87**## 1.372# 0.596 0.528
Days to maturity 10.77++** ## 113.82++**## 1.738## 12.946 341.46**## 2.181## 1.365## 0.350
Plant height (cm) 26.16## 993.61++**## 14.69## 112.58 2980.82**## 17.61## 11.91## 3.69
Pods plant-1 (No.) 31.95++**## 23.22++**## 4.19## 6.09 69.67**## 4.27## 3.74## 1.53
Seeds pod-1 (No.) 1.31++**## 9.03++**## 0.24# 1.12 27.08**## 0.15 0.26# 0.13
100 seed wt (g) 1.82++** ## 4.08++**## 0.11**## 0.51 12.25**## 0.32**## 0.01 0.04
Seed yield plot-1 (kg) 0.01++** ## 0.62++**## 0.003## 0.06 1.86**## 0.005*## 0.002# 0.001

+,++ : Significant at 5% and 1% level of significance, respectively against G x E,  * ,** : Significant at 5% and 1% level of
significance, respectively against the pooled deviation (PD), #,## : Significant at 5% and 1% level of significant, respectively
against the pooled error (PE )

Table 2. Estimates of environment index (Ij) under
different environments.

Characters Environmental index (Ij)
–––––––––––––––––––––––––––––
E1 E2 E3 E4

Days to 50% flowering -2.225 -0.192 0.008 2.408
Days to maturity -4.583 0.483 3.550 0.550
Plant height (cm) 11.663 4.772 -6.761 -9.673
Pods plan-1 (No.) 1.353 1.080 -0.507 -1.927
Seeds pod-1 (No.) 1.370 -0.433 -0.148 -0.789
100 seed wt (g) 0.958 -0.298 -0.332 -0.328
Seed yield plot-1 (kg) 0.357 -0.018 -0.162 -0.178



per cent flowering (-2.23) and days to maturity
(-4.58), the same environment was considered
favorable as it had desired maximum negative
environmental indices. On this basis it could be
inferred that, the sowing of mungbean in the
second fortnight of June is beneficial than the
late sowings.

The stability parameter analysis (Table 2)
revealed that, none of the genotypes was
average stable for all the characters. Six
genotypes recorded less number of days for 50
per cent flowering than the population means
(41.52). Earliness being favorable character,
lower means are desirable. The genotypes
AKM-9911, PM-2 and SML-668 recorded
lower mean, nonsignificant regression
coefficient (bi) close to unity with non significant
deviation from regression (S2di) exhibited
average stability for this trait. The genotype
KOP-1 had lower mean, significant and greater
than unity regression coefficient and non-
significant deviation from regression (S2di)
indicating its below average stability.

As the genotypes PKV-AKM-4, KOP-1 and
SML-668 had lower mean values,
nonsignificant regression coefficient (bi ≈ 1)
close to unity and non-significant S2di indicated
their wider adaptability under all environments
for days to maturity. The genotypes BPMR-145
and AKM-8802 exhibited significant values of
S2di indicated unpredictability for maturity.

In all four genotypes had more plant height
than the population mean (52.87cm). Of these,
the genotypes Vaibhav and SML-668 were
unstable as they had significant S2di value. The
genotypes BPMR-145 and PKV-AKM-4
showing tallness, regression coefficient near to
unity and non significant S2di indicated their
good stability.

For number of pods plant-1 out often, four
genotypes viz., KOP-1, PM-2, PKV-AKM-4
and AKM-9911 had higher mean than the
population mean. The genotypes BM-2002-1
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and AKM-9911 exhibited significant values of
S2di indicating their unpredictability for this
trait. The genotype PKV-AKM-4 had higher
mean than population mean, bi close to unity
and non significant S2di indicating their average
stability for this trait. The genotype AKM-8802
had higher mean performance than population
mean, significant bi values more than unity and
non significant S2di indicating below average
stability.

As regards to number of seeds pod-1, the
genotypes PM-2, BPMR-145, AKM-8802,
BM-2003-2 and SML-668 recorded higher
mean performance, non-significant regression
coefficient (bi) close to unity, non significant
deviation from regression, indicating their wider
adaptability for this trait.

The genotypes BPMR-145 and Vaibhav for
100 seed weight exhibited higher mean
performance, non significant regression
coefficient close to unity and non significant
deviation from regression indicating that these
genotypes were highly stable for 100 seed
weight over the environments. While the
genotypes, SML-668 and BM-2002-1 had
higher mean performance, bi values
significantly more than unity and non-
significant S2di values indicate their stability for
favourable environment, for this trait.

Among all the genotypes the genotype, PM-
2 and Vaibhav produced higher seed yield with
bi value nearer to unity and non significant S2di
values, indicating that these genotypes are most
stable across the environments for seed yield.
The genotype PKV-AKM-4 had higher mean
performance (0.57), regression coefficient
significantly greater than unity (bi=1.34) and
non significant deviation from regression
(S2di=-0.001) indicating below average
stability. The genotypes Kop-1 and SML-668
exhibited significant values of S2di indicating
their unpredictability for seed yield. It is
interesting to note that, the genotype PM-2

showed average stability for seed yield plot-1 as
well as for days to 50 per cent flowering and
seeds pod-1. Similarly the genotype Vaibhav
showed average stability for seed yield and 100
seed weight. From this it is evident that, the
genotype showing stability for seed yield also
simultaneously exhibited stability for one or
more yield components.

Thus, from present investigation it could be
concluded that the sowing of mungbean on
20th June was found to be most favourable for
seed yield and important yield contributing
characters. Considering the stability
performance genotypes Vaibhav and PM-2
gave average stability for seed yield, so these
genotypes would be suitable to grow under
different environments.

References
Abbas, G., Babar, M. A., Shah, T. M. and Haq, M. A.

2008. Stability analysis for seed yield in mungbean. J.
Agric. Res. 46(3): 223-228.

Eberhart, S. A. and Russell, W. A. 1966. Stability
parameters for comparing varieties. Crop Sci. 6: 36-
40.

Akhtar Lal Hussian, Muhammad Kashit, Muhammad Ali
and Tariq Aziz. 2010. Stability analysis for grain yield
in mungbean (Vigna radiata L. Wilczyek) grown in
different agro-climatic regions. Emir. J. Food Agric.
22(6): 490-497.

Nidu, N. V. and Satyanarayana, A. 1991a. Association
between mean performance and stability parameters
in greengram. Indian J. agric. Sci. 61(6): 420-421.

Patel , J. D., Naik M. R., Chaudhari S. B., Vaghela K. O.,
Kodappully V. C. 2009. Stability analysis forseed yield
in green gram (Vigna radiata L. Wilczek). Agric. Sci.
Digest. 29: 36-38.

Pathak, A. P. and Lal, S. 1987. Varietal stability in
mungbean. Farm Sci. J. 2(2): 161-164.

Raturi Aparna, Singh, S. K., Sharma Vinay and Pathak
Rakesh. 2012. Stability and environmental indices
analyses for yield attributing traits in Indian Vigna
radiata genotypes under arid conditions. Asian J.
Agric. Sci., 4(2): 126-133.

Singh, S. K., Singh, I. P., Singh, B. B., Singh Onkar. 2009.
2nd June stability analysis in mungbean [Vigna radiata
(L.) Wilczek]. Leg. Res. Vol. 32.

Journal of Agriculture Research and Technology 387

______________



Weed infestation has been recognized as
major reason for low productivity of rice. In
transplanted rice, yield reduction has been
reported to be 28 to 45 per cent due to
uncontrolled weeds (Singh et al. 2003). Manual
weeding is very effective but it is tedious, time
consuming and expensive in large scale
cultivation. Continuous rains in rainy season
and unavailability of man power make manual
weeding difficult. In such situation, herbicides
are imperative as they can arrest weed growth
from the beginning of crop growth.
Triasulfuron being a new member of
sulfonylurea herbicide group has not been
tested in rice in Bhadra command area (Zone 7)
to know its efficiency, phytotoxicity and
residual effects etc. Hence, an attempt has been
made to know the effect of triasulfuron 20 WG
for weed control and grain yield in transplanted
rice.

Materials and Methods

A field investigation was carried at during
kharif 2008 and 2009 at Agricultural Research
Station, Kathalagere, district Davangere in the
southern transitional zone of Karnataka to

know the efficiency of Triasulfuron on weed
control in transplanted rice. The soil of the
experimental field was red loamy. The field
experiment was laid out in a randomized block
design with 10 treatments viz., T1 = weedy
check, T2 = Triasulfuron 20 WG @ 8 g a.i.
ha-1 12 DAT, T3 = Triasulfuron 20 WG @ 10 g
a.i. ha-1 12 DAT, T4= Triasulfuron 20 WG @
12 g a.i. ha-1 12 DAT, T5 = Triasulfuron 20
WG @ 24 g a.i. ha-1 12 DAT, T6 = Pretilachlor
50 EC @ 625 g a.i. ha-1 3 DAT, T7 = Almix 4
g a.i. ha-1 12 DAT, T8 = handweeding @ 20
and 40 DAT, T9 = Pretilachlor 50 EC @ 625 g
a.i. ha-1 3 DAT + Triasulfuron 20 WG @ 10 g
a.i. ha-1 12 DAT and T10 = Pyrazosulfuron 10
WP @ 25 g a.i. ha-1 3 DAT. The gross plot size
of the experiment for rice was 6.0 x 3.0 m.
Fifty per cent of recommended nitrogen (100
kg ha-1) and 100 per cent P2O5 and K2O (50
kg ha-1 each) were applied as basal dose. The
remaining 50 per cent nitrogen was top
dressed in two equal splits at 30 and 60 DAT.
Thirty days old seedlings of cv. IR-64 were
transplanted at 20 x 10 cm spacing. Rice field
was submerged with 2.5 cm water height from
transplanting to 10 DAT and 5 cm water height
was maintained from 11 DAT to physiological
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maturity. Three days after transplanting,
Pyrazosulfuron 1 0 WP @ 25 g a.i. ha-1 and
Pretilachlor 50 EC @ 625 g a.i. ha-1 were
sprayed with the help of hand operated
knapsack sprayer fitted with herbicide nozzle of
Aspee ULV 100. The spray volume used was
300 l ha-1. The Triasulfuron 20 WG and Almix
were sprayed 12 days after transplanting.
Manual weeding at 20 and 40 DAT was done
as per the treatment requirement.

Density of weeds viz., grasses, sedges and
broad leaved weeds were recorded species wise
from permanently marked 0.25 m2 in net plot
area at 30 and 60 DAT. Dry weight of weeds

was recorded from 0.25 m2 area by destructive
sampling at 30 and 60 DAT. The grain and
straw yields were recorded at harvest. The data
on weed density and dry weight were computed
using square root (√ X + 0.5 ) transformation.

Results and Discussion

Weed flora : The important weed flora
observed in the experimental field in
association with the transplanted rice includes
grassy weeds like Panicum tripheron, Panicum
repens, Echinochloa glabrascence, sedges like
Cyperus spp., Fimbristylis miliaceae and
Scirpus rayali and broad leaved weeds like,
Ludwizia parviflora, Lindernia vernicaefolia,
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Table 1. Density of grasses, sedges and broad leaved weeds (No./ 0.25 m2) at 60 DAS in transplanted rice as affected by
different treatment (kharif 2008).

Treatment Grasses Sedges Broad leaved weeds
––––––––––––––––––––––––– –––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––––
Eg Cyp Sc Fm Total Lp Lv Go Mq Total

T1 2.68 6.65 6.39 6.49 11.24 6.57 4.81 5.81 2.04 10.14
(6.67) (44.00) (40.33) (41.67) (126.0) (43.00) (22.67) (33.33) (3.67) (102.67)

T2 1.95 1.86 1.86 2.11 3.24 1.47 1.46 1.77 0.71 2.59
(3.33) (3.00) (3.00) (4.00) (10.00) (2.00) (1.67) (2.67) (0.00) (6.33)

T3 1.58 1.05 1.58 1.46 2.19 1.34 1.05 1.46 0.71 2.03
(2.00) (0.67) (2.00) (1.67) (4.33) (1.33) (0.67) (1.67) (0.00) (3.67)

T4 0.88 1.23 1.23 1.34 1.95 1.05 0.88 0.99 0.71 1.39
(0.33) (1.00) (1.00) (1.33) (3.33) (0.67) (0.33) (0.67) (0.00) (1.67)

T5 0.71 0.71 0.88 1.05 1.17 0.88 0.71 0.71 0.71 0.88
(0.00) (0.00) (0.33) (0.67) (1.00) (0.33) (0.00) (0.00) (0.00) (0.33)

T6 1.77 2.11 1.86 1.46 3.03 2.12 1.68 1.86 1.68 3.49
(2.67) (4.00) (3.00) (1.67) (8.67) (4.00) (2.33) (3.00) (2.33) (11.67)

T7 1.46 1.35 1.23 1.27 2.04 1.34 1.56 1.77 0.71 2.54
(1.67) (1.67) (1.00) (1.33) (4.00) (1.33) (2.00) (2.67) (0.00) (6.00)

T8 1.17 1.68 1.58 1.74 2.74 1.58 1.94 1.34 1.34 2.91
(1.00) (2.33) (2.00) (2.67) (7.00) (2.00) (3.33) (1.33) (1.33) (8.00)

T9 1.46 1.10 1.17 1.77 2.22 1.34 1.56 1.29 0.71 2.22
(1.67) (1.00) (1.00) (2.67) (4.67) (1.33) (2.00) (1.33) (0.00) (4.67)

T10 1.77 1.77 1.77 1.77 2.91 1.86 2.02 2.04 1.34 3.48
(2.67) (2.67) (2.67) (2.67) (8.00) (3.00) (3.67) (3.67) (1.33) (11.67)

S.Em± -0.124 0.243 0.119 0.171 0.224 0.216 0.140 0.177 0.070 0.232

CD at 5% 0.37 0.72 0.35 0.51 0.67 0.64 0.42 0.53 0.21 0.69

Values in the parentheses are original values. Eg = Echinochloa glabrascence, Cyp = Cyperus sps., Sc   = Scirpus rayali,
Fm = Fimbristylis miliaceae, Lp = Ludwizia parviflora, Mq = Marselia quadrifolia, Lv = Lindernia vernicaefolia, Go =
Glinus oppositifolia.



Glinus oppositifolia, Ammaniq, spp.,
Dopatrium junceum, Rotala verticilaries and
Eclipta alba. Occur/mce of similar weed flora in
transplanted rice was also reported by
Natarajan and Kuppusamy (2001),
Bhattacharya et al. (2004), Ramphool et al.
(2007) and Jayadeva et al. (2009).

Weed density : Application of Triasulfuron
@   24 g a.i. ha-1 recorded significantly lower
density of Echinochloa glabrascence (0.00 and
0.33 70.25 m2 in 2008 and 2009,
respectively), Panicum tripheron (0.67/0.25
m2 in 2009), Panicum repens (0.00/0.25 m2

in 2009), Cyperus sps. (0.00 and 0.33/0.25
m2 in 2008 and 2009, respectively), Scirpus

rayali (0.33 and 1.33/0.25 m2 in 2008 and
2009, respectively), Fimbristylis miliaceae (0.67
and 1.33/0.25 m2 in 2008 and 2009,
respectively), Ludwizia parviflora (0.33 and
1.67/0.25 m2 in 2008 and 2009,
respectively), Lindernia vernicaefolia (0.00 and
1.00/0.25 m2 in 2008 and 2009,
respectively), Glinus oppositifolia (0.00 and
0.33/0.25 m2 in 2008 and 2009, respectively)
and Marselia quadrifolia (0.00 and 0.00/0.25
m2 in 2008 and 2009, respectively). This was
followed by application of Triasulfuron @ 12 g
a.i. ha-1 (Table 1 and 2). Untreated check
recorded significantly higher density of
Echinochloa glabrascence, Panicum
tripheron, Panicum repens, Cyperus sps.,
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Table 2. Density of grasses, sedges and broad leaved weeds (No./ 0.25 m2) at 60 DAS (kharif 2009).

Treat- Grasses Sedges Broad leaved weed
ments –––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––

Pt Pr Eg Total Cyp Sc Fm Total Lp Lv Go Mq Total

T1 2.34 2.20 2.67 4.06 6.93 5.05 6.82 10.91 5.77 2.91 3.85 2.02 8.25
(5.00) (4.33) (6.67) (16.00) (47.67) (25.00) (46.00) (118.67) (35.00) (8.00) (14.33) (3.67) (68.67)

T2 1.87 1.95 2.03 3.24 3.92 3.23 4.47 6.70 4.48 1.56 1.93 1.74 5.70
(3.00) (3.33) (3.67) (10.00) (15.00) (10.00) (19.67) (44.67) (19.67) (2.00) (3.33) (2.67) (32.00)

T3 1.58 1.34 1.29 2.27 2.61 1.68 2.33 3.76 1.81 1.46 0.88 1.00 2.57
(2.00) (1.33) (1.33) (4.67) (6.33) (2.33) (5.00) (13.67) (2.83) (1.67) (0.33) (0.67) (6.17)

T4 1.34 0.71 1.05 1.56 1.17 1.68 1.76 2.53 1.61 1.46 0.88 0.88 2.83
(1.33) (0.00) (0.67) (2.00) (1.00) (2.33) (2.67) (6.00) (2.17) (1.67) (0.33) (0.33) (7.50)

T5 1.05 0.71 0.88 1.22 0.88 1.29 1.29 1.86 1.46 1.17 0.71 0.71 1.81
(0.67) (0.00) (0.33) (1.00) (0.33) (1.33) (1.33) (3.00) (1.67) (1.00) (0.00) (0.00) (3.00)

T6 1.77 1.66 2.03 3.02 3.84 2.41 4.34 6.20 4.45 1.34 1.68 1.52 5.33
(2.67) (2.33) (3.67) (8.67) (14.33) (5.33) (18.33) (38.00) (19.33) (1.33) (2.33) (2.00) (28.00)

T7 1.68 1.56 2.19 3.02 2.35 1.95 2.80 4.02 2.11 1.86 0.88 0.71 3.18
(2.33) (2.00) (4.33) (8.67) (5.00) (3.33) (7.33) (15.67) (4.00) (3.00) (0.33) (0.00) (9.67)

T8 1.34 1.34 1.46 2.20 1.39 2.04 2.27 3.23 1.68 1.46 0.71 0.88 2.40
(1.33) (1.33) (1.67) (4.33) (1.67) (3.67) (4.67) (10.00) (2.33) (1.67) (0.00) (0.33) (5.33)

T9 1.77 1.77 2.48 3.39 3.22 2.51 3.72 5.45 3.94 1.86 1.76 1.64 5.14
(2.67) (2.67) (5.67) (11.00) (10.00) (6.00) (13.33) (29.33) (15.33) (3.00) (2.67) (2.33) (26.33)

T10 1.77 2.27 2.56 3.73 4.45 3.23 4.98 7.37 4.69 1.95 2.11 1.46 6.14
(2.67) (4.67) (6.17) (13.50) (19.67) (10.00) (24.33) (54.00) (21.67) (3.33) (4.00) (1.67) (37.50)

S.Em± 0.11 0.11 0.18 0.13 0.25 0.18 0.17 0.23 0.39 0.16 0.15 0.22 0.35

CD 0.32 0.31 0.53 0.37 0.74 0.53 0.49 0.67 1.15 0.46 0.45 0.66 1.03
at 5%

Values in the parentheses are original values. Eg = Echinochloa glabrascence, Cyp = Cyperus sps., Pt = Panicum repens,
Sc   = Scirpus rayali, Eg = Echinochloa glabrascence, Fm = Fimbristylis miliaceae, Lp = Ludwizia parviflora, Mq =
marselia quadrifolia, Lv = Lindernia vernicaefolia, Go = Glinus oppositifolia



Scirpus rayali, Fimbristylis miliaceae,
Ludwizia parviflora, Lindernia vernicaefolia,
Glinus oppositifolia and Marselia quadrifolia.

Weed dry weight : Application of

Triasulfuron @ 24 g a.i. ha-1 recorded
significantly lower dry weight of grasses (0.00
and 0.23 g 0.25 m-2 in 2008 and 2009,
respectively), sedges (0.03 and 0.15 g 0.25
m-2 in 2008 and 2009, respectively) and broad
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Table 3. Dry weight of grasses, sedges and broad leaved weeds (g/ 0.25 m2) at 60 DAT in transplanted rice during kharif
2008 as affected by different treatment.

Treat- Kharif 2008 Kharif 2009
ment –––––––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––––

Grass Sedge Broad Total Grass Sedge Broad Total
leaved leaved

T1 1.92(3.18) 2.17(4.21) 2.26(4.62) 3.54(12.01) 2.24(4.52) 2.66(6.61) 2.47(5.60) 4.15(16.73)
T2 1.61(2.09) 1.10(0.71) 1.09(0.68) 1.99(3.48) 1.82(2.83) 1.72(2.46) 1.85(2.93) 2.95(8.22)
T3 1.46(1.62) 0.95(0.40) 0.92(0.35) 1.69(2.37) 1.34(1.30) 1.10(0.72) 1.01(0.52) 1.74(2.54)
T4 0.81(0.15) 0.79(0.12) 0.81(0.16) 0.96(0.43) 0.98(0.52) 0.92(0.34) 0.94(0.39) 1.31(1.25)
T5 0.71(0.00) 0.73(0.03) 0.77(0.09) 0.79(0.12) 0.85(0.23) 0.81(0.15) 0.88(0.28) 1.07(0.66)
T6 1.50(1.74) 1.01(0.52) 1.36(1.35) 2.03(3.61) 1.70(2.41) 1.61(2.10) 1.81(2.79) 2.79(7.30)
T7 1.32(1.23) 0.93(0.36) 1.07(0.65) 1.66(2.24) 1.71(2.42) 1.14(0.81) 1.08(0.67) 2.10(3.90)
T8 1.10(0.72) 1.05(0.61) 1.14(0.79) 1.62(2.12) 1.32(1.25) 1.04(0.58) 0.93(0.36) 1.64(2.19)
T9 1.19(0.91) 0.91(0.33) 0.94(0.38) 1.46(1.62) 1.90(3.10) 1.46(1.63) 1.70(2.38) 2.76(7.11)
T10 1.51(1.78) 1.09(0.69) 1.39(1.43) 2.10(3.90) 2.09(3.85) 1.86(2.98) 1.94(3.26) 3.25(10.09)
S.Em± 0.027 0.012 0.023 0.029 0.08 0.04 0.01 0.06
CD at 5% 0.08 0.04 0.07 0.09 0.23 0.11 0.04 0.19

DAT : Days after transplanting.

Table 4. Grain and straw yields of transplanted rice as affected by different treatments.

Treatments Grain yield (kg ha-1) Straw yield (kg ha-1)
–––––––––––––––––––––– ––––––––––––––––––––––
Kharif Kharif Kharif Kharif
2008 2009 2008 2009

T1 : Check 2698 2877 3066 3195
T2 : Triasulfuron 20 WG (LOGRAN) @ 8 g a.i. ha-1 6195 6154 6496 6546
T3 : Triasulfuron 20 WG (LOGRAN) @ 10 g a.i. ha-1 6521 6472 6899 6879
T4 : Triasulfuron 20 WG (LOGRAN) @ 12 g a.i. ha-1 5844 6494 6212 6931
T5 : Triasulfuron 20 WG (LOGRAN) @ 24 g a.i. ha-1 5601 6435 5836 6857
T6 : Pretilachlor 50 EC (Rifit) @ 625 g a.i. ha-1 6074 6302 6361 6731
T7 : Almix @ 4 g a.i. ha-1 6142 6398 6429 6820
T8 : Hand weeding twice (20 and 40 DAT) 6588 6479 6908 6894
T9 : Pretilachlor 50 EC @ 625 g a.i. ha-1 + Triasulfuron 20 WG 6006 6361 6223 6783

(LOGRAN) @ 10 g a.i. ha-1

T10 : Pyrazosulfuron 10 WP (Sathi) @ 20 g a.i. ha-1 6426 5828 6753 6206
S.Em± 296.6 159.1 308.9 67.44
C.D. at 5 % 881 473 918 200

DAT : Days after transplanting.



leaved weeds (0.09 and 0.28 g 0.25 m-2 in
2008 and 2009, respectively) at 60 DAT (Table
3). This was followed by application of
Triasulfuron @ 12 g a.i. ha-1. Untreated check
recorded significantly higher dry weight of
grasses, sedges and broad leaved weeds. These
results are in close confirmation with the
observations of Kathirvelan and Vaiyapuri
(2003) who reported that hand weeding twice
resulted in lower weed density and dry matter
production due to higher WCE.

Grain and straw yield : Hand weeding
twice (20 and 40 DAT) recorded higher grain
and straw yields in 2008 (6588 and 6908 kg
ha-1, respectively) and Triasulfuron 20 WG
(LOGRAN) @ 12 g a.i. ha-1 recorded higher
grain and straw yields in 2009 (6494 and 6931
kg ha-1, respectively) than other weed control
treatments (Table 4). The increase in grain and
straw yields was mainly due to effective weed
control. These findings are in accordance with
the findings of Kathirvelan and Vaiyapuri
(2003). Among the herbicide treatments,
application of Triasulfuron @ 10 g a.i. ha-1

recorded higher mean grain and straw yields.
This was followed by application of Almix @ 4
g a.i. ha-1. This was mainly due to effective
control of weeds by Triasulfuron @ 10 g a.i. ha-

1 and Almix @ 4 g a.i. ha-1. These results are
in close confirmation with the findings of
Srivastava et al. (2008) who reported that,
application of Triasulfuron at 9 g a.i. ha-1 at 12
DAT recorded maximum yield attributes and
yield which was due to lower weed density,

weed dry weight and better weed control
efficiency.

From this study, it can be concluded that
hand weeding twice (20 and 40 DAT) is needed
to obtain effective weed control and higher
mean rice grain and straw yields. Next best
treatment for effective weed management and
increased grain and straw yields was
Triasulfuron @ 10 g a.i. ha-1.
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The use of drought resistant varieties is an
important strategy to combat the drought
problem. Genetic variability for drought
resistance has been reported in groundnut
(Upadhyaya, 2005; Songsri et al. 2009).
However, breeding for drought resistance based
on pod yield is lacking behind due to significant
genotype x environment interaction (Wright et
al. 1996). Incorporation of drought resistant
related traits like SCMR, SLA, harvest index
(Nigam et al. 2005) and root traits (Wright and
Nageswara Rao, 1994) that confer water use
efficiency into promising varieties can help in
improving groundnut productivity under
drought. A critical assessment of nature and
magnitude of variability and character
association with yield is one of the important
pre requisites in formulating efficient breeding
methods.

Attempts were therefore made to assess the
extent of genetic variance, genetic gain and

character association in genotypes for
important drought tolerance attribute like
SPAD chlorophyll meter reading, SLA and yield
attributes.

Materials and Methods

Experimental material consisted of fifteen
genotypes of groundnut viz., ICGV 96390,
ICGV 00350, VG 9816, LGN 184, ALG 06-
320, LGN 169, JL 776, JL 501, RHRGS
06092, R 2001-02, ICGV-95386, RG 425,
JRG 66, LGN-1 and TAG 24. The genotypes
were evaluated in a randomized block design
with three replications during kharif 2011 at
Oil Seeds Research Station, Latur (MS) under
controlled conditions. Each entry was
represented by single row of 3.0 m length
spaced at 30 cm between rows and 10 cm
within plants. Initial soil moisture was
maintained to get good germination.
Withholding of water was initiated for stress
after 40 DAS. Recommended package of
practices and plant protection measures were
followed to raise a good crop. The observations
were recorded on randomly selected five plants
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Abstract
The high genotypic coefficient of variation, high heritability with high genetic advance as per cent of

mean was observed for pod yield plant-1, kernel yield plant-1, number of pods plant-1 and harvest index,
whereas  specific leaf area (SLA) and SPAD chlorophyll meter reading (SCMR) had moderate heritability with
low genetic advance as per cent of mean. Significant positive association of harvest index, kernel yield
plant-1, number of pods plant-1 and test weight with pod yield plant-1 indicated that they could be used as
selection criteria for higher yield. SCMR and SLA were negatively correlated with WUE. SCMR values were
more strongly correlated with pod yield and other economic traits than SLA.
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for each genotype per replications for ten traits
viz., number of pods plant-1, number of seeds
pod-1, pod yield plant-1 (g), kernel yield plant-1

(g), shelling (%), test weight (g), harvest index
(%), oil content (%), SPAD chlorophyll meter
reading (SCMR) and specific leaf area (SLA).
SCMR measurement was taken at 70 DAS
using SPAD-502 chlorophyll meter (Minolta
Konica Co. Ltd, Japan). The second leaf from
terminal bud of main stem of each plant was
detached and kept in scalable plastic bag in ice
box. The leaf samples were soon transferred to
a laboratory. Fresh weight was recorded soon
after reaching the laboratory and SCMR was
measured. The same samples were further
measured for leaf area, using a leaf area meter
(LI 3100 Area meyer, LI COR Inc USA). The
samples were then oven dried at 80°C until
reaching constant weight and leaf dry weight
could be determined. The SLA was calculated
using the following equation of  Nageswara Rao
et al. (2001). The variability parameters were
estimated as per methods suggested by Burton
(1952) and Johnson et al. (1955). The
correlation coefficient was done as per the
procedure given by Singh and Choudhary
(1977).

Results and Discussion

The analysis of variance revealed significant

differences among the genotypes for all the
characters studied indicating presence of a high
degree of variability. Narrow differences
between phenotypic and genotypic coefficient
of variations were observed for all the
characters except shelling per cent, oil content,
SCMR and SLA indicating the little influence of
environment on expression of these characters
(Table 1). The genotypic and phenotypic
coefficient of variation estimates were of high
magnitude for number of pods plant-1 followed
by kernel yield plant-1, harvest index, number
of seeds pod-1 and pod yield plant-1 indicating
more scope for improvement of these traits by
simple selection. Similar results were also
reported by Kadam et al. (2007) for number of
pods plant-1, kernel yield plant-1, harvest index
and pod yield plant-1. The moderate to least
amount of variations were observed for test
weight, number of seeds pod-1, SCMR, shelling
per cent, SLA and oil content indicating there
by offering a limited opportunity to improve
further these characters. Similar results were
observed by Venkateswarlu et al.  (2007) for
above characters.

High heritability along with high genetic
advance as per cent of mean in character
suggested that the genotypic variations for such
character are probably due to high additive
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Table 1. Variability parameters in groundnut.

Characters Range Mean GCV PCV Heritability Genetic G.A. as
(%) (%) (%) (bs) advance % of mean

Number of pods plant-1 2.51 to 17.50 8.92 43.95 47.40 86.00 7.49 83.97
Number of seeds pod-1 0.35 to 1.45 0.91 27.84 31.41 78.56 0.46 50.83
Pod yield plant-1 (g) 2.75 to 10.33 5.49 37.48 39.87 88.38 3.98 72.59
Kernel yield plant-1 (g) 1.15 to 5.85 2.93 39.94 41.46 92.79 2.32 79.25
Shelling (%) 40.29 to 70.62 51.16 12.50 21.95 32.43 7.50 14.67
Test weight (g) 16.24 to 53. 51 35.32 25.12 27.90 81.09 16.46 46.60
Harvest index (%) 11. 18 to 49.47 28.07 38.67 40.55 90.93 21.32 75.96
Oil content (%) 38.89 to 43.66 41.31 1.84 5.46 11.44 0.53 1.28
SCMR 19.09 to 34.61 25.25 12.93 19.41 44.41 4.48 17.75
SLA 88.27 to 106.21 95.00 3.84 7.17 28.64 4.02 4.23

G.C.V. = Genotypic coefficient of variation, P.C.V. = Phenotypic coefficient of variation.



genetic effects; environmental effects had least
influence on such characters. High heritability
coupled with high genetic advance as per cent
of mean were observed for kernel yield plant-1,
harvest index, number of pods plant-1 and pod
yield plant-1. These findings are in accordance
with the earlier result of Kadam et al. (2007)
and Venkateswarlu et al. (2007). Thus selection
would be more effective for improvement of
these characters. Number of seeds pod-1 and
test weight recorded high heritability with
moderate genetic advance as per cent of mean
indicating variation for such characters is due to
interaction of both additive and non additive
genetic factors. The characters, SLA, SCMR,
and shelling had low genetic advance as per
cent mean values and had moderate heritability
indicating lesser proportion of genotypic
components in the total variability.
Venkateswarlu et al. (2007) in groundnut

reported similar result for SCMR and shelling.

The genotypic correlation coefficients were
higher in magnitude than their corresponding
phenotypic correlation coefficients for most of
the characters (Table 2). This indicated the
strong inherent association between the various
characters studied. The genotypic expression of
correlation was comparatively less influenced
by the environmental deviation. In the present
study pod yield plant-1 had significant positive
association with kernel yield plant-1 (rg=0.970,
rp=0.835), number of pods plant-1

(rg=0.949,rp=0.760), test weight (rg =0.860,
rp=0.709), harvest index (rg=0.818,
rp=0.720), number of seeds pod-1 (rg=0.682,
rp=0.628) and SCMR (rg=0.401, rp=0.293)
indicating their importance in selection. Similar
results have been reported for kernel yield
plant-1, number of pods plant-1 and harvest
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Table 2. Estimates of genotypic and phenotypic correlation coefficient among drought tolerance and yield traits in
groundnut.

Characters Oil SCMR SLA Test Number Number Shelling Harvest Kernel Pod
cont- weight of of per cent index yield yield
ent (g) pods seeds (%) plant-1 plant-1

plant-1 pod-1 (g) (g)

Oil content (%) G 1.000 0.596** 0.366 -0.257 -0.065 -0.987** 0.759** 0.468** -0.299 -0.047
P 1.000 0.217 -0.019 0.098 0.061 0.159 0.236 -0.171 0.143 0.022

SCMR G 1.000 -0.610** 0.518** 0.692** 0.581** 0.324 0.498** 0.502** 0.401**
P 1.000 0.018 0.453** 0.361 0.335 0.024 0.370 0.286 0.293

SLA G 1.000 -0.065 0.188 -0.063 0.131 0.449** -0.056 -0.001
P 1.000 0.113 0.072 -0.200 0.024 0.273 0.083 0.047

Test weight (g) G 1.000 0.891** 0.991** 0.014 0.867** 0.792** 0.860**
P 1.000 0.776** 0.766** 0.048 0.763** 0.705** 0.709**

Number of G 1.000 0.807** -0.311 0.791** 0.818** 0.949**
pods plant-1 P 1.000 0.587** 0.031 0.715** 0.783** 0.760**

Number of G 1.000 0.150 0.637** 0.798** 0.682**
seeds pod-1 P 1.000 -0.088 0.534** 0.585** 0.628**

Shelling G 1.000 0.457** 0.517** 0.173
per cent P 1.000 0.160 0.352 -0.006

Harvest G 1.000 0.789** 0.818**
index (%) P 1.000 0.735** 0.720**

Kernel yield G 1.000 0.970**
plant-1 (g) P 1.000 0.835**

*,** 1, 5 per cent significant level respectively.



index by Johar singh and Mohindar singh
(2002) and Venkateswalu et al. (2007). The
pod yield contributing characters like kernel
yield, harvest index, number of pods plant-1,
number of seeds pod-1 and test weight also
exhibited significant and positive inter
association with each other. Thus these
characters can be considered as criteria for
selection for higher yield as they mutually or
directly associated with pod yield. The drought
tolerance attribute, SPAD chlorophyll meter
reading established significant and positive
association with pod yield plant-1 (rg=0.401)
and also with yield attributes like kerne], yield
plant-1 (rg=0.502), harvest index (rg=0.498),
shelling (rg=0.324), number of seeds pod-1

(rg=0.581), number of pods plant-1 (0.692)
and test weight (rg=0.518) at genotypic level.
Similar results have been suggested for pod
yield and test weight by Upadhyaya (2005) and
for number of pods plant-1 by Painawadee et al
(2009). In the present study SCMR exhibited
significant negative association with SLA
(rg=0.610). Similar result has been suggested
by Nageswara Rao et al. (2001) and
Upadhyaya (2005). Chlorophyll content per
unit leaf area (chlorophyll density) has been
used as an index of photosynthetic capacity and
growth of many crop plants. Close association
between SCMR value and chlorophyll density
had been reported in maize, soybean (Mark well
et al. 1995), rice (Ommen et al. 1999) and
peanut (Samdur et al. 2000; Arunyanark et al.
2008). The SLA (leaf thickness) and SCMR
have been found to be highly correlated with
WUE and used as surrogate traits for WUE
(Nigam et al. 2005, Sheshshayee et al. 2006).
SLA and SCMR have been found to be
negatively correlated. Thus thicker leaves (low
SLA) usually have higher chlorophyll density
hence have a greater photosynthetic capacity
than thinner leaves.

In the present study the results indicated that

for development of drought tolerant high
yielding varieties, due emphasis should be given
on drought related traits like SCMR and SLA
and yield attributes like kernel yield, number of
pods plant-1, harvest index and test weight.
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Hybridization followed by selection to isolate
desirable recombinant from the superior
crosses is one of the important breeding
method for breaking yield barriers. It offers for
great possibilities in crop improvement than
any other breeding method and is the only
effective means of combining together the
desirable character of two or more
varieties/genotypes. It helps to predict gene
action i.e. additive and non additive type of
gene interaction. It also used for selection of the
parents to be used in hybridization programme
which is the most critical job. In the field of
plant breeding, the most important
breakthrough has been considered as heterosis.
However, the possibility of exploitation of
heterosis in chickpea is remote due to strict self
pollination and non availability of male sterility

system coupled with high seed rate.
Nevertheless, the study of heterosis in chickpea
is important for the plant breeder to place
hands on superior crosses by rejecting large
number of crosses in first generation itself. In
addition to this the magnitude of heterosis
provides a basis for determining genetic
diversity and also serve as guide to the choice of
desirable parents (Swindell and Pohlman,
1976).

The cross will have immense practical value
if it shows superiority over standard or the best
variety of the area. An attempt was therefore
made to select diverse crosses for further
breeding programme and to know the
magnitude of heterosis over standard variety
(standard check) apart from that over better and
mid parent for grain yield, its components in
chickpea.
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Abstract
The highest and significant heterosis to the magnitude of 89.43 per cent over mid parent and 91.16 per

cent over the better parent for seed yield plant-1 was recorded in the cross ICCV-2 x Chandrapur Chanoli.
The highest significant heterosis over mid parent (78.54%) and better parent (51.16%) was noted for number
of pods plant-1 in cross ICCV-2 x Gulak-1 and 57.10 per cent heterosis over mid parent, 45.54 per cent
over the better parent and 41.39 per cent over best standard check for the trait number of branches plant-1

in cross ICCV-2 x ICC-506. The highest and significant heterosis over best standard check for the trait seed
yield plant-1 (22.08%), number of pods plant-1 (25.57%) and days to 50 per cent flowering (-23.08%) was
recorded in the cross JAKI-9218 x Gulak-1, ICCV-2 x Chandrapur Chanoli and ICCV-2 x Bushy Mutant,
respectively. The cross combination which gave increased heterosis (%) for one trait also gave high heterosis
for either one or more other characters. The crosses, JAKI-9218 x Gulak-1, ICCV-2 x HC-5 and ICCV-2 x
Chandrapur Chanoli, found to be most promising and identified on the basis of mean performance and
heterosis response of the crosses. These crosses have immense practical value and can be exploited in further
breeding programme to isolate desirable segregants.
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Materials and Methods

Two broad genetic testers viz., ICCV- 2 and
JAKI- 9218 and eight lines viz., HC-5, ICC-
5O6, PKV Harita, Chandrapur Chanoli, JG-
62, Gulak-1, AKG-10-1 and Bushy Mutant
were used to cross in line x tester fashion to
obtain F1 seeds of 16 crosses at Pulses
Research Unit, Dr. PDKV, Akola during rabi
2010-11.

An experiment comprising of 16 F1S, ten
parents and two standard checks viz., PKV
Kabuli-2 and Digvijay, was conducted in a
randomized block design with two replications
at the research field of Pulses Research Unit,
Dr. Panjabrao Deshmukh Krishi Vidyapeeth,
Akola, during rabi season of 2011-12. Each
genotype was represented by a single row of 4
m length with spacing.30 cm between rows and
15 cm between plants. Non-experimental
guard rows were provided to every plot to avoid
any possible border effect. All the cultural
practices as per the recommendations for
chickpea cultivation were followed.

