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Abstract
The maximum values of nutrient uptake, nutrient use efficiency, fibre quality parameters, economics and

highest seed cotton (18.19 q ha-1) and stalk (41.89 q ha-1)  yield was recorded with 100% RD (100:50:50
N: P2O5: K2O kg ha-1) along with combined application of Zn (4 kg ha-1) + Fe (5 kg ha-1) through drip from
water soluble fertilizers (WSF). The performance of treatment 75% RD + Zn (3 kg ha-1) + Fe (3.75 kg ha-1)
through drip from water soluble fertilizers was found at par with the treatment giving the highest yield showing
its importance in saving of 25% N, P2O5, K2O, Zn and Fe through drip from water soluble fertilizers. 

Key words : Cotton, fertigation, nutrient uptake, nutrient use efficiency, fiber quality, yield.

In India, area under cotton cultivation is
11.06 million ha while area of the World is
30.44 million ha. The productivity of cotton in
India is low (503 kg lint ha-1) as compared to
World average productivity (742 kg ha-1).
Maharashtra ranks first in acerage (39.73 lakh
ha) with the production of 67.60 lakh bales
while the productivity is very low (329 kg lint
ha-1) as compared to national average. In
Vidarbha, area under cotton is 15.27 lakh
hectares with productivity of 325 kg lint ha-1

(Anonymous, 2011). Maharashtra has large
scope to increase its production. The cultural
practices along with balanced use of fertilizer
and optimum use of irrigation water helps to
increase productivity of cotton. As water and
fertilizers are limited and costly inputs in
agriculture, its proper utilization is very
essential. Fertigation found most important in
this case. 

Fertigation implies application of water
soluble fertilizers along with irrigation water

near the root zone as per need of crop, which
results into better utilization of fertilizers along
with higher yields of better quality of cotton.
The experimental evidences have clearly
demonstrated that the system economizes the
use of fertilizer and water ranging from 40 to
60 per cent (Nanda, 2010). Hence, the
experiment was conducted to work out effect of
nutrient application through drip irrigation on
seed cotton yield, uptake of nutrients, fiber
quality and economics of cotton.

Materials and Methods

The field experiment was conducted on very
fine, smectitic, hyperthermic family of Typic
Haplustert at Research Farm, Dr. Panjabrao
Deshmukh Krishi Vidyapeeth, Akola during
kharif season of 2009-10 to 2011-12. The soil
of experimental site was moderately alkaline in
reaction (pH - 8.12), free from soluble salts (EC
-0.29 dS m-1), medium in organic carbon
content (4.19 g kg-1), available nitrogen was
low (189.30 kg ha-1), medium in available P
(15.88 kg ha-1), high in available K (338.32 kg
ha-1), deficient in available Zn (0.53 mg kg-1)
and medium in available iron (4.84 mg kg-1).

1. Associate Prof., 2. Associate Dean., College of
Agriculture, Nagpur, 3 and 6. SRA, 4. P. G. Student,
5. Research Associate.



The seeds were sown dry and irrigation was
given through drip. The irrigations were given
as per need of the crop. The fertilizers were
applied through drip irrigation as per the
treatments.

The treatments comprised of T1 - 100% RD
through drip from water soluble fertilizer (WSF),
T2 - 75% RD through drip (WSF), T3 - 100%
RD soil application (Urea, DAP, MOP), T4 -
100% RD + Zn (4 kg ha-1) + Fe (5 kg ha-1)
through drip ZnSO4, FeSO4 (WSF), T5 - 75%
RD + Zn (3 kg ha-1) + Fe (3.75 kg ha-1) through
drip ZnSO4, FeSO4 (WSF), T6 - 100% RD + Zn
(4 kg ha-1) + Fe (5 kg ha-1) soil application
(Urea, DAP, MOP) and T7 - 75% RD through
drip (Urea, Phosphoric acid, MOP). The land
was ploughed once followed by three
harrowing and it was brought to fine tilth and
experiment was laid into 20 x 3 m2 plot size in
paired row plots. Cotton hirsutum hybrid (PKV
Hy-5) was dibbled at 90 cm x 60 cm. The seed
was treated with imidachloprid and then sown
by dibbling at 5 cm depth and covered with soil.
The recommended dose of 100:50:50 N,

P2O5 and K2O ha-1 was given as per
treatments. Nitrogen and potassium was
applied in five splits (20% in each split) at
sowing, 35 DAS, 55 DAS, 75 DAS and 95
DAS. Phosphorus was applied in four splits
(25% in each split) at sowing, 35 DAS, 55 DAS
and 75 DAS. Twenty five per cent each of zinc
and iron was applied at sowing, 35 DAS, 55
DAS and 15 per cent of zinc and iron applied
at 75 DAS and remaining 10 per cent at 95
DAS. The yield of cotton was recorded in five
pickings. The plot wise soil samples (0 - 20 cm)
were collected after harvest of cotton. These
samples were analyzed for pH (1:2.5 soil: water
suspension), electrical conductivity by
conductivity meter (Jackson, 1973), organic
carbon by rapid titration method (Walkley and
Black, 1936), available N by alkaline
permanganate method (Subbiah and Asija,
1956), available P by Olsen's method (Olsen et
al. 1954), available K by ammonium acetate
extraction method (Jackson, 1967) and
available micronutrients viz., Zn, Fe by
extracting soil with 0.005 M DTPA (Lindsay
and Norvell, 1978). The plant samples were
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Table 1. Seed cotton yield as influenced by various treatments

Treatment Seed cotton (q ha-1) Pooled Cotton stalk (q ha-1) Pooled
––––––––––––––––––––––––––– mean –––––––––––––––––––––––––– mean
2009- 2010- 2011- 2009- 2010- 2011-
10 11 12 10 11 12

T1 - 100% RD through drip (WSF)  16.45 17.58 16.01 16.68 36.78 38.80 38.07 37.88
T2 - 75% RD through drip  (WSF)  14.90 15.43 14.74 15.02 36.42 36.78 33.75 35.65
T3 - 100% RD soil application 15.80 15.00 14.19 15.00 38.66 36.00 35.78 36.81
T4 - 100% RD + Zn (4 kg ha-1) +    18.10 18.69 17.78 18.19 42.40 43.08 40.21 41.89

Fe (5 kg ha-1) through 
drip (WSF)

T5 - 75% RD + Zn (3 kg ha-1) +   16.50 17.63 16.85 16.99 39.30 41.30 37.86 39.49
Fe (3.75 kg Fe ha-1) 
through drip  (WSF)

T6 - 100% RD + Zn (4 kg ha-1) + 17.50 16.12 14.56 16.06 41.48 35.92 33.44 36.94
Fe (5 kg ha-1) soil application

T7 - 75% RD through drip 14.00 14.45 13.72 14.05 34.67 33.14 29.45 32.42
SE (m) ± 1.20 0.75 0.77 0.70 1.73 1.71 1.99 1.72
CD at 5% 3.57 2.24 2.28 2.09 4.87 5.08 5.93 5.11
C.V 14.87 9.21 9.99 9.01 9.10 11.16



analyzed at harvest stage for N, P, K and
micronutrients by acid digestion technique
(Piper 1966 and Isaac and Kerber, 1971). The
ginning percentage was determined and the
fiber quality parameter viz., 2.5 per cent span
length, uniformity ratio, fineness micronaire,
bundle strength tenacity were evaluated at
Ginning Training Centre, Central Institute for
Research on Cotton Technology, Regional
Quality Evaluation Unit, Nagpur. Fertilizer use
efficiency was calculated by using the formula
given by (Mohanty and Singh, 2002).  

Results and Discussion

Seed cotton yield: The pooled results
indicated that the seed cotton yield was
recorded significantly highest (18.19 q ha-1)
under 100% recommended dose + Zn (4 kg
ha-1) + Fe (5 kg ha-1) through drip from water
soluble fertilizer (18.19 q ha-1) (T4), which was
at par with T5, 75 % recommended dose + Zn
(3 kg ha-1) + Fe (3.75 kg ha-1) fertilizer through
drip irrigation (16.99 q ha-1) and T1 100%
recommended dose of fertilizer through drip
from water soluble fertilizer (16.68 q ha-1)
(Table 1). The treatment T4 showed 7 and 9 %
increase in yield over T5 and T1 treatments,

respectively. Similarly, T4 showed 13%
increase in yield over 100% RD + Zn (4 kg
ha-1) + Fe (5 kg ha-1) through soil application
(T6). The treatment T4, T5 and T1 were higher
in yield over soil application of fertilizers. It is
indicated that fertigation through water soluble
fertilizers can increase seed cotton yield and
save the fertilizers. These results are in
conformity with Raskar et al. (2001), Patil et
al. (2009), Veeraputhiran and Chinnusamy
(2009) and Wadatkar et al. (2001). As regards
cotton stalk yield almost more or less similar
trend was noticed as that of seed cotton yield.   

Uptake of N, P, K, Zn and Fe and NPK
nutrient use efficiency: The data regarding
uptake of N, P, K, Zn and Fe are presented in
Table 2. The pooled results revealed that,
treatment (T4) of 100% RD + Zn (4 kg ha-1) +
Fe (5 kg ha-1) through drip from water soluble
fertilizers showed significantly higher total N
(100.4 kg ha-1), P (27.94 kg ha-1), K (106.65
kg ha-1), Zn (347.8 g ha-1) and Fe (1620.5 g
ha-1) over all the treatment except T5 which
was at par in case of P uptake by cotton. The
similar results were also reported by Bharambe
et al. (1997), Rao and Janawade (2009).
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Table 2. Uptake of nutrients by cotton as influenced by various treatments (pooled 2009 to 2011-12)

Treatment Nutrient uptake Nutrient uptake Nutrient use
(kg ha-1) (g ha-1) efficiency (%)

–––––––––––––––––––––––– –––––––––––––––– ––––––––––––––––––––––
N P K Zn Fe N P K

T1 - 100% RD through drip (WSF)  85.77 23.91 93.73 292.3 1381.8 6.50 6.51 16.66
T2 - 75% RD through drip  (WSF)  80.25 21.89 86.86 264.7 1276.9 0.98 2.48 2.92
T3 - 100% RD soil application 79.27 20.65 85.40 268.6 1322.7 - - -
T4 - 100% RD +Zn (4 kg ha-1) +    100.40 27.94 106.65 347.8 1620.5 21.12 15.57 42.50

Fe (5 kg ha-1) through drip (WSF)
T5 - 75% RD + Zn (3 kg ha-1) +  92.46 25.47 100.02 316.2 1505.1 13.18 9.62 29.23

Fe (3.75 kg ha-1) through drip  (WSF)
T6 - 100% RD + Zn (4 kg ha-1) +  87.62 24.42 95.25 293.9 1403.0 8.35 7.54 19.69

Fe (5 kg ha-1) soil application
T7 - 75% RD through drip 72.84 19.56 82.08 238.2 1183.4 - - -
SE (m) ± 1.76 0.89 2.04 10.10 40.36
CD at 5% 5.23 2.64 6.07 30.03 111.92



The per cent nutrient use efficiency of N, P
and K was higher 21.12, 15.57 and 42.50
respectively in treatment T4 (100% RD) + Zn (4
kg ha-1) + Fe (5 kg ha-1) through drip from
water soluble fertilizers and it was followed by
T5 (75% RD) + Zn (3 kg ha-1) + Fe (3.75 kg
ha-1) through drip from water soluble fertilizers.
The fertigation of N, P, K, Zn and Fe through
water soluble sources enhanced the use
efficiency of nutrients over conventional
fertilizer application through soil. These results
are in conformity with Bharambe et al. (1997),
Venugopal (2004) and Rajput (2010).

Fiber quality : The fibre quality

parameters viz., 2.5 per cent span length,
uniformity ratio, fineness micronaire was found
non significant due to different treatments
(Table 3). However, the bundle strength tenacity
at 3.2 mm gauge was significantly higher
(23.03 g tex-1) due to application of 100% RD
+ Zn (4 kg ha-1) + Fe (5 kg ha-1) through drip
from water soluble fertilizers treatment T4
which was on par with T5 and T6 treatments.
Bharambe et al. (1997), Raskar et al. (2001),
Suresh and Chellamuthu (2004), Mehta et al.
(2009) and Patil et al. (2009) also reported
slight improvement in fibre quality of cotton in
fertigation. 
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Table 3. Fiber quality parameters of cotton as influenced by various treatments

Treatment 2.5% Unifor- Fineness Bundle
span mity micro- streangth
length ratio naire tenacity
(mm) (5) (10-6 g at 3.2 mm

inch-1) gauge
(g tex-1)

T1 - 100% RD through drip (WSF)     26.40 53.25 3.05 20.13
T2 - 75% RD through drip (WSF)  26.88 53.75 3.20 20.03
T3 - 100% RD soil application 27.08 52.00 3.23 20.65
T4 - 100% RD + Zn (4 kg ha-1) +  Fe (5 kg ha-1) through drip (WSF) 27.00 55.00 3.13 23.03
T5 - 75% RD + Zn (3 kg ha-1) +  Fe (3.75 kg ha-1) through drip (WSF) 27.15 54.25 3.05 22.18
T6 - 100 % RD + Zn (4 kg ha-1) +  Fe (5 kg ha-1)  soil application 27.10 52.45 3.20 21.48
T7 - 75% RD through drip 26.93 53.00 3.05 19.95
SE (m) ± 0.26 0.90 0.18 0.5
CD at 5% NS NS NS 1.71

Table 4. Monetary return of cotton as influenced by various treatments

Treatment Yield GMR NMR B:C
(q ha-1) (Rs.) (Rs.) ratio

T1 - 100% RD through drip (WSF)     16.68 71571 31794 1.72
T2 - 75% RD through drip (WSF)  15.02 65393 28477 1.77
T3 - 100% RD soil application 15.00 64914 26696 1.69
T4 - 100% RD + Zn (4 kg ha-1) + Fe (5 kg ha-1) through drip (WSF)   18.19 78956 34444 1.77
T5 - 75% RD + Zn (3 kg ha-1) + Fe (3.75 kg ha-1) through drip (WSF)    16.99 74914 34447 1.85
T6 - 100% RD + of Zn (4 kg ha-1) + Fe (5 kg ha-1) soil application  16.06 69224 29246 1.73
T7 - 75% RD through drip 14.05 61020 25180 1.70
SE (m) ± 0.70 1624.0 1258.7
CD at 5% 2.09 4825.4 3740.1



Economics : The data presented in Table 4
clearly indicate that application of 75% RD + (3
kg ha-1) + Fe (3.75 kg Fe ha-1) through drip
(WSF) recorded higher Gross monetary returns
(Rs. 74914 ha-1), net monetary returns (Rs.
34447 ha-1) and B:C ratio (1.85) with saving of
25% NPK, Zn and Fe dose.

It could be concluded that, the application of
75 % RD + Zn (3 kg ha-1) + Fe (3.75 kg Fe
ha-1) through drip irrigation using water soluble
fertilizer (WSF) was beneficial for increasing
cotton yield and economic benefit beside
improvement in span length, uniformity ratio,
fineness micronaire and bundle strength. 
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Maize is an ideal nutritious cereal fodder
crop with quick growing habit, high yielding
ability, palatability and lactogenic effect. Fodder
cowpea when mixed with fodder maize increase
the tonnage and protein content. It is very
exhaustive crop responds well for higher level
of N and high plant density. Higher green
fodder yields of maize were obtained even up to
a seed rate of 120 kg ha-1 and N level of 120
kg ha-1 (Ayub et al., 2003). Organics play a
very important role in enhancing soil
productivity. Hence, an attempt has been made
to evaluate the effect of intensive input
management (FYM, seed rate and nitrogen) on
productivity of fodder maize+ cowpea mixed
cropping.

Materails and Methods

A field experiment was conducted at Main
Agricultural Research Station, University of
Agricultural Sciences, Dharwad. The

experiment was laid out in randomized
complete block design (factorial concept) with
16 treatment combinations consisting of two
FYM level (10 and 20 t ha-1), two seed rates
(60 and 80 kg ha-1) and four N levels(100, 150,
200 and 250 kg ha-1). A common
recommended dose of 75 kg P2O5 and 25 kg
K2O ha-1 was applied uniformly to all the
treatments. Certified seeds of fodder maize (cv.
African tall) and fodder cowpea (cv. Swad) were
mixed and sown in seed rows. Seed rate of
maize was as per treatment and cowpea seeds
were mixed uniformly @ 15 kg ha-1 in all the
treatments. Sowing was done on 19-06-2010.
A common recommended dose of 75 kg P2O5
and 25 kg K2O ha-1 was applied at sowing.
Nitrogen was applied in two splits, half at
sowing and other half after 30 days as per
treatment. Mixed crop was harvested
treatmentwise at milky stage of maize and total
green fodder yield per plot was recorded.
Green fodder yield per ha and dry matter yield
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Abstract
A field experiment was conducted at the Main Agricultural Research Station, UAS, Dharwad, in northern

transitional zone of Karnataka on black clay soils, to study the response of fodder maize+ cowpea mixed
cropping to FYM, seed rate and N levels during kharif, 2010. The experiment was laid out in randomized
complete block design with 16 treatment combinations consisting of two FYM levels (10 and 20 t ha-1),two
seed rates (60 and 80 kg ha-1) and four N levels (100,150,200 and 250 kg ha-1). A common recommended
dose of 75 kg P2O5 and 25 kg K2O ha-1 was applied uniformly to all the treatments. The crop was harvested
at milky stage. Significantly higher green fodder yield (74.90 t ha-1), dry matter yield (22.17 t ha-1) and crude
protein yield (1901 kg ha-1) were obtained in a treatment combination of 20 t of FYM, 80 kg seed rate and
250 kg N ha-1 compared to other treatment combinations. Whereas, maximum net returns (Rs 61528 ha-1)
and B:C ratio (4.29) were realized in a treatment combination of 10 t FYM, 80 kg seed rate and 250 kg N
ha-1. 

Key words : Fodder maize, green fodder yield, FYM, seed rate, net returns.
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per ha were computed. Crude protein content
was calculated by multiplying 6.25 to crude
protein per cent and crude protein yield per ha
was calculated by multiplying crude protein
content to yield. 

The prices of inputs and the labour wages
prevailing at the time of their use and the selling
price for green fodder as approved by UAS,
Dharwad were taken into account to work out
the cost of cultivation and gross monetary
returns. The net returns per ha were calculated
by deducting the treatment wise cost of
cultivation from gross monetary returns. The
benefit: cost ratio were worked out by dividing
the gross monetary returns by cost of
cultivation. 

Results and Discussion

Application of FYM @ 20 t ha-1 recorded
significantly higher green fodder yield (67.27
ha-1), dry matter yield (18.01 t ha-1) and crude
protein yield (1520 kg ha-1) compared to 10 t
ha-1. The green fodder yield and dry matter
yield were increased only to an extent of 6 and
4.95 per cent, respectively, over 10 t ha-1.
Similar favourable effect of FYM and other
organic sources were reported by Puri and
Tiwana (2008) and Amanullah, et al., (2007)
who obtained higher fodder yield of maize at 25
t ha-1 and 20 t ha-1.

A seed rate of 80 kg ha-1 recorded
significantly higher green fodder yield(69.88 t
ha-1), dry matter yield(18.99 t ha-1) and crude
protein yield (1620 kg ha-1) over 60 kg ha-1.
The green fodder yield and dry matter yield
were increased to an extent of 15.02 and
17.36 per cent, respectively, at a seed rate of
80 kg ha-1 over 60 kg ha-1 which is mainly
attributed to higher plant density. Higher fodder
yield of maize was reported even up to a seed
rate of 120 kg ha-1 ( Ayub, et al., 2003). 

Application  of 250 kg N ha-1 recorded

significantly higher green fodder yield (69.78 t
ha-1), dry matter yield (19.94 t ha-1) and crude
protein yield (1767 kg ha-1) over 100 and 150
kg ha-1 and was on par with that of 200 kg
ha-1. The extent of increase in green fodder
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Table 1. Yield of fodder maize + cowpea as influenced by
FYM, seed rate and N level

Treatment Green Dry Crude
fodder matter protein
yield yield yield
(t ha-1) (t ha-1) (kg ha-1)

Farmyard manure (t ha-1) (F)
10 (F1) 63.41 b 17.16 b 1429 b
20 (F2) 67.22 a 18.01 a 1520 a
S. Em.±  0.17 0.39 4

Seed rate (kg ha-1) (S)
60 (S1) 60.75 b 16.18 b 1329 b
80 (S2) 69.88 a 18.99 a 1620 a
S. Em.±  0.17 0.39 4

Nitrogen Levels  (kg ha-1) (N)
100 (N1) 61.03 c 15.08 d 1193 d
150 (N2) 63.76 bc 16.95 c 1391 c
200 (N3) 66.71 ab 18.38 b 1545 b
250 (N4) 69.78 a 19.94 a 1767 a
S. Em.±  0.98 0.79 7

Interaction ( F x S x N )
F1 S1 N1 53.87 fg 12.67 f 956 h
F1 S1 N2 56.40 f 15.20 de 1180 g
F1 S1 N3 59.67 ef 17.50 bc 1442 ce
F1 S1 N4 62.73 cf 18.13 b 1565 cd
F1 S2 N1 63.87 cf 15.50 de 1243 fg
F1 S2 N2 67.37 ad 17.83 bc 1489 ce
F1 S2 N3 70.23 ac 18.33 ab 1555 cd
F1 S2 N4 73.17 a 21.27 a 1999 a
F2 S1 N1 58.00 ef 14.70 e 1159 g
F2 S1 N2 62.00 df 16.27 ce 1346 ef
F2 S1 N3 65.00 be 16.80 bd 1385 ef
F2 S1 N4 68.30 ad 18.20 b 1602 c
F2 S2 N1 68.37 ad 17.47 bc 1421 de
F2 S2 N2 69.27 ad 18.50 b 1550 cd
F2 S2 N3 71.90 ab 20.90 a 1798 b
F2 S2 N4 74.90 a 22.17 a 1901 ab
S. Em.±  1.35 3.16 29.78

Means having same lower case letter/s in a column do not
differ significantly by DMRT(P= 0.05)



yield at 250 kg N ha-1 was 14.33 and 9.44 per
cent over 100 and 150 kg N ha-1, respectively.
The results agree with the findings of Bhilare,
et al., (2002) and Dudhat, et al., (2004).

A treatment combination of FYM at 20 t,
seed rate of 80 kg and a N level of 250 kg
ha-1 recorded significantly higher green fodder
yield, dry matter yield and crude protein yield
(74.09 t, 22.19 t and 1901 kg ha-1,
respectively) over other treatment
combinations. Ayub, et al., (2003), obtained
higher fodder yield of maize with better quality
at a combination of 120 kg seed rate and 120
kg N ha-1, whereas, Tanaja, et al., (1984)
obtained higher fodder yield with a combination
of 60 kg seed rate and 80 kg N ha-1.

A treatment combination of FYM at 10 t,
seed rate of 80 kg, and N level of 250 kg ha-1

resulted significantly higher gross returns(Rs
80640 ha-1) over F1S1N1 and F1S1N2 and was
on par with F2S2N3 (Rs 80528 ha-1). Whereas,
FYM at 10 t, a seed rate of 80 kg and N level
of 250 kg ha-1 recorded significantly higher net
returns (Rs 61528 ha-1) over F1S1N1 and
F1S1N2 and was on par with that of F1S2N3.
There was an increased net returns at F1S2N4
to the tune of 46.81 and 39.79 per cent over
F1S1N1 and F1S1N2, respectively. A treatment
combination of F1S2N4 recorded on par B:C
ratio (4.29) with that of F1S2N2 and F1S2N3.
Higher net returns and B:C ratio at F1S2N4
over F2S2N4 was attributed to reduced cost of
cultivation at F1S2N4 due to lower cost of FYM
at 10 t ha-1. The results agree with the findings
of Singh, et al., (2005) and Pushpendra Singh
and Sumeriya (2005).
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Abstract
In integrated weed management treatments for weed control in wheat, pre-emergence application of

pendimethalin @ 1.0 kg a.i. ha-1 + hoeing at 30 DAS  observed significantly higher values of growth, yield
attributes and  yield of wheat. Among the weed management treatments, pre-emergence application of
pendimethalin @1.0 kg a.i. ha-1 + hoeing at 30 DAS, was found   effective in controlling weed flora and gave
significantly higher weed control efficiency throughout the crop growth period. In higher net monetary returns
(Rs. 58,166 ha-1) and benefit cost ratio (2.55) were recorded with pre-emergence application of
pendimethalin @ 1.0 kg a.i. ha-1 + hoeing at 30 DAS. The densities of monocot weed species were more
dominant in wheat crop as compared to dicots. A decline in  population  of  both monocot and dicot weeds
was noticed by application of  pendimethalin @ 1.0 kg a.i. ha-1 as pre-emergence + hoeing at 30 DAS   as
compared to rest of the weed control treatments.

Key words : Weed Management, wheat.

______________

Weed infestation during the early stage of
crop growth is one of the major factors
responsible for low productivity of wheat. The
short stature of new dwarf varieties coupled
with higher fertilizers and irrigation
requirements creates favourable ecological
conditions for weed growth. Weeds compete
with crop for sunlight, space, nutrients and
moisture. Studies conducted in Palampur
revealed that uncontrolled weed growth

depleted  83.4, 18.7 and 80.8 kg ha-1 of
nitrogen, phosphorus and potassium,
respectively which was 47.1, 11.5 and 55.21
kg ha-1 higher than the total uptake of these
nutrients by wheat crop (Kumar et al., 2005).
Moreover, weeds also increase the cost of
cultivation, reduce input efficiency, interfere
with agricultural operations, impair quality, act
as alternate hosts for several insects-pests,
diseases, affect aesthetic look of the ecosystem
as well as affect human and cattle health.1. and 4. P.G. student, 2. and 3. Associate Professor.



Wheat crop is badly infested with narrow and
broad leaved weeds like Parthenium
hysterophorus, Portulaca oleracea,
Euphorbia mollis, Amaranthus viridis,
Convolvulus arvensis, Commelina
benghalensis, Chenopodium album, Cyperus
rotundus, Sonchus arvensis etc. In India
presence of weeds in general reduces crop
yields by 31.5 and 22.7 per cent in rabi and
summer season and 36.5 per cent  in  kharif
season and in some cases can cause complete
devastation of the crop (Anonymous, 2007).

Weed  management is one of the major
input costs of production . In wheat the earlier
period up to 30-40 days is critical period for
weed control. Weeds can be controlled by
adopting different methods. However, each
weed control method has its limitations.
Mechanical methods are laborious and time
consuming, besides weeds with similar
morphological characters like crops are likely to
be escaped. Herbicides have benefited the
agricultural community in many ways.
However, heavy reliance on herbicides creates
an  environment favourable for weed resistance
to herbicides, weed population shifts and off-
site movements of herbicides  (Rao and
Nagmani, 2010). A number of weed species
that were once  susceptible to and easily
managed by certain herbicides have developed
resistance with time. These weeds are no
longer controlled by application of previously
effective herbicides. As the future weed
problems will be multipronged, a holistic
multidisciplinary approach would be
imperative. In this context, integrated weed
management (IWM) may provide a more
sustainable measure for crop protection. IWM is
a science-based decision-making process that
coordinates the use of environmental
information, weed biology and ecology, and all
available technologies to control weeds by the
most economical means, while posing the least

possible risk to people and the environment
(Sanyal, 2008).

Materials and Methods

The experiment was laid out in randomized
block  design with nine treatments  and  three
replications at Agronomy Farm,  College of
Agriculture, Pune, during rabi, 2012-13. The
gross and net plot size were 4.50 x 3.15 m2

and  3.50  x  2.70  m2, respectively. The nine
treatment consisted of weedy check (T1), weed
free check (T2), pendimethalin @1.0 kg a.i.
ha-1 as pre-emergence + hoeing at 30 DAS
(T3), metsulfuron methyl @ 4 g a.i. ha-1 POE  at
18 DAS (T4), metsulfuron methyl @3 g a.i.
ha-1 POE  at 18 DAS + hoeing at 30 DAS (T5),
metribuzin @ 175 g a.i. ha-1 POE  at 18 DAS
(T6), metribuzin @ 131 g a.i. ha-1 POE  at 18
DAS + hoeing at 30 DAS (T7) , 2,4-D @ 750
g a.e. ha-1 POE  at 18 DAS (T8) and  2,4-D @
563 g a.e. ha-1 POE  at 18 DAS + hoeing at
30 DAS (T9).

The soil of the experimental field was clay
loam in texture, low in available nitrogen
(193.00 kg ha-1) medium in available
phosphorus (19.89 kg ha-1) and high in
potassium (475.78 kg ha-1) and was alkaline in
reaction (pH 7.54).

Wheat variety Godavari  (NIDW-295) was
sown @ 125 kg seed ha-1 at spacing of 22.5
cm between the lines, on 23rd  November,
2012  and  harvested on 22nd March, 2013.
A  full  dose  of  phosphorus and potassium was
applied as a basal application. The nitrogen
was applied in two splits, half at sowing and at
21 DAS. The optimum plant population was
maintained by gap filling, the crop was irrigated
as per the requirements. The required quantity
of all herbicides was worked out as per the
treatments and dissolved in required quantity of
water for sparing of gross plot, the prepared
solutions were sprayed separately as pre-
emergence and at 18 DAS as per the
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treatments. Species wise weed flora of each
plot was recorded from randomly selected 1m x
1m quadrant  area  at 15, 30, 45, 60, 75, 90,
105 DAS and at harvest. Weed dry matter at
harvest was recorded from randomly selected
1m x 1m quadrant area. After sun drying weed
samples were dried in hot air oven at 60°C for
48 hour to obtain a constant weight.

Results and Discussion

The treatment pre-emergence application of
pendimethalin @ 1.0 kg a.i. ha-1 +hoeing at 30
DAS recorded significantly the lowest weed
population (Table 1). Application of
metsulfuron methyl @ 4 g a.i.ha-1 as post-
emergence at 18 DAS was at par with  the
treatment pre-emergence application of
pendimethalin @ 1.0 kg a.i. ha-1 + hoeing at
30 DAS. The treatment pre-emergence
application of pendimethalin @ 1.0 kg a.i. ha-1

+ hoeing at 30 DAS recorded significantly
lower weed population  than all  other
treatments  but was at par with weed free
check. It was followed by  the treatments
metsulfuron methyl @ 3 g a.i. ha-1 POE  at 18
DAS + hoeing at 30DAS  and   metribuzin @
131 g a.i. ha-1 POE  at 18 DAS +  hoeing at

30 DAS, however, these two treatments were
found to be at par with each other. Among the
weed control treatments, significantly the
lowest weeds dry matter (5.10 g m-2) was
recorded with  pre-emergence application of
pendimethalin @ 1.0 kg a.i. ha-1 + hoeing at
30 DAS over rest of the treatments.  It was
followed by application of  metsulfuron methyl
@3 g a.i. ha-1 POE  at 18 DAS + hoeing at 30
DAS which recorded 11.66 g m-2 weed dry
matter. Similar findings were noted by Sharma
(2009), Kumar et al. (2013). 

The weed index was statistically  the highest
in weedy check  42.14 per cent  than rest of
the treatments (Table 1). Pre-emergence
application of pendimethalin @ 1.0 kg a.i. ha-1

+ hoeing at 30 DAS  recorded significantly the
lowest weed index (5.69 %) among the weed
control treatments, however it was at par with
treatments, post emergence application of
metsulfuron methyl @ 3 g a.i. ha-1 at 18 DAS
+ hoeing at 30 DAS (10.31%),  post
emergence application of  metribuzin @ 131 g
a.i. ha-1 at 18 DAS + hoeing at 30 DAS
(11.12%)  and  post emergence application of
2,4-D @ 563 g a.e. ha-1 at 18 DAS + hoeing
at 30 DAS (11.95%). 
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Table 1. Mean dry matter of weeds at harvest and weed index as  influenced by different treatments

Treatment Dry matter Weed Weed Weed
of weeds popu- index control
at harvest lation (%) efficiency
(gm-1) (m-2) (%)

T1 : Weedy check 32.83 59 42.14 0.00
T2 : Weed free check (3 HW at 20, 40, 60 DAS) 2.06 1 0.00 97.72
T3 : Pendimethalin @ 1.0 kg a.i.ha-1 as pre-emergence + hoeing at 30 DAS 5.10 7 5.69 88.63
T4 : Metsulfuron methyl @ 4 g  a.i.ha-1 POE  at 18 DAS 19.83 37 20.0 37.60
T5 : Metsulfuron methyl @ 3 g a.i. ha-1 POE  at 18 DAS + hoeing at 30DAS 11.66 24 10.31 59.13
T6 : Metribuzin @ 175 g a.i. ha-1 POE  at 18 DAS 22.16 41 20.08 29.57
T7 : Metribuzin @ 131 g a.i. ha-1 POE  at 18 DAS +  hoeing   at 30 DAS 14.83 27 11.12 53.40
T8 : 2,4-D @ 750 g a.e. ha-1 POE at 18  DAS 24.20 45 26.81 23.88
T9 : 2,4-D @ 563 g a.e. ha-1 POE at 18 DAS + hoeing at 30 DAS 16.66 31 11.95 47.16
S.E. m± 0.80 1.45 3.38 3.87
C.D. at 5% 2.96 5.33 12.39 14.18
General mean 16.67 30 16.46 48.57



Among the weed control treatments
application of pendimethalin @ 1.0 kg a.i. ha-1

as pre-emergence + hoeing at 30 DAS was
found significantly superior over rest of the
weed control treatments. The post emergence
application of  metsulfuron methyl @ 3 g a.i.
ha-1 at 18 DAS + hoeing at 30 DAS  was at
par with the treatments post emergence
application of  metribuzin @ 131 g a.i. ha-1 at
18 DAS + hoeing at 30 DAS  and  post-
emergence application of 2,4-D @ 563 g a.e.
ha-1 at 18 DAS + hoeing  at 30 DAS. These
results are similar to those reported by  Kumar
et al. (2013) and Pisal and Sagarka (2013).

The expression of growth characters viz.,
plant height, number of tillers per running
metre and dry matter plant-1 were differed
significantly due to different treatments under
study (Table 2).  

Substantial reduction in growth of wheat
crop in terms of growth attributes was observed
in weedy check, where as they were maximum
in weed free check. Among the weed
management treatments, pre-emergence
application of pendimethalin @ 1.0 kg a.i. ha-1

+ hoeing at 30 DAS, post emergence
application of metsulfuron methyl @ 3 g a.i.
ha-1 at 18 DAS + hoeing at 30 DAS , post
emergence application of  metribuzin @ 131 g
a.i. ha-1 at 18 DAS + hoeing at 30 DAS  and
post emergence application of  2,4-D @ 563 g
a.e. ha-1 at 18 DAS + hoeing at 30 DAS
registered higher values of all these growth
characters and hence were at par with weed
free check . These results were in conformity
with  Radhey Shyam et al. ( 2009) , Kumar and
Agarwal (2010) and  Singh et al. (2011).

The yield attributes viz., length of panicle,
number of spikelets panicle -1, number of grain
panicle -1, grain weight panicle -1 and grain and
straw yield of wheat were differed significantly
due to different weed control treatments (Table
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2). The weed free check was at par with  pre-
emergence application of pendimethalin @ 1.0
kg a.i. ha-1 + hoeing at 30 DAS, post
emergence application of metsulfuron methyl
@ 3 g a.i. ha-1 at 18 DAS + hoeing at 30 DAS
, post emergence application of  metribuzin @
131 g a.i. ha-1 at 18 DAS + hoeing at 30 DAS
and  post emergence application of  2,4-D @
563 g a.e. ha-1 at 18 DAS + hoeing at 30 DAS
as they recorded significantly higher values of
these yield  attributes. However, minimum
values of yield attributes  were noted  with
weedy check.  

Further, it was  noticed that the expression
of these yield attributes ultimately reflected on
higher grain yield (50.02 q ha-1) and straw yield
(75.39 q ha-1) in weed free check. Same trend
was observed amongst the weed management
treatments as that observed in yield attributes.
The lowest grain (28.93 q ha-1) and straw
(41.08 q ha-1)  yields were observed in weedy
check. Similar results were reported  by Pandey
and Verma (2002),  Pandey et al. (2005),
Sharma (2009), Singh et al. (2009) and Kumar
et al. (2013).

Significantly the highest protein content
(12.54%) was recorded in weed free check than
rest of the weed control treatments (Table 3),
however, it was found to be at par with pre-
emergence application of pendimethalin @ 1.0
kg a.i. ha-1 + hoeing at 30 DAS,  metsulfuron
methyl @ 3 g a.i. ha-1 POE  at 18 DAS +
hoeing at 30 DAS and metribuzin @ 131 g a.i.
ha-1 POE   at 18 DAS + hoeing at 30 DAS.
Whereas, weedy check recorded significantly
the lowest protein content (10.44%) than
remaining treatments. The mean protein
content in grain was 11.58 per cent. Similar
results have been reported  by Pandey and
Kuldeep (2005)   and Singh et al. (2009). The
wet and dry gluten content in wheat grain was
not significantly influenced by different weed
management treatments. The mean dry and
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wet gluten contents were 33.15% and 11.95%,
respectively . Pradhan and Chakraborthi (2010)
and Bulut et al. (2013) observed  similar results. 

Among the different weed control
treatments, weed free check recorded
statistically maximum  gross monetary returns
of Rs. 101,561 ha-1 and was  at par to the
treatments  pendimethalin @1.0 kg a.i. ha-1 as
pre-emergence + hoeing at 30 DAS,
metsulfuron methyl @3 g a.i. ha-1 POE  at 18
DAS + hoeing at 30 DAS, metribuzin @ 131 g
a.i. ha-1 POE  at 18 DAS + hoeing at 30 DAS
and  2,4-D @ 563 g a.e. ha-1 POE  at 18 DAS
+ hoeing at 30 DAS, respectively (Table 3). 

However, significantly more  net returns of
Rs. 58,166 ha-1 was recorded with
application of pendimethalin @1.0 kg a.i. ha-1

as pre- emergence + hoeing at 30 DAS, but
was at par to the treatments metsulfuron methyl
@3 g a.i. ha-1 POE  at 18 DAS + hoeing at 30
DAS, metribuzin @ 131 g a.i. ha-1 POE  at 18
DAS + hoeing at 30 DAS, 2,4-D @ 563 g a.e.
ha-1 POE  at 18 DAS + hoeing at 30 DAS,
metsulfuron methyl @ 4 g a.i. ha-1 POE  at 18
DAS and metribuzin @ 175 g a.i. ha-1 POE  at
18 DAS. Whereas, minimum values of gross
and net monetary returns were noticed in
weedy check.  

The maximum benefit cost ratio (2.55) was
recorded with application of pendimethalin @
1.0 kg a.i. ha-1 as pre- emergence + hoeing at
30 DAS, whereas,  minimum  was registered in
weedy check (1.95). Similar results were
obtained by Sharma (2009), Chopra and
Chopra (2010) and Kumar et al. (2013)

Thus it can be concluded that, application of
pendimethalin @ 1.0 kg a.i. ha-1 as a pre-
emergence herbicide + hoeing at 30 DAS in
wheat crop for obtaining higher yield is
remunerative.   