Observations on days to 50 per cent
flowering, days to maturity were recorded on
plot basis on each genotype from each
replication, whereas, observations on plant
height (cm), number of branches plant-1, 100
seed weight (g), number of pods plant-1 and
seed yield plant-1 (g) were recorded on plant

basis i.e. on 5 randomly selected plants of each
genotype in each replication and their averages
values were computed.

Data were subjected to analysis of variance
for mean performance (Panse and Sukhatme,
1967) and heterosis over mid parent (MP)
better parent (BP) and standard check (SC) was
calculated as per the standard procedure of
Turner (1953) and Hays et al. (1955).

Results and Discussion

The estimates of mean squares due to
genotypes were highly significant for all the
traits studied indicating presence of substantial
genetic diversity among the genotypes for all
the characters studied.

The ranges for heterosis over mid parent
(MP), better parent (BP) and standard check
(SC) for seven characters has been  presented
in Table 1 and the crosses showing maximum
beneficial heterosis over mid parent, better
parent and standard check for different traits
are presented in Table 2. Highest heterosis over
mid parent and better parent was recorded for
seed yield plant-1 and over standard check for
number of branches plant-1. Considerable
amount of useful heterosis in desirable direction
was observed for days to 50 per cent flowering,
days to maturity, plant height, number of
branches plant-1, number of pods plant-1 and
seed yield plant-1.
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Table 1. Range of heterosis (%) for various characters in chickpea.

Characters Range of heterosis (%) over
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Mid parent Better parent Standard check*

Days to 50% flowering -18.78 to 15.74 -2.44 to 40.45 -23.08 to 20.19
Days to maturity -9.83 to 3.70 -3.17 to 11.11 -8.04 to 12.56
Plant height -10.57 to 23.98 -20.10 to 22.20 -11.69 to 14.97
Branches plant-1 -15.51 to 57.10 -21.42 to 45.54 -1.03 to 41.39
100 seed weight -18.19to45.87 -27.32 to 14.80 -50.85 to -8.81
Pods plant-1 -44.69 to 78.54 -55.96 to 51.05 -49.60 to 25.57
Seed yield plant-1 -30.71 to 89.43 .44.43 to 71.16 -46.52 to 22.08

* Best check amongst two checks



In case of days to 50 per cent flowering and
days to maturity the highest significant and,
negative heterosis over mid parent and best
check was observed in cross ICCV-2 x Bushy
mutant (-18.78% and -23.08%) and (-7.81%
and -8.04%) respectively. None of the crosses
showed significant negative heterobeltiosis for
days to 50 per cent flowering and days to
maturity. Similar results were revealed by
Deshmukh and Bhapkar (1982). Three crosses
viz., ICCV-2 x Bushy mutant (-8.04%), ICCV-2
x HC-5 (-5.53%) and ICCV-2 x Chandrapur
chanoli (-4.02%) showed significant and
negative useful heterosis over the best check.
This confirms the results reported by Salimath
and Bahl (1985).

Seven crosses showed significant and
positive heterosis over the best check (PKV
Kabuli-2) out of which ICCV-2 x HC-5
(14.97%) showed highly significant and positive

standard heterosis for the character plant
height followed by ICCV-2 x ICC-506 (12.79%)
and JAKI-9218 x JG-62 (10.27%). Seven and
four crosses showed significant and positive
heterosis over mid and better parent,
respectively. Significant and positive heterosis
for plant height was also reported by Rao and
Chopra (1989). Eleven crosses showed
significant and positive heterosis over the best
check for number of branches per plant i.e.
ICCV-2 x ICC-506 (41.39%), ICCV-2 x PKV
Harita (26.24%), 1CCV-2 x HC-5 (22.24%).
The cross ICCV-2 x ICC-506 noted highest
significant and positive heterosis over mid
parent, better parent and best check for
number of branches per plant (57.10%,
45.54% and 41.39%, respectively). Rao and
Chopra (1989) also reported significant and
positive heterosis for number of branches
plant-1.
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Table 2. Crosses showing maximum beneficial heterosis for various characters in chickpea.

Characters Maximum beneficial Maximum beneficial Maximum beneficial
heterosis (%) over MP heterosis (%) over BP heterosis (%) over SC*

–––––––––––––––––––––––– ––––––––––––––––––––––––– ––––––––––––––––––––––––––
Cross Heterosis Cross Heterosis Cross Heterosis

Days to 50% flowering ICCV-2 x -18.78 ICCV-2 x -2.44 ICCV-2 x -23.08
Bushy mutant Bushy mutant Bushy mutant

Days to maturity ICCV-2 x -9.83 ICCV-2 x -3.17 ICCV-2 x -8.04
HC-5 Bushy mutant Bushy mutant

Plant height ICCV-2 x 23.98 ICCV-2 x 22.20 ICCV-2 x 14.97
ICC-506 Chandrapur HC-5

Chanoli

Branches plant-1 ICCV-2 x 57.10 ICCV-2 x 45.54 ICCV-2 x 41.39
ICC-506 ICC-506 ICC-506

100 seed weight JAKI-9218 x 45.87 JAKI-9218 x 14.80 ICCV-2 x -8.81
Bushy mutant Bushy mutant AKG-10-1

Pods plant-1 ICCV-2 x 78.54 ICCV-2 x 51.05 ICCV-2 x 25.57
Gulak-1 Gulak-1 Chandrapur

Chanoli

Seed yield plant-1 ICCV-2 x 89.43 ICCV-2 x 71.16 JAKI-9218 x 22.08
Chandrapur Chandrapur Gulak-1
Chanoli Chanoli

MP=Mid parent; BP=Better parent and SC= Standard check, * Standard heterosis was calculated over the best check amongst
two.



The most important yield contributing traits
100 seed weight should be considered to
improve yield of chickpea. Out of all the
crosses, none of the cross showed positive
heterosis over the best check PKV Kabuli-2.
However, ten crosses showed significant and
positive heterosis over mid parent and three
crosses over better parent. The maximum
heterosis over mid parent and better parent in
desirable direction was reflected by JAKI-9218
x Bushy mutant to the extent of 45.87 and
14.8 per cent, respectively followed by JAKI-
9218 x JG-62 (29.63% and 9.87%,
respectively) and JAKI-9218 x Gulak-1
(24.68% and 7.62%, respectively). Six and four
crosses showed significant and positive
heterosis over mid parent and better parent,
respectively for the trait number of pods
plant-1. The cross ICCV-2 x Gulak-1 showed
highest magnitude of heterosis over mid parent
and better parent in desirable direction i.e.
78.54 per cent and 51.05 per cent,
respectively. Five crosses showed significant
and positive useful heterosis for number of pods
plant-1. The cross, ICCV-2 x Chandrapur
chanoli showed highest significant positive
heterosis over the best check to the extent of
25.57 per cent followed by ICCV-2 x Gulak-1
(15.00%), ICCV-2 x HC-5 (12.88%) which
indicates the use of these parents for
improvement of seed yield in chickpea.
Significantly positive heterosis was previously
reported by Rao and Chopra (1989) and
Sarode et al. (2000).

For seed yield plant-1 the highest magnitude
of significant and beneficial average heterosis
and heterobeltiosis was exhibited by cross
ICCV-2 x Chandrapur Chanoli to the extent of
89.43 and 91.16 per cent respectively. A total
of six and four crosses showed significant and
positive heterosis over mid and better parent
respectively. Whereas, four crosses exhibited
significant and positive heterosis over the best

check. The highest magnitude of standard
heterosis was shown by cross JAKI-9218 x
Gulak-l (22.08%) followed by ICCV-2 x
Chandrapur chanoli (16.96%). The relative
heterosis, heterobeltiosis and standard heterosis
for this character in chickpea was also reported
earlier by several researchers (Sarode et al.,
2000, Bhatnagar et al., 2006, Bakhsh et al.,
2007 and Bharadwaj et al. 2010).

The cross JAK1-9218 x Gulak-1 also noted
highest per se performance for seed yield
plant-1, beneficial and significant heterosis over
mid parent and best check for plant height,
positive and significant heterosis over best
check for branches plant-1 and beneficial and
significant heterosis over mid and better parent
for 100 seed weight. Further, the cross ICCV-2
x Chandrapur chanoli  showed high per se
performance for seed yield plant-1 as well as
beneficial and significant heterosis over mid and
better parent and best check for plant height
and pods plant-1 in addition to positive and
significant average and standard heterosis for
branches plant-1 and beneficial significant mid
parent heterosis for 100 seed weight. These
crosses have immense practical value and can
be exploited in further breeding programme to
isolate desirable segregants for high seed yield
and other traits.

Considering the magnitude of heterosis
alone in the absence of per se performance of
F1 hybrid will be of little use in genetic
improvement programme, since many time
poor parents express higher degree of per cent
heterosis than the high yielding parents. This
could be seen from the heterosis for the trait
seed yield plant-1 in crosses ICCV-2 x HC-5
and ICCV-2 x PKV Harita which exhibited
significant and positive heterosis over the mid
parent and/or better parent. The cross ICCV-2
x PKV Harita and ICCV-2 x HC-5 had mean
seed yield plant-1 i.e. 15.52 and 15.88 g,
respectively. Further, its parents viz., ICCV-2,
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PKV Harita and HC-5 had mean seed yield
plant-1 i.e. 12.83 g, 14.31 g and 12.38 g,
respectively. Whereas, the parents JAK1-9218
(24.90 g) and AKG-10-1 (21.50 g) were the
higher yielding parents, however, the cross
JAKI-9218 x AKG-10-1 displayed highly
significant negative heterosis over the mid
parent and better parent and negative heterosis
over the best check as well. Thus while selecting
potential crosses for its further use in breeding
programmes, per se performance of parents
and hybrids for various attributes must be taken
into consideration in addition to percentage
heterosis. Further, selection of crosses should
not rest only on the per se performance of
parents and heterosis for seed yield but the
performance of parents and their hybrids for
various yield attributes should also be
considered.
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Intercropping is generally considered more
productive than growing sole crops due to its
better utilization of resources. Recent reports
have replicated the general belief that
intercropping is advantageous only at lower
levels of inputs and technology (Baker and
Balmey, 1985).

However, report on advantages of
intercropping of different levels of inputs are
very few, particularly under irrigations.
Chickpea is an important pulse crop in India
and Maharashtra during rabi season and hence
it was taken as a base crop for intercropping
with other oilseeds i.e. linseed, sunflower and
safflower. Therefore, an attempt has been
made to assess the yield advantage and
economics of chickpea based intercropping
systems under protective irrigation.

Materials and Methods

The field experiment entitled production
potential and economics of chickpea based
intercropping systems under protective
irrigations   was conducted during rabi 2009-
10 at Department of Agronomy, College of

Agriculture, Parbhani in a randomized block
design in order to study production potential
and economics of chickpea based intercropping
systems under protective irrigation. Soil of the
experimental field was vertisol uniform and
leveled topography. The soil samples were
collected from experimental area before laying
out the experiment. The experimental soil was
clayey having pH 8.1, EC 0.19 dSm-1 and
organic matter 0.44 per cent with 118.00,
16.50 and 431.86 kg of N, P2O5 and K2O,
respectively.

There were ten treatments replicated thrice
consisting T1 - sole chickpea, T2 - sole linseed,
T3 - sole sunflower, T4 - sole safflower, T5 -
chickpea + linseed (3:3), T6 - chickpea +
linseed (6:3), T7 - chickpea + sunflower (3:3),
T8 - chickpea + sunflower (6:3), T9 - chickpea
+ safflower (3:3), T10 - chickpea + safflower
(6:3) row proportion. The variety of chickpea
was Digvijay, while that of linseed, sunflower
and safflower was Kiran, SH-416 (Ganga
Kaveri) and PENS- 12, respectively. The crops
were sown on 13th November, 2009. The row
spacing of 45 cm was maintained in all crops
while plant to plant distance was 10 cm in
chickpea and linseed while that in sunflower
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and safflower was 20 cm. The component
crops were sown by replacing three rows of
chickpea after every three rows of chickpea in
3:3 row proportion and three rows of chickpea
were replaced after six rows of chickpea in 6:3
row proportion.

The recommended dose of fertilizers was
applied at the time of sowing through urea and
double super phosphate. The entire dose of
fertilizer was applied uniformly as a basal.
Simultaneously the irrigation was given
immediately after sowing while another two
irrigations were given before flowering and
during pod development. For the purpose of
comparison of different intercropping systems
with sole crop based, the yield of component
crops were converted into grain yield equivalent
of base crop to get total productivity. As the
intercropping efficiency was evaluated in terms
of chickpea grain equivalent yield, net
monetary returns and B:C ratio. Net monetary
returns and B:C ratio were worked out on the
basis of prevailing market prices.

Results and Discussion

Chickpea grain equivalent yield :
Chickpea grain equivalent yield (Table 1) was
the highest (17.75 q ha-1) in sole chickpea and
in intercropping systems it was the highest
(15.85 q ha-1) in chickpea + safflower (3:3 row
proportion). It might be due to better yield from
sole chickpea and higher prices fetched by
chickpea, while in intercropping of chickpea +
safflower (3:3), the higher prices from chickpea
and better yield obtained by safflower
compensated the reduced yield.

Net monetary returns : The highest net
monetary returns (Rs. 27,001 ha-1) were
obtained from chickpea + safflower (3:3)
intercropping system followed by sole chickpea
(Rs. 26,929 ha-1). It might be due to better
yield, prices and low cost of cultivation.
However, sunflower drastically reduced the
chickpea yield as it is highly competitive for
height and shade of chickpea. So chickpea +
sunflower intercropping produced the lowest
net monetary returns as reduced chickpea yield
doesn't compensated by sunflower (Tripathi et

Wasu et al.404

Table 1. Productivity and economics of chickpea based intercropping as influenced by different intercropping systems.

Treatment Chickpea grain Gross Cost of Net B:C
equivalent yield monetary cultivation monetary ratio
(q ha-1) returns (Rs. ha-1) returns

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

T1 - Chickpea sole 17.75 39032 12103 26929 2.22
T2 - Linseed sole 6.34 15187 5306 9881 1.86
T3 - Sunflower sole 12.36 28326 9246 19080 2.06
T4 - Safflower sole 15.00 34078 9211 24867 2.70
T5 - Chickpea + linseed (3:3) 14.59 33888 9183 24705 2.69
T6 - Chickpea + linseed (6:3) 15.36 35343 9271 26073 2.81
T7 - Chickpea + sunflower (3:3) 11.82 27037 10673 16364 1.53
T8 - Chickpea + sunflower (6:3) 11.89 27129 10337 16792 1.62
T9 - Chickpea + safflower (3:3) 15.85 36277 9276 27001 2.91
T10 - Chickpea + safflower (6:3) 15.18 34945 9418 25527 2.71
S.E.± - 734 - 734 0.08
CD at 5 % - 2178 - 2178 0.24
Mean 13.75 31124 9402 21722 2.31

Market prices Rs. q-1 : Chickpea = Rs. 2160, Linseed = Rs. 3000, Sunflower = Rs. 2215 and Safflower = Rs. 1650.



al. 2005).

B:C ratio : The highest B:C ratio (2.91)
was observed with chickpea + safflower (3:3)
intercropping system followed by chickpea +
linseed (2.81) and the lowest in chickpea +
sunflower (1.53) with 3:3 row proportion. It
might be due to better combined productivity
coupled with low cost of cultivation in chickpea
+ safflower intercropping system with 3:3 row
proportion.
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Abstract
The treatment, compartmental bunding of size 6 x 5 m with 15 cm bund height was found to be

significantly superior over rest of the treatments in respect of various growth and yield attributes of sorghum
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Rabi sorghum is the most important post-
rainy season (rabi) cereal crops in peninsular
India, grown predominantly under rainfed
conditions. The area under rabi sorghum is

mainly concentrated in semi arid region of
Deccan plateau. There is decline in the
productivity of rabi sorghum under rainfed
areas. Limited and erratic rainfall in the rainfed
area creates moisture stress conditions during
the various critical growth stages of crop life,1. Jr. Res. Asstt. and 2. Asstt. Professor.



resulting in severe yield reduction. Even when
the rainfall is high, it is often lost as runoff when
the surface of the soil is not suitably formed.
Moisture conservation therefore plays a key
role in the successful crop production of rabi
sorghum in the vertisols of peninsular India.
Adequate soil moisture is the key to successful
crop production in dry land areas (Patil et al.
2000).

Along with the conservation of soil
moisture, its utilization for crop at proper time
has tremendous importance. Sowing date is the
considerable yield contributing factor in rabi
sorghum because it determines temperature
and photoperiod along with soil moisture
(Biradar and Gollagi, 2006).

Hence this study on the effect of in situ
moisture conservation techniques and sowing
dates on growth and yield of rabi sorghum
under rainfed condition has been undertaken.

Materials and Methods

A field experiment to study the effect of in
situ soil moisture conservation and sowing
dates on the growth and yield of rabi sorghum
under rainfed condition was conducted during 3
consecutive rabi seasons of the years 2009,
2010 and 2011 at Breeder Seed Production
Farm, Seed Cell Unit, Mahatma Phule Krishi
Vidyapeeth, Rahuri (Maharashtra) located at
the latitude of 19.23 and the longitude of
74.42 having average annual rainfall of 520
mm. The soil of experimental field was deep
black with 0.43 per cent organic carbon, 420
kg available N, 45.8 kg available P2O5, 312 kg
available K2O hectare-1 and soil pH was 7.8.
The experiment was laid out in split plot design
and replicated three times which consisted of
four in situ moisture conservation techniques
as main plots viz., T1 - Sowing on flat bed and
opening of furrow in each alternate row of
crop, T2 - Compartmental bunding, T3 -
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Table 1. Rainfall record during the experimental period.

Month Met. Year
week –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

2009 2010 2011
–––––––––––––––––––––– –––––––––––––––––––– –––––––––––––––––––––––
Rainfall Rainy Rainfall Rainy Rainfall Rainy
(mm) days (mm) days (mm) days

September 36 30.3 3 46.3 3 27.2 2
37 29.7 3 0.0 0 15.6 2
38 0.0 0 105.8 5 5.2 1
39 0.0 0 103.4 5 29.1 3

October 40 57.6 0 1.5 0 1.0 0
41 7.2 2 1.0 0 3.5 1
42 0.0 0 8.6 1 17.2 2
43 0.0 0 3.2 1 0.0 0
44 0.0 0 0.0 0 0.0 0

November 45 64.5 3 3.8 0 0.0 0
46 63.3 4 58.5 2 0.0 0
47 0.0 0 1.0 0 0.0 0
48 0.0 0 0.0 0 0.0 0

December 49 0.0 0 0.0 0 0.0 0
50 0.0 0 0.0 0 0.0 0
51 0.0 0 0.0 0 0.0 0
52 0.0 0 0.0 0 0.0 0

Total 252.6 16 333.1 17 98.8 11



Sowing on flat bed and T4 - Sowing on ridges
and furrows. Sub plot consisted of three sowing
dates viz., S1 - Sowing on 15th September, S2
- Sowing on 30th September and S3 - Sowing
on 15th October. Sorghum variety 'Phule
Anuradha' was sown at the spacing of 45 x 15
cm. The recommended dose of fertilizer
(80:40:40 kg NPK hectare-1) was applied to
crop and all other inter cultivation operations
were followed regularly. In the treatment T1,
sorghum seed was sown on flat bed and furrows
of 15 cm depth were opened in each alternate
row of crop with the help of Baliram plough at
30 days after sowing. In the treatment T2,
check basins (compartmental bunds) of 6 x 5 m
size with 15 cm bund height were prepared by
bullock drawn bund former before sowing.
Seeds were sown at regular spacing on flat beds
in treatment T3. Sorghum was sown by hand
drilling on ridges and furrows of 45 cm in
treatment T4. The biometric observations were
recorded at regular time intervals and data were
subjected to the statistical analysis.

Results and Discussion

Various growth and yield attributes of
sorghum were significantly affected with various
in situ moisture conservation techniques and

dates of sowing.

Effect of in situ moisture conservation
techniques

Moisture content (%) in soil : Moisture
content of soil was observed varying with the
rainfall received in meteorological weeks in
different years of the experiment. The moisture
content of soil at various depths was also
affected with different in situ moisture
conservation techniques. Higher soil moisture
content was recorded in treatment T2
(compartmental  bunding) at different depths of
observation however, the numerical value of
per cent moisture content was different in
various experimental years due to the variation
in rainfall received. Treatment T3 (sowing on
flat bed) recorded the lowest soil moisture
content. Similar results were reported by
Selvaraju and Balasubramanian (2001).

Growth attributes : Treatment T2
(compartmental bunding) produced significantly
taller plants and highest dry matter over rest of
the treatments for all the experimental years,
however, treatment T4 (sowing on ridges and
furrows) and T1 were on par with each other in
the year 2009 and 2011. In the year 2010
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Table 2. Effect of different in situ moisture conservation techniques on soil moisture content (%) at different depth of soil
profile.

Met. Depth of Soil moisture content (%)
week soil ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

2009 2010 2011
–––––––––––––––––––––––––– –––––––––––––––––––––––––– ––––––––––––––––––––––––
T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4

36 0-30 cm 29 30 24 28 32 36 29 32 24 27 20 23
30-60 cm 34 36 29 35 38 40 34 37 28 31 23 28

41 0-30 cm 17 23 14 18 27 29 25 27 19 25 16 20
30-60 cm 22 28 20 22 31 33 29 31 25 30 20 26

46 0-30 cm 29 35 29 30 27 31 24 28 15 18 12 14
30-60 cm 38 41 34 37 30 37 20 31 20 22 16 19

51 0-30 cm 12 15 08 12 12 09 10 14 10 15 04 09
30-60 cm 18 20 12 16 20 22 16 19 16 17 08 15



treatment T2 (compartmental bunding),
treatment T4 (sowing on ridges and furrows)
and  treatment T1 (sowing on flat bed and
opening of furrow in each alternate row of
crop) were on par with each other. Treatment
T3 (sowing on flat bed) produced significantly
lower plant height and dry matter content of
plant. Significantly higher weight of 100 seed
was observed in treatment T2 (compartmental
bunding), however, T2 was at par with
treatment T4 which was at par with treatment
T1 in the year 2010. In the year 2011
treatment T4 (sowing on ridges and furrows)
was found on par with treatment T1 (sowing on
flat bed and opening of furrow in each alternate
row of crop). Lowest 100 seed weight of
sorghum was observed in treatment T3 (Sowing
on flat bed). These findings are in line with the
results reported by Patil and Sheelavantar

(2000).

Yield attributes : Highest grain yield
hectare-1 of sorghum was observed in
treatment T2 (compartmental bunding),
whereas treatment T4 (sowing on ridges and
furrows) and treatment T1 (sowing on flat bed
and opening of furrow in each alternate row of
crop) were on par with each other for 2009
and 2011. In the year 2010 treatment T2
(compartmental bunding), treatment T4 (sowing
on ridges and furrows) and treatment T1
(sowing on flat bed and opening of furrow in
each alternate row of crop) were on par with
each other. Similar trend of results was
observed in dry fodder yield and net return
hectare-1 except dry fodder yield of sorghum
for the year 2011 where treatment T2
(compartmental bunding) and treatment T4
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Table 3. Effect of different in situ moisture conservation techniques and sowing dates on various growth attributes of
sorghum.

Treatment Plant height (cm) Dry matter plant-1 (g) 100 seed weight (g)
–––––––––––––––––––––––––––– –––––––––––––––––––––––––––– –––––––––––––––––––––––––––
2009 2010 2011 2009 2010 2011 2009 2010 2011

In situ moisture conservation techniques :
T1 167.53 178.56 155.09 32.52 43.18 29.77 3.33 3.68 3.44
T2 187.49 188.71 173.65 46.12 51.66 41.56 3.77 3.81 3.75
T3 156.11 164.86 142.77 22.55 32.72 22.04 3.02 3.34 3.13
T4 176.33 180.32 161.20 37.04 46.84 35.80 3.50 3.74 3.51
SE± 2.89 3.66 3.52 2.80 2.91 2.39 0.07 0.08 0.07
CD at 5% 8.67 10.99 10.56 8.42 8.73 7.18 0.21 0.24 0.21

Dates of sowing :
S1 191.76 193.44 176.45 46.94 53.22 43.39 3.94 3.85 3.81
S2 178.53 180.41 164.87 38.92 43.85 35.55 3.63 3.54 3.49
S3 145.30 160.48 133.21 17.80 33.74 17.95 2.64 3.53 3.07
SE± 3.48 3.89 3.19 2.22 2.68 2.31 0.09 0.09 0.08
CD at 5% 10.43 11.66 9.58 6.68 8.07 6.95 0.27 0.26 0.24

Interaction :
SE± 6.24 7.49 6.38 4.45 5.13 4.30 0.19 0.17 0.14
CD at 5% NS NS NS NS NS NS NS NS NS
Mean 171.86 178.11 158.17 34.55 43.60 32.29 3.40 3.64 3.45

T1 - Sowing on flat bed and opening of furrow in each alternate row of crop, T2 - Compartmental bunding, T3 - Sowing on
flat bed, T4 - Sowing on ridges and furrows, S1 - Sowing on 15th September, S2 - Sowing on 30th September and S3 - Sowing
on 15th October



(sowing on ridges and furrows) were on par
with each other. Numerically higher and lower
B:C ratios were observed in treatment T2
(compartmental bunding) and treatment T3
(sowing on flat bed) respectively for all the
experimental years. This is in conformity with
Patil et al. (2000a) and Nalatwadmath et al.
(2008).

Effect of sowing dates

Growth attributes : All the growth
attributes of sorghum viz., height of plant, dry
matter production and weight of 100 seed were
found significantly higher in treatment S1
(sowing on 15th September), whereas all these
parameters were found lower in treatment S3
(sowing on 15th October) in all the
experimental years. These findings are in

accordance with those reported by Waghmare
et al. (2010).

Yield attributes : Sorghum produced
significantly higher grain and dry fodder yield
and net return hectare-1 in treatment S1
(sowing on 15th September). Also maximum
B:C ratio was observed in sorghum in
treatment S1 (sowing or 15th September).
Contrary all these yield parameters were
observed lower in treatment S3 (sowing on 15th

October) for all the experimental years. Similar
findings were reported by Mokashi et al.
(2008).

Interaction effect : The interaction effect
of in situ moisture conservation practices and
dates of sowing of rabi sorghum were found to
be non significant in influencing the various
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Table 4. Effect of different in situ moisture conservation practices and sowing dates on various yield attributes and economics
of sorghum.

Treatment Grain yield Dry fodder yield Net returns B:C 
(kg ha-1) (kg ha-1) (Rs. ha-1) ratio

–––––––––––––––––––– –––––––––––––––––––––– ––––––––––––––––––––––– ––––––––––––––––––––––
2009 2010 2011 2009 2010 2011 2009 2010 2011 2009 2010 2011

In situ moisture conservation techniques :
T1 1471 1798 1422 3342 4594 2985 54156 67722 51615 1.69 2.11 1.61
T2 2050 2250 1985 4776 5397 4167 75828 83691 72051 2.36 2.61 2.25
T3 954 1278 1003 2384 3566 2260 35772 49038 36870 1.11 1.53 1.15
T4 1633 2064 1547 3849 4869 3752 60537 76527 57666 1.89 2.39 1.80
SE± 136 155 132 279 276 222 4917 5478 4626 - - -
CD at 5% 410 465 396 837 828 668 14811 16434 13884 - - -

Dates of sowing :
S1 12134 2354 2051 4814 5523 4371 78462 87189 74643 2.45 2.72 2.33
S2 1665 1914 1644 4096 4577 3618 62238 71151 60174 1.94 2.22 1.88
S3 782 1274 772 1853 3719 1884 29019 49393 28834 0.90 1.54 0.90
SE± 122 143 127 207 254 216 4281 5052 4458 - - -
CD at 5% 367 431 381 622 764 648 12876 15222 13374 - - -

Interaction :
SE± 247 277 239 412 483 398 8646 9759 8364 - - -
CD at 5% NS NS NS NS NS NS NS NS NS - - -
Mean 1527 1847 1489 3587 4606 3291 56573 69244 54550 - - -

T1 - Sowing on flat bed and opening of furrow in each alternate row of crop, T2 - Compartmental bunding, T3 - Sowing on
flat bed, T4 - Sowing on ridges and furrows, S1 - Sowing on 15th September, S2 - Sowing on 30th September and S3 - Sowing
on 15th October



growth and yield attributes under rainfed
condition.

From the present investigation the
conclusion can be drawn as adapting the
compartmental bunding as in situ moisture
conservation technique and sowing of rabi
sorghum on 15th September produced higher
seed and dry fodder yield under rainfed
condition.
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Grape mealy bug Maconellicoccus hirsutus
(Green) (Pseudococcidae : Hemiptera) is one of
the important pests of grapevine and in case of
severe attack about 90 per cent of clusters are
destroyed. There are about sixteen species of
mealy bugs which have been reported to occur
on grapevine in the world (Mani, 1986).
Amongst them Maconellicoccus hirsutus,
Dysmicoccus bravipes (CKII), Phenacoccus
hirsutus (Green) and Planococcus citri (Risso)
are important. Lower (1968) called the mealy
bugs as "hard to kill the pest of fruit trees". Eggs
of mealy bugs are protected by waxy
filamentous secretion of ovisac and are almost
impossible to reach with insecticide. Hence, it is
very difficult to manage mealy bugs. Insecticidal
sprays have adverse effect on the natural
enemy population of the pest which results in
resurgence of the pest and pollution hazards in
environment. Some mealy bugs have been able
to develop resistance to insecticides (Mckenzie,
1967). It is one of the key pests of grape vine
which hampers the export potential of grapes.

Considering the facts of partial control of this
serious pests with chemicals, problems of
residue hazard and farmers interest in biological
control, the studies on management of grape
mealy bugs (Maconellicoccus hirsutus (Green))
was undertaken.

Materials and Methods

The experiment was conducted on farmers
field located at Sakuri, Tal. Rahata, Dist.
Ahmednagar with support of Grape Research
Project, provided by Department of
Horticultue, Mahatma Phule Krishi Vidyapeeth,
Rahuri adopting randomized block design with
eleven treatments (Table 1) and three
replications with spacing of 3.0 x 1.5 m and
variety Thompson seedless. The formulation of
V. lecanii in talc was mentioned as wettable
powdered formulation whereas; aqueous
formulation was mentioned as liquid
formulation. The cfu count for both the
formulation was same as 2 x 105 cfu per ml or
g. The amount of spray volume required was
estimated at each time by spraying water on
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Abstract
The studies on efficacy of different insecticides against grape mealy bug, Maconellicoccus hirsutus

(Green) revealed that Verticillium  Iecanii (WP) at 0.3 per cent and dichlorvos at 0.05 per cent were highly
effective on 3 days after spraying. While on 7th day, V. lecanii (WP) 0.3 per cent emerged as the best
treatment against egg sacs, nymphs and adults of M. hirsutus. Later on 10th day after spraying, V. lecanii
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V. lecanii (WP) at 0.3 per cent was found most promising followed by V. lecanii (L) at 0.3 per cent dichlorvos
at 0.05 per cent, V. lecanii (WP) at 0.2 per cent and malathion at 0.07 per cent against all developmental
stages (egg sacs, nymphs and adults) of mealy bug.
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control treatments. The amount of insecticide
required for preparing spray solution was
calculated for each insecticide. The insecticide
sprays were applied with the help of hand
pneumatic sprayer. All the vines were treated at
a time, avoiding the drift of spray fluid on
neighbouring plots. Care was taken to wash the
spray pump with water thoroughly well before
using other insecticides. Two applications of
insecticidal sprays were given. First spray was
given when incidence of mealy bug was noticed
and second spray was applied 15 days
thereafter. Four vines were selected from each
treatment for observations and marked with
paraffin coated paper tag. The observations
were recorded from main stem, side branches
of the grapevine marked with paraffin coated
labels. From the pre and post treatment counts,
the percentage of mortality was worked out for
3, 7, 10 and 14 days after application of
insecticides. Finally the per cent mortality was
converted into arcsin values and data were
subjected to statistical analysis. The significance
of difference was assessed at 5 per cent level.

Results and Discussion

Egg sacs : Efficacy of different insecticides
(Table 1) showed that, all the treatments were
significantly superior over control. The
treatment with V. lecanii (WP) 0.3 per cent was
found to be significantly superior (37.94%) over
rest of treatments on 3 days after spraying. The
next promising and at par treatments were
dichlorvos 0.05 per cent (36.00%) and V.
lecanii (WP) 0.2 per cent (33.92%). Seven days
after spraying, V. lecanii (WP) 0.3 per cent was
significantly superior (59.87%) over rest of the
treatments in reducing number of egg sacs and
at par with dichlorvos 0.05 per cent (58.90%)
was recorded in Nimbicidine 0.5 per cent and
NSE 4 per cent which was significantly superior
over untreated control. The observations after
10 days of spraying have indicated that V.
lecanii (WP) 0.3 per cent caused highest

mortality (69.78%) which was significantly
superior over rest of the treatments. After 14
days of spraying, V. lecanii (WP) 0.3 per cent,
caused highest mortality (80.22 %) over rest of
the treatments. The next promising treatments
in their descending order of efficacy were V.
lecanii (L) 0.3 per cent (77.33%), dichlorvos
0.05 per cent (76.26 %), V. lecanii (WP) 0.2
per cent (75.40%) and malathion 0.07 per cent
(73.68%).

Nymphs : The treatment with V. lecanii
(WP) 0.3 per cent 3 days after spraying
recorded (41.96 %) mortality which was
significantly superior over rest of treatments
except dichlorvos 0.05 per cent (41.07%) and
V. lecanii (WP), 0.2 per cent (37.31%). Seven
days after spraying, the treatment with V.
lecanii (WP) 0.3 per cent was found to be
significantly superior (67.62%) over rest of the
treatment except dichlorvos 0.05 per cent
(66.33%). After 10 days and 14 days of
spraying, the treatment with V. lecanii (W.P.)
0.3 per cent recorded (80.30% and 89.55%)
mortality which was significantly superior over
rest of the treatments.

Adults : The treatment with V. lecanii (WP)
0.3 per cent recorded highest mortality
(42.03%) which was significantly superior over
rest of the treatments except dichlorvos 0.05
per cent (41.16%) on 3 days after spraying.
The treatment with V. lecanii (L) 0.1 and NSE
4 per cent recorded lowest per cent mortality
which was significantly superior over untreated
control. On 7th day of spraying, V. lecanii (WP)
0.3 per cent recorded significantly maximum
mortality (67.83%) over rest of the treatments,
except dichlorvos 0.05 per cent (64.83%). On
10 days after spraying, V. lecanii (WP) 0.3 per
cent recorded highest mortality (79.54%) over
rest of the treatments. The observations after
14 days of spraying, V. lecanii (WP) 0.3 per
cent recorded highest mortality (87.34%) which
was significantly superior over rest of the
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treatments except V. lecanii (L) 0.3 per cent
(84.19%) which was at par with NSE 4 per cent
which recorded lowest mortality over rest of the
treatments.

Eswaramoorthy and Jayaraj (1987) reported
that at fortnightly application of V. lecanii 1.6
x 106 spores ml-1 was highly effective for
control of Coccus viridis under field condition.

Gonzalez et al. (1995) reported that the V.
lecanii conidia as well as filtrate gave very good
mortality percentage against Planococcus citri.
The results of effectiveness of V. lecanii are
also in conformity with those obtained by
Shelke (2001) and Jaychakrawarthy (2002).

The results in respect of effectiveness of
dichlorvos 0.05 per cent against the pest are in
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Table 1. Efficacy of different insecticides against grape mealy bug (Maconellicoccus hirsutus).

Treatment Mortality of egg Mortality of nymphs Mortality of adults mealy 
sacs (%) after (%) after bug (%) days

––––––––––––––––––––––––––– ––––––––––––––––––––––––––– ––––––––––––––––––––––––––––
3 7 10 14 3 7 10 14 3 7 10 14
day day day day day day day day day day day day

V. lecanii (WP) 0.1% 32.16 53.04 62.98 71.71 34.42 57.03 69.10 77.88 34.23 56.17 67.80 76.16 
(34.54) (46.74) (52.50) (57.91) (35.92) (49.03) (56.24) (62.00) (35.80) (48.56) (55.44) (60.83)

V. lecanii (WP) 0.2% 33.92 55.84 65.48 75.40 37.31 31.92 74.82 84.18 37.18 62.36 73.83 81.28 
(35.62) (48.60) (54.02) (60.27) (37.64) (51.90) (59.94) (66.76) (37.57) (52.17) (59.36) (64.50)

V. lecanii (WP) 0.3% 37.94 59.87 69.78 80.22 41.96 67.62 80.30 89.55 42,03 67.83 79.54 87.34 
(38.00) (50.69) (56.67) (63.62) (40.38) (55.36) (63.73) (71.44) (40.39) (55.33) (63.23) (69.43)

V. lecanii (L) 0.1% 30.88 51.98 61.02 69.82 32.43 55.22 66.59 75.05 32.85 54.13 65.89 73.62 
(33.74) (46.13) (51.35) (56.68) (34.71) (48.00) (54.69) (60.08) (34.96) (47.32) (54.82) (59.18)

V. lecanii (L) 0.2% 32.14 54.42 63.72 73.10 36.99 60.30 73.08 80.85 35.57 60.05 70.80 78.51 
(34.50) (47.53) (72.97) (58.77) (37.12) (50.93) (58.47) (64.09) (36.59) (50.80) (56.73) (62.49)

V. lecanii (L) 0.3% 35.74 56.79 67.30 77.33 40.48 64.25 77.55 85.37 40.16 63.94 75.94 84.19 
(36.69) (48.90) (55.14) (61.59) (39.51) (53.28) (61.81) (67.67) (39.33) (53.09) (60.94) (66.74)

Neem seed extract 4% 27.61 48.84 58.84 67.02 31.60 50.41 65.99 74.00 30.86 50.59 64.63 71.76 
(31.41) (43.18) (49.99) (54.97) (34.21) (45.25) (54.34) (59.35) (33.76) (45.33) (53.69) (57.92)

Nimbicidine 0.5% 29.70 49.99 61.51 69.04 34.37 54.22 68.57 77.33 33.50 54.88 67.40 73.59 
(33.00) (45.00) (51.64) (56.21) (35.88) (47.41) (55.91) (61.66) (35.36) (47.79) (54.84) (59.14)

Malathion 0.07% 33.97 55.19 63.94 73.68 39.19 62.30 74.80 82.94 38.39 61.55 72.28 80.28 
(35.64) (47.98) (53.09) (59.14) (38.74) (52.14) (59.93) (65.67) (38.32) (51.68) (57.71) (63.66)

Dichlorvos 0.05% 36.00 58.90 66.15 76.26 41.07 66.33 77.48 84.93 41.16 64.83 74.55 82.84 
(36.84) (50.14) (54.43) (60.86) (40.15) (54.55) (61.73) (67.25) (39.90) (53.64) (59.65) (65.64)

Untreated control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
(0.00)* (0.00)* (0.00)* (0.00)* (0.00)* (0.00)* (0.00)* (0.00)* (0.00)* (0.00)* (0.00)* (0.00)*

S. E.± 0.316 0.283 0.405 0.382 0.366 0.514 0.768 1.082 0.468 0.574 1.043 1.038

C.D. at 5 % 0.996 0.891 1.274 1.205 1.152 1.618 2.419 3.409 1.474 1.807 3.285 3.270

Note : Figures in parentheses arc sin transformed values, * Population increase progressively.



corroboration with those supported by Balikai
(1999). However, Shukla and Tandon (1984)
reported that high concentration of dichlorvos
0.05 per cent gave the best control of mealy
bugs. Verghese (1997) reported satisfactory
mortality of nymphs of Maconellicoccus
hirsutus with NSE 5 and 2.5 per cent under
laboratory condition.
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Microorganisms are mainly responsible for
oxidizing unavailable elemental and reduced
forms of sulphur to make plant available
sulphate. The role of chemolithotrophic
bacteria of genus Thiobacillus in the process of
sulphur oxidation is usually have great
importance. The possibility of having varying
heterotrophic sulphur oxidizing
microorganisms as inoculants to increase the
rate of oxidation of sulphur fertilizers in soil
which are slow to oxidize. In the course of
oxidation of elemental sulphur it produces
sulphate and sulphuric acid and both of these
products of reaction have greatest value for
making various nutrients in available forms to
the crops which in turns increases plant growth
and yield. Therefore, it was felt worthwhile to
undertake the study on nutrients availability by
sulphur oxidizing microorganisms in soil during

green gram crop growth.

Materials and Methods

The sulphur oxidizing microorganisms were
isolated from twenty five different soil samples.
Eleven isolates were obtained, purified and
screened for their sulphur oxidizing efficiency in
thiosulphate liquid medium by measuring
reduction of pH and sulphate during the course
of oxidation process (Kuenen and Thovinen,
1981). Amongst eleven isolates three most
efficient isolates were selected and identified
upto generic level in the laboratory. The fungal
isolates were further confirmed from culture
identification services at Agharkar Research
Institute, Pune. The cultures selected for further
pot culture study were Thiobacillus sp.
Aspergillus terreus and Trichoderma
harzianum. A pot culture experiment was laid
out in the glasshouse during 2008 in factorial

J. Agric. Res. Technol., 38 (3) : 415-419 (2013)

Effect of Sulphur Oxidizing Microorganisms with Sulphur on
Available Nutrients in Green gram (Vigna radiate L.)

D. B. Shinde1, V. K. Bhalerao2, A. C. Jadhav3, and A. M. Tirmali4

Department of Plant Pathology, College of Agriculture, Pune - 411 005 (India)
(Received : 30-10-2012)

Abstract
Sulphur oxidizing microorganisms could increase the N, P, K and S availability in soil due to acid

producing ability. However, microorganisms alongwith sulphur fertilizer were more effective than the sulphur
alone. The available nutrients were increased with increasing levels of elemental sulphur in soil. The increase
in available 'N' ranged from 121.65 to 129.20 kg ha-1, phosphorus from 17.18 to 18.93 kh ha-1 'potassium'
from 142.11 to 148.87 kg ha-1 and available sulphur ranged from 43.55 to 50.62 kg ha-1. The maximum
N, P, K and S was recorded at 60 kg S ha-1 in composite culture followed by Thiobacillus sp, Aspergillus
terrius and Trichoderma harzianum. The population of bacteria and fungi in soil increased due to inoculation
of respective cultures and maximum bacteria (37.19 x 103 g-1 soil and fungi 33.17 x 103 g-1 soil were
recorded in composite culture with 60 kg S ha-1 at flowering stage and declined thereafter at harvesting stage.
The results thus indicated that sulphur oxidizing microorganisms could establish in soil and oxidized elemental
sulphur which in turn increased available nutrients in soil during crop growth. The composite culture of
bacteria and fungi in conjunction with elemental sulphur was found most effective  in increasing nutrients
availability in soil.
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completely randomized design with five
replications. The treatments comprised of five
cultures as main factor and four graded levels of
elemental sulphur as sub factor. The earthen
pots were filled with unsterile soil @ 10 kg
pot-1 and were fertilized with 25 kg N and 30
kg P2O5 ha-1. The elemental sulphur powder
was mixed in pots as per graded levels under
study. The sulphur oxidizing cultures were
multiplied on modified thiosulphate medium
(Kuenen and Thovinen, 1981) and inoculated
in soil @ 25 ml pot-1 which contain 107 cfu
ml-1. Five seeds of green gram were sown in
each pot and irrigated subsequently as and
when required. The soil samples were subjected
to be analysed for available nutrients. The
available N,P,K and S were estimated by
alkaline permagnate method (Subiah and Asija,
1956), ascorbic acid method (Watanbe and
Olsen, 1965), flame photometric method
(Kundsen et al., 1982) and turbidimetric
method (Kanwar and Chopra, 1980)
respectively. The microbial populations in soil
as per treatments were estimated by dilution
and plating techniques (Parmer and Schmidt,

1964).

Results and Discussion

The influence of different sulphur oxidizing
cultures (Table 1) on availability of nutrients was
found to be significant. Particularly inoculations
of cultures in soil with sulphur levels were more
effective. The composite culture with sulphur @
60 kg ha-1 was found significantly superior over
other treatments under study.

The available nitrogen in soil after harvest of
green gram (Table 1) was significantly increased
from 121.65 to 129.20 kg ha-1 due to
inoculation of various cultures. The maximum
available 'N' was observed under composite
culture treatment (129.20 kg ha-1) followed by
Thiobacillus sp. (128.03 kg ha-1), Aspergillus
terreus (126.62 kg ha-1), Trichoderma
harzianum (126.12 kg ha-1) and minimum
with the control (121.65 kg ha-1). The sulphur
treatments alone without culture also increased
available 'N' in soil from 122.43 to 131.60 kg
ha-1 and maximum at 60 kg sulphur ha-1

treatment.
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Table 1. Effect of sulphur oxidizing micro organisms with graded levels of sulphur on available 'N' and 'P' after harvesting of
green gram, (kg ha-1).

Cultures/ 0 kg 'S' ha-1 20 kg 'S' ha-1 40 kg 'S' ha-1 60 kg 'S' ha-1 Mean
sulphur levels –––––––––––––– –––––––––––––– –––––––––––––– –––––––––––––– ––––––––––––––

N P N P N P N P N P
(kg (kg (kg (kg (kg (kg (kg (kg (kg (kg
ha-1) ha-1) ha-1) ha-1) ha-1) ha-1) ha-1) ha-1) ha-1) ha-1)

Control (C1) 119.90 16.47 121.45 16.95 122.23 17.40 123.01 17.91 121.65 17.18
Thiobacillus sp. (C2) 123.23 17.85 124.37 18.03 128.33 18.53 136.13 20.62 128.03 18.82
Aspergillus terreus (C3) 123.06 17.80 124.12 18.04 127.66 18.47 131.63 19.91 126.62 18.55
Trichoderma harzianum (C4) 122.67 17.77 123.80 17.95 126.43 18.45 131.00 18.83 126.12 18.27
Composite culture (C1-C4) 123.29 17.90 125.01 18.11 129.57 18.77 139.55 21.30 129.20 18.94
Mean 122.43 17.56 123.75 17.82 126.84 18.32 131.60 19.71 126.32 18.35
Characters SE± CD SE± CD SE± CD SE± CD - -

at 5% at 5% at 5% at 5%
Culture (C) 0.471 1.346 0.058 0.166 0.52 1.26 0.41 1.10 - -
Sulphur (S) 0.421 1.204 0.052 0.148 0.41 1.17 0.37 1.09 - -
C x S 0.942 2.692 0.116 0.332 0.74 2.10 0.82 2.02 - -

* Initial available 'N' = 126 kg ha-1, 'P' = 18 kg ha-1.



The effect of cultures with sulphur levels was
more pronounced than cultures or sulphur
alone. The maximum available 'N' (139.55 kg
ha-1) in soil was observed at 60 kg sulphur level
ha-1 with composite culture treatment followed
by Thiobacillus sp. (136.13 kg ha-1),
Aspergillus terreus (131.13 kg ha-1) and
Trichoderma harzianum (131.00 kg ha-1).

The data in respect of available phosphorus
(Table 1) revealed that available phosphorus
was increased due to inoculation of sulphur
oxidizing microorganisms from 17.18 to 18.94
kg ha-1 and maximum in composite culture
followed by Thiobacillus sp. (18.82 kg ha-1),
Aspergillus terreus (18.55 kg ha-1),
Trichoderma harzianum (18.27 kg ha-1). The
sulphur treatment alone also increased available
phosphorus from 17.56 to 19.71 kg ha-1 and
increased with increasing levels of sulphur.

The interaction effects of cultures and
sulphur levels were found to be significant. The
various cultures along with graded levels of
sulphur increased available phosphorus in soil.
The higher phosphorous was noticed at 60 kg

sulphur ha-1 level in all inoculated treatments
and maximum with composite culture (21.30
kg ha-1) followed by Thiobacillus sp. (20.62 kg
ha-1), Aspergillus terreus (19.91 kg ha-1),
Trichoderma harzianum (18.83 kg ha-1) and
minimum in uninoculated control (17.91 kg
ha-1).

The available 'K' in soil (Table 2) was
increased significantly due to various cultures
with increasing levels of sulphur. The maximum
available 'K' was in composite culture with 60
kg sulphur ha-1 (154.60 kg ha-1) and minimum
with uninoculated control and without sulphur
treatment (140.30 kg ha-1). The trend of results
amongst the treatments on 'K' availability was
observed more or less similar to that of
phosphorous availability in soil. 

The sulphur availability was increased
significantly due to various sulphur oxidizing
cultures (Table 2). The maximum available
sulphur was noticed in composite culture
(50.62 kg ha-1)  followed by  Thiobacillus sp.
(50.30 kg ha-1), Aspergillus terreus (49.51 kg
ha-1), Trichoderma harzianum (49.44 kg
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Table 2. Effect of sulphur oxidizing micro organisms with graded levels of sulphur on available 'K' and 'S' in soil after
harvesting of green gram (kg ha-1).

Cultures/ 0 kg 'S' ha-1 20 kg 'S' ha-1 40 kg 'S' ha-1 60 kg 'S' ha-1 Mean
sulphur levels –––––––––––––– –––––––––––––– –––––––––––––– –––––––––––––– ––––––––––––––

K S K S K S K S K S
(kg (kg (kg (kg (kg (kg (kg (kg (kg (kg
ha-1) ha-1) ha-1) ha-1) ha-1) ha-1) ha-1) ha-1) ha-1) ha-1)

Control (C1) 140.30 41.33 142.20 42.54 142.76 44.40 143.11 45.94 142.11 43.55
Thiobacillus sp. (C2) 195.46 48.15 145.97 49.80 148.43 50.59 153.42 52.66 148.32 50.30
Aspergillus terreus (C3) 144.63 47.96 145.73 48.99 147.48 49.96 151.46 51.13 147.33 49.51
Trichoderma harzianum (C4) 144.34 47.69 145.66 49.23 146.77 49.93 150.25 50.93 146.76 49.44
Composite culture (C1-C4) 145.76 48.20 146.13 49.62 149.01 50.77 154.60 53.91 148.87 50.62
Mean 144.11 46.67 145.14 48.04 146.89 49.13 150.57 50.91 146.68 48.68
Characters SE± CD SE± CD SE± CD SE± CD - -

at 5% at 5% at 5% at 5%
Culture (C) 0.18 0.53 o.15 0.42 0.15 0.43 0.12 0.37 - -
Sulphur (S) 0.16 0.47 0.13 0.37 0.13 0.37 0.11 0.29 - -
C x S 0.37 1.05 0.29 0.83 0.41 1.05 0.44 1.01 - -

* Initial available 'K' = 131 kg ha-1, 'S' = 26.10 kg ha-1.



ha-1). Application of elemental sulphur also
increased sulphur availability in soil from 46.67
to 50.91 kg ha-1. However, available sulphur
was observed more when cultures were
inoculated with sulphur levels than culture or
sulphur alone. The maximum sulphur available
was noticed in the treatment of composite
culture followed by Thiobacillus sp.,
Aspergillus terreus and Trichoderma
harzianum at 60 kg sulphur ha-1 and minimum
with uninoculated control without sulphur i.e.
53.91, 52.66, 51.13, 50.93 and 45.94 kg
ha-1 respectively. The sulphur availability rate
was increased with increasing levels of
elemental sulphur in soil.

Microbial population : The sulphur

oxidizing bacteria and fungi in soil were
enumerated at flowering and at harvesting
stage of crop. The data (Table 3) showed that all
the cultures with various sulphur levels could
increase the microbial population in soil over
uninoculated control. However, cultures in
combination with various sulphur levels were
far better in increasing the microbial population
than that of without sulphur. The bacterial
population was observed to be more in the
inoculation of bacterial cultures treatments,
whereas fungal population was observed to be
more in fungal culture treatments. Further, it
was noticed that increasing levels of sulphur
increased microbial population up to flowering
stage and declined up to maturity stage of the
crop. The bacterial population was increased
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Table 3. Effect of various levels of sulphur and inoculation of cultures on soil microbial population in green gram. (Average
of three plates each of five replications).

Treatments At flowering stage At harvesting
(per gram of soil) (per gram of soil)

–––––––––––––––––––––––––– ––––––––––––––––––––––––––
Bacteria Fungi Bacteria Fungi
(105) (103) (105) (103)

Control (no cultures, no sulphur) 14.20 13.75 13.13 11.30
20 kg 'S' ha-1 15.19 16.60 14.23 14.13
40 kg 'S' ha-1 16.89 17.31 14.79 16.19
60 kg 'S' ha-1 17.93 18.13 15.60 17.21
Thiobacillus spp. + 0 kg 'S' ha-1 29.19 22.91 24.30 20.63
Thiobacillus spp. + 20 kg 'S' ha-1 32.69 23.80 30.14 21.14
Thiobacillus spp. + 40 kg 'S' ha-1 33.15 24.19 30.63 22.17
Thiobacillus spp. + 60 kg 'S' ha-1 37.10 24.29 34.34 22.13
Aspergillus terreus + 0 kg 'S' ha-1 22.97 25.90 19.19 22.80
Aspergillus terreus + 20 kg 'S' ha-1 23.13 26.80 21.22 22.93
Aspergillus terreus + 40 kg 'S' ha-1 23.29 28.19 21.80 23.69
Aspergillus terreus + 60 kg 'S' ha-1 24.12 32.99 22.17 29.68
Trichoderma harzianum + 0 kg S ha-1 23.00 27.89 21.19 23.47
Trichoderma harzianum + 20 kg 'S' ha-1 24.69 29.00 22.15 24.49
Trichoderma harzianum + 40 kg 'S' ha-1 25.30 31.33 21.30 28.21
Trichoderma harzianum + 60 kg 'S' ha-1 26.29 32.80 22.60 29.62
Composite culture + 0 kg S ha-1 30.12 27.98 27.60 23.47
Composite culture + 20 kg 'S' ha-1 33.11 27.93 28.13 24.89
Composite culture + 40 kg 'S' ha-1 34.13 29.13 29.47 27.23
Composite culture + 60 kg 'S' ha-1 37.19 33.17 33.35 31.81

*The initial population of bacteria and fungi was 12.13 x 105 and 11.78 x 103 CFU g-1 of soil respectively.



maximum at 60 kg sulphur ha-1 followed by 40,
20 kg and lowest at 00 kg sulphur ha-1 i.e.
37.10, 33.15, 32.69 and 29.19 x 105

respectively at flowering stage whereas initial
bacterial population was 12.13 x 105 per gram
of soil.

The fungal population data showed more or
less similar trend of results as incase of bacterial
population. The maximum fungal population
was noticed at 60 kg S ha-1 (32.99 x 103)
followed by 40 (28.19 x 103), 20 kg (26.80 x
103) and lowest at 0 kg S ha-1 (22.91 x 103)per
gram of soil). The increased microbial
population had clearly indicated that
microorganisms could grow and multiply in soil
after inoculation. Declined trends showed the
cell death due to adverse conditions and
depletion of nutrients in the soil during later
stage of crop growth.

The sulphur oxidizing microorganisms
produces sulphate and sulphuric acid during the
oxidation process. These acids react with
elemental and unavailable forms of nutrients in
soil and make them available to plants (Sangle,
1999; Sengupta, 2001; Shai et al., 2002).
Singh and Singh (2004) reported sulphur-
phosphorus interaction in black gram and
showed increase of available phosphorus and
sulphur due to increasing levels of sulphur in
soil. Further Day and Basu (2004) and Mitra et
al. (2006) reported similar results in soybean
and green gram respectively. The available
nutrients and microbial population were found
increased due to application of sulphur with
sulphur oxidizing microorganisms (Waksman,
1922; Starkey, 1950 and Shinde et al., 1996).
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Since last 25 years Indian soil is
experiencing on an average a net negative
balance 8-10 Mt of nutrients per annum and
hence developed poor fertility soil (Anonymous,
2000). The aggregate negative balance of 8.39
Mt of NPK represented excess use of 8.9 Mt of
N and 1.5 Mt of P2O5 and a deficit of 18.3 Mt
of K2O (Katyal, 2001). Generally, inclusion of
K in fertilizer treatment improved productivity
(Katyal and Rattan, 2002). Soil testing is
dynamic process to identify nutritional status,
problems, which evolve soil specific, crop
specific solutions based on its analysis, the
farmers are advised on soil fertility
management through rational use of manure,
fertilizers and amendments to make agriculture
more productive and sustainable. The STL staff
often lack of knowledge about various aspects
of agriculture and allied subjects. They need to
be thoroughly and interactively trained on these

aspects time to time to keep them abreast with
the latest developments. It is observed that the
age, education and scientific orientation of
employee were found to have highly significant
relationship with their level of knowledge (Tarde
and Thorat, 2006). The training was an instant
success for providing the HRD inputs, however,
it was pointed out by all of the STL staff that
there is a need of providing comprehensive
skills restricted to certain identified areas of all
Soil and Plant Tissue Testing IPNI,
(Anonymous, 2007). A study was therefore,
undertaken to assess the knowledge and
training needs of STL staff for effective soil
testing and fertilizers recommendations.

Materials and Methods

The total nine Soil Testing Laboratories
from Nagpur and Wardha districts were
selected for the study i.e. Department of Soil
Science and Agriculture Chemistry and
Agronomy Laboratory, College of Agriculture,
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The STL did not have 100 per cent trained staff, this may affect the precision in results of soil analyses
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Nagpur, State department of Agriculure, Soil
testing Laboratory Nagpur and Wardha, NBSS
and LUP, Nagpur, RCF, Bajaj Nagar, Nagpur,
APMC., Nagpur, Govind Agrochemicals,
Kelwad, Dist. Nagpur and Satnam Krishi
Chikitsalay, Bharsingi, Nagpur. The total 51
staff directly involved in working process of soil
testing were selected for the study, which
included 10 Agriculture University Staff (P), 9
Laboratory Incharge (LI), 8 Agriculture Officer's
(AO), 9 Agriculture Supervisors (S) and 15
Agriculture Assistant (AA). The training need of
STL staff was noted by considering the
knowledge and adoption of 18 important soil
testing and fertilizers recommendations
practices. Their personal characteristics like
education, farming experience, soil testing
experience also considered for training need
and information were collected on following
points i.e. knowledge on importance of soil
testing, materials required for soil testing,
sampling techniques used, samples taken by
expert or farmers, time of soil sampling,
preparation of soil samples for organic-C and
other analyses, available N, P and K estimation

method, standardization of instrument, report
distribution time, recommendation for crop to
be grown, recommendation for nutrient
management, training to farmer, visit to
farmers field, nutrients deficiency observed,
suggestions followed by farmer etc. Data
collected were tabulated and analyzed by using
statistical tools like percentage, arithmetic
mean, standard deviation, coefficient of
correlation and regression etc.

Results and Discussion

The analysis pertaining to personnel
characteristics of respondents indicated that
majority of the employees engaged in soil
testing laboratory were middle age (56.9%) and
old age (25.5%) group, highly educated (M.Sc.
(Agri.), Ph. D.) in soil science and agricultural
chemistry (31.4%), M.Sc. (Agri.) (27.4%), B.Sc.
(Agri.) (21.6%) and diploma in agriculture
(19.6%). The maximum employees were
having farming and soil testing experience less
than 10 years (45.1% and 54.9%) and also
taken less training (<3) related to soil testing
and fertilizer recommendation for crops
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Table 1. Distribution of staff engaged in soil testing according to their characteristics.

Characteristics Category Number % Mean Range

Age (years) Young (up to 35) 9 17.7 32.8 27-35
Middle age (35 to 45) 29 56.9 43.5 37-49
Old age (above 45) 13 25.5 55.1 51-58

Education Diploma in Agriculture 10 19.6 - -
B.Sc. (Agri) 11 21.6 - -
M,Sc. (Agri) 14 27.4 - -
M,Sc. (Agri) SSAC 16 31.4 - -

Farming experience (years) Less than 1 0 23 45.1 6.61 2-10
11 to 20 16 31.4 16.10 11-20
Above 20 12 23.5 25.69 21-30

Soil testing experience (years) Less than 10 28 54.9 6.26 2-10
11 to 20 15 29.41 16.20 11-20
Above 20 8 15.7 25.31 21-30

Training (Nos.) Less than 3 18 35.3 2.18 1-3
4 to 6 17 33.3 5.60 4-6
Above 6 16 31.4 7.12 7-8



(35.3%), because they were late    transferred in
soil testing laboratory and hence have less
experience of soil testing (Table 1).

Involvement of staff and knowledge :
The knowledge on eighteen important
practices of soil testing and fertilizer
recommendation of individual respondents
were noted. It was found that about 26
respondents had complete knowledge and 24
respondents had partial knowledge. The
knowledge was measured with three point
continum as complete knowledge, partial
knowledge and no knowledge and scored as 2,
1 and 0 respectively. The sum of knowledge
score of all the existing soil testing and fertilizer
recommendation practices of individual
respondents was worked out. The knowledge
index was developed with the help of the
formula,

Actually obtained 
knowledge score

Knowledge index = –––––––––––––––––– x 100
Maximum obtainable 

knowledge score

The respondent staff involved actually in soil
testing and fertilizer recommendation was
categorized on the basis of mean and standard
deviation (Table 2). The practicerwise
knowledge of staff involved in soil testing was
checked by question answer method on
important soil testing and fertilizer
recommendations practices. The result revealed
that about 51 per cent respondents had
complete knowledge and 47.1 per cent had
partial knowledge of soil testing practices.
Whereas, 1.9 per cent had no knowledge of
soil testing practices. As per the knowledge
index score majority of respondents had high
level knowledge (67.5%) and 31.2 per cent
respondent had partial knowledge of soil testing
and fertilizer recommendations.

Adoption : The existing soil testing and
fertilizer recommendation practices for crops
were adopted by individual respondent were
noted. The results showed that only 17
respondents had adopted completely the
knowledge of soil testing and fertilizer
recommendation. Maximum 28 respondents
had adopted the knowledge of soil testing
practices partially. The adoption was measured
with three point continum as complete
adoption, partial adoption and no adoption and
scored as 2, 1 and 0 respectively. The sum of
adoption score of all the existing soil testing and
fertilizer recommendation practices of
individual respondents was worked out. The
adoption index was then developed with the
help of formula.

Actually obtained 
adoption score

Adoption index = ––––––––––––––––––  x 100
Maximum obtainable 

adoption score

The practice wise adoption of soil testing
and fertilizer recommendation practices for
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Table 2. Distribution of STL staffs according to overall
knowledge of existing soil testing and fertilizer
recommendations practices for crops.

Knowledge Number Per-
(Max. score-77) (N=51) centage

Low (up to 1.3 %) 1 1.9
Partial (31.2 to 67.5%) 24 47.1
Complete (67.5 % and above) 26 51.0
X= 1.51 SD = 0.54    Total 51 100

Table 3. Distribution of respondent according to adoption
of existing soil testing practices.

Knowledge Number Per-
(Max. score-62) (N=51) centage

Low (up to 9.7%) 6 11.8
Partial (45.2 to 54.8%) 28 54.9
Complete (54.8% and above) 17 33.3
X=1.22 SD = 0.64    Total 51 100



crops was checked with actual discussion with
staff of soil testing laboratory of different
agencies during soil testing of farmers field and
by written answer to the questiory developed
for this purpose. The results revealed that about
33.3 per cent respondents had completely
adopted, 54.9 per cent respondents had
partially adopted and 11.8 per cent
respondents had not adopted the knowledge of
soil testing practices while working. As per the
adoption index score majority of respondents
had high level knowledge and hence they
adopted completely up to 54.8 per cent and
partially up to 45.2 per cent knowledge of soil
testing and fertilizer recommendations for crops
(Table 3).

Training need : The trainng need score of
respondents were noted on the three point
continum, most needed, needed and not
needed with a numerical score of 3, 2 and 1
respectively on the basis of practice wise
knowledge and adoption of soil testing and

fertilizer recommendation practice. On the
basis of training need score, the training need
index (TNI) was developed with the help of the
formula,

Actually obtained 
training needs score

TNI = ––––––––––––––––––––––––––––– x 100
Maximum obtaining 
training needs score 

The results of the study indicated that the
Central Government employee have quoted
maximum knowledge and adoption (1.83 and
1.67) than Agricultural University staff (1.63
and 1.37), State Government Staff (1.50 and
1.05) and Private Laboratory staff (0.67 and
0.83) respectively. However, maximum training
need quoted by Private Laboratory staff (2.67)
followed by State Government staff (2.0),
Agricultural University staff (1.79) and Central
Government staff (1.33) (Table 4). The
respondents had minimum knowledge, the
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Table 4. Distribution of STL staff according to their employment and level of training need.

Employee of Number (%) Knowledge Adoption Training need
(N=51) ––––––––––––––––– ––––––––––––––––– –––––––––––––––

Mean SD Mean SD Mean SD

Central Government 6 11.8 1.83 0.41 1.67 0.52 1.33 0.52
State Government (Agri) 20 39.2 1.50 0.51 1.05 0.60 2.00 0:73
Agricultural University 19 37.2 1.63 0.50 1.37 0.60 1.79 0.79
Private Laboratory 6 11.8 0.83 0.41 0.83 0.75 2.67 0.52
Total 51 100 1.51 0.54 1.22 0.64 1.92 0.77

Table 5. Distribution of STL staff according to their age and level of training need.

Training need General Below 35 years 36-45 age Above 45 age
(Max. score-102) (N=51) (N=9) (N=20) (N=22)

––––––––––––– –––––––––––––––– –––––––––––––––– ––––––––––––––––
No. (%) No. (%) No. (%) No. (%)

Total 51 100 9 17.6 20 39.2 22 43.1
Not needed (22.2% & above) 17 27.5 - - 6 30 11 50.0
Needed (54.5%) 21 41.2 2 22.2 9 45 10. 45.5
Most needed (up to 39.8%) 13 31.4 7 77.8 5 25 1 4.5
Mean 1.9 33.3 2.78 50.0 1.95 33.3 1.55 33.3
S.D. 0.8 - 0.44 - 0.76 - 0.59 -



adoption by them during analyses of soil
samples is very less hence they need training of
soil testing and fertilizer recommendation.

As per the discussion with STL staffs they all
expressed the needs of training regarding
recent development in procedure of soil testing
and fertilizers recommendation for crops and

also about the working of new equipment and
instrument introduced to laboratory. The data
obtained was analyzed and were classified
according to age, education and designation
(Table 5, 6, 7 and 8). The results revealed that
the STL staffs having age below 35 years
required training and the age between 36-50
years also need training up to 70 per cent if
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Table 6. Distribution of STL staff according to their education and level of training need.

Training need General Agril diploma B.Sc. (Agri) M.Sc. (Agri) M.Sc. (Agri) and
(Max. score-102) (N=51) (N=10) (N=11) and Ph.D. Ph.D. (Soil Sci.)

–––––––––– ––––––––––––– –––––––––––– (N=14) (N=16)
No. (%) No. (%) No. (%) –––––––––––––– ––––––––––––––––––

No. (%) No. (%)

Total 51 100 10. 19.6 11 21.6 14 27.5 16 31.4
Not needed (22.1% & above) 17 27.5 2 20 2 18.2 2 14.3 11 68.8
Needed (54.5%) 21 41.2 2 20 5 45.5 10 71.4 4 25.0
Most needed (up to 39.8%) 13 31.4 6 60 4 36.4 2 14.3 1 6.2
Mean 1.9 33.3 2.40 33.3 2.18 33.3 2.0 33.3 1.38 33.3
S.D. 0.8 - 0.84 - 0.75 - 0.55 - 0.62 -

Table 7. Distribution of STL staff according to their designation and level of training need.

Training need General Agril. Asstt. Supervisor Agril. Off. I/c. Lab. Professor
(Max. score-102) (N=51) (N=15) (N=09) (N=08) (N=09) (N=10)

–––––––––– –––––––––––– ––––––––––– ––––––––––– ––––––––––– –––––––––––
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Total 51 100 15. 29.4 9 17.6 8 15.7 9 17.6 10. 19.6
Not needed (22.1% and above) 17 27.5 - - 2 22.2 - - 4 44.4 7 70.0
Needed (54.5%) 21 41.2 7.0 46.7 3 33.3 4 50.0 4 44.4 3 30.0
Most needed (up to 39.8%) 13 31.4 8.0 53.3 4 44.4 4 50.0 1 11.1 - -
Mean 1.9 33.3 2.5 50 2.2 33.3 1.5 50 1.7 33.3 1.3 50
S.D. 0.8 - 0.5 - 0.8 - 0.5 - 0.7 - 0.5 -

Table 8. Distribution of STL staff as per experience in soil testing and level of training need.

Training need General Below 10 years 11-20 year Above 20 year
(Max. score-102) (N=51) (N=28) (N=15) (N=8)

––––––––––––––– –––––––––––––––––– –––––––––––––––– –––––––––––––––
No. (%) No. (%) No. (%) No. (%)

Total 51 100 28 54.9 15 29.4 8 15.7
Not needed (22.1% & above) 17 27.5 3 10.7 8 53.3 6 75.0
Needed (54.5%) 21 41.2 13 46.4 6 40.0 2 25.0
Most needed (up to 39.8%) 13 31.4 12 42.8 1 6.7 - -
Mean 1.9 33.3 2.32 3.33 1.53 33.3 1.25 50
S.D. 0.8 - 0.67 0.64 - 0.46



they recently joined in soil testing laboratory.
However, the employee having age above 51
years did not required training (50%) and
required training partially 45.5 per cent if they
joined in soil testing laboratory very late (Table
5). The results showed the knowledge and
adoption increased with age, working in soil
testing laboratory, hence do not required any
training on large extent. Age, education, and
scientific orientation were found to have highly
significant relationship with their level of
knowledge (Tarde and Thorat, 2006).

The results of training need as per education
indicated that with the increase in education
from diploma in agriculture (60%) to graduate
(36.4%) and post graduate in agriculture
(14.3%) training need mostly decreased.
However, they all required training of soil
testing partially before the actual soil testing in
the laboratory. However, the employee post
graduate and above with specialization in Soil
Science and Agricultural Chemistry required no
any training of soil testing (68.8%) or very little
training (31.2%) before the actual soil testing in
the laboratory. It is because during their post
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Table 9. Co-relation of personnel characteristics with knowledge, adoption and training need of STL staff.

Characteristics Category Knowledge Adoption Training need

Age (years) Young (up to 35) 0.4743 -0.5669 -0.5976
Middle age (37 to 50) 0.6135** -0.5954** -0.6714**
Old age (above 50) 0.3948** -0.1776 -0.2829

Education Diploma in Agriculture 0.3227 -0.4082 -0.1976
B.Sc. (Agri) 0.7121** -0.7364** -0.7259**
M.Sc. (Agri) 0.5926* -0.5916* -0.8765**
M.Sc. (Agri) SSAC 0.5606* -0.7093** -0.7029**

Designation Agriculture Assistant 0.5709* -0.5976* -0.5459*
Supervisor 0.5 -0.5 -0.3
Agriculture Officer 0.6 -0.7746* -0.7746*
Laboratory In-charge 0.8** -0.7826* -0.8944**
Professor 0.6124 -0.7638* -0.8018**

Farming experience (years) Less than 10 0.5613** -0.7339** -0.5438**
11 to 20 0.5782* -0.4494 -0.7773**
Above 20 0.7559** -0.4781 -0.6325*

Soil testing experience (years) Less than 10 0.4088* -0.4536* -0.4971**
11 to 20 0.7071** -0.6470** -0.7625**
Above 20 0.4880 0.6547 -0.1491

Training (Nos.) Less than 3 0.4287 -0.5152* -0.6325**
4 to 6 0.2451 -0.3385 -0.3138
Above 6 0.5375* -0.4472 -0.0925

Knowledge Complete - 0.2365 -0.1923
Partial - 0.3313 -0.1961
No - - -

Adoption Complete 0.1207 - -0.7478**
Partial 0.2249 - -0.3179
No - - -

*, ** = Significant at 0.05 and 0.01 level respectively.



graduation they have to go through the process
of this soil testing and fertilizer
recommendation thoroughly (Table 6). Similar
findings were reported by Gorade et al.,
(2008). The results of training need as per
designation indicated that the lower post i.e
Agril Assistant (53.3 %) to Agriculture Officer
(50 %) most needed soil testing and fertilizer
recommendation training immediate after
posting in soil testing laboratory. Similarly soil
testing laboratory Incharge also required partial
training of soil testing but he hiust be post
graduate in agriculture with specialization in
Soil Science and Agricultural Chemistry.
However, the Professor involved in soil testing
are mostly post graduate in agriculture with
specialization in Soil Science and Agricultural
Chemistry required no any training of soil
testing (70%) or required very little training to
newly appointed teacher (30%) before the
actual soil testing in the laboratory. It is because
during their teaching, research and extension
activities they have gone through the process of
this soil testing and fertilizer recommendation
thoroughly (Table 7). 

The results of training need as per
experience in soil testing depicted that it
reduces with experience i.e. experience above
20 years training need (25%), experience 10-
20 years training need (40.0%), and experience
below 10 years training most needed (42.8%)
and needed (46.4%) but they all need partial
training about recent development in procedure
of analysis and after receipt of new instrument,
equipment in the laboratory (Table 8). The
results showed the knowledge and adoption of
soil testing and fertilizer recommendation
practices for crops increased with experience
hence do not required any training.

Correlation of knowledge, adoption
and training need : The correlation between
personal characteristic of STL staff with
knowledge, adoption and training need was

statistically analyzed (Table 9). The results
revealed that the knowledge had significant
positive correlation with middle age (0.6135)
and old age (0.3948), higher education in
agriculture B.Sc. (0.7121), M.Sc. (0.5926) and
M.Sc. in SSAC (0.5606), farming experience <
10 years (0.5613), 11-20 years (0.5782) and
>20 years (0.7559), soil testing experience <
10 years (0.4088) and 11-20 years (0.7071),
and training of soil testing taken above six
(0.5375). It means the middle and old age of
STL staff have more knowledge of soil testing
and fertilizer recommendation and it increases
with higher education, soil testing experience
and by attending maximum training of soil
testing.

The adoption had recorded significant
negative correlation with middle age (-0.5954),
higher education in agriculture B.Sc. (-0.7364),
M.Sc. (-0.5916) and M.Sc. in SSAC (-0.7093),
designation Agril. Assistant (-0.5976), Agril
Officer (-0.7746), Laboratory In-charge
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Table 10. Multiple regression analysis for knowledge,
adoption and training need of STL staff.

Particulars Knowledge Adoption Training
need

Intercept -0.0002 -0.5487 5.2025

Age 0.0119 0.0064 -0.0459
(0.0122) (0.0122) (0.0120)

Education 0.1278 0.1519 -0.2174
(0.0755) (0.0751) (0.0742)

Designation -0.0318 0.0151 -0.0931
(0.0563) (0.0561) (0.0554)

Farm Exp. 0.0802 0.1088 0.0703
(0.1141) (0.1135) (0.1121)

Soil testing Exp. 0.0572 0.0195 0.0583
(0.1196) (0.1190) (0.1175)

Training received 0.2502* 0.4102** -0.3055*
(0.1151) (0.1146) (0.1131)

R2 0.4632** 0.6200** 0.7425**

*, ** = Significant at 0.05 and 0.01 level respectively, N.S.=
Non significant, Figures in parentheses are standard errors
of respective regression coefficients.



(-0.7826) and Professors (-0.7638), soil testing
experience < 10 years (-0.4536) and 11-20
years (-0.6470), and training of soil testing
taken less than three (-0.5152). It indicates,
adoption lowered with age, education,
designation and experience. It is therefore,
recommended to give more training regarding
soil testing and fertilizer recommendation to
STL staff just after joining in soil testing
laboratory. An age, education, land holding
were not related to adoption (Mande, et al.,
1993).

The training need had recorded significant
negative correlation with middle age (-0.6714),
higher education in agriculture B.Sc. (-0.7259),
M.Sc. (-0.8765) and M.Sc. in SSAC (-0.7029),
designation Agril. Assistant (-0.5459), Agril
Officer (-0.7746), Laboratory In-charge
(-0.8944) and Professor's (-0.8018), farming
experience < 10 years (-0.5438), 11-20 years
(-0.7773), and > 20 years (-0.6325) and soil
testing experience < 10 years (-0.4971) and
11-20 years (-0.7625), training of soil testing
taken (-0.6325) and adoption of knowledge
(-0.7478). It means the middle and old age STL
staff have more knowledge and it increases with
higher education, farming and soil testing
experience and by attending maximum training
of soil testing and hence they required less
training. Independent variables such as
education, size of land holding, experience of
farming, knowledge had non significant
contribution in variation of training need
(Shelar et al., 2007).

Amongst the personnel characteristics of

STL staff, training received had significant
contribution in variation of knowledge (11.5%),
adoption (11.4%) and training need (11.3%)
and rest of the independent variables age,
education, designation, farm and soil testing
experience had non significant contribution.
The variation in dependent variables
knowledge, adoption and training need by the
set of independent variables was 46.3, 62 and
74.3 per cent respectively of the total variables
(Table 10).
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The soils of selected area under cotton are
moderately high in nitrogen, low inphosphate
and high in potash for Nagpur. The average
annual rainfall is 1200 mm. Many farmers are
committing suicides because of debt mostly in
cotton growing belt (Bagchi, 2009). This is due
to convergence of rising cost of inputs, falling
prices of agriculture commodities because of
unjustified and unfair trade pattern and
consumptions of 54 per cent of total pesticides
used in Indian agriculture in only 5 per cent
cultivable area for cotton. The consumptions
rates of pesticides in some pockets are much
higher than this, leaving immense ecological
and human hazards as reported by World
Health Organization (FAO, 2009). The study
was therefore, undertaken on economics of
cotton production of selected cotton growers of
Nagpur district.

Materials and Methods

In Nagpur district mostly organic cotton is
grown in four tahsils viz., Nagpur, Kalmeshwar,
Katol and Saoner, out of which Nagpur and

Saoner tahsils were selected randomly. The list
of organic cotton growers was obtained from
Taluka Agricultural Officer, Nagpur and
Agricultural Socio-cultural Training and Hi-tech
Association (ASTHA), Nagpur. The list of
cotton growers were prepared pertaining to
year 2008-09 and desired number of samples
was selected by random sampling technique.
The total 50 organic cotton cultivators were
selected and arranged in the chronological
descending order and then classified in
respective groups on the basis of size of holding
i.e. land holding upto 2 hectares as small (19),
2 to 4 hectares as medium (21) and above 4
hectares as large (10). The simple tabular
technique was used to work out the level of
inputs utilized, cost of cultivation and returns
from crops. The expenditure incurred by the
selected farmers for growing crop was worked
out by using different cost concepts. Cost A is
actual expenditure done by the cultivator per
hectare in the form of cash and kind. Cost "B"
is calculated by adding the interest on the
owned fixed capital and imputed rental value of
owned land to the cost A. and cost "C" is the
cost B plus value of family labour. Net returns =

J. Agric. Res. Technol., 38 (3) : 428-432 (2013)

Success of Organic Cotton in Rainfed Area of Nagpur District
of Maharashtra

W. P. Badole1 and E. R. Patil2

College of Agriculture, Nagpur - 440 001 (India)
(Received : 08-07-2011)

Abstract
Despite of the low productivity, high price fetched to organic cotton increased the net profit of about 32

to 33 per cent (at variable cost) over inorganic farming. The costs A, B, C for organic cotton were Rs. 12917,
17179 and 18567 ha-1 respectively and the input-output ratio was 1:1.87 at cost C. The net returns were
also more in organic farming by 32.83 per cent at costs A and 71.0 per cent at cost C. This is because of
the adoption of improved packages of practices. The organic farming is a labour, fertilizer and cost saving
system, which saved about 14 to 15 per cent input cost.

Key words : Organic cotton, rainfed, bioagents, botanical insecticides.

1. Asso. Professor and 2. Ex. Dean F/A Dr. PDKV,
Akola.



Gross returns - Cost of production at respective
cost (at cost A, B and C). The input output ratio
was calculated by dividing value of total output
value by total cost on the farm. Incremental
returns from organic farming of cotton were
worked out for major items of expenditure like
human labour, seed, bio-fertilizer and  manures
application.  Production  function  analysis  for
organic cotton production: Discriminate
function was used to study the factor
responsible for adoption of organic farming.
Following production function analysis was
used for analysis for cotton crop. 

Z= I1X1+ I2X2 + I3X3 +……..….+ I10X10

Where,

Z = Total discriminate score for organic
production.

I1, I2, I3…..I10 = are coefficient estimate by
using the standard procedure.

X1 - Area per farm (in ha)

X2 - Human labour (in days)

X3 - Bullock pair (in days)

X4 - Machinery charges (In rupees)

X5 - Seed (in kg)

X6 - FYM (in rupees)

X7 - Plant protection (in rupees)

Results and Discussion

Land utilization : The average holding
under organic farming was 6.98 ha, current
fallow 0.24 ha (3.44%) and permanent fallow
about 0.3 ha (4.3%). The area sown more than
once was 3.8 ha and gross cropped area 9.63
ha. The irrigated and un-irrigated area was 3.2
and 3.48 ha respectively, which was more in
organic farming with 137.97 per cent cropping
intensity.