References
Anonymous, 2007. Vision 2025. NRCWS Perspective

Plan. Indian Council of Agricultural Research (ICAR).
New Delhi. India.

Bulut, S., Oztruk, A., Karaoglu, M. M. and Yildiz, N. 2013.
Effects of organic manures and non chemical weed
control on wheat. II Grain quality. Turk. J.Agric. For.
37: 271-280.

Chopra, N. K. and Chopra, N. 2010. Evaluation of  tillage
system  and herbicides on wheat (Triticum aestivum
L.) performance under rice (Oryza sativa) -wheat
(Triticum aestivum L.) cropping system. Indian J.
Agron. 55 (4): 304-307

Kumar, S. and Agarwal, A. 2010. Effect of  herbicides on
nitrogen removal by Phalaris minor and wheat
(Triticum aestivum L.). Asian J. Exp. Biol. Sci. Spl.
81-84.

Kumar, D., Angiras, N. N., Singh, Y. and Rana, S. S.
2005. Influence of integrated  weed  management
practices  on  weed  competition  for nutrients in
wheat. Indian J. Agric. Res. 39 (2): 110-115.

Kumar, S., Rana, S. S., Ramesh and Chander, N. 2013.
Herbicide combinations for broad-spectrum weed
control in wheat. Indian J. Weed Sci .45(1): 29-33 

Pandey, I. B., Kuldeep , K. 2005. Response of wheat
(Triticum aestivum L.) to seeding  methods and weed
management. Indian J. Agron. 50 (1) : 48-51

Pandey, I. B., Sharma, S. L., Tiwari, S. and Mishra, S.S.
2005. Economics of tillage and weed management
system for wheat (Triticum aestivum L.) after low
land rice (Oryza sativa L.). Indian J. Agron. 50 (1): 44-
47.

Pandey, J. and Verma, A. K. 2002.  Effect of atrazine,
metribuzin,  sulfosulfuron and tralkoxydim on weeds
and yield of wheat (Triticum aestivum L.).Indian J.
Agron. 47 (1): 72-76.

Pisal, R. R. and Sagarka, B. K. 2013. Integrated weed
management in wheat with new molecules. Indian J.
Weed Sci. 45(1): 25-28 

Pradhan, A. C. and Chakraborti, P. 2010. Quality wheat
seed production through integrated weed
management. Indian J. Weed Sci. 42 (3 and 4): 159-
162.

Radhey Shyam, Singh, R., Singh, V. K. and Guru, S. K.
2009. Effect of wheat establishment methods and
weed managememt practices on weed dynamics and
productivity of wheat grown in succession to rice.
Indian J.Weed Sci. 41 (1 and 2): 70-72.

Rao, A. N. and Nagamani, A. 2010. Integrated Weed
Management in India- Revisited. Indian J. Weed Sci.

Bhoir et al.194



42 (3 and 4) : 123-135

Sanyal, D. 2008. Introduction to the integrated weed
management revisited symposium. Weed Sci. 56:
140. 

Sharma, O. L. 2009. Efficacy of post emergence
herbicides to control broad leaf weeds in wheat in
Indira Gandhi canal area of western Rajasthan. Indian
J. Weed Sci. 41 (1 and 2) : 52-54.

Singh, R. K., Verma, S. K., Sharma, R. and Singh, S. B.
2009. Bio-efficacy and  selectivity of sulfosulfuron and
metribuzin before and after irrigation in wheat
(Triticum aestivum L.) under zero tillage system.
Indian J. Agric.Sci. 79(9) : 735-739 

Singh, S., Punia, S., Yadav, A. and Hooda,V.S. 2011.
Evaluation of carfentrazone-ethyl + metsulfuron-
methyl against broad leaf weeds in wheat.  Indian J.
Weed Sci. 43 (1 and 2): 12-22.

Journal of Agriculture Research and Technology 195

J. Agric. Res. Technol., 41 (2) : 195-200 (2016)

Evaluation of Imazethapyr 10% SL against Weeds on
Soybean
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Abstract
A field experiment was conducted during kharif, 2013 and 2014 at the Agricultural Research Station,

Gadhinglaj Dist. Kolhapur (M.S.) to find out most suitable herbicide and concentration of Imazethapyr 10%
SL for control of weeds in soybean. In soybean post emergence application of Imazethapyr 10% SL at 1250
ml ha-1 and 1000 ml ha-1 pooled data reveled lower number of weeds and its dry matter. As this chemical
was found beneficial for effective control of weeds in soybean through higher weed control efficiency. All
growth and yield contributing characters and seed and straw yields were significantly higher in Imazethapyr
10% SL 1250 ml ha-1 which was at par with Imazethapyr 10% SL 1000 ml ha-1.

Key words : Imazethapyr 10% SL, quizalofop-ethyl 5% EC, pendimethalin 30% EC.

______________

Soybean occupies a vital place in Indian
agriculture, as oilseed crop of the 20th century.
Being a rainy season crop, it has high yielding
capacity but weed infestation is one of the
major constraints in the cultivation of soybean.
If weed are not controlled during critical period
of weed - crop competition, there is reduction
in the yield of soybean from 35 to 50 per cent
depending upon the weed flora and density.

Weed is a plant that does more harms than
good and has a habit of encroaching where it is

not desired. Weeds play a major role in
reducing the yield of the soybean crop. Weed
control is an unavoidable for successful crop
production. Production losses may rise mainly
from the competition between crop and weeds
for light, water, space and nutrients. Hoeing
and hand weeding is considered to be the best
method of weeds removal in soybean crop but
is difficult to practice and also untimely and
continuous rains as well as unavailability of
labour during peak period of demand. Mostly
farmers are using pre-plant incorporated or pre
emergence herbicides for weed control in
soybean, but their efficacy is reduced due to

1. Assistant Professor, 2. Agronomist and 3. Senior
Research Assistant.
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variation in climatic and edaphic factors.
Therefore, need was felt to explore the
possibility of post emergence herbicides for
effective control of weed. Keeping in view the
damage caused by the weeds in the soybean
fields, present study "Evaluation of Imazethapyr
10% SL against weeds in soybean" was carried
out to evaluate the best proper method of weed
elimination in soybean field using chemical
weeding techniques. Tewari et al. (1991)
suggested that soybean yield can be enhanced
by almost 50 per cent by adopting timely
chemical weeding. Guriqbal Singh et al. (2014)
reported that post emergence application
Imazethapyr was very effective in controlling
weeds in lentil.

Materials and Methods

A field experiment was conducted during
kharif, 2013 and 2014 at the Agricultural
Research Station, Gadhinglaj Dist. Kolhapur
(M.S.) which is geographically situated in sub
montane zone of Maharashtra, It is situated
between 16° 13'N latitude, 74° 21' E longitude
and at an altitude of about 640.24 m above
msl. Average rainfall of this station is 930 mm
in 70 rainy days. The experimental site was
medium to deep black and clayey in texture,
low to medium in organic carbon (0.64%), low
in available nitrogen (210.20 kg ha-1), medium
in available phosphorus (20.83 kg ha-1) and
higher in available potash (474.87 kg ha-1) and
pH range is 7 to 7.5.

The field experiment was laid out in a
Randomized Block Design with seven
treatments replicated thrice and soybean variety
"PhuleKalyani" was used for the study. The
treatment are post emergence application of
Imazethapyr 10% SL 750 (ml ha-1),
Imazethapyr 10% SL 1000 ml ha-1,
Imazethapyr 10% SL 1250 ml ha-1,
Quizalofop-ethyl 5% EC 1000 ml ha-1,
Pendimethalin 30% EC 33001 ml ha-1, hand

weeding and control. The soybean was sown
on 45 x 05 cm spacing. The gross and net plot
size were 4.50 x 3.60 m and 3.60 x 3.20 m,
respectively.

Results and Discussion

Effect on weed : The dominant grassy
weed species observed in experiment field were
Echinochloa colonum, Cyperus difformis,
Echinochloa crusgalli, Euphorbai hirta,
Digera arvensis and Commelina
benghalensis. Different weeds and its dry
matter were significantly affected by application
various post emergence herbicides at 30 and
45 DAA. At 30 DAA significantly lower weed
population and its dry matter was recorded in
Imazethapyr 10% SL 1250 ml ha-1 which was
at par with Imazethapyr 10% SL 1000 ml ha-1.
However, significantly higher weed population
and its dry matter was recorded in Quizalofop-
ethyl 5% EC 1000(ml ha-1).

At 45 DAA significantly lower weed
population was recorded in Imazethapyr 10%
SL 1250 ml ha-1 which was followed by
Imazethapyr 10% SL 1000 ml ha-1. However,
significantly higher weed population and its dry
matter was recorded in Quizalofop-ethyl 5% EC
1000 ml ha-1 and Pendimethalin 30% EC
3300 ml ha-1. At 45 DAA significantly lower
dry matter was recorded in Imazethapyr 10%
SL 1250 ml ha-1 which was at par with
Imazethapyr 10% SL 1000 ml ha-1. However,
significantly higher dry matter of weeds was
recorded in Quizalofop-ethyl 5% EC 1000 ml
ha-1. Kelly et al. (1998) reported that
imazethapyr as post emergence effectively
control weeds in soybean. Similar views were
endorsed by Dheer Singh et al. (2014) and
Mahendra Singh et al. (2013).

At 30 and 45 DAA higher weed control
efficiency was calculated in Imazethapyr 10%
SL l250 ml ha-1 which was followed by
Imazethapyr 10% SL 1000 ml ha-1. However,

Journal of Agriculture Research and Technology 197



Gare et al.198

Ta
bl

e 
2
.

W
ee

d 
dr

y 
m

at
te

r 
m

-2
 a

t 
30

 a
nd

 4
5 

D
A

A
 (P

oo
le

d 
da

ta
 o

f 
tw

o 
ye

ar
s)

Tr
ea

tm
en

ts
D

os
e

C
yp

er
u
s 

E
ch

in
o
ch

lo
a

E
ch

in
o
ch

lo
a
 

E
u
p
h
o
rb

i 
D

ig
er

 
C

o
m

m
el

in
a

O
th

er
To

ta
l

m
l

d
if

fo
rm

io
s

co
lo

n
u
m

cr
n
sg

a
ll

i
h
ir

ta
a
a
rv

en
si

s
b
en

gh
a
le

n
si

s
w

ee
ds

ha
-1

––
––

––
––

––
––

––
–

––
––

––
––

––
––

––
––

––
––

––
––

––
––

––
––

––
––

––
––

––
––

––
––

––
––

––
––

––
––

––
––

––
––

––
––

–
––

––
––

––
––

––
–

––
––

––
––

––
––

––
–

3
0

4
5

3
0

4
5

3
0

4
5

3
0

4
5

3
0

4
5

3
0

4
5

3
0

4
5

3
0

4
5

D
A

A
D

A
A

D
A

A
D

A
A

D
A

A
D

A
A

D
A

A
D

A
A

D
A

A
D

A
A

D
A

A
D

A
A

D
A

A
D

A
A

D
A

A
D

A
A

Im
az

et
ha

py
r 

10
%

 S
L

75
0

0.
44

1.
38

0.
65

1.
15

0.
79

1.
25

0.
60

1.
38

0.
50

0.
82

0.
79

1.
34

1.
07

1.
87

4.
84

9.
19

(0
.9

7)
*

(1
.3

7)
*

(1
.0

7)
(1

.2
8)

(1
.1

4)
(1

.3
2)

(1
.0

5)
(1

.3
7)

(1
.0

)
(1

.1
5)

(1
.1

4)
(1

.3
6)

(1
.2

5)
(1

.5
4)

(2
.3

1)
(3

.1
1)

Im
az

et
ha

py
r 

10
%

 S
L

10
00

0.
40

0.
89

0.
50

1.
11

0.
61

0.
99

0.
59

0.
96

0.
38

0.
68

0.
57

0.
81

0.
97

1.
67

4.
01

7.
11

(0
.9

5)
(1

.1
8)

(1
.0

)
(1

.2
7)

(1
.0

5)
(1

.2
2)

(1
.0

4)
(1

.2
1)

(0
.9

4)
(1

.0
9)

(1
.0

3)
(1

.1
5)

(1
.2

1)
(1

-4
7)

(2
.1

2)
(2

.7
6)

Im
az

et
ha

py
r 

10
%

 S
L

12
50

0.
36

0.
55

0.
46

0.
94

0.
55

0.
83

0.
50

0.
75

0.
22

0.
51

0.
40

0.
67

0.
41

1.
07

2.
89

5.
32

(0
.9

2)
(1

-0
2)

(0
.9

8)
(1

.2
0)

(1
.0

2)
(1

.1
6)

(1
.0

)
(1

.1
2)

(0
.8

5)
(1

.0
0)

(0
.9

5)
(1

.0
8)

(0
.9

6)
(1

.2
5)

(1
.8

4)
(2

.4
1)

Q
ui

za
lo

fo
p-

et
hy

l 5
%

 E
C

10
00

0.
88

1.
77

1.
29

2.
06

1.
54

2.
68

1.
20

2.
23

0.
99

2.
04

2.
03

2.
95

1.
58

3.
03

9.
49

16
.7

7

(1
.1

7)
(1

.5
1)

(1
.3

4)
(1

.6
0)

(1
.4

3)
(1

.7
8)

(1
.3

0)
(1

.6
5)

(1
.2

2)
(1

-5
9)

(1
.5

9)
(1

.8
6)

(1
.4

4)
(1

.8
8)

(3
.1

6)
(4

.1
6)

P
en

di
m

et
ha

lin
 3

0%
 E

C
33

00
0.

60
1.

47
0.

82
1.

54
0.

79
1.

90
0.

67
1.

77
0.

38
1.

33
1.

67
2.

38
1.

43
2.

86
6.

36
13

.2
6

(1
.0

5)
(1

.4
1)

(1
.1

5)
(1

.4
3)

(1
.1

4)
(1

.5
5)

(1
.0

8)
(1

.5
1)

(0
.9

4 
)

(1
-3

5)
(1

.4
7)

(1
.7

0)
(1

.3
4)

(1
.8

3)
(2

.6
2)

(3
.7

1)

H
an

d 
w

ee
di

ng
-

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
.7

1)
(0

.7
1)

(0
.7

1)
(0

.7
1)

(0
.7

1)
(0

.7
1)

(0
.7

1)
(0

.7
1)

(0
.7

1)
(0

.7
1)

(0
.7

1)
(0

.7
1)

(0
.7

1)
(0

.7
1)

(0
.7

1)
(0

.7
1)

C
on

tr
ol

-
3.

65
5.

75
2.

35
3.

54
2.

70
3.

88
3.

65
5.

54
3.

67
5.

84
4.

81
7.

26
3.

89
5.

84
24

.7
1

37
.6

5

(2
.0

4)
(2

.5
0)

(1
.6

9)
(2

.0
1)

(1
.7

9)
(2

.0
9)

(2
.0

4)
(2

.4
6)

(2
.0

4)
(2

.5
2)

(2
.3

0)
(2

.7
9)

(2
.0

9)
(2

.5
2)

(5
.0

2)
(6

.1
8)

S.
Em

±
0.

07
0.

08
0.

06
0.

05
0.

05
0.

07
0.

04
0.

04
0.

03
0.

03
0.

04
0.

03
0.

08
0.

04
0.

10
0.

15

C
.D

. 
at

 5
%

0.
22

0.
24

0.
18

0.
16

0.
15

0.
21

0.
13

0.
13

0.
10

0.
10

0.
12

0.
08

0.
24

0.
14

0.
31

0.
45

N
ot

e 
: 

* 
sq

ua
re

 r
oo

t 
tr

an
sf

or
ne

d 
va

lu
es



lower weed control efficiency was calculated in
Quizalofop-ethyl 5% EC 1000 ml ha-1 and
Pendimethalin 30% EC 3300 ml ha-1. This
might be due to Imazethapyr 10% SL is very
effective in controlling and suppressing the
growth and development of monocot and dicot
weeds associated with soybean. Our findings is
in accordance with those of Guriqbal Singh et
al. (2014).

Effect on soybean : Plant height and dry
matter per plant of soybean were significantly
influenced by different treatments of weed
control. Significantly higher plant height and
dry matter per plant of soybean were recorded
in Imazethapyr 10% SL 1250 ml ha-1 which
was at par with Imazethapyr 10% SL 1000 ml
ha-1. This might be due to the decreased
competition of weed with crop for space, water,
air, nutrients and sunlight because of their
effective as a result of application of post
emergence herbicides. The number of branches
per plant were not influenced significantly due
to various weed control treatments.

The yield contributing characters like
number of pods per plant, seed weight per
plant, test weight and seed and straw yields of
soybean significantly influenced due to various
post emergence herbicide treatments. All yield
contributing characters and seed and straw
yields were significantly higher in Imazethapyr
10% SL 1250 ml ha-1 which was at par with
Imazethapyr 10% SL 1000 ml ha-1. However,
lower seed and straw yields were recorded in
Quizalofop-ethyl 5% EC 1000 ml ha-1 and
Pendimethalin 30% EC 3300 ml ha-1. The
improved yield attributes and yields under these
treatments might be due to effective in
controlling and suppressing the growth and
development of weed flora as evidenced by less
number of weeds, which might have
maintained high soil fertility status and moisture
content by means of less removal of plant
nutrients and moisture through weeds. These
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findings are in close conformity with Dheer
Singh et al. (2014) and Mahendra Singh et al.
(2013).
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Table 4. Growth, yield attributes and yield of soybean as influenced by different treatments (Pooled data of two years)

Treatments Dose Plant No. of Dry No. of Seed Test Seed Straw
ml height branches matter pods weight weight yield yield
ha-1 (cm) plant-1 plant-1 plant-1 (g) (q ha-1) (q ha-1)

(g) (g)

Imazethapyr 10% SL 750 62.8 5.3 20.2 28.5 10.3 11.6 23.4 29.6
Imazethapyr 10% SL 1000 65.3 5.7 21.9 31.4 11.6 12.8 26.1 32.4
Imazethapyr 10% SL 1250 67.4 5.9 22.7 33.6 12.4 13.1 27.5 33.9
Quizalofop-ethyl 5% EC 1000 62.4 5.3 19.6 28.4 9.5 11.5 23.5 28.4
Pendimethalin 30% EC 3300 61.2 5.3 19.4 27.9 9.1 11.1 21.3 26.1
Hand weeding - 69.1 6.2 23.6 35.6 13.1 13.8 29.3 35.4
Control - 59.4 5.2 17.5 23.0 8.3 10.4 17.6 23.3
S.Em± 0.83 0.54 0.48 1.20 0.42 0.35 0.72 0.91
C.D. at 5% 2.58 NS 1.61 3.42 1.28 1.12 2.25 2.72

______________



Maize (Zea mays), queen of cereals, has the
highest production potential among present
day cereals. It occupies an important position in
the world economy and trade as food, feed and
industrial grain crop. It is the source of staple
food for human, feed for animals and has wide
industrial uses. Maize being a C4 plant has high
photosynthetic efficiency and high yield
potential. There is no any other cereal on Earth
which has so immense potentiality, high
versatile uses and wider adaptability and that is
why it is called as the "Miracle crop" or "Queen
of cereals". Among cereals, Maize ranks third in
the world production, after Wheat and Rice.

Sweet corn can be a promising cash crop of
the Khandesh region. It can be fitted in cotton
based cropping system, as it is a short duration
crop, maturing in 85 to 90 days. Cobs have
good market potential. In addition to this, at the
harvest the plants are in green stage with good
vigour which can be used as nutritious and
palatable fodder for the milch animals.

Considering the commercial demand of sweet
corn its productivity needs to be increase.

Baby corn is a delicious and nutritive
vegetable and it is consumed as a natural food.
It is very tasty, sweet and easy to consume
because of its tenderness and sweetness with
nutritive value addition. It provides
carbohydrates, protein, fat, sugar, minerals and
vitamins in palatable, wholesome, hygienic and
digestible form.

Besides nutritive advantage, it is also free
from residual effect of pesticides as it is
harvested within a week of tassel emergence
and the young cob is wrapped up tightly with
husk and well protected from insects and pests
(Pradeep Kumar et al., 2004).

Maize is an exhaustive crop, its requirement
for fertilizer especially nitrogen is prominent.
Nitrogen, phosphorus and potassium is
essential constituent of chlorophyll protoplasm
and enzyme and it governs utilization of
Phosphorus and Potassium. It is important
factor for boosting of the yield of cereals and is
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Effect of nutrient management on growth, yield and quality
of different corn types
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Abstract
A field experiment was conducted at Agronomy Section, College of Agriculture, Agronomy farm Dhule.

during kharif 2013 to study the effect of nutrient management on growth, yield and quality of different corn
types. The results of the experiment revealed that among the different  corn types, sweet corn variety sugar-
75 resulted higher values of  growth, yield, equivalent yield, quality and economic returns as compared to
baby corn variety sonal and grain maize variety Rajarshi. The application of 150 per cent RDF (180:90:60
NPK kg ha-1) found significantly superior in respect of  growth, yield and quality components and also fresh
green cob, and fodder yields than rest of fertilizer level. However, it was at par with 125 per cent RDF
(150:75:50 NPK kg ha-1). 
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very important for vegetative growth as well as
for higher yields. Therefore judicious blends of
fertilizer are of prime importance for not only
increasing yield but also to maintain fertility.
However, information on efficient and
economic use of fertilizer for sweet corn, baby
corn and grain maize is lacking. Therefore,
considering the importance of these aspects in
sweet corn, baby corn and grain maize
production, an experiment was planned on
"Effect of nutrient management on growth,
yield and quality of different corn types"

Materials and Methods

A field experiment was conducted at
Agronomy Section, College of Agriculture,
Agronomy Farm, Dhule, during kharif 2013
The experimental farm  received  total rainfall
914 mm in 54 rainy day. An experimental soil
samples at 15 cm depth contains 0.80%
organic carbon with 0.34 dSm-1 EC, 148.20
kg ha-1 available N, 19.11 kg ha-1 available P
and 465.00 kg ha-1 available K. The soil was

clayey to clay loam in texture having 30.22 per
cent sand, 19.16 per cent silt, 46.42 per cent
clay fraction and had a pH value of 8.2 The
experiment was laid out in Split plot design with
three replications The experiment comprised of
a total of 12 treatment combinations  Main plot
treatment were varieties of different corns types
i) Sugar-75 (sweet corn) ii) Sonal (baby corn) iii)
Rajarshi (maize), sub plot treatments nutrient
management 1) 75% RDF (90:45:30 NPK kg
ha-1) 2) 100% RDF (120:60:40 NPK kg ha-1)
3) 125% RDF (150:75:50 NPK kg
ha-1) 4) 150% RDF (180:90:600 NPK kg ha-1)
during kharif season of year 2013. Full dose of
P and K was applied as basal and N applied as
three equal splits to sweet corn,baby corn and
maize i.e. 1/3rd at planting, 1/3rd at 30 DAS,
and remaining 1/3rd at 45 DAS.

Results and Discussion

Effect on growth and yield attributing
characters : All the growth and yield
attributing characters was not influenced
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Table 1. Effect of different treatment on growth and yield attributing characters of corn types at harvest

Treatment Plant Stem Dry No. of Length Weight No. of
height girth at matter cobs of cobs of cobs grain
at 60 DAS plant-1 plant-1 with with cob-1

harvest middle at husk husk
(cm) portion harvest (cm) (g)

(cm) (g)

Main plot treatments (Corn type)
V1 = Sweet corn 173.04 8.35 246.26 1.32 26.37 275.95 519.12
V2 = Baby corn 155.44 7.52 128.86 2.01 23.68 133.02 0.00
V3 = Maize 162.97 8.13 283.47 1.20 26.14 251.78 455.90
S.E. ± 3.41 0.21 5.57 0.07 0.61 3.79 12.30
CD at 5% 12.40 0.69 19.27 0.24 2.11 13.11 42.57

Sub plot treatments (Fertilizer levels)
F1 = 75% RDF (90:45:30 NPK kg ha-1) 155.09 7.93 208.11 1.41 24.23 199.79 289.69
F2 = 100% RDF (120:60:40 NPK kg ha-1) 164.94 8.32 216.85 1.46 24.96 210.24 316.69
F3 = 125% RDF (150:75:50 NPK kg ha-1) 167.57 8.57 221.95 1.57 25.57 220.87 342.03
F4 = 150% RDF (180:90:600 NPK kg ha-1) 167.66 8.87 231.20 1.59 26.83 250.06 351.16
S.E. ± 2.55 0.11 2.46 0.071 0.59 5.07 13.51
CD at 5% 7.65 0.32 7.40 N.S. 1.77 15.21 39.31
Interaction N.S. N.S. N.S. N.S. N.S. Sig N.S.
General mean 163.82 8.24 219.53 1.51 25.40 220.24 325.04



significantly due to different corn types but the
sweet corn  was found to be taller and recorded
significantly highest total dry matter  among the
different corn types in respect of growth
attributing characters. Baby corn variety sonal
produced highest number of cob plant-1 than
rest of the corn types. However length of cob
with husk, weight of cob with husk and number
of grains cob-1 was recorded significantly
highest by sweet corn variety Sugar-75, which
may be due to efficient utilization of resources
like moisture and nutrients.

The application of 150 per cent RDF
(180:90:60 NPK kg ha-1) recorded significantly
higher plant height and dry matter
accumulation plant-1, number of cob plant-1 ,
length of cob with husk, weight of cob with
husk and number of grains cob-1 than 75 per
cent RDF (90:45:30 NP kg K ha-1) and 100
per cent RDF (120:60:40 NPK kg ha-1).
However it was at par with 125 per cent RDF
(150:75:50 NPK kg ha-1 ) in respect of plant

height, number of cobs plant-1 and number of
grains cob-1. The dry matter production is
reliable index of crop growth which was
significantly increased with the higher fertilizer
levels. This might be due to the cumulative
effect of all growth attributes and more
synthesis of photosynthates in growing region,
meristemetic tissue, ultimately enhancing cell
division and their by increase stem girth of
maize with higher level of RDF. Stem girth
decreased to maturity may be due to increasing
fibers in stem, due to maturity and diversion of
maximum photosynthates towards cob
development. Similar results was observed by
Zende et al. (2006) and Thakur et al. (2010).

Effect on yield, fodder yield, maize
grain equivalent yield : The yield, fodder
yield and maize grain equivalent yield  was
significantly influenced due to different corn
types. The sweet corn variety sugar-75 was
recorded significantly highest  yield (206.94 q
ha-1), fodder yield (258.08 q ha-1 ) and maize
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Table 2. Effect of different treatment on yield, Fodder yield, maize grain equivalent yield and economics  of corn types

Treatment Yield Fodder Maize Gross Net B:C
(q ha-1) yield grain monetary monetary ratio

(q ha-1) equivalent returns returns
yield (Rs. ha-1) (Rs. ha-1)
(q ha-1)

Main plot treatments (Corn type)
V1 = Sweet corn 206.94 258.08 306.20 142196 84690 2.46

V2 = Baby corn 106.14 192.79 156.99 72807 41751 2.34

V3 = Maize 45.44 147.00 45.44 72473 42017 2.37

S.E. ± 1.82 2.86 1.63 4076 1693.74

CD at 5% 6.30 9.90 5.66 14106 5087.23

Sub plot treatments (Fertilizer levels)
F1 = 75% RDF (90:45:30 NPK kg ha-1) 108.66 177.24 151.32 88286 50582 2.34

F2 = 100% RDF (120:60:40 NPK kg ha-1) 114.91 188.94 163.13 90613 51597 2.32

F3 = 125% RDF (150:75:50 NPK kg ha-1) 122.14 207.38 174.12 98594 58607 2.46

F4 = 150% RDF (180:90:600 NPK kg ha-1) 132.31 223.60 189.61 103246 61605 2.47

S.E. ± 2.67 6.39 3.46 6714 3934.36

CD at 5% 8.01 19.17 10.37 N.S. N.S.

Interaction N.S. N.S. Sig N.S. N.S.

General Mean 119.51 199.29 169.54 93263 53932 2.37



grain equivalent yield (306.20 q ha-1 ) than
sonal variety of baby corn and Rajarshi variety
of grain maize.

The yield, fodder yield and maize grain
equivalent yield   was influenced significantly
due to different fertilizer levels. Application of
150 per cent RDF (180:90:60 NPK kg ha-1)
recorded significantly superior yield (132.31 q
ha-1), fodder yield (223.60 q ha-1) and maize
grain equivalent yield (189.61 q ha-1) but it was
at par with 125 per cent RDF (150:75:50 NPK
kg ha-1) in respect of fodder yield (207.38 q
ha-1). This might be due to yield is ultimate
product of photosynthates produced in leaves
every higher level of RDF. enhances the
growth, yield attribute significantly and it's
lowest levels. The higher level of NPK reflected
on corresponding significant rise in cob yield.
This Results corroborated with those reported
by Kumar et al. (2005), Sidhu and Thind
(2008) and Verma (2011)  

Economics : The gross and net monetary
returns influenced significantly due to different

corn types. The  sweet corn variety sugar-75
was recorded highest gross monetary returns
(Rs. 142196 ha-1) and net monetary returns
(Rs  84690 ha-1) as compared to other corn
types. Benefit cost ratio was also at higher
magnitude (2.46) in sweet corn.

The net monetary returns influenced due to
different fertilizer level. The 150 per cent
RDF(180:90:60 NPK kg ha-1) obtained higher
net monetary returns (Rs  61605 ha) than 125
per cent RDF(150:75:50 NPK kg ha-1) (Rs
61605 ha-1) and 100 per cent RDF(Rs 51597
ha-1). Further it was noticed that 150 per cent
RDF and 125 per cent RDF registered equal
benefit cost ratio. 

Quality studies : Variety of sweet corn
Sugar-75. recorded significantly maximum total
sugar (11.94%), reducing sugar (3.65%), non
reducing sugar  (8.29%) and protein (13.75%)
over the grain maize and baby corn. 

The application of 150 per cent RDF
(180:90:60 NPK kg ha-1) level of fertilizer was

Wadile et al.204

Table 3. Effect of different treatment on total sugar, Reducing sugar, non reducing sugar and  protein of corn types

Treatment Total Reducing Non reducing Protein
sugar sugar sugar (%)
(%) (%) (%)

Main plot treatments (Corn type)
V1 = Sweet corn 11.94 3.65 8.29 13.75
V2 = Baby corn 0.41 0.07 0.33 12.07
V3 = Maize 8.72 2.62 6.11 13.14
S.E. ± 0.1 0.001 0.01 0.6
CD at 5% 0.5 0.006 0.05 0.22

Sub plot treatments (Fertilizer levels)
F1 = 75% RDF (90:45:30 NPK kg ha-1) 6.76 2.05 4.71 11.96
F2 = 100% RDF (120:60:40 NPK kg ha-1) 6.95 2.11 4.84 12.72
F3 = 125% RDF (150:75:50 NPK kg ha-1) 7.13 2.13 5.00 13.40
F4 = 150% RDF (180:90:600 NPK kg ha-1) 7.25 2.15 5.10 13.85
S.E. ± 0.3 0.007 0.03 0.5
CD at 5% 0.9 0.022 0.09 0.16
Interaction Sig Sig Sig N.S.
General Mean 7.02 2.11 4.91 12.98



recorded significantly maximum reducing sugar
(2.15%), non reducing sugar (5.10%) and
protein (13.85%) than all other levels of
fertilizers, however it was at par with 125 per
cent RDF in respect of reducing and non
reducing  sugar content.

Based on one year study it can be
concluded that for obtaining more remunerative
yield of sweet corn (variety sugar-75) be
cultivated with application of 125 per cent RDF
(150:75:50 NPK kg ha-1).

References
Kumar, A., Gautam, R. C., Singh, S. T. and Rana, K. S.

2005. Growth, yield and economics of maize-wheat
cropping sequence as influenced by integrated nutrient

management. Indian J. agric. Sci.75(11): 709-711.

Pradeep Kumar, Yogesh Kumar and Akhilesh Sarraf. 2004.
Baby corn - A potential crop, Intensive Agric., 3-9.

Sidhu A. S. and Thind, S. S. 2008. Nitrogen, Phosphorus
and Potassium requirement of winter maize. IndianJ.
of Ecology, 35(1): 99-100.

Thakur G. D., Karanjikar, P. N. and Kasbe, A. B. 2010.
Effect of fertilizer levels on yield and  yield contributing
characters of sweet corn. Asian J. soil sci. 4(2):280-
282.

Verma N. K., 2011. Integrated nutrient management in
winter maize (Zea mays L.) sown at different dates.
J.Pl. Breeding and Crop Sci., 3(8): 161-167.

Zende, N. B. 2006. Effect of integrated nutrient
management on the performance of sweet corn (Zea
mayssaccharata). Thesis submitted for Ph. D. (Agri.)
degree to Konkan Krishi  Vidyapeeth, Dapoli,and Dist.
Ratnagiri (M.S.)

Journal of Agriculture Research and Technology 205

J. Agric. Res. Technol., 41 (2) : 205-213 (2016)

Heterosis for grain yield and yield attributing traits in rice
(Oryza sativa L.)

P. M. Mistry1, M. B. Prajapati2 and P. S. Belhekar3

Main Rice Research Centre (NARP), Navsari Agricultural University, Navsari - 396 450 (India)
(Received : 20-10-2015)

Abstract
The heterosis study on grain yield and its components from line x tester analysis from 50 F1 hybrids

derived from five lines and ten testers. Analysis of variance revealed that all the treatments exhibited significant
to highly significant variation for all the traits under study. The highest heterotic effects observed for better
parent and mid parents were 32.16 per cent and 50.86 per cent for grain yield per plant noted for the crosses
IR-87707-182-B-B-B x Lal Kada and IR-87707-446-B-B-B x SPRV-1, respectively. Considerable magnitude
of heterosis and heterobeltiosis was observed for grain yield per plant, panicle length, filled grains per panicle
and protein content. Crosses viz., IR-87707-182-B-B-B x Lal Kada, IR-87707-182-B-B-B x SPRV-1, IR-
87707-182-B-B-B x SPRV-2, IR-87707-446-B-B-B x SPRV-1 and IR-87707-446-B-B-B x Lal Kada were
found to be most heterotic hybrids for grain yield per plant. Simultaneous increase in grains per panicle and
panicles per plant had positive effects towards higher grain yield.

Key words : Heterosis, L x T analysis, rice, grain yield.

______________

The exploitation of heterosis is considered an outstanding application of the principles of
the science of genetics in agriculture. Heterosis
breeding had led to a breakthrough in yield in
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several crop plants. For the exploitation of
heterosis, it is imperative to study the
magnitude of heterosis. The expression of
heterosis is greatly influenced by the magnitude
of genetic differences among parents involved
in the crosses. The parents with optimal to
intermediate genetic diversity will show
maximum heterosis (Stuber and Moll, 1974).
Varying levels of heterosis in grain yield and
yield components have been reported by
several workers in rice.

Materials and Methods

The experimental material for present
investigation consisted of 65 entries including 5
females, 10 males and their 50 crosses. Out of
five, four females were NILs of IR-64 lines
having different QTLs for yield under drought
condition. The NILs were IR-87706-215-B-B-
B, IR-87707-182-B-B-B, IR-87707-445-B-B-B
and IR-87707-446-B-B-B and 10 males were
SPRV-1, SPRV-2, IRRI-AMT-101, IRRI-AMT-
301, GNR-2, GNR-3, Gurjari, IRRI-AERO-1,
IET-19347 and Lal Kada. The crossing
programme was carried out using 5 females

and 10 males by hand emasculation and
pollination at National Agricultural Research
Project farm, NAU, Navsari (Gujarat) during
summer 2013. 50 crosses were obtained in line
x tester mating design. All the hybrid seeds and
selfed parental line seeds were harvested,
cleaned and handled properly in seed bag for
sowing in the next season. The complete set of
65 entries comprising of 50 F1s, 5 females and
10 males were evaluated during kharif - 2014.
The experiment was laid out in a randomized
block design with three replications. Each entry
was planted in a single row consist of 10 plant
in each row with a spacing 20 x 15 cm. The
standard agronomical practices were followed
to raise the good experimental crop.

Result and Discussion

Analysis of variance : The analysis of
variance was performed to test the difference
amongst parents and hybrids for all the eleven
characters and is presented in Table 1. The
results revealed that the mean squares due to
genotypes were significant for all the
characters, which indicated the considerable
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Table 1. Analysis of variance (mean sum of squares) for experimental design for different characters in rice

Characters Repli. Geno- Parents Lines Testers Lines Hyb- Parents Error
types vs rids vs

testers hybrids

d. f. 2 64 14 4 9 1 49 1 128

Days to 50% flowering 90.85 111.99** 223.02** 19.17 291.94** 418.18* 81.72 40.71 64.62
Plant height (cm) 11.02 205.97* 96.36 24.64 138.70 2.15 222.83* 913.91* 135.51
No. of productive 0.32 7.19** 6.68** 2.74 8.87** 2.70 7.46** 1.08 1.39
tillers plant-1

Panicle length (cm) 14.91 23.95** 19.57** 33.06** 15.48* 2.40 24.65** 50.63** 6.48
No. of Grains panicle-1 109.78 2109.47** 2508.58** 3548.84** 2299.23** 231.68 2019.66** 922.77* 181.81
Filled grains panicle-1 86.36 1850.27** 1967.32** 2840.36** 1788.88** 81.04 1847.81** 331.99 178.56
Unfilled grains panicle-1 1.40 62.62** 71.42** 44.58** 86.98** 38.68** 58.37** 147.78** 2.04
Grain yield plant-1 (g) 1.61 39.12** 90.07** 10.16 134.10** 13.46 21.35** 196.63** 8.79
Test weight (g) 8.95 36.67** 85.72** 10.50 124.74** 35.47* 10.76** 299.65** 5.48
Straw yield plant-1 (g) 1.95 31.95** 29.49** 5.10 39.37 38.02* 31.01** 112.15** 5.99
Protein content (%) 0.53 4.98** 4.69** 1.31* 3.72** 26.96** 5.15** 1.06 0.41

*Significant at 5%, **Significant at 1% 



amount of variability among genotypes for
various characters. The mean squares due to
genotypes were further partitioned into
parents, hybrids and parents vs. hybrids. The
differences between parents were highly
significant for all the characters except plant
height. Among parents, mean squares due to
lines were significant for all the characters
except days to 50 per cent flowering, plant
height, no. of productive tillers plant-1, grain
yield plant-1, test weight and straw yield plant-1.
While mean squares due to testers were
significant for all the characters except plant
height and straw yield plant-1 indicating the
presence of wide genetic variability among the
parents for most of the characters. The mean
squares due to lines vs. testers were significant
for characters viz., days to 50 per cent
flowering, unfilled grains panicle-1, test weight,
straw yield plant-1 and protein content, which
indicated that female and male parents differed
significantly for these characters. The mean
squares due to hybrids were significant for all
the characters except days to 50 per cent
flowering and mean squares due to parents vs
hybrids were found to be significant for plant
height, panicle length, number of grains
panicle-1, unfilled grains panicle-1, grain yield
plant-1, test weight and straw yield plant-1,
which indicated that hybrids differed
significantly for these characters.

Estimation of heterosis and heterobeltiosis

Days to 50 per cent flowering : For
earliness, a heterotic effect in negative direction
is desirable. The heterosis was found to be
ranged from -13.41 per cent (IR-64 x IET-
19347) to 28.48 per cent (IR-64 x IRRI-AERO-
1) and heterobeltiosis  ranged from -24.35 per
cent (IR-87707-445-B-B-B x IET-19347) to
20.34 per cent (IR-87707-445-B-B-B x IRRI-
AERO-1). Two crosses and seven crosses
showed desirable negative significant heterosis
and heterobeltiosis, respectively. The result is

alike to the findings of Ramalingam et al.
(1994), Datt and Mani (2004), Eradasappa et
al. (2007), Venkatesan et al. (2008), Roy et al.
(2009), Tiwari et al. (2011) and Kumar et al.
(2012).

Plant height (cm) : The data that
significant heterosis was observed only in
negative direction for this trait which is
desirable. The heterosis varied from -19.37 per
cent (IR-87707-182-B-B-B x Lal kada) to 8.48
per cent (IR-87706-215-B-B-B x IRRI-AMT-
301) and heterobeltiosis varied from -20.35 per
cent (IR-87707-182-B-B-B x Lal kada) to 8.32
per cent (IR-87706-215-B-B-B x IRRI-AMT-
301). Out of 50 hybrids evaluated, 8 hybrids
showed significant negative heterosis over mid
parent as well as over better parent. The
present findings were in close association with
results reported by Sahai and Chaudhary
(1991), Lokaprakash et al.(1992), Banumathy
et al.(2003), Yadav et al.(2004), Datt and Mani
(2004), Eradasappa et al.(2007), Parihar and
Pathak (2008), Venkatesan et al.(2008), Tiwari
et al. (2011) and Kumar et al. (2012).

No. of productive tillers plant-1 : The
result indicated that both positive and negative
heterosis were observed for this trait. The value
of heterosis varied from -28.04 per cent (IR-
8770-446-B-B-B x IRRI-AERO-1) to 45.29 per
cent (IR-87707-182-B-B-B x Lal Kada). Total
sixteen hybrids showed significant heterosis
over better parent, out of which eleven hybrids
exhibited significant positive heterosis. As
regards to heterobeltiosis, it varied from -30.26
per cent (IR-87707-446-B-B-B x IRRI-AERO-
1) to 36.36 per cent (IR-87706-215-B-B-B x
GNR-3). With respect to heterobeltiosis, twenty
six hybrids recorded significant heterotic
effects, of which seven hybrids showed
significant positive heterobeltiosis. Among the
seven hybrids, heterobeltiosis ranged from
18.95 per cent (IR-87706-215-B-B-B x GNR-
2 and IR-87706-215-B-B-B x Gurjari) to 36.36
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Table 2. Estimation of  heterosis and heterobeltiosis for various characters in rice

Crosses Days to 50% Plant height No. of productive Panicle length
flowering (cm) tillers plant-1 (cm)

––––––––––––––– ––––––––––––––– ––––––––––––––––– ––––––––––––––––
MP BP MP BP MP BP MP BP

IR-87706-215-B-B-B  x SPRV-1 1.69 -3.21 -1.48 -3.72 -9.58 -16.57* -8.28 -11.79
IR-87706-215-B-B-B x SPRV-2 0.38 -3.97 -1.63 -1.65 -13.39 -23.23** -21.62** -27.56**
IR-87706-215-B-B-B x IRRI-AMT-101 0.60 0.00 -13.43* -17.31* -2.70 -17.05* -5.24 -5.98
IR-87706-215-B-B-B x IRRI-AMT-301 0.00 -2.62 8.48 8.32 25.23** 19.64* 20.66** 9.46
IR-87706-215-B-B-B x GNR-2 1.08 -6.98 -5.13 -5.39 20.13* 18.95* 3.45 -5.91
IR-87706-215-B-B-B x GNR-3 3.43 1.19 -4.46 -7.99 36.81** 36.36** 16.49* 1.78
IR-87706-215-B-B-B x Gurjari 0.40 -1.19 -4.00 -6.24 19.74* 18.95* -3.48 -12.36
IR-87706-215-B-B-B x IRRI-AERO-1 6.49 -2.77 -2.29 -2.76 -12.07 -21.54** 18.53* 16.13
IR-87706-215-B-B-B x IET-19347 1.25 -7.79 6.10 4.61 -13.84 -16.97 -15.15* -21.77**
IR-87706-215-B-B-B x Lal kada -0.39 -0.78 -2.52 -5.59 -15.97 -20.92* -3.77 -13.12
IR-87707-182-B-B-B x SPRV-1 -0.38 -5.71 1.46 -2.77 7.46 -0.55 2.49 -1.46
IR-87707-182-B-B-B x SPRV-2 -0.19 -5.05 -14.26* -15.98* 27.87** 13.66 24.49** 15.01
IR-87707-182-B-B-B x IRRI-AMT-101 0.00 0.00 -6.86 -12.72 -9.43 -22.58** 2.93 2.08
IR-87707-182-B-B-B x IRRI-AMT-301 -3.68 -6.74 -10.28 -11.93 -5.59 -9.52 5.14 -4.66
IR-87707-182-B-B-B x GNR-2 0.54 -7.97 -15.80** -17.26* 18.42* 16.88 -0.56 -9.59
IR-87707-182-B-B-B x GNR-3 -1.22 -2.80 -16.40** -17.88** 0.00 0.00 -0.19 -12.83
IR-87707-182-B-B-B x Gurjari 4.65 3.60 -16.84** -17.14* 30.49** 29.22** 2.89 -6.61
IR-87707-182-B-B-B x IRRI-AERO-1 11.55 2.40 -16.46** -17.73* -14.04 -23.08** 5.65 3.46
IR-87707-182-B-B-B x IET-19347 3.94 -5.84 -17.88** -18.37** -3.45 -6.67 10.44 1.78
IR-87707-182-B-B-B x Lal kada -2.57 -3.53 -19.37** -20.35** 45.29** 36.33** 21.81** 9.93
IR-87707-445-B-B-B x SPRV-1 -5.81 -13.21 0.66 -1.85 -6.18 -7.73 -13.60* -21.31**
IR-87707-445-B-B-B x SPRV-2 -5.65 -12.64 1.38 1.12 -2.41 -8.08 -2.96 -8.08
IR-87707-445-B-B-B x IRRI-AMT-101 2.88 0.00 6.62 1.62 -7.14 -16.13* -2.93 -14.05*
IR-87707-445-B-B-B x IRRI-AMT-301 -0.99 -6.74 -1.28 -1.37 22.45** 20.00* 5.69 2.09
IR-87707-445-B-B-B x GNR-2 -9.87 -19.60** 1.58 1.53 -15.69* -21.71** -27.18** -29.86**
IR-87707-445-B-B-B x GNR-3 -2.93 -4.13 -3.71 -7.06 10.03 3.43 -16.80** -17.43*
IR-87707-445-B-B-B x Gurjari -3.12 -4.90 -2.19 -4.26 1.23 -5.71 -17.96** -20.84**
IR-87707-445-B-B-B x IRRI-AERO-1 27.64** 20.34* -7.86 -8.10 0.54 -4.62 -27.64** -35.20**
IR-87707-445-B-B-B x IET-19347 -14.34* -24.35** -5.88 -7.00 -11.76 -14.29 -4.89 -9.69
IR-87707-445-B-B-B x Lal kada 1.43 -2.35 -3.70 -6.52 -2.58 -13.71 -8.02 -10.69
IR-87707-446-B-B-B x SPRV-1 -3.29 -10.71 -4.31 -7.92 -25.82** -26.23** -1.33 -7.47
IR-87707-446-B-B-B x SPRV-2 -4.28 -11.19 -2.46 -4.01 -12.60 -15.91* 0.95 -1.42
IR-87707-446-B-B-B x IRRI-AMT-101 4.31 1.60 8.28 1.88 -22.00** -28.11** -4.39 -12.93
IR-87707-446-B-B-B x IRRI-AMT-301 3.17 -2.62 1.29 -0.16 -5.98 -9.84 -11.43 -11.74
IR-87707-446-B-B-B x GNR-2 -10.04 -19.60** -7.78 -8.99 21.32** 10.38 -10.46 -11.03
IR-87707-446-B-B-B x GNR-3 1.46 0.41 -6.40 -8.44 -19.88** -26.23** -20.33** -23.34**
IR-87707-446-B-B-B x Gurjari -0.83 -2.45 -1.91 -2.68 -7.19 -15.30 -3.68 -4.13
IR-87707-446-B-B-B x IRRI-AERO-1 27.35** 19.83* 3.79 2.65 -28.04** -30.26** -2.28 -9.96
IR-87707-446-B-B-B x IET-19347 -11.19 -21.43** -8.28 -8.43 -12.64 -16.94* -19.67** -21.35**
IR-87707-446-B-B-B x Lal kada 4.07 0.39 -4.32 -5.88 -15.09 -26.23** -12.26 -12.41
IR-64 x SPRV-1 -3.44 -9.64 0.76 -1.17 17.96* 8.84 11.62 5.45
IR-64 x SPRV-2 -10.94 -16.25* 4.48 4.11 -5.98 -16.67* -3.75 -5.28
IR-64 x IRRI-AMT-101 -1.62 -2.80 -3.83 -7.81 -9.19 -22.58** 1.56 -6.85
IR-64 x IRRI-AMT-301 5.68 1.12 1.15 0.63 5.30 0.60 -21.17** -21.51**
IR-64 x GNR-2 -12.29 -20.60** 1.25 0.60 0.99 0.00 -18.05** -18.17*
IR-64 x GNR-3 -1.65 -2.05 -0.60 -4.60 -12.05 -12.34 -11.47 -15.46*
IR-64 x Gurjari -3.48 -3.67 4.63 1.82 2.63 1.96 -2.34 -2.66
IR-64 x IRRI-AERO-1 28.48** 19.26* 3.62 2.74 -11.49 -21.03** -18.43** -24.30**
IR-64 x IET-19347 -13.41* -22.40** -5.32 -7.00 -4.40 -7.88 -3.26 -4.56
IR-64 x Lal Kada 1.40 -0.78 -4.99 -8.31 17.36 10.46 -3.33 -4.26
S. Ed.± 5.68 6.56 8.23 9.50 0.83 0.96 1.80 2.08
C.D. at 5 % 11.28 13.02 16.34 18.86 1.65 1.91 3.57 4.12
C.D. at 1 % 14.93 17.24 21.62 24.97 2.19 2.53 4.73 5.46



per cent (IR-87706-215-B-B-B x GNR-3). Datt
and Mani (2004), Yadav et al. (2004), Pandya
and Tripathi (2006), Eradasappa et al. (2007),
Parihar and Pathak (2008) and Tiwari et al.
(2011) also reported similar results in rice. 

Panicle length (cm) : Panicle length is
one of the important traits as it has greater
contribution towards seed yield. The value of
heterosis over mid parent ranged from -27.64
per cent (IR-87707-445-B-B-B x IRRI-AERO-
1) to 24.49 per cent (IR-87707-182-B-B-B x
SPRV-2). The hybrids which showed maximum
heterosis for panicle length were IR-87707-
182-B-B-B x SPRV-2 (24.49%), IR-87707-
182-B-B-B x Lal Kada (21.81 per cent) and IR-
87706-215-B-B-B x IRRI-AMT-301 (20.66 %).
With respect to heterobeltiosis, it varied from -
35.20 per cent   (IR-87707-445-B-B-B x IRRI-
AERO-1) to 16.13 per cent (IR-87706-215-B-
B-B x IRRI-AERO-1). As regards to
heterobeltiosis fourteen crosses showed
significant heterobeltiosis, however none of the
crosses exhibited significant positive
heterobeltiosis. The present findings were in
close association with the results reported by
Ramalingam et al. (1994), Yadav et al. (2004),
Datt and Mani (2004), Pandya and Tripathi
(2006), Eradasappa et al. (2007), Singh et al.
(2007), Parihar and Pathak (2008), Roy et al.
(2009) and Tiwari et al. (2011).

Number of grains panicle-1 : The
maximum number of grains being desirable for
this character, the heterosis varied from -38.89
per cent (IR-87706-215-B-B-B x SPRV-2) to
53.96 per cent (IR-64 x GNR-3). Total eleven
crosses showed significant positive heterosis for
this trait. The hybrid viz., IR-64 x GNR-3 was
depicted highest positive heterosis in desirable
direction over mid parent. For this trait,
heterosis over better parent varied from -39.90
per cent (IR-64 x SPRV-2) to 46.79 per cent
(IR-64 x GNR-3). The top three crosses showed
significant heterobeltiosis were IR-64 x GNR-3

(46.79%), IR-64 x Gurjari (38.92%) and IR-
87707-182-B-B-B x Lal kada (19.19%). The
results were in agreement with the findings of
Annadurai and Nandarajan (2001), Banumathy
et al. (2003), Yadav et al. (2004), Pandya and
Tripathi (2006), Parihar and Pathak (2008),
Roy et al. (2009) and Tiwari et al. (2011).

Filled grains panicle-1 : The positive
heterosis is desirable for this trait because it is
directly related with the grain yield plant-1.11
hybrids over mid parent and 5 hybrids over
better parent manifested significant positive
heterosis. Heterosis over mid parent ranged
from -37.71 per cent (IR-87706-215-B-B-B x
SPRV-2) to 56.78 per cent (IR-64 x GNR-3).
Heterosis over better parent (heterobeltiosis)
ranged from -40.47 per cent (IR-64 x SPRV-2)
to 50.27 per cent (IR-64 x   GNR-3). The result
is akin to the finding of Lokaprakash et al.
(1992), Janardhanam et al. (2001), Annadurai
and Nandarajan (2001), Bhanumathy et al.
(2003), Singh (2006), Eradasappa et al.
(2007), Parihar and Pathak (2008) and Tiwari
et al. (2011).

Unfilled grains panicle-1 : In all, 28
hybrids registered significant heterosis over mid
parent in desirable direction. The value of
heterosis over mid parent ranged from -67.12
per cent (IR-87707-445-B-B-B x IRRI-AMT-
301) to 88.41 per cent (IR-64 x Gurjari).
Heterotic effects over better parental value
varied from -70.90 per cent (IR-87707-445-B-
B-B x IRRI-AMT-301) to 87.02 per cent (IR-64
x Gurjari). With respect to heterobeltiosis, 35
hybrids showed significant heterotic effects, of
which 32 hybrids expressed significant negative
heterobeltiosis in desirable direction for this
trait. These results are in agreement with the
findings of Lokaprakash et al. (1992),
Janardhanam et al. (2001), Annadurai and
Nandarajan (2001), Bhanumathy et al. (2003),
Parihar and Pathak (2008) and Tiwari et al.
(2011).
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Table 2. Contd.

Crosses No. of grains Filled grains Unfilled grains Grain yield
panicle-1 panicle-1 panicle-1 plant-1 (g)

––––––––––––––– ––––––––––––––– ––––––––––––––––– ––––––––––––––––
MP BP MP BP MP BP MP BP

IR-87706-215-B-B-B x SPRV-1 -33.91** -38.57** -33.43** -37.51** -38.04** -46.89** 31.93 ** 5.37
IR-87706-215-B-B-B x SPRV-2 -38.89** -39.14** -37.71** -38.44** -48.93** -51.86** 24.35 ** 3.69
IR-87706-215-B-B-B x IRRI-AMT-101 -20.85** -27.60** -17.15** -25.13** -47.29** -47.37** 6.18 5.65
IR-87706-215-B-B-B x IRRI-AMT-301 3.62 -4.25 6.81 -3.49 -17.43** -23.54** 0.50 -0.98
IR-87706-215-B-B-B x GNR-2 -18.85** -27.11** -21.46** -28.11** 5.91 -19.25** 5.82 -5.37
IR-87706-215-B-B-B x GNR-3 26.05** -4.59 36.16** 3.76 -59.22** -70.81** 20.93 ** 19.74 *
IR-87706-215-B-B-B x Gurjari 9.26 -9.85 8.23 -9.80 18.20** -10.25 -6.56 -12.57
IR-87706-215-B-B-B x IRRI-AERO-1 10.28 -12.08* 14.30* -8.04 -24.37** -44.10** -17.17 * -20.62 **
IR-87706-215-B-B-B x IET-19347 -7.87 -17.68** -10.69 -19.76** 15.64** -1.24 -9.09 -20.25 **
IR-87706-215-B-B-B x Lal Kada -8.68 -17.23** -9.52 -16.35* -0.61 -24.22** 12.27 4.36
IR-87707-182-B-B-B x SPRV-1 -10.48 -20.58** -9.11 -20.69** -21.78** -23.87** 45.77 ** 18.73 *
IR-87707-182-B-B-B x SPRV-2 18.47** -1.69 27.90** 4.79 -57.95** -61.05** 50.21 ** 27.92 **
IR-87707-182-B-B-B x IRRI-AMT-101 -12.02 -20.73** -5.42 -14.42 -55.48** -60.99** 6.16 2.99
IR-87707-182-B-B-B x IRRI-AMT-301 6.9 -4.64 11.40 0.83 -20.13** -34.39** 4.07 0.00
IR-87707-182-B-B-B x GNR-2 5.03 -3.63 4.89 -6.28 6.31 -9.88 24.71 ** 14.13
IR-87707-182-B-B-B x GNR-3 23.71** 9.63 27.12** 14.51 -3.14 -23.87** -6.64 -9.87
IR-87707-182-B-B-B x Gurjari -4.68 -5.76 -7.75 -8.64 20.49** 1.65 3.36 -5.56
IR-87707-182-B-B-B x IRRI-AERO-1 13.4 7.38 10.12 6.35 40.05** 14.40* 9.21 2.15
IR-87707-182-B-B-B x IET-19347 1.05 -6.77 -0.30 -9.25 11.68 8.23 -1.77 -15.70 *
IR-87707-182-B-B-B x Lal Kada 31.09** 19.19** 39.44** 23.41** -46.60** -54.73** 38.78 ** 32.16 **
IR-87707-445-B-B-B x SPRV-1 0.14 -3.53 0.13 -2.70 0.19 -10.31 29.50 ** 0.00
IR-87707-445-B-B-B x SPRV-2 -14.82** -18.26** -19.10** -22.82** 22.22** 20.96** 24.71 ** 0.31
IR-87707-445-B-B-B x IRRI-AMT-101 -7.57 -12.43* -2.35 -8.77 -45.28** -47.99** 1.91 -2.14
IR-87707-445-B-B-B x IRRI-AMT-301 12.24* 7.47 24.22** 16.02* -67.12** -70.90** 11.67 8.26
IR-87707-445-B-B-B x GNR-2 -29.27** -34.25** -27.54** -31.41** -46.09** -57.39** 9.96 -5.50
IR-87707-445-B-B-B x GNR-3 27.91** -0.6 25.53** -1.85 48.37** 9.62 -16.64 * -19.57 **
IR-87707-445-B-B-B x Gurjari -9.34 -22.87** -12.05 -24.49** 14.85* -9.62 -21.97 ** -23.68 **
IR-87707-445-B-B-B x IRRI-AERO-1 6.25 -12.81* 8.91 -9.87 -17.30* -36.77** -5.83 -6.12
IR-87707-445-B-B-B x IET-19347 -33.59** -38.60** -31.49** -36.38** -51.45** -56.70** -10.25 -17.97 **
IR-87707-445-B-B-B x Lal Kada -7.52 -13.22* -12.34 -16.15* 40.00** 10.65 12.52 0.31
IR-87707-446-B-B-B x SPRV-1 -22.82** -24.72** -23.03** -25.34** -20.93** -23.05** 50.86** 22.38 **
IR-87707-446-B-B-B x SPRV-2 -21.82** -29.24** -19.04** -26.91** -46.59** -50.53** -10.73 -6.64
IR-87707-446-B-B-B x IRRI-AMT-101 -17.38** -18.00* -13.59* -14.50 -45.23** -52.01** 1.18 -12.96
IR-87707-446-B-B-B x IRRI-AMT-301 -21.20** -22.65** -18.28** -19.15* -40.74** -51.32** 17.08 * -2.28
IR-87707-446-B-B-B x GNR-2 10.03 8.65 8.41 8.02 26.70** 7.41 1.02 6.64
IR-87707-446-B-B-B x GNR-3 -17.87* -33.11** -16.83* -31.99** -27.23** -42.80** 2.55 -1.97
IR-87707-446-B-B-B x Gurjari -18.10** -26.46** -18.27* -26.09** -16.59* -29.63** 2.45 -5.85
IR-87707-446-B-B-B x IRRI-AERO-1 -12.85 -24.71** -14.27 -25.48** 0.25 -18.11* -5.14 -3.69
IR-87707-446-B-B-B x IET-19347 -9.24 -10.91 -10.32 -11.83 0.21 -2.88 -4.43 -18.23 **
IR-87707-446-B-B-B x Lal Kada -36.61** -36.77** -37.05** -37.95** -32.04** -42.39** 39.96 ** -9.44
IR-64 x SPRV-1 38.93** 15.28* 39.88** 15.50* 30.16** 13.04 33.88 ** 13.68
IR-64 x SPRV-2 -23.04** -39.90** -23.59** -40.47** -18.15** -34.74** -0.34 13.68
IR-64 x IRRI-AMT-101 17.24* -1.34 22.34** 4.47 -19.19** -38.39** 11.15 -2.99
IR-64 x IRRI-AMT-301 -15.07* -29.18** -10.72 -23.75** -43.01** -58.73** 15.38 7.17
IR-64 x GNR-2 -9.08 -22.20** -10.04 -24.07** 1.03 0.88 4.58 5.26
IR-64 x GNR-3 53.96** 46.79** 56.78** 50.27** 28.36** 16.81 -0.80 1.32
IR-64 x Gurjari 48.48** 38.92** 44.22** 33.92** 88.41** 87.02** -1.97 -9.06
IR-64 x IRRI-AERO-1 -7.66 -9.84 -6.04 -8.94 -22.72* -26.25* -5.00 -8.00
IR-64 x IET-19347 -10.87 -23.35** -9.65 -22.43** -21.51** -31.58** 17.19 * -18.23 **
IR-64 x Lal Kada 17.70* -0.13 17.66 -1.57 18.17* 17.99 10.10 11.23
S. Ed.± 9.53 11.01 9.45 10.91 1.01 1.17 2.10 2.42
C.D. at 5 % 18.92 21.85 18.75 21.65 2.01 2.32 4.16 4.81
C.D. at 1 % 25.05 28.92 24.82 28.66 2.66 3.07 5.51 6.36



Grain yield plant-1 (g) : Grain yield
plant-1 is an attribute of economic importance
which the breeders attempt to improve by
evolving new high yielding hybrids. The results
revealed that heterosis ranged from -21.97 per
cent (IR-87707-445-B-B-B X Gurjari) to 50.86
per cent (IR-87707-446-B-B-B x SPRV-1),
while the magnitude of heterobeltiosis ranged
from -23.68 per cent (IR-87707-445-B-B-B x
Gurjari) to 32.16 per cent (IR-87707-182-B-B-
B x Lal Kada). As many as 14 hybrids showed
positive heterosis whereas, 5 hybrids registered
significant positive heterobeltiosis. Significant
positive heterosis for grain yield has reported by
Sahai and Chaudhary (1991), Lokaprakash et
al.(1992), Annadhurai and Nadarajan (2001),
Janardhanam et al. (2001), Yadav et al.(2004),
Datt and Mani (2004), Bhandarker et al.(2005)
Eradasappa et al.(2007), Parihar and Pathak
(2008), Venkatesan et al. (2008), Roy et al.
(2009), Tiwari et al. (2011) and Kumar et al.
(2012).

Test weight (g) : The heterosis for this
trait ranged from -20.00 per cent (IR-87707-
445-B-B-B x Gurjari) to 88.57 per cent (IR-
87707-182-B-B-B x SPRV-2). Out of 21
significant hybrids, 19 hybrids depicted
significant positive heterosis over mid parent.
Heterobeltiosis ranged from -27.27 per cent
(IR-87707-445-B-B-B x Gurjari) to 50.00 per
cent (87707-182-B-B-B x SPRV-2). Out of 12
significant crosses, 5 crosses showed significant
negative heterobeltiosis, while other 7 cross
showed significant positive heterobeltiosis for
this trait. These results are in agreement with
the findings of Lokaprakash et al. (1992), Datt
and Mani (2004), Pandya and Tripathi (2006),
Singh et al. (2007), Parihar and Pathak (2008),
Roy et al. (2009), Tiwari et al. (2011) and
Kumar et al. (2012).

Straw yield plant-1 (g) : Straw yield
plant-1 is important attribute which the breeders
attempt to improve by evolving new hybrids.

The results revealed that heterosis ranged from
-52.00  (IR-87706-215-B-B-B x GNR-3) to
26.19 per cent (IR-87707-182-B-B-B x Lal
kada), while heterobeltiosis varied from -52.00
per cent (87706-215-B-B-B x GNR-3) to
20.45 per cent (87707-182-B-B-B x Lal kada).
As many as 5 hybrids registered significant
positive heterosis, 2 hybrids registered for
significant positive heterobeltiosis. Similar
results were reported by Reddy (2004), Pandya
and Tripathi (2006), Singh (2006), Issac (2007)
and Tiwari et al. (2011) also reported similar
results in rice.

Protein content : In all, 11 and 4 hybrids
registered significant heterosis over mid parent
and better parent in desirable direction
respectively.  The value of heterosis over mid
parent ranged from -36.63 per cent (IR-87707-
446-B-B-B x Lal Kada) to 42.07 per cent (IR-
64 x IRRI-AERO-1). Whereas, the value of
heterosis over better parent varied from -42.45
per cent (87707-446-B-B-B x Lal Kada) to
20.00 per cent (IR-64 x IRRI-AERO-1). Similar
results were reported by Chao (1972) and
Singh et al (1977).

From the foregoing discussion, it can be
concluded that heterotic response for grain
yield plant-1 was mainly due to high heterotic
response observed for its related traits viz.,
filled grains panicle-1, unfilled grains panicle-1,
number of grains panicle-1, number of effective
tillers plant-1 and panicle length. To achieve our
target production of rice yield, heterosis
breeding would be more feasible and the best
cross combinations among all, were IR-87707-
446-B-B-B x SPRV-1, IR-87707-182-B-B-B x
SPRV-2, IR-87707-182-B-B-B x SPRV-1 and
IR-87707-182-B-B-B x Lal Kada showed
higher positive significant heterosis over better
parents and mid parents in grain yield plant-1.
Therefore, it can be concluded that there is
ample scope for obtaining high yielding
hybrids, if the selection is based on yield
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Table 2. Contd.

Crosses Test weight (g) Straw yield plant-1 (g) Protein content
–––––––––––––––––– –––––––––––––––––––––– ––––––––––––––––––––
MP BP MP BP MP BP

IR-87706-215-B-B-B x SPRV-1 47.37** 12.00 -9.62 -12.96 -3.49 -6.75
IR-87706-215-B-B-B x SPRV-2 42.11** 8.00 -25.00** -32.26** -7.75 -9.81
IR-87706-215-B-B-B x IRRI-AMT-101 14.89* 8.00 -1.82 -10.00 39.17** 19.49**
IR-87706-215-B-B-B x IRRI-AMT-301 2.04 0.00 6.12 4.00 -0.78 -18.85**
IR-87706-215-B-B-B x GNR-2 0.00 -8.00 3.23 -4.00 17.09** 15.49*
IR-87706-215-B-B-B x GNR-3 20.75** 14.29* -52.00** -52.00** -5.00 -5.54
IR-87706-215-B-B-B x Gurjari -13.79* -24.24** 7.07 6.00 -14.00* -18.22**
IR-87706-215-B-B-B x IRRI-AERO-1 -4.15 -7.98 -23.81** -27.27** -13.52 -28.28**
IR-87706-215-B-B-B x IET-19347 1.89 -3.57 -14.89* -20.00* -30.65** -36.43**
IR-87706-215-B-B-B x Lal Kada 10.92 4.27 -22.22** -30.00** -26.19** -29.81**
IR-87707-182-B-B-B x SPRV-1 54.29** 22.73* -6.12 -14.81* -5.45 -13.57*
IR-87707-182-B-B-B x SPRV-2 88.57** 50.00** -26.42** -37.10** -14.44* -20.93**
IR-87707-182-B-B-B x IRRI-AMT-101 18.18* 18.18* -17.31* -28.33** 24.81** 2.15
IR-87707-182-B-B-B x IRRI-AMT-301 8.70 4.17 -8.70 -12.50 -4.12 -25.00**
IR-87707-182-B-B-B x GNR-2 20.93** 18.18* 14.94 13.64 7.27 2.60
IR-87707-182-B-B-B x GNR-3 0.00 -10.71 -17.02* -22.00** -5.36 -10.18
IR-87707-182-B-B-B x Gurjari -5.45 -21.21** 20.43** 14.29 -21.73** -29.52**
IR-87707-182-B-B-B x IRRI-AERO-1 9.83 -0.61 -15.15* -23.64** -19.06** -35.86**
IR-87707-182-B-B-B x IET-19347 8.00 -3.57 0.00 0.00 -32.77** -41.52**
IR-87707-182-B-B-B x Lal Kada 42.42** 42.42** 26.19** 20.45* -26.13** -33.48**
IR-87707-445-B-B-B x SPRV-1 30.00** -3.70 -9.80 -14.81* -18.80** -26.42**
IR-87707-445-B-B-B x SPRV-2 30.00** -3.70 -14.55* -24.19** -11.45* -18.87**
IR-87707-445-B-B-B x IRRI-AMT-101 10.20 0.00 -3.70 -13.33* 20.63** -2.00
IR-87707-445-B-B-B x IRRI-AMT-301 21.57** 14.81* -25.00** -25.00** -0.43 -22.64**
IR-87707-445-B-B-B x GNR-2 8.33 -3.70 -9.89 -14.58 12.06* 6.22
IR-87707-445-B-B-B x GNR-3 -9.09 -10.71 12.24 10.00 -26.25** -30.63**
IR-87707-445-B-B-B x Gurjari -20.00** -27.27** -1.03 -2.04 -18.71** -27.41**
IR-87707-445-B-B-B x IRRI-AERO-1 -4.00 -4.29 -4.85 -10.91 29.20** 1.66
IR-87707-445-B-B-B x IET-19347 -2.06 -3.81 -6.52 -10.42 -19.61** -30.63**
IR-87707-445-B-B-B x Lal Kada 14.29* 3.70 0.00 -8.33 -7.27 -17.20**
IR-87707-446-B-B-B x SPRV-1 42.11** 8.00 -22.77** -27.78** -14.70* -21.34**
IR-87707-446-B-B-B x SPRV-2 26.32** -4.00 -11.93 -22.58** -9.96 -16.03**
IR-87707-446-B-B-B x IRRI-AMT-101 19.15** 12.00 -14.02* -23.33** -18.46** -32.76**
IR-87707-446-B-B-B x IRRI-AMT-301 6.12 4.00 7.37 6.25 -12.45 -31.03**
IR-87707-446-B-B-B x GNR-2 21.74** 12.00 17.78* 12.77 -25.33** -27.91**
IR-87707-446-B-B-B x GNR-3 1.89 -3.57 -19.59** -22.00** -9.45 -13.26*
IR-87707-446-B-B-B x Gurjari -10.34 -21.21** -4.17 -6.12 -15.43** -23.18**
IR-87707-446-B-B-B x IRRI-AERO-1 3.51 -0.61 -21.57** -27.27** 17.34** -6.34
IR-87707-446-B-B-B x IET-19347 5.66 0.00 -12.09 -14.89 32.15** 15.92**
IR-87707-446-B-B-B x Lal Kada 10.64 4.00 1.15 -6.38 -36.63** -42.45**
IR-64 x SPRV-1 38.46** 3.85 22.45** 11.11 -4.32 -5.47
IR-64 x SPRV-2 38.46** 3.85 5.66 -9.68 1.47 1.47
IR-64 x IRRI-AMT-101 4.17 -3.85 -7.69 -20.00** 20.49** 5.47
IR-64 x IRRI-AMT-301 4.00 0.00 -2.17 -6.25 -19.46** -32.93**
IR-64 x GNR-2 10.64 0.00 5.75 4.55 -18.18** -21.07**
IR-64 x GNR-3 0.00 -3.57 -10.64 -16.00* -9.72 -12.22
IR-64 x Gurjari -8.47 -18.18** -3.23 -8.16 -23.46** -25.60**
IR-64 x IRRI-AERO-1 -5.96 -7.98 -7.07 -16.36* 42.07** 20.00**
IR-64 x IET-19347 0.00 -3.57 0.00 0.00 17.24** 9.73
IR-64 x Lal Kada 8.33 0.00 23.81** 18.18* -1.37 -4.13
S. Ed.± 1.66 1.91 1.73 2.00 0.45 0.52
C.D. at 5 % 3.28 3.79 3.43 3.96 0.90 1.04
C.D. at 1 % 4.35 5.02 4.55 5.25 1.19 1.38



components and there is need to give attention
by the breeder for their exploitation.
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Pomegranate (Punica granatum L.) is one
of the favorite table fruit of tropical and
subtropical regions. It belongs to the family
Punicaceae, which consists of one genus
(Punica) and two species: P. granatum and P.
proptopunica. The scientific name of
pomegranate, Punica granatum is derived
from the name pomum (apple) and granatus
(grainy) or seeded apple. It is originated in the
vicinity of Iran, including Afghanistan and
Southern Pakistan's Baluchistan region to the
Himalayas in Northern India (Singh et al.,
2014). In India, the total area under cultivation
was 112.2 thousand ha with production 772.4
metric tons, and in 2012-13 area of production
was 113.2 thousand ha, with production was
745.0 metric tons (Anonymous, 2013). At the
global level, India is the world's largest producer
of pomegranates (7.60 lakh tons, in 2011-
2012) followed by Iran, sharing about 38 per
cent of the world's production and about 32
percent of the international pomegranate trade.

Maharashtra is considered as pomegranate
basket in India contributing about 54.8 per cent
of pomegranate production i.e. 492 metric
tons and 6 lakh tons productivity followed by
Karnataka, Gujarat, Andhra Pradesh, Tamil-
Nadu and Madhya Pradesh. In 2011-2012 the
state's production was 478.0 metric tons with
82.0 thousand ha area and in 2012-13
production was 408.00 metric tons in 78.00
thousand ha area (Anonymous, 2014). 

Callus is undifferentiated, swollen cell mass
formed under the influence of elevated plant
hormone levels. Callus forms naturally on
plants in response to wounding, infestations, or
at graft unions. Since extensive callus formation
can be induced by elevated hormone levels,
tissue culture media designed to produce callus
contain pharmacological additions of cytokinins
and auxins. Hormonal control (auxin: cytokinin)
is essential for callus formation. The extent of
overall differentiation usually depends on the
hormone balance of the support medium and
the physiological state of the tissue (Skoog and
Miller, 1957). Actively growing callus can be
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Abstract
The cotyledonary segments of pomegranate were cultured for in-vitro callus induction  to know

appropriate basal medium. The segments were cultured on woody plant medium (WPM) with different
concentrations of BA ranged from 8-13 µM L-1 in combination with 5.5 µM L-1 NAA  for callus induction.
All concentrations of BA and NAA tried in the experiment showed significant influence on growth of callus
in in-vitro conditions. The WPM medium containing BA (9.0 µM L-1) and NAA (5.5 µM L-1) proved to be
the superior medium for induction of callus were obtained in 14DAI, with maximum fresh weight (0.50 gm)
and green, friable callus with highest (5 mm) diameter and maximum 5 per cent dry weight was observed 40
DAI. Profused growth of callus was recorded in light than in dark photoperiod.

Key words : WPM, Punica granatum, Bhagwa, callus, BA and NAA.
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initiated on culture media with an even
physiological balance of cytokinin and auxin.
Callus is formed at the peripheral surfaces as a
result of wounding and hormones. The most
successful explants are young tissues of one or
a few cell types having pith cells. Initially, callus
cells proliferate without differentiating, but
eventually differentiation occurs within the
tissue mass (Mineo, 1990). A friable callus is
often used to initiate a liquid cell suspension
culture for production of metabolites and is a
source of protoplasts. In-vitro morphogenesis
in pomegranate can be done with explants of
root, hypocotyl, cotyledon, stem, shoot tip, and
leaf of seedlings obtained by in-vitro
germination of seeds, as well as embryos
excised from seeds, for the induction of callus
(Jaidka and Mehra, 1986). Cotyledon explants
were found to be almost free of leaching of
phenolic compounds (Murkute et al., 2002). It
can be multiplied and later used to clone
numerous whole plants i.e. true-to type
propagation. Pomegranate is often cross-
pollinated crop, as a result large numbers of
diverse seedlings forms have evolved in nature
all over the world (Kumar, 1990).  Lloyd and
McCrown (1980) formulated woody plant
media for hard woody plants like pomegranate
that have salt tolerance. Woody plant media
(WPM) is post MS media is increasingly used for
propagation of ornamental shrubs and trees in
commercial labs. Small pieces of tissue (callus)
can be used to produce hundreds and
thousands of plants in a continuous process. A
single explant can be multiplied into several
thousand plants in relatively short time period
and space under controlled conditions,
irrespective of the season and weather on a
year round basis for large scale plant
multiplication, disease elimination, plant
improvement and production of secondary
metabolites (Akin-Idowu et al., 2009).

Bhagwa, the common commercial fruit crop
in Maharashtra, traditionally propagated by

seeds and cuttings gives progeny with bigger
fruit size, sweet, glossy, purity, rich in taste and
have cherry red colour. It is heavy yielder with
desirable fruit characters with maturity in 180-
190 days (Sandeep and Suresh, 2013).  

A long juvenile phase is a serious constraint
in traditional breeding and cultivation because
large fields and many laborers are required to
maintain numerous plants over a long time
period. Therefore, plant improvement through
conventional breeding method is slow, time
consuming and labor intensive. Tissue cultures
are essential as a component to standardize
method for true to type propagation. Hence,
the WPM medium supplemented with BA and
NAA was used as treatments to investigate
callus induction of Punica granatum L. cv.
Bhagwa from cotyledonary nodal segment. 

Materials and Methods

The experiment was conducted in
Department of Plant Biotechnology MGM
College of Agricultural Biotechnology,
Gandheli, Aurangabad during 2014-15. 