Cropping pattern : The selected organic
farmers have adapted the diversified cropping

pattern and had grown their crops mostly in
two seasons. The data revealed that the
contribution of kharif crops was highest to the
extent of 56 to 64 per cent followed by rabi
crops from 30 to 35 per cent in respect to
gross cropped area. The average area under
organic farming was 9.68 ha per cultivator.
They cultivate maximum area under cotton
(34.27%), followed by soybean (18.69%), jowar
(5.82%), gram (10.8%), and vegetables
(3.32%). The organic farmer also grows the
pulses like tur, udid, in kharif and gram, peas in
rabi season. They grow the cereals like wheat in
rabi season for their own consumption.

Livestock : The position of livestock
available with selected organic farmers is
presented in Table 2. It could be revealed that
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Table 1. Utilization of land by selected organic farmers
(hectares/holding).

Particulars Organic 
farmers

Total land (ha) 6.98 (100)
Current fallow land (ha) 0.24 (3.44)
Permanent fallow land (ha) 0.30 (4.3)
Net cultivated area (ha) 6.68 (95.7)
Area sown more than once (ha) 3.8 (54.44)
Irrigated area (ha) 3.48 (49.85)
Un-irrigated area (ha) 3.2 (45.85)
Gross cropped area (ha) 9.63
Cropping intensity (%) 137.97

Figures in parenthesis indicates per cent to total land.

Table 2. Position of livestock held by selected organic
farmers.

Particulars Organic farming
––––––––––––––––––––––––––––
No. Value 

(Rs holdings-1)

Bullock pair 1.6 35122
Cow 2.12 33315
Buffalo 2.6 80498
Heifers 2.8 8556
Total 9.12 157491



the average livestock position is 9.09 per
holding. The organic farmers have on an
average about 1.6 bullock pair, 2.12 cows, 2.6
buffaloes and 2.8 heifers.

Implements and Machinery : Cultivation
of cotton with organic methods has helped
farmers to improve sustainable productivity.
The rainfed organic farming required the basic
infrastructure with farmer such as implement
and machinerys to handle the timely needed
problems. It is seen that the organic farmers
have the entire basic infrastructure such as
implement and machinerys. The average
capital investment in the form of implements
and machinery by organic farmer was Rs.
102600/- per holdings, which includes the iron
and wooden plough, harrow, hoe, bullock cart,
seed drill, tractor, electric pump and sprayers. It
shows the tendency of organic farmer to use
modern technology.

Capital investment : The average fixed
capital investment by organic farmer were in
land 32.28%, buildings i.e. farm shed and cattle
shed 29.38 per cent and well and tube well
8.89 per cent per holding. The average total
fixed capital investment by organic farmer was
worked out to be Rs. 883391/- per holding. It
is seen from earlier table that the capital
investment in machinery and implements was
Rs. 102600/- (11.65%) and livestock Rs.
157491/- (17.83%) per holding. A better share
of livestock in total capital investment is a good
sign of dairy and agriculture enterprise
combination.

Cost and returns : Though there are
several benefits in adopting the organic
farming, certain barriers hinder the adoption at
farmer level. Although the land resources can
move freely from organic farming to
conventional farming, they do not move freely
in the reverse direction. Initial crop loss is the
major constraints while transforming the land

from chemical to organic agriculture. The bio-
control agents may take 3 to 4 years to build in
crop ecosystem.

The average seed requirement of organic
cotton was high (about 2.36 kg ha-1) However,
seed rate requirement varies according to
cultivar to cultivar and crops grown. The
organic farmers on an average use FYM in
large quantity, 16.17 CL and apply very small
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Table 3. Cost of cultivation of organic cotton production
(Rs. ha-1).

Particulars Unit Organic production
–––––––––––––––––––––––––
Unit Total % to
used cost cost C

(Rs.)

Hired human labour :
Male Days 12.56 628.00 3.38
Female Days 64.53 2258.55 12.17
Total hired labour Days 77.09 2886.55 27.72
Bullock pair Days 15.1 2265.00 12.21
Machinery Hr. 4.975 994.00 5.36
Seed Kg 2.36 1416.00 7.62
Manure CL 16.17 2425.50 13.06
Vermicompost Kg 151.18 604.72 3.25
Biofertilizer Kg 1.03 41.20 0.22
Crop protection Rs 667.80 3.60
Irrigation charges Rs. 1.75 0.94
Land revenue / Rs 62.80
Land taxes Rs. 260.00 1.40
Depreciation
Interest on working Rs 1118.89 6.09
capital @13% p.a.
Cost A Rs 12917.46 69.60
Rental value of land Rs 3887.20 20.94
@ 1/6 GI -landsess 
and other taxes
Interest on fixed Rs. 374 2.01
capital @ 1 0% p.a.
Cost B Rs. 17178.66 92.56

Family labour :
Male Days 15.04 752.00 4.05
Female Days 17.97 628.95 3.39
Total Rs. 33.01 1380.95 7.44
Cost 'C' Rs. 18559.61 100



quantity of vermicompost @ 151.18 kg ha-1.
The cotton seed was smeared with bio-
fertilizers @ 1.03 kg ha-1. Acid delineated seeds
cannot be used according to international
norms [IFOAM] for organic cultivation for the
purpose of certification of the fibre. However,
those farmers who pursue organic farming for
reducing the cost of cultivation and to increase
the profitability could use acid-delineated seeds
in order to avoid seed borne pathogenic
infections and achieve optimum plant stand.
About 25 kg ha-1 of seeds at 75x15 cm spacing
ensures a final plant population of 85-90
thousand plants ha-1. To realize economical
production, soil fertility has to be maintained
and gradually improved by addition of organic
manures. Since huge amounts of FYM to meet
nutrient requirement of the cotton crop is not
generally available, a combination of sources
with different biological properties should be
preferably used. Organic manures (FYM,
compost, Vermicompost), in situ green
manuring, cowpea and biofertilisers along with
fertility restoring crop rotations form the
components for maintaining soil fertility
(Kairon, et al. 1998). The Bio-pesticides are
only used in organic cotton production for
controlling insect pest effectively. In general to
control cotton pests the common bio-pesticides
used were HaNPV and neem seed oil, same
were used by organic cotton farmers and to
control cotton pests expenditure required was
Rs. 667.8 ha-1 (Table 3).

Cost of cultivation : The overall average
cost 'C' in organic cotton was estimated to be
Rs. 18559.61. The cost A was Rs.12917.45/-
and B was Rs. 17178.66. While contribution of
Cost A to Cost C was 69.30 per cent and the
cost B was 92.56 per cent in organic cotton
(Table 4).

Input:Output : The average production of
organic cotton was 7.9 q ha-1 and the gross
income received to this produce was

Rs. 23700/- due to the price received @ Rs.
3000/- quintal-1. The net return obtained at
cost A, cost B and cost C was Rs. 782.54,
6521.34, 5110.39 respectively. The input
output ratio in organic cotton was 1:1.83,
1:1.37 and 1:1.27 at respective costs (Table 4).
In the field experiments at Nagpur after three
years of organic cotton fetches higher yield
(Blaise, 2006). It has been proved that in a span
of 3 to 4 years, not only the seed cotton yield
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Table 4. Yield, gross income, cost and net returns from
organic farming.

Particulars Organic
cotton

Yield (q ha-1) 7.90
Price (Rs. q-1) 3000
Gross income 23700

Cost of concept (Rs) :
At Cost A 12917.45
At Cost B 17178.66
At Cost C 18559.61

Net returns (Rs) :
At Cost A 10782.54
At Cost B 6521.34
At Cost C 5110.39

Input output ratio :
At Cost A 1:1.83
At Cost B 1:1.37
At Cost C 1:1.27

Table 5. Cost of production of organic cotton.

Particulars OFS

Yield (q ha-1) 7.90
Price (Rs. q-1) 3000

Cost of production (Rs. q-1) :
At Cost A 1635.12
At Cost B 2174.51
At Cost C 2349.30

Net returns (Rs. q-1) :
At Cost A 1364.88
At Cost B 825.49
At Cost C 650.7



in organic farm was at par to non-organic farm
but, there was gradual build up in soil
productivity also at Central Institute for Cotton
Research, Nagpur (Gajbhiye and Mayee,
2001).

Cost of production : The cost of
production gives an idea about the cost incurred
to produce one quintal organic cotton. The cost
of production q-1 for organic cotton at cost A,
B and C were Rs. 1635.12/- Rs. 2774.51/-
and Rs. 2329.3/- respectively and the net
profit quintal-1 obtained at this cost A, B, and C
was Rs. 1364.88/-, Rs. 825.49/- and Rs.
650.7/- respectively (Table 5).

Production function : The productivity of

various input function was also calculated along
the resource use efficiency of fitting Cobb-
Douglas production function to the data and the
results obtained are presented in Table 6. It is
seen from the regression coefficient of organic
cotton, bullock pair, seed was positive and
significant at 1 per cent level. The
vermicompost were negatively significant at 5
per cent level. The value of R2 was 0.7574,
which means that independent variables in the
function explained 75 per cent variation in
output.
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Table 6. Production function analysis for organic cotton
production.

Variables Units Regression 
coefficient for 
organic cotton

Constant a 3.36
Human labour (X1) Days 0.0721 (0.090)
Bullock pair (X2) Days (-)0.2158 (0.223)*
Seeds (X3) kg 0.0657 (0.0957)*
Manures (X4) Rs. 0.2811 (0.1061)
Plant protection (X5) Rs. 0.1954 (0.052)
Vermicompost (X6) Rs. (-)0.5539 (0.0806)**
R2 0.7574

Figures in parentheses indicate standard error of regression
coefficient 1% * (2.76), 5% (2-05)**
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Maintaining a good home environment for
children is very important as the home is the
first training institute to them. Home and
school environments play an important role in
the development of genetic characteristics and
potential of the child. Congenial home
environment enables a child to develop to
her/his optimum potential. Heredity sets an
optimum limit for development, while
environment enables child to reach up to that
limit. Poor home environment leads to the
developmental delays/disorders in children,
while congenial environment promotes
wholesome development of children.
Development always involves physical,
psychological and financial risks and also
indicates moving from acquired to not acquired
capacities, knowledge and skills. Development
of individuals is aided by stimulation. Though
child development occurs as a result of
maturation and learning experiences, through
stimulatory integrated sensory motor
experiences one can accelerate it and achieve it
before time by filling up the lacunae if any, at
the right time. An intellectually stimulating

home environment fosters intellectual growth.
Child development refers to the positive
changes that occur as a child grows and
develops in relation to being physically healthy,
mentally alert, emotionally sound, socially
competent and ready to learn. The early years
of child's life are fundamentally important. They
are the true foundation years that shape
children's prospective health, growth,
development, learning outcome and happiness
in whole life.

Materials and Methods

The study was carried out in Parhhani town
of Marathwada region of Maharashtra State on
the randomly selected 150 preschool children.
Out of them 50 per cent each belonged to
middle and low SES groups. The data
pertaining to the study was collected by
personally interviewing the preschool children,
their parents and preschool teachers based on
the structured cum open ended interview
schedules in addition to administering 2 IQ tests
Seguin From Board Test and Developmental
Screening Test for-assessing IQ of the sample
children, taking their height, weight and head
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circumference measurements and applying GQ
formula to it for assessing their GQ and. by
administering the socio-economic status
scale.for assessing their SES.

Results and Discussion

Figure 1 indicates that 57 per cent each
children in the middle and low SES groups were
assessed to be intellectually superior (110-330
IQ) followed by incellectually normal (100-105
IQ) category (23% and 17%), intellectually sub
normal (90-95 IQ) category (5% and 21%) and
intellectually very superior (130 - 150 IQ)
category (15% and 4%). Though there were no
significant differences in the categories of
intelligence quotient of the preschool children
based on their SES, there were significant
differences in their individual intelligence
quotients based-on their SES which is indicated

very well in the correlation and regression
analysis i.e. r=0.27** y=11.9+2.97x. These
results are in agreement with the findings
quoted by Melhuish (2010) and not in
agreement with the findings of Berger et al.
(2005).

Figure 2 shows that 39 to 41 per cent of the
preschool children in both the middle and low
SES groups assessed to have very good growth
followed by good growth (20-31%), excellent
growth (25%) and fair growth (5-13%). No
significant differences in the growth categories
of the preschool children were recorded which
in turn reflect that socio economic status of
children did not matter much-with respect to
growth quotient (GQ) of preschool children
while with regard to their dietary pattern-and
intake, it mattered a lot based on correlation
and regression analysis i.e. r=0.29**
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y=2.14+9.68x. These findings are in contrast
to the findings of Shinde and Patnam (2003)
and Berger (2005), which in turn indicate that
parental awareness about child's nutrition and
growth has increased cutting across SES of
families.

The preschool children were categorized
based on the ratings given by their preschool
teachers about the wholesome development of
the sample children. About 61-67 per cent of
the preschool children in the middle and low
SES groups were assessed to have good level of
wholesome development followed by fair (11-
25%) and very good (13-23%) levels.
Significantly a higher percentage of the low
SES group preschool children were assessed to

have only fair, level of wholesome development
as compared to their counter parts in the
middle SES group. These findings are in line
with the findings quoted by Berger et al. (2005)
and Gutman and Feinstein (2007), which
indicates SES of families' influence on child
development remains persistence.

The means GQ, IQ and wholesome
development ratings of children assessed to be
93.17±5.36, 123.80±10.49 and 87.00±4.84
respectively. On the other hand in the low SES
group the corresponding means were
91.18±11.11, 117.85±10.99 and 85.21±
5.75. Significant differences were recorded in
the means of IQ and wholesome development
of the preschool children based on their SES,
while such significant difference was not
recorded with respect to children's GQ. These
results are in line with the findings of Shinde
and Patnam (2003), Berger (2005) and
Gutman and Feinstein (2007). It can be inferred
that there were significant differences in the
middle and low SES preschool children's IQ and
wholesome development while it was in
contrast with respect to their GQ.
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Table 1. Comparison between wholesome development
of preschool children based on their SES.

Qualitative SES and percentage Z
analysis of of children values
WDR ––––––––––––––––––––––––

Middle SES Low SES
(75) (75)

Excellent (90-95) 22.66 (17) 13.33 (10) 1.55NS

Good (80-90) 66.66 (50) 61.33 (46) 0.68NS

Fair (70-80) 10.66 (8) 25.33 (19) 2.41**

** P > 0.01 level,  NS-Non significant, Figures in
parenthesis indicate number of the preschool children.

Table 2. Means of GQ, IQ and wholesome development
ratings of preschool children based on their SES.

Child SES and percentage Paired
develop- of children t test
ment ––––––––––––––––––––––––––

Middle SES Low SES
(Mean ±SD) (Mean ±SD)

Growth 93.17±5.36 91.18±11.11 1.40NS
quotient

Intelligence 123.80±10.49 117.85±10.99 3.30**
quotient

Wholesome 87.00±4. 84 85.21±5.75 2.06**
development 
ratings

** P > 0.01 level,  NS-Non significant.

______________



Decision making plays a vital role in
agriculture enterprise where women's
involvement is very high. Agriculture is the
largest industry of the nation which gives
livelihood to the 70 per cent of our population.

The tribal people are characterized by their
inherited dialectics and socio-economic
practices. The tribals, owing to their lifestyle
and community habits and habitats, have not
been able to keep pace with modern society.
The tribals are mainly depending on agriculture,
forest, and livestock. To increase the net return
of tribal farmers agriculture and allied
enterprises such as horticulture, dairy, goat
rearing poultry, sericulture and mushroom
cultivation are the better occupations with
tremendous potential for the development of
tribal farmers. The tribal women are supposed
to initiate, guide and implement the
programmes related to these occupations.
What knowledge do they have of these
enterprises and what sort of information they
expect from the research and development
agencies are the other questions which is to be
searched by undertaking this study.

Therefore, the present study was
undertaken with specific objectives to study the
socio-economic characteristics of tribal women
and their participation in dairy and goat rearing
occupation.

Materials and Methods

The present study was conducted
purposively in selected Kinwat tahsil of Nanded
district as the tahsil is having highest tribal
population in Marathwada region. Ten villages
from Kinwat tahsil were selected namely, Jarur,
Chikhli, Unkeshwar, Jaldhara, Bhilgaon,
Darsangvi, Amdi, Jawarla, Nirala and Ghoti.
The data pertaining to objectives were collected
from 120 respondents from these villages with
the help of prepared interview schedule. The
statistical tools such as mean, standard
deviation were employed for analyzing the
collected data.

Results and Discussion

Socio-economic characteristics of
tribal women : It was observed from Table 1
that, majority of the tribal women (52.50%)
were from middle age group. More than half
(52.50%) of the tribal women were illiterate,
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followed by 30.80 per cent of them were
educated upto primary school level. More than
half (53.30%) of the respondents were in semi
medium category of land holding. Majority
(68.30%) of the tribal women had medium size
families. More than two third (68.30%) of tribal
women had nuclear type of family. Majority
(76.60%) of the tribal women belonged to
medium annual income group. Most of the
tribal women (52.50%) had medium level of
social participation. Most (60.80%) of the tribal
women had used medium sources of
information. The present findings were
supported by those of Khelkar (1995),
Manthekar (2006), Mohod (2000), Tarde et al.

(2009) and Jadhav et al. (2010).

Participation of tribal women in agro
based occupations : The critical look to
distribution of tribal women (Table 2) according
to practicewise participation in animal
husbandry and dairy occupation showed that
full participation (58.33%) of respondents were
involved in care of claves, 54.16 per cent
respondents were involved in care of milch
animals after parturation and 49.16 per cent
respondents were involved in making a dung
cake and compost. Further, it was observed that
28.34 per cent respondents participated in
preparation of milk products and one fourth
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Table 1. Personal characteristics of tribal women in agriculture development (N=120).

Profile Category unit Frequency Percentage
characteristics

Age : Young (up to 35) 40 33.33
Middle (36-50) 63 52.50
Old (51 and above) 17 14.17

Education : Illiterate 63 52.50
Primary school (1st to 4th std.) 37 30.80
Middle school  (5th to 10th std.) 17 14.20
High school (11th to 12th std.) 01 0.80
College (above 12th std.) 02 1.70

Size of land holding : Marginal (Up to 1.00) 08 6.70
Small (1.01 to 2.00) 45 37.50
Semi-medium (2.01   to 4.00) 64 53.30
Medium (4.01 to 10) 03 2.50
Big (10.01 and above) 00 0.00

Size of family : Small (1 to 3 member) 14 11.70
Medium (4 to 6 member) 82 68.30
Big (7 to 9 member) 24 20.00

Type of family : Nuclear family 82 68.30
Joint family 38 31.70

Annual income : Low 11 9.20
Medium 92 76.60
High 17 14.20

Social participation : Low (up to 1) 40 33.30
Medium (2 to 4) 63 52.50
High (5 and above) 17 14.20

Sources of information : Low (up to 4) 29 24.20
Medium (5 to 12) 73 60.80
High (13 and above) 18 15.00



(25.84%) each were involved in preparation of
concentrate feed for higher milk and
management of animals feeding and fodder
respectively. Table 2 also showed that 22.50
per cent respondents were involved in use of
nutritive feed for milch animals, 21.67 per cent
respondents engaged in production of milk and
its marketing, 20.83 per cent respondents
involved in management of animals housing
and 17.50 per cent respondents were involved
in selection of higher milk yielding animal
breeds. Further data revealed that 14.17 per
cent respondents involved in making decision
for sale of non productive animal and 9.17 per
cent respondents visited to market for purchase
and sale of animals, meager (4.17%)
respondents were involved in getting benefit of
veterinary dispensary and benefit of
Government livestock insurance scheme
(0.83%). The findings were in  conformity with
results reported by Bellurkar et al. (2003),
Wakle et al. (2003) and Shinde (2007).

Distribution of tribal women according to
overall participation in animal husbandry and

dairy occupation showed that, majority
(56.64%) of tribal women belonged to medium
level of participation category followed by low
(33.36%) and high level (10.00%) of
participation category in animal husbandry and
dairy occupation. This indicated that the tribal
women had medium level of participation in
animal husbandry and dairy occupation.
Because, it gives daily fresh earning to tribal
women. Government gives subsidies to
increase milk production, availability of planty
green fodder. Moreover, cattle dung and urine is
used for compost to increase agriculture
production. The presents findings are
supported by Bellurkar et al. (2003).

From the data given in Table 3 noticed that
72.50 per cent respondents were fully involved
in application of goat manures in field, 45.83
per cent fully involved in management for goat
reproduction and 35.84 per cent respondents
were fully participated in selection of productive
breeds. Further, it was observed that 35.00 per
cent respondents were participated in
management of goat feeding, 30.00 per cent in
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Table 2. Distribution of tribal women according to their participation in selective practicewise animal husbandry and dairy
occupation (N-120).

Particular of participation Participation
–––––––––––––––––––––––––––––––––––––––––––––––––––
Full Partial No

Selection of higher milk yielding animal breeds 21 (17.50) 1 (0.83) 98 (81.66)
Visit to market for purchase and sale of animals 11 (9.17) 11 (9.17) 98 (81.66)
Decision for sale of non descript animals 17 (14.17) 18 (15.00) 85 (70.83)
Management of animals housing 25 (20.83) 33 (27.51) 62 (51.66)
Management of animals fodder 31 (25.84) 34 (28.33) 55 (45.84)
Care of milch animal after parturation 65 (54.16) 20 (16.68) 35 (29.16)
Care of calves 70 (58.33) 15 (12.51) 35 (29.16)
Make a dung cake and compost 59 (49.16) 22 (18.34) 39 (32.50)
Concentrate feed for higher milk 31 (25.84) 35 (29.16) 54 (45.00)
Nutritive feed for milch animals 27 (22.50) 38 (31.67) 55 (45.83)
Benefit of government livestock insurance scheme 1 (0.83) 1 (0.83) 118 (98.34)
Benefit of veterinary dispensary 5 (4.17) 28 (23.33) 87 (72.50)
Milk production and marketing 26 (21.67) 34 (28.33) 60 (50.00)
Preparation of milk products 34 (28.34) 48 (40.00) 38 (31.66)

* Figures in bracket indicates percentage



housing management, 10.00 per cent in
vaccination of goats and meager respondents
(8.34%) were participated in marketing for
purchase and sale of goats. The presents
findings were supported by Shinde (2007).

Majority of tribal women (64.16%) had
medium level of participation in goat rearing,
followed by 28.34 per cent low and 7.50 per
cent high level of participation. It is clearly
connotes that tribal women had medium
participation in goat rearing practices. Because
government is providing subsidies in goat
rearing, goat required less fodder and less space
hence, rearing is easy, it is a source of income
for tribal women. Moreover, goat reproduces
two times in a year hence tribal people cannot
afford buffalo or cow milk for their children
hence, goat milk is used for feeding. The
presents findings are supported by Walke et al.
(2003).

Majority of the respondents were actively
participated in goat rearing (74.90%), Most of

the tribal women engaged in animal husbandry
and dairy occupation (63.00%). The findings
were conformity with results reported by
Bellurkar et al. (2003).

It was observed form data, that majority of
respondents were illiterate and efforts should be
made in different directions to educate tribal
women. There is lot of scope for increasing use
of source of information by tribal women. It is
therefore, suggested that the concerned
authorities make use of local mass
communication media like Radio, Television,
Blackboards and local leaders also for making
tribal women about different tribal women
development programmes as tribal
development corporation, state department of
agriculture, agriculture universities.
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Table 3. Distribution of tribal women according to their
selective practice wise participation in goat
rearing (N=120).

Particular of Participation
participation ––––––––––––––––––––––––––––

Full Partial No

Selection of 43 11 66
productive breeds (35.84) (9.16) (55.00)

Application of goat 87 6 27
manures in field (72.50) (5.00) (22.50)

Housing management 36 47 37

(30.00) (39.16) (30.84)

Management 42 46 32
of goat feeding (35.00) (38.33) (26.67)

Management for 55 25 40
goat reproduction (45.83) (20.83) (33.34)

Vaccination 12 33 75

(10.00) (27.50) (62.50)

Marketing for purchase 10 33 77
and sale of goats (8.34) (27.50) (64.16)

* Figures in bracket indicates percentage

______________



The availability of credit enables farmers to
switch over to superior production possibilities.
There is a significant impact of credit on
agriculture with regards to adoption of new
technology (Venkateswarula and Bhalerao,
1990) and increase in farm income.
Agricultural credit is very important instrument
in facilitating the process of agricultural
development and thereby initiating the growth
of rural economy. The role of agricultural credit
and credit institutions in the developing
countries like India is very important due to the
pressing needs for increasing agricultural
production and productivity to meet the needs
of increasing population (Srivastava and Singh,
2005). The cooperative sector in India has
made its humble beginning prior to
independence as an effective weapon to fight
against the clutches of moneylender. After
independence, the cooperative sector received
its due role in the process of economic
development (Dawar, 1989).

A case study was carried out to know the
status of crop loan disbursement by Solapur

District Central Cooperative Bank to the
commercial crops viz., banana and grapes
grown on large scale in the Solapur district of
Western Maharashtra during the year 2008-09.

Materials and Methods

Sixty cultivators were selected randomly, i.e.
30 for banana and 30 for grapes. The data
were collected by personally contacting the
sample cultivators. The aspects like cost of
cultivation of the selected crops, the crop loan
disbursed to these crops and the credit gap at
different levels of costs were worked out.

Results and Discussion

Cost of cultivation of banana : It is seen
(Table 1) that hectare-1 cost 'A', cost 'B' and cost
'C' was worked out to Rs. 1,12,724.81, Rs.
1,44,827.18 and Rs. 1,51,980.90
respectively, for banana. The share of cost 'A'
and cost B' in the total cost was 74.17 and
97.92 per cen, respectively. Major items of
expenditure in cost 'A' were the suckers
(19.79%), manures (13.35%), and hired human
labours (11.46%). The fertilizers (10.28%) and
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irrigation charges (5.09%) were the other
important items. Bullock labour, machine
labour and plant protection charges were of
only 0.87, 1.55, and 0.55 per cent,
respectively. The interest on working capital
was calculated @ 6 per cent per annum. The
rental value of land covered 21.76 per cent of
the total cost.

The total produce obtained was 468.53 q
ha-1. The total return from banana cultivation
worked out to Rs. 1, 98,438.76.

Investment in grapes orchard : The
hectare-1 cost 'A', cost 'B' and cost 'C' was
worked out  to Rs. 4,48,052.10,
Rs.5,69,047.75 and Rs. 5,75,338.30,
respectively. The share of cost 'A' and cost 'B'
in the total cost was 77.88 and 98.91 per cent,
respectively. The supporting structures for
grape orchard establishment were the most
important item which costed about 45.93 per
cent of total expenditure (Table 2).

The major items of expenditure in cost 'A'
were the irrigation charges (14.78%) and
manures (5.59%). The fertilizers (1.71 per
cent), grafts (4.30 per cent), hired human
labours (3.35%) and plant protection charges
(3.15%) were the other important items. The
bullock labour and machine labour charges
were only 0.62 per cent, each. The interest on
working capital was calculated @ 6 per cent per
annum. The rental value of land was treated as
nil as there was no any production/yield as the
orchards were in developing stage and thus no
fruit bearing was there.

Cost of cultivation (maintenance) of
grapes orchard : The hectare-1 cost 'A', cost
'B' and cost 'C' was worked out to
Rs.1,82,580.61, Rs.3,38,889.51 and
Rs.3,48,604.37, respectively (Table 3).

The share of cost 'A' and cost 'B' in the total
cost was 52.37 and 97.21 per cent,

respectively. The major items of expenditure in
cost 'A' were the manures (13.64%), hired
human labours (12.69%) and plant protection
charges (7.52%). The fertilizers (4.54%) and
irrigation charges (5.36%) were the other
important items. The bullock and machine
labour charges were only 0.74 and 0.93 per
cent, respectively. The interest on working
capital was calculated @ 6 per cent per annum.
The rental value of land covered major part 'A'
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Table 1. Cost of cultivation of banana.

Particulars Quan- Value
tity ––––––––––––––––––––

Rs. Per 
cent

Hired human labour :
Male (Man-days) 95.94 9594.48 6.31
Female (Man-days) 97.88 7830.15 5.15
Bullock labour 2.63 1316.35 0.87
(pair days)
Machine (hr.) 7.83 2350.32 1.55
Suckers (Nos.) 2485.35 30081.74 19.79
Manures (q) 253.7 20296.56 13.35

Fertilizers (kg) :
N 447.09 4859.69 3.20
P 298.24 7642.34 5.03
K 448.73 3113.32 2.05
Micronutrients 15.17 6052.83 3.98
Plant protection 841.83 0.55
charges (Rs.)
Irrigation charges (Rs.) 7738.22 5.09
Repairs etc. 627.65 0.41
Working capital (WC) 102345.48 67.34
Interest on working 6140.73 4.04
capital
Land revenue and cess 150.00 0.10
Depreciation 4088.60 2.69
Cost 'A' 1,12,724.81 74.17
Rental value of land 33073.13 21.76
Interest on fixed capital 3029.24 1.99
Cost 'B' 1,48,827.18 97.92

Family labour :
Male 12.97 1297.24 0.85
Female 23.21 1856.48 1.22
Cost 'C' 1,51,980.90 100.00
Yield (q) 468.53 1,98,438.76



33.21 per cent of the total cost. The
amortization cost was considered for grape
cultivation and it covered about 9.94 per cent
of the total expenditure. The total produce was
231.46 q ha-1. The total returns from grapes
cultivation were about Rs.7,13,280.25 ha-1.

Credit requirement : Credit requirement
is the minimum credit required by farmer to
continue his farming business. The credit
requirement of the farmer is worked out by
following norms as-(i) working capital
(expenses), (ii) total cost (i.e. cost 'C' ) and (iii) 50
per cent of total cost (i.e. of cost 'C' ) (Dangat,
1973).

With reference to the Table 4, it is observed
that the average hectare-1 credit requirement at
working capital level for banana and grapes
establishment and grapes maintenance were
worked out to Rs. 1,02,345.48, Rs.4,20,
186.88 and Rs. 1,68,867.06, respectively
(Table 4).

The average per hectare credit requirement
at the total cost (i.e. cost 'C') level for banana
and grapes (both establishment and
maintenance) were estimated to Rs.
1,51,980.90, Rs.4,56,578.26 and Rs.
3,48,604.37, respectively.

Credit gap : As per concept of credit gap,
the gap between credit and working capital
required and other two norms considered above
is estimated. Therefore, to ascertain whether
the credit provided by the Solapur District
Central Co-operative Bank was adequate or
inadequate for selected crops (viz., banana and
grapes), the credit gap was estimated. The
credit gap is worked out as difference between
different levels estimated costs and scale of
finance provided by the SDCCB.

Credit gap at different costs : The
credit gap is worked out as difference between
working capital (expenses), total cost (i.e. cost

'C') and 50 per cent of total cost (i.e. of cost 'C')
of selected crops and the scale of finance
provided by the Solapur District Central Co-
operative Bank for these crops.

Banana : On the case of banana (Table 5)
the hectare-1 working capital (expenses) were
worked out to Rs. 1,02,345.48. The per
hectare total cost (cost 'C') was Rs.
1.51,980.90 and at the 50 per cent of total
cost, it was Rs. 75,990.45. The scale of
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Table 2. Cost of establishment of grapes orchard ha-1.

Particulars Quan- Value
tity ––––––––––––––––––––

Rs. Per 
cent

Hired human labour :
Male (Man-days) 74.31 7431.00 1.63
Female (Man-days) 92.42 7855.73 1.72
Bullock labour 4.71 2855.63 0.62
(pair-days)
Machine (hr.) 9.50 2900.75 0.63
Grafts (Nos.) 2355.41 19643.31 4.30
Manures (q) 289.2 25536.65 5.59

Fertilizers (kg) :
N 356.22 3871.97 0.85
P 123.29 2475.68 0.54
K 160.89 1477.52 0.32
Plant protection 14375.80 3.15
charges (Rs.)
Irrigation charges (Rs.) 67481.95 14.78
Supporting structures 264280.89 57.78
Working capital (WC) 420186.88 92.03
Interest on working 25211.21 5.52
capital
Land revenue and cess 120.00 0.03
Depreciation 2534.01 0.56
Cost 'A' 4,48,052.10 98.13
Rental value of land 1,18,760.04 20.64
Interest on fixed capital 2235.61 0.49
Cost 'B' 5,69,047.75 98.62

Family labour :
Male 31.85 3184.71 0.70
Female 36.54 3105.84 0.68
Cost 'C' 5,75,338.30 100.00
Yield* (q) Nil Nil



finance for the year under study was Rs.
50,000/-. The difference between the working
capital, total cost (cost 'C') and the 50 per cent
of total cost and the approved scale of finance
thus, turned out to Rs.52,345.48, Rs.
1,01,980.90 and Rs.25,990.45, respectively.

It was also seen that at each level of cost,
the absolute difference between the costs

considered and the scale of finance was more
than the 50 per cent which can be enough
large one from the cultivators' point of view.

Grape - Establishment : With reference
to the Table 6, for establishment of grapes
orchard, the per hectare working capital, the
total cost (i.e. cost 'C') and the 50 per cent of
total cost (i.e. of cost 'C') were estimated to
Rs.4,20,186.88, Rs.4,56,578.71 and Rs.
2,25,143.85 respectively (Table2). The scale of
finance approved for the study year was Rs.
2,62,500/-. The difference resulted between
the working capital (cost) and the total cost (i.e.
cost 'C') and the scale of finance was Rs.
1,57,686.88 and Rs. 1,87,787.71. At the 50
per cent of total cost (i.e. of cost 'C'), credit gap
was found was Rs. 25169.15.

The difference between the working capital
and total cost (i.e. cost 'C') and the scale of
finance was positive which means that there
was a wide gap which was observed nearly
more than 50 per cent of the scale of finance
of the SDCCB for the crops studied. In other
words, it might be stated that the scale of
finance decided by the SDCCB seems to be too
scanty or not enough in case of grapes for the
establishment of the orchard.

Grapes - Maintenance : With reference
to the Table 7, for the maintenance of grapes
orchard, the per hectare working capital, the
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Table 3. Cost of cultivation of grapes (maintenance) (Rs.
ha-1).

Particulars Quan- Value
tity ––––––––––––––––––––

Rs. Per 
cent

Hired human labour :
Male (man-days) 191.55 19154.99 5.49
Female (man-days) 295.16 25088.54 7.20
Bullock labour (pair days) 5.14 2569.72 0.74
Machine (hr.) 8.89 3264.65 0.93
Grafts (Nos.) - - -
Manures (q) 594.6 47568.54 13.04

Fertilizers (kg.) :
N 554.10 6263.71 1.80
P 327.52 5346.40 1.53
K 525.41 4220.13 1.21
Micronutrients 1712.78 0.49
Plant protection charges (Rs.) 26225.69 7.52
Irrigation charges (Rs.) 18690.87 5.36
Growth regulators 7383.86 2.12
Repairs, etc. 1377.18 0.39
Working capital (WC) 168867.06 48.44
Interest on working capital 10132.02 2.91
Land revenue and cess 120.00 0.03
Depreciation 3461.53 0.99
Cost 'A' 1,82,580.61 52.37
Amortization cost 34647.01 9.94
Rental value of land 118760.04 34.07
Interest on fixed capital 2901.85 0.83
Cost 'B' 338889.51 97.21

Family labour :
Male 47.66 4766.45 1.37
Female 58.22 4948.41 1.42
Cost 'C' 348604.37 100.00
Yield (q) 231.46 7,13,280.25 Table 4. Average credit requirement of sample farmers

(Rs.).

Crop Per hectare credit required at
––––––––––––––––––––––––––––––––––––
Working Total cost 50 per cent
capital (i.e. cost of total
(Rs.) 'C') cost (i.e. 

cost 'C')

Banana 1,02,345.48 1,51,980.90 51,172.74

Grapes : 
i. Establishment 4,20,186.88 5,75,338.30 2,87,669.15
ii. Maintenance 1,68,867.06 3,48,604.37 1,74,302.18



total cost (i.e. cost 'C') and the 50 per cent of
total cost (i.e. of cost 'C') were estimated to Rs.
1,68,867.06, Rs. 3,48,604.37 and Rs.
1,74,302.18, respectively. The scale of finance
for the maintenance of the grapes orchard was
approved at Rs.1,25,000/-. The difference

between these costs levels and the scale of
finance found to be Rs. 43,867.06, Rs.
2,23,6I04.37 and Rs. 49,302.18, respectively
(Table 7).

Thus, it can be stated that the credit gap
between the scale of finance and the cost levels
considered were also found a considerable one
which could not be considered good from the
cultivators' point of view and also in the context
of the inflationary trend of all crucial inputs
prices being used in the grape cultivation.

It is summerised that the average hectare-1

working capital (cost) for banana and grapes
establishment and grapes maintenance were
worked out to Rs.1,02,345/-, Rs.4,20,187/-
and Rs.1,68,867/-, respectively. The scale of
finance for the year under study was Rs.
50,000/-. The difference between the working
capital, total cost (cost 'C') and the 50 per cent
of total cost and the approved scale of finance
thus, turned out to Rs.52,345/-,
Rs.1,01,981/- and Rs.25,990/-, respectively.

In the case of grapes (establishment), the
scale of finance for the study year was Rs.
2,62,500/-.The difference resulted between
the working capital (cost) and the total cost (i.e.
cost 'C') and the scale of finance was
Rs.1,57,687/- and Rs.3,12,838.30. As
regards with the grapes orchard maintenance,
the difference between these costs levels and
the scale of finance found to be Rs. 43,867/-,
Rs. 2,23,604/- and Rs. 49,302/-, respectively.

For the crops under study, i.e. banana and
grapes (establishment and maintenance), the
scale of finance decided or provided by the
SDCCB was not enough. And furthermore, in
the context of the inflationary trend of all
crucial inputs prices being used in the grape
cultivation, this scale cannot be justified.

It is therefore, necessary to raise the scale of
finance for these crops by the SDCCB, in
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Table 5. Average per hectare credit gap for banana at
different costs levels (Rs.).

Particulars Cost (Rs.) Scale of Credit gap
finance by (Rs.)
SDCCB
(Rs.)

Working 1,02,345.48 50,000/- +52,345.48
capital
Total cost 1,51,980.90 50,000/- +1,01,980.90
(i.e. cost 'C' )
50 per cent 75,990.45 50,000/- +25,990.45
of cost 'C'

Table 6. Average per hectare credit gap in grapes
(establishment) at different costs levels (Rs.)

Particulars Cost (Rs.) Scale of Credit gap
finance by (Rs.)
SDCCB
(Rs.)

Working 4,20,186.88 2,62,500/- + 1,57,686.88
capital
Total cost 5,75,338.30 2,62,500/- + 3,12,838.30
(i.e. cost 'C' )
50 per cent 2,87,669.15 2,62,500/- + 2,5169.15
of cost 'C'

Table 7. Average per hectare credit gap for grapes
(maintenance) at different costs levels (Rs.).

Particulars Cost (Rs.) Scale of Credit gap
finance by (Rs.)
SDCCB
(Rs.)

Working 1,68,867.06 1,25,000/- + 43,867.06
capital
Total cost 3,48,604.37 1,25,000/- + 2,23,604.37
(i.e. cost 'C' )
50 per cent 1,74,302.18 1,25,000/- + 49,302.18
of cost 'C'



particular and other financing agencies, in
general for these crops.
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Abstract
The average Technology Adoption Index (TAI) for kharif rice in Konkan was 52.44 per cent. The

hectare-1 physical input use was 63.83 kg seed, 11.60 MT manures, and chemical fertilizers 65.07 kg N,
11.71 kg P and 11.54 kg. K. Use of manures and fertilizers was very low as compared to recommended level.
The hectare-1 input gap was 27.65 per cent for seed, 84.53 per cent for manure, 34.93 per cent for N,
76.59 per cent P and 76.93 per cent for K. The hectare-1 yield level of kharif rice on research station and
demonstration farms was 50 and 40 q, respectively, while the sample farms average was 25.47 q.
Consequently, the yield gap-I was 10 q, yield gap-II was 14.53 q and total yield gap 24.53 q. The per hectare
cost of cultivation of kharif rice was Rs.36921.04 with gross returns of Rs.28135.00. The benefit cost ratio
was 0.76. Within the different technology groups, it increased from 0.69 in low group, 0.71 in medium group
and to 0.78 in high group. At overall level adoption of technologies on farmer field is low. Therefore,
productivity is also low. Adoption of rice technologies released by the university by the farmers was 52.44
per cent resulted into yield gap to the extent of 49.06 per cent. Motivating of farmers for adoption of
technologies to the fullest extent for maximizing returns from rice is recommended.