Details of BA at variable conc. : The
WPM basal medium was supplemented with
BA at variable conc. (8, 9, 10, 11, 12 and 13
µM L-1) and constant NAA (5.5 µM L-1) for the
induction of callus in pomegranate (Punica
granatum L. cv. Bhagwa) through cotyledonary
explant. 

Source of plant material : The mature
fruits of pomegranate Bhagwa variety were
obtained from college instructional farm.

Explant preparation : The mature
ripened fruits were harvested in the farm. The
fruits of equal size were cut, removing the juicy
pulp from the seeds they were kept under
running tap water for one hour. The seeds were
dried for 2-3 days and sorted out according to
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different sizes followed by treatment with a 5
per cent (v/v) aqueous solution of laboline and
rinsed 5-6 times with distilled water. The seeds
were then surface sterilized by treating them
with 0.2 per cent Bavistin for 5 minutes
followed by three washings with autoclaved
distilled water. After that they were treated with
5 per cent sodium hypochlorite with 2-3 drops
of Tween 20 for 20 minutes followed by three
washings with autoclaved distilled water. Seeds
were finally treated with 70 per cent ethanol for
30 seconds and rinsed thoroughly with
autoclaved distilled water. Seeds were kept in
autoclaved distilled water for 48 hours so as to
soften the seed coat (Kothwale and Kshirsagar
2015). 

Seed germination of pomegranate :
The surface sterilized seeds were transferred on
Whatman filter paper No.1 (18.5 cm diameter)
wetted with the solution prepared by adding 4-
5 drops of antifungal and antimicrobial
supplement in sterile distilled water. The seeds
were kept for 10-12 days at 25ºC in a dark
condition. The seeds were germinated in 10-12
days.

Preparation of callus induction WPM
media : Callus induction Woody Plant Medium
(WPM) was used for the experiments containing
CaCl2, vitamin and sucrose. The pH 5.6-5.8
was adjusted by 1N NaOH or 1N HCl and
volume was made up by autoclaved distilled
water. Then added agar and 2 to 3 drops of
antifungal and antimicrobial supplement. After
that the media was uniformly mixed with
magnetic stirrer and autoclaved at 121ºC for
20 min. The plant growth regulators may get
destroyed during autoclaving, such chemicals
are therefore, sterilized by filtration through
using syringe driven filter membrane 0.22 µm
porosity. After autoclaving the WPM medium
was supplemented with different concentrations
of BA (8, 9, 10, 11, 12, 13 µM L-1 and NAA
5.5 µM L-1) by using syringe filter.

Inoculation : In each slant tube WPM
medium (15 ml) was supplemented with
different concentrations of BA ranging from
8.0 µM to 13.0 µM along with the
combinations of 5.5 µM NAA for the induction
of callus from cotyledon explant. After
germination seedlings were used as an explant
source. The hard seed coat and zygotic embryo
were excised by making a horizontal cut on the
broad part of the seed coat. The radical and the
primary shoots were cut and cotyledonary
nodes (length 6-7 mm), inserted into the slant
tube (15 mm diameter). 

Maintenance of callus cultures : Callus
cultures were maintained at 2500 Lux light
intensity with photoperiod of 16 hour provided
by cool white fluorescent and 70 per cent
relative humidity. The callus was sub-cultured
on the fresh WPM medium after 4 weeks. 

Analysis of data : The data was
statistically analyzed by using completely
randomized design (CRD). Each phyto-
hormone treatments consists six treatments and
three replications and mean was compared at
p<0.05 level of significance (Panse and
Sukhatme, 1967). Explants were observed after
weekly intervals, with respect to- Number of
days for callus initiation form cotyledonary
explant was expressed as mean number of days
per explant. Diameter of callus expressed as
mean diameter in mm. Fresh weight of callus
expressed as mean weight of callus induced.
For fresh weight the callus was transferred to
pre-weighed foil boat (W1) and quickly take the
weight (W2). Fresh weight = W2 - W1. Dry
weight of callus was done by drying the callus
along the pre-weighted foil in an oven for 35°C
till a constant was obtained. Dry weight
percentage = (weight of foil with dried callus -
weight of foil) / (weight of foil with fresh callus
- weight of foil) x100.
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Results and Discussion

The results obtained in the present
investigation on "Induction of callus in
pomegranate (Punica granatum) cv. Bhagwa
through cotyledonary explant by using BA" are
presented as given.

The cotyledonary node produced different
callus per explant of Punica granatum L. as
enriched by different level of BA in combination
with constant NAA at (40 DAI) as per data
presented in Table 1. Maximum fresh weight
was produced in media supplemented with 9
µML-1 BA and 5.5 µML-1 constant NAA (T2).
Whereas, least callus production was observed
in T6 13 µML-1 BA and 5.5 µML-1 NAA (Table
1).

The mean number of days required for
callus initiation was 19.27. The number of days
required for callus initiation was influenced
significantly due to different concentrations of
BA and constant NAA.

Treatment T2 i.e. (BA 9.0 µML-1) required
minimum number of days for initiation of callus
(14.33) and was at par with treatment T3 (BA
10 µML-1) it was found significantly superior
over rest of all other treatments (40 DAI).

Similarly, Treatment T3 (10 µML-1 BA) was
at par with treatment T1 (8 µML-1BA) and
superior over rest of all. T1 (8 µML-1 BA) was
at par withT3, T4 and superior over rest of
other and T5 (12 µML-1 BA) was found superior
over T6 (13 µML-1 BA). All treatments were
significantly superior over treatment T6 (13
µML-1 BA).

This was in confirmation with the results of
Bonyanpour and Morteza who stated that
pomegranate callus is initated in 15 days and
maximum proliferation in 4 weeks. Shoukhak
(2011) got  green calli in 10 days at BA 13
µML-1 with NAA 5.5 µML-1. Chauhan and

Kanwar (2010) observed callus initiation at the
cut ends and wounded regions of both the
explants after two weeks of culture. The whole
surface of the explant was covered with the
callus within six weeks of incubation in WPM
medium supplemented with 13.0 µM NAA and
13.5 µM BA.

Younger pomegranate tissue showed least
phenolic activity responsible for fresh green
callus. Soukhak et al. (2011) got maximum
callus growth at 13 µML-1 BA supplemented
with 5.5 µML-1 NAA in 4 weeks which showed
less significance over 9 µML-1 BA
supplemented with 5.5 µML-1 NAA in 4 weeks. 

Data presented in Table.1 revealed that
mean number of diameter produced per
explants of Punica granatum in 40 DAI was
3.27 mm.  The callus diameter was influenced
significantly due to different concentrations of
BA in combination with constant level of NAA.
The treatment T2 (BA 9 µM) was found to be
superior over rest of all treatments with
maximum diameter 6.33 mm. Treatment T3
(BA 10 µM) was at par with T4 (BA 11 µM). T4
(BA 11 µM) was found at par with T5 (BA 12
µM) and T1 (BA 8 µM) and was superior over
T6 (BA 13 µM). Treatment T1 was at par with
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Table 1. Biometric observations of Punica granatum for
callus initiation (40 DAI)

Treatment Days Dia- Fresh Dry  
of (T) required meter weight weight
BA (µM for of of of 
L-1) callus callus callus callus

initiation (mm) (gm) (mg)

T1 (8.0) 18.33 2.66 0.16 16.1
T2 (9.0) 14.33 6.33 0.50 50.46
T3 (10.0) 15.66 4.33 0.31 32.10
T4 (11.0) 19.33 3.33 0.21 20.96
T5 (12.0) 22.66 2.33 0.11 11.7
T6 (13.0) 25.33 0.66 0.02 2.5
Mean 19.27 3.27 1.33 22.30
S.E.± 0.52 0.33 0.01 1.90
CD at 1 % 2.27 1.44 0.08 8.25



T5 and superior over T6. Similarly T5 was
superior to T6 and at par with T1 and T4.
Treatment T6 showed least callus diameter
(0.66 mm). This result was in confirmation of
Chauhan and Kanwar (2010).

The mean number of fresh weight produced
per explants of Punica granatum 40 DAI was
1.335 g (Table 1). Treatment T2 (BA 9 µM) was
found significantly superior over rest of all
treatments with fresh weight of 0.505 gm
followed by T3 (BA 10 µM), T4 (BA 11 µM), T5
(BA 12 µM) and T6 (BA 13 µM). Least fresh
weight was found in treatment T6 i.e. 0.025
gm. Treatment T1 (BA 8µM) was found at par
with T4 (BA 11 µM) and T5 (BA 12 µM) and
differed significantly from the rest of other
treatments. 

The mean dry weight under the influence of
concentrations of BA and constant NAA was
22.30 mg (Table 1). Treatment T2 (BA 9 µM
L-1) was found significantly superior over all
other treatments with maximum dry weight
50.46 mg. However, treatment T1 (BA 8 µM
L-1) was at par with T5 (BA 11 µML-1) and T4
(BA 11 µM L-1) and significantly superior with
T6 (BA 13 µM L-1). T6 was found to be of least
significance of all. T3 (BA 10 µM L-1) was
significantly superior over T4 (BA 11 µM L-1),
T5 (BA 12 µM L-1), T1 (BA 8 µM L-1) and T6
(BA 13 µM L-1) with dry weight of 32.1 mg.
Soukhak F. et al.  (2011) obtained best callus
induction in 16 hr light period compared to
dark period in pomegranate.

Callus formation starts with cell expansion
followed by cell division under the influence of
exogenous hormone supply to form
unorganized mass of cell. Similarly, Cytokinin
BA promote cell division and small
concentration of auxins play a role in many
developmental processes, including cell length
and swelling of tissue. Cytokinins are involved

in regulation of various processes of plant
growth and development, such as germination,
shoot differentiation, activation of shoot
meristem etc. while interacting with other
phyto-hormone (Mok 1994).   The relative
effects of auxin and cytokinin ratio on
morphogenesis of cultured tissues were
demonstrated by Skoog and Miller (1957) and
still serve as the basis for plant tissue culture
manipulations today. According to their theory
both auxin and cytokinin are required for callus
growth or only auxin i.e. 2, 4 D can induce
callus. According to Kumar (1990) deep large
wound causes callus formation to heal injuryor
due to infection by microbe called gall or tumor.
Experimentally callus is induced under
controlled conditions by auxin cytokinin ratio. 
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Abstract
Genetic divergence was estimated in fifty genotypes of French bean for twelve characters by using

Mahalanobis's D2 statistics. The fifty genotypes were grouped into seven clusters. D2 values ranged between
2.65 to 417.71. The cluster I emerged as the largest cluster with 35 genotypes, followed by cluster III with
eight genotypes, and cluster V with three genotypes. The cluster II, cluster IV, cluster VI and cluster VII were
observed as solitary clusters. The maximum inter-cluster distance were observed between cluster III and cluster
VII (D2=255.36) and maximum intra-cluster distance was observed for cluster V (D2=49.84), indicating wide
divergence between these clusters. Among twelve characters evaluated, protein content (23.02%) contributed
highest divergence followed by plant height (22.37%), number of secondary branches plant-1 (20.49%) and
days to 50 per cent flowering (17.71%). On the basis of intra-cluster distance, cluster mean and per se
performance the genotypes viz., EC-13099, IC-039081, LCK-14, IC-42381, GRB-902 and EC-13097 can
be used in future breeding programme.

Key words  : French bean, genetic divergence, D2 analysis, quantitative traits.
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Genetic diversity is the basis for crop
improvement, survival and adaptability of a
species and essential for a species to evolve

new varieties in French bean. In any crop
improvement programme, genetic diversity
provides an opportunity to plant breeder to
take advantage of genetic variants to improve
existing plants and create new varieties.1. M. Sc. (Agri.) student, 2. and 3. Associate Professor.



Through cross breeding they strive to breed
disease resistance, superior varieties
production, increase cold tolerance or other
desirable traits. Genetic diversity also reduces
the incidence of unfavourable inherited traits.
D2 statistics is useful multi-variate statistical tool
for effective discrimination among various
genotypes on the basis of genetic diversity
(Murthy and Arunachalam, 1966). An attempt
was made in the present investigation to assess
the major components in French bean
germplasm obtained from NARP,
Ganeshkhind, Pune and also to identify
divergent parents from distantly related clusters
for future hybridization.

Materials and Methods

The present investigation was conducted at
Botany Farm, College of Agriculture, Pune,
during kharif, 2014.  Fifty genotypes procured
from NARP, Ganeshkhind, Pune were used for
conducting the experiment. The experiment
was laid in Randomized Block Design with
three replications. Each entry was represented
by a single row of 4.5 m length with a spacing
of 30 cm between rows and 10 cm between the
plants. All the crop management and plant

protection operations were carried out as per
recommended package of practices. The
observations were recorded on the five
randomly selected plants from each
experimental plot in each replication. The
mean of five plants were subjected to statistical
analysis. Wilk's criterion was used to test the
significance of difference in the mean values for
all the twelve characters. Genetic diversity was
estimated as per Mahalanobis's D2 statistics
(1936) and clustering of genotypes was done
according to Tocher's method as described by
Rao (1952).

Results and Discussion

The analysis of variance revealed highly
significant differences among the genotypes for
all the twelve characters, indicating the
existence of genetic variability among the
experimental materials. The 50 genotypes
studies were grouped into seven clusters (Table
1). The cluster I was the largest cluster
comprising of 35 genotypes, followed by
cluster III comprising of eight genotypes, and
cluster V consists of three genotypes. The
cluster II, cluster IV, cluster VI and cluster VII
were solitary.  The inclusion of majority of
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Table 1. Distribution of 50 genotypes of French bean into different clusters

Cluster No. of Genotypes
no. genotypes

included

I 35 LCK-17, R-13-6, GM-IG-328655, EC-271544, EC-316026, EC-530920, EC-286071, EC-
286073, LCK-2, LCK-14, GM-IC-28007, SEVIL, LCK-10, R-13-20, PHULE SUREKHA, LCK-8,
HPR-35, GM-LJK106, R-13-4, GRB-803, EC-43037, LCK-7, EC-19837, GRB-701, SKUA-R-71,
SKUA-R-121, IC-370764, LCK-18, EC-13100, GRB-9810, EC-530976, EC-313620, R-13-22,
EC-271517, EC-18133

II 1 EC-13099

III 8 LCK-13, VARUN, VAGHYA, LCK-1, GRB-902, GRB-702, GM-R-119, SKUA-R-132

IV 1 IC-42381

V 3 EC-13097, EC-53093, RR-12-15

VI 1 GM-NIC-22613

VII 1 IC-039081



genotypes in cluster I, III and V, indicated the
dissimilarity between geographic and genetic
diversities, which may be seen from the
clustering pattern of genotypes studied. Dahiya
et al. (2002) grouped 48 genotypes into 12
clusters including 6 solitary clusters; Kulkarni et
al. (2014) grouped twenty genotypes into six
clusters; Singh et al. (2006) grouped 22
genotypes into five clusters; Arunkumar et al.
(2014) grouped forty four genotypes into seven
clusters; Sharma et al. (2009) grouped thirty
three genotypes into six clusters;
Bendangkumzuk and Chaturvedi (2014) divided
twenty genotypes into six clusters.

The maximum intra-cluster distance was

observed in the cluster V (D2=49.84) followed
by cluster I (D2=39.19), suggesting that
genotypes included in the clusters might have
different genetical architecture (Table 2).
However, the lowest intra-cluster distance was
observed in cluster III (D2=37.45), indicating
that the strains of these characters resemble on
another genetically and appeared to have
evolved from common gene pool. Singh (2006)
reported cluster I had the greatest intra-cluster
distance; Sharma et al. (2009) reported
maximum intra-cluster distance in cluster V and
Arunkumar et al. (2014) reported highest intra-
cluster distance for cluster V.

The maximum inter- cluster distance was
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Table 2. Average intra and inter cluster D2 and D value of 7 clusters of 50 genotypes in French Bean

Clusters I II III IV V VI VII

I 39.19 68.89 111.30 102.01 187.96 231.65 154.42
(6.26) (8.30) (10.55) (10.10) (13.71) (15.22) (12.42)

II 0.00 103.02 64.96 144 210.54 145.44
(0.00) (10.15) (8.06) (12. 00) (14.51) (12.06)

III 37.45 251.22 173.19 99.20 255.36
(6.12) (15.85) (13.16) (9.96) (15.98)

IV 0.00 203.06 417.79 173.45
(0.00) (14.25) (20.44) (13.17)

V 49.84 130.64 129.28
(7.06) (11.43) (11.37)

VI 0.00 216.38
(0.00) (14.71)

VII 0.00

Table 3. Mean performance of cluster for 12 characters in French bean

Clus- Days to Days to Plant Primary Secondary Pod Pods Seeds 100 Har- Pro- Seed
ters 50% maturity height branches branches length plant-1 pod-1 seed vest tein yield

flowering (No.) (cm) plant-1 plant-1 (cm) (No.) (No.) weight index (%) plant-1
(No.) (No.) (No.) (g) (%) (g)

I 37.49 75.40 37.72 2.68 3.95 8.47 7.86 3.87 31.23 46.03 22.52 8.67
II 49.40 83.67 33.34 3.30 5.10 9.35 9.56 4.72 36.53 53.44 20.11 11.60
III 37.49 73.15 45.70 3.95 6.19 9.81 11.79 5.86 34.31 59.46 22.96 10.91
IV 63.53 89.33 23.53 1.97 3.17 8.07 6.45 3.06 27.59 41.66 20.29 8.00
V 67.09 95.84 86.61 3.06 4.74 9.10 8.95 4.44 34.47 55.84 21.84 10.19
VI 35.40 71.83 92.63 3.60 6.67 10.45 14.38 6.00 41.13 70.46 22.49 12.17
VII 37.27 84.93 94.10 2.20 3.13 8.37 7.44 3.62 31.67 35.33 19.66 7.96



found between cluster III and cluster VII
(D2=255.36), followed by cluster III and cluster
IV (D2=251.22), cluster I and cluster VI
(D2=231.65), cluster VI and cluster VII
(D2=216.38), cluster II and cluster VI
(D2=210.54) and cluster IV and cluster V
(D2=203.06). The intra-cluster value was
highest for cluster V (D2=49.84), indicating
that this cluster is more heterogeneous. Gupta
and Joshi (2005) reported maximum inter-
cluster distance was observed between clusters
IV and XV; Singh (2006) reported the highest
inter-cluster distance was observed between
clusters IV and V and Kshirsagar et al. (2012)
reported maximum inter-cluster distance
between cluster III and cluster IV.

Based on the mean performance of the
clusters for 12 characters (Table 3), it was
recorded that the cluster VI exhibited
magnitudinally highest seed yield per plant and
characterized by early 50 per cent flowering,
highest number of secondary branches  plant-1,
pod length (cm), number of pods  plant-1,
number of seeds  pod-1, 100-seed weight (g)
and harvest index (%). All these characters
involved to played an important role in
determining the seed yield per plant in French
bean.

Cluster III recorded more number of primary
branches plant-1 and high protein content (%),
whereas, cluster V possessed late 50 per cent
flowering and late maturity genotypes. Clusters
IV and VII were of monogenotypic recorded
lower seed yield  plant-1, number of seeds
pod-1, number of pods  plant-1, number of
primary branches  plant-1, number of
secondary branches  plant-1 and short pod
length. On the basis of mean performance of
difference clusters, it was observed that clusters
III and VI  were performing well for most of the
characters studied.

In the present study (Table 4), the
contribution towards genetic divergence by

different traits observed that protein content
(23.02%), plant height (22.37%), number of
secondary branches  plant-1 (20.49%) and days
to 50 per cent flowering (17.71%) contributed
maximum towards genetic divergence. The
magnitude of contribution by number of seeds
pod-1 (7.10%) and number of primary branches
plant-1 (2.20%) was moderate. Others
characters viz., harvest index, number of pods
plant-1, pod length, days to maturity, 100-seed
weight and seed yield  plant-1 contributed less
than 2 per cent towards genetic divergence.
Govanakoppa et al. (2002) reported that plant
height showed the greatest contribution to
genetic divergence; Singh (2006) reported that
number of branches per plant was the most
important primary causes of divergence;
Kulkarni et al. (2014) reported plant height
contributed maximum towards total genetic
divergence; Arunkumar et al. (2014) reported
protein content contributed maximum towards
total divergence; Gangadhara et al. (2014)
reported days to 50 per cent flowering
contributed maximum to the genetic diversity
and Kshirsagar et al. (2012) reported protein
content contributed maximum towards genetic
divergence. 
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Table 4. Per cent contribution toward divergence of 12
characters to divergence in French bean

Characters Per cent 
contribution

Days to 50 % flowering (No.) 17.71
Days to maturity (No.) 0.73
Plant height (cm) 22.37
Primary branches  plant-1 (No.) 2.20
Secondary branches plant-1 (No.) 20.49
Pods length (cm) 1.22
Pods plant-1 (No.) 1.63

Seeds  pod-1 (No.) 7.10
100 - seed weight (g) 0.98
Harvest index (%) 1.96
Protein (%) 23.02
Seed yield  plant-1 (g) 0.59
Total 100



It has been well established fact that more
the genetically diverse parents used in
hybridization programme, greater will be the
chances of obtaining high heterotic hybrids and
broad spectrum variability in generations.  It has
also been observed that the most productive
hybrids may come from high yielding parents
with a high genetic diversity. Therefore, based
upon high seed yield and large inter-cluster
distances, it is advisable to attempt crossing
among the genotypes from cluster I, III and IV,
which may lead to broad spectrum of
favourable genetic variability for yield
improvement in French bean.

References
Arunkumar,  P, Reddy, R. V. S, Pandhravada, S. R., Durga

Rani, Ch. V. and Chaitanya V. 2014. Genetic
divergence studies in indigenous French bean
germplasm. Plant Archives., 14 (1) : 189-192.

Bendangkumzuk Walling and Chatturvedi, H. P.  2014.
Genetic variability, characters association and path
coefficient analysis in French bean genotypes of
Nagaland. Indian Res. J. Genet. and Biotech.; 6(2):
397-401. 

Dahiya, A. Sharma, S. K. Singh, K. P., Malik and Sudhir
Sharma, B. P. S.. 2002. Divergence analysis in
French bean. Annals of Agri. Bio. Res. 7 (1) : 25-29.

Gangadhara, K., Jagadeesaha, R. C. and Anushma,. P. C.

2014. Plant Archives., 14(1): 225-227.

Govanakoppa, R. B., Hosamani, R. M.  and Salimath, P.
M. 2002. Genetic diversity in French bean under
moisture stress conditions. Vegetable Science; 29(1):
37-39.

Gupta, S. K. and Arun Joshi. 2005. Genetic divergence for
yield and its contributing traits in French bean.
Vegetable Science; 32(1): 84-85. 

Kshirsagar, A. N., Bangar, N. D., Chavan, B. H. and.
Kanade, P. B . 2012. Genetic divergence in French
bean (Phaseolus vulgaris L.). J. Agric. Res. Tech.;
37(1): 059-062.

Kulkarni, P. S., Musmade, A. M. Bhalekar, M. N. and
Kabalkar D.V.. 2014. Genetic divergence analysis in
French bean (Phaseolus vulgaris L.) Annals of Agri.
Bio. Res.; 19(1): 117-120.

Mahalanobis, P. C. 1936. Studies on generalized distance
in statistics Proc. Nat. Inst. Sci. 2: 49-55.

Murthy, B. R. and Arunachalam, V. 1966. The nature of
divergence in relation to breeding system in some crop
plants. Indian J. of Gent. and Plant Breed. 26A: 188-
198.

Rao, C. R. 1952. Advanced statistical methods in
Biometrical research. John Wiley and son, New York.
pp. 390- 395.

Sharma, M. K., Smaranika Mishra and  Rana, N. S. 2009.
Genetic divergence in French bean of pole type
cultivars. Legume Research; 32 (3) : 220-223.

Singh, A. K. 2006. Genetic divergence in French bean
(Phaseolus vulgaris L.). Vegetable Science; 33 (1):
103-105.

Journal of Agriculture Research and Technology223

______________



Sweet pepper (Capsicum annum L.) also
known as bell pepper or 'simla mirch' is a cool
season tropical crop and lack of adaptability to
varied environmental conditions affects the
yield and quality of capsicum. Despite its
economic importance, growers are not in a
position to produce good quality capsicum with
high productivity due to various biotic (pest and
diseases), abiotic (rainfall, temperature, relative
humidity and light intensity) and crop factors
(flower and fruit drop). Hence, to obtain a good
quality produce and production during off
season, there is a need to cultivate capsicum
under protected conditions such as green
houses or polyhouses or shadenet houses.

In India, bell pepper is commercially grown
in Himachal Pradesh, Punjab, hills of Uttar
Pradesh, Bihar and Tamil Nadu on an area of
about 3000 ha with annual production of
49,000 tonnes and productivity of 16.3 t ha-1

(Anonymous, 2011). The area under Capsicum
grown in plasticulture in India is negligible and
it is a step towards standardizing the production

technology of capsicum as a high value crop
with good export potential.

During the last decades, due to increased air
temperature and intensity of solar radiation
caused by climate changes, an increasing area
of crops is being grown under shading materials
of various types. Colour nets represent a new
agro-technological concept, which aims at
combining the physical protection, together
with differential filtration of the solar radiation.
The shading of crops results in number of
changes on both local microclimate and crop
activity. Shade netting not only decreases light
quantity but also alters light quality to a varying
extent and might also change other
environmental conditions. Pepper grown in an
arid region under red and yellow shade nets,
produced significantly higher yield than black
nets of the same shading factors, without
reducing fruit size (Shahak et al., 2004). Zoran
et al. (2011) found that red and pearl shade
nets significantly increased the total yield (43.5
and 49.5%) as compared to black shade nets.
In view of this, the present experiment  was
conducted to study the influence of shade net
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Abstract
The 35 per cent shading intensity significantly increased important growth attributes viz., plant height,

number of branches, leaf area and dry matter plant-1 and yield contributing characters viz., fruit diameter and
number of fruits plant-1, resulting in significant increase in capsicum yield (118.59 t ha-1) as compared to 50
per cent (97.87 t ha-1) and 75 per cent (81.50 t ha-1) shading intensities. Green + white shade net colour
significantly increased the growth attributes viz., plant height, number of branches, leaf area and dry matter
plant-1 and yield contributing characters viz., fruit diameter and number of fruits plant-1, resulting in
significant increase in capsicum yield (113.19 t ha-1) as compared to other shade net colours. 
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intensities and colours on growth and yield of
capsicum.

Materials and Methods

The experiment was conducted in a
specially designed shade net at Post Graduate
Institute Farm, Mahatma Phule Krishi
Vidyapeeth, Rahuri, Dist. Ahmednagar (MS)
during the year 2008-2009 and 2009-2010.
The capsicum crop of F1 hybrid 'Indra' was
planted for two successive years. 

The experiment was carried out in
Completely Randomized Block Design
(Factorial) with three replications. The
experiment consisted of eighteen treatment
combinations comprised of three shading

intensities viz., 35, 50 and 75 per cent and six
different shade net colours viz., black, red,
green + white, green, blue and white. The
recommended package of practices was
followed. The capsicum fruits were harvested
periodically. 

Results and Discussion

Growth analysis : The influence of
different shading intensities and colour on
growth attributes viz., plant height and number
of branches plant-1 are presented in Table 1.
The plant height and number of branches
linearly increased with advancement in crop
age and reached maximum at 270 DAT during
both the years of experimentation. It is due to
indeterminate habit of capsicum. 
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Table 1. Effect of shading intensities and shadenet colours on growth  and yield attributing characters of capsicum during
2008-09 and 2009-10

Treatment Plant height n(cm) Number of branches plant-1
–––––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––

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

Days after transplanting (DAT) Days after transplanting (DAT)
–––––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––
90 150 270 90 150 270 90 150 270 90 150 270

Shading intensities (Per Cent)
35 79.5 139.3 190.0 93.5 151.8 192.6 27.3 56.9 79.3 23.6 53.6 74.6
50 74.7 127.0 186.7 84.7 151.5 191.2 20.7 56.7 72.3 19.1 47.2 66.4
75 56.9 115.4 175.9 77.1 135.2 184.3 19.1 46.8 67.4 19.0 46.7 59.9
SE(m) ± 2.98 4.49 2.80 3.57 7.44 2.83 0.87 5.27 0.49 0.49 0.49 0.62
CD at 5% 8.65 13.42 8.02 10.25 NS NS 2.50 NS 1.41 1.41 1.41 1.79

Shadenet colours
Black 59.3 106.8 162.9 80.1 138.8 171.3 19.8 47.4 66.1 18.1 48.1 63.7
Red 67.7 123.7 166.7 80.2 147.2 173.4 19.8 48.2 68.8 20.3 48.8 64.7
Green 74.0 138.2 197.7 88.9 149.7 207.2 23.7 52.6 76.5 21.2 49.4 66.4
Green+White 81.3 142.4 224.0 90.4 150.0 221.1 26.2 71.7 80.3 21.7 50.6 75.7
Blue 68.1 125.7 175.7 84.0 144.2 177.9 21.4 49.5 73.1 20.8 49.0 65.7
White 71.7 126.7 178.3 86.8 147.0 185.0 23.3 51.4 73.1 21.2 49.1 65.7
SE(m) ± 4.22 5.14 3.10 1.26 6.32 2.80 1.02 6.07 0.60 0.67 0.67 0.73
CD at 5% 12.09 15.47 9.41 3.79 NS 8.41 3.06 18.19 1.82 NS NS 2.20

Interaction
SE(m) ± 7.30 12.35 20.85 8.75 18.22 16.92 2.14 12.90 4.80 1.23 1.21 3.53
CD at 5% NS NS NS NS NS NS 6.13 NS NS NS 3.46 NS
General mean 70.35 127.24 184.20 85.07 146.15 189.33 22.37 53.44 73.01 20.56 49.15 66.96



The plant height was significantly influenced
due to shading intensities at 90, 180 and 270
DAT in 2008-09 and 90 DAT in 2009-10. It
was significantly higher under 35 per cent at 90
DAT (79.5 cm), 180 DAT (139.3 cm) and 270
DAT (190 cm) than 75 percent shading
intensity during the year 2008-09. However it
was at par with 50 per cent shading intensity at
all the days of observation during 2008-09.
Similarly, the plant height was significantly
higher in 35 per cent shading intensity at 90
DAT (93.5 cm) than other shading intensities in
the year 2009-10.  Similar results were
reported by Vethamoni and Natarajan (2008)
and Haque et al. (2009).

Green + white shade net colour recorded
significantly more plant height followed by

green and white colours at 90, 180 and 270
DAT in 2008-09. Similar trend was observed at
90 and 270 DAT in 2009-10. The green +
white coloured shade net recorded significantly
the highest plant height of 81.3, 142.4 and
224.0 cm at 90, 180 and 270 DAT in the year
2008-09. Similarly, the highest plant height of
90.4 and 221.1 cm was recoreded at 90 and
270 DAT in the year 2009-10, which was at
par with green shade net during both the years.
The results are in conformity with Medany et
al. (2009).

The number of branches plant-1 was
significantly higher due to 35 per cent shading
intensity at  90 and 270 DAT (27.3 and 79.3,
respectively) during 2008-09. Similarly, during
2009-10, 35 per cent shading intensity
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Table 1. Contd.

Treatment Fruit diameter (cm) Number of fruits plant-1
–––––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––

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

Days after transplanting (DAT) Days after transplanting (DAT)
–––––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––
90 150 270 90 150 270 90 150 270 90 150 270

Shading intensities (Per Cent)
35 8.6 9.1 8.2 8.8 9.2 8.2 15.3 18.1 11.3 15.8 16.7 10.0
50 8.6 9.0 8.2 8.7 9.1 8.2 13.0 15.2 10.8 14.3 13.3 10.2
75 8.6 9.0 8.1 8.7 9.1 8.2 10.8 13.1 8.67 11.6 12.8 8.4
SE(m) ± 0.09 0.07 0.08 0.1 0.07 0.09 0.28 0.37 0.22 0.33 0.40 0.20
CD at 5% NS NS NS NS NS NS 0.80 1.07 0.62 0.95 1.16 0.56

Shadenet colours
Black 8.1 8.5 7.9 8.3 8.6 8.0 11.6 12.5 9.5 12.0 12.4 8.4
Red 8.2 8.8 8.0 8.5 8.9 8.1 11.8 14.1 10.0 12.4 13.1 8.5
Green 8.7 9.3 8.2 8.8 9.4 8.3 14.3 16.7 10.6 15.7 15.3 10.5
Green+White 9.1 9.5 8.8 9.4 9.6 8.4 14.5 17.2 10.6 15.8 16.3 10.6
Blue 8.5 9.0 8.0 8.6 9.1 8.2 12.4 15.7 10.3 13.6 13.8 9.2
White 8.7 9.1 8.2 8.7 9.2 8.3 13.7 16.5 10.5 14.1 14.8 10.1
SE(m) ± 0.13 0.10 0.12 0.14 0.10 0.13 0.40 0.53 0.30 0.47 0.57 0.28
CD at 5% 0.36 0.30 0.34 0.39 0.27 NS 1.13 1.51 NS 1.34 1.64 0.79

Interaction
SE(m) ± 0.22 0.18 0.20 0.24 0.17 0.23 1.68 0.91 0.53 0.81 0.99 0.48
CD at 5% NS NS NS NS NS NS NS 2.62 1.51 NS 2.84 1.37
General mean 8.60 9.09 8.23 8.77 9.17 8.25 13.11 15.50 10.30 13.98 14.33 9.59



recorded significantly higher number of
branches plant-1 at 90 DAT (23.6), 180 DAT
(53.6) and 270 DAT (74.6) than rest of the
shading intensities. Similar results were
reported by Vethamoni and Natarajan (2008)
and Haque et al. (2009)

Significantly more number of branches
plant-1 was registered in green + white shade
net colours followed by green and white shade
nets at all the days of observations i.e. 90 DAT
(26.2), 180 DAT (71.7) and 270 DAT (80.3)
during 2008-09 and at 270 DAT(75.7) in
2009-10. The results are in conformity with
the findings of Nissim et al. (2008) and Medany
et al. (2009).

The leaf area plant-1 and dry matter plant-1

was improved with advancement in crop age
upto 180 DAT and declined thereafter due to
senescence of leaves (Table 2). The leaf area

per plant was significantly more under 35 per
cent shading intensity (201.04 dm2) than 50
and 75 per cent shading intensities at 270 DAT
on pooled  mean basis. Similar results were
reported by Vethamoni and Natarajan (2008),
Haque et al. (2009) and Kittas et al. (2009). 

The significantly highest leaf area plant-1

was registered in green + white coloured shade
net at 90, 180 and 270 DAT (198.02, 292.28
and 239.27 dm2, respectively) while it was at
par with green coloured shade net at 180 DAT
(287.06 dm2) and the lowest was observed in
the black coloured net. The results are in
conformity with Rajapakshe and Li (2004) and
Medany et al. (2009). 

The dry matter plant-1 was significantly
higher in 35 per cent shading intensity at 90
DAT(133.17 g), 180 DAT (193.38 g) and 270
DAT (166.99g) in pooled data. Dry matter
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Table 2. Effect of shading intensities and shadenet colours on periodical leaf area plant-1 and dry matter plant-1 on pooled
basis in capsicum

Treatments Leaf area plant-1 (dm2) Dry matter plant-1 (g)
–––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––
90 DAT 180 DAT 270 DAT 90 DAT 180 DAT 270 DAT

Shading intensities (Per cent)
35 159.29 260.16 201.04 133.17 193.38 166.99
50 158.36 259.13 191.57 119.06 178.34 150.78
75 155.94 258.25 188.41 94.00 152.80 121.75
SE(m) ± 1.18 2.85 1.83 0.73 1.28 1.74
CD at 5 % NS NS 5.43 2.16 3.81 5.18
Shadenet colours 
Black 113.76 210.95 142.47 108.74 170.04 128.72
Red 134.52 247.43 160.11 110.79 170.97 145.56
Green 177.92 287.06 223.37 119.28 177.44 151.61
Green + White 198.02 292.28 239.27 122.91 183.38 152.76
Blue 157.37 255.40 197.51 114.64 171.37 149.67
White 165.59 261.97 199.30 116.09 175.84 150.72
SE(m) ± 1.66 4.03 2.59 0.84 1.48 2.01
CD at 5 % 4.95 11.97 7.68 2.41 4.25 5.77
Interaction 
SE(m) ± 2.88 6.98 4.48 1.78 3.14 4.27
CD at 5 % NS NS 13.31 5.28 9.33 12.68
General mean 157.86 259.18 193.67 115.41 174.84 146.51



production is reliable index of crop productivity.
Similar results were reported by Vethamoni and
Natarajan (2008), Kittas et al. (2009) and
Medany et al. (2009). 

The green + white coloured shade net
produced significantly more dry matter plant-1

than other shade net colours in pooled data at
90 DAT(122.91g), 180 DAT(183.38g) and
270 DAT (152.76g). The results are in
conformity with Shahak et al. (2009), Medany
et al. (2009) and Zoran et al. (2011) (Table 2).

The above results indicate that, growth
attributing characters viz., plant height, number
of branches, leaf area and dry matter plant-1

recorded higher values under 35 per cent
shading intensity as compared to 50 and 75
percent shading intensities. This might be
associated with conversion of higher amount of
direct radiation into diffused radiation due to

scattering of light spectra under lower shading
intensity of 35 per cent, which might have led
to increased absorption of PAR resulting into
higher photosynthesis and accumulation of dry
matter in terms of increased plant height,
number of branches, leaf area and dry matter
plant-1. 

Similarly, amongst the various shade net
colours, green + white coloured shade net
recorded higher values of growth attributes and
lower under black coloured shade net. This
might be attributed to the higher reflectance of
green + white coloured shade net, which
enhanced the scattering of light to greater
extent resulting into increased plant height,
number of branches, leaf area and dry matter
plant-1, whereas the black coloured shade net
essentially being opaque in nature suppresses
the transmisivity of light, reducing the
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Table 3. Effect of shading intensities and shadenet colours on green capsicum yield kg plant-1,  kg m-2 and t ha-1 of capsicum
during 2008-09, 2009-10 and pooled means

Treatments Green yield (kg plant-1) Green yield (kg m-2) Green yield (t ha-1)
––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––
2008-09 2009-10 Pooled 2008-09 2009-10 Pooled 2008-09 2009-10 Pooled

Shading intensities (Per Cent)
35 2.17 2.10 2.13 12.41 12.73 12.57 120.59 116.59 118.59
50 1.81 1.71 1.76 10.60 10.42 10.51 100.52 95.22 97.87
75 1.54 1.39 1.47 8.88 8.43 8.65 85.80 77.20 81.50
SE(m) ± 0.03 0.02 0.05 0.15 0.14 0.24 1.47 1.27 2.52
CD at 5 % 0.08 0.07 0.13 0.44 0.40 0.71 4.22 3.64 7.49

Shadenet colours
Black 1.67 1.54 1.60 9.70 9.34 9.52 92.62 85.53 89.08
Red 1.70 1.62 1.66 9.44 9.82 9.63 94.53 90.22 92.38
Green 1.94 1.83 1.88 11.43 10.98 11.20 107.59 101.47 104.53
Green + White 2.16 1.92 2.04 12.64 11.67 12.15 119.79 106.59 113.19
Blue 1.79 1.72 1.76 10.43 10.45 10.44 99.59 95.41 97.50
White 1.79 1.78 1.79 10.13 10.90 10.52 99.71 98.77 99.24
SE(m) ± 0.04 0.03 0.05 0.22 0.20 0.28 2.08 1.80 2.91
CD at 5 % 0.11 0.09 0.15 0.62 0.56 0.79 5.97 5.15 8.36

Interaction 
SE(m) ± 0.06 0.06 0.11 0.38 0.34 0.59 3.61 3.11 6.18
CD at 5 % 0.19 0.16 NS 1.08 0.97 NS 10.34 8.92 NS
General mean 1.84 1.73 1.79 10.63 10.53 10.58 102.30 96.33 99.32



availability PAR to absorbing surface of the
plant resulting into lower values of growth
attributes. 