Key words : Unit cost, profitability, adoption index, yield gap, impact.

______________

On University farms, the productivity levels
of rice are much high. The reason behind the
low production on farmers field and a big
productivity gap is low adoption of
recommended technologies and varieties. The
present study is the modest attempt and seeks

to bring out the contrast between different
categories of adopters of improved practices in
rice productions in kharif season with a view to
highlight gap between the level of inputs used
and production and productivity with net
returns. The specific objectives of the present
study are to study the extent of adoption of
technologies, the input and yield gap in kharif

1. Asso. Professor, 2. Asstt. Professor, 3. Jr. Res. Asstt
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rice and economics of production at different
levels of technology. 

Materials and Methods

Sample : Total 120 farmers, 60 from
Ratnagiri district and 60 farmers from
Sindhudurg district were selected ramdomly
during the year 2010-11.

Technology Adoption Index (TAI) :

TAI = 1/K [AX1/RX1 + AX2/RX2 + ….. +
AXk/RXk] x 100

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

Grouping of farmers : Grouping of
sample farmers on the basis of technology
adoption index was done as given below.

• Low adopters = Mean - Standard
Deviation (SD)

• Medium adopters = Mean - SD to mean
+SD

• High adopters = Mean + SD

Input use gap : Input Gap =
Recommended level – Actual use. Selected
inputs : Seed (kg), Organic manures (MT),
Chemical fertilizers (kg) : N, P, and K.

Yield gap of kharif rice : (IRRI, Manila,
Philippines methodology)

Yield gap I = Yp - Yd, Yield gap II = Yd - Ya,
Yield gap III = Yp - Ya.

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

For comparison purpose technologies

recommended by the University are tillage
operations : 1st ploughing after the harvest of
previous crops at wafsa condition.
F.Y.M./Green manure : a) 7.5 tonnes ha-1

F.Y.M or compost before 2nd ploughing, b) 5
tonnes ha-1 green manure (Glyricidia at
puddling). Seed technology : a) Recommended
varieties, b) Seed rate : i. Coarse varieties : 50
to 60 kg ha-1, ii. Fine varieties : 35 to 40 kg
ha-1, iii. Hybrid : 20 kg ha-1. Weedicide :
Oxydiargyl (6EC) @ 0.1 to 0.120 kg a.i. ha-1 (3
ml lit.-1 of water) or Pretilachlor + Safener 50
EC @ 0.750 kg a.i. ha-1 (3 g lit.-1 of water) for
nursery. (water required - 600 lit ha-1).
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Table 1. Distribution of sample farmers of kharif rice.

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

index

Low 0 to 48 16 13.33
Medium 49 to 56 82 68.33
High Above 57 22 18.34

Overall technology adoption score for all technologies =
52.44 (SD=04)

Table 2. General features of sample farmers.

Particulars Low Medium High Overall
(N=16) (N=82) (N=22) (N=120)

Age of farmers 48.52 50.84 49.20 50.23
(years)

Size of family (No.) 5.50 6.80 5.90 6.46

No. of illiterates 6 5 4 15
(37.50) (6.10) (18.18) (12.50)

No. of literate 10 77 18 105
(62.50) (93.90) (81.82) (87.50)

Primary schoolings 6 46 9 61
(No.) (37.50) (56.10) (40.91) (50.83)

High school (No.) 4 30 8 42
(25.00) (36.58) (36.36) (35.00)

College and above - 1 1 2
(No.) (1.22) (4.55) (1.67)

Average annual 32460 44250 51100 43934
investment in 
agriculture (Rs.)

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



Transplanting : a. For kharif at 20 to 27 days.
b. Spacing : Mid-late and late varieties 20 x 15
cm. Early varieties-15 x 15 cm. c. No. of
seedling hill-1 : i. HYV - 2 to 3 seedling hill-1, ii.
Hybrid - one seedling hill-1. Fertilizers NPK kg
ha-1 : i. HYV - 100:50:50, ii. Hybrid -
120:50:50, iii. Scented varieties - 80:50:50, b.
Time of application : 40 per cent nitrogen and
full dose of phosphorus and potassium at the
time of puddling  and remaining 40 per cent
nitrogen at tillering stage and 20% nitrogen at
flowering stage, c. Green manuare : If green
manuring with glyricidia leaves @ 5 tonnes
ha-1 is done then recommended nitrogen dose
is reduced to 50 per cent. Urea briquette : Use
urea-DAP briquette on the same day after
transplanting. Place one briquette at the centre
of four hill to a depth of 7.5-10 cm.
Intercultural operations : Spraying weedicide
Butachlor 50EC, @ 1.5 kg a.i. ha-1. 4 to 5 days
after transplanting (DAT) OR Oxydiargyl 6 EC
@ 0.1 kg a.i. ha-1 to 5 DAT OR Pretilachlor 50
EC @ 0.750 a.i.ha-1. 1 to 5 DAT or
Pyrazosulfuran 10 WP @ 0.025 kg a.i. ha-1 8-
10DAT. Hoeing at 30 to 35 days after
transplanting, weeding as per intensity of weed.
Water level : a. Initially until establismnent of
newly transplanted seedlings (2-3 cm), b. For
subsequent growth up to grain filling (5 cm), c.
10 days before and after panicle initiation (10
cm), d. Removal of water before harvesting (10
days). Harvesting : a. At 90 per cent of grain
maturity, b. Use of Vaibhav sickle.

Results and Discussion

General information : The selected
farmers from study area were classified into
three groups (Table 1).

The sample farmers of kharif rice are thus
grouped into three categories viz., Low 16
(13.33%), Medium 82 (68.33%) and High 22
(18.34%).

General features : The average age of

sample farmers (Table 2) was in the range of 48
to 51 years with an overall average of 50 years.
The size of family was 6.46 with literacy
percentage around 87.50 per cent. The per
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Table 3. Cropping pattern (Area in ha.).

Season Low Medium High Overall
(N=16) (N=82) (N=22) (N=120)

Kharif :
a) Paddy 0.50 0.44 0.45 0.45
b) Vegetables 0.01 0.02 0.03 0.02
Total 0.51 0.46 0.48 0.47

Rabi :
a) Kulthi 0.10 0.13 0.11 0.12

Perennial :
a) Coconut 0.08 0.14 0.19 0.14
b) Cashewnut 0.11 0.16 0.14 0.15
c) Mango 0.19 0.17 0.32 0.20
Total 0.38 0.47 0.65 0.49
Gross 0.99 1.06 1.24 1.08 
cropped area
Net cropped 0.89 0.93 1.13 0.96 
area
Cropping 111.00 114.00 110.00 113.00
intensity (%)

Table 4. Per hectare physical inputs used for kharif rice.

Input Unit Low Medium High Overall
(N=16) (N=82) (N=22) (N=120)

Human labour :
Male Days 102.40 101.45 102.25 101.72
Female Days 97.60 100.30 101.20 100.11
Total Days 200.00 201.75 203.45 201.83
Bullock Pair 10.70 11.50 10.30 11.17
labour days
Machine Hrs 1.90 4.20 5.12 4.06
labour
Seed Kg 69.40 66.10 51.30 63.83
Manures MT 3.50 11.20 19.00 11.60

Fertilizers :
N kg 40.60 65.20 82.40 65.07
P kg 8.50 11.40 15.18 11.71
K kg 7.10 11.50 14.90 11.54
Yield q 22.36 25.10 29.12 25.47



farm annual investment in agriculture was
Rs.43934.00. Higher investment was observed
in high adopted group.

Cropping pattern : Table 3 indicated that
the gross cropped area of low, medium and
high group was 0.99, 1.06 and 1.24 ha with
overall area of 1.08 ha, while net cropped area
at overall level was 0.96 ha. The cropping
intensity varied between 110 to 114 per cent.

Input utilization : The per hectare input
utilization across different levels of technology
adoption groups was worked out. It is seen
(Table 4) that at overall level hectare-1 human
labour was 201.83 days, followed by bullock
pair day 11.17 and machine labour 4.06 hrs.
The seed rate hectare-1 was 63.83 kg and the
use of manures was 11.60 MT. The hectare-1

use of fertilizers was 65.07 kg N, 11.71 kg P
and 11.54 kg K. The hectare-1 kharif rice
productivity was 25.47 q. The hectare-1 labour
use was observed to decline with level of
technology adoption, while use of all other
inputs increased. The hectare-1 productivity has
positive relationship with increase in adoption
of technology in kharif rice cultivation.

Input and yield gap : The input gap was
estimated to recommended levels of input use
namely seed, organic manure and chemical
fertilizers (NPK). It is seen (Table 5) that farmers

in the study area were observed to use excess
seed (27.65%). On the other hand the extent of
input gap for manures was 84.53 per cent.
This highlighted that there is still scope to
increase use of manures and fertilizers for
increasing kharif rice productivity across
different farms. The input gap for manures and
fertilizers has reduced considerably with level of
technology adoption. Jayaram (1988) and
Reddy et al. (1996) recorded similar
observations in technology adoption.

Yield gap : The average sample yield of
kharif rice was 25.47 q ha-1 which was higher
than national and state average of 21.22 q and
14.74 q hectare-1, respectively. It is observed
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Table 5. Per hectare input gap and productivity gap on sample farm.

Input Recomm- Low Medium High Overall
ended (N=16) (N=82) (N=22) (N=120)
level

Seed (kg) 50 -19.40 (-38.80) -16.10 (-32.20) -1.30 (-2.60) -13.83 (-27.65)
Organic manures (q) 75 71.50 (95.33) 63.80 (85.07) 56.00 (74.67) 63.40 (84.53)

Chemical fertilizers (kg) :
N 100 59.40 (59.40) 34.80 (34.80) 17.60 (17.60) 34.93 (34.93)
P 50 41.50 (83.00) 38.60 (77.20) 34.82 (69.64) 38.29 (76.59)
K 50 42.90 (85.80) 38.50 (77.00) 35.10 (70.20) 38.46 (76.93)
Yield 40 17.64 (44.10) 14.90 (37.25) 10.88 (27.20) 14.53 (36.33)

Figurers in parentheses indicate percentage to recommended level.

Table 6. Yield gap in kharif rice on sample farms (Figures
in quintals).

Particulars Low Medium High Overall
(N=16) (N=82) (N=22) (N=120)

Research 50
sation yield
Demonstration 40
yield
Yield on 22.36 25.10 29.12 25.47
sample farms
Yield gap-I 10.00 10.00 10.00 10.00
Yield gap-II 17.64 14.9 10.88 14.53
Total yield gap 27.64 24.9 20.88 24.53
Percentage to (55.28) (49.80) (41.76) (49.06)
research station 
yield



that the hectare-1 yield on high adopters group
was increased due to increase in input use. The
short fall in total rice production (total yield gap)
hectare-1 sample farms was reduced from
27.64 to 20.88 q in low adopter group with
increase in level of technology adoption. More
specifically yield gap II reduced from 17.64 q in
low (TAI) group to 10.88 q in high (TAI) group.
The main reasons attributed to yield gap in "rice
production were, higher seed rate followed due
to heavy rainfall but it washes away from the
field and hence low production, heavy shortage
of F.Y.M. in the study area, high cost, untimely
and inadequate supply of fertilizers, problem of
adequate and timely availability of labour during

transplanting operation and non adoption for
transplanting recommendations.

Cost of cultivation : It is observed (Table
7) that, hectare-1 cost of cultivation (Cost C)
was Rs.36921.04 at the overall level, of which
share of cost A was 53.23 per cent (Rs.
19653.77) and cost B was 67.07 per cent (Rs.
24763.94). Amongst the group, cost C was Rs.
33841.21 in low group, Rs.36691.30 in
medium group and Rs. 38447.21 in high
group.

Profitability : The hectare-1 productivity
has increased from 22.36 q in low group to
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Table 7. Per hectare cost of cultivation of kharif paddy.

Particulars Low Medium High Overall (N=120)
(N=16) (N=82) (N=22) ––––––––––––––––––––––––––

Amount Per cent

Hired labour :
a) Male 7365.94 6399.34 6225.77 6496.40 17.60
b) Female 3393.15 3571.14 3491.61 3532.83 9.57
Total 10759.09 9970.48 9717.38 10029.23 27.16
Bullock labour 2675.00 2875.00 2575.00 2793.33 7.57
Machine labour 475.00 1050.00 1280.00 1015.50 2.75
Seed 1333.87 1409.25 1111.16 1344.55 3.64
Manures 390 1248 2117 1293 3.50

Fertilizers :
N 531 853 1078 851 2.30
P 169 227 302 233 0.63
K 60 97 126 97 0.26
Working capital 16392.96 17729.73 17206.54 17656.61 47.82
Interest on working capita (6%) 983.58 1063.78 1032.39 1059.40 2.87
Land revenue and cess 32.90 36.13 43.37 37.03 0.10
Depreciation 510.20 580.50 640.60 582.15 1.58
Other (repairing charges) 275.00 320.00 345.00 318.58 0.86
Cost 'A' 18194.64 19730.14 20367.91 19653.77 53.23
Rental value of land 3881.67 4312.56 4970.44 4652.17 12.60
Interest on fixed capital 435.00 458.00 475.00 458.00 1.24
Cost 'B' 22511.31 24500.70 25813.34 24763.94 67.07

Family labour :
a) Male 7083.72 7916.27 8202.72 7857.78 21.28
b) Female 4246.18 4274.32 4431.14 4299.32 11.64

11329.90 12190.59 12633.86 12157.10 32.93
Cost 'C' 33841.21 36691.30 38447.21 36921.04 100.00



29.12 q in high group (Table 8) with an overall
average of 25.47 q. Negative profit was
observed in all the groups. The benefit cost
ratio also increased from 0.69 to 0.78 with an
overall average of 0.76. Some of the sample
farmers have grown local varieties. Paddy
cultivation in Konkan region is not profitable at
cost 'C' level when imputed value of family
labour are added in cost of cultivation.
Expenditure on labour is high and yield level are
comparatively low. Therefore, profit at cost 'C'
level is negative. Sita Devi and Ponnarasi
(2009) recorded cost and returns of rice
production as observed in this study.

Unit cost reduction : The analysis of unit
cost reduction is done to know how the
increased levels of technology adoption index
of kharif rice has reduced quintal-1 cost of rice
cultivation. It is clearly seen (Table 9) that
technology adoption has positive influence on
cost reduction. The quintal-1 cost of cultivation
of kharif rice reduced from Rs. 1513.47
quintal-1 in low group to Rs. 1320.30 in high
group and at the overall level it has declined by
Rs. 1449.5. The impact of technology
adoption in cost reduction was indicated earlier
by Borah and Misra (1986) in their study.

Constraints faced : Constraints regarding
HYV seed (High cost, Inadequate supply, Non
availability in time), seed treatment
(unawareness, high cost), labour constraints
(inadequate, high wage rates, non-availability at
peak period), line transplanting (unawareness,
labour requirement is more, it is time
consuming method), fertilizer application (high
cost, inadequate supply, untimely supply), credit
contraint (inadequate owned capital,
complicated loan procedure), improved
implements (poor economic condition,
small and fragmented land holding, it requires
trained man power) and lack of technical know-
how. Suresh and Keshava Reddy (2006) also
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Table 8. Economics of cultivation of kharif rice (Figures in
Rs.).

Particulars Low Medium High Overall
(N=16) (N=82) (N=22) (N=120)

Yield (q ha-1) 22.36 25.10 29.12 25.47

Value of main 20717.43 23256.15 26980.84 25387.20
produce

Value of by 2770.00 2836.00 3102.00 2748.00
produce

Gross income 23487.43 26092.15 30082.84 28135.20

Cost 'A' (Rs.) 18194.64 19730.14 20367.91 19653.77

Cost 'B' (Rs.) 22511.31 24500.70 25813.34 24763.94

Cost 'C' (Rs.) 33841.21 36691.30 38447.21 36921.04

Profit at :

Cost 'A' (Rs.) 5292.79 6362.01 9714.93 8481.43

Cost 'B' (Rs.) 976.12 1591.45 4269.50 3371.26

Cost 'C' (Rs.) -10353.78 -10599.15-8364.37 -8785.84

Input output ratio at :

Cost 'A' (Rs.) 1.29 1.32 1.48 1.43

Cost 'B' (Rs.) 1.04 1.06 1.17 1.14

Cost 'C' (Rs.) 0.69 0.71 0.78 0.76

Table 9. Unit cost reduction in kharif rice cultivation (Rs.
q-1).

Particulars Low Medium High Overall
(N=16) (N=82) (N=22) (N=120)

Output 22.36 25.10 29.12 25.47
(q ha-1)

Increase in 0 12.25 30.23 13.91
output (%)

Cost ha-1

Cost 'A' (Rs.) 18194.64 19730.14 20367.91 19653.77

Cost 'B' (Rs.) 22511.31 24500.70 25813.34 24763.94

Cost 'C' (Rs.) 33841.21 36691.30 38447.21 36921.04

Unit cost assessment (q-1)

Cost 'A' (Rs.) 813.71 786.06 699.45 771.64

Cost 'B' (Rs.) 1006.77 976.12 846.45 972.28

Cost 'C' (Rs.) 1513.47 1461.80 1320.30 1449.59

Unit cost reduction

Cost 'A' (Rs.) - 27.65 114.27 42.07

Cost 'B' (Rs.) - 30.64 120.32 34.49

Cost 'C' (Rs.) - 51.67 193.17 63.88



documented different constraints on similar
lines.
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Abstract
The dry pod, haulm, kernel and oil yields were increased with microsprinkler method of irrigation and

fertilizers applied through INM. The microsprinkler system resulted in 38.29 per cent water saving and field
water use efficiency was maximum in the treatment microsprinkler + INM. The seasonal water requirement
of summer groundnut was more in surface irrigation as compared to microsprinkler. The benefit:cost ratio in
INM treatment was maximum both in surface and microsprinkler followed by yield targeting. Thus, the
summer groundnut grown under microsprinkler system of irrigation along with 25 q ha-1 yield target through
integrated nutrient management showed better performance in respect of water saving, yield and cost
economics of groundnut.

Key words : Microsprinkler, water saving, summer groundnut, yield targeting, INM.

______________

In India, 85 per cent oil seed production
comes from rainfed area, where there is wide
fluctuation in production due to vagaries of
monsoon. It is therefore, necessary to boost up
the production of oilseed crop like groundnut
under limited water supply using micro-
irrigation system. Water is a limiting factor for
agricultural sector as it is utilized for diverse
purposes like industry, domestic use, power,

etc. Therefore, for sustainable agriculture in
future, adoption of efficient water management
through advanced methods of pressurised
irrigation system includes micro-sprinkler
irrigation which is of paramount importance,
since it saves 35-40 per cent water than surface
irrigation (Kumar et al., 2011). Peg formation
is the critical growth stage of groundnut which
can be affected by stagnation of water, when
surface irrigation is practiced. The aeration in1. Sr. Scientist (Soils) and 2. M.Sc. (Agri.) student.



root zone of crop is maintained due to micro-
spinkler which helps in increasing the peg
formation.

Soil test crop response correlation projects
came out with yield targeting equations.
Fertilizer adjustment equations are based on soil
test values. On the basis of these equations
targets of certain crops can be fixed as per
economic condition of the farmers and capacity
of the soil to produce maximum yield. These
equations have proved to be vital for summer
groundnut and could achieve the yields with
±10 per cent variation (Sonar et al. 1989).

Materials and Methods

A field experiment during summer 2007
was carried out at Mahatma Phule Krishi
Vidyapeeth, Rahuri, Dist-Ahmednagar (M.S.).
The soil of the experimental plot was levelled,
with sandy clay loam texture, medium soil
depth and good drainage. The soil was alkaline
in nature and low in available N and P and high
in available K content. The experiment was laid
out in a split plot design with eight treatment

combinations and four replications. There were
two irrigation methods viz., surface irrigation
(SI) and microsprinkler irrigation (MSP)
combined with four fertilizer recommendations
viz., general recommended dose of fertilizers
(GRDF), as per soil testing (AST), 25 q ha-1

yield targeting (YT) and 25 q ha-1 yield
targeting (YT) through Integrated Nutrient
Management (INM). The data was statistically
analysed and interpreted according to Panse
and Sukhatme (1967).

Results and Discussion

Yield : The results (Table 1) revealed that
maximum thousand pod weight was recorded
(592.28 g) under microsprinkler irrigation
which was significantly superior over the
surface method of irrigation (586.86 g). The
mean thousand pod weight was maximum
(595.08 g) in INM which was significantly
superior over rest of the treatments. The
thousand pod weight recorded with yield
targeting and AST was at par with each other.
The weight of thousand kernels was maximum
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Table 1. Effect of irrigation methods and fertilizer recommendation on yield and quality of summer groundnut.

Treatments Dry pod Dry pod Haulm Pod to Kernel Oil Oil
yield yield yield haulm yield content yield 
plant-1 (g) (q ha-1) (q ha-1) ratio (q ha-1) (%) (q ha-1)

A. Irrigation methods :
I1 : Surface method 13.91 25.79 23.10 1.11 17.76 49.17 8.73
I2 : Microsprinkler method 15.12 28.12 24.91 1.12 19.29 49.51 9.55
S.E. ± 0.06 0.38 0.16 - 0.22 0.09 0.10
C.D. at 5 % 0.28 1.69 0.70 - 0.01 - 0.44

B. Fertilizer treatments :
F1 : GRDF 13.16 20.84 19.77 1.05 14.18 48.83 6.92
F2 : AST 14.14 26.94 22.46 1.20 18.47 49.20 9.09
F3 : 25 q ha-1 yield target 14.90 29.56 25.81 1.15 20.64 49.61 10.24
F4 : 25  q ha-1 yield target through INM 15.89 30.48 27.98 1.09 20.8 49.73 10.34
S.E. ± 0.10 0.54 0.38 - 0.43 0.08 0.21
C.D. at 5 % 0.30 1.60 1.00 - 1.28 0.25 0.63

C. Interaction :
'F' test Sig. N.S. N.S. - N.S. N.S. N.S.
General mean 14.52 26.95 24.06 1.12 18.52 49.34 9.14



(407.82 g) with INM which was significantly
superior over rest of the treatments. The
interaction of microsprinkler with INM
produced significantly higher thousand kernel
weight as compared to other interactions.

The dry pod yield plant-1 was significantly
higher under microsprinkler irrigation (15.12 g)
and INM treatment (15.90 g), respectively.
Significantly the lowest mean dry pod yield
plant-1 was recorded under surface irrigation
and GRDF treatments. The interaction of
microsprinkler with INM produced significantly
highest dry pod yield plant-1 as compared to
other interactions. This might be due to the
combined effect of judicious use of irrigation

and fertilizers and  their effect on maintaining
proper moisture in soil as well as keeping
nutrient balance-through organic and inorganic
fertilizers. The biofertilizer might have also
augmented the dry pod yield plant-1 by making
nutrients available to the plant. The results are
in conformity to those obtained by Deshmukh
and Bhoi (1999).

The dry pod yield was maximum with
microsprinkler irrigation system (28.12 q ha-1)
and in INM treatment (30.48 q ha-1) being
significantly superior over the dry pod yields
recorded under  surface irrigation  method
(25.79) and yield targeting treatments (29.56 q
ha-1), respectively. The favourable soil moisture
conditions and aeration created in the
rhizosphere of summer groundnut with
microsprinkler irrigation system reflected in
increasing vegetative growth in terms of
morphological characters such as height,
spread, number of branches per plant and dry
matter accumulation and finally the total
biomass production and dry pod yield. Thus, it
could be seen that moisture conditions and
aeration at equal proportion influenced the
production of summer groundnut. Similar
increase in the productivity of groundnut was
also reported by Nikam (2000). The dry pod
yield showed increase in yield due to the
application of fertilizer dose as per soil test, as
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Table 2. Interaction effects of irrigation methods and
fertilizer treatments on dry pod yield plant-1 (g).

Treatment Surface Microsp- Mean
rinkler

F1 : GRDF 12.71 13.60 13.16
F2 : AST 13.84 14.43 14.14
F3 : 25 q ha-1 yield target 14.22 15.55 14.90
F4 : 25 q ha-1 yield target 14.86 16.91 15.89

through INM
Mean 13.91 15.12 14.52

SE± C.D. at 5%
Level of A 0.14 0.42 
Level of B 0.14 0.43

Table 3. Effect of irrigation methods and fertilizer recommendations on seasonal water requirement, water saving, dry pod
yield and field water use efficiency of summer groundnut.

Treatment Water Effective Seasonal water Average Dry pod FWUE
applied rainfall requirement water saving yield (kg ha-1

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

I1F1 604.1 106.9 711.0 - 2004.5 2.81
I1F2 604.1 106.9 711.0 - 2523.0 3.54
I1F3 604.1 106.9 711.0 - 2827.3 3.97
I1F4 604.1 106.9 711.0 - 2959.3 4.16
I2F1 385.7 53.0 438.7 38.29 2162.5 4.92
I2F2 385.7 53.0 438.7 38.29 2864.5 6.52
I2F3 385.7 53.0 438.7 38.29 3084.3 7.03
I2F4 385.7 53.0 438.7 38.29 3137.0 7.15



per targeted yield and as per INM over the
general recommended dose of fertilizer. Similar
results were reported by Thorave (2006).

The microsprinkler method of irrigation and
INM treatment produced significantly maximum
haulm yields over surface method of irrigation
and yield targeting. This might be due to the
fact that, in case of groundnut pegging and
early pod formation as well as pod formation to
maturity stages are most sensitive to moisture
stress and during these stages the crop obtained
sufficient moisture due to alternate day
irrigation with microsprinkler and hence it
produced more yields. Similar results were also
obtained by Zagade et al. (2007).

The kernel yields produced due to
microsprinkler (19.29 q ha-1) and INM
treatments were maximum (20.8 q ha-1) and
significantly superior over surface method of
irrigation (17.76 q ha-1) and yield targeting
(20.64 q ha-1), respectively. The lowest yield
was obtained in surface irrigation. Similar
results were reported by Nikam (2000).
Significantly the highest yield of kernel in INM
treatment might be due to balanced fertilization
through organic manure and inorganic
fertilizers in addition to biofertilizers, which
might have boosted the growth of the plant

thereby increasing the yield. The rhizosphere
activity in soil might have also helped in making
the nutrients available to the plants. These
results are in conformity to those recorded by
Badole and More (2001).

Oil yield : The oil yield (Table 1) was
significantly higher (9.55 q ha-1) under
microsprinkler irrigation method and INM
(10.34 q ha-1). The oil yield obtained due to
INM and yield targeting was at par with each
other. This trend of oil yield might be due to the
kernel yield, which was very much influenced
by irrigation and fertilizer treatments. Higher
kernel yields were obtained under
microsprinkler and INM treatments.
Significantly the lowest oil yield was recorded
under GRDF treatment (6.92 q ha-1). These
results were in conformity with those reported
by Nikam (2000). 

Irrigation studies : Water applied :
Actual total evaporation was computed by
considering cumulative pan evaporation and it
was found to be 730.9 mm. The net quantity of
water applied in surface irrigation @ 46.2 mm
per irrigation at 50 mm CPE was 604.1 mm.
In microsprinkler system, the water applied at
two days interval was 385.7 mm (Table 3). The
effective rainfall was computed by considering
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Table 4. Economics of summer groundnut as influenced by different treatments.

Treatment Fertilizer Total cost Gross Seasonal Net Net Benefit Net extra 
recommen- of produc- income total seasonal income cost income over 
dations tions (Rs.) cost income (Rs.) ratio surface 

(Rs.) (Rs.) (Rs.) irrigation
(%)

Surface GRDF 26511 24860 26511 16349 16349 1.61 -
AST 19903 53678 19903 33774 33774 2.69 -
Yield target 20505 60289 20505 29784 39784 2.94 -
INM 21218 63296 21218 42078 42078 2.98 -

Microsprinkler GRDF 54648 75149 33734 12655 20501 1.38 4152
AST 43994 98499 27157 33645 54505 2.24 20731
Yield target 44946 106398 27744 37932 61452 2.37 21668
INM 46079 108569 28444 38574 62490 2.37 20412



cumulative pan evaporation and precipitation
received during the irrigation intervals. The
rainfall received when fall short to CPE or upto
CPE was considered effective and vice versa.
The effective rainfall was found to be 106.9
mm in surface irrigation and 53.0 mm in
microsprinkler irrigation, respectively.

Seasonal water requirement and
water saving : The seasonal water
requirement was computed by considering net
water applied and effective rainfall. The
seasonal water requirement was higher (711.0
mm) in surface method whereas it was 438.7
mm in microsprinkler resulting in 38.29 per
cent water saving over surface method of
irrigation. This might be due to the efficient use
of water which was applied to maintain the
appropriate soil moisture.

Field water use efficiency : The range of
FWUE was 2.81 to 7.15 kg ha-1 mm-1 (Table
3). The FWUE was higher (7.15 kg ha-1 mm-1)
in microsprinkler with INM followed by the
7.03, 6.52 and 4.92 kg ha-1 mm-1 in
microsprinkler with yield targeting, AST and
GRDF, respectively. The FWUE was lowest
(2.81 kg ha-1 mm-1) in surface irrigation with
GRDF due to more seasonal water requirement
and comparatively less yield. The FWUE under
INM treatment was maximum (7.15 kg ha-1

mm-1), which might be due to the increase in
water holding capacity of the soil after addition
of organic manures that could retain moisture
for longer time.

Cost of cultivation and benefit cost
ratio : The Cost of cultivation hectare-1 (Table
4) was maximum (Rs. 46079) in microsprinkler
with INM treatment compared to surface
irrigation with AST treatment (Rs. 19903). The
maximum gross monetary returns was observed
in microsprinkler with INM treatment (Rs.
108569), due to increase in additional area of
0.62 ha irrigated with available water. The
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seasonal total cost per hectare was maximum
(Rs. 33734) in microsprinkler with GRDF
treatment. The net seasonal income was
maximum (Rs. 42078) in surface with INM due
to low system cost compared to microsprinkler
with GRDF treatment (Rs. 12655). The
maximum (Rs. 62490) net income was
observed in microsprinkler with INM treatment
while lowest net income was in surface with
GRDF (Rs. 16349) which may be due to
minimum yield and more water requirement.
The net income was more in micro-irrigation
treatment due to more yield and added area
under cultivation with saved water. The B:C
ratio in various treatments was in the range of
1.38 to 2.98. The B:C ratio in microsprinkler
was slightly less than that of surface irrigation
system, which was due to the higher initial cost
of system installation. In fertilizer treatments
B:C ratio was more in INM than other
treatments. The maximum net extra income
was found in the treatment microsprinkler with
yield target i.e. Rs. 21668.

Nutrient balance sheet : The data (Table
5) regarding residual soil available nitrogen,
phosphorus and potassium after harvest
showed variable results due to different
treatments of irrigation and fertilizer
recommendations. Higher soil available N
observed in microsprinkler + INM might be due
to the increase in root nodulation with better
rhizosphere environment, aeration and proper
moisture and higher dose of fertilizers through
inorganic and organic sources. There was also
gain in the available potassium content of soil
but loss in the phosphorus content. 

Conclusion : The microsprinkler irrigation
system and 25 q ha-1 yield targeting on the
basis of integrated nutrient management (50%

through organic + 50% through inorganic)
were superior in dry pod (31.37 q ha-1), haulm
(28.52 q ha-1) and kernel (21.36 q ha-1) yields
wherein the water saving was 38.29 per cent.
The seasonal water requirement was
considerably less in microsprinkler (438.7 mm).
The field water use efficiency was maximum
(7.15 kg ha-1 mm-1) in microsprinkler with
integrated nutrient management with highest
net extra income.
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Livestock is ihe largest source of income and
employment for rural population next to
agriculture in our country. India with 283
million cattle and buffalo had 19 per cent of the
world's total livestock, constitute more than the
population of Europe and Australia put
together. At present in India there are 26
recognized breeds of cattle. These indigenous
cattle breed have been developed through
selection in different agro-ecological zones by
the Indian farmer over the ages.

During the process of development and
selection of such animals, have developed
remarkable tendency to withstand hot climatic
stress and disease. Crossing Indigenous cattle
with exotic dairy breeds like Holstein Friesian,
Jersey and Brown Swiss for high productivity is
the widely adopted policy in India. It is quickest

way to bring about the improvement in
economic traits of cattle. Reproductive
performance is an important component of a
profitable dairy farm. Low fertility reduces the
profit by decreasing the average milk
production and the number of calves per cow.
Poor reproductive performance had a negative
effect on the future productivity of dairy herd
(Bagnato and Oltenacy, 1993).

Considering the need of the periodical
assessment of reproductive performance of
crossbreds, the present study was undertaken.

Materials and Methods

The present study was undertaken by
utilizing of data pertaining to the reproductive
traits of the 297 'Phule Triveni' crossbred
animals maintained at Research cum
Development Project (RCDP) on cattle,
Mahatma Phule Krishi Vidyapeeth, Rahuri,
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Factors Affecting Reproductive Performance of Phule Triveni
Crossbred Cow
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Abstract
The overall least square mean of AFFC, NSFC, AFC, CP, SP, NSC and CI in Phule Triveni cow were

749±16.99 (days), 2.39±0.21, 1029.62±16.65 (days), 92.56±3.01 (days), 145.33±4.62 (days),
2.44±0.09, 427.28±4.7 (days) respectively. The effect of period of first insemination was highly significant
(P < 0.01) on AFFC, AFC and non-significant on NSFC. Influence of season of first insemination was highly
significant (P < 0.01) on NSFC and non-significant on AFFC and AFC. Influence of season of calving, parity
and weight at first calving on OP, SP, NSC and Cl was non-significant. The difference due to period of calving
on OP, Cl SP were highly significant (P < 0.01),  whereas non-significant on NSC. The correlation of service
period with NSC (0.558), OP (0.659), and Cl (0.988) was positive and significant. The correlation of calving
interval with open period (0.647), service period (0.988) and number of services per conception (0.558) was
positively significant. The correlation of open period with service period (0.659) and calving interval (0.647)
was positive and significant. However, with number of services per conception     (-0.045) was negative and
non-significant. The correlation of number of services per conception with SP (0.558) and CI (0.558) was
positive and significant.

Key words: Phule Triveni cow, reproduction.
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Dist. Ahmednagar. The data were collected for
1985-2009 years from history and pedigree
sheets maintained at RCDP on cattle, M.P.K.V.
Rahuri. The data were classified according to
season, period, parity and weight at first calving
group.

The data were analyzed by least squares
analysis method suggested by Harvey (1990) to
estimate effects of different factors. The
following mathematical model was used, Yijk =
µ + Yi + Sj + eijki

Where,

Yijk = Observation on kth trait of ith period first
of Insemination, jth season of first
insemination

µ  = Overall mean,

Yi = Effect of ith period of first insemination
(1 to 5),

Sj = Effect of jth season of first insemination,
(1 to 3),

eijk = Random error associated with NID - (0,
δ2 e).

Effect of season of calving, period of
calving, weight at first calving group and parity
was estimated for the following traits, 1. Service
period , 2. Open period , 3. Number of services
per conception, 4. Calving interval. The model
used was as, Yijklm = µ + Yi + Sj + Pk + Wl +
eijklm

Where,

Yijlkm = Observation on mth trait of ith period of
calving, jth season of calving, kth of
parity and lth weight group,

µ = Population mean

Yi = Effect of ith period of calving (1 to 5)

Sj = Effect of jth season of calving (1 to 3)

Pk = Effect of kth parity (1 to 5)

W1 = Effect of lth weight group ( 1 to 3)

eijlkm = Random error associated with NID ~(0,
δ2e).

Duncan's multiple range test (DMRT) as
modified by Kramer (1957) was used to make
pair wise comparison between the least squares
means. The data was corrected for significant
effect due to season of calving, lactation order,
period of calving and weight at first calving
group as per the formula suggested by Gacula
et al. (1968). The corrected data was used for
estimation of correlation. The correlation
among different reproductive tracts was
estimated as per technique of Snedecor and
Cocharan (1994).

Results and Discussion

Fertility status : It was revealed from the
results that 33.33 per cent animals were
conceived after first insemination, 25.60 per
cent after second insemination, 13.13 per cent
after third insemination and 27.94 per cent
animals required 4 and above inseminations for
pregnancy.

Higher percentage of animals conceived
after first insemination was reported by Orman
and Ogan (2009). Percentage of repeat
breeders in herd was estimated as 27.94 per
cent. However, the percentage of repeat
breeders should be below 16 per cent. It was
revealed from the results that the percentage of
repeat breeders was on higher side. That could
might be minimized by taking proper feeding
and fertility management of the herd.

Age at first fruitful conception : The
overall least squares mean of age at first fruitful
conception in Phule Triveni cow was
749.66±16.99 days. Similar values were
reported by Saha and Parekh (1988) for FG
(746.6±0.22) and JG (731.2±0.29). However,
lower values were reported by Deokar et al.
(1993) in Jersey cow (639.80±7.24 days) and
Orman and Ogan (2009) in Holstein cow
(494±0.39 days). Higher values were reported
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by Saha and Parekh (1988) for JFG
(874.3±0.11), FJG (987.9±0.13) and BFG
(1005.7±0.28) days, respectively and Ulmek
and Patel (1993) in Gir cows.

Effect of season of first insemination :
The effect of season of first insemination on
age at first fruitful conception was non-
significant. However, Orman and Ogan (2009)
had reported significant effect of season of first
insemination on age at first fruitful conception.
The highest age at first fruitful conception was,
observed during summer season (S3)
(760.43±21.51 days) followed by rainy (S1)

(750.3 5±19.79 days) and winter (S2)
(738.19± 22.55 days) season.

Effect of period of first insemination :
The effect of period of first insemination was
highly significant on age at first fruitful
conception in Phule Triveni cow. Orman and
Ogan (2009) had reported significant effect of
period of first insemination on age at first
fruitful conception. The highest age at first
fruitful conception was observed during Y4
(916.53 ± 21.24 days), followed by Y3
(815.78 ± 23.45 days), Y5 (711.09 ± 69.32
days), Y2 (688.34 ± 15.42 days), and Y1
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Table 1. Least square means for reproductive traits (cows).

Effect N Open period Service period Services Calving interval 
(days) (days) conception-1 (days)

–––––––––––––––– –––––––––––––––––– ––––––––––––––––– –––––––––––––––––––
Mean SE± Mean SE± Mean SE± Mean SE±

µ 744 92.56 3.01 145.33 4.62 2.44 0.09 427.28 4.73

Period of calving :
Y1 178 89.98bdf 4.76 137.45b 7.31 2.63 0.14 418.40b 7.48
Y2 217 75.67bdc 4.37 123.56bd 6.70 2.41 0.13 405.32bd 6.86
Y3 174 104.60ac 4.60 362.75a 7.06 2.56 0.13 444.27a 7.23
Y4 108 111.18a 5.47 161.69a 8.39 2.24 0.16 442.01a 8.59
Y5 67 81.95bd 7.13 141.18ac 10.94 2.38 0.21 426.4 lac 11.20
Significance ** ** NS **

Season of calving :
S1 225 93.68 4.34 148.13 6.66 2.45 0.13 430.89 6.82
S2 279 94.04 3.97 149.11 6.08 2.44 0.11 431.89 6.22
S3 240 89.95 4.16 138.74 6.38 2.44 0.12 419.07 6.53
Significance NS NS NS NS

Parity :
P1 262 95.80 3.81 146.73 5.84 2.44 0.11 427.64 5.98
P2 190 96.94 4.38 151.84 6.72 2.44 0.13 433.61 6.88
P3 141 94,23 5.05 143.25 7.75 2.37 0.15 425.29 7.93
P4 97 94.02 5.95 144.17 9.13 2.28 0.17 426.58 9.35
P5 24 81.79 7.78 140.65 11.94 2.69 0.22 423.30 12.22
Significance NS NS NS NS

Weight at first calving :
W1 76 102.42a 6.53 146.49 10.02 2.27 0.19 428.62 10.26
W2 221 80.58bd 4.06 140.11 6.23 2.56 0.12 421.70 6.38
W3 447 94.67ac 2.94 149.38 4.50 2.50 0.09 431.52 4.61
Significance ** NS NS NS

**P < 0.01, *P<0.5



(616.54 ± 19.62  days). The DMRT test
revealed that Y4 had significantly higher values
than other periods.