Yield attributes : The fruit diameter and
number of fruits plant-1 presented in Table 1
were increased upto 180 DAT during both the
years and declined thereafter. 

The fruit diameter was not influenced
significantly due to different shading intensities
during both the years of experimentation at all
the days of observations. However, 35 per cent
shading intensity recorded higher values as
compared to other shading intensities. Similar
results were reported by Vethamoni and
Natarajan (2008) and Haque et al. (2009).

Fruit diameter was significantly more under
green + white, green, white and blue shade net
colours than black and red shade nets at all the
days of observation during both the years
except at 270 DAT during the year 2009-10
(Table 1). Similar results were recorded by
Shahak et al. (2009), Medany et al. (2009) and
Zoran et al. (2011). 

The number of fruits plant-1 was
significantly highest in 35 per cent shading
intensities during both the years at all the days
of observation (Table 1). Similar results were
reported by Vethamoni and Natarajan (2008).

The green + white and green shade net
colours produced significantly more number of
fruits plant-1 than other shade net colours
during both the years at all the days of
observations except at 270 DAT during the
year 2008-09 (Table 1). The significantly lowest
number of fruits plant-1 was recorded with black
shade net colour at all the days of observations
during both the years except at 270 DAT in
2008-09. Similar results were recorded by
Shahak et al. (2009) and Medany et al. (2009). 

Green fruit yield : The green (fresh)

capsicum yield was significantly increased under
35 per cent shading intensity and significantly
decreased under 75 per cent shading intensity
during both the years and in pooled data. The
capsicum yield (118.59 t ha-1) was increased by
45.51 per cent with 35 per cent shading
intensity and 20.19 per cent (97.87 t ha-1) with
50 per cent shading intensity as compared to
75 per cent (81.50 t ha-1) shading intensity.
Similar trend was observed in respect of green
capsicum yield kg plant-1 and kg m-2. Similar
results were reported by Vethamoni and
Natarajan (2008) and  Zoran et al. (2011).

The green (fresh) capsicum yield was
significantly more with green + white coloured
shade net (113.19 t ha-1) than other shade net
colours in pooled data.  The green capsicum
yield under green + white shade net colour was
increased by 27.07 per cent on pooled basis as
compared to traditionally used black shade net
colour. Similar trend was observed in green
capsicum yield in terms of kg plant-1 and kg m-
2. Similar results were recorded by Shahak et
al. (2009), Medany et al. (2009) and Zoran et
al. (2011). 

The important yield attributes viz., number
of fresh fruits per plant, fruit length and
diameter showed significant improvement
under 35 per cent shading intensity resulting in
significant increase in green (fresh) capsicum
yield ha-1. Jongschaap et al (2006) revealed
that by introducing hazy condition due to
varying optical properties of the covering
material, the PAR absorption in deeper layers
can be increased, which resulted into increase
in overall photosynthetic activity leading to
increased yield attributes like fruit length, fruit
diameter and number of fruits per plant-1

ultimately resulting into increased yield  per
hectare.

Similarly, Green + white and green coloured
shade nets might have scattered more radiation
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resulting into availability of more diffused
radiation and ultimately absorption of more
photosynthetically active radiation and
photosynthetic rate. The fact that, more
scattered light results into higher absorption of
light by plants resulting into increased
production of yield attributes viz., fruit length,
fruit diameter and number of fruits per plant.
The black shade net acts as opaque material
resulting into less amount of diffused radiation
thereby showing the reduced values of yield
attributes and yield per hectare.
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Quality seed is one of major constraints for
increasing the productivity of sorghum, besides
the overall productivity of this crop in India is
quite low. Usually, farmers are using their own
saved seed. Viability and poor vigour many
times combines with adverse environmental
condition may result in poor crop establishment
and ultimately a decrease in yield. Sometime,
non availability of certified seed may compete
the use of old (revalidated) seed lot and
consequently result in poor yield. 

During storage, reduction in seed
germination occurs due to physiological and
chemical changes in seed, pest and disease
attack etc. In India, nearly 70 per cent of
cultivated land is rainfed and accounts about 42
per cent of the total quality of food grains
produced. The low productivity under rainfed
condition is due to use of poor quality seed, soil
moisture deficit, low and erratic rainfall and

improper crop management. For enhancing
productivity, seed are hardened with inorganic
salts like CaCl2, KH2PO4, KCL, CCC, KNO3
and GA3, which has shown better seedling
performance and crop establishment that
ultimately increase yield in several crops
including sorghum. Hence, an attempt is made
to enhance the productivity of sorghum
through seed hardening treatment under
rainfed condition. 

Materials and Methods

The seeds of different varieties viz. Phule
Vasudha, Phule Anuradha, Phule Suchitra,
Phule Revati and M-35-1 of sorghum were
soaked in water and different chemicals (Table
1) for 16 hours and dried under shade to bring
the original moisture content. Treated seeds
were sown in field for growth and seed yield
studies. The experiment was laid out during
Rabi 2013-14 at PGI Farm, MPKV, Rahuri in
a Factorial Randomized Block Design with
three replications. Each plot comprised of 3.00
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x 2.70 m2 (Gross) and 2.70 x1.80 m2 (Net)
area. Prior to sowing, one deep ploughing and
two harrowing were given for fine tilth. Three
seeds were sown per hill and thinning was done
8 days after germination and kept only one
healthy seedling per hill. The experimental data
collected from field for seed yield and seed yield
contributing characters were analyzed
statistically by adopting Factorial Randomized
Block Design (Panse and Sukhatme, 1967). 

Results and Discussion

Field emergence (%) : The field
emergence percentage significantly differed due
to the varieties seed hardening treatments and
it's interaction effects (Table 1). The highest
field emergence percentage was observed in
variety Phule Revati (86.75%) and M-35-1
(86.17%). Among the treatments, the seeds
hardened with KH2PO4 @ 1% (88.40%) and
seed hardening with KCL @ 2% (87.27%)

recorded the highest field emergence
percentage as compared to other treatments.
Interaction between varieties and hardening
treatments, variety Phule Revati seed hardening
with KH2PO4 @ 1% (89.67%), seed hardening
with CaCl2 @ 1% (89.00%) and seed hardening
with KCL @ 2% (88.33%) maintained high field
emergence. Kathiressan et al. (1984) found
that the pre-soaking of seeds for 12 hour in 0.5
per cent potassium nitrate improved field
emergence by 25 per cent. Rangaswamy et al.
(1993) reported that the seeds of sorghum,
groundnut, pigeonpea and cowpea soaked in
0.4 per cent calcium chloride or 0.2 per cent
CCC had the highest germination rate (90.0 -
97.3%).

Days to ear head emergence :
Significant differences were observed for
varieties, seed hardening treatments and it's
interaction effects (Table 2). The minimum days
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Table 1. Effect of varieties, seed hardening treatments and their interactions on field emergence (%) of rabi sorghum under
rainfed condition

Treatments Phule Phule Phule Phule M-35-1 Mean
Vasudha Anuradha Suchitra Revati

Control (No hardening) 81.33 82.67 83.67 83.67 84.67 83.20
(64.40) (65.40) (66.16) (66.16) (66.95) (65.82)

Soaking with water 82.00 83.00 85.00 84.33 85.00 83.87
(64.90) (65.66) (67.21) (66.69) (67.22) (66.34)

Seed hardening with CaCl2 @ 1% 87.67 87.00 87.67 89.00 87.67 87.80
(69.44) (68.88) (69.44) (70.64) (69.44) (69.57)

Seed hardening with KH2PO4 @ 1% 88.00 88.33 88.00 89.67 88.00 88.40
(69.77) (70.03) (69.77) (71.25) (69.74) (70.12)

Seed hardening with KCL @ 2% 87.33 86.67 87.00 88.33 87.00 87.27
(69.15) (68.59) (68.88) (70.03) (68.87) (69.10)

Seed hardening with CCC @2% 83.33 84.33 84.67 85.00 (85.33 84.53
(65.91) (66.69) (66.65) (67.22 (67.48) (66.85)

Seed hardening with KNO3 @ 1% 85.00 86.67 85.33 86.33 85.67 85.80
(67.21) (68.59) (67.48) (68.31) (67.76) (67.87)

Seed hardening with GA3 @ 100ppm 85.67 85.33 86.00 87.67 86.00 86.13
(67.76) (67.48) (68.04) (69.44) (68.06) (68.16)

Mean 85.04 85.50 85.92 86.75 86.17 85.88
(67.32) (67.66) (67.99) (68.72) (68.19) (67.98)

Significance Variety Treatment Interaction
S.E.± 0.17 0.21 0.48
C.D. at 5% 0.48 0.60 1.36



required to ear head emergence were noticed in
variety Phule Anuradha (55.50) followed by
variety Phule Vasudha (63.61). However,
maximum days required to ear head emergence
were recorded in variety Phule Suchitra
(67.69). Among the treatments, significantly
minimum days required to earhead emergence
were recorded in seeds hardened with KH2PO4
@ 1% (62.00). The variety Phule Anuradha
seed hardening with KH2PO4 @ 1% (54.00)
and Seed hardening with CaCl2 @ 1% (54.55)

required minimum number of days for earhead
emergence. Similar results were obtained by
Biradarpatil et al. (2009) in rabi sorghum. 

Days to 50% flowering : Significantly
differences were observed due to varieties, seed
hardening treatments and it's interaction effects
(Table 3). The minimum days required to 50
per cent flowering were recorded in variety
Phule Anuradha (69.33) than other varieties.
Among the treatments, minimum days required
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Table 2. Effect of varieties, seed hardening treatments and their interactions on days to earhead emergence of rabi sorghum
under rainfed condition

Treatments Phule Phule Phule Phule M-35-1 Mean
Vasudha Anuradha Suchitra Revati

Control (No hardening) 65.66 57.00 69.55 66.00 69.00 65.44
Soaking with water 65.00 56.55 69.00 65.33 68.55 64.89
Seed hardening with CaCl2 @ 1% 62.33 54.55 66.33 63.33 66.55 62.62
Seed hardening with KH2PO4 @ 1% 61.00 54.00 66.00 63.00 66.00 62.00
Seed hardening with KCL @ 2% 62.61 55.00 66.22 63.55 67.00 62.88
Seed hardening with CCC @ 2% 64.71 56.00 68.55 65.00 68.00 64.45
Seed hardening with KNO3 @ 1% 64.00 55.55 68.29 64.55 67.55 63.99
Seed hardening with GA3 @ 100 ppm 63.55 55.33 67.55 64.00 67.29 63.54
Mean 63.61 55.50 67.69 64.35 67.49 63.73
Significance Variety Treatment Interaction
S.E.± 0.17 0.21 0.48
C.D. at 5% 0.81 0.100 0.230

Table 3. Effect of varieties, seed hardening treatments and their interactions on days to 50% flowering of rabi sorghum under
rainfed condition

Treatments Phule Phule Phule Phule M-35-1 Mean
Vasudha Anuradha Suchitra Revati

Control (No hardening) 76.00 71.00 81.00 79.00 77.00 76.80
Soaking with water 75.51 70.57 80.33 78.33 76.66 76.28
Seed hardening with CaCl2 @ 1% 73.32 68.29 78.33 76.33 74.66 74.19
Seed hardening with KH2PO4 @ 1% 73.00 68.00 78.00 76.00 74.00 73.80
Seed hardening with KCL @ 2% 73.47 68.51 79.00 76.66 75.00 74.53
Seed hardening with CCC @ 2% 75.00 70.00 80.00 78.00 76.66 75.80
Seed hardening with KNO3 @ 1% 74.51 69.30 79.66 77.66 75.66 75.36
Seed hardening with GA3 @ 100 ppm 74.00 69.00 79.33 77.00 75.33 74.93
Mean 74.35 69.33 79.46 77.37 75.54 75.21
Significance Variety Treatment Interaction
S.E.± 0.018 0.022 0.050
C.D. at 5% 0.049 0.065 0.140



to 50 per cent flowering was recorded in seeds
hardened with KH2PO4 @ 1% (73.80) followed
by CaCl2 @ 1% (74.19), while the maximum
days required to 50 per cent flowering were
noticed in unhardened seeds (76.80). Similar
results were obtained by Biradarpatil et al.
(2009) in rabi sorghum. Among the
interactions, minimum days required to 50 per
cent flowering was observed in interaction
between Phule Anuradha and Seed hardening
with KH2PO4 @ 1% (68.00 days) followed by

Phule Anuradha and seed hardening with
CaCl2 @ 1% (68.29). Whereas, maximum days
required to 50 per cent flowering (81.00 days)
was recorded in interaction between Phule
Suchitra and no hardening (81.00).

Days to physiological maturity : The
differences among the varieties and seed
hardening treatments were statistically
significant, however, it was non-significant due
to it's interaction effects (Table 4). Minimum
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Table 4. Effect of varieties, seed hardening treatments and their interactions on physiological maturity of rabi sorghum under
rainfed condition

Treatments Phule Phule Phule Phule M-35-1 Mean
Vasudha Anuradha Suchitra Revati

Control (No hardening) 117.0 111.0 124.0 122.0 119.0 118.6
Soaking with water 116.7 110.7 123.3 121.3 118.7 118.1
Seed hardening with CaCl2 @ 1% 114.3 108.3 121.3 119.3 116.7 116.0
Seed hardening with KH2PO4 @ 1% 114.0 108.0 121.0 119.0 116.0 115.6
Seed hardening with KCL @ 2% 114.7 108.7 122.0 119.7 117.0 116.4
Seed hardening with CCC @ 2% 116.0 110.0 123.0 120.0 118.0 117.4
Seed hardening with KNO3 @ 1% 115.7 109.3 122.6 119.7 117.7 116.9
Seed hardening with GA3 @ 100 ppm 115.0 109.0 122.3 119.0 117.3 116.5
Mean 115.4 109.4 122.5 120.0 117.5 116.9
Significance Variety Treatment Interaction
S.E.± 0.097 0.122 0.274
C.D. at 5% 0.273 0.344 NS

Table 5. Effect of varieties, seed hardening treatments and their interactions on plant height (cm) of rabi sorghum under
rainfed condition

Treatments Phule Phule Phule Phule M-35-1 Mean
Vasudha Anuradha Suchitra Revati

Control (No hardening) 215.00 171.00 255.00 238.00 207.00 217.20
Soaking with water 217.00 175.00 259.00 243.00 210.00 220.80
Seed hardening with CaCl2 @ 1% 236.00 191.00 271.00 255.00 227.00 236.00
Seed hardening with KH2PO4 @ 1% 240.00 195.00 276.00 260.00 230.00 240.20
Seed hardening with KCL @ 2% 231.00 187.00 268.00 253.00 222.00 232.20
Seed hardening with CCC @ 2% 220.00 178.00 261.00 245.00 213.00 223.40
Seed hardening with KNO3 @ 1% 223.00 180.00 263.00 247.00 215.00 225.60
Seed hardening with GA3 @ 100ppm 227.00 183.00 265.00 250.00 219.00 228.80
Mean 226.13 182.50 264.75 248.88 217.88 228.03
Significance Variety Treatment Interaction
S.E.± 0.439 0.555 1.243
C.D. at 5% 1.237 1.562 NS



days required to physiological maturity were
recorded in variety Phule Anuradha (109.37)
followed by variety Phule Vasudha (115.41).
Whereas, the maximum days took to
physiological maturity was recorded in variety
Phule Suchitra (122.46). The minimum days to
physiological maturity (115.60) were noticed in
seed hardening with KH2PO4 @ 1% (115.6)
and CaCl2 @ 1% (116.00), while, maximum
days to physiological maturity were noticed in
control (118.60). This might be due to the

earlier 50 per cent flowering which resulted in
to earlier physiological maturity. Similar
findings were obtained by Biradarpatil et al.
(2009) in rabi sorghum. [The interactions
between variety Phule Anuradha and seed
hardening with KH2PO4 @ 1% (108.0) and
CaCl2 @ 1% (10.8.3) required minimum
number of days for physiological maturity. 

Plant height (cm) : The differences
among the varieties and seed hardening
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Table 6. Effect of varieties, seed hardening treatments and their interactions on earhead length (cm) of rabi sorghum under
rainfed condition

Treatments Phule Phule Phule Phule M-35-1 Mean
Vasudha Anuradha Suchitra Revati

Control (No hardening) 20.8 14.0 22.1 22.9 17.8 19.5
Soaking with water 21.0 14.3 22.5 23.7 18.0 19.9
Seed hardening with CaCl2 @ 1% 22.2 16.0 24.0 25.3 19.7 21.4
Seed hardening with KH2PO4 @ 1% 23.7 16.8 24.5 26.8 20.4 22.4
Seed hardening with KCL @ 2% 22.0 15.8 23.7 25.0 19.3 21.2
Seed hardening with CCC @ 2% 21.3 14.7 22.8 24.1 18.5 20.3
Seed hardening with KNO3 @ 1% 21.6 15.1 23.0 24.5 18.7 20.6
Seed hardening with GA3 @ 100 ppm 21.9 15.4 23.3 24.7 19.0 20.9
Mean 21.8 15.3 23.2 24.6 18.9 20.8
Significance Variety Treatment Interaction
S.E.± 0.058 0.074 0.165
C.D. at 5% 0.164 0.207 NS

Table 7. Effect of varieties, seed hardening treatments and their interactions on earhead girth (cm) of rabi sorghum under
rainfed condition

Treatments Phule Phule Phule Phule M-35-1 Mean
Vasudha Anuradha Suchitra Revati

Control (No hardening) 18.2 12.2 20.3 19.9 17.3 17.3
Soaking with water 18.5 12.5 20.6 20.0 17.5 17.5
Seed hardening with CaCl2 @ 1% 20.6 14.1 22.3 22.9 19.6 19.6
Seed hardening with KH2PO4 @ 1% 21.3 14.5 22.8 23.3 20.1 20.1
Seed hardening with KCL @ 2% 20.5 13.67 21.7 22.7 19.3 19.3
Seed hardening with CCC @ 2% 19.3 12.8 20.8 21.4 18.2 18.2
Seed hardening with KNO3 @ 1% 19.6 13.0 21.0 21.9 18.5 18.5
Seed hardening with GA3 @ 100 ppm 19.5 13.3 21.3 22.3 18.8 18.8
Mean 19.7 13.3 21.4 21.8 18.7 18.7
Significance Variety Treatment Interaction
S.E.± 0.038 0.049 0.108
C.D. at 5% 0.108 0.137 0.306



treatments were statistically significant,
however, it was non-significant due to it's
interaction effects (Table 5). The variety, Phule
Suchitra (264.75 cm) recorded the highest
plant height followed by Phule Revati (248.00
cm). Amongst the various seed hardening
treatments, seed hardening with KH2PO4 @
1% (240.20 cm) and CaCl2 @ 1% (236.00)
recorded the highest plant height. Even though,
the interaction effects were non-significant, the
variety Phule Suchitra seed hardening with

KH2PO4 @ 1% (276.00 cm) and CaCl2 @ 1%
(271.00 cm) maintained higher plant height.

Earhead length : The differences among
the varieties and seed hardening treatments
were statistically significant, whereas, it was
non-significant due to it's interaction effects
(Table 6). The highest earhead length was
noticed in variety Phule Revati (24.63 cm)
followed by variety Phule Suchitra (23.24 cm).
However, the lowest earhead length was
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Table 8. Effect of varieties, seed hardening treatments and their interactions on number of grains earhead-1 of rabi sorghum
under rainfed condition

Treatments Phule Phule Phule Phule M-35-1 Mean
Vasudha Anuradha Suchitra Revati

Control (No hardening) 2124.3 1603.0 2285.7 2409.7 1789.0 2042.3
Soaking with water 2161.7 1633.3 2301.3 2452.0 1842.3 2078.1
Seed hardening with CaCl2 @ 1% 2315.7 1810.0 2435.3 2612.0 1913.0 2217.3
Seed hardening with KH2PO4 @ 1% 2324.3 1833.3 2475.7 2652.0 1937.0 2224.5
Seed hardening with KCL @ 2% 2287.7 1776.7 2409.0 2604.0 1900.0 2195.5
Seed hardening with CCC @ 2% 2184.3 1665.7 2323.0 2462.0 1851.0 2097.2
Seed hardening with KNO3 @ 1% 2255.0 1709.0 2348.3 2518.7 1873.0 2140.8
Seed hardening with GA3 @ 100ppm 2277.3 1733.0 2380.7 2596.7 1891.0 2175.7
Mean 2241.3 1720.5 2369.9 2525.9 1874.5 2146.4
Significance Variety Treatment Interaction
S.E.± 3.459 4.375 9.784
C.D. at 5% 9.740 12.320 27.549

Table 9. Effect of varieties, seed hardening treatments and their interactions on 1000 grain weight (g) of rabi sorghum under
rainfed condition

Treatments Phule Phule Phule Phule M-35-1 Mean
Vasudha Anuradha Suchitra Revati

Control (No hardening) 30.78 29.79 30.73 31.09 30.15 30.51
Soaking with water 31.74 30.15 30.62 32.43 31.52 31.29
Seed hardening with CaCl2 @ 1% 32.67 33.76 33.11 34.09 32.52 33.23
Seed hardening with KH2PO4 @ 1% 33.81 34.18 33.40 34.91 34.74 34.21
Seed hardening with KCL @ 2% 33.45 33.36 32.29 33.48 32.49 33.01
Seed hardening with CCC @ 2% 31.82 31.16 30.82 33.04 31.65 31.70
Seed hardening with KNO3 @ 1% 31.88 31.88 31.12 33.13 31.84 31.97
Seed hardening with GA3 @ 100 ppm 32.39 32.03 31.40 34.47 32.25 32.51
Mean 32.32 32.04 31.69 33.33 32.15 32.30
Significance Variety Treatment Interaction
S.E.± 0.319 0.403 0.903
C.D. at 5% 0.899 1.137 NS



noticed in variety Phule Anuradha (15.26cm).
Significantly the highest earhead length was
noticed in seeds hardened with KH2PO4 @ 1%
(22.4 cm) followed by CaCl2 @1 % (21.4 cm),
while the lowest earhead length was noticed in
unhardened seeds (19.52 cm). Similar finding
were reported by Patil et al. (2008) and Geetha
and Selvakumari (2008) in sorghum. Even
though, the difference among interaction
between varieties and seed hardening
treatments were non-significant, the interaction
between Phule Revati seed hardening with
KH2PO4 @ 1% (26.8 cm) and CaCl2 @ 1%
(25.3 cm) maintained higher earhead length.

Earhead girth : The differences among
the varieties, seed hardening treatments and it's
interaction effects were statistically significant
(Table 7). Significantly the highest earhead girth
was recorded in variety Phule Revati (21.8 cm)
followed by variety Phule Suchitra (21.4 cm).
However, the lowest earhead girth was
recorded in variety Phule Anuradha (13.26 cm).
Among the treatments, significantly the highest
earhead girth was recorded in seeds hardened
with KH2PO4 @ 1% (20.1 cm) and at par with
CaCl2 @ 1% (19.6 cm), while the lowest
earhead girth was noticed in unhardened seeds

(17.28 cm). The increased in earhead girth due
to increase in number and size of spikelet and
boldness of grains. Similar finding were also
reported by Patil et al. (2008) and Geetha and
Selvakumari (2008) in sorghum. The highest
earhead girth (23.30 cm) was noticed in
interaction between Phule Revati and seed
hardening with KH2PO4 @ 1% (23.3 cm) and
CaCl2 @ 1% (22.9 cm). 

Number of grains earhead-1: Significant
differences were observed for number of grains
earhead-1 among varieties, seed hardening
treatments and it's interaction effects (Table 8).
The highest number of grains earhead-1 was
recorded in variety Phule Revati (2525.92),
whereas, the lowest number of grains ear
head-1 was noticed in variety Phule Anuradha
(1720.46). Among the treatments, significantly
the highest number of grains earhead-1

(2224.47) was observed in seeds hardened by
KH2PO4 @ 1%, while the lowest number of
grains earhead-1 was noticed in control seeds
(2042.33). Similar findings were reported by
Maitra et al. (1997) in finger millet and Paul
and Choudhury (1991) in wheat. The
interaction between Phule Revati and seed
hardening with KH2PO4 @ 1% (2652)
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Table 10. Effect of varieties, seed hardening treatments and their interactions on seed yield plant-1 (g) of rabi sorghum under
rainfed condition

Treatments Phule Phule Phule Phule M-35-1 Mean
Vasudha Anuradha Suchitra Revati

Control (No hardening) 52.60 42.41 50.36 56.36 42.52 48.85

Soaking with water 55.49 45.26 53.33 58.54 43.28 51.18

Seed hardening with CaCl2 @ 1% 66.16 53.28 63.56 62.29 55.33 60.72
Seed hardening with KH2PO4 @ 1% 66.49 56.40 64.21 68.29 58.32 62.75
Seed hardening with KCL @ 2% 63.18 50.44 61.25 64.64 53.77 58.65

Seed hardening with CCC @2% 57.45 47.41 55.49 59.43 46.46 53.25

Seed hardening with KNO3 @ 1% 60.36 48.36 56.65 60.67 50.38 55.29

Seed hardening with GA3 @ 100ppm 60.63 49.31 59.47 63.33 51.42 56.83

Mean 60.30 49.11 58.04 62.07 50.19 55.94

Significance Variety Treatment Interaction

S.E.± 0.451 0.570 1.275

C.D. at 5% 1.270 1.606 NS



recorded the highest number of grains
earhead-1, whereas the lowest number of grains
earhead-1 was seen in Phule Anuradha under
control (1603.0). 

1000 grain weight (g) : Significant
differences were observed for 1000 grain
weight (g) among varieties and seed hardening
treatments, however. It was non-significant due
to it's interaction effects (Table 9). Significantly
the highest 1000 grain weight was noticed in
variety Phule Revati (33.33 g), however, the
lowest 1000 grain weight was recorded in
Phule Suchitra (31.69 g). Among the
treatments, significantly the highest 1000 grain
weight was recorded in Seed hardening with
KH2PO4 @1% (34.21 g), while, the lowest
1000grain weight was noticed in control
(30.51 g). This might be due to more
accumulation of dry matter in seed. Similar
findings were reported by Maitra et al. (1997)
in finger millet and Paul and Choudhury (1991)
in wheat. Eventhough, 1000 grain weight
showed non-significant difference due to
interactions, the varieties Phule Revati (34.91
g) and M-35-1 (34.74 g) maintained higher
1000 seed weight under seed hardening with
KH2PO4 @ 1%.

Seed yield plant-1 : The seed yield
plant-1 was significantly differed due to the
varieties and seed hardening treatments,
however it was non-significant among it's
interaction effects (Table 10). The varieties
Phule Revati (62.07 g) and Phule Anuradha
(49.11 g) recorded the highest and the lowest
seed yield plant-1, respectively. Among the
treatments, significantly the highest grain yield
plant-1 was recorded in seeds hardened with
KH2PO4 @ 1% (62.75g), whereas, the lowest
grains yield plant-1 was noticed under control
(48.85 g). This might be due to higher earhead
length, earhead girth, number of grains
earhead-1 and 1000 grain weight. Similar
findings were obtained by Tayade et al. (2005)
and Geetha and Selvakumari (2008) in
sorghum. Even though, the interactions were
non significant, the interaction of varieties
Phule Revati (68.29 g) and Phule Vasudha
(66.49 g) seed hardening with KH2PO4 @ 1%
maintained higher seed yield plant-1.

Seed yield hectare-1 (kg) : The grain
yield hectare-1 was significantly differed due to
the varieties, seed hardening treatments and it's
interaction effects (Table 11). The highest grain
yield hectare-1 was recorded in variety Phule
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Table 11. Effect of varieties, seed hardening treatments and their interactions on seed yield hectare-1 (kg) of rabi sorghum
under rainfed condition

Treatments Phule Phule Phule Phule M-35-1 Mean
Vasudha Anuradha Suchitra Revati

Control (No hardening) 2104.94 915.64 2882.71 3395.06 1465.02 2152.67
Soaking with water 2141.97 932.10 2977.36 3425.92 1541.15 2203.70
Seed hardening with CaCl2 @ 1% 2407.40 1224.28 3273.66 3709.87 1829.22 2488.89
Seed hardening with KH2PO4 @ 1% 2427.98 1337.45 3229.21 3806.58 1866.25 2553.49
Seed hardening with KCL @ 2% 2388.89 1183.13 3209.87 3644.03 1792.18 2443.62
Seed hardening with CCC @ 2% 2181.07 1018.52 3055.55 3467.07 1594.65 2263.37
Seed hardening with KNO3 @ 1% 2222.22 1039.09 3092.59 3508.23 1666.66 2305.76
Seed hardening with GA3 @ 100 ppm 2304.52 1067.90 3131.68 3580.24 1738.68 2364.61
Mean 2272.37 1089.76 3119.08 3567.12 1686.73 2347.01
Significance Variety Treatment Interaction
S.E.± 2.883 3.647 8.556
C.D. at 5% 8.118 10.269 22.964



Revati (3567.12 kg) followed by variety Phule
Suchitra (3119.08 kg). However, the lowest
seed yield hectare-1 (1089.76 kg) was recorded
in variety Phule Anuradha (3119.08 kg).
Among the treatments, seeds hardened with
KH2PO4 @ 1% (2553.49 kg) recorded the
highest grain yield hectare-1 followed by CaCl2
@1% (2488.89 kg). While the lowest seed yield
hectare-1 was observed in control (2152.67 kg).
The increased in seed yield by KH2PO4 @1%
could be attributed due to increased in yield
attributing traits such as higher field emergence
percentage (88.40%), earhead length (22.44
cm), earhead girth (20.06 cm), number of
grains per earhead (2224.47) and 1000 grain
weight (34.21 g). Similar findings are in
agreement with the findings of Biradarpatil et
al. (2009) and Geetha et al. (2007) in rabi
sorghum. Considering the interaction between
varieties and seed hardening treatments,
significantly the highest grain yield hectare-1

was seen in interaction of Phule Revati and
seed hardening with KH2PO4 @ 1% (3806.58
kg).

The seed hardening with KH2PO4 @ 1% or
CaCl2 @ 1% for 16 hours increased seed yield
(kg ha-1) by 18.60 and 15.60%, respectively
than the control seeds. Increased in the seed
yield by KH2PO4 @ 1% or CaCl2 @ 1% was
mainly due to increased in earhead length,
earhead girth, number of grains panicle-1 and
1000 grain weight, respectively. The seeds
hardening with KH2PO4 @ 1% or CaCl2 @ 1%
was responsible for induction of earliness in
days to per cent field emergence, earhead
emergence, 50% flowering and physiological
maturity, respectively. The seed hardening with
KH2PO4 @ 1% or CaCl2 @ 1% recorded
highest 1000 grain weight than untreated

seeds. Higher grain yield of variety Phule Revati
was accounted due to higher field emergence
per cent, earhead length (cm), earhead girth
(cm), number of grains per earhead, 1000 grain
weight (g) and grain yield plant-1 (g).
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Groundnut (Arachis hypogaea L.) is a
valuable food and oilseed crop. It is commonly
called as the king of vegetable oilseeds crop or
poor man's nut. Groundnut is grown over
21.23 million ha all over the world with a total
production of 34.42 million tones with an
average productivity of 1621 kg ha-1

(www.fas.usda.gov). India is one of the largest
groundnuts producing country which
contributes about 20.74% of world production
and 28.73% of the area. In India during 2013-
2014 the area under this crop was 5.53 million
ha with annual production of 9.67 million tones
and productivity of 1750 kg ha-1

(http://www.indiastat.com). Maintaining the
quality of groundnut seed in post-harvest
environment is demanding and often very

difficult task. Most of the problems of
maintenance of seed quality results from the
methods used to harvest, store and process the
peanuts. Damage from combining or from the
equipment used in handling and processing
operations, improper drying treatment, poor
storage condition, inadequate protection from
dirt, mold, insects and rodents and similar
causes of quality deterioration are very difficult
to control or prevent. After the peanuts are
shelled, controlling the quality deterioration
becomes more difficult because the seeds are
much more sensitive to condition and
environments that causes loss of quality. Better
methods and techniques are needed to improve
conditions and environments that cause seed
quality deterioration. The availability of the
viable seeds at planting time is very important
for achieving the target of agricultural
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Abstract
The kernels and pods of three groundnut varieties were stored in HDPE bags under cold (5-10°C) and

ambient temperatures for the period of 270 days at Gene Bank, Medicinal and Aromatic Plant Project,
M.P.K.V., Rahuri and Seed Technology Research Unit, M.P.K.V., Rahuri, respectively during July 2014 to
April 2015 to assess the seed quality parameters and storability. The experiment was laid out in Factorial
Completely Randomized Design (FCRD) in four replications. The study revealed that, among the varieties, the
variety Phule Unnati (V1) showed greater storability than variety RHRG-6021 (V2) and JL-501 (V3). The
seeds of var. Phule Unnati (V1) maintained storability above MSCS for 270 days irrespective of storage
temperature and kernels and pods. The seeds in the form of pods (F2) stored at cold temperature (5-10°C)
(T1) influenced the seed quality and storability significantly. The maximum increase in storability (90 days) was
observed in pods (F2) under the cold temperature (T1) as compared to ambient temperature (T2) and
maintained storability above MSCS for 270 days irrespective of variety. The variety Phule Unnati stored in
the form of pods at cold temperature (5-10°C) retained better seed quality up to 270 days of storage. It also
exhibited higher germination percentage, root and shoot length, vigour index I and II and dry matter content
of seedling. Therefore, the variety Phule Unnati might be stored under cold temperatures at 5°C in the form
of pods and utilized in future for further seed production programme.

Key words : Groundnut, seed quality, storage temperatures, pods and kernels, storability.
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production; as it acts as a catalyst for realizing
the potential of other input. The seed has
highest level of viability at maturity, which
changes during storage because of deterioration
of seed. The potential storage life of seed varies
from species to species and among the
varieties. Thus there is need to understand
storage life in terms of pods and kernels of
groundnut varieties under different storage
conditions. In view of the above present
investigation was undertaken to assess storage
potential of pod and kernels of groundnut
varieties and to find out the effect of storage
conditions on germination and seedling growth.

Materials and Methods

The kernels (F1) and pods (F2) of varieties
Phule Unnati (V1), RHRG-6021 (V2) and JL-
501 (V3) were collected from Chief Scientist
(Seed) and stored in HDPE bags under cold (T1)
and ambient temperature (T2) for 270 days
storage period at Gene Bank, Medicinal and
Aromatic Plant Project, M.P.K.V., Rahuri and
Seed Technology Research Unit, M.P.K.V.,
Rahuri, respectively to assess the seed quality
parameters and storability. The experiment was
conducted during July 2014 to April 2015 at
Seed Technology Research Unit, M.P.K.V.,
Rahuri in Factorial Completely Randomized
Design (FCRD) in four replications. The
observations were recorded on seed
germination (%), root and shoot length of
seedlings (cm), vigour index -I and II and dry
matter content of seedling (mg) during various
storage periods. The statistical data analyzed by
the FCRD methods as per the procedure given
by Snedecor and Cochran (1967).

Results and Discussion

Seed germination (%) : The germination
percentage of groundnut varieties differed
significantly during the storage periods. It was
decreased with the advancement of storage

period irrespective of variety, kernels and pods
and storage temperature. The variety Phule
Unnati (V1) recorded higher initial (91.30%) as
well as final (71.00%) germination percentage.
The temperatures had significant effect from
60 days onwards on seed germination
percentage irrespective of variety and kernels
and pods. The cold temperature (T1) recorded
significantly higher germination at the end of
storage period of 270 days (74.96%) as well at
initial stage (90.46%). The kernels (F1) and
pods (F2) had significant effect on groundnut
seed germination during storage periods
irrespective of variety and storage temperature.
The pods had significantly higher germination
at initial (91.08%) and at the end of 270 days
of storage (71.46%) by maintaining minimum
seed certification standard (Table 1). The variety
Phule Unnati, cold temperatures and seeds in
the form of pods were maintained minimum
seed certification standard for germination
percentage upto 270 days storage periods
(>70%). 

The interaction of variety and temperature
had non-significant effect on groundnut seed
germination upto 180 days of storage. The
seeds of variety Phule Unnati stored in cold
temperature (V1T1) recorded significantly
higher germination throughout the storage
period.  At the end of storage period, the
higher germination was recorded by Phule
Unnati (77.88%) and RHRG-6021 (76.00%)
under cold temperature. The interaction effect
of variety and kernels and pods had non-
significant effect on groundnut seed
germination upto 210 days. The seeds of
variety Phule Unnati (74.63%) and RHRG-
6021 (71.25%) stored in the form of pods
recorded higher germination at the end of
storage period of 270 days. The interaction
effect of temperatures and kernels and pods
had non-significant effect on seed germination
upto 180 days. At the end of 270 days of
storage period, groundnut stored in the form of

Journal of Agriculture Research and Technology 241



Raut et al.242

Table 1. Effect of varieties, temperatures, kernels and pods and it's interaction on seed germination (%) of groundnut at
various storage periods

Storage period 0 30 60 90 120 150 180 210 240 270
(days)

Effect of varieties
V1 - Phule Unnati 91.30 90.69 89.75 88.06 85.88 84.00 82.00 80.31 76.13 71.00

(72.71) (72.29) (71.38) (69.82) (68.01) (66.53) (64.99) (63.76) (60.97) (57.63)
V2 - RHRG-6021 91.13 89.63 88.19 86.81 84.25 81.31 79.38 76.50 72.75 68.69

(72.75) (71.26) (69.93) (68.76) (66.69) (64.46) (63.11) (61.17) (58.75) (56.15)
V3 - JL-501 89.06 87.94 87.06 86.31 83.31 80.88 79.00 75.44 70.56 65.75

(70.72) (69.72) (68.97) (68.36) (66.00) (64.14) (62.85) (60.46) (57.32) (54.27)
SEm (±) 0.37 0.38 0.31 0.30 0.29 0.29 0.28 0.30 0.29 0.42
CD @ 5% 1.03 1.06 0.86 0.84 0.82 0.80 0.78 0.85 0.82 1.17

Effect of temperatures
T1 - Cold (5-10°C) 90.46 89.79 89.08 88.17 86.63 84.50 83.33 81.67 79.33 74.96

(72.08) (71.42) (70.77) (69.92) (68.61) (66.88) (65.96) (64.70) (63.02 (60.05)
T2 - Ambient 90.42 89.04 87.58 85.96 82.33 79.63 76.92 73.17 66.96 62.00

(72.04) (70.75) (69.42) (68.04) (65.19) (63.21) (61.34) (58.89) (55.01) (51.98)
SEm (±) 0.30 0.31 0.25 0.25 0.24 0.23 0.23 0.25 0.24 0.34
CD @ 5% NS NS 0.70 0.69 0.67 0.65 0.63 0.69 0.67 0.96

Effect of kernels and pods
F1 - Kernel 89.79 88.92 87.54 86.13 83.13 80.63 78.08 74.96 69.63 65.50

(71.42) (70.61) (69.39) (68.18) (65.82) (63.98) (62.19) (60.13) (56.77) (54.17)
F2 - Pod 91.08 89.92 89.13 88.00 85.83 83.50 82.17 79.88 76.67 71.46

(72.70) (71.56) (70.80) (69.78) (67.98) (66.11) (65.11) (63.46) (61.26) (57.86)
SEm (±) 0.30 0.31 0.25 0.25 0.24 0.23 0.23 0.25 0.24 0.34
CD @ 5% 0.84 0.86 0.70 0.69 0.67 0.65 0.63 0.69 0.67 0.96

Interaction (V x T)
V1T1 91.13 90.88 90.50 88.63 87.88 86.75 84.88 83.25 81.38 77.88

(72.71) (72.47) (72.10) (70.32) (69.68) (68.70) (67.16) (65.89) (64.47) (62.01)
V1T2 91.13 90.50 89.00 87.50 83.88 81.25 79.13 77.38 70.88 64.13

(72.71) (72.11) (70.66) (69.33) (66.34) (64.36) (62.82) (61.63) (57.48) (53.26)
V2T1 91.13 89.88 88.63 87.75 86.13 83.63 82.75 81.13 79.50 76.00

(72.75) (71.48) (70.33) (69.56) (68.17) (66.15) (65.50) (64.29) (63.10) (60.72)
V2T2 91.13 89.38 87.75 85.88 82.38 79.00 76.00 71.88 66.00 61.38

(72.75) (71.03) (69.54) (67.96) (65.21) (62.76) (60.72) (58.05) (54.40) (51.59)
V3T1 89.13 88.63 88.13 88.13 85.88 83.13 82.38 80.63 77.13 71.00

(70.78) (70.32) (69.88) (69.87) (67.97) (65.78) 65.22) (63.91) (61.47) (57.44)
V3T2 89.00 87.25 86.00 84.50 80.75 78.63 75.63 70.25 64.00 60.50

(70.66) (69.12) (68.06) (66.84) (64.02) (62.50) (60.48) (57.00) (53.17) (51.10)
SEm (±) 0.52 0.53 0.43 0.42 0.42 0.41 0.39 0.43 0.41 0.59
CD @ 5% NS NS NS NS NS NS NS 1.20 1.12 1.61

Interaction (V x F)
V1F1 90.50 90.00 89.13 87.13 85.00 83.00 80.75 78.38 72.00 67.38

(72.08) (71.61) (70.79) (68.99) (67.25) (65.73) (64.03) (62.34) (58.26) (55.33)
V1F2 91.75 91.38 90.38 89.00 86.75 85.00 83.25 82.25 80.25 74.63

(73.34) (72.97) (71.97) (70.66) (68.77) (67.32) (65.95) (65.18) (63.69) (59.94)
V2F1 90.25 89.13 87.38 85.63 82.75 79.75 77.00 73.63 69.75 66.13

(71.85) (70.78) (69.21) (67.76) (65.50) (63.33) (61.45) (59.26) (56.90) (54.55)
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V2F2 92.00 90.13 89.00 88.00 85.75 82.88 81.75 79.38 75.75 71.25
(73.65) (71.73) (70.66) (69.77) (67.88) (65.59) (64.78) (63.07) (60.61) (57.75)

V3F1 88.63 87.63 86.13 85.63 81.63 79.13 76.50 72.88 67.13 63.00
(70.32) (69.44) (68.18) (67.80) (64.70) (62.87) (61.11) (58.79) (55.16) (52.63)

V3F2 89.50 88.25 88.00 87.00 85.00 82.63 81.50 78.00 74.00 68.50
(71.12) (70.00) (69.77) (68.92) (67.29) (65.41) (64.59) (62.12) (59.48) (55.90)

SEm (±) 0.52 0.53 0.43 0.42 0.42 0.41 0.39 0.43 0.41 0.59
CD @ 5% NS NS NS NS NS NS NS NS 1.15 1.63

Interaction (T X F)
T1F1 89.83 89.42 88.25 87.42 85.25 83.42 81.75 80.17 77.67 73.08

(71.46) (71.06) (70.00) (69.25) (67.44) (66.02) 64.73) (63.57) (61.84) (58.78)
T1F2 91.08 90.17 89.92 88.92 88.00 85.58 84.92 83.17 81.00 76.83

(72.70) (71.79) (71.54) (70.59) (69.78) (67.73) (67.18) (65.82) (64.19) (61.33)
T2F1 89.75 88.42 86.83 84.83 81.00 77.83 74.42 69.75 61.58 57.92

(71.38) (70.17) (68.78) (67.11) (64.20) (61.93) (59.65) (56.69) (51.71) (49.56)
T2F2 91.08 89.67 88.33 87.08 83.67 81.42 79.42 76.58 72.33 66.08

(72.70) (71.34) (70.06) (68.98) (66.19) (64.48) (63.03) (61.09) (58.32) (54.40)
SEm (±) 0.43 0.44 0.35 0.35 0.34 0.33 0.32 0.35 0.34 0.48
CD @ 5% NS NS NS NS NS NS NS 0.98 0.94 1.36

Interaction (V x T x F)
V1T1F1 90.50 90.25 89.75 87.75 86.50 85.75 83.25 81.25 79.50 75.25

(72.08) (71.85) (71.37) (69.52) (68.46) (67.85) (65.85) (64.35) (63.09) (60.18)
V1T1F2 91.75 91.50 91.25 89.50 89.25 87.75 86.50 85.25 83.25 80.50

(73.34) (73.08) (72.83) (71.12) (70.90) (69.55) (68.46) (67.44) (65.85) (63.84)
V1T2F1 90.50 89.75 88.50 86.50 83.50 80.25 78.25 75.50 64.50 59.50

(72.08) (71.37) (70.20) (68.46) (66.05) (63.62) (62.21) (60.34) (53.43) (50.48)
V1T2F2 91.75 91.25 89.50 88.50 84.25 82.25 80.00 79.25 77.25 68.75

(73.34) (72.85) (71.12) (70.20) (66.64) (65.10) (63.44) (62.92) (61.52) (56.03)
V2T1F1 90.25 89.50 87.50 86.75 84.75 82.75 81.25 79.75 78.75 73.75

(71.85) (71.12) (69.31) (68.68) (67.02) (65.48) (64.35) (63.28) (62.58) (59.21)
V2T1F2 92.00 90.25 89.75 88.75 87.50 84.50 84.25 82.50 80.25 78.25

(73.65) (71.85) (71.34) (70.44) (69.31) (66.83) (66.64) (65.30) (63.63) (62.22)
V2T2F1 90.25 88.75 87.25 84.50 80.75 76.75 72.75 67.50 60.75 58.50

(71.85) (70.44) (69.10) (66.83) (63.98) (61.18) (58.54) (55.25) (51.21) (49.90)
V2T2F2 92.00 90.00 88.25 87.25 84.00 81.25 79.25 76.25 71.25 64.25

(73.65) (71.61) (69.97) (69.10) (66.44) (64.35) (62.91) (60.84) (57.58) (53.29)
V3T1F1 88.75 88.50 87.50 87.75 84.50 81.75 80.75 79.50 74.75 70.25

(70.44) (70.20) (69.31) (69.55) (66.83) (64.73) (63.99) (63.09) (59.84) (56.96)
V3T1F2 89.50 88.75 88.75 88.50 87.25 84.50 84.00 81.75 79.50 71.75

(71.12) (70.44) (70.44) (70.20) (69.11) (66.83) (66.45) (64.73) (63.10) (57.92)
V3T2F1 88.50 86.75 84.75 83.50 78.75 76.50 72.25 66.25 59.50 55.75

(70.20) (68.68) (67.04) (66.05) (62.56) (61.01) (58.22) (54.49) (50.48) (48.31)
V3T2F2 89.50 87.75 87.25 85.50 82.75 80.75 79.00 74.25 68.50 65.25

(71.12) (69.55) (69.09) (67.63) (65.48) (63.99) (62.74) (59.52) (55.86) (53.89)
SEm (±) 0.74 0.76 0.61 0.60 0.59 0.57 0.56 0.61 0.58 0.84
CD @ 5% NS NS NS NS NS NS NS 1.69 1.57 2.21

Figures in parentheses indicates the arcsine values

Table 1. Contd

Storage period 0 30 60 90 120 150 180 210 240 270
(days)



pods at cold temperature (76.83%) recorded
significantly higher germination. The three
factor interactions had non-significant effect on
seed germination upto 180 days of storage
(Table 1). The interactions of pods of variety
Phule Unnati and RHRG-6021 stored at cold
temperature recorded higher germination
percentage from initial stage (91.75 and
92.00%) throughout the storage period upto
270 days (80.50 and 78.25%). Ketring (1973)
and Norden (1981) showed potential of low
temperature and low relative humidity to retain
the inherent germination and other quality of
peanut seeds. Navarro et al. (1989) stored
peanut cultivars at 15ºC and 85 to 89% RH
showed decreased germination dramatically to
30 per cent in 80 days. When the storage
temperature increased to 20 ºC and RH was at
79 to 83 per cent, germination steadily
decreased to 80 per cent after 80 days and, if
stored at 20ºC and 85 to 89 per cent RH
germination dropped to 20 per cent in 80 days. 

Root length (cm): The root and shoot
length, vigour index of seed found to have been
decreased during storage. The decrease in root
and shoot length of seedling could be ascribed
to the ageing or deterioration of seed, which is
progressive process accompanied by
accumulation of metabolites, which
progressively depress germination and growth
of seedling with increased age (Floris, 1970). In
the present investigation, root length decreased
with the advancement of storage period
irrespective of variety, temperature and kernels
and pods (Table 2). The different groundnut
varieties had significant effect on root length
during storage periods. Initially, The varieties
Phule Unnati and RHRG-6021 recorded higher
root length throughout the storage period from
initial stage (18.93 and 18.21 cm) to 270 days
storage period (13.28 and 12.95 cm). The
temperature effect had significant differences
for root length after 60 days. Initially, the root
length was 18.44 cm recorded in both cold and

ambient conditions. The cold temperature
recorded significantly higher root length during
all the periods of storage except upto 30 days.
At the end of storage period of 270 days,
highest root length was recorded cold
temperature (13.34 cm). The kernels and pods
had significant effect on root length of
groundnut seedlings during storage periods
except at 270 days. The pods recorded
significantly higher root during all the periods of
storage. At the end of storage period of 270
days highest root length was recorded in pods
(13.11 cm) followed by kernels (12.91cm) and
initially it was 18.54 cm and 18.34 cm,
respectively.

The interaction effect of variety and
temperature had significant effect on root
length during storage periods except at 0, 150
and 270 days. At the end of storage period of
270 days, Phule Unnati (13.68 cm) and RHRG-
6021 (13.19 cm) at cold temperature recorded
the highest root length. The interaction effect
of variety and kernels and pods had significant
effect on root length during storage periods
upto 180 days. The variety Phule Unnati stored
in the form of pods recorded higher root length
(13.44 cm) at the end of storage period and
initially it was 19.20 cm. The interaction of
temperature and kernels and pods had
significant effect on root length during storage
periods upto 180 days of storage irrespective of
varieties. The higher root length was recorded
in pods stored at cold temperature (13.47 cm),
at initial (18.54 cm) and at the end of storage
period of 270 days. The three factor interaction
had significant effect on root length during
storage periods upto 180 days (Table 2). The
variety Phule Unnati stored in cold temperature
in the form of pods recorded significantly
higher root length at initial stage (19.20 cm) as
well as at the end of storage period of 270 days
(13.91 cm). 
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Table 2. Effect of varieties, temperatures, kernels and pods and it's interaction on root length (cm) at various storage periods

Storage period (days) 0 30 60 90 120 150 180 210 240 270

Effect of varieties
V1 - Phule Unnati 18.93 18.59 17.73 17.59 16.49 15.29 15.01 14.30 13.77 13.28
V2 - RHRG-6021 18.21 17.90 17.33 17.05 16.27 15.20 14.68 14.00 13.55 12.95
V3 - JL-501 18.18 17.79 17.41 16.85 16.21 15.16 14.85 13.99 13.44 12.80
SEm (±) 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.03 0.09
CD @ 5% 0.02 0.02 0.02 0.05 0.05 0.07 0.08 0.09 0.08 0.25
Effect of temperatures
T1 - Cold (5-10°C) 18.44 18.10 17.63 17.36 16.47 15.32 15.10 14.41 13.78 13.34
T2 - Ambient 18.44 18.09 17.34 16.97 16.18 15.11 14.59 13.79 13.39 12.68
SEm (±) 0.00 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.02 0.07
CD @ 5% NS NS 0.02 0.04 0.04 0.05 0.06 0.07 0.07 0.20
Effect of kernels and pods
F1 - Kernel 18.34 18.02 17.36 17.04 16.30 15.12 14.76 14.05 13.55 12.91
F2 - Pod 18.54 18.17 17.62 17.29 16.35 15.31 14.94 14.15 13.62 13.11
SEm (±) 0.00 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.02 0.07
CD @ 5% 0.01 0.02 0.02 0.04 0.04 0.05 0.06 0.07 0.07 NS
Interaction (V x T)
V1T1 18.93 18.38 17.90 17.65 16.70 15.42 15.20 14.55 13.99 13.68
V1T2 18.93 18.81 17.56 17.54 16.29 15.15 14.83 14.05 13.56 12.89
V2T1 18.21 17.96 17.46 17.26 16.40 15.30 15.18 14.37 13.68 13.19
V2T2 18.21 17.85 17.20 16.84 16.15 15.10 14.18 13.64 13.42 12.71
V3T1 18.18 17.97 17.55 17.16 16.33 15.25 14.94 14.30 13.67 13.15
V3T2 18.18 17.62 17.27 16.53 16.09 15.08 14.77 13.68 13.21 12.45
SEm (±) 0.01 0.01 0.01 0.02 0.03 0.03 0.04 0.04 0.04 0.12
CD @ 5% NS 0.03 0.03 0.07 0.08 NS 0.11 0.12 0.12 NS
Interaction (V x F)
V1F1 18.66 18.50 17.43 17.45 16.42 15.16 14.85 14.20 13.71 13.12
V1F2 19.20 18.68 18.03 17.73 16.56 15.41 15.18 14.40 13.83 13.44
V2F1 18.20 17.87 17.29 17.02 16.28 15.16 14.60 14.00 13.53 12.88
V2F2 18.23 17.94 17.37 17.09 16.27 15.24 14.75 14.01 13.57 13.02
V3F1 18.17 17.69 17.36 16.64 16.19 15.05 14.82 13.95 13.41 12.74
V3F2 18.19 17.90 17.45 17.05 16.23 15.28 14.89 14.03 13.47 12.86
SEm (±) 0.01 0.01 0.01 0.02 0.03 0.03 0.04 0.04 0.04 0.12
CD @ 5% 0.02 0.03 0.03 0.07 0.08 0.09 0.11 NS NS NS
Interaction (T x F)
T1F1 18.34 18.08 17.53 17.30 16.41 15.29 15.05 14.37 13.72 13.21
T1F2 18.54 18.13 17.74 17.42 16.54 15.36 15.16 14.44 13.84 13.47
T2F1 18.34 17.96 17.18 16.78 16.18 14.96 14.46 13.73 13.38 12.61
T2F2 18.54 18.22 17.50 17.16 16.17 15.26 14.72 13.85 13.40 12.75
SEm (±) 0.01 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.03 0.10
CD @ 5% 0.02 0.02 0.02 0.05 0.06 0.08 0.09 NS NS NS
Interaction (V x T x F)
V1T1F1 18.66 18.36 17.61 17.50 16.60 15.40 15.15 14.50 13.88 13.44
V1T1F2 19.20 18.40 18.20 17.80 16.80 15.45 15.25 14.60 14.11 13.91
V1T2F1 18.66 18.65 17.25 17.41 16.25 14.93 14.55 13.90 13.55 12.80
V1T2F2 19.20 18.96 17.87 17.67 16.33 15.37 15.10 14.20 13.56 12.98
V2T1F1 18.20 17.93 17.47 17.25 16.35 15.27 15.10 14.37 13.65 13.12
V2T1F2 18.23 17.98 17.44 17.27 16.44 15.33 15.25 14.37 13.70 13.26
V2T2F1 18.20 17.80 17.10 16.78 16.20 15.05 14.10 13.63 13.40 12.63
V2T2F2 18.23 17.90 17.30 16.90 16.10 15.15 14.25 13.65 13.43 12.78
V3T1F1 18.17 17.95 17.52 17.14 16.29 15.20 14.90 14.25 13.62 13.07
V3T1F2 18.19 17.99 17.57 17.18 16.37 15.30 14.97 14.35 13.71 13.23
V3T2F1 18.17 17.43 17.20 16.15 16.10 14.90 14.73 13.65 13.20 12.41
V3T2F2 18.19 17.80 17.33 16.92 16.09 15.25 14.80 13.70 13.22 12.49
SEm (±) 0.01 0.01 0.02 0.03 0.04 0.05 0.06 0.06 0.06 0.18
CD @ 5% NS 0.04 0.04 0.09 NS 0.13 0.16 NS NS NS



Shoot length (cm) : The groundnut
varieties had significant effect on shoot length
during storage periods except at initial stage of
storage (Table 3). Initially higher shoot length
recorded by varieties Phule Unnati (6.35 cm)
and RHRG-6021 (6.27 cm). At the end of
storage period of 270 days the shoot length
decreased to 3.72 cm and 3.56 cm in varieties
Phule Unnati and RHRG-6021, respectively.
The temperatures had significant effects on
shoot length of groundnut seed during storage
period except at 0 and 30 day. Initially, the
shoot length was 6.30 cm recorded in both cold
and ambient conditions. The cold temperature
recorded significantly higher shoot length
during all the periods of storage except at 0 and
30 days. At the end of storage period of 270
days, highest shoot length was recorded cold
temperature (3.89 cm) followed by ambient
temperature (3.23 cm). In kernels and pods the
significant differences were observed for shoot
length of over the storage periods. The pods
maintained higher shoot length over the kernels
during the storage period. At the end of 270
days of storage pods recorded highest shoot
length (3.69 cm). 

The interaction effect of variety and
temperature had significant effect on shoot
length of groundnut during all the storage
periods except at 0, 210 and 240 days. The
variety Phule Unnati stored at cold temperature
recorded significantly higher shoot length
during all the periods of storage. At the end of
storage period of 270 days, highest shoot
length of was recorded in variety Phule Unnati
(4.10 cm) and RHRG-6021 (3.91 cm) stored in
cold temperature. The interaction effect of
varieties and kernels and pods had significant
effect on shoot length during storage periods at
30, 90, 120, 150 and 270 days. The var.
Phule Unnati stored in the form of pods
recorded significantly higher shoot length at the
end of storage period (3.83 cm) as well as at
initial stage (6.47 cm). The interaction of

temperature and kernels and pods had
significant effect on shoot length during storage
periods except at 0, 60 and 270 days of
storage. The pods stored in cold temperature
(T1F2) recorded significantly higher shoot
length during storage periods. The higher shoot
length was recorded in pods stored at cold
temperature at the end of 270 days storage
period (4.01 cm) and at initial stage (6.42 cm)
(Table 3). The three factor interaction had non-
significant effect on shoot length during storage
periods except at 30, 90, 120 and 270 days.
The var. Phule Unnati stored in cold
temperature in the form of pods recorded
significantly higher shoot length at the end of
storage period of 270 days (4.15 cm) and at
initial stage (6.47 cm). 

Vigour index (I) : The Vigour index (I)
differed significantly during all the periods of
storage. It was also noticed that, the Vigour
index (I) decreased with the advancement of
storage period irrespective of variety, kernels
and pods and storage temperature (Table 4).
The groundnut varieties had significant effect
on vigour index I during storage periods. The
higher vigour index (I) was recorded in variety
Phule Unnati during all the periods of storage.
Initially, the highest vigour index (I) recorded in
variety Phule Unnati (2303). At the end of
storage period of 270 days the vigour index (I)
was recorded in the varieties Phule Unnati
(1214) and RHRG-6021 (1139). The storage
temperatures had significant effect on vigour
index (I) during storage periods except at initial
and 30 days of storage. The higher vigour
index (I) was recorded at initial stage (2238) and
at the end of storage period of 270 days (1293)
by cold temperature. The kernels and pods had
significant vigour index (I) during storage
periods. The pods had significantly higher
vigour index (I) throughout all the periods of
storage. The pods maintained higher vigour
index (I) at the end of storage period of 270
days (1205). Initially, vigour index (I) was 2274
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Table 3. Effect of varieties, temperatures, kernels and pods and it's interaction on shoot length (cm) at various storage periods

Storage period (days) 0 30 60 90 120 150 180 210 240 270

Effect of varieties
V1 - Phule Unnati 6.35 5.90 5.74 5.58 5.24 4.80 4.55 4.37 3.89 3.72
V2 - RHRG-6021 6.27 6.07 5.70 5.52 5.10 4.61 4.27 4.08 3.83 3.56
V3 - JL-501 6.28 5.72 5.52 5.07 4.84 4.38 4.10 3.93 3.67 3.39
SEm (±) 0.03 0.05 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.02
CD @ 5% NS 0.14 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.05
Effect of temperatures
T1 - Cold (5-10°C) 6.30 5.91 5.81 5.66 5.42 4.91 4.51 4.38 4.09 3.89
T2 - Ambient 6.30 5.88 5.50 5.12 4.70 4.28 4.10 3.87 3.50 3.23
SEm (±) 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.01
CD @ 5% NS NS 0.07 0.08 0.07 0.07 0.07 0.07 0.07 0.04
Effect of kernels and pods
F1 - Kernel 6.17 5.74 5.42 5.16 4.84 4.45 4.18 3.99 3.62 3.43
F2 - Pod 6.42 6.05 5.89 5.62 5.28 4.74 4.43 4.26 3.97 3.69
SEm (±) 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.01
CD @ 5% 0.07 0.12 0.07 0.08 0.07 0.07 0.07 0.07 0.07 0.04
Interaction (V x T)
V1T1 6.35 5.99 5.94 5.80 5.59 5.05 4.66 4.56 4.21 4.10
V1T2 6.35 5.80 5.54 5.37 4.89 4.55 4.44 4.17 3.57 3.35
V2T1 6.27 5.97 5.88 5.68 5.40 4.91 4.50 4.35 4.11 3.91
V2T2 6.27 6.18 5.53 5.35 4.80 4.31 4.04 3.81 3.55 3.22
V3T1 6.28 5.76 5.60 5.50 5.28 4.78 4.38 4.23 3.96 3.67
V3T2 6.28 5.68 5.45 4.65 4.40 3.99 3.82 3.63 3.38 3.12
SEm (±) 0.04 0.07 0.04 0.05 0.04 0.05 0.05 0.04 0.05 0.02
CD @ 5% NS 0.20 0.12 0.13 0.12 0.13 0.13 NS NS 0.07
Interaction (V x F)
V1F1 6.22 5.68 5.50 5.37 5.06 4.72 4.45 4.23 3.67 3.62
V1F2 6.47 6.11 5.98 5.80 5.42 4.88 4.65 4.51 4.11 3.83
V2F1 6.15 6.10 5.48 5.37 4.92 4.47 4.08 3.96 3.68 3.48
V2F2 6.38 6.05 5.93 5.67 5.29 4.75 4.46 4.19 3.97 3.65
V3F1 6.14 5.46 5.27 4.75 4.56 4.17 4.01 3.79 3.52 3.20
V3F2 6.42 5.98 5.77 5.40 5.12 4.60 4.19 4.07 3.83 3.59
SEm (±) 0.04 0.07 0.04 0.05 0.04 0.05 0.05 0.04 0.05 0.02
CD @ 5% NS 0.20 NS 0.13 0.12 0.13 NS NS NS 0.07
Interaction (T x F)
T1F1 6.17 5.66 5.57 5.57 5.29 4.71 4.31 4.18 4.00 3.77
T1F2 6.42 6.15 6.04 5.75 5.55 5.11 4.72 4.58 4.19 4.01
T2F1 6.17 5.82 5.26 4.75 4.39 4.19 4.05 3.80 3.25 3.09
T2F2 6.42 5.94 5.75 5.50 5.00 4.37 4.15 3.94 3.75 3.37
SEm (±) 0.04 0.06 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.02
CD @ 5% NS 0.17 NS 0.11 0.10 0.10 0.10 0.10 0.10 NS
Interaction (V x T x F)
V1T1F1 6.22 5.85 5.72 5.67 5.43 4.91 4.49 4.35 4.13 4.05
V1T1F2 6.47 6.14 6.16 5.93 5.74 5.18 4.83 4.77 4.29 4.15
V1T2F1 6.22 5.51 5.27 5.06 4.68 4.53 4.41 4.10 3.21 3.19
V1T2F2 6.47 6.09 5.81 5.68 5.10 4.58 4.47 4.25 3.92 3.51
V2T1F1 6.15 5.75 5.68 5.61 5.30 4.72 4.22 4.15 4.03 3.85
V2T1F2 6.38 6.18 6.08 5.75 5.50 5.10 4.77 4.55 4.18 3.96
V2T2F1 6.15 6.44 5.28 5.12 4.53 4.22 3.93 3.78 3.34 3.10
V2T2F2 6.38 5.91 5.77 5.58 5.07 4.39 4.15 3.84 3.76 3.34
V3T1F1 6.14 5.39 5.31 5.43 5.15 4.51 4.21 4.05 3.84 3.41
V3T1F2 6.42 6.14 5.88 5.56 5.41 5.05 4.55 4.41 4.09 3.92
V3T2F1 6.14 5.52 5.23 4.07 3.96 3.82 3.81 3.52 3.19 2.98
V3T2F2 6.42 5.83 5.66 5.24 4.83 4.15 3.83 3.73 3.57 3.25
SEm (±) 0.06 0.10 0.06 0.07 0.06 0.06 0.06 0.06 0.06 0.03
CD @ 5% NS 0.29 NS 0.18 0.18 NS NS NS NS 0.09



and 2201 recorded for pods and kernels,
respectively.

Interaction effect of variety and temperature
showed significant differences for vigour index
(I) during 30, 90, 180, 210 and 270 days of
storage. The pods of variety Phule Unnati
stored at cold temperature (V1T1) recorded
significantly higher vigour index (I) during all the
periods of storage except at 30 days. The
variety Phule Unnati recorded higher vigour
index (I) stored at cold temperature at initial
stage (2306) as well as at the end of storage
period (1385) followed by variety RHRG-6021
(1299). The interaction of variety and kernels
and pods had non-significant effect on vigour
index (I) during storage periods except at 270
days. The variety Phule Unnati recorded the
highest vigour index (I) at initial (2355) and at
the end of storage period (1294) followed by
variety RHRG-6021 (1191). Interaction effect
of temperature and kernels and pods showed
significant differences for vigour index (I) during
90, 210, 240 and 270 days of storage. The
pods stored at cold temperature (T1F2)
recorded significantly higher vigour index (I)
during storage periods. Initially higher vigour
index (I) was recorded in pods stored at cold
temperature (2274) and ambient temperature
(2270). At the end of storage period, higher
vigour index (I) of was recorded in pods stored
at cold temperature (1344). The interaction of
varieties, temperature and pods and kernels
had non-significant effect on vigour index (I)
during all the periods of storage except at 90
days of storage. The variety Phule Unnati
stored in the form of pods stored at cold
temperature recorded significantly higher
vigour index (I) during all the periods of storage.
At the end of storage period of 270 days,
higher vigour index (I) of 1454 was recorded in
variety Phule Unnati stored at cold temperature
in the form of pods followed by variety RHRG-
6021 (1347). Initially, Phule Unnati (2355) and
RHRG-6021 (2264) recorded higher vigour

index (I) stored at cold temperature in the form
of pods. 

Vigour index (II) : The vigour index (II)
decreased with the advancement of storage
period irrespective of variety, kernels and pods
and storage temperatures (Table 5). The
groundnut varieties had significant effect on
vigour index (II) during storage periods. The
variety Phule Unnati maintained higher vigour
index (II) at initial stage (160.21) as well as at
the end of storage period of 270 days (90.79).
The temperatures had significant effect on
vigour index (II) during all the periods of storage
except at initial days of storage. Cold
temperature recorded higher vigour index (II) at
the end of storage period of 270 days (98.69)
as well as at initial stage (149.48). The kernels
and pods had significant vigour index (II) during
storage periods. Pods recorded higher vigour
index (II) at the end of storage period of 270
days (88.82) and initial stage (151.41).

Interaction of variety and temperature
showed significant for vigour index (II) during
150, 240 and 270 days of storage. The seeds
of variety Phule Unnati (109.59) and RHRG-
6021 (101.34) stored at cold temperature
recorded significantly higher vigour index (II) at
the end of storage period. The interaction of
variety and kernels and pods had non-
significant effect on vigour index (II) during
storage periods. At the end of storage period,
Phule Unnati (97.52) and RHRG-6021 (88.67)
recorded higher vigour index in the form of
pods.  Initially, the highest vigour index (II)
recorded in pods of variety Phule Unnati
(161.71). Interaction effect of temperature and
kernels and pods showed significant effects for
vigour index (II) during 240 and 270 days of
storage. The pods stored at cold temperature
(T1F2) recorded significantly higher vigour
index (II) at 240 and 270 days periods of
storage. Initially higher vigour index (II) was
recorded in pods stored at cold temperature
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Table 4. Effect of varieties, temperatures, kernels and pods and it's interaction on vigour index (I) at various storage periods

Storage period (days) 0 30 60 90 120 150 180 210 240 270

Effect of varieties
V1 - Phule Unnati 2303 2221 2107 2041 1868 1688 1605 1501 1349 1214
V2 - RHRG-6021 2230 2149 2031 1960 1802 1612 1507 1386 1267 1139
V3 - JL-501 2178 2068 1996 1894 1756 1582 1498 1355 1211 1068
SEm (±) 8.48 11.26 8.35 8.54 8.42 8.88 7.15 9.40 8.52 5.72
CD @ 5% 23.71 31.48 23.34 23.88 23.53 24.82 19.99 26.29 23.81 15.99
Effect of temperatures
T1 - Cold (5-10°C) 2238 2156 2089 2029 1897 1711 1635 1535 1418 1293
T2 - Ambient 2237 2136 2001 1901 1719 1545 1438 1293 1133 988
SEm (±) 6.93 9.20 6.82 6.98 6.87 7.25 5.84 7.68 6.96 4.67
CD @ 5% NS NS 19.06 19.50 19.21 20.26 16.32 21.46 19.44 13.05
Effect of kernels and pods
F1 - Kernel 2201 2113 1994 1913 1759 1580 1480 1356 1200 1076
F2 - Pod 2274 2178 2096 2017 1858 1675 1593 1473 1351 1205
SEm (±) 6.93 9.20 6.82 6.98 6.87 7.25 5.84 7.68 6.96 4.67
CD @ 5% 19.36 25.71 19.06 19.50 19.21 20.26 16.32 21.46 19.44 13.05
Interaction (V x T)
V1T1 2306 2215 2158 2078 1959 1776 1686 1592 1481 1385
V1T2 2303 2227 2056 2005 1777 1601 1524 1410 1216 1042
V2T1 2230 2150 2068 2013 1877 1690 1628 1519 1414 1299
V2T2 2238 2147 1994 1906 1726 1533 1385 1254 1121 978
V3T1 2180 2104 2039 1996 1856 1665 1591 1494 1360 1194
V3T2 2177 2032 1953 1791 1655 1499 1406 1216 1063 943
SEm (±) 12.00 15.93 11.81 12.08 11.91 12.55 10.12 13.30 12.05 8.09
CD @ 5% NS 44.53 NS 33.77 NS NS 28.28 37.17 NS 22.61
Interaction (V x F)
V1F1 2251 2177 2043 1988 1827 1651 1559 1445 1256 1134
V1F2 2355 2265 2171 2095 1909 1725 1651 1557 1441 1294
V2F1 2197 2135 1989 1917 1754 1567 1441 1326 1204 1086
V2F2 2264 2162 2073 2002 1849 1657 1572 1447 1330 1191
V3F1 2154 2028 1949 1834 1696 1522 1441 1296 1140 1008
V3F2 2203 2107 2044 1953 1816 1643 1556 1414 1282 1129
SEm (±) 12.00 15.93 11.81 12.08 11.91 12.55 10.12 13.30 12.05 8.09
CD @ 5% NS NS NS NS NS NS NS NS NS 22.61
Interaction (T x F)
T1F1 2202 2123 2039 1999 1851 1669 1583 1488 1376 1242
T1F2 2274 2189 2138 2060 1944 1752 1688 1582 1460 1344
T2F1 2200 2104 1949 1827 1667 1491 1378 1224 1024 910
T2F2 2270 2167 2054 1974 1772 1598 1498 1363 1242 1066
SEm (±) 9.80 13.01 9.64 9.87 9.72 10.25 8.26 10.86 9.84 6.60
CD @ 5% NS NS NS 27.58 NS NS NS 30.35 27.50 18.46
Interaction (V x T x F)
V1T1F1 2251 2185 2094 2033 1905 1741 1635 1532 1432 1316
V1T1F2 2355 2245 2222 2124 2012 1810 1737 1652 1531 1454
V1T2F1 2252 2169 1993 1943 1748 1561 1484 1359 1081 951
V1T2F2 2355 2286 2119 2066 1806 1641 1565 1462 1350 1134
V2T1F1 2197 2119 2026 1983 1835 1654 1570 1477 1392 1252
V2T1F2 2264 2181 2111 2043 1920 1726 1687 1561 1435 1347
V2T2F1 2197 2151 1953 1851 1674 1479 1312 1175 1017 920
V2T2F2 2264 2143 2036 1961 1778 1588 1458 1333 1225 1036
V3T1F1 2157 2066 1998 1980 1811 1611 1543 1455 1305 1158
V3T1F2 2203 2141 2081 2012 1900 1720 1640 1534 1415 1231
V3T2F1 2151 1991 1901 1688 1580 1432 1339 1137 975 858
V3T2F2 2203 2073 2006 1894 1731 1567 1472 1294 1150 1027
SEm (±) 16.97 22.53 16.70 17.09 16.84 17.76 14.31 18.81 17.04 11.44
CD @ 5% NS NS NS 47.76 NS NS NS NS NS NS
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Table 5. Effect of varieties, temperatures, kernels and pods and it's interaction on vigour index (II) at various storage periods

Storage period (days) 0 30 60 90 120 150 180 210 240 270

Effect of varieties
V1 - Phule Unnati 160.21 156.05 150.25 142.98 133.04 123.86 117.84 112.02 101.20 90.79
V2 - RHRG-6021 150.18 145.26 140.14 133.82 125.96 116.35 110.83 103.69 94.24 84.02
V3 - JL-501 137.95 133.41 128.34 124.02 116.49 109.09 104.14 97.86 84.38 74.64
SEm (±) 93.29 111.55 98.57 104.48 98.44 101.84 91.16 97.78 87.85 58.84
CD @ 5% 260.76 311.83 275.53 292.04 275.18 284.68 254.82 273.33 245.58 164.48
Effect of temperatures
T1 - Cold (5-10°C) 149.48 147.57 143.62 139.56 132.44 123.15 119.35 114.84 106.70 98.69
T2 - Ambient 149.42 142.25 135.53 127.65 117.89 109.72 102.52 94.21 79.85 67.61
SEm (±) 76.17 91.08 80.48 85.31 80.38 83.15 74.43 79.84 71.73 48.04
CD @ 5% NS 254.61 224.97 238.45 224.68 232.44 208.06 223.17 200.51 134.30
Effect of kernels and pods
F1 - Kernel 147.48 143.14 137.40 130.96 121.65 112.46 106.80 99.52 87.37 77.48
F2 - Pod 151.41 146.67 141.75 136.25 128.68 120.41 115.07 109.53 99.18 88.82
SEm (±) 76.17 91.08 80.48 85.31 80.38 83.15 74.43 79.84 71.73 48.04
CD @ 5% 212.91 254.61 224.97 238.45 224.68 232.44 208.06 223.17 200.51 134.30
Interaction (V x T)
V1T1 160.15 158.24 154.41 147.26 139.54 131.92 125.68 121.75 116.43 109.59
V1T2 160.27 153.86 146.08 138.70 126.55 115.80 110.00 102.29 85.98 71.99
V2T1 150.12 147.63 144.16 140.32 135.24 124.75 119.58 113.59 108.84 101.34
V2T2 150.24 142.89 136.12 127.32 116.68 107.95 102.08 93.79 79.63 66.70
V3T1 138.16 136.83 132.30 131.10 122.54 112.79 112.78 109.17 94.82 85.14
V3T2 137.74 129.99 124.38 116.93 110.44 105.40 95.49 86.55 73.95 64.15
SEm (±) 131.93 157.76 139.40 147.75 139.22 144.03 128.92 138.28 124.24 83.21
CD @ 5% NS NS NS NS NS 402.60 NS NS 347.30 232.61
Interaction (V x F)
V1F1 158.71 153.79 148.19 139.87 129.90 120.17 114.48 107.02 94.16 84.06
V1F2 161.71 158.31 152.31 146.10 136.18 127.55 121.19 117.01 108.25 97.52
V2F1 148.47 143.85 137.94 130.87 122.53 112.94 105.97 98.41 89.44 79.36
V2F2 151.90 146.67 142.34 136.77 129.39 119.76 115.69 108.97 99.03 88.67
V3F1 135.27 131.78 126.08 122.13 112.51 104.26 99.94 93.12 78.51 69.01
V3F2 140.64 135.04 130.60 125.90 120.46 113.93 108.33 102.59 90.26 80.27
SEm (±) 131.93 157.76 139.40 147.75 139.22 144.03 128.92 138.28 124.24 83.21
CD @ 5% NS NS NS NS NS NS NS NS NS NS
Interaction (T x F)
T1F1 147.54 145.59 141.19 136.82 128.57 119.06 115.45 110.96 102.80 94.46
T1F2 151.41 149.54 146.06 142.30 136.31 127.25 123.25 118.72 110.59 102.91
T2F1 147.42 140.69 133.62 125.09 114.73 105.85 98.15 88.08 71.93 60.49
T2F2 151.41 143.81 137.44 130.21 121.05 113.58 106.89 100.33 87.77 74.74
SEm (±) 107.72 128.81 113.82 120.64 113.67 117.60 105.26 112.91 101.44 67.94
CD @ 5% NS NS NS NS NS NS NS NS 283.57 189.92
Interaction (V x T x F)
V1T1F1 158.59 155.68 152.11 143.71 134.96 127.38 121.36 116.63 111.54 103.47
V1T1F2 161.71 160.80 156.71 150.81 144.13 136.47 130.00 126.87 121.32 115.70
V1T2F1 158.82 151.90 144.26 136.03 124.85 112.97 107.60 97.41 76.77 64.64
V1T2F2 161.71 155.82 147.90 141.38 128.24 118.63 112.39 107.16 95.19 79.35
V2T1F1 148.47 146.12 140.89 137.52 132.01 121.68 115.56 110.27 106.75 96.90
V2T1F2 151.78 149.15 147.43 143.13 138.47 127.82 123.61 116.92 110.93 105.77
V2T2F1 148.47 141.59 134.99 124.23 113.06 104.20 96.38 86.55 72.13 61.82
V2T2F2 152.01 144.20 137.25 130.41 120.30 111.71 107.78 101.03 87.14 71.57
V3T1F1 135.57 134.98 130.57 129.24 118.76 108.13 109.43 105.97 90.11 83.02
V3T1F2 140.75 138.67 134.03 132.97 126.32 117.45 116.14 112.37 99.53 87.26
V3T2F1 134.96 128.59 121.59 115.03 106.27 100.39 90.46 80.28 66.91 55.01
V3T2F2 140.52 131.40 127.16 118.83 114.60 110.40 100.52 92.81 80.99 73.29
SEm (±) 186.57 223.11 197.14 208.95 196.88 203.69 182.32 195.56 175.71 117.68
CD @ 5% NS NS NS NS NS NS NS NS NS 328.96



(151.41) followed by kernels stored in cold
temperature (147.54).  At the end of storage
period, higher vigour index (II) was recorded in
pods stored at cold temperature (102.91)
followed by kernels stored in cold temperature
(94.46). The interaction of varieties,
temperature and pods and kernels had non-
significant effect on vigour index (II) during
storage periods except at 270 days (Table 5).
The variety Phule Unnati stored in the form of
pods stored at cold temperature (V1T1F2)
recorded significantly higher vigour index (II)
during all the periods of storage. This
combination maintained higher vigour inderx
(II) at initial stage (161.71) as well at the end of
storage period of 270 days (115.70). Rodrigo
(1953) stated that the life span of peanuts
stored in sealed containers at 78.6°F was 37
months. Hong-yan et al. (1997) showed
peanut seeds stored at 3.3% mc could retain
high vigour after 11 years at ambient
temperature (20-38ºC).