Number of services for first
conception : The overall least squares means
for number of services for first conception was
estimated as 2.39± 0.21. These results were in
close agreement with those reported by Saha
and Parekh (1988) in FG (2.1±0.27), JFG
(2.1±0.16) and BFG (2.6±0.31). However,
lower values of number of inseminations per
conception were reported by Ulmek and Patel
(1993) in Gir cows, Basu et al. (1979) in
Hariana cows, and Orman and Ogan (2009) in
Holstein heifers.

Effect of season of first insemination :
The effect of season of first insemination on
number of services for first conception was
highly significant (Table 2). The highest number
of services for first conception was observed
during S1 (2.96±0.24) followed by S2
(2.18±0.27) and S3 (2.02±0.26). However,
Orman and Ogan (2009) had reported non-

significant effect of season of first insemination
on number of services for first conception.

Effect of period of first insemination :
The variation associated with the period of first
insemination in number of services for first
conception was non-significant in Phule Triveni
cow (Table 2), These results were in agreement
with Orman and Ogan (2009). The highest
number of services for first conception were
observed during Y2 (2.60±0.19) and followed
by Y3, Y4, Y1 and Y5.

Age at first calving : The overall least
squares mean for age at first calving in Phule
Triveni cow was 1029.62±16.56 days (Table
2). The results were in close agreement with
Anilkumar et al. (1997) in crossbred cattle
(1037.93±5.95), Mishra and Prasad (1998) in
JS halfbrebs (1050.32±5.30 days), Singh et al.
(2002) in BH (1022.69±21.85 days) and
Bhagat et al. (2006) in FG halfbreds
(1054.67±12.63 days). The lower values of
age at first calving were reported by Bhoite
(1996) in FG (837.44±11.98 days), Borade et
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Table 2. Least square means for reproductive traits (Heifers).

Effect N Age at first fruitful Services for first Age at first 
conception conception calving

–––––––––––––––––––––– ––––––––––––––––––– ––––––––––––––––––––––
Mean SE± Mean SE± Mean SE±

µ 297 749.66 19.99 2.39 0.21 1029.62 16.56

Period of first insemination :
Y1 73 616.54bdf 19.62 2.31 0.24 902.18 19.10
Y2 114 688.34bdc 15.42 2.60 0.19 965.52 15.02
Y3 46 815.78bc 23.45 2.57 0.28 1091.23 22.83
Y4 59 916.33a 21.24 2.40 0.26 1196.94 20.68
Y5 5 711.09a 69.32 2.05 0.84 992.24 67.51
Significance ** NS **

Season of first insemination :
S1 112 750.35 19.79 2.96b 0.24 1030.53 19.27
S2 86 738.19 22.55 2.18a 0.27 1016.06 21.96
S3 99 760.43 21.51 2.02a 0.27 1042.28 20.95
Significance NS ** NS

**P < 0.01, *P<0.5



al. (1997) in HJG, JHG, BHG, Nagare and
Patel (1997) in Gir crosbreed, Singh et al.
(2002) in FH (953.02±17.49 days) and Orman
and Ogan (2009) in Holstein dairy cattle.
However, the higher values of age at first
calving were reported by Thornbare et al.
(2002) in HF x D halfbreds and Dahiya et al.
(2003) in FH halfbreds (1101.04±22.34) days.

Effect of season of first insemination :
The effect of season of insemination on age at
first calving was non-significant. However,
Orman and Ogan (2009) reported significant
effect of season of first insemination on age at
first calving in Holstein heifers. The highest age
at first calving was observed during summer
(1042.28 ± 20.95 days) followed by rainy
(1030.53 ± 19.27 days) and winter (1016.06±
21.96 days) season.

Effect of period of first insemination :
The effect of period of first insemination on age
at first calving was highly significant. The
DMRT test revealed that significantly higher
age at first calving was observed during Y4
(1196.94±20.68 days) than other periods.
Similar results were reported by Orman and
Ogan (2009).

Open period : The overall least squares
means for open period was 92.56±3.01 days.
These results were in close agreement with
those reported by Agasti and Choudhury
(1990), Kanawade (1997) and Kanible (2003).
However, lower values of open period were
reported by Lopez and Ruiz (1987).

Effect of season of calving : The effect
of season of calving was non significant. Similar
non significant effect of season of calving on
open period was reported by Kanawade (1997)
and Karnble (2003). The results revealed that
highest open period was observed in winter
season followed by rainy and summer season.

Effect of period of calving : The

variation associated with the period of calving
in open period was significant (P < 0.01) in
Phule Triveni cow. The cows calved during Y1
(89.98±4.76), Y2 (75.07±4.37) and Y5
(81.95±7.13) had significantly shorter open
period (days) than those calved during Y3
(104.60±4.60) and Y4 (111.18±5.47) (Table
1). These results might be due to differences in
nutritional management and environmental
parameters affected the performance of
animals. Similar results were reported by
Kamble (2003), Zol (2007), Jadhav (2009) and
Orman and Ogan (2009). However, Lopez and
Ruiz (1987), Kanawade (1997) and Mhasade
(2010) reported non-significant effect of period
of calving on open period.

Effect of parity : The effect of parity on
open period was non-significant in Phule
Triveni cow. More or less similar open period
was observed in all lactation studied. Similar
results were reported by Agasti and Choudhury
(1990), Kanawade (1997), Jadhav (2009) and
Mhasade (2010. However, Kamble (2003) and
Zol (2007) reported significant effect of parity
on open period.

Effect of weight at first calving : The
variation associated with weight at first calving
in open period was highly significant (P < 0.01)
in Phule Triveni cow. The least squares means
were ranged from 80.58 ± 4.06 to
102.42±6.53 days. The DMRT test revealed
that means estimated for W1 and W3 were at
par with each other. However, the mean for W2
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Table 3. Correlation among the different reproductive
traits.

Open Service Services/ Calving
period period concep- interval

tion

Open period 1 0.659** -0.045 0.647**
Service period - 1 0.558** 0.988**
No.of service/ - - 1 0.558**
conception
Calving interval - - - 1



was significantly lower. Non-significant effect of
weight at first calving on open period was
reported by Mhasade (2010).

Service period : The overall least squares
mean for service period was 145.33±4.62
days. The present results resembled with those
reported by Bhoite (1996), Singh et al. (2002),
Dahiya et al. (2003) and Kamble (2003).
However, higher values for service period
reported by Pyne et al. (1988), Prabhukumar
et al. (1990), Thombare et al. (2002) and
Narula et al. (2005).

Effect of season of calving : The
variation due to season of calving in service
period was non-significant (Table 1). Similar
results were reported by Bhoite et al. (1999)
and Kamble (2003) in Gir crossbreds and
Narula et al. (2005), Zol (2007) and Jadhav
(2009) in crossbreed cows. However, significant
effect were reported by Basu and Ghai (1980),
Sirigh et al. (1988), Dahiya (2003) and
Mhasade (2010). The service period of cows
calved during summer (138.74±6.38days)
season was lower than the cows calved in rainy
(148.13±6.66 days) and winter (149.11±6.08
days) season.

Effect of period of calving : The effect of
period of calving on service period was highly
significant (P < 0.01). The DMRT test revealed
that animal calved during Y3, Y1 and Y5 had
significantly higher service period followed by
Y1 and Y2. These results were close agreement
with the findings of Thombare et al. (2002),
Dahiya et al. (2003), Kamble (2003), Zol
(2007) and Jadhav (2009). However, Bhoite et
al. (1999), Deokar et al. (2005), Narula et al.
(2005) and Mhasade (2010) reported non-
significant effect of period of calving on service
period.

Effect of parity : The difference in service
period due to parity was non-significant in
Phule Triveni cow (Table 1). More or less

service period were similar for the lactations
studied. Similar results were reported by Zol
(2007) and Jadhav (2009).

Effect of weight at first calving : The
difference in service period due to weight at first
calving was non-significant in Phule Triveni
cow. The highest service period of
149.38±4.50 days was observed in cows
having body weight at first calving more than
350 kg and the lowest service period of
140.11±6.23 days was observed in cows with
300-350,kg weight at first calving. The non-
significant effect on service period was reported
by Mhasade (2010).

Number of services per conception :
The overall mean number of services per
conception was 2.44±0.09 in Phule Triveni
synthetic cow (Table 1). The present overall
mean number of services per conception was in
close agreement with those reported by
Khopade (1996). However, lower number of
services per conception were observed by
Narula et al. (2005). Higher number of services
per conception was reported by Kamble (2003)
and Bhagat et al. (2006).

Effect of season of calving : The
difference due to season of calving in number of
services per conception was non- significant in
Phule Triveni cow. The results revealed that
more or less same number of services were
required during all seasons. These results were
similar with the findings of Khopade (1996),
Kamble (2003), Zol (2007) and Jadhav (2009).

However, Singh et al. (1990) reported
significant effect of season of calving on
number of services per conception in JS
halfbreds. The results obtained in present study
revealed that Phule Triveni cow did not show
seasonality in breeding.

Effect of period of calving : The period
of calving had non-significant effect on number
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on services per conception. Similar results were
reported by Khopade (1996), Kamble (2003)
and Narula et al. (2005). However, significant
effect of period of calving was reported by Zol
(2007).

Effect of parity : The variations due to
parity in number of services per conception
were non-significant. These results were similar
to those reported by Khopade (1996), Kamble
(2003), Narula et al. (2005) and Zol (2007).

Effect of weight at first calving : The
weight at first calving had non-significant effect
on number of services per conception (Table 2).
The numbers of services required for different
weight groups at first calving were ranged from
2.27±0.19 to 2.56±0.12.

Calving interval : The Overall least
squares mean of calving interval of Phule
Triveni cow was 427.28±4.73 days (Table 2).
These results were in close agreement with
those reported by Dalai et al. (1991), Singh et
al. (2002) and Dahiya et al. (2003). The
shorter calving interval were reported by
Deokar et al. (2005). However, the longer,
calving interval was reported by Reddy et al.
(2002) Thombare et al. (2002) and Narula et
al. (2005).

Effect of season on calving : The
influence of season of calving on calving
interval was nonsignificant in Phule Triveni
cow. The calving intervals during season were
ranged from 419.07±6.53 to 431.89±6.22
days. Similar results were reported by Kuralkar
(2003), Zol (2007) and Talape (2010).
However the significant effect was reported by
Reddy et al. (1987), Jadhav et al. (1992) and
Singh et al. (2002) and Jadhav (2009).

Effect of period of calving : The analysis
of variance revealed that the period of calving
had significant (P < 0.01) influence on calving
interval in Phule Triveni cow. Similar results

were reported by Singh et al. (2002) and
Thombare et al. (2002), Kamble (2003), Zol
(2007) and Jadhav (2009). However non-
significant effects were reported by Bhoite
(1996) and Mhasade (2010).

In present study the calving interval of cows
calved during different periods were ranged
from 405.32±6.86 to 444.27±7.23 days. The
DMRT test revealed that Y3, Y4, and Y5 had
significantly higher calving interval than Y1 and
Y2. The variation in calving interval during
different periods might be due to different
environmental conditions, variation in feeding
and management provided to the animals
might be different. An efficient management
which includes proper heat detection, timely
A.I., detection of silent heat, treatment of
unestrus animals by which service period could
be minimized and ultimately calving interval

Effect of parity : The variation due to
parity in calving intervals was non- significant in
Phule Triveni synthetic cow (Table 1). In present
study the calving interval was ranged from
423.30±12.22 (P5) to 433.61±6.88 (P2)
days. Similar results were reported by Bhoite et
al. (1999), Zol (2007) and Jadhav (2009).
However, significant effect of parity on calving
interval was reported by Deokar et al. (2005).

Effect of weight at first calving : The
weight at first calving had non-significant effect
on calving interval. The least squares means for
calving interval ranged from 421.70±6.38 to
431.52±6.41 days (Table 2). Similar results
were reported by Deokar et al. (2005) and
Mhasade (2010).

The correlation of open period (Table 3)
with service period (0.659) and calving interval
(0.647) was positive and significant. However,
correlation of open period with number of
services per conception (-0.045) was negative
and non-significant. Positive correlation of
open period with service period had been
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reported by Agasti and Choudhury (1990).

The correlation of service period with
number of services per conception, open
period, calving interval was favorable and
significant. Mishra et al. (2001) reported
positive and significant correlation between
service period and number of services per
conception. Agasti and Choudhury (1990)
reported positive correlation of service period
with open period and calving interval.

The correlation of number of services per
conception with service period and calving
interval was (0.558) significant and positive.
However, with open period was (-0.045)
negative and non-significant.

The correlation of calving interval with open
period (0.647), service period (0.988), and
number of services per conception (0.558) was
positive and significant. Basu and Ghai (1980)
reported similar results for correlation between
service period and calving interval, Singh et al.
(2005), Gabriel et al. (2000) reported
significant and positive correlation among
different reproductive traits.

According to fertility management
assessment 58 per cent animals were conceived
after two inseminations. However, repeat
breeding percentage was 28 per cent.
Improvement in fertility management should be
made to minimize the repeat breeding problem
of the herd. The effect of period of first
insemination on AFFC and AFC was highly
significant while the season of first insemination
was non-significant. The influence of season of
first insemination on NSFC was highly
significant while the period of first insemination
was non-significant. The season of calving and
parity had non-significant effect on all the
reproductive traits studied. The weight at first
calving exerted non-significant effect on all the
reproductive traits studied except open period.

The correlation among the various reproductive
traits was positive and significant, except
number of services per conception with open
period.
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Rice is one of the major staples foods grown
in India. Transplanting seedlings in puddled and
flooded field is the traditional method of rice
growing. High losses of water through
puddling, surface evaporation and percolation
are some of the disadvantages of this method.

Growing rice under aerobic environment
can reduce water losses to greater extent. The
water resources both surface and underground
are shrinking and water is becoming a limiting
factor. Hence, direct seeding instead of
conventional transplanting to reduce water
losses is being practiced. Direct seeding of rice
is being practiced on terraced and sloppy lands
of Bangladesh, along the coast and Western
Himalayan region of India (Gupta et al., 2007).
The productivity of direct seeded rice is often
reported to be lower due to increased weed
infestation. Aerobic soil condition and dry
tillage practices besides alternate wetting and
drying conditions are for germination and
growth of highly competitive weeds, which
cause losses in grain yield which may be up to
50-91 per cent (Elliot et al. 1984) and Fujisaka
et al. 1993). Singh et al. (2005) reported good
success in dry seeding rice production when
stale seed bed techniques was combined with
pre-emergence herbicide of Pendimethalin.

The time of sowing have noticeable impact
on weed intensity and probably yield also.
Delay in sowing results in slow growth of crop
and increased infestation of competing weeds.
In light of above the experiment was conducted
to test the effect of time of sowing, weed
control methods on weed intensity and yield of
direct seeded rice.

A field experiment was conducted at All
India Coordinated Research Project on Weed
Management, Parbhani during kharif season of
2009 and 2010 in split plot design with three
replications. The main plot treatments were
two different times of sowing i.e. before onset
of monsoon and after onset of monsoon, while
sub plot treatments were six different weed
control methods viz., PE-Pretilachlor-S 0.5 kg
ha-1, PE-Butachlor 1.5 kg ha-1 + 1 hand
weeding. Post emergence Almix 4 g ha-1,
Sesbania (broadcast) + 2,4-D 0.5 kg ha-1 at 30
DAS. Weedy and weed free. The gross and net
plot size were 4.5 x 4.5 m and 3.6 x 3.6 m
respectively. The sowing (direct seeding) before
onset of monsoon was done on 1/7/2009 and
1/6/2010 while sowing after onset of
monsoon was done on 15/7/2009 and
6/6/2010, respectively. The recommended
dose of NPK and plant protection schedule was
followed.

Crop weed association : The 46 per cent
grassy and 54 per cent broad leaved weeds
were associated with rice crop during the Ist
year of experimentation i.e. kharif 2009 while
41 per cent grassy and 59 per cent broad
leaved weeds were-associated with rice crop
during the IInd year of experimentation i.e.
kharif 2010. Among broad leaved weeds
Ipomea maxima, Digera arvensis,
Parthenium hysterophorus, Euphorbia
genicullata, Convolvulus arvensis, Acalypha
indica were found to be dominant species. The
dominant grassy weeds were Brachiaria
eruciformis, Dinebra retraflexa, Cynodon
datctylon, Amixchophacelus cuculala and
Heteropogon contortus.
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Dry weed weight : Significant effect of
treatments on dry weed weight of grassy (Table
1 and 2) as well as broad leaved weeds was
observed.

Effect of time of sowing : The dry matter
of weeds was affected significantly due to time
of sowing. The sowing of paddy crop before
onset of monsoon showed significantly lowest
dry weed weight of grassy weeds at 30 DAS
than the dry weed weight observed in paddy
crops sown after onset of monsoon during both
the years of experimentation.

Whereas, at 60 DAS significantly lower dry
matter of grassy weeds was observed in paddy
crop sown before onset of monsoon than dry
weed weight observed in the paddy crop sown
after onset of monsoon during both the years of

experimentation.

The similar trend was observed in dry weed
weight of broad leaved weeds wherein the
significantly lower dry weed weight of broad
leaved weeds at 30 and 60 DAS was observed
in paddy crop sown before onset of monsoon
than the dry weed weight observed in paddy
crop sown after onset of monsoon during  both
the years of experimentation.

Weed control efficiency : The maximum
Pweed control efficiency was observed in paddy
crop sown before onset of monsoon as regards
grassy and broad leaved weeds than paddy crop
sown after onset of monsoon at both the stages
of observations i.e. at 30 and 60 DAS during
2009 as well as 2010.
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Table 1. Grain yield of direct seeded rice, dry weed weight as influenced by different treatments.

Treatments Grain yield Grassy Broadleaved Grassy Broadleaved
Main treatments (kg ha-1) 30 DAS 30 DAS 60 DAS 60 DAS
(time of sowing) –––––––––––––––– –––––––––––– ––––––––––––– ––––––––––––– –––––––––––––––

2009 2009 2009 2009 2010 2009 2010 2010 2010 2010
-10 -10 -10 -10 -11 -10 -11 -11 -11 -11

D1 - Before onset of monsoon 2256 2256 10.41 12.85 7.87 15.29 15.06 11.67 2381 2381
D2 - After onset of monso'on 2122 2122 11.65 13.87 10.66 16.78 19.39 13.61 2125 2125
S.E.± 150.25 150.25 0.10 0.34 0.60 0.11 0.53 0.64 57.31 57.31
CD at 5 % NS NS 0.32 1.0 1.77 0.33 1.50 1.89 168.80 168.80

Sub treatments (weed control) :
M1 - Pretilachlor-s 1738 1738 14.25 16.92 10.00 15.93 20.3 16.11 1656 1656

@ 0.5 kg ha-1 - PE
M2 - Butachlor 2681 2681 8.76 8.88 8.43 13.42 11.7 7.52 2594 2594

@ 1.5 kg ha-1 - PE + 1 HW
M3 - Fenoxaprop 1966 1966 10.44 9.89 9.37 15.25 17.1 12.05 2401 2401

@ 60 kg ha-1 - POE
M4 - Sesbania (broad cast ) + 2293 2293 9.11 10.26 8.81 14.57 15.3 11.03 2303 2303

2,4- D@ 0.5 kg ha-1

at 30 DAS
M5 - Weedy check 1556 1556 15.62 25.84 12.44 29.63 28.5 23.55 1735 1735
M6 - Weed free 2900 2900 8.04 8.40 6.62 7.43 10.3 6.59 2834 2834
S.E.± 102.69 102.69 1.19 0.46 0.61 0.96 1.24 1.14 82.04 82.04
CD at 5 % 302.46 302.46 3.50 1.36 1.81 1.36 3.65 3.38 242.67 242.67

Interaction :
S.E.± 145.22 145.22 1.68 0.65 0.87 0.65 1.75 1.62 311.03 31.1.03
CD at 5 % NS NS NS NS NS NS NS NS NS NS



Grain yield : The time of sowing did not
influence the grain yield of paddy i.e. before
and after onset of monsoon the grain yield was
found below the level of significance during
2009. However, during 2010 sowing of paddy
crop after onset of monsoon reduced the paddy
grain yield to the tune of 12 per cent as
compared with paddy crop sown before onset
of monsoon indicating the grain yield of paddy
crop sown before onset of monsoon was
significantly more than grain yield of paddy
crop sown after onset of monsoon.

Weed control : The dry weed weight of
grassy and broad leaved weeds was found to be
influenced due to various weed control
treatments at 30 and 60 DAS during both the
years of the experiment. At 30 and 60 DAS
significantly the lowest dry weight of broad
leaved weeds was recorded in weed free
situation which was found at par with the
preemergence application of Butachlor @ 1.5
kg ha-1 followed by one hand weeding during
2009 and 2010.

At 30 and 60 DAS the lowest dry weight of

grassy weeds was found in weed free situation
which was found at par with application of
Butachlor @ 1.5 kg ha-1 followed by one hand
weeding and was found significantly the lowest
than rest of the treatments during both the
years.

The interaction effect was found to be non
significant for grassy and broad leaved weeds
for their dry weed weight at 30 and 60 DAS.

Weed control efficiency : The maximum
weed control efficiency of grassy weeds was
observed in weed free situation followed by PE-
Butachlor @ 1.5 kg ha-1 + 1 HW at 30 and 60
DAS respectively.

Whereas, in case of broad leaved weeds
maximum weed control efficiency was also
observed in weed free situation followed by PE-
Butachlor @ 1.5 kg ha-1 + 1 HW at both the
stages of observations i.e. at 30 and 60 DAS,
respectively.

Grain yield : The grain yield of paddy crop
was found to be influenced significantly due to
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Table 2. Weed index and weed control efficiency as influenced by different treatments.

Treatments Weed index Weed control efficiency
–––––––––––– ––––––––––––––––––––––––––––––––––––––––––––––––––––
2009 2010 Grassy Broad leaved
-10 -11 ––––––––––––––––––––––––––––––––––––––––––––––––––––

2009-10 2010-11 2009-10 2010-11
–––––––––––– ––––––––––– ––––––––––– ––––––––––––
30 60 30 60 30 60 30 60
DAS DAS DAS DAS DAS DAS DAS DAS

Main treatments (time of sowing ) :
D1 - Before onset of monsoon - - 18 07 28 26 11 09 14 23
D2 - After onset of monsoon 06 11 - - - - - - - -

Sub treatments (weed control) :
M1 - Pretilachlor-s @ 0.5 kg ha-1 - PE 40 42 20 35 16 20 09 46 32 43
M2 - Butachlor @ 1.5 kg ha-1 - PE + 1 HW 08 09 45 66 27 32 44 55 68 54
M3 - Fenoxaprop @ 60 kg ha-1 - POE 32 15 34 62 24 25 36 48 49 46
M4 - Sesbania (broad cast ) + 21 19 28 60 36 29 42 51 53 44

2,4- D @ 0.5 kg ha-1 at 30 DAS
M5 - Weedy check 46 39 - - - - - - - -
M6 - Weed free - - 59 47 56 64 49 63



various weed control treatments. During 2009,
the weed free situation produced significantly
the highest grain yield of paddy (2900 kg ha-1)
which was found at par with PE- Butachlor @
1.5 kg ha-1 followed by one hand weeding and
found significantly superior over rest of all the
treatments. During 2010, the weed free
situation gave significantly the highest grain
yield of paddy (2834 kg ha-1) which was found
at par with PE- Butachlor @ 1.5 kg ha-1

followed by one hand weeding and was further
at par with sesbania (broadcast) + 2,4-D @ 5 kg
ha-1 at 30 DAS. Several pre-emergence
herbicides including butachlor, thiobencarb,
pendimethalin, oxadiazon, oxyfluorfen, and
nitrofen alone or supplemented with hand
weeding, have been reported to provide a fair
degree of weed control (Janiya and Moody,
1988, Moorthy and Manna, 1993 and Pellerin
and Webster, 2004). The interaction effect of
time of sowing and weed control methods was
found to be non significant.

A. S. Jadhav
S. U. Pawar

Weed Science Research Centre,
Marathwada Krishi Vidyapeeth,
Parbhani - 413 402 (India)
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Influence of System Parameters on Soil Disruption of
Reversible Shovel for Tractor Drawn Cultivator

______________

Soil disruption, which is a measure of
effectiveness of tillage implement is affected by
nose angle, rake angle and depth of operation.
Soil profile or soil redistribution after tillage
operation is important in several aspects such
as seed placement and covering, incorporating

manure and crop residues, protecting soil from
wind and water erosion etc. (Liu and
Kushwaha, 2006). The study of soil profile and
soil redistribution by tillage has progressed
slowly due to its complexity which involves
many factors, such as soil types and properties,



types of tillage tools and their operational
parameters. Furrow parameters such as furrow
bottom, soil throw, soil disturbance in vicinity of
tool in relation to rake angle and depth of
operation are affected by tool parameter like
shape, size and spacing, operating parameters
such as nose angle, rake angle and depth of
operation and soil parameters like soil type,
moisture content, compaction etc. and are
studied by various researchers (Darmora and
Pandey, 2006, Godwin and O'Dogherty, 2006,
Liu and Kushwaha, 2006, Manuwa and
Ademosun, 2007). Keeping these points in
view the study was conducted with the objective
to study the effect of nose angle, rake angle and
depth of operation of reversible shovel on soil
disruption.

The experiments using RBD design were
conducted in indoor soil bin filled with locally
available sandy loam soil at Department of
Farm Machinery and Power Engineering,
College of Technology and Engineering,
Udaipur, Rajasthan, India. The size of the
indoor soil bin used for the various experiments

was 20.4 x 2.30 x 0.6 m. The power from a
DC variable shunt wound motor of 3 hp was
transmitted to the wheels of the trolley through
belt and pulley arrangement. A rectangular tool
frame was clamped to the horizontal beam at
600 mm distance from center. A control panel
consisting of electrical switch, voltmeter and a
regulator was used to increase or decrease the
rpm of motor for obtaining the desired
operating of the shovels. The forward speed of
the tool was calculated.

A MS cylindrical roller of 310 mm diameter
and 610 mm length was hinged to the tool
frame by metal strip. The purpose of roller was
to maintain uniform compaction and soil level
through out the test to simulate the soil
conditions observed in the field having average
cone index value 1154kPa. It was measured up
to a depth of 0.15 m by field scout digital cone
penetrometer (ASAE standards, 1998 and
Wnkinson et al. 2002). Soil moisture level of
10.8 per cent (db) was maintained during the
experiments as agricultural operations are
usually performed at this moisture level. Four
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Table 1. Mean values of spoil area (x 103 m2) showing the interaction effect of nose angle, rake angle and depth of operation
(two variables).

Nose Depth, m Rake angle (degree) Mean
angle –––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––
(degree) 0.06 0.09 0.12 0.15 15 25 35 45

40 8.23 8.415 8.59 8.905 3.87 6.85 10.295 13.125 8.535
65 8.595 8.98 9.535 10 4.795 7.455 11.29 13.57 9.278
75 9.14 9.625 10.26 10.9 5.515 8.12 12.11 14.18 9.981
90 10.155 10.92 11.97 12.875 7.33 9.23 13.22 16.14 11.48
Depth, m
0.06 - - - - 4.325 7.235 11 13.56 9.03
0.09 - - - - 5.05 7.7 11.36 13.83 9.485
0.12 - - - - 5.735 8.130 11.99 14.5 10.089
0.15 - - - - 6.4 8.590 12.565 15.125 10.67
Mean 9.03 9.4585 10.089 10.67 5.378 7.914 11.729 14.254

Source SE± LCS (0.05) SE± LCS (0.05)
Nose angle 1.4E-02 4E-02 Nose angle x rake angle 2.9E-02 8.1E-02
Rake angle 1.4E-02 4E-02 Nose angle x depth 2.9E-02 8.1E-02
Depth 1.4E-02 4E-02 Rake angle x depth 2.9E-02 8.1E-02



types of commonly used reversible shovels
having different nose angles (40, 65, 75 and
90°) in tractor drawn cultivator in the region
were selected for the experiments.

These shovels were clamped on the tine
which was mounted on the tool frame. The
selected cultivator shovels are normally used for
tillage sowing and intercultural operations.
Keeping these three operations in view the
experiments were conducted with in the range
of 0.06 to 0.15 m depth and 1.25 m/s speed
of operation.

The surface soil disturbance or spoil is a
measurement of the amount of soil displaced
above the original soil surface by the tillage
process and subsurface soil disruption or trench
is the area that is disrupted below the soil
surface (Raper 2005).

Soil disruption was measured with the help
of soil profilometer. The profilometer was fixed
across the trench and the main scale was
adjusted with knobs and spirit level to keep it

horizontally leveled. With the help of plum bob
the vertical depth, or height of the soil surface
was determined at every 2 cm horizontal
distance on the main scale. Replicated
observations of soil disruption were recorded
for each of the tools. After completion of
surface disruption measurement the
profilometer was kept installed and the
manipulated soil mass was removed from the
trench below the profilometer with hand
without disturbing the instrument and care was
taken to ensure that only soil loosened by tillage
was removed. The performance of shovels
were compared on the basis geometric
parameters of spoil and trench.

ANOVA showed that nose angle, rake angle
and depth of operation and their interactions
affected spoil and trench area significantly. The
spoil area increased with increase in rake angle
and depth of operation for all shovels.
However, 90° nose angle shovel resulted in
more spoil area than shovels at all rake angle
and depth of operations. 75° nose angle shovel
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Table 2. Mean values of trench area (x 103 m2) showing the interaction effect of nose angle, rake angle and depth of
operations (two variables).

Nose Depth, m Rake angle (degree) Mean
angle –––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––
(degree) 0.06 0.09 0.12 0.15 15 25 35 45

40 7,650 7.495 7.390 7.235 3.160 5.635 9.145 11.830 7.442
65 7.845 7.690 7.360 7.255 3.250 5.820 9.315 11.785 7.542
75 8.075 7.925 7.825 7.685 3.885 6.025 9.440 12.160 7.878
90 8.245 8.130 8.010 7.885 4.085 6.225 9.600 12.360 8.086
Depth, m
0.06 - - - - 3.740 6.175 9.625 12.275 7.954
0.09 - - - - 3.640 6.010      9.445 12.145
7.810
0.12 - - - - 3.555 5.875 9.310 11.865 7.651
0.15 - - - - 3.445 6.645 9.120 11.350 7.515
Mean 7.954 7.810 7.651 7.515 3.595 5.926 9.375 12.039

Source SE± LCS (0.05) SE± LCS (0.05)
Nose angle 1.4E-02 4.E-02 Nose angle x rake angle 2.9E-02 8.1E-02
Rake angle 1.4E-02 4.E-02 Nose angle x depth 2.9E-02 8.1E-02
Depth 1.4E-02 4.E-02 Rake angle x depth 2.9E-02 8.1E-02



gave 8.70 per cent more spoil area than 40°
nose angle shovel, whereas 90° nose angle
shovel resulted in highest spoil area (0.01148
m2) among all the nose angle shovels tested.
The nose angle (Table 1) rake angle which
affected more the spoil area than the depth of
operation. With the increase in rake angle at
depth of operation the rate of increase in spoil
area was highest for 90° nose angle which.was
more (176.20) per cent at lower rake angle
(15°) than at higher rake angle 45° (93.05)
cent. This may be due to handle less volume of
spoil as compared to other nose angles shovel
because increase nose angle, shovel threw soil
out of trench there by increasing spoil furrow
depth which led to higher rate of increased in
spoil area.

The trench area increased with increase in
depth and decrease with increase in rake angle
for both shovels. 90° nose angle shovel resulted
in more trench area than other nose angle
shovels at all rake angle and depth of
operations (Tables 2). This may be due to the
increased nose angle of shovel that disturbed a
larger zone of soil.

65° nose angle shovel gave 1.34 per cent
more trench area than 40° nose angle shovel
whereas 90° nose angle shovel resulted in
highest trench area (0.008068 m2) among all
the nose angles tested. At lower nose angle
(40°) the trench area varied all most at steady
rate withrincrease in rake angle, whereas in
case of higher nose angle (90°). The effect was
more dominant when rake angle increased
from 15° at all depth of operation. This may be
due to the increase nose angle as well as rake
angle with depth of operations. Similar to spoil
area, rake angle affected more trench area than
the depth of operation. However, it increased
at a higher rate for 90° nose angle at 15° rake
angle (196.68%) and 45° rake angle (208.62%)
when depth of operation increased from 0.06
to 0.15 m. This may.be attributed to the

increase in nose angle as well as rake angle
caused more soil failure as compared to other
nose angle tested, resulting in higher trench
area.

Nose angle, rake angle and depth of
operation affects spoil and trench area
significantly. Wider spoil furrows are obtained
by 90° nose angle shovel at higher rake angles.
It is rake angle which affects more on spoil and
trench area for both the shovels. However, 90°
nose angle shovel gave more spoil and trench
area than other nose angles of shovel. Spoil
area increased with increased in nose angle at
all levels of rake angle and depth of operation.
With increase in rake angle at depth of
operation the rate of .increase in spoil area was
highest for 90° nose angle shovel which was
more (176.20%) at lower rake angle (15°) than
at higher rake angle 45° (93.05%).

Trench area increased with increase in
depth and decrease with increase in rake angle
for all shovels. 90° nose angle shovel resulted in
more trench area than other nose angle shovels
at all rake angle and depth of operation. With
the increase in rake angle at depth of
operation. The rate of increase in trench area
was highest for 90° nose angle shovel which
was more (196.68%) at lower rake angle (15°)
than at higher rake angle 45° (208.62%).

Shailesh Borkar
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College of Technology and Engineering
Maharana Pratap University of Agriculture and
Technology
Udaipur - 313 001 (India)
September 25, 2011.
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Growth Assessment of Different Tree Species Grown Under
Agroforestry System

______________

Agroforestry is a specialized land use system
in which perennial trees are intentionally grown
with crop on the same land management unit,
which ultimately leads to favorable ecological
and economic interaction. Agroforestry is often
heralded as a promising land use option with
considerable potential for commercial timber
production (Kumar, 2005). The prime concern
in Agroforestry studies has been optimization of
various tree species for maximizing tree growth
subject to the condition of minimum reduction
in crop yield over sole crop. In Agroforestry
system, trees are intentionally used within
agriculture system which can be advantageous
over conventional agriculture and forest
production method through increased

productivity, economic benefit, social outcome
and ecological goods and services provided.
Hence, present investigation was undertaken
for the assessment of different tree species
under Agro forestry system for its growth
performance in Agroforestry under shallow soil
for suggesting best tree species for shallow soil
and the effect of various tree species on growth
attributes under Rahuri condition in western
Maharashtra.

The experiment was undertaken at AICRP
on Agroforestry, Mahatma Phule Krishi
Vidyapeeth, Rahuri located at an elevation of
500 m above mean sea level. It is situated
between 19° 47' N latitude and 74°81' E

Table 1. Growth parameter and timber yield of seven tree species in Agroforestry system at age of 12th year.

Species Tree DBH Bole Tree Volume Timber
height (cm) height volume ha-1 (t ha-1)
(m) (m) (m2) (m2)

Azardiracta indica 6.69 11.80 2.35 0.034 37.75 22.21
Eucalyptus camandulensis 11.76 14.59 7.12 0.273 304.01 178.86
Melia azadirachta 6.54 12.59 3.08 0.052 57.72 33.82
Tectona grandis 6.26 10.12 3.33 0.039 42.83 25.19
Hardwickia binnata 8.77 16.93 4.86 0.134 149.50 87.96
Acacia nilotica vr. cupreciformis 11.36 18.80 4.24 0.137 153.11 90.07
Ziziphus mauritiana 3.15 6.40 1.34 0.006 6.72 3.95
Mean 6.80 11.40 3.26 0.096 107.38 63.15
SE± 0.50 1.17 0.31 0.020 22.06 12.96
CD at 5% 1.52 3.56 0.94 0.061 68.01 36.96



longitude and having sub tropical semiarid
climatic condition with mean annual rainfall
500-700 mm with mean maximum
temperature ranges from 22 to 41°C and mean
minimum temperature varies from 7 to 28°C.

The soil of experimental area was shallow
and light with a general fertility level of low
organic carbon, nitrogen, phosphorus and high
potassium. Experiment was laid in a
randomized block design with three
replications. Trees were planted at 3 x 3 m
spacing in each replication. One year old
seedlings of Tectona grandis, Azadirachta
indica, Hardwicki binata, Acacia nilotica,
Melia azadirachta, Zizipus mauritiana and
Eucalyptus sp. were planted in pits of 0.60 x
0.60 x 0.60 m, filled with top soil and 10 kg
FYM. Trees were pruned 50 per cent of total
height in July-August every year starting from
third year onwards. The data on tree growth
attributes viz., tree height, diameter at breast
height (DBH), bole height and bole volume of
trees was recorded at the end of 12th year. Data
obtained for various characters is analyzed as
per procedure given by Panse and Sukhatme
(1967).

Among seven treatments Eucalyptus sp.
was found promising and showed highly
significant results (Table 1) followed by Acacia
nilotica var. cupressiformis. The differences
among tree species in respect of all the growth
attributes were statistically significant.
Eucalyptus recorded significantly highest plant
height (11.76 m) , bole height (7.12 m) and
volume ha-1 (304.01 m3),respectively. Rai et
al. (2000), reported maximum biomass in
eucalyptus in growth and biomass production
study of multipurpose tree species. Tejwani
(1994) reported that Eucalyptus is one of the
trees can be grown with crop and most popular
choice to be planted along edge or bunds of
agricultural fields and appears to be well
incorporated and accepted in Agroforestry in

India. Whereas from the remaining treatments
Ramkathi babul (Acacia nilotica var.
cupriciformis) recorded significantly highest
DBH (18.80 cm) followed by Hardwika binata
(11.54 cm) over rest of the tree species. The
beneficial effects of trenching, felling or both in
agroforestry associations have been
demonstrated in Eucalyptus by Kasole et al.
(1999).

Based on the findings of assessment of
different tree species under agroforestry system
for its growth performance it is revealed that
plantation of Eucalyptus in shallow soil of
scarcity zone of Western Maharashtra is more
beneficial and recommended for obtaining
higher timber yield, as it gives the highest plant
height, DBH, bole height and timber
production over rest of the tree species at the
age of twelve years.

D. B. Lad
C. J. Sonawane
N. A. Jadhav
S. A. Anarase

AICRP on Agroforestry
Mahatma Phule Krishi Vidyapeeth,
Rahuri - 413 722 (India)
February 10, 2012.
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A study was undertaken to estimate the
contribution of macro-nutrients for the yield of
sugarcane crops. An experiment on ratoon
sugarcane was conducted at the farm of MPKV,
Rahuri in equal strips L0, L1 and L2 in created
fertility gradient, which were developed by
applying the different doses of N, P and K
fertilizers. The doses of N were 0, 150, 250
and 350, for P and K 0, 65, 115 and 165 kg
ha-1 whereas, FYM 0, 15 and 30 t ha-1 for
ratoon sugarcane crop were applied to the
different plots (the recommended dose of
N:P:K::400:170:170 kg ha-1 which was given
in four splits). Out of all combinations, 21
treatment combinations of N, P and K were
selected. In addition to this, three control plots
for N, P and K were also taken in each strip
(Anonymous, 2007). Thus, there were nine
control plots and 63 treated plots for the
experiment. For estimating the contribution of
each nutrients, the method of path coefficient
analysis was used for decomposition of
correlation between yield and nutrients and
their direct and indirect percentage contribution
as reported by Wright (1934) and Dewey and
Lu, (1959). For estimating the optimum value
of macro-nutrients, the quadratic equation of
the Snedecor (1967) was used

y = a + b1x1 + b2x2 + b3x3 + b4x4 + c1x1
2

+ c2x2
2 + c3x3

2 + c4x4
2

where, y = ratoon sugarcane yield and X1's
are macro-nutrients as x1 = FYM, x2 = N, x3 =
P and x4= K.