Dry matter content of seedling (mg) :
Lops et al. (1997) reported that the dry matter
content of seedling decreased with increase in
storage period of peanut. Srimathi and
Vanangamudi (2003) reported that dry matter
content of seedling was decreasing with
increase in storage period of cowpea. In the
present investigation, dry matter of groundnut
seedling decreased with the advancement of
storage period irrespective of variety,
temperature and kernels and pods (Table 6).
The groundnut varieties had significant effect
on dry matter of seedling during storage
periods. The varieties Phule Unnati (175.81
and 126.38 mg) and RHRG-6021 (164.81 and
121.00 mg) maintaned significantly higher dry
matter content at initial stage as well as at the
end of storage period of 270 days, respectively.
The temperatures had significant effect on dry
matter content of groundnut seedlings during
storage periods except at initial period of
storage. The seeds stored in cold temperature

recorded significantly higher dry matter content
at initial stage (165.17 mg) and at the end of
storage period of 270 days (131.33 mg). The
kernels and pods had significant effect on dry
matter content of groundnut seedling during
storage periods of except at 30 and 60 days of
storage. Pods recorded signified higher dry
matter content at initial stage (166.17 mg) as
well as at the the end of storage period of 270
days (123.38 mg).

The interaction effect of variety and
temperature had significant effect on dry matter
content of seedling during 120, 150, 240 and
270 days of storage. The seeds of variety Phule
Unnati (175.75 and 140.63 mg) and RHRG-
6021 (164.75 and 133.38 mg) stored in cold
temperature maintained higher dry matter
content at initial stage and at the end of storage
period of 270 days, respectively. The
interaction effect of variety and kernels and
pods had non-significant effect on dry matter
content during storage periods. The variety
Phule Unnati (175.38 and 129.63 mg) and
RHRG-6021 (165.13 and 123.38 mg) stored
in the form of pods recorded higher dry matter
content at initial stage as well as at the end of
storage period of 270 days, respectively. The
pods stored in cold temperature (T1F2)
recorded significantly higher dry matter content
at initial stage (166.17 mg) and at the end of
storage period of 270 days (133.58 mg). The
interaction of varieties, temperature and pods
and had non-significant effect on dry matter
content during storage periods. The variety
Phule Unnati (176.25 and 143.75 mg) and
RHRG-6021 (175.25 and 123.13 mg) stored
in the form of pods at cold temperature
recorded higher dry matter content of seedling
at initial stage as well as at the end of storage
period of 270 days, respectively. 

While considering the main factors and it's
interactions, the variety Phule Unnati, cold
temperature and groundnut seeds stored in the
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Table 6. Effect of varieties, temperatures, kernels and pods and it's interaction on dry matter content of seedling (mg) at
various storage periods

Storage period (days) 0 30 60 90 120 150 180 210 240 270

Effect of varieties
V1 - Phule Unnati 175.81 172.06 167.38 162.31 154.81 147.25 143.50 139.13 132.06 126.38
V2 - RHRG-6021 164.81 162.06 158.88 154.06 149.31 142.88 139.38 135.19 128.69 121.00
V3 - JL-501 154.88 151.69 147.38 143.56 139.69 134.81 131.56 129.25 119.13 112.81
SEm (±) 0.83 0.99 0.98 0.94 0.99 0.97 0.97 0.97 0.89 1.04
CD @ 5% 2.31 2.78 2.74 2.64 2.76 2.71 2.70 2.72 2.49 2.91
Effect of temperatures
T1 - Cold (5-10 ?C) 165.17 164.25 161.13 158.25 152.79 145.58 143.13 140.50 134.25 131.33
T2 - Ambient 165.17 159.63 154.63 148.38 143.08 137.71 133.17 128.54 119.00 108.79
SEm (±) 0.68 0.81 0.80 0.77 0.80 0.79 0.79 0.80 0.73 0.85
CD @ 5% NS 2.27 2.23 2.15 2.25 2.21 2.20 2.22 2.03 2.38
Effect of kernels and pods
F1 - Kernel 164.17 160.88 156.83 151.92 146.13 139.25 136.46 132.25 124.42 116.75
F2 - Pod 166.17 163.00 158.92 154.71 149.75 144.04 139.83 136.79 128.83 123.38
SEm (±) 0.68 0.81 0.80 0.77 0.80 0.79 0.79 0.80 0.73 0.85
CD @ 5% 1.89 NS NS 2.15 2.25 2.21 2.20 2.22 2.03 2.38
Interaction (V x T)
V1T1 175.75 174.13 170.63 166.13 158.75 152.00 148.00 146.13 143.00 140.63
V1T2 175.88 170.00 164.13 158.50 150.88 142.50 139.00 132.13 121.13 112.13
V2T1 164.75 164.25 162.63 159.88 157.00 149.13 144.50 140.00 136.88 133.38
V2T2 164.88 159.88 155.13 148.25 141.63 136.63 134.25 130.38 120.50 108.63
V3T1 155.00 154.38 150.13 148.75 142.63 135.63 136.88 135.38 122.88 120.00
V3T2 154.75 149.00 144.63 138.38 136.75 134.00 126.25 123.13 115.38 105.63
SEm (±) 1.17 1.41 1.38 1.33 1.39 1.37 1.37 1.38 1.26 1.47
CD @ 5% NS NS NS NS 3.90 3.83 NS NS 3.52 4.12
Interaction (V x F)
V1F1 175.38 170.88 166.25 160.50 152.75 144.63 141.63 136.25 129.63 123.13
V1F2 176.25 173.25 168.50 164.13 156.88 149.88 145.38 142.00 134.50 129.63
V2F1 164.50 161.38 157.88 152.75 147.88 141.38 137.38 133.25 127.13 118.63
V2F2 165.13 162.75 159.88 155.38 150.75 144.38 141.38 137.13 130.25 123.38
V3F1 152.63 150.38 146.38 142.50 137.75 131.75 130.38 127.25 116.50 108.50
V3F2 157.13 153.00 148.38 144.63 141.63 137.88 132.75 131.25 121.75 117.13
SEm (±) 1.17 1.41 1.38 1.33 1.39 1.37 1.37 1.38 1.26 1.47
CD @ 5% NS NS NS NS NS NS NS NS NS NS
Interaction (T x F)
T1F1 164.17 162.75 159.92 156.50 150.75 142.58 141.17 138.33 132.08 129.08
T1F2 166.17 165.75 162.33 160.00 154.83 148.58 145.08 142.67 136.42 133.58
T2F1 164.17 159.00 153.75 147.33 141.50 135.92 131.75 126.17 116.75 104.42
T2F2 166.17 160.25 155.50 149.42 144.67 139.50 134.58 130.92 121.25 113.17
SEm (±) 0.96 1.15 1.13 1.09 1.14 1.12 1.12 1.12 1.03 1.20
CD @ 5% NS NS NS NS NS NS NS NS NS NS
Interaction (V x T x F)
V1T1F1 175.25 172.50 169.50 163.75 156.00 148.50 145.75 143.50 140.25 137.50
V1T1F2 176.25 175.75 171.75 168.50 161.50 155.50 150.25 148.75 145.75 143.75
V1T2F1 175.50 169.25 163.00 157.25 149.50 140.75 137.50 129.00 119.00 108.75
V1T2F2 176.25 170.75 165.25 159.75 152.25 144.25 140.50 135.25 123.25 115.50
V2T1F1 164.50 163.25 161.00 158.50 155.75 147.00 142.25 138.25 135.50 131.50
V2T1F2 165.00 165.25 164.25 161.25 158.25 151.25 146.75 141.75 138.25 135.25
V2T2F1 164.50 159.50 154.75 147.00 140.00 135.75 132.50 128.25 118.75 105.75
V2T2F2 165.25 160.25 155.50 149.50 143.25 137.50 136.00 132.50 122.25 111.50
V3T1F1 152.75 152.50 149.25 147.25 140.50 132.25 135.50 133.25 120.50 118.25
V3T1F2 157.25 156.25 151.00 150.25 144.75 139.00 138.25 137.50 125.25 121.75
V3T2F1 152.50 148.25 143.50 137.75 135.00 131.25 125.25 121.25 112.50 98.75
V3T2F2 157.00 149.75 145.75 139.00 138.50 136.75 127.25 125.00 118.25 112.50
SEm (±) 1.66 1.99 1.96 1.89 1.97 1.94 1.93 1.95 1.78 2.09
CD @ 5% NS NS NS NS NS NS NS NS NS NS



form of pods and the interactions within variety
Phule Unnati stored at cold temperature, Phule
Unnati stored in the form of pods and the pods
stored in cold temperature maintained
germination percentage above MSCS up to
270 days of storage and better seed quality
parameters during storage period. The overall
interaction between varieties, storage
temperatures and forms of seed, the variety
Phule Unnati stored in the form of pods at cold
temperature maintained germination
percentage above MSCS and better seed quality
up to 270 days of storage. Therefore, the
variety Phule Unnati might be stored under cold
temperatures at 5°C in the form of pods and
utilized in future for further seed production
programme.   
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The success of any breeding programme
depends on the choice of right parents in
hybridization programme. Combining ability in
rice particularly of the parents and their crosses
provide information on additive and dominance
gene actions for various quantitative traits,
which is important to decide the parents for
crossing programme as well as appropriate
breeding methodology to be employed to select
desirable segregant. Hence, the present
investigation was undertaken to elucidate the
combining ability of parents and crosses as well
as gene action for various traits.

Materials and Methods

The experimental material for present
investigation consisted 4 lines and 11 testers.
The materials were crossed in line x tester
fashion at Main Rice Research Centre, NAU,
Navsari by hand emasculation and pollination
during Summer 2013. Forty four hybrids and
selfed parental line seeds were used for sowing
in the next season. The complete set of 59

entries comprising 44 FIS, 4 females and 11
males were evaluated during kharif - 2013.
The experiment was laid out in a Randomized
Block Design with three replications. Each
entry was planted in a single row consisting of
10 plants in each row with a spacing 20 x 15
cm. The recommended agronomic practices
were followed to raised a good crop and the
estimates of combining ability and variances
were worked out according to the method
outlined by Kempthorne (1957).

Result and Discussion

Analysis of variance : The estimation of
general combining ability (Table 1) (gca)
variances for lines (σ2l) were highly-significant
for all the traits. While general combining ability
(gca) variance for males (a t) was found
significant for days to 50 per cent flowering and
productive tillers plant-1 while it was observed
non-significant for rest of the other traits. On
the other hand, specific combining ability (sea)
variances were highly significant for all
characters. The magnitude of gca variance was
lower than sea variance for all characters

J. Agric. Res. Technol., 41 (2) : 254-260 (2016)

Combining Ability Analysis of yield and yield contributing
characters in Rice (Oryza saliva L.)

P. M. Mistry1, M. H. Chaudhari2 and P. S. Belhekar3

Department of Genetics and Plant Breeding,
N. M. College of Agriculture, Main Rice Research Centre, Navsari - 396 450 (India)

(Received : 10-03-2016)

Abstract
Combining ability analysis for grain yield and yield contributing characters was carried out by using a set

of 4 lines and 11 testers in line x tester design. The magnitudes of sea variances were higher than gca
variances for all the characters except grains per panicles indicated the role of non-additive gene action was
predominant in the expression of most of the traits. The estimation of gca effects for parents revealed that
female, Badshah bhog and males Jaya and IET-22580 were good general combiners for yield and yield
contributing characters. The best specific cross combinations were obtained through good x poor, poor x
average and average x good combining parents, respectively for grain yield plant-1.

Key words : Combining ability, gene action, line x tester, rice.

1. Assistant Professor, 2. M.Sc. student, 3. Junior
Research Assistant.



except grains panicles-1 and amylose content
which indicated the predominance of non-
additive gene action for most of the characters,
which was further supported by low magnitude
of σ2gca/sea ratios. These findings are in
confirmation with Annadurai and Nadarajan
(2001), Sinha et al. (2006), Pradhan and Singh
(2008), Salgotra et al. (2009), Saleem et al.
(2010). 

Effects of general combining ability :
Nature and magnitude of combining ability
effects provide guideline in identifying the
better parents and their utilization in
hybridization programme. The summary of
general combining ability effects of the parents
(Table 2) revealed that among lines, Badshah
bhog and among testers Jaya and 1ET-22580
was recognized as good general combiners for
grain yield plant-1 and ther yield related traits.
Line Kalajira was good general combiner for
panicle length, grains panicle-1 and straw yield.
Line Badshah bhog was good general combiner
for panicle length, grains panicle-1, grain yield
plant-1 and straw yield plant-1. Line IRR1-AMT-
301 was found good general combiner for days
to 50 per cent flowering, plant height, test

weight and L/B ratio. Line Pusa Basmati-1460
was found good general combiner for traits like
days to 50 per cent flowering, productive tillers
plant-1, amylose content and L/B ratio. Tester
Jaya was good general combiner for days to 50
per cent flowering, grain yield plant-1, straw
yield plant-1, test weight and L/B ratio. Tester
Lal Kada was good general combiner for days
to 50 per cent flowering, plant height, panicle
length, productive tillers plant-1, grains
panicle-1 and amylose content. Tester IET-
22580 was good general combiner for 50 per
cent flowering, productive tillers plant-1, grain
yield plant-1, straw yield plant-1, test weight,
amylose content.

Effects of specific combining ability :
The magnitude of sea effects is of vital
importance in selecting the cross combinations
with higher probability of obtaining desirable
transgressive segregants. In case of specific
combining ability effects, none of the hybrids
exhibited favourable sea effect for all the
characters.

Significant specific combining ability in
favorable direction was observed in variable
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Table 1. Analysis of variance for combining ability for different characters in rice

Source of df Days to Plant Panicle Produc- Grains Grain Straw Test Amylose L/B
variation 50% height length tive panicle-1 yield yield weight content ratio

flowe- (cm) (cm) tillers plant-1 plant-1 (g) (%)
ring plant (g) (g)

Replication 2 1.80 126.27 0.39 0.03 8.87 4.25 0.36 2.69 0.36 0.02
Line 3 580.52* 2356.17* 57.14* 6.82 16869.25** 98.18* 143.66** 140.58* 127.49** 32.49**
Tester 10 447.49* 1407.41 13.66 7.54* 958.247 49.87 40.84 58.63 6.57 0.13
Line x tester 30 156.71** 741.39** 13.72** 2.84** 608.04** 23.29** 28.47** 32.26** 4.99** 0.09**
Error 86 30.56 84.74 4.98 0.46 273.78 5.05 0.52 2.55 0.47 0.02

Estimates
σ2l 16.77 * 69.09 * 1.58* 0.19 504.92** 2.82* 4.29 ** 4.18* 3.84** 0.98**
σ2t 35.05 * 110.93 0.72 0.58* 62.63 3.73 3.24 4.68 0.50 0.02
σ2 gca 21.65** 80.25** 1.34** 0.29** 386.98** 3.06** 4.01 ** 4.31 ** 2.95 ** 0.72**
σ2 sca 43.29** 221.74** 2.88** 0.78** 133.79** 6.07** 8.84 ** 9.94 ** 1.48** 0.02**
σ2 gca/sca 1.00 0.72 0.93 0.75 5.78 1.00 0.90 0.86 3.98 57.48

*Significant at 5% ,  **Significant at 1%



crosses, for days to 50 per cent flowering (5),
plant height (10), panicle length (2), productive
tillers plant-1 (7), grains panicle-1 (4), grain yield
plant-1 (5), straw yield plant-1 (8), test weight
(11), amylose content (9) and L/B ratio (7).
These results are in agreement with findings of
Roy and Mandal (2001), Sinha et al. (2006),
Sarial et al. (2007), Pradhan and Singh (2008),
Saleem et al. (2010) and EI-Rewainy et al.
(2011).

Estimates of specific combining ability effect
ranged from -15.42 (Badshah bhog x 1ET-
22224) to 14.17 (Badshah bhog x IET-22121).
However, only five cross combinations recorded
significant negative and desirable sea effects for
days to 50 per cent flowering and these crosses
may be fully exploited for obtaining early
transgressive segregants.

Estimates of sea effect ranged from -
34.26% (Badshah bhog x NAUR-1) to 24.57
per cent (Kalajira x Lal Kada). Twenty one
hybrids showed significant sea effect, of which
five crosses Badshah bhog x NAUR-1, Pusa
Basmati-1460 x IET-22580, Kalajira x Jaya,
IRRI-AMT-301 x IET-22595 and IRRI-AMT-
301 x Gurjari, depicted significant negative
desirable. sea effect for plant height. These
crosses can be exploited for developing dwarf
rice.

Six hybrids exhibited significant sea effect.
Out of these, two hybrids IRRI-AMT-301 x IET-
22595 and Badshah bhog x IET-22224 had
positive estimates, and were appeared as better
specific cross combinations for long panicles.
While in case of productive tillers plant-1 twelve
hybrids depicted significant sea effects, of
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Table 2. Estimate of general combining ability effects of parents for different characters in rice

Parents Days to Plant Panicle Produc- Grains Grain Straw Test Amylose L/B
50% height length tive panicle-1 yield yield weight content ratio
flowe- (cm) (cm) tillers plant-1 plant-1 (g) (%)
ring plant (g) (g)

Females
Kalajira 5.15** 0.95 0.79* -0.64** 19.20** 0.12 0.72** -1.79*** -0.01 -0.81**
Badshah bhog 1 .65 10.83** 1.34** 0.08 16.98** 2.33** 2.31** 0.30 -1.04*** -0.86**
IRRI-AMT-301 -2.97** -9.52** -1.55** 0.12 -28.62** -0.74 -0.38 2.78** -1.69** 0.57**
PusaBasmati-1460 -3.82** -2.27 -0.58 0.43** -7.56 ** -1.71** -2.65** -1.29** 2.75** 1.10**
SE (gi) 0.90 1.51 0.39 0.12 2.50 0.39 0.24 0.27 0.12 0.02
SE(gi-gj) 1.27 2.14 0.55 0.17 3.53 0.55 0.34 0.38 0.18 0.02

Males
Gurjari 6.55** -2.29 -1.44* 0.12 -6.22 -0.693 -0.60 -0.94 * -0.82** -0.10**
Jaya -7.53** -4.89 0.40 -0.51* 1.69 4.04** 1.56** 3.283** 0.03 0.10**
Lalkada -9.85** -17.50** 1.93** 0.47* 17.67** -0.88 -1.18** 0.60 1.67** 0.03
IET-22121 -3.23* -18.66** 1.12 0.98** 11.25** -0.28 -0.54 0.46 0.05 0.16**
NAUR-1 5.98** -0.013 -1.15 -0.97** -10.83* -1.06 -1.13** -1.79** -0.05 -0.07*
GNR-3 7.59** 12.86** -1.07 -0.65** -7.53 -1.52* -1.24** -2.01** -0.18 -0.04
IR-28 4.93** 11.28** 0.06 -1.11** -6.92 -1.79** -1.73** -1.84** -0.79** -0.18**
IET-22224 1.60 9.79** -0.29 0.379 -2.91 0.027 -0.20 -1.84** 0.35 0.03
IET-22580 -6.68** 0.31 1.14 1.23** 1.67 3.79** 4.81** 4.70** 0.57** -0.073 *
IET-22595 0.02 -0.85 -0.38 -0.46* 7.47 0.05 -0.28 -0.62 -0.91** 0.10**
IET-22567 0.62 9.96 ** -0.32 0.53** -5.34 -1.67* 0.55 0.05 0.03 0.04
SE(gj) 1.49 2.51 0.65 0.20 4.15 0.65 0.40 0.45 0.21 0.03
SE ((gi - gj) 2.11 3.56 0.91 0.28 5.86 0.91 0.56 0.63 0.3 0.04
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Table 3. Estimates of specific combining ability for yield and yield contributing traits

Croses Days to 50% Plant height Panicle length Productive Grains
flowering (cm) (cm) tillers plant-1 panicle-1

Kalajira x Gurjari 0.53 6.26 -0.52 -0.25 10.05
Kalajira x Jaya -5.30 -23.57** 1.65 1.59** 13.97
Kalajira x Lal Kada 8.78** 24.57** -3.84** -1.22** -25.07**
Kalajira x IET-22121 -11.13** 1.903 0.61 -0.06 -7.6
Kalajira x NAUR- 1 -5.23 5.24 -1.35 0.04 0.26
Kalajira x GNR-3 -0.64 -6.46 1.57 0.42 2.90
Kalajira x IR-28 -0.03 -4.70 -0.38 -0.29 4.57
Kalajira x IET-22224 6.37* -3.40 -0.63 -0.74 2.61
Kalajira x IET-22580 -4.19 11.22* 1.02 1.08** 5.34
Kalajira x IET-22595 4.42 0.59 2.06 0.39 -8.42
Kalajira x IET-22567 6.42* -11.66* -0.18 -0.96* 1.37
Badshahbhog. x Gurjari 3.52 -1.15 0.61 -0.60 3.93
Badshah bhog x Jaya -1.2 -10.26* 1.68 -0.79 3.35
Badshahbhog. x Lal Kada -5.52 -10.24* 0.30 0.26 -3.06
Badshahbhog x IET-22121 14.17** 10.57* -3.78** 0.14 -19.45*
Badshahbhog. x NAUR-1 7.50* -34.26** 0.44 -0.08 -2.62
Badshah bhog. x GNR-3 5.07 5.44 -2.26 -0.55 9.07
Badshah bhog. x IR-28 0.46 4.52 1.51 -0.16 -1.08
Badshah bhog x IET-22224 -15.42** 7.39 3.03* 1.11** 6.46
Badshah bhog x IET-22580 -0.47 6.15 1.04 0.62 0.30
Badshahbhog x IET-22595 -1.12 12.69* -3.56** -0.45 -10.01
Badshahbhog x IET-22567 -7.01* 9.14 0.97 0.50 13.1
IRRI-AMT-301 x Gurjari -2.15 -20.04** 0.48 0.34 -16.13
IRRI-AMT-301 x Jaya 11.71** 18.32** -0.79 -0.78 -15.16
IRRI-AMT-301 x Lal Kada -1.60 -1.33 1.79 1.38** 28.14**
IRRI-AMT-301 x IET-22 121 -7.53* 1.59 1.83 0.13 22.54**
IRRI-AMT-301 x NAUR-1 -2.54 15.96** 0.11 -0.35 -9.39
IRRI-AMT-301 x GNR-3 -1.82 0.07 -1.51 -1.35** -4.47
IRRI-AMT-301X IR-28 -0.13 -2.42 -0.71 0.82* -4.58
IRRI-AMT-301 x IET-22224 2.36 -3.5 -0.80 0.30 -6.14
IRRI-AMT-301 x IET-22580 8.17** 15.06** -3.26 * -2.28** -22.21**
IRRI-AMT-301 x IET-22595 -10.1511* -23.41** 3.50** 1.27** 30.01**
IRRI-AMT-301 x IET-22567 3.71 -0.30 -0.63 0.51 -2.60
Pusa Basmati-1460 x Gurjari -1.90 14.93** -0.58 0.51 2.13
Pusa Basmati-1460 x Jaya -5.20 15.51** -2.54 -0.02 -2.16
Pusa Basmati-l460 XLalkada -1.66 -12.99* 1.74 -0.43 -0.03
Pusa Basmati-1460 x IET-22121 4.50 -14.07** 1.33 -0.20 4.50
PusaBasmati-1460 x NAUR-1 0.27 13.05* 0.79 0.38 11.75
Pusa Basmati-1460 x GNR-3 -2.60 0.95 2.20 1.49** -7.50
Pusa Basmati-1460 x IR-28 -0.29 2.60 -0.41 -0.36 1.09
Pusa Basmati-1460 x IET-22224 6.68* -0.48 -1.58 -0.67 -2.92
Pusa Basmati-1460 x IET-22580 -3.50 -32.44 ** 1.20 0.58 16.55*
Pusa Basmati-1460 x IET-22595 6.84* 10.12* -2.08 -1.21** -11.56
Pusa Basmati-1460 x IET-22567 -3.12 2.82 -0.15 -0.05 -11.87
SE (Sij) 5.94 10.02 2.58 0.79 16.49
SE (Sij- Ski) 8.40 14.16 3.65 1.12 23.33
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Table 3. Contd.

Groses Grain yield Straw yield Test weight Amylose content L/B
plant-1 (g) plant-1 (g) (g) (%) ratio

Kalajira x Gurjari 0.08 0.01 -1.407 0.21 -0.13
Kalajira x Jaya 3.64** 6.38** 6.03** 0.69 0.35**
Kalajira x Lalkada -3.60** -3.75** -2.99** -0.16. -0.12
Kalajira x IET-22121 0.93 -0.43 4.60** 1.70** 0.27**
Kalajira XNAUR-1 0.03 0.02 0.20 -0.38 -0.15*
Kalajira XGNR-3 -0.06 -0.74 -1.74 0.31 0.03
Kalajira x IR-28 0.36 0.29 -1.051 -0.69 0.02
Kalajira x 1ET-22224 -2.37 -2.44** -2.25 * -0.10 0.16*
Kalajira x IET-22580 -0.31 1.41 1.59 0.37 -0.16*
Kalajira x 1ET-22595 0.43 0.40 -0.04 -1.68** 0.04
Kalajira x IET-22567 0.89 -1.17 -2.94 ** -0.27 -0.29**
Badshah bhog. x Gurjari -1.17 -0.89 -1.399 -0.67 0.05
Badshah bhog. x Jaya -0.23 -2.77** 1.13 2.00** -0.10
Badshah bhog x Lalkada 1.99 3.27** 3.11** 1.13** -0.07
Badshah bhog. x IET-22121 -3.55** -2.77** -5.98** -2.12** -0.19**
Badshah bhog. x NAUR-1 -2.21 -1.39 -3.84** -0.42 0.04
Badshah bhog. x GNR-3 -0.02 0.70 2.24* -1.38** -0.08
Badshah bhog. x IR-28 -1.03 -0.30 0 0.77 0.16*
Badshah bhog. X IET-22224 3.18* 3.92** 4.73** 0.86* -0.06
Badshah bhog. X IET-22580 1.19 -0.41 -0.24 0.86* 0.04
Badshah bhog. x IET-22595 -2.82* -3.30** -3.07** 0.45 -0.12
Badshah bhog. x IET-22567 4.67** 3.95** 3.32** -1.47** 0.33**
IRRI-AMT-301 x Gurjari -0.53 -0.78 3.02** -0.36 -0.08
IRRI-AMT-301 x Jaya -4.24** -1.40 -2.26* -2.12** -0.11
IRRI-AMT-301 x Lalkada 1.79 1.05 0.32 0.97* 0.18**
IRRI-AMT-301 x IET-22121 0.56 0.10 -0.25 1.17** 0.03
IRRI-AMT-301 x NAUR-1 1.18 1.65* 3.07** 0.55 0.03
IRRI-AMT-301 x GNR-3 -0.14 -0.06 1.79* 0.75 0.03
IRR1-AMT-301x IR-28 0.77 1.23 0.76 -1.93** 0
IRRI-AMT-301 x IET-22224 -0.49 -0.54 -4.21** 0.57 -0.14*
IRRI-AMT-301 x IET-22580 -4.39** -6.14** -2.68** -0.79 -0.04
IRRI-AMT-301 x IET-22595 4.57** 6.30** 3.63** 0.50 0.20**
IRRI-AMT-301 x IET-22567 '0.92 -1.39 -3.21** 0.68 -0.11
Pusa Basmati-1460 x Gurjari 1.61 1.673 * -0.22 0.82 0.16*
Pusa Basmati-1460 x Jaya 0.83 -2.20** -4.90** -0.56 -0.13
Pusa Basmati-1460 x Lalkada -0.18 -0.57 -0.44 -1.94** 0.01
Pusa Basmati-1460 x IET-22121 2.05 3.10** 1.63 -0.76 -0.08
Pusa Basmati-1460 x NAUR-1 1.03 -0.28 0.56 0.25 0.072
Pusa Basmati-1460 x GNR-3 0.23 0.09 -2.29* 0.32 0.04
PusaBasmati-l 460 x IR-28 -0.10 -1.21 0.28 1.85** -0.19**
Pusa Basmati-1460 x IET-22224 -0.31 -0.93 1.73 -1.33** 0.04
Pusa Basmati-1460 x IET-22580 3.51** 5.14** 1.34 -0.43 0.12
Pusa Basmati-1460 x IET-22595 -2.19 -3.40** -0.52 0.72 -0.12
Pusa Basmati-1460 x IET-22567 -6.49** -1.38 2.83 ** 1.06* 0.07
SE (Sij) 2.58 1.59 1.78 0.42 0.13
SE (Sij- Ski) 3.65 2.25 2.53 0.60 0.19



which, seven hybrids had significant positive
sea effects, and were classified as better specific
cross combinations for more number of
productive tillers plant-1.

In respect to sea effects of crosses, four
crosses showed significant positive sea effects,
and were grouped as better specific cross
combinations for higher number of grains
panicle-1. Cross IRRI-AMT-301 x IET-22595
(30.01) exhibited the maximum positive sea
effect.

Estimates of sea effect ranged from -6.49
(Pusa Basmati-1460 x IET-22567) to 4.67
(Badshah bhog x IET-22567) for grain yield
plant-1. The top three hybrids showed
significant and positive effect were Badshah
bhog x IET-22567(4.67), IRRI-AMT-301 x IET-
22595 (4.57) and Kalajira x Jaya (3.64) and
these appeared as good specific cross
combinations for obtaining higher grain yield
plant-1. While in case of straw yield plant-1 the
estimates of sea effect ranged from -6.14 (IRRI-
AMT-301 x IET-22580) to 6.38 (Kalajira x
Jaya). The hybrids which showed significant
and positive effect were Kalajira x Jaya (6.38)
followed by IRRI-AMT-301 x IET-22595(6.30)
and Pusa Basmati-1460 x IET-22580 were
appeared as good specific cross combinations
for obtaining higher straw yield plant-1.

Range of sea effect of hybrids noticed from
- 4.90 (Pusa Basmati-1460 x Jaya) to 6.03
(Kalajira x Jaya) for test weight. Eleven hybrids
showed positive sea effect. These crosses were
classified as better specific combiners for
development of rice varieties with coarse grain.
The sea effects for amylose content ranged
from -2.12 for the cross combination Badshah
bhog x IET-22121 and IRRI-AMT-301 x Jaya
to 2.00 for the cross combination Badshah
bhog. x Jaya. Total nine hybrids showed
positive and significant sea effect and these
were out come as better specific cross
combinations for more amylose content.

Estimation of sea effects for L:B ratio
ranged from -0.29 (Kalajira x IET-22567) to
0.35 (Kalajira x Jaya). Eight hybrids attributed
towards positive direction for this trait.

None of the parents was found to be good
general combiner for all the characters. In the
present study improvement of component
characters for development of high yielding
varieties could be made by crossing Lal Kada,
Jaya and IET-22580 for earliness and IET-
22224, IET-22580, IET-22595, Lal Kada,
Kalajira, Badshah bhog, Jaya, IRRI-AMT-301,
Pusa Basmati-1460 and IET-22567 for yield
and yield contributing characters. Taking in to
the consideration for an efficient breeding
programme, crossing between parents with
desirable agronomical traits and good general
combining ability for grain yield plant-1 and its
components, which in cross combination would
be result in high heterosis, high specific
combining ability and high per se performance.
The study extended to the estimation of sea
effects revealed that cross combinations
Badshah bhog x IET-22567, IRRI-AMT-301 x
IET-22595 and Kalajira x Jaya were highly
promising for grain yield plant-1 and most of
the yield attributing characters. All these cross
combinations were of good, poor and average
combining parents but could be exploited for
transgressive segregants. It was further
observed that sea effects of crosses for yield
was largely depend on their sea effects for
componential characters particularly, panicle
length, grains panicle-1, productive tillers
plant-1 and test weight. This suggested that for
imposing high selection intensity, sib-
pollination technique originally suggested by
Palmar (1953) and subsequently modified by
Andrus (1963) would be effectively used.
Biparental cross technique suggested by Joshi
and Dhawan (1966) may be utilized for
accumulation of additive gene effects and
breaking undesirable linkage.
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Based on the present study, it is observed
that the magnitude of gca variances was lower
than SCA variances for all the characters
except grains panicle-1 and amylose content
indicating the predominance of non-additive
gene action. This was further supported by low
magnitude of σ2gca/σ2sca ratios, thus the
breeding methodology for the improvement of
these characters under study would be heterosis
breeding by utilizing the parents like IET-
22224, IET-22580, IET-22595, Lal Kada,
Kalajira, Badshah bhog, Jaya, IRRI-AMT-301,
Pusa Basmati-1460 and IET-22567. The cross
combinations Badshah bhog x IET-22567,
IRRI-AMT-301 x IET-22595 and Kalajira x
Jaya were highly promising for grain yield
plant-1 and most of the yield attributing
characters and could be exploited for
transgressive segregants.
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Medicinal plants have attained high
significance in recent years due to its demand
for industrial use and alluring market price
(Lubbe and Verpoorte, 2011). Ashwagandha is
one of the important medicinal plants and used
in the traditional Indian medicine since ancient
times. The roots of ashawagandha are the
economic part of the plants and are used in the
preparation of Ayurvedic and Unani medicines
(Nagella and Murthy, 2011). Occasionally the
leaves and seeds are also used for medicinal
purpose. It is native to the drier parts of India.
It is cultivated over an area of 10,780 ha with
a production of 8,429 tonnes in India. The
present requirement of this plant root is 15
million tonnes, whereas its annual production
of root in India is about 7 million tonnes
(Senthil, 2010) necessitating the increase in its

cultivation and higher production. There is very
meager scientific information available on
planting techniques of ashwagandha.
Diversified responses of ashwagandha to
spacing and fertilizer levels were reported by
different workers including Kubsad et al. 2009.
Drip irrigation is considered to be most efficient
in improving the yield, quality and saving of
water. Thus, the economic potential of the crop
could be realized by expanding its cultivation to
better agricultural lands with scientific
production technologies. Considering the
medicinal value of the crop, its increasing
demand and meager scientific information on
the cultivation of ashwagandha under drip, in
view altogether, the present investigation was
carried out to study the response of
ashwagandha to planting layouts, spacings and
nutrient management under drip irrigation for
Maharashtra region.
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Abstract
A field experiment was conducted during rabi seasons of 2010-11 and 2011-12 to study the response of

ashwagandha (Withania somnifera) to planting layouts, spacings and nutrient management levels under drip
irrigation at Rahuri (Maharashtra). There were three planting layouts (broad bed furrow, ridges and furrow,
flat beds) along with two spacings (30 x 20 cm, 45 x 20 cm) in main plots. Four levels of nutrient management
(75 : 37.5 : 37.5 kg N, P2O5, K2O + 5 t FYM ha-1,  50 : 25 : 25 kg N, P2O5, K2O + 5 t FYM ha-1,  25
: 12.5 : 12.5 kg N, P2O5, K2O + 5 t FYM ha-1 and control) in sub plots. Broad bed furrow planting recorded
significantly higher yield attributes, and consequently recorded higher dry root (790 kg ha-1) and seed yield
(11.46 q ha-1), nutrient uptake and harvest index (18.86%) as compared to ridges furrow and flat bed. The
closer spacing of 30 x 20 cm registered significantly maximum dry root yield, seed yield, nutrient uptake and
harvest index than wider spacing of 45 x 20 cm. Significant increase in dry root yield, seed yield and nutrient
uptake was noticed with increase in fertilizer levels from control to 75 : 37.5 : 37.5 kg N, P2O5, K2O + 5 t
FYM ha-1. Broad bed furrow planting method produced higher B:C ratio (3.67) followed by ridges furrow and
flat bed. The spacing of 30 x 20 cm and fertilized with 75:37.5:37.5 kg N, P2O5, K2O + 5 t FYM ha-1

obtained maximum B:C ratio than others.

Key words: Ashwagandha, drip irrigation, nutrient management, planting layouts, yield.