The correlation between cane yield and
macro-nutrients were found nonsignificant. It
revealed that the direct contributions of FYM,
SN and SP were positive, whereas SK was
negative. The indirect contribution of each
nutrients were found negligible through each
other (Table 1). The contribution of FYM was
higher than its correlation yield indicating that
FYM is complimenting the contribution of SP
and SK because indirect contribution of SP was
negative whereas of SK was negligible. As a
totality, the FYM (0.39) and SP (0.64) were
more contributing factors because FYM
contains micro as well as macro nutrients also
which supplemented deficiency of the nutrients
accordingly. More or less the same trend was
followed for the other nutrients also. The
contribution of the macro-nutrients i.e. N, P
and K were higher while indirect contributions
were negative or negligible, which clearly
exhibited that, for the ratoon sugarcane, the
contribution of N, P and K were
complementary among themselves. The
process of absorption was based on crop:soil
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Contribution of Macro-Nutrients in Ratoon Sugarcane

Table 1. Direct and indorect effects and correlation coefficients between ratoon sugarcane yield and nutrients in control plots.

Nutrients FYM SN SP SK Correlation with
sugarcane yield

FYM 0.387 (14.941) 0.074 (5.744) -0.508 (-39.270) 0.086 (6.657) 0.039
SN 0.109 0.263 (6.922) 0.043 (2.270) -0.042 (-2.228) 0.373
SP -0.306 0.018 0.642 (41.171) -0.097 (-12.405) 0.257
SK -0.231 0.077 0.430 -0.144 (2.082) 0.132

# Direct (Diagonal) and indirect (off-diagonal) effects. ## Figures in parenthesis are percentage contribution of macro-nutrients
for ratoon sugarcane yield in control plot. *, ** : Significant at 5 and 1 % level of significance, respectively.



nutrients relation in particular.

The direct percentage contribution of FYM,
SN, SP and SK were 15, 7, 41 and 2 per cent,
respectively (Table 1). Indirect per cent
contribution ranged from -39.27 to 6.66 for
ratoon sugarcane yield. Since, FYM contains all
the macro nutrients indicating that the
contribution of FYM is complementary to all

the nutrients depending upon the requirement
of the crop if the individual nutrients are
deficient in the soil. Thus, the free absorption
of the nutrients in the natural plot is
mobilization of the nutrients to the crop which
is complimentary and supplementary both in
the presence of FYM, that becomes the main
natural source of supply of the nutrients.

The contribution of nutrients SP and SK
were minimum whereas, FYM and SN were
maximum which indicated that FYM and SN
contributed in complimentary and
supplementary form to the other nutrients as a
requirement to the plant. Because of this, the
combine process of absorption of nutrients has
shown the optimal absorption where SN has
attained the maximum while SP and SK at
minimum (Table 2). For control plot FYM and
N played very important role alongwith other
nutrients as required. Hence, there is still scope
to increase the ratoon sugarcane yield by
increasing SP and SK in control plot, which
may contribute further for enhancing the yield
of sugarcane in control plot.
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Table 2. Optimum doses of macronutrients to the ratoon
sugarcane yield.

Variable Regression Optimum 2c
coefficients dose =

-b/2c

Intercept -2021.5 - -
FYM (t ha-1) 25.218 25.0535 -1.0066
SN (kg ha-1) 51.0112 191.359 -0.2666
SP (kg ha-1) -40.112 11.157 3.59521
SK (kg ha-1) -15.155 372.229 0.04072
FYM2 (kg ha-1) -0.5033 - -
SN2 (kg ha-1) -0.1333 - -
SP2 (kg ha-1) 1.797605 - -
SK2 (kg ha-1) 0.020357 - -

Table 3. Direct and indirect effects and correlation coefficients between ratoon sugarcane yield and nutrients in treated plots.

Nutrients FYM SN SP SK FN FP FK Corr. with
ratoon
sugarcane
yield

FYM 0.348 -0.093 -0.016 0.147 0.000 0.000 0.000 0.386**
(12.11) (-6.50) (-1.11) (10.22) (0.00) (0.00) (0.00)

SN -0.147 0.222 0.006 -0.044 -0.028 0.001 -0.003 0.007
(4.92) (0.27) (-1.94) (-1.26) (0.05) (-0.14)

SP -0.092 0.023 0.060 -0.072 0.061 -0.007 -0.005 -0.032
(0.36) (-0.87) (0.73) (-0.08) (-0.06)

SK 0.202 -0.038 -0.017 0.253 -0.011 0.012 -0.023 0.377**
(6.42) (-0.58) (0.59) (-1.18)

FN 0.000 -0.034 0.020 -0.015 0.187 -0.013 0.003 0.147
(3.49) (-0.49) (0.10)

FP 0.000 -0.004 0.006 -0.041 0.034 -0.072 0.009 -0.067
(0.52) (-0.14)

FK 0.000 -0.011 -0.004 -0.088 0.008 -0.010 0.067 -0.039
(0.45)

# Direct (Diagonal) and indirect (off-diagonal) effects. ##  Figures in parenthesis are percentage contribution of macro-nutrients
for ratoon sugarcane yield in control plot. *, ** : Significant at 5 and 1 % level of significance, respectively.



FYM and SK were significantly correlated
with yield in treated plot indicating important
role in ratoon sugarcane yield. In case of
treated plot, the maximum direct contribution
of FYM (0.348) followed by SK (0.253) and SN
(0.222) and indirect contributions were
negligible among each other. The direct
contributions of nutrients were influenced by
FYM resulting in the excess correlation than the
actual with the yield due to more activation of
SN and SK in the process of availability of
nutrients for absorption to the plant in the soil.
This indicated that FYM is supplementing these
nutrients after  decomposition in the soil.
However, indirect contribution of all nutrients
through each other was almost negligible. The
indirect contribution of FYM was compli-
mentary and supplementary with SK (Table 3).

There was direct percentage contribution of
FYM (12) followed by SK (6) while indirect
percentage contributions were negligible
through each other except SK (10.22) and FP
(0.59). The direct contribution was dominant,
which was reflected in the direct percentage
contribution. The contribution may be negative
or positive but percentage contribution will be
always positive. Hence, the direct or indirect
percentage contribution will not be zero and
that is what exactly is reflected in the Table 3.
Thus it can be concluded that FYM and SK
were played important role in the yield of
ratoon sugarcane in treated plot because FYM
was containing all nutrients for
complementation or supplementation. The
FYM, SP and FP contributed maximum
whereas SN, SK, FN were at minimum while
remaining nutrients were at constant rate (Table
4). This is indicating that the FYM was the
source of complement or supplement to the
nutrients for their contribution to the ratoon
sugarcane yield in the treated plot. In other
words, the decomposition of FYM is becoming
the important source for making the availability
of the nutrients for favourable absorption to the

ratoon sugarcane in the soil. The mechanism
by which these nutrients absorbed are nothing
but the crop-specific relationship with the
nutrients (Table 4). Hence, there is still scope to
increase the ratoon sugarcane yield by
increasing the level of SN, SK and FN, etc.

On the basis of results, it is concluded that
SP contributed 41 per cent while FYM 15 per
cent directly in control plot whereas FYM
contributed 12 per cent followed by SK 7 per
cent directly in treated plot for ratoon
sugarcane. There is still scope to increase the
ratoon sugarcane yield by increasing the level of
SN and SK.
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Table 4. Optimum doses of macronutrients to the ratoon
sugarcane yield.

Variable Regression Optimum 2c
coefficients dose =

-b/2c

Intercept 112.6895 - -
FYM (t ha-1) 1.569224** 17.85425 -0.08789
SN (kg ha-1) -0.215 84.66055 0.00254
SP (kg ha-1) 3.768324 15.92046 -0.2367
SK (kg ha-1) -0.31328 220.0597 0.001424
FN (kg ha-1) -0.07833 167.2303 0.000468
FP (kg ha-1) 0.186977* 107.8277 -0.00173
FK (kg ha-1) 0.07007 - Constant 

rate
FYM2 (kg ha-1) -0.04395 - -
SN2 (kg ha-1) 0.00127 - -
SP2 (kg ha-1) -0.11835 - -
SK2 (kg ha-1) 0.000712 - -
FN2 (kg ha-1) 0.000234 - -
FP2 (kg ha-1) -0.00087 - -
FK2 (kg ha-1) -0.0020 - -
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Effect of Different Dates of Planting on Growth and
Flowering of Gladiolus (var. White Prosperity)

______________

Climate is one of the most important factors
which determine the crop yield. Gladiolus is a
winter season bulbous plant. It can also be
grown round the year with varying degrees of
success. Recent research conducted at the
Indian Institute of Horticultural Research,
Bangalore indicated that the best planting
seasons were June and Octomber to November
for flower production in Bangalore. The
climatic conditions prevailing during the
different seasons of the year influence the
growth, yield and quality of flowers to a great
extent.

Temperature plays an important role in the
production of quality flowers, corms and
cormels. Similarly, date of planting plays an
important role in regulating growth and quality
of gladiolus (Khan et al. 2008). Delay or early
planting may adversely affect the yield of quality
flowers. It is therefore, essential to find out the
suitable planting time for higher production of
quality flowers of gladiolus. Therefore, keeping
this in view, the present investigation was
carried out to study the effect of different dates

of planting on growth, flowering and yield of
gladiolus.

The experiment was carried out at Satpuda
Botanic Garden, College of Agriculture,
Nagpur during rabi season of 2006-07. The
experiment was laid out in a randomized block
design with three replications. Each replication
was divided into ten treatments of different
planting dates consisting T1 (1st September,
2006), T2 (8th September, 2006), T3 (15th

September, 2006), T4 (22nd September, 2006),
T5 (29th September, 2006), T6 (6th October,
2006), T7 (13th October, 2006), T8 (20th

October, 2006), T9 (27th October, 2006) and
T10 (3rd November, 2006). The soil of the site
had pH 7.5, EC 0.31 dsm x, organic carbon
0.66 per cent, available nitrogen 456 kg ha-1,
available P 16 kg ha-1, available K 536 kg ha-1

and textural class clay loam. The recommended
dose of fertilizer @ 500 kg N ha-1, 200 kg P
ha-1 and 200 kg K ha-1 was applied through
urea, single super phosphate and muriate of
potash. Well decomposed FYM @ 40 tones
ha-1 was incorporated into the soil 10 days



before planting. The cultural operations
including weeding, irrigation, earthing up,
loosening of soil, staking and plant protection
measures were undertaken accordingly.

Days required for sprouting : It was
evident (Table 1) that 13th October (T7)
recorded significantly less days (8.66) for
sprouting of corms which was at par with 6th

October (T6) planting (8.73). It was closely
followed by 20th October (T8) planting (8.86)
and 22nd September (T4) planting (8.93). The
maximum days (9.46) for sprouting of corms
were required for 15th September (T5) planting.
Earlier sprouting of corms in 13th October
planting may due to favorable climatic
conditions particularly temperature, which was
more during the sprouting period of gladiolus
corms. These findings are in agreement with
the findings of Nijasure and Ranpise (2005)
who reported that 15th October gladiolus
planting registered earlier sprouting of corms as
compared to earlier dates of planting i.e. 15th

September and 1st October. However, Ahmed
et al. (2011) recorded earlier sprouting in 19th

April as compared to 4th April and 18th

February, 2009 gladiolus planting.

Plant height : The vegetative growth in
terms of plant height (cm) from 15 to 75 DAP
were significantly influenced by planting dates.
At 30 to 75 days of growing period, 13th

October (T7) planting recorded longest plants
(94.46 cm) and found significantly superior
over all other planting dates, which, might be
the result of ideal condition for photosynthesis
through which the plants acquired well
developed structure and height. However, at 15
days of planting, 13th October (T7) recorded
maximum plant height (34.06 cm) and at par
with 6th October planting (33.60 cm). From 15
to 75 days of planting, the minimum plant
height was recorded under 1st September (T1)
planting. During growth period of gladiolus
plant i.e. 1st September 2006 to 15th March
2007, the weekly maximum and minimum
average temperature was 32.27 and 16.78°C,
respectively. The weekly morning and evening
average relative humidity recorded during this
period was 66.44 and 31.55 per cent,
respectively. The climatic condition of 13th

October planting was favorable as compared to
other dates of planting during which the weekly
maximum and minimum average temperature
was 31.35 and 16.55°C, respectively. Sheikh
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Table 1. Effect of different dates of planting on growth parameters of gladiolus.

Treatments Days Plant height (cm) at Leaves plant-1 at
(Planting dates) required days after planting days after planting

for ––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––
sprouting 15 30 45 60 75 15 30 45 60 75

T1 (1st September 2006) 9.13 27.93 47.06 67.06 71.33 73.40 2.60 5.53 7.53 7.93 8.20
T2 (8th September 2006) 9.06 28.60 48.20 67.33 71.86 73.86 2.60 5.40 8.00 8.20 8.39
T3 (15th September 2006) 9.46 29.13 50.66 70.13 73.73 76.33 2.60 6.06 8.06 8.39 8.59
T4 (22nd September 2006) 8.93 29.40 51.53 73.20 76.33 79.33 3.13 6.66 8.06 8.46 8.79
T5 (29th September 2006) 9.06 31.93 53.73 75.40 78.13 80.13 3.20 6.73 8.13 8.46 9.06
T6 (6th October 2006) 8.73 33.60 60.06 82.66 86.40 87.93 4.13 7.10 8.86 9.26 9.90
T7 (13th October 2006) 8.66 34.06 64.73 88.06 92.13 94.46 4.20 7.20 9.46 9.93 9.93
T8 (20th October 2006) 8.86 32.20 59.86 82.46 85.93 87.13 3.66 6.93 8.80 9.13 9.59
T9 (27th October 2006) 9.26 32.06 57.86 80.13 83.86 86.53 3.33 6.80 8.66 9.06 9.60
T10 (3rd November 2006) 9.39 31.93 54.06 75.46 78.46 80.60 3.20 6.60 8.60 8.93 9.20
SE± 0.05 0.28 1.22 0.39 0.43 0.35 0.06 0.08 0.07 0.10 0.10
CD at 5% 0.15 0.83 3.62 1.17 1.29 1.04 0.20 0.25 0.22 0.31 0.31



and Jhon (2005) also recorded the maximum
height of plant of gladiolus when planted early
as compared to the delayed  planting dates
Khan et al. (2008) stated that planting time
significantly influenced the vegetative growth of
tulip.

Leaves plant-1 : The vegetative growth in
terms of leaves plant-1 was recorded
significantly more under 13th October (T7)
planting (4.20, 7.20 and 9.93) at 15, 30 and
75 days after planting which was found at par

with 6th October (T6) planting (4.13, 7.10 and
9.90), respectively. While, at 45 and 60 days
after planting 13th October (T7) planting
recorded maximum leaves plant-1 (9.46 and
9.93) which was significantly superior over all
other planting dates. The minimum leaves
plant-1 was recorded under 1st September (T1)
planting at all the different periods. This may be
due to prevailing of favorable temperature and
humidity during first fortnight of October
planting as compared to other planting dates.
Similar results in gladiolus were recorded by
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Table 2. Effect of different dates of planting on flowering and yield parameters of gladiolus.

Treatments Days Spike Rachis Floret diameter (cm) Spikes Weight of
(Planting dates) required length length –––––––––––––––––––––– hectare-1 corms

for (cm) (cm) Unopened Opened ('000') hectare-1

initiation (q)

T1 (1st September 2006) 65.27 85.40 37.06 0.76 8.80 111.11 99.63
T2 (8th September 2006) 64.13 85.53 38.53 0.80 9.13 118.51 98.14
T3 (15th September 2006) 62.33 85.80 39.60 0.80 9.33 118.51 100.00
T4 (22nd September 2006) 60.26 87.26 40.93 0.83 9.39 125.92 101.11
T5 (29th September 2006) 58.87 87.93 41.06 0.83 9.53 125.92 100.74
T6 (6th October 2006) 55.80 100.06 50.60 0.93 10.66 155.55 105.56
T7 (13th October 2006) 55.20 104.20 52.40 0.96 11.06 170.36 107.04
T8 (20th October 2006) 56.27 98.19 47.06 0.86 10.06 148.14 89.62
T9 (27th October 2006) 56.47 91.60 46.06 0.86 9.73 140.73 82.96
T10 (3rd November 2006) 57.07 89.73 43.80 0.86 9.66 133.33 70.37
SE± 0.13 0.18 0.17 0.01 0.15 7.28 3.10
CD at 5% 0.40 0.56 0.53 0.05 0.46 21.63 9.22

Table 3. Effect of different dates of planting on economics of gladiolus production.

Treatments Expend- Yield ha-1 Spike GMR NMR B:C
(Planting dates) ture ––––––––––––––––––––––––––––– scale (Rs. ha-1) (Rs. ha-1) ratio

(Rs. ha-1) Spikes Corms Corme rate
('000') ('000') (q) (Rs. 

spike-1)

T1 (1st September 2006) 511974 111.11 281.11 17.03 4.40 1783624 1271650 2.48
T2 (8th September 2006) 511974 118.51 266.66 16.89 4.30 1745133 1233159 2.40
T3 (15th September 2006) 511974 118.51 266.66 17.16 4.30 1747833 1235859 2.41
T4 (22nd September 2006) 511974 125.92 260.00 16.77 4.30 1749156 1237182 2.42
T5 (29th September 2006) 511974 125.92 252.22 16.68 4.20 1704544 1192570 2.33
T6 (6th October 2006) 511974 155.55 244.44 17.73 4.20 1808370 1296396 2.53
T7 (13th October 2006) 511974 170.36 244.44 16.94 4.20 1862672 1350698 2.64
T8 (20th October 2006) 511974 148.14 214.44 15.80 4.00 1608320 1096346 2.14
T9 (27th October 2006) 511974 140.73 200.00 15.40 4.00 1516920 1004946 1.96
T10 (3rd November 2006) 511974 133.33 170.00 14.50 4.30 1398319 886345 1.73



Misra (1993) who reported maximum leaves
plant-1 with 15th October planting. While,
Nijasure and Ranpise (2005) recorded that
corms planted on 15th October sprouted earlier
and produced the tallest plants, maximum
number of leaves with greater leaf breadth.

Flowering attributes : The data with
respect to flowering attributes are tabulated in
Table 1. The 13th October (T7) recorded less
number of days (55.20) for spike initiation of
gladiolus which was significantly superior over
all other planting dates, followed by 6th October
(T6) planting (55.80), 20th October (T8)
planting (56.27) and 27th October (T9) planting
(56.47). The more number of days (65.27)
required for spike initiation were recorded in 1st

September (T1) planting. The 13th October (T7)
planting received maximum (31. 35°C) and
minimum (16.55°C) temperature and day
length also more than the other dates of
planting that results into early spike initiation.
Similarly, it was also revealed that the 13th

October (T7) planting recorded best quality of
spikes in respect of spike length (104.20 cm),
rachis length (52.40 cm), floret diameter
unopened (0.96 cm) and opened (11.06 cm) as
compared to the other dates of planting due to
receiving more photoperiod and temperature.
The present findings are more or less similar to
the findings of Gajbhiye (1999) who recorded
good growth and development of plants when
the plants planted on 15th October as
compared to 15th November planting of
gladiolus. Similar results were also recorded by
Nijasure and Ranpise (2005) with 15th October
planting.

Yield parameters : The data regarding
yield parameters (Table 1) recorded that the
yield of gladiolus in regard spikes hectare-1 and
weight of corms hectare-1 was significantly
maximum under 13th October (T7) planting
(170.36 and 107.04 q, respectively) which was
found at par with 6th October (T5) planting
(155.55 and 105.56 q, respectively). However,

the significantly less yield of spikes hectare-1

was recorded under 1st September (T1) planting
(111.11 q ha-1). Whereas, the minimum weight
of corms (70.73 q ha-1) was found under 3rd

November (T10) planting. These finding are
similar to the findings of Saini et al. (1988) who
recorded that gladiolus corms planted on 25th

October produced maximum spikes and corms
weight hectare-1.

B:C ratio : The maximum GMR and NMR
(Rs. 1862672 and Rs. 1350698, respectively)
with B:C ratio of 2.64 was found under 13th

October (T7) planting (Table 3), which was
found economically and profitable among all
the dates of plantings. This might be due to the
maximum production of spikes hectare-1 and
corms hectare-1 and weight of cormels
hectare-1.
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Constraints Faced by Cotton Growers in Adoption of
Integrated Pest Management

______________

An IPM package comprised of cultural
practices, resistant varieties, insect scouting,
beneficial insects and the selective use of
insecticides was developed and tested under
field conditions. The effectiveness of IPM gets
maximized when all growers use them on a
community basis over area-wide. The goal of
IPM does not aim for reduction of the insect
population to zero but merely to a level below
the economic damage. IPM strategies focus on
an appropriate mixture of eco-fiiendly
practices. It includes eco-fiiendly practices
which are grouped as cultural, mechanical,
biological and chemical. The present
investigation was carried out with objectives to
know personal, socio-economic and
psychological characteristics of cotton growers
and constraints faced by them in adoption of
Integrated Pest Management in cotton.

For the study, eight villages in Parbhnai
district was selected purposively because it has
implemented IPM Project of ICAR through
Marathwada Krishi Vidyapeeth in cotton crop.
From the each selected talukas four villages
were selected purposively viz., in Manwat
taluka Kolhawadi, Irlad, Ambegaon and Rudhi
and in Selu taluka Nipani Takli, Digras,
Rajewadi and Kawaddhan. From each of the
village fifteen numbers of the respondents
selected. Thus 120 respondents were selected

for study. The data were collected with the help
of structured schedule. The respondents were
contacted personally. Keeping in view the
objectives of the study an interview schedule
was prepared.

It was note worthy that about 67.51 per
cent of respondents were medium farming
experierice (9 to 31 years of farm experience).
There were 14.16 per cent of the respondent
were having low farming experience (upto 8
years). As much as 18.33 per cent of the
respondent were having experience (32 years
and above). Majority of respondents (55.01%)
were educated up to secondary school level (5th

to 10th std.), while, 18.33 per cent respondent
were illiterate. 14.16 per cent of the
respondents were educated up to primary level
(1 to 4th std.), 7.50 per cent of them were
educated up to college level (above 12th), 5.00
per cent of the respondents were educated up
to higher secondary school level (11th and 12th

std.). As regards land holding it was observed
that 35.01 per cent of respondents were small
farmers (1.1 to 2 ha), 34.16 per cent semi-
medium farmers (2.1 to 4 ha), 17.51 per cent
were medium farmers (4.1 to 10 ha), 9.16 per
cent and 4.16 per cent of marginal farmers (up
to 1 ha) and big farmers (10.1 ha and above),
respectively. About 79.16 per cent of
respondents were having medium size of family



(3 to 8 members) whereas 10.83 per cent of
them were having low (up to 2 members) and
10.01 per cent of the respondents were having
high size of family (9 members and above).

The data on annual income indicated that
76.66 per cent of the respondent were having
annual income between Rs. 57,326/- to Rs.
2,82,190/-. However, 15.01 per cent of
respondents were having high annual income
i.e. Rs. 2,82,191/- and above. While 8.33 per
cent respondents were having low annual
income category i.e. income Rs. 57,325/- and
below. It was noticed that majority (62.51%) of
respondents were having low level of social
participation followed by medium level of social
participation (31.66%), while, 05.83 per cent
of the respondents were having high level of
social participation. It was observed that
majority (72.50%) of respondents had medium
level of economic motivation, while 17.50 per
cent of them were having high level of
economic motivation and 10.00 per cent of
respondents had low level of economic
motivation. Majority (80.01%) of the
respondent were found to have medium
cosmopoliteness. A very less percentage 10.83
and 9.16 per cent respectively, had low and
high cosmopoliteness. Majority (62.50%) of
respondents had possessed medium level of
knowledge followed by 22.50 per cent had low
and 15.00 per cent had high level of knowledge
about IPM technology of cotton growers.

Majority (61.66%) of respondents had medium
level of adoption gap followed by high level
(20.01%) respondents and low level (18.33%)
respondents.

In constraints (91.66%) of respondents
reported (Table 1) that insecticides and
pesticides are too costly, while 99.66 per cent
of respondent reported that seed cost is too
high. However, 95.83 and 91.66 per cent
respondents expressed about less and lack of
knowledge about IPM in sucking pests.

The 90.83 per cent of respondent reported
that fungicides are too costly. While, 80.00 per
cent reported problems about non-availability
of bio-agents and 63.33 per cent of the
respondents expressed lack of knowledge about
using sex pheromone trap.

About 50.83 and 18.33 per cent of the
respondents had reported the problem such as
non-availability of sprayers and dusters and lack
of knowledge about control of sucking pest,
respectively. These findings are in line with
Chavan (2004), Girase et al. (2004), Sorate
(2011) and Zunjar (2011).

It could be concluded that most of the
respondents had medium level of farm
experience. Farmers were educated up to
secondary school level. One third of
respondents (35.01%) were small farmers,
educated farmers also know importance of
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Table 1. Constraints faced in adoption of IPM technology by cotton growers in cotton (n=120).

Contraints Frequency Percentage Rank

More seed cost 116 96.66 II
Fungicides are too costly 109 90.83 V
Lack of knowledge about using sex pheromone trap 76 63.33 VII
Non availability of bio-agents 96 80.00 VI
Lack of knowledge about formulation of neem seed extract 22 18.33 IX
Lack of knowledge about control of sucking pests 110 91.66 IV
Non availability of sprayers and dusters 61 50.83 VIII
Insecticides/Pesticides are too costly 119 99.16 I
Lack of knowledge about IPM practices 115 95.83 III



small family so that majority farmers had
medium family size, farmers were grouped into
medium annual income. Due to low knowledge,
low encouragement, limited scope in social
activity farmers possess low level of social
participation. Most of the respondents
(72.50%) had medium level of economic
motivation, majority of the respondents
(80.01%) had medium level of
cosmopoliteness. Most of the respondents
(62.50%) had medium level of knowledge level.

B. D. Sable
R. P. Kadam

Dept. of Extension Education
Marathwada Krishi Vidyapeeth,

Parbhani - 431 402 (India)
June 23, 2012.
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Secondary and Micronutrient Status of Soils from Tuljapur
Tahsil of Osmanabad District in Maharashtra

______________

The annual rainfall of Tuljapur is 743 mm.
Maximum and minimum temperature of this
tahsil is 37.22°C and 17.78°C, respectively.
Total area of Tuljapur tahsil is 143400 ha. and
cultivated area is 123324 ha. in which heavy
soils are 44337 ha., light soils are 78927 ha.
and pasture land is 20076 ha. Area under red
soil, black soil, sandy loam soil and sandy soil is
111019, 16270, 15274 and 190 ha.,
respectively. Main crops grown in Tuljapur
tahsil during kharif season are sorghum, pearl
millet, maize (cereals), black gram, pigeon pea
(pulses), soybean, groundnut, sunflower (oil
seeds) and sugarcane (cash crop). Secondary
and micro nutrient status in soil is helpful for
judging the soil fertility and productivity of soil.
The information in respect of secondary and
micronutrients in soil is scanty. Hence, the
present investigation was under taken to study

the status of secondary and micronutrients of
Tuljapur tahsil of Osmanabad district in
Maharashtra.

The 30 villages were selected randomly in
such a way that it should cover whole area of
the tahsil. Inprder to study the fertility status of
soils from Tuljapur tahsil of Osmanabad district,
six soil samples were collected from each
village. One hundred eighty representative (0 to
15cm depth) soil samples were collected. The
soils were grouped into different orders
according to USDA classification.

The soils were thoroughly mixed, air dried in
shade, ground with wooden mortar .and pestle
and passed through 2 mm sieve. The sieved soil
samples were stored in cloth bags/polythene
bags with proper labeling for subsequent
analysis.The soils were analyzed for secondary



and micro nutrients by using different methods
such as exchangeable Ca and Mg was
determined by Versanate titration method
(Jackson, 1973). Available sulphur was
determined by using extractant 1:5 soil and
0.15 per cent CaCla2 solution on
spectrophotometer at 340 nm (Willams and
Steinberg, 1969). Available micronutrients viz.,
Fe, Mn, Zn and Cu were determined by DTPA
extractant (0.005 m DTPA, 0.1 M
triethanolamine and 0.01 M CaCla) and
measured on atomic absorption spectropho-
tometer (Lindsay and Norvell, 1978).

The exchangeable Ca in Vertisols,
Inceptisols and Entisols ranged from 15.00 to
68.00, 18.00 to 58.00 and 19.00 to 50.00
cmol (P+) kg-1 with a mean value 39.85, 38.55
and 36.67 cmol (P+) kg-1, respectively while
the exchangeable Mg in Vertisols, Inceptisols
and Entisols ranged from 1.00 to 38.00, 3.00
to 40.00 and 2.00 to 38.00 cmol (P+) kg-1

with a mean value of 15.96, 15.66 and 19.35
cmol (P+) kg-1, respectively. It may be
attributed to homogeneous parent material rich
in Ca and Mg. High base saturation was
observed due to presence of base contributing
minerals such as Zeolite in these black soils
(Bhattacharyya et al. 1993, Pal et al. 2006).

The available sulphur was low in most of the
soils from all the soil order, it might be due to
continuous removal of sulphur by crop in

intensive cropping system. Sulphur content in
Ausa and Nilanga tahsil of Latur district were
ranged from 3.62 to 84.61 mg kg-1

respectively reported by Ravte (2008).

DTPA-Fe in Vertisols, Inceptisols and
Entisols ranged from 1.96 to 17.32, 3.32 to
15.56 and 2.24 to 15.88 mg kg-1 with a mean
value of 6.72, 6.49 and 6.74 mg kg-1,
respectively. From the analyzed data most of
the soils were higher in DTPA-Fe. DTPA-Mn in
Vertisols, Inceptisols and Entisols ranged from
2.5 to 19.98, 2.14 to 21.26 and 2.44 to
19.76 mg kg-1 with a mean value of 11.29,
12.16 and 12.25 mg kg-1, respectively. From
observed data most of the soils were higher in
Mn content. Kharche et al. (2001) recorded the
DTPA-Mn varied from 1.04 to 8.6 mg kg-1 in
soils of Nashik district of Maharashtra. DTPA-
Zn in Vertisols, Inceptisols and Entisols ranged
from 0.02 to 2.24, 0.02 to 1.8 and 0.04 to
0.48 mg kg-1 with a mean value 0.16, 0.15
and 0.13 mg kg-1, respectively. From studied
data most of the soils were deficient in Zn
content. DTPA-Cu in Vertisols, Inceptisols and
Entisols ranged from 0.98 to 8.66, 1.66 to
7.78 and 1.12 to 7.98 mg kg-1 with an average
value of 3.36, 3.24 and 3.37 mg kg-1,
respectively. From analyzed data all the soils
were higher in range. Pharande et al. (1996)
reported that the DTPA-Cu content of Vertisols
and Alfisols soil series of western Maharashtra
were ranged from 1.30 to 6.30 and 0.4 to 6.7
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Table 1. Exchangeable Ca, Mg, available S and micro nutrients in soils of Tuljapur tahsil.

Soil No. of Exchangable Exchangable Available DTPA- DTPA- DTPA- DTPA-
order sam- Ca Mg S Fe Mn Zn Cu

ples (cmol (P+) (cmol (P+) (mg kg-1) (mg kg-1) (mg kg-1) (mg kg-1) (mg kg-1)
kg-1) kg-1)

Vertisols 62 Range 15.00-68.00 1.00-38.00 2.00-57.75 1.96-17.32 2.50-19.98 0.02-2.24 0.98-8.66
Mean 39.85 15.96 12.92 6.72 11.29 0.16 3.36

Inceptisols 84 Range 18.00-58.00 3.00-40.00 1.25-30.50 3.32-15.56 2.14-21.26 0.02-1.80 1.66-7.78
Mean 38.55 15.66 10.10 6.49 12.16 0.15 3.24

Entisols 34 Range 19.00-50.00 2.00-38.00 1.50-42.75 2.24-15.88 2.44-19.76 0.04-0.48 1.12-7.98
Mean 36.67 19.35 6.58 6.74 12.25 0.13 3.37



mg kg-1, respectively. Among the various soil
order, Vertisols and Inceptisols showed
considerably higher DTPA-Fe, Mn, Zn and Cu
followed by Entisols. Geochemical point of
view, basaltic parent material on which
Vertisols and associated soils are rich in
ferromagnesian minerals and constitute bulk of
iron ores (magnetite, limonite, ilmenite)
followed by augite, olivine, pyroxene,
hornblende and chlorite as heavy minerals and
quartz, feldspar, calcite as light minerals
Gaikwad et al., 19741; Maniyar et al., 1981.

O. Y. Hirey
V. G. Takankhar

Department of Soil Science and Agricultural
Chemistry
College of Agriculture, 
Latur - 413 512 (India)
July 28, 2012.
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A Study on Contract Farming in Medicinal Plants : 
A Case Study

______________

There is no standard and homogenous
method in contract farming in agriculture.
Generally, there are three types of contract in
agriculture. Procurement contracts, under
which only sale and purchase conditions are
specified, partial contracts, wherein only the

contracting firms supply some of the inputs and
produce is bought at pre-agreed prices and total
contracts, under which the contracting firm
supplies and manages all the inputs on the farm
and farmer is just a supplier of land and labour.
The relevance and importance of each type



varies from product to product and these types
are not mutually exclusive (Hill and Ingersent,
1982 and Key and Runsten, 1999).

Contracts are generally signed prior to
planting and specify how much produce the
company will buy at what price. Often the firm
provides credit, inputs, farm machinery rentals,
technical advice and retains the rights to reject
the substandard produce (Glover, 1990).

The present study is an attempt to assess
different issues relating to contract farming of
an important medicinal plant Coleus. The
major objectives are to study the socio-
economic features of coleus growers, to analyze
the costs and returns and resource use
efficiency in production of coleus crop and to
know the factors influencing farmers about
contract farming. And to find out the problems
and suggestions of the farmers regarding
contract farming.

Belgaum and Dharwad districts of north
Karnataka were selected for the study wherein
the medicinal plants cultivation is done under
contract farming. To evaluate the objectives of
the study all farmers (120) who adopted
contract farming were selected from each
village in consultation with the contracting
companies and also necessary data relating to
contract faming were obtained from the
selected farmers with the help of pre-tested
schedule.

The yield of coleus hectare-1 was 1,600 kg
and gross returns obtained was Rs. 64,000
ha-1. Benefit:cost ratio worked out to be 2.22.
The results in respect of socio-economic
characteristics of the sample farmers revealed
that 35.0 per cent of the farmers were
illiterate and remaining 65.0 per cent were
literate. The annual income was Rs 56,950 per
family.

All the farmers faced major constraint of

non availability of labours for work.
Manipulation of norms by firm (85.71%),
followed by delayed payments (81.71%), less
price for the produce (75.71%), high rejection
rate (73.57%), problem of pest and diseases
(66.42%), were also reported by the
contracting farmers (Table 1).

All the respondents suggested for immediate
and regular payments for the produce.
Provision of supportive price for their products
(76.66%), followed by government intervention
for enforcing strict laws (44.16%) and guidance
over pests and diseases management (18.33%)
were the other suggestions expressed by the
contract farming farmers.

It is also observed from the study that, all the
contract farming farmers were influenced due
to assured market value for medicinal plants
fallowed by good irrigation sources for taking
up of medicinal plants production, higher
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Table 1. Problems faced in contract farming system
(n=120).

Problems Frequ- Per-
ency centage

Manipulation of norms by firms 110 91.66
Delayed payments 103 85.83
High rejection rate 93 77.50
Low contract price 96 80.00
Labour problem 120 100.00 
Pest and disease 83 69.16

Table 2. Suggestions expressed by participants for success
of contract farming system (n=120).

Suggestions Frequ- Per-
ency centage

Government intervention for 53 44.16
making strict laws to make 
legal contract
Technical advice to control 22 18.33
pest and disease
Regular payment for produce 120 100.00
Provide good price to their produce 92 76.66



returns (3.33%) timely supply of inputs
(79.16%), low risk i.e. market fluctuation and
assured returns (75%) and short duration crop
(62.50%). With regard to the rapport of
contract firm in the locality only 16.66 per cent
and for diversity 13.33 per cent were observed
as the least influencing factors with regard to
contract farming.

Based on the findings of the study, the
implications suggested are in view of delayed
payment, manipulation of norms in
procurement and breach of contract by
following different practices and strategies by
the companies in contract farming activities,
the contract farming activities should be
regulated by bringing under legal framework.
As expressed by the respondents, it was found
that the contracting firms try to breach the legal
contracts to increase their profits. Hence, it is
necessary to bring in strict legislative measures
by the government so as to protect the interests
of both the farmers and the company as
suggested by Singh (2001).

As the concept of contract farming is

gaining importance such studies can be taken
up in other sectors like vegetable production,
seed industry etc. This type of study will help
the farmers and contracting firms to  work with
each other for successful enterprising
partnership.

S. S. Hiremath

Krishi Vidyan Kendra,
Belgaum - 590 001 (India)
August 25, 2012.
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Genetic Variability in Exotic Rice Germplasm (Oryza sativa
L.)

______________

Development of high yielding genotypes
requires deep knowledge of genetic variation
and yield contributing characters. The observed
variability is a combined estimate of genetic and
environmental causes, whereas genetic
variability alone is heritable. Knowledge on the
genetic architecture of genotypes is necessary
to formulate efficient breeding methodology.
The systematic breeding programme involves
the steps like creating genetic variability,
practicing selection and utilization of selected

genotypes to evolve promising varieties. The
large spectrum genetic variability in segregating
populations depends on the level of genetic
differences among genotypes offer better scope
for selection. Estimates of GCV, PCV,
heritability and genetic advance will play an
important role in exploiting future research
projections of rice improvement. Therefore,
the present investigation was conducted with an
objective to identify the elite genotypes for yield
and quality parameters.



The experimental material consisted of 80
rice genotypes grown in a randomized block
design with three replications with spacing of
20 x 15 cm in  2 x 1 m2 plot at Field
Experimentation centre of the Department of
Genetics and Plant Breeding, SHIATS during
kharif (June-Nov.), 2011. Recommended
culture practices were followed to raise the
crop. The observation on characters like days
to 50 per cet flowering, plant height (cm), flag
leaf length (cm), flag leaf width (cm), number of
tillers hill-1, number of panicle hill-1, panicle
length (cm), number of spikelet's panicle-1, days
to maturity, biological yield hill-1, harvest index,
test weight (g), grain yield hill-1, were recorded.
The data were analyzed by using ANOVA and
genetic parameters such as PCV and GCV
were calculated by the formula given by Burton
and De (1952), heritability in broad sense (h2)
by Lush (1949), and genetic advance as per
cent of mean (genetic gain) were workedout as
suggested by Johnson et al. (1955).

Analysis of variance revealed highly
significant differences among the genotypes for
all characters, indicating the existence of high
variability among the varieties. Thus, there is

ample scope for selection of genotypes
regarding different characters for rice
improvement. The genotypic coefficient of
variation provides a measure to compare the
genetic variability present in various quantitative
characters (Table 1). High genotypic coefficient
of variation was recorded for number of
spikelets per panicle, flag leaf length, test
weight and biological yield hill-1 and low values
were observed for panicle length, days to
maturity and harvest index. High values clearly
indicates high degree of genotypic variability in
these quantitative characters in rice. Phenotypic
coefficient of variation which measure total
relative variation were high for grain yield hill-1,
number of spikelets panicle-1, and number of
panicles hill-1, while low for days to maturity
and panicle length. Heritability is a measure of
extent of phenotypic variation caused by the
action of genes. For making effective
improvement in the characters for which
selection is practiced, heritability has been
adopted by genetic variability, which is
transmitted from parent to offspring. In the
present study high heritability was observed for
characters viz., number of spikelet's panicle-1,
test weight, plant height, days to 50 per cent
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Table 1. Estimates of genetic parameters for 13 characters in rice germplasm.

Characters GCV PCV h2 (bs)% GA GA as
per cent
of mean

Days to 50% flowering (No.) 8.18 8.32 96.70 15.87 16.58
Plant height (cm) 8.00 8.05 98.60 19.42 16.36
Flag leaf length (cm) 11.85 12.30 92.70 8.52 23.49
Flag leaf width (cm) 7.15 8.50 70.80 0.21 12.40
Tillers hill-1 (No.) 7.89 12.99 36.90 1.32 9.87
Panicles hill-1 (No.) 8.40 13.60 38.20 1.24 10.70
Panicle length (cm) 5.25 6.72 60.90 2.31 8.43
Spikelets panicle-1 (No.) 14.46 14.48 99.80 61.86 29.76
Days to maturity (No.) 6.19 6.29 96.90 15.78 12.56
Biological yield hill-1 (g) 9.47 10.35 83.68 15.77 28.49
Harvest index 6.54 8.56 58.30 9.17 21.48
Test weight (g) 11.07 11.12 99.10 4.95 22.70
Grain yield hill-1 (g) 8.87 18.07 24.10 2.10 8.96



flowering and days to maturity, whereas, grain
yield hill-1 had lowest heritability. According to
Lush (1949), heritability in broad sense is the
ratio of total genotypic variance and
phenotypic variance, expressed in percentage.
The estimates of heritability are more
advantageous when expressed in terms of
genetic advance. Hence plant breeder may use
these characters in their rice improvement
programme.

The estimate of heritability alone is not very
much useful on predicting resultant effect for
selecting the best individual because it includes
the effect of both additive gene as well as non-
additive gene. High genetic advance only
occurs due to additive gene action (Panse and
Sukhatme, 1967). So heritability coupled with
genetic advance would be more useful than
heritability alone. On examining the estimate of
genetic advance expressed as per cent of mean
of different characters (Table 1), it was observed
that number of spikelets panicle-1 had highest
genetic advance as percent of mean followed by
biological yield plant-1, flag leaf length and test
weight. It is observed that number of spikelets
panicle-1, biological yield hill-1, flag leaf length,
test weight and plant height showed high
heritability coupled with high genetic advance
as per cent of mean. Suman et al. (2005)

reported high genetic advance as percent of
mean for total number of tillers plant-1,
productive tillers plant-1, number of spikelets
panicle-1, number of filled grain panicle-1 and
plant yield in rice.

D. P. Warkad
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August 25, 2012.
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Correlation Coefficient Between Chemical Properties and
Available Nutrients in Soil of Tuljapur Tahsil

______________

In Tuljapur tahsil the soil types observed are
heavy, light and pasture land. Important crops
grown in Tuljapur tahsil during karif season are
soybean, groundnut, sunflower (oil seeds),
sorghum, pearl millet, maize (cereals), pigeon
pea, black gram (Pulses) and Sugarcane (cash

crop).

Out of 109 villages in Tuljapur tahsil 30
villages were selected for this study. The villages
were selected randomly in such way that it
should cover whole area of the tahsil. In order



to study the fertility status of soils from Tuljapur
tahsil of Osmanabad district, six soil samples
were collected from each village. One hundred
and eighty representative surface (15-20 cm)
soil samples were collected. The soils were
grouped into different orders according to
USDA classification, thoroughly mixed, air
dried in shade, ground with wooden mortar and
pestle and passed through 2 mm sieve. The
sieved soil samples were stored in cloth
bags/polythene bags with proper labeling for
subsequent analysis. All the precautions
outlined by Jackson (1973) were scrupulously
followed in order to avoid contamination. 

The correlation between chemical
properties and available nutrients were worked
out as per standard method given by Panse and
Sukhatme (1961).

Vertisol : The soil pH was positively

correlated with available N, K, Ca++, Mg++,
DTPA-Fe, Zn and Cu, however it was
significant with available N (0.253*) only, and
negatively correlated with available P, S and
DTPA-Mn. In case of EC significantly positive
correlation was observed with DTPA-Fe
(0.271*), Zn(0.423**), Cu (0.271*), however, it
was negatively correlated with available N, Mn
and S. Organic carbon showed positive
relationship with N, K, Ca, Mn and DTPA-Fe,
Zn, and Cu and negative with available P, S and
DTPA-Mn. Further, it was indicated that
CaCO3 was positively and significantly
correlated with available S (0.305*) and DTPA-
Mn (0.265*).

Inceptisols : Inceptisols, pH was positively
correlated with available S and DTPA-Zn but
not significant with available nutrient. The EC
of Inceptisols showed negative correlation with
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Table 1. Correlation between chemical properties and available nutrients in Vertisol, Inceptisol and Entisols.

Chemical Available Available Available Ex. Ca Ex. Mg Available DTPA- DTPA- DTPA- DTPA-
properties N P K S Fe Mn Zn Cu

Vertisol :
pH 0.253* -0.029 0.117 0.104 0.082 -0.119 0.056 -0.037 0.035 0.056
EC -0.148 0.054 0.133 0.103 -0.144 -0.061 0.271* 0.195 0.423** 0.271*
O.C 0.076 -0.238* 0.118 0.092 0.105 -0.170 0.160 -0.058 0.325** 0.160
CaCO3 -0.132 0.132 0.068 0.157 0.032 0.305* -0.066 0.265* -0.067 -0.066

Inceptisol :
pH -0.077 -0.097 -0.165 -0.083 -0.059 0.014 -0.056 -0.133 0.014 -0.056
EC 0.105 0.058 -0.084 0.036 -0.113 0.403** 0.104 -0.033 -0.024 0.104
O.C 0.193* 0.031 0.116 -0.163 -0.070 0.173 -0.059 -0.093 -0.080 -0.059
CaCO3 0.072 0.140 0.071 0.097 -0.216* 0.083 -0.117 0.019 -0.099 -0.117

Entisol :
pH -0.035 -0.179 0.158 -0.079 0.121 0.218 -0.360* -0.302* -0.362* -0.360*
EC 0.044 0.058 0.228 0.002 0.062 0.508** -0.006 0.137 -0.059 -0.006
O.C -0.047 0.271 0.304* -0.165 0.493** 0.079 -0.090 -0.013 -0.052 -0.090
CaCO3 0.150 0.644** 0.330* -0.465** 0.363* 0.301* -0.278 -0.352* -0.212 -0.278

Soil type Significant at level
––––––––––––––––––
5% 1%

Vertisol : 0.211 0.325
Inceptisol : 0.183 0.283
Entisol : 0.275 0.449



available K, exchangeable Mg. DTPA-Mn and
Zn but showed positive correlation with
available, P, Ca, S, DTPA-Fe and Cu; of which
it was significant with available S. Further, it
was indicated that organic carbon showed
positive and significant correlation with
available N (0.193) but it was non significant
and negatively correlation with exchangeable
Ca, Mg , DTPA-Fe, Mn, Zn and Cu. However,
CaCO3 positively correlated with available N, P,
K, S, exchangeable Ca and DTPA-Mn but
negatively and significantly correlated with only
exchangeable Mg.

Entisols : In Entisol, pH was significantly
and nigatively correlated with DTPA extractable
Fe. Mn, Zn, Cu but showed positive
relationship with available K, S, exchangeable
Mg.  The EC of Entisols exhibited non
significant positive association with available N,
P, K, exchangeable Ca, Mg and DTPA
extractable Mn and significantly positive
correlation with available S (0.508**). However,
organic carbon in Entisols associated positively
and significantly with available K (0.304*)
exchangeable Mg (0.493**). Further, CaCO3
showed negative relationship with
exchangeable Ca (-0.465**), DTPA extractable
Mn (-0.352). Significantly positive with
available P, K, S and exchangeable Mg (Table
1).

It was depicted from the Table 1 that
increasing content of organic carbon in soils
resulted in increase in availability of nutrients
indicated by higher 'r' values and special effect
was observed on available N, P and K. The pH
and CaCO3 content increase in the soil which
reduced the availability of nutrients. Availability
of DTPA extractable micronutrients observed
higher in presence of higher content of organic
carbon is due to chelation of these metallic
cations with humic substances in organic matter
(Malewar et al., 2004). These results are in
conformmity with the results obtained by

Pharande et al., (1996), Sharma et al. (2003)
and Mandal et al. (2006). Negative and
significant correlation between DTPA
extractable micronutrients and pH and CaCO3
were observed. At higher pH and CaCO3 the
soluble metallic cation precipitate chemically
and in turn decrease their ayajlability. Similar
findings were also observed by Sayed Ismail et
al., (1999), Indulkar et al., (2007) and
Jibhakate et al. (2009).

O. Y. Hirey
V. G. Takankhar

Dept. of Soil Science and Agril. Chemistry
College of Agriculture,
Latur - 413 512 (India)
September 23, 2012.
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Studies on Efficiency of Nitrogenous Liquid Biofertilizers on
Maize (Zea mays L.)

______________

Liquid biofertilizer technology is an
alternative solution to lignite based biofertilizers
containing special cell protectants that
encourage formation of resting spores or cysts
for longer shelf life and tolerance to adverse
conditions. It also improves the soil quality and
therefore the farmers can cut down the cost of
soil maintenance tremendously (Chin, 2010).
Considering the diversified uses of liquid
biofertilizers need was felt to study the
efficiency of nitrogenous liquid biofertilizers and
their effect on growth parameters and nitrogen
uptake by maize crop.

Pot culture experiment was conducted at
Department of Plant Pathology and Agril.
Microbiology, College of Agriculture, Pune.
Five commercial liquid biofertilizers viz.,
Bioplin, Azonite, Azotomeal and products of
Mitcon and VSI of same growth phase were
collected from market, which were randomly
coded as AZT-1 to AZT-5.  MPKV  liquid
biofertilizer and lignite based Azotobacter
inoculants were collected from BNF scheme.
College of Agriculture, Pune and named as
AZT-6 and AZT-7 respectively. The experiment
was conducted in a completely randomized
block design with three replications and ten
treatments viz., T1 (AZT 1), T2 (AZT 2), T3
(AZT 3), T4 (AZT 4), T5 (AZT 5), T6 (AZT 6),
T7 (AZT 7), T8 (75% N + 100% P and K), T9

(100% RDF) and T10 (Absolute control).
Treatments T1 to T7 supplemented with
recommended dose of N, P and K. The earthen
pots were surface disinfected with 5 per cent
CuSO4 and filled with soil and FYM in ratio ot
2:1 @ 3 kg pot-1. Before inoculation, all the
bacterial cultures were diluted with sterile water
to make up the bacterial concentration up to 10
c.f.u. ml-1. Seeds of maize (var. Panchganga)
were inoculated with cultures of liquid
Azotobacter suspension @ 10 ml kg-1 of seed
whereas seed dressing of carrier based
Azotobacter culture was done @ 250 g 10-1 kg
of seed and dried in shade before sowing.
Harvesting of maize crop was done 90 days
after sowing when it attained full maturity stage.
Nitrogen uptake by plant was estimated by
Kjeldahl's method (Parkinson and Alien,
1975). Observations on seed germination,
plant height, number of leaves plant-1, grain
weight plant-1 and dry matter weight of plant
and N uptake by plant was recorded.

Total Azotobacter population in
rhizosphere of plant was enumerated on
Jensen's medium at 105 dilution using serial
dilution pour plate technique (Subba Rao,
1999) and count were recorded before
planting, tasseling stage and at maturity stage
of plant. Available nitrogen, phosphorus and
potassium of soil collected from each treatment



were estimated by adopting the standard
laboratory method. The plant samples were
collected at 90 DAP. dried in hot air oven at
temperature of 60+2°C and ground to fine
powder form to analyze the total nitrogen
percentage by Kjeldhal's method.

The data presented in Table 1 revealed that,
the growth of maize crop was vigorous due to
application of liquid Azotobacter. Inoculation
with liquid Azotobacter culture increased the
germination percentage of maize. The
treatment with AZT - 2 showed significantly
highest germination (94%) over all other
treatments and lowest in uninoculated control
(74%). Dere (1986) reported significant
increase in seed germination of brinjal plant
due to Azotobacter and Azospirillum
inoculation. The growth of maize plant was
vigorous due to application of liquid
Azotobacter and found superior over
uninoculated control and it ranged from
109.20 to 128.00 cm. The treatment AZT-2
(128.00 cm) showed significant increase in
height over all other treatments followed by
AZT-6 (125.80 cm). The lowest height (109.20
cm) was recorded in uninoculated control.
Combined application of phosphorus and

Azotobacter was more beneficial and effeicient
in increasing plant height of hybrid sorghum
(CSH-5) Srivastava and Siddhique (1992). The
number of leaves plant-1 were increased due to
liquid biofertilizers ranging from 6.77 to 16.23.
The highest number of leaves plant-1 were
observed in AZT-2 (16.23) followed by AZT-6
(14.67) and least (6.77) was recorded in
uninoculated control. The results are in
conformity with that of Sharma and Thakur
(2001). Application of liquid biofertilizers
(Azotobacter) increased grain weight plant-1 of
maize crop. The treatment with AZT-2 showed
significantly maximum grain weight plant-1

(65.06 g plant-1) over all other treatments
followed by AZT-6 (63.03 g plant-1) and least
was recorded in uninoculated control (38.70 g
plant-1). However, grain weight plant-1

recorded with 100 per cent N, P and K (44.50
g plant-1) was at par with 75 per cent, 100 per
cent P and K (42.90 g plant-1). Gaikwad et al.
(2008) found that foliar spray of liquid
formulated strains of Azotobacter
chroococcum like vitromone and Azomeal
were at par with commercial Azotobacter for
kernel weight and grain yield of groundnut.
Growth promoting characters helped in
increasing the dry matter of maize plant. The
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Table 1. Effect of different Azotobacter formulations on growth and yield of maize and N uptake.

Treatment details Germi- Plant Branches Yield Dry matter N uptake
nation height plant-1 (g weight (g
% (cm) plant-1) (g plant-1) plant-1)

AZT-1 90 122.43 12.00 59.90 19.33 0.30
AZT-2 94 128.00 16.23 65.06 25.66 0.44
AZT-3 86 123.77 13.13 61.16 20.30 0.33
AZT-4 84 119.47 11.70 49.53 15.06 0.19
AZT-5 92 122.07 12.03 59.53 18.60 0.28
AZT-6 (MPKV product) 93 125.80 14.67 63.03 23.30 0.39
AZT-7 (Lignite culture) 89 121.97 11.77 59.50 18.46 0.27
75% N + 100% P and K 92 112.43 8.43 42.90 11.93 0.11
100% N, P and K 94 116.13 10.07 44.50 12.03 0.13
Absolute control 74 109.20 6.77 38.70 9.16 0.04
S.E.± - 0.61 0.49 056 0.53 0.015
CD (0.05) - 1.81 1.47 1.66 1.56 0.04



significantly highest dry matter weight was
recorded with AZT-2 (25.66 g plant-1) over all
other Azotobacter cultures at harvesting stage
whereas lowest dry matter weight was recorded
with uninoculated control (9.16 g plant-1).
Similar results were reported by Chaudhari et
al. (2008) that treatment with liquid
Azotobacter along with powder 60 kg N ha-1

increased grain and dry matter yield of grain
amarantha. The nitrogen uptake in maize crop
increased significantly over the uninoculated
control. The significantly highest nitrogen
uptake was observed due to application of AZT-
2 (0.44 g plant-1) and the least nitrogen uptake
was observed in uninoculated control (0.04 g
plant-1). The results are similar to that of Patil
(1990) who noted that the seed inoculation
with Azotobacter alone and combination of
three doses of fertilizers were beneficial to
increase the uptake of nitrogen in sorghum
(CSH-1).

The data presented in Table 2 indicated that
the initial Azotobacter population recorded
was 6.00 x 105 c.f.u. g-1 of soil. However, the

different liquid Azotobacter culture increased
the Azotobacter population in soil at different
crop growth period and found higher at
flowering stage and decreased at maturity
stage. It was observed that the Azotobacter
population was highest at 60 DAS which
decreased at 90 DAS and ranged from 10.00
to 20.70 x 105 g-1 soil. The treatment with
AZT-2 (20.70 x 105 g-1 of soil) recorded
significantly highest Azotobacter population
over all other treatments followed by AZT-6
(18.80 x 105 g-1 of soil). The Azotobacter
population recorded with application of 100
per cent N, P and K (12.17 x 105 g-1 of soil)
was at par with 75 per cent + 100 per cent P
and K (11.50 x 105 g-1 of soil). The lowest
Azotobacter population was recorded in
uninoculated control (10.00 x 105 g-1 of soil).
Toukhy and Azeem (2000) reported that
application of biofertilizers significantly
increased the microbial activity of rhizosphere
of barley. Available nitrogen content in soil
recorded significant increase from the initial
level up to harvesting stage due to application
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Table 2. Effect of liquid Azotobacter formulations on soil Azotobacter population and available nitrogen, phosphorus and
potassium content in soil at harvest.

Treatment details Azotobacter population N P K
––––––––––––––––––––––––––––––––––––––– (kg ha-1) (kg ha-1) (kg ha-1)
30 DAS 60 DAS 90 DAS
–––––––––––––––––––––––––––––––––––––––

(c.f.u. x 105 g-1 of soil)

AZT-1 11.40 16.73 14.50 119 13.1 334
AZT-2 15.10 20.70 18.67 126 11.9 333
AZT-3 11.47 17.20 14.80 119 12.7 339
AZT-4 9.27 14.03 11.63 113 15.2 345
AZT-5 10.92 16.00 13.70 118 13.2 340
AZT-6 (MPKV product) 13.30 18.80 16.50 122 12.6 333
AZT-7 (Lignite culture) 10.80 15.83 13.39 118 15.5 343
75% N + 100% P and K 7.53 11.50 8.50 108 17.3 350
100% N, P and K 7.60 12.17 10.00 111 15.5 346
Absolute control 5.90 10.00 6.87 90.7 18.1 352
S.E.± 0.51 0.48 0.52 0.60 1.52 4.81
CD (0.05) 1.52 1.42 1.55 1.77 NS NS

*Initial Azotobacter count - 6.00 x 105 c.f.u. g-1 of soil and N, P and K 82.5, 19.1 and 357 kg ha-1 respectively.



of different liquid Azotobacter biofertilizers.
The significantly highest nitrogen content was
recorded with AZT-2 (126 kg ha-1) over
uninoculated control (90.7 kg ha-1) followed by
AZT-6 (122 kg ha-1) at harvesting stage. The
results are in agreement with Kapure and Naik
(2004) who reported that the bioifertilizers i.e.
vitromone, bioplin (culture of Azotobacter
spp.) along with pure culture of Azotobacter
significantly improved the nitrogen content in
soil. The available phosphorus and potassium
content in soil was higher before sowing than at
harvesting stage and it was recorded in the
range of 11.9 to 18.1 kg ha-1 and 333 to 352
kg ha-1 respectively. The results clearly
indicated that there was no effect of
Azotobacter inoculation on phosphorus and
potassium content of soil at harvesting stage.
Available phosphorus and potassium content at
harvesting stage was decreased which, might be
due to the uptake of phosphorus and potassium
by the plant.

It is concluded that, an application of
nitrogenous liquid biofertilizers (Azotobacter) to
maize crop increased the total Azotobacter
population in plant rhizosphere soil which
further increased available nitrogen content of
soil and uptake of nitrogen by the maize crop.
Among the culture AZT-2 and AZT-6 (MPKV
Product) were found more effective among all
the cultures to increase the plant growth
parameters, Azotobacter population and
available nitrogen content in soil.

Sonali Mane
D. B. Shinde
M. H. Shete
P. H. Rasal

Dept. of Plant Pathology
College of Agriculture,

Pune - 411 005 (India)
October 30, 2012.
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Chickpea is most important pulse crop of
India in terms of both area and production. In
most of the chickpea growing areas, drought is
a prominent characteristic which limits seed
yield and can even lead to total crop failure. It
is known that chickpea thrives well under
drought prone condition. However, there is a
greater variability for yieljd performance of
different chickpea genotypes under drought
condition. Drought is a complex trait, so to
measure the degree of tolerance with single
parameter has limited value. Different workers
used different methods to evaluate genetic
differences in drought tolerance. Therefore,
attempts were made to screen chickpea
genotypes for genotypic differences in drought
resistance and to quantify loss in yield.

Twenty nine genotypes of chickpea
including three checks viz., BDNG 797, Vijay
and Digvijay were evaluated during rabi season
of 2011-12 at Agricultural Research Station,
Badnapur under moisture stress (Io) and
irrigated (Ii) condition in two sets in a
randomized block design with three
replications. Each entry represented by four
rows each of four meter length with the row to
row and plant to plant spacing of 30 x 10 cm
respectively. One set of experiment was sown
under rainfed situation with sufficient soil
moisture condition for good germination. Two
additional irrigations were given to irrigated
experiment at flowering and podding stage of
the crop. At harvesting stage, five plants were
selected for recording number of pods plant-1.
Drought susceptibility index (DSI) was
calculated by the formula given by Fisher and
Maurer (1978)

Drought tolerance efficiency (DTE) was

estimated as per the formula given by Fischer
and Wood (1981).

The results presented Table 1 revealed that
the genotypes viz., BCG 87 (2714 kg ha-1),
ICC 7104 (2708 kg ha-1) and BCG 88 (2702
kg ha-1) recorded significantly superior yield as
compared to highest yielding check, BDNG
797 (2077 kg ha-1) under non stress condition,
whereas under stress condition none of the
genotype recorded significantly higher yield as
compared to BDNG 797 (1744 kg ha-1).
However, the genotype viz., BCG 91 (3.15,
3.91, 96.85%), BCP 60 (4.44, 5.51, 95.56%),
ICC 111 (5.26, 6.23, 94.74 %), BDNG 2011-
2 (6.43, 7.99, 93.57%), BCG 86 (7.6, 9.52,
92.33%) and BCG 57 (8.80, 10.93, 91.20%)
had minimum yield reduction, least drought
susceptibility index and highest drought
tolerance efficiency as compared to drought
tolerance check, Vijay (9.06, 11.25, 90.94%)
due to moisture stress. The genotypes, BCG
57, BCP 60 and BDNG 2011-2 showed
maximum yield levels under moisture stress as
well as in irrigated condition. Deshmukh et al.,
(2004) and Parameshwarappa and Salimath
(2008) also reported that the drought resistant
genotypes had highest drought tolerance
efficiency, minimum drought susceptibility
index and minimum reduction in grain yield due
to moisture stress.

Above mentioned three high yielding
drought tolerant genotypes viz., BCG 57, BCP
60 and BDNG 2011-2 had maximum number
of pods plant-1 under moisture stress (43.2
43.3 and 47.8) as well as in irrigated condition
(45.1, 47.3 and 51.0) respectively. These
genotypes also had highest drought tolerance
efficiency, minimum drought susceptibility
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index and minimum reduction for number of
pods plant-1. BCG 57, BCP 60 and BDNG
2011-2 also showed minimum reduction,
highest drought tolerance efficiency and
minimum drought susceptibility index for test
weight.

Thus these genotypes can rated as most
adoptive under moisture stress condition. The
breeding efforts made for improvement of

drought tolerance in crop plants are primarily
based on selection for grain yield under drought
stress condition is not so effective because of
significant genotype, environment interaction.
To overcome the low response to direct
selection, incorporation of morpho-
physiological traits influencing drought
resistance through escape, avoidance and or
tolerance mechanism (Blum 1996) that confer
water use efficiency into promising varieties can
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Table 1. Evaluation of chickpea genotypes for drought tolerance.

Genotype Yield (kg ha-1) Yield DSI DTE Test weight (g) TW DSI DTE
–––––––––––––––– redu. (%) (%) ––––––––––––––– redu. (%) (%)
II IO (%) II IO (%)

BCG79 2351 1714 27.09 33.63 72.91 28.61 24.68 13.74 15.03 86.26
BDNG2011-1 1857 1661 10.58 13.13 89.42 20.39 19.67 3.53 3.86 96.47
BCG75 2036 1726 15.20 18.88 84.80 22.6 20.1 11.06 12.11 88.94
ICC 14653 1750 1482 15.31 19.00 84.69 36.77 31.55 14.20 15.54 85.80
BCG86 1708 1577 7.67 9.52 92.33 28.23 24.8 12.15 13.30 87.85
ICC 03 1869 1357 27.39 34.00 72.61 36.75 32.09 12.68 13.88 87.32
BCG 40 1780 1298 27.09 33.63 72.91 31.85 25.53 19.84 21.72 80.16
BCG 56 2286 2060 9.89 12.27 90.11 29.51 28.66 2.88 3.15 97.12
BCG 74 2530 2048 19.06 23.66 80.94 35.6 34.76 2.36 2.58 97.64
BCG 57 2435 2220 8.80 10.93 91.20 22.37 18.9 15.51 16.98 84.49
BCG 91 1702 1649 3.15 3.91 96.85 29.18 26.14 10.42 11.40 8938
ICC 7104 2708 1994 26.37 32.74 73.63 22.71 22.68 0.13 0.14 99.87
BCG 87 2714 1923 29.17 36.21 70.83 27.73 25.64 734 8.25 92.46
BCG 42 1946 1417 27.22 33.79 72.78 22.76 21.2 6.85 7.50 93.15
BDNG 2011-2 2036 1905 6.43 7.99 93.57 21.05 20.49 2.66 2.91 97.34
BCG 89 2232 1369 38.67 48.00 61.33 24.91 22.75 8.67 9.49 91.33
BCG 63 2494 1958 21.48 26.67 78.52 35.15 34.51 1.82 1.99 98.18
BCG 88 2702 1327 50.88 63.17 49.12 37.96 34.02 10.38 11.36 89.62
ICC 309 2006 1726 13.95 17.31 86.05 29.77 24.3 18.37 20.11 81.63
ICC 830 1952 1768 9.45 11.73 90.55 30.38 29.61 2.53 2.77 97.47
ICC 111 1696 1607 5.26 6.53 94.74 25.85 24.29 6.03 6.60 93.97
BCG 72 2464 1696 31.16 38.68 68.84 36.75 35.28 4.00 4.38 96.00
ICC 1 14 1512 1375 9.06 11.24 90.94 34.32 33.88 1.28 1.40 98.72
BCG 53 1714 1345 21.53 26.73 78.47 22.14 20.19 8.81 9.64 91.19
BCG 36 1524 1280 16.02 19.88 83.98 18.77 14.42 23.18 25.36 76.82
BCP 60 2280 2179 4.44 5.51 95.56 35.43 31.45 11.23 12.29 88.77
BDNG 797 © 2077 1744 16.05 19.92 83.95 22.48 21.9 2.58 2.82 97.42
Vijay © 1905 1732 9.06 11.25 90.94 20.12 17.29 14.07 15.39 85.93
Digvijay © 1750 1333 23.81 29.56 72.91 26 24.9 4.23 4.63 95.77
CD at 5 % 513.9 489.9
CV (%) 12.11 14.3

I0 = Moisture stress, II = Irrigated, DSI = Drought suceptibility index, DTE = Drought tolerance efficiency.



be helped in improving chickpea productivity
under drought. Thus the genotypes viz., BCG
91, BCP 60, ICC 11,BDNG 2011-2, BCP 86
and BCG 57 can be utilized for identification of
traits related to drought resistance likes specific
leaf area (SLA), SCMR, RLWC, membrane
injury index and root characters.

V. N. Toprope
D. K. Patil
V. K. Gite
K. R. Kamble

Agril. Research Station, 
Badnapur - 421 202 (India)
November 30, 2012.

References
Blum, A. 1996. Crop responses to drought and the

interpretation of adoption. Plant Growth Regulation.
20: 135-148.

Deshmukh, D. V., Mhase, L. B. and Jamadagni, B. M.
2004. Evaluation of chickpea genotypes for drought
tolerance. Indian J. Pulses Res. 17: 47-49.

Fisher, R. A. and Mauyer, R. 1978. Drought resistance in
spring wheat cultivars. I. Grain yield response in spring
wheat. Austrlian J. Agric Sci. 29: 892-912.

Fischer, K. S. and Wood, G. 1981. Breeding and selection
for drought tolerance in tropical maize. In symp. on
principles and method in crop imprt. for drought
resist, with Emphasis on rice, IRRI, Phillipines, 23-
25th May.

Parameshwarappa, S. G. and Salimath, P. M. 2008. Field
screening of chickpea genotypes for drought
resistance. Karnataka J. Agric. Sci. 21(1): 2008.

Journal of Agriculture Research and Technology 499

J. Agric. Res. Technol., 38 (3) : 499-501 (2013)

Identification of Traits Related to Drought Tolerance in
Groundnut

______________

Groundnut (Arachis hypogaea L.) is an
important oilseed crop of India. Though, it
leads in area and production in India, its
productivity is low due to various abiotic and
biotic stresses. Drought is a major constraint for
its productivity. Yield losses due to water stress
can be varied depending on crop growth
stages, drought intensity and drought duration.
The use of drought resistant varieties is an
important strategy to combat the drought
problem. However, selection for pod yield is
difficult because of high genotype x
environment interaction. Specific leaf area
(SLA), SPAD chlorophyll meter reading
(SCMR), root characters, harvest index (HI),
drought tolerance index (DTI) and relative water
content (RWC) have been used as surrogate
traits for drought resistance in groundnut
(Nigam et al. 2005). The objectives of this
study were to investigate whether some root

characters and physiological characters are
related to drought resistance in groundnut
genotypes.

Twelve genotypes including checks, LGN 1
and TAG 24 of groundnut received from
different centres were evaluated during kharif
2011-12 at Oilseeds Research Station, Latur
(M.S.) under moisture stress (I0) and irrigated (II)
conditions in two sets of randomized block
design with three replications. Each entry was
represented by a single row of 3.0 m length
with row to row and plant to plant spacing of
30 x 10 cm. One set of experiment was sown
under controlled condition with sufficient
moisture condition for good germination. Two
additional irrigations were given to irrigated
experiment at flowering and podding stages of
crop.



The observations were recorded on
randomly selected five plants for each genotype
per replications on pod yield plant-1, shelling
per cent, test weight (g), harvest index (%),
SPAD chlorophyll meter reading (SCMR),
specific leaf area (SLA), root to shoot ratio
(RSR) and relative water content (RWC). SCMR
measurement was taken at 70 DAS using SP
AD-502 chlorophyll meter (Minolta Konica Co.
Ltd, Japan). The second leaf from terminal bud
of main stem of each plant was detached and
kept in scalable plastic bag in ice box. The leaf
samples were soon transferred to a laboratory.
Fresh weight was recorded soon after reaching
the laboratory and SCMR was measured. The
same samples were further measured for leaf
area, using a leaf area meter (LI 3100 Area
meyer, LI COR Ine USA ).The samples were
then oven dried at 80°C until reaching constant
weight and leaf dry weight could be determined.
The SLA was calculated using the equation of
Nageswara Rao et al. (2001). Relative water
content, (RWC) was recorded from four leaflets
of the second fully expended leaf from top of
the main stem for each sampled plant. RWC
was calculated based on the formula suggested
by Gonzalez and Gonzalez-Vilar (2001).
Drought tolerance index (DTI) was calculated
for pod yield, shelling, harvest index, SCMR
and SLA as suggested by Nautiyal et al. (2002).

The results presented in Table 1 revealed
that the groundnut genotypes differed
significantly for all traits under both situations.
The genotypes, LGN 184 (10.0 and 14.4 g)
and ICGV 00350 (8.7 and 12.9 g) recorded
significantly superior pod yield plant-1 over
highest yielding check, LGN 1 (6.4 and 8.5 g)
in moisture stress as well as irrigated conditions,
respectively. These genotypes also had
maximum drought tolerance index (DTI) as
compared to other genotypes for pod yield
plant-1. Superior performance for yield
contributing traits like shelling (%), test weight
(g) and harvest index (%) was also exhibited by
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these genotypes in both the situations and also
had higher DTI for these traits. Nautiyal et al.
(2002) reported that high DTI values indicates
drought resistance and vise versa.

Water use efficiency was associated with
SCMR and SLA (Lal et al. 2006). Leaf
photosynthesis is generally correlated with
chlorophyll content per unit leaf area and
SPAD chlorophyll meter can provide a useful
tool to screen for genotypic variation in
potential photosynthetic capacity (Nageswara
Rao et al. 2001). In the present study,
however, there were no significant differences
for SCMR in genotypes, but the genotype,
LGN 184 followed by RHRGS 06092 ALG 06-
320 and JL 501 recorded higher mean of
SCMR as compared to check, TAG 24 in both
the situations. Low SLA indicated thicker leaves
and could be used as an economical surrogate
trait for drought resistance. In the present study
the genotypes, LGN 1, JL 501, ICGV 00350
and LGN 184 recorded low SLA as compared
to other genotypes. Nageswara Rao et al.
(2001) reported significant inter relation
between SLA and SCMR and they suggested
that SCMR could be used as a reliable and rapid
measure to identify genotypes with low SLA.
All these genotypes also exhibited high DTI for
SCMR.

Deep rooting have been identified as
drought responsive trait that can be used as
selection criteria for drought resistance traits
(Taiz and Zeiger, 2006). The genotypes, LGN
184, ICGV 00350 and RG 425 recorded
highest root to shoot ratio in the present study.

It would be expected that drought resistant
genotypes might retain high water content
(Relative water content, RWC) in their leaf
tissue to support high photosynthesis under
drought conditions. In the present study LGN
184 and ICGV 00350 recorded high RWC in
their leaf tissue.

From the present investigation, it is revealed
that the genotype, LGN 184 and ICGV 00350
had higher yield, yield contributing traits and
high DTI for these traits. Also exhibited
superiority for drought resistant traits like high
SCMR, low SLA, high RSR and high RWC.
Thus these genotypes can be used as drought
resistance varieties for cultivation under rainfed
situations and should be used as parental lines
in breeding programme to develop resistant
genotypes.

V. N. Toprope
A. A. J. Syed
D. K. Patil
V. K. Gite

Dept. of Genetics and Plant Breeding
College of Agriculture,
Latur - 413 512 (India)
November 30, 2012.
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The custard apple is infested by 20 insect
pests (Butani, 1979); of these, an important
species of the mealy bugs viz., Maconellicocus
hirsutus, Planococcus citri and Ferrisia
virgata infest to custard apple crop. Mealy bugs
live in protective areas such as cracks and
crevices of the bark, at the base of petioles, on
the under side of leaves and between the fruit
eyes.

Recently the incidence of mealy bugs
becomes a serious concern in many custard
apple orchards in Maharashtra State. Once the
pest incidence increased, it is very difficult to
control it with conventional insecticide.
Similarly, the fruiting seasons of the custard
apple favour to the occurrence of mealy bug
due to change in environmental conditions. It is
therefore, necessary to know the seasonal
incidence of mealy bug so as to adopt the
control measure strategy at an appropriate
time.

Studies on the seasonal incidence of mealy
bugs on custard apple cv. Balanagar were
carried out during the kharif season of 2009 at
Research farm of AICRP on Arid Zone Fruits,
Department of Horticulture, MPKV, Rahuri.
The observations were recorded on the basis of
live mealy bug population on 10 trees randomly
selected from the orchard. On each tree, four
fruits and branches of four directions were
tagged and observations were recorded at each
meteorological week on every Monday for six
months. The data on weekly population of
mealy bug was correlated with abiotic factors
(meteorological parameters) viz., maximum and
minimum temperature, relative humidity and
rainfall. Pearson correlation coefficients (r) of
weather factors against number of nymphs and

adults population of mealy bug were worked
out. Three species of mealy bug viz., M.
hirsutus, P. citri and F. virgata were noticed on
custard apple during the study.

It could be seen from the results presented
in Table 1, that the nymphs and adults
population varied from 2.30 to 22.10 fruit-1

during the 27th to 52nd meteorological week
(MW). The first incidence of mealy bug to the
tune of 2.91 nymphs and adults fruit-1 was
noticed in the first week of July, 2009 when the
climate conditions viz., maximum and
minimum temperature, relative humidity at
morning and evening hours and rainfall were
31.5 and 22.4°C, 93 and 63 per cent and
82.2 mm, respectively.

Its population was then increased upto 33rd

MW (9.95 nymphs and adults fruit-1) when the
maximum and minimum temperature was 32.2
and 21.9°C, while the relative morning and
evening humidity was 94 and 59 per cent,
respectively. Thereafter it was declined (6.79
nymphs and adults fruit-1) upto 36th MW. Again
its population was increased and reached to the
highest to the extent of 22.10 nymphs and
adults fruit-1 in 44th MW when maximum and
minimum temperature and relative humidity at
morning and evening hours were 31.9 and
10.7°C and 89 and 27 per cent, respectively.
The lowest population of mealy bug to the tune
of 2.30 nymphs and adults fruit-1 was recorded
in 52nd MW when the prevailing maximum and
minimum temperatures and humidities were
28.0 and 8.7°C and 91 and 38 per cent,
respectively.

The maximum temperature had significant
positive correlation (r = 0.5132**) with the

J. Agric. Res. Technol., 38 (3) : 502-504 (2013)
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build-up of population of mealy bugs while high
humidity had significant  negative correlation (r
= -0.4473*). The other meteorological
parameters viz., minimum temperature (r =
-0.1661), relative morning humidity (r = -2495)
and rainfall (r = -0.0906) did not significantly
influence on incidence of the pest.

Ammar (1979) reported that the incidence
of E. virgata on Acalypha shrubs was positively
correlated with temperature, while

Shreedharan et al. (1989) also reported that
the population of mealy bug, P. citri was
positively correlated with the temperature and
negatively with total rainfall. Similarly,
Anonymous (1991) reported that the incidence
of mealy bug was much evident in October
(2.50%) and November (5.80%) in custard
apple orchards. The present findings are in
agreement with the findings reported in
Anonymous (1995) and Dhakane (1996).
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Table 1. Seasonal incidence of mealy bug on custard apple in relation to weather parameters.

Month Met. Mealy bug Weather parameters
(2009) week population –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

fruit-1 Temperature (°C) RH(%) Rainfall
–––––––––––––––––––––––– –––––––––––––––––––––– (mm)
Maximum Minimum Morning Evening

July 27 2.91 31.5 22.4 96 63 82.2
28 4.13 29.9 22.4 93 69 7.4
29 5.69 29.6 22.4 94 75 11.6
30 6.26 29.2 22.0 94 73 9.1
31 7.55 30.9 21.1 94 65 0.0

August 32 8.79 31.6 22.0 94 61 0.0
33 9.95 32.2 21.9 94 59 28.0
34 7.76 29.5 21.4 95 71 163.9
35 8.00 29.7 21.6 93 72 14.4

September 36 6.79 29.2 21.2 93 72 30.3
37 9.25 31.4 21.1 94 63 29.7
38 11.40 32.2 20.6 91 54 0.0
39 13.24 33.3 21.4 92 51 0.0

October 40 13.70 31.8 22.6 94 62 57.6
41 12.23 31.6 20.2 92 48 7.2
42 15.30 32.9 19.2 90 39 0
43 19.25 32.0 14.0 91 31 0
44 22.10 31.9 10.7 89 27 0

November 45 13.80 29.1 17.5 92 58 64.5
46 13.50 28.4 19.5 94 71 63.1
47 10.40 28.7 13.5 89 46 0
48 11.63 28.8 12.1 90 36 0

December 49 8.40 30.1 11.9 87 35 0
50 6.45 29.7 12.6 90 39 0
51 3.76 28.4 12.9 90 46 0
52 2.30 28.0 8.7 91 38 0

Correlation 0.5132** -0.1661 -0.2495 -0.4473* -0.0906
coefficient

*, ** Significant at 1% and 5%, respectively
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Varieties of Field Crops and Farm Machinery Implements
Released During 2012

Marathwada Krishi Vidyapeeth, Parbhani

______________

Released varieties :

Soybean : MAUS 162 : The soybean
variety MAUS 162 has given 9.94, 14.51 and
13.90 per cent higher yield than checks MAUS
71, MAUS 81 and JS 335 respectively. It is
also found tolerant against stem fly, girdle
beetle, shattering up to 15 days after
physiological maturity with good germinability
and suitable for mechanical harvesting. Hence,
MAUS 162 is recommended for medium to
heavy soils for kharif season in Marathwada
region.

Sunflower Hybrid : LSFH 171 : The
sunflower hybrid LSFH 171 has given mean
seed yield of 1892 kg ha-1 which is 15 per cent
increased seed yield over check KBSH 44. The
hybrid has recorded highly resistant reaction to
downy mildew, hence it has been

recommended for cultivation in India in Zone -
II for Maharashtra, Andhra Pradesh and
Tamilnadu during kharif season.

Ground nut : LGN 123 : The ground nut
variety LGN 123 [1858 kg ha-1] produced
25.71, 19.40, 44.92 and 28.13 per cent
higher pod yield over LGN 1, AK 159, TAG 24
and JL 24 respectively. This variety was found
resistant to late leaf spot and rust disease and
recorded tolerant reaction to pest like leaf
minor defoliator compared to checks. Hence
this variety is recommended for cultivation
during kharif season in Marathwada region.

Paddy : TJP 48 : The paddy variety TJP
48 recorded 21.6 per cent more grain yield
over check Terna. It is early, scented, semi
dwarf, non-lodging, non shattering and tolerant
to iron chlorosis. Therefore it is recommended



for kharif season of upland rainfed condition
on black soil of Marathwada region.

Cotton : PA 08 : Desi cotton variety PA
08 has given 16.10 and 15.72 per cent higher
yield than checks PA 255 and PA 402

respectively. It is naked seeded, semi dwarf,
high oil content with less gossypol and found
tolerant to drought, sucking pest, bollworm,
bacterial blight and grey mildew. Hence, PA 08
is recommended for medium soils of
Marathwada region.
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