1. Asstt. Prof., 2. Chief Scientist and 3. Sr. Scientist. 



Materials and Methods

A field experiment was conducted on
Ashwagandha variety 'Nagori' during rabi
seasons of 2010-11 and 2011-12 at AICRP on
Water Management, M.P.K.V., Rahuri (M.S.)
without changing randomization. The soil of
the experimental site was clayey in texture with
pH 8.10, medium in organic carbon (0.50%),
low in available N (194.43 kg ha-1), medium in
available P (16.64 kg ha-1) and high in available
K (616.00 kg ha-1). The experiment was laid
out in split plot design with three replications.
Three treatments of planting layouts viz., broad
bed furrow, ridges and furrow, flat bed along
with two treatments of spacing viz., 30 x 20
cm, 45 x 20 cm were embedded in main plots.
While four levels of nutrient management viz.,
75 : 37.5 : 37.5 kg N, P2O5, K2O + 5 t FYM
ha-1,  50 : 25 : 25 kg N, P2O5, K2O + 5 t FYM

ha-1,  25 : 12.5 : 12.5 kg N, P2O5, K2O + 5 t
FYM ha-1 and control (no nutrient) treatment
were assigned in sub plots. Half N, full P2O5
and K2O applied at planting and half N applied
at 45 days after planting through conventional
fertilizer as per treatment. The FYM was
applied and mixed in soil as per treatment 15
days prior to planting. The gross plot size was
5.00 m x 3.60 m and net plot size was 4.20 m
x 2.70 m. Irrigation was applied through drip at
70% of pan evaporation at alternate day
common to all treatments. All the
recommended package of practices were
followed. The crop was harvested on 16 and
27th April during first year and second year,
respectively. At harvest, five plants were
randomly selected in each treatment for
recording growth and yield parameters. These
samples were oven dried at 70°C temperature,
powdered and analyzed for N, P and K
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Table 1. Yield attributes of ashwagandha at harvest as influenced by different treatments (Pooled data of two years)

Treatment No. of Root Root Dry root No. of Seed
roots length diameter weight berries yield
plants-1 plant-1 plant-1 plant-1 plant-1 plant-1

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

Planting layouts 
L1 - Flat  bed 3.90 28.48 1.58 5.67 253.37 13.64
L2 - Ridges and furrow 4.28 30.90 1.69 6.86 289.27 16.17
L3 - Broad  bed  furrow 4.64 32.21 1.76 7.55 309.72 17.44
S. E.  0.07 0.22 0.02 0.07 2.55 0.16
C. D. at 5% 0.22 0.81 0.06 0.21 9.24 0.60

Spacings 
S1 - 30 x 20 cm 4.04 31.39 1.63 6.40 266.61 14.56
S2 - 45 x 20 cm 4.50 29.67 1.73 7.00 301.64 16.94
S. E.  0.06 0.18 0.02 0.06 2.08 0.13
C. D. at 5% 0.18 0.66 0.05 0.18 7.55 0.49

Nutrient management levels 
F1 - 75 : 37.5 : 37.5 kg NPK + 5 t FYM ha-1 4.84 33.36 1.85 7.62 332.36 19.30
F2 - 50 : 25 : 25 kg NPK + 5 t FYM ha-1 4.56 31.73 1.75 7.20 308.71 17.99
F3 - 25 : 12.5 : 12.5 kg NPK + 5 t FYM ha-1 4.12 29.67 1.63 6.54 273.89 14.83
F4 - Control 3.57 27.36 1.48 5.43 221.44 10.87
S. E.  0.04 0.10 0.01 0.05 1.34 0.17
C. D. at 5% 0.10 0.30 0.03 0.15 3.98 0.50
Interactions NS NS NS NS NS NS



concentrations by standard methods as
suggested by Jackson (1973) and the total
uptake was calculated. The plants from each
net plot were uprooted and the roots and
shoots were separated and sun dried for a
week. The root yield was recorded and
expressed in kg ha-1. Cost of laying-out of drip
irrigation system and cultivation charges were
worked out per hectare. The life of drip system
was assumed to be ten seasons. For working
out the economics, prevailed market price for
ashwagandha seeds (Rs. 50 and 55 kg-1 during
2010-11 and 2011-12, respectively, dry roots
(Rs. 200 and 205 kg-1 during 2010-11 and
2011-12, respectively), urea (Rs. 12.15 kg-1

N), SSP (Rs. 50 kg-1 P) MOP (Rs. 28.40 kg-1

K) and cost of labour (Rs. 150 day-1) were
considered. The data were statistically analyzed
and pooled data of two years were presented. 

Results and Discussion

Yield and yield attributes : Broad bed
furrow planting method recorded maximum dry
root yield (790 kg ha-1) followed by ridges
furrow (713 kg ha-1) and flat bed (594 kg ha-1),
which was 10.92 and 33.09 per cent higher
than ridges furrow and flat bed, respectively.
Significantly higher seed yield (11.46 q ha-1)
obtained in broad bed furrow followed by ridges
furrow (10.77 q ha-1) and minimum in flat bed
(9.41 q ha-1) due to higher number of berries
and seed yield per plant (Tables 1 and 2). In
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Table 2. Dry root yield, seed yield, biological yield and harvest index of ashwagandha as influenced by different treatments
(Pooled data of two years)

Treatment Dry root Seed Biological Harvest
yield yield yield index
(kg ha-1) (q ha-1) (q ha-1) (%)

Planting layouts 
L1 -  Flat  bed 594 9.41 80.54 18.86
L2 - Ridges and furrow 713 10.77 88.23 20.10
L3 - Broad  bed  furrow 790 11.46 92.43 20.77
S. E.  10.46 0.10 0.22 0.13
C. D. at 5% 37.87 0.38 0.74 0.48

Spacings
S1 - 30 x 20 cm 762 11.29 91.04 20.57
S2 - 45 x 20 cm 636 9.80 83.09 19.25
S. E.  8.54 0.08 0.18 0.11
C. D. at 5% 30.92 0.31 0.60 0.39

Nutrient management levels 
F1 - 75 : 37.5 : 37.5 kg NPK + 5 t FYM ha-1 837 12.75 98.64 21.33
F2 - 50 : 25 : 25 kg NPK + 5 t  FYM ha-1 768 11.64 92.99 20.69
F3 - 25 : 12.5 : 12.5 kg NPK + 5 t FYM ha-1 674 10.12 85.76 19.59
F4 - Control 516 7.68 70.86 18.04
S. E.  5.11 0.08 0.49 0.10
C. D. at 5% 15.19 0.23 1.46 0.29

Interactions
L x S NS NS NS NS
L x F NS NS NS NS
S x F Sig NS NS NS
L x S x F NS NS NS NS



broad bed furrow planting maximum dry root
and seed yield was obtained due to physical
modification of soil, these modification might
have helped in better physiological process of
plants such as root respiration and absorption
of nutrients and moisture through easy
penetration of roots, better root development
and root activities in properly aerated and moist
soils. Pandey et al. (2007) reported that safed
musli produced higher root yield (4.90 q ha-1)
on raised bed planting than ridges and furrow
(3.89 q ha-1) and flat bed (3.28 q ha-1). Similar
results were also obtained by Ardeshna et al.
(2013) in turmeric. 

The closer spacing of 30 x 20 cm produced
significantly higher dry root yield (762 kg ha-1)
which was 19.89 per cent higher than 45 x 20
cm spacing. The yield increment at closer
spacing is attributed to improvement in root
length and higher plant population per unit
area compared to wider spacing of 45 x 20 cm
(Tables 1 and 2). Singh et al. (2003) also
reported 53.8 per cent higher root yield of
ashwagandha at higher plant density when
compared with lower plant density. The seed
yield per hectare of closer spacing 30 x 20 cm
was 15.20 per cent more than the spacing 45
x 20 cm. It was mainly attributed to the higher
plant population per unit area at closer spacing
which cumulatively increased the growth and
seed yield attributes. Similar results were
reported by Karad et al. (2009) and Shukla and

Shukla (2012). The harvest index was
significantly higher (20.57%) in 30 x 20 cm
compared to 45 x 20 cm spacing due to higher
root and seed yield.

There was linear increase in yield attributes
and dry root yield of ashwagandha with
increase in fertilizer levels. The dry root yield of
837 kg ha-1 was significantly higher with the
application of 75:37.5:37.5 kg N, P2O5, K2O
+ 5 t FYM ha-1 which was 8.89, 24.03 and
62.07 per cent higher over 50:25:25 kg N,
P2O5, K2O with 5 t FYM ha-1, 25:12.5:12.5
kg N, P2O5, K2O with 5 t FYM ha-1 and
control treatment (Tables 1and 2). Karad et al.
(2009) recorded higher dry root yield of
ashwagandha at higher fertilizer level of 10 t
FYM with 60:30:15 kg NPK ha-1. Application
of 75:37.5:37.5 kg N, P2O5, K2O with 5 t
FYM ha-1 proved its superiority by recording
significantly higher seed yield (12.75 q ha-1)
than rest of the fertilizer levels. This might be
due to supply of balanced nutrients in
appropriate quantity which enhance the use
efficiency of added nutrients and create
favourable environment for increasing microbial
population which increase the nutrient
availability and thereby increases the uptake of
nutrients by crop. Ultimately enhance all the
growth and yield attributes of crop coupled with
increase in physiological processes and efficient
translocation of photosynthates towards
reproductive organs which reflected into higher
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Table 2(a). Interaction effect between spacing and nutrient management on dry root yield kg ha-1 at harvest

Nutrient Dry root yield (kg ha-1)
management ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

F1 - 75:37.5: 37.5 kg F2 - 50: 25: 25 kg F3 - 25:12.5:12.5 kg F4 - Control
NPK + 5 t FYM ha-1 NPK + 5 t FYM ha-1 NPK + 5 t FYM ha-1

Spacings
S1 - 30 x 20 cm 916 841 732 560
S2 - 45 x 20 cm 757 695 617 473
Source S. E.  C. D. at 5%
Between sub plot (F)  means at same level of main plot (S) means 7.23 21.48
Between main plot (S) means at same level of sub plot (F) means 11.27 32.36



dry root yield and seed yield of ashwagandha
compared to lower fertilizer levels. In the
absence of the fertilizer the dry root and seed
yield as well as yield parameters were reduced
significantly.  These results are in close vicinity
to those reported by Pandey et al. (2006) and
Karad et al. (2009). The harvest index was
significantly higher (21.33%) in 75:37.5:37.5
kg N, P2O5, K2O + 5 t FYM ha-1 compared to
other fertilizer levels.

The crop responded to higher fertilizer
levels with closer spacing of 30 x 20 cm. The
spacing 30 x 20 cm and fertilized with
75:37.5:37.5 kg N, P2O5, K2O + 5 t FYM
ha-1 found significantly superior in respect to
dry root yield (916 kg ha-1) over other

treatment combinations (Table 2a). This was
mainly attributed to more number of plants per
unit area, higher values of yield parameters and
dry matter accumulation in roots per ha at
harvest due to more availability of nutrients to
the plants through fertilizers. 

Nutrient uptake : Broad bed furrow
planting method removed 113.85 kg N, 26.15
kg P and 139.96 kg K which was significantly
higher than ridges and furrow and flat bed
(Table 3). Broad bed furrow planting layout
helped in maintaining better moisture
conditions in loose and porous soil mass
throughout the crop growth period. It increased
the availability of nutrients and also due to
higher total dry matter production (straw, seed
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Table 3. Nutrient uptake and economics based on dry root and seed yield of ashwagandha as influenced by different
treatments (Pooled data of two years)

Treatment Nutrient uptake (kg ha-1) Cost of Gross Net B:C
–––––––––––––––––––––––––– cutivation returns returns ratio
N P K (Rs. ha-1) (Rs. ha-1) (Rs. ha-1)

Planting layouts 
L1 - Flat  bed 89.76 20.85 110.15 57230 169963 112732 2.94
L2 - Ridges and furrow 104.51 24.16 129.24 58879 200948 142069 3.38
L3 - Broad  bed  furrow 113.85 26.15 139.96 59583 220379 160796 3.67
S. E.  0.48 0.04 0.48 - 2143 2115 0.03
C. D. at 5% 1.64 0.16 1.78 - 7763 7661 0.10

Spacings
S1 - 30 x 20 cm 106.78 24.41 129.61 61482 213822 152340 3.45
S2 - 45 x 20 cm 98.63 23.04 123.29 55646 180371 124725 3.21
S. E.  0.39 0.03 0.39 - 1750 1727 0.02
C. D. at 5% 1.17 0.09 1.18 - 6338 6254 0.08

Nutrient management levels 
F1 - 75 : 37.5 : 37.5 kg NPK + 5 t FYM ha-1 130.34 30.07 159.49 61543 236548 175005 3.83
F2 - 50 : 25 : 25 kg NPK + 5 t  FYM ha-1 114.60 26.64 141.29 60256 216897 156640 3.58
F3 - 25 : 12.5 : 12.5 kg NPK + 5 t FYM ha-1 94.73 22.19 118.38 58878 189869 130992 3.21
F4 - Control 71.16 15.98 86.63 53579 145072 91493 2.70
S. E.  0.97 0.24 1.08 - 1521 1527 0.02
C. D. at 5% 2.96 0.73 3.30 - 4520 4538 0.06

Interactions 
L x S NS NS NS - NS NS -
L x F NS NS NS - NS NS -
S x F NS NS NS - Sig Sig -
L x S x F NS NS NS - NS NS -



and dry root yield) hectare-1 resulted into
increase the uptake of nutrients by crop in
broad bed furrow. Similar findings were
reported by Chandra et al. (2007) in turmeric.
Maximum uptake of 106.78 kg N, 24.41 kg P
and 129.61 kg K by the crop was noticed at a
spacing of 30 x 20 cm which was significantly
higher than 45 x 20 cm spacing (Table 3). The
significantly maximum uptake of N (130.34 kg
ha-1), P (30.07 kg ha-1) and K (159.49 kg ha-1)
was recorded by crop due to fertilizer level of
75:37.5:37.5 kg N, P2O5, K2O with 5 t FYM
ha-1 compared to remaining fertilizer levels.
This increase in uptake of nutrients may be
attributed to higher N, P, K content, higher dry
matter production and higher root and seed
yield per ha which was due to continuous
supply of essential plant nutrients throughout
crop growth period to plants at higher fertilizer
levels. Ramesh Babu (1996) and Patel (2001)

observed significantly higher uptake of N, P and
K by ashwagandha with 90 and 75 kg N per
ha, respectively as compared to control
treatment. 

Economics : Broad bed furrow planting
method (Table 3) obtained significantly higher
gross returns (Rs. 220379 ha-1), net returns
(Rs. 160796 ha-1) and B:C ratio (3.67). The
closer spacing of 30 cm x 20 cm realized
higher gross returns (Rs. 213822 ha-1), net
returns (Rs. 152340 ha-1) and B:C ratio (3.45)
than 45 cm x 20 cm spacing due to maximum
dry root and seed yield. The highest nutrient
management level i.e. 75:37.5:37.5 kg N,
P2O5, K2O + 5 t FYM ha-1 realized the
maximum gross returns (Rs. 236548 ha-1), net
returns (Rs. 175005 ha-1) and B:C ratio (3.83),
which was significantly higher than other
fertilizer levels. Interaction effect between
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Table 3(a). Interaction effect between spacing and nutrient management on gross returns

Nutrient Gross reurts (Rs. ha-1)
management ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

F1 - 75:37.5: 37.5 kg F2 - 50: 25: 25 kg F3 - 25:12.5:12.5 kg F4 - Control
NPK + 5 t FYM ha-1 NPK + 5 t FYM ha-1 NPK + 5 t FYM ha-1

Spacings
S1 - 30 x 20 cm 256946 236027 205211 157106
S2 - 45 x 20 cm 216150 197767 174528 133038
Source S. E.  C. D. at 5%
Between sub plot (F)  means at same level of main plot (S) means 2151 6392
Between main plot (S) means at same level of sub plot (F) means 2769 7948

Table 3(b). Interaction effect between spacing and nutrient management on net returns

Nutrient Net returns (Rs. ha-1)
management ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

F1 - 75:37.5: 37.5 kg F2 - 50: 25: 25 kg F3 - 25:12.5:12.5 kg F4 - Control
NPK + 5 t FYM ha-1 NPK + 5 t FYM ha-1 NPK + 5 t FYM ha-1

Spacings
S1 - 30 x 20 cm 192496 172818 143427 100621
S2 - 45 x 20 cm 157514 140463 118557 82366
Source S. E.  C. D. at 5%
Between sub plot (F)  means at same level of main plot (S) means 2156 6408
Between main plot (S) means at same level of sub plot (F) means 2741 7865



spacing and nutrient management found
significant in respect to gross and net returns.
The gross returns (Rs. 256946 ha-1) and net
returns (Rs. 192496 ha-1)  was significantly
superior in the treatment combination of 30 cm
x 20 cm spacing and fertilized with
75:37.5:37.5 kg N, P2O5, K2O + 5 t FYM
ha-1 than rest of treatment combinations. This
was due to fact that maximum dry root and
seed yield was produced under 30 x 20 cm
spacing with application of 75:37.5:37.5 kg N,
P2O5, K2O + 5 t FYM ha-1 (Table 3a and b).
These results are in conformity to the findings
of Karad et al. (2009) in ashwagandha.

Thus, it could be concluded that, planting of
ashwagandha crop on broad bed furrow at 30
cm x 20 cm spacing and fertilized with
75:37.5:37.5 kg N, P2O5, K2O + 5 t FYM
ha-1 was found beneficial for achieving
maximum dry root yield, seed yield and net
monetary returns under drip irrigation during
rabi season in medium deep soils of Western
Maharashtra. 
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Bottle gourd [Lagenaria siceraria (Mol.)
Stand] is one of the oldest cultivated climbing
delicious vegetable plants in the world that is
commonly known as Doodhi or Lowki. In
India, during the year 2013-14 the area under
bottle gourd was 118 thousand hectares with
production of 2192 thousand tones and
productivity of 18.57 tones ha-1 (Anonymous,
2014). The crop is invariably attacked by
economically important diseases viz., powdery
mildew, downy mildew, anthracnose, Alternaria
blight, fruit rot, wilt, collar rot, damping off,
Sclerotium rot, virus diseases and bacterial
diseases like angular leaf spot, causing losses up
to 90 per cent or more (Bhaskaran et al.,
1971). In addition to these, now gummy stem
blight (GSB) is found to be severely attacking
the bottle gourd crop, causing severe plant
mortality and leading to economical losses. The
efforts to control the disease have often met
with limited success. At present, GSB has
become a major limiting factor in bottle gourd
cultivation. It is severe in all parts of the state

where the crop is grown. In some endemic
pockets, the disease causes about 30-50 per
cent losses due to which area under the crop
has been reduced drastically. Therefore,
looking in to devastating nature of the disease,
present study was undertaken to find out the
suitable control measure against the pathogen
by evaluating in vitro various fungicides alone
and in combinations against Fusarium roseum,
causing gummy stem blight disease of bottle
gourd.

Materials and Methods

The fungicides viz., thiram
(dimethylcarbamothioylsulfanyl N,N-
dimethylcarbamodithioate), copper oxychloride
(Dicopper chloride trihydroxide), Bordeaux
mixture (CuSO4 + Ca(OH)2 in equal
proportions), carbendazim (2-(Methoxy-
carbamoyl) benzimidazole), mancozeb (Zinc ion
and manganous ethylene bis dithiocarbamate),
captan (N-(Trichloromethyl) thio-4-
Cyclohexene-1, 2 dicarboximide), iprodion (3-
(3,5-dichloro phenyl)-1-iso-propyl carbomyl
hydantoin), propiconazole (1-[2-(2,4-
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dichlorophenyl)-4-propyl-l,3-dioxolan-2-yl-
Methyl]IH-l,2,4-triazole), iprobenphos (5-
benzyl-o-o-di-iso-propyl phosphorothioate),
difenoconazole (l-{2-[4-(4-chlorophenoxy)-2-
chlorophenyl-(4-methyl-1,3 -dioxolan-2-yl)-
methyl]} -1 H-2,2,4-trizole), penconazole (1-[2-
(2-4-dichlorophyenyl)-n-pentyl]- lN-l,2,4-
triazole), propineb (Zinc propylene Bisdithio -
carbamate), hexaconazole ((RS)-(2,4-
dichlorophenyl)-1-(lH-1,2,4-trizole-1 yi) hexan-
2-OI (IUPAC)), benomyl (Methyl-M-(l-butyl-
carbamyl)-2-benzimidazole carbamate),
triadimefon (l-(4-Chlorophenoxy)-3,3- dimethyl,
1-1-(1H,2,4-trizole-l-yl)-2 butanone),
myclobutanil (a-butyl-a-(4-chlorophenyl)-1H-
1,2,4-trizole-1-propanenitrile), ziram (Zinc
dimethyldithio Carbamate), zineb (Zinc ethylene
bis-Dithiocarbamate), chlorothalonil
(Tetrachloroisophthalonitrite), copper
hydroxide (Copper hydroxide 87.5%, Sodium
lignosulphate 6.5% and Sodium di-alkyl
sulphonate 1%) and thiophanate methyl (1, 2-
bis[3methoxy carbolnyl-2-thioureido] benzene),
as well as their combinations like carbendazim
+ mancozeb, benomyl + mancozeb,
thiophanate methyl + mancozeb,
propiconazole + mancozeb, difenoconazole +
mancozeb, hexaconazole + mancozeb,
carbendazim + captan, benomyl + captan,
thiophanate methyl + captan, propiconazole +
captan, difenoconazole + captan, and
hexaconazole + captan were tested for their
efficacy in vitro against Fusarium roseum,
causing gummy stem blight (GSB) of bottle
gourd. Two concentrations i.e. half and one
fourth of the recommended doses of fungicides
(Table 1) were tried against the pathogen by
applying "Poisoned food technique" (Nene and
Thapliyal, 2002) and using potato dextrose
agar (PDA) as basal culture medium.

The trial was laid out in CRD with 34
treatments including control and three
replications. An appropriate quantity of

required concentration of each fungicide was
added in previously sterilized and moderately
cooled (40-45°C) 100 ml PDA, separately in
250 ml capacity glass conical flasks. The flasks
were then shaken well to ensure uniform
distribution of fungicides in the basal medium
and poured in triplicate set of sterilized glass
Petri plates. After solidification, these plates
were inoculated at the centre with a uniform
disk (0.5 cm diam.) of seven days old culture of
F. roseum. The inoculated plates without
fungicide served as untreated control. Then all
the plates were incubated in BOD incubator at
27 + 1°C temperature for 10 days. The
observations on colony diameter and
sporulation were recorded at 48 hr interval up
to 144 hrs of incubation. The degree of growth
and sporulation of F. roseum in different
fungicides were graded as per the methodology
suggested by Gaikwad (2002). The growth rate
i.e. GR (mm hr-1) of the pathogen on each
fungicide was calculated as per following
formula.

Sx+1 - Sx
GR = ––––––––––––––

Tx+1 - Tx

Where, GR = Growth rate (mm hr-1,) S =
Colony diameter (mm), T = Time (hrs) and x =
Growth (mm).

The per cent inhibition of fungal growth in
each treatment was calculated as per following
formula given by Vincent (1947).

Where,

100(C -T)       
I =   ——————

C

Where, I = Per cent growth inhibition, C =
Growth (mm) in control plate at last
observation, T = Growth (mm) in treatment
plate at last observation.
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Results and Discussion

Mycelial growth inhibition : The
observations regarding colony diameter at 48,
96 and 144 hrs of incubation, mean growth
rate and growth inhibition are presented in
Table 1. The treatment differences in respect of
colony diameter and growth rate due to various
fungicides were statistically significant. The
systemic fungicides viz., carbendazim,
propiconazole, penconazole, hexaconazole and
benomyl as well as their combinations with
mancozeb and captan completely inhibited
mycelial growth at both the test concentrations.
Similarly, both concentrations of Bordeaux
mixture (0.5 and 0.25%) also completely
inhibited mycelial growth. In addition, half
concentrations of thiram (0.125%), mancozeb
(0.125%), propineb (0.15%), thiophanate
methyl (0.05%), difenoconazole (0.05%) and
thiophanate methyl (0.05%) + mancozeb
(0.125%) completely inhibited mycelial growth
of the pathogen. All these fungicides, which
completely inhibited growth of the fungus,
showed no growth rate (0.00 mm hr-1).
Further, both concentrations of remaining
fungicides tested viz., copper oxychloride,
iprodion, iprobenphos, difenoconazole,
triadimefon myclobutanil, ziram, zineb,
chlorothalonil, copper hydroxide and
combinations of difenoconazole + mancozeb
showed 0.8 to 8.43 mm colony diameter with
growth rate of 0.05 to 0.58 mm hr-1 and
mycelia growth inhibition to the tune of 6.33 to
91.11 per cent.

Sporulation : The results (Table 1)
indicated that among the fungicides tested,
copper oxychloride, iprobenphos, triadimefon,
myclobutanil and difenoconazole + mancozeb
showed scanty sporulation within 144 to 216
hrs. Further, both concentrations of iprodione,
difenoconazole, ziram, zineb and chlorothalonil
supported moderate to good sporulation within
126 to 186 hrs of incubation. Abundant

sporulation was observed in control within a
short period of 120 hrs of incubation. In rest of
the fungicides there was no fungal growth, and
thus no sporulation.

The results in respect of carbendazim and
benomyl efficacy are matching with the reports
of earlier scientists (Kore and Kharwade, 1987
and Nasreen and Gaffar, 2010) who reported
effectiveness of these fungicides against
Fusarium spp. in vitro. Similarly, the
effectiveness of carbendazim against F. solani
was also reported by Chavan et al. (2009). The
fungicide benomyl was reported most effective
against Fusarium spp. in vitro by Nawar
(2007). Gangarde (2003) reported that captan
inhibited the growth of F. roseum in vitro up to
77.33 per cent, which coincides with the
present findings. However, the results in
respect of benomyl reported by him are not in
consonance with present results wherein the
fungicide benomyl was moderately effective
with 65.33 per cent mycelial growth inhibition
in F. roseum.

Further, the results in respect of combine
treatment of carbendazim + moncozeb are in
conformity with Chavan et al. (2009) who
reported 100 per cent inhibition of mycelial
growth of F. solani. Difenoconazole was
reported most effective for mycelial growth
inhibition of F. oxysproum f. sp. cirseris by
Akhtar (2001), which does not agree with
present findings, wherein it was least effective.
Similarly, moderate effectiveness of
penconazole and propiconazole reported by
him is also not matching with fore cited results
wherein, these fungicides completely inhibited
the growth of F. roseum.

The results regarding thiram are in
agreement with Sugha et al. (1995) who
reported it as most effective against Fusarium
sp. in vitro.
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Table 1. In vitro effect of fungicides at various concentrations on growth and sporulation of F. roseum

Fungicides Conc. Colony diameter Mean Growth Inhibi- Suporulation
(%) (cm) HAI GR (degree) tion –––––––––––––

–––––––––––––––––––––– (mm) (%) Time Degree
48 96 144 (hr-1) (hrs)

Thiram 0.125 0 0 0 0 - 100 - -
0.0625 0 1.33 1.5 0.1 + 83.33 168 V+

Copper oxychloride 0.125 0 1.33 1.76 0.12 + 80.44 216 V+
0.0625 0 2.03 3.06 0.21 + 66.33 144 +

Bordeaux mixture 0.5 0 0 0 0 - 100 - -
0.25 0 0 0 0 - 100 - -

Carbendazim 0.05 0 0 0 0 - 100 - -
0.025 0 0 0 0 - 100 - -

Mancozeb 0.125 0 0 0 0 - 100 - -
0.0625 2.23 4.33 6.76 0.47 +++ 24.88 120 +++

Captan 0.125 0 0 0 0 - 100 - -
0.0625 2.56 4.23 6.26 0.43 +++ 30.44 126 +++

Iprodion 0.125 2.1 3.1 4.56 0.32 ++ 49.33 174 ++
0.0625 2.62 3.87 5.38 0.37 + 40.22 132 +++

Propiconazole 0.05 0 0 0 0 - 100 - -
0.025 0 0 0 0 - 100 - -

Iprobenphos 0.05 0 0.63 0.8 0.05 + 91.11 204 V+
0.025 1.06 1.53 2.56 0.18 + 74.88 192 +

Difenoconazole 0.05 1.83 3.5 4.76 0.33 ++ 47.11 174 +++
0.025 2.56 4.06 5.16 0.36 +++ 42.66 186 ++

Penconazole 0.05 0 0 0 0 - 100 - -
0.025 0 0 0 0 - 100 - -

Propineb 0.15 0 0 0 0 - 100 - -
0.075 1.4 3.9 6.56 0.45 +++ 27.11 150 +++

Hexaconazole 0.05 0 0 0 0 - 100 - -
0.025 0 0 0 0 - 100 - -

Benomyl 0.05 0 0 0 0 - 100 - -
0.025 0 0 0 0 - 100 - -

Triadimefon 0.05 0 0.9 0.9 0.06 + 90 192 V+
0.025 1.36 1.6 1.6 0.11 + 82.22 180 +

Myclobutanil 0.05 0 0.5 0.93 0.06 + 89.66 180 +
0.025 1.1 1.4 1.53 0.11 + 83 174 v+

Ziram 0.125 1.33 3.1 4.53 0.32 ++ 49.66 174 +++
0.0625 1.66 3.16 4.8 0.33 ++ 46.66 162 +++

Zineb 0.125 1.53 3.9 5.7 0.39 +++ 36.66 174 +++
0.0625 2.56 5.26 8.43 0.58 ++++ 6.33 120 ++++

Chlorothalonil 0.125 0.76 2.06 3.5 0.24 ++ 61.11 180 ++
0.0625 1.5 2.86 4.53 0.31 ++ 49.66 144 ++

Copper hydroxide 0.125 0 1.26 2.06 0.14 ++ 77.11 198 +
0.0625 2.63 4.6 7.36 0.51 +++ 18.22 180 ++

Thiophanate methyl 0.05 0 0 0 0 - 100 - -
0.25 2.8 5.53 8.06 0.56 ++++ 10.44 162 +++

Carbendazim + mancozeb 0.05+0.1 0 0 0 0 - 100 - -
0.025+0.05 0 0 0 0 - 100 - -

Benomyl + mancozeb 0.05+0.1 0 0 0 0 - 100 - -
0.025+0.05 0 0 0 0 - 100 - -



Thus, foregoing results clearly indicated that
the systemic fungicides viz., benomyl,
carbendazim, hexaconazole, propiconazole and
penconazole (@ 0.025 and 0.05% each) alone
and in combination with either mancozeb or
captan (@ 0.05 and 0.10% each) or Bordeaux
mixture (0.25 and 0.50%) and thiophanate
methyl + captan (0.025 and 0.05 + 0.05 and
0.10 %) completely inhibited mycelial growth of
F. roseum.
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Thiophanate methyl + mancozeb 0.05+0.1 0 0 0 0 - 100 - -
0.025+0.05 1.06 1.56 2.03 0.14 + 77.44 198 +

Propiconazole + mancozeb 0.05+0.1 0 0 0 0 - 100 - -
0.025+0.05 0 0 0 0 - 100 - -

Difenoconazole + mancozeb 0.05+0.1 0.8 1.26 1.33 0.09 + 85.22 174 V+
0.025+0.05 1.9 3.06 3.56 0.24 ++ 60.44 150 ++
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0.025+0.05 o o 0 0 0 - 100 - -

Carbendazim + captan 0.05+0.1 0 0 0 0 - 100 - -
0.025+0.05 0 0 0 0 - 100 - -

Benomyl + captan 0.05+0.1 0 0 0 0 - 100 - -
0.025+0.05 0 0 0 0 - 100 - -

Thiophanate methyl + captan 0.05+0.1 0 0 0 0 - 100 - -
0.025+0.05 0 0 0 0 - 100 - -

Propiconazole + captan 0.05+0.1 0 0 0 0 - 100 - -
0.025+0.05 0 0 0 0 - 100 - -

Difenoconazole + captan 0.05+0.1 0 0 0 0 - 100 - -
0.025+0.05 2.53 4.03 4.76 0.33 ++ 47.11 180 ++

Hexaconazole + captan 0.05+0.1 0 0 0 0 - 100 - -
0.025+0.05 0 0 0 0 - 100 - -

Control (Untreated) - 2.86 6.06 9 0.62 ++++ - 120 ++++
3.6 6.53 9 0.62 ++++ - 96 ++++

S.E. ± HC 0.02 0.05 0.13 0.07
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Note : + = Scanty, ++ = Moderate, +++ = Good, ++++ = Abundant/profuse, - = Nil, V = Very, HAI = Hours after
inoculation, HC = Half concentration, OFC = One fourth concentration. The numerical data in the table are mean of three
replications.
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Abstract
The foregoing analysis indicated that, the result of the study showed that education, land holding, annual

income, social participation and mass media utilization were found positively and singnificantly correlated with
knowledge and type of family was negative but significantly correlated with knowledge, as well as land holding,
annual income, type of family, mass media utilization and  extension contact were found positively and
significantly correlated with adoption and education was negative but significantly correlated with adoption.
And while costliness of improved structure, lack of knowledge about fumigants, lack of guidance for use of
improved storage structures and lack of information about chemical control of stored grain pest were the
important constraints faced by the respondents in adoption of grain storage methods.
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Agriculture is one of the strong holds of the
Indian economy. At farmers level also about 10
percent of the grain that reaches the
consumers, after hard labour of farmers and

use of scarce capital resources, is lost due to
faulty and unhygienic storage conditions. The
farmers either store the grains in bags which
are costly and not rodent proof or in rooms in
open heaps or underground stores. Some1. M.Sc. (Agri.) student and 2. Assistant Professor.



farmers store the grains in storage structures
like metal bins, wooden bins and cement bins.
However, they store the grains without giving
due importance to air tightness of the structure
and other sanitation aspects. The farmers store
their produce for own consumption, for sale at
some later date or for seed purposes. There is
need to develop cost effective and user friendly
mode of storage technologies and transfer it to
farmers for skilful storage to avoid quantitative
and qualitative losses during storage.

Improved storage structures play a major
role in minimizing the losses in post harvest
stages. The traditional storage structures which
the farmers use do not give adequate protection
against the various factors responsible for
spoilage of food grains.The department of food
and public distribution launched country wide
programme, called save grain campaign. The
main objectives of the save grain campaign was
to create awareness of grain storage
management and popularize improved
methods like Pucca koti and metal bins. 

Materials and Methods

The study was conducted in Amravati tahsil
of Amravati district. From this tahsil, eight
villages were selected based on grain storage
methods. From 8 villages, 120 respondents
were selected for the study by random
sampling. The exploratory design of social
research was used for the study. The data was
collected by visiting the respondents personally
with the help of structured interview schedule.
The statistical methods and tests such as
frequency, percentage, mean, standard
deviation and coefficient of correlation  were
used for the analysis of data.

Results and Discussion 

Knowledge : It reveals that from Table 1
education, land holding, annual income, social
participation, were positively and significantly

correlated with knowledge at 0.05 level of
probability while that the type of family was
negative but significantly correlated with
knowledge at 0.05 level of probability whereas,
the mass media utilization was positively and
significantly correlated with knowledge at 0.01
level of probability.

It clearly indicates that independent
variables like age and extension contact were
non-significant related with knowledge of grain
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Table 1. Relationship of selected characteristics of
respondents with their knowledge (n-120)

Variables Coefficient of 
correlation 
'r' values

Age -0.0768NS
Education 0.1696*
Land holding 0.1602*
Annual income 0.1599*
Type of family -0.1585*
Social participation 0.198*
Mass  media utilization 0.248**
Extension contact 0.652NS

t(tabulated): At 0.05% level - 1.66
t(tabulated): At 0.01% level - 2.36
** Significant at 0.01 level of probability
* Significant at0.05 level of probability
NS - Non-significant.

Table 2. Relationship of selected characteristics of
respondents with their adoption (n - 120)

Variables Coefficient of 
correlation 
'r' values

Age 0.033NS
Education -0.1657*
Land holding 0.1593*
Annual income 0.2433**
Type of family 0.1955*
Social participation 0.032NS
Mass  media utilization 0.3026**
Extension contact 0.2256**

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



storage methods. It shows no relationship
between age and extension contact with
knowledge. The reason for that due to the
young and old age group of respondents were
not able to acquire more knowledge than
middle age respondents. As well as the
extension contact non significant because the
respondents did not contacted with the
Universities and the KVK.

The possible reason for having highly
significant and positive correlation of
independent variables (Table 1) with knowledge
might be that, more mass media utilization of
respondents with more annual income which
increase the knowledge level.  Due to more
education and land holding as well as type of
family the respondents become more receptive
to change. The more social participation also
increase the knowledge level of respondents.
These findings are in line with the findings of
Rani kumari (1995), Kulkarni (1990).

Adoption : It is evident from Table-2 that
annual income, mass media utilization and
extension contact were positively and
significantly correlated with adoption at 0.01
level of probability. Whereas land holding and
type of family  was positively and significantly
correlated with adoption at 0.05 level of
probability. And also that education was

negative but significantly correlated with
adoption at 0.05 level of probability.

It clearly indicates that independent
variables like age and social participation were
non-significant related with adoption of grain
storage methods. It shows   no relationship
between age and social participation with
adoption. The reason is that the respondents
were not interested in adopting the new
technology as well as the respondents are
engrossed in their curricular activities, so they
do not get much time to participate in social
activities.

The possible reason for having highly
significant and positive correlation of
independent variables (Table 2) with adoption
might be that, more mass media utilization of
respondents with more annual income which
increase the adoption level. Due to more land
holding, more type of family and more
education the respondents become more
receptive to change, the more extension
contact also increase the adoption level of
respondents. These findings are in line with the
findings of Borker (1999), Gosavi (2011).

Constraints : It is depicted from Table 3
that 81.66 percent of respondents faced with
constrains like costliness of  improved structure

Journal of Agriculture Research and Technology 275

Table 3. Distribution of the respondents according to constraints faced by them about grain storage methods

Category Respondents
–––––––––––––––––––––––––––––––––
Frequency Percentage

Non availability of separate place for storage of grain 36 30.00
Lack of information about chemical control of stored grain pest 72 60.00
Costliness of improved structure 98 81.66
Lack of proper training 41 34.16
Lack of knowledge of stored grain pest 55 45.83
Lack of knowledge  about fumigants 90 75.00
Lack of guidance for use of improved storage structures 86 71.66
Lack of finance for construction of improved storage structure 77 64.16
Small quantity of grains available for storage 42 35.00
Due to poor economical condition grain is sold 65 54.16



and 75 per cent of respondents faced
constraint like lack of knowledge about
fumigants further, 71.66 per cent of
respondents faced constraint like lack of
guidance for use of improved storage structure,
maximum 64.16 per cent of respondents faced
constraint like lack of  finance for construction
of improved storage structure and 60 per cent
of information about chemical control of stored
grain pest.  It is followed by 54.16 per cent
who faced constraint of  due to poor
economical condition grain is sold and 45.83
per cent of lack of knowledge of stored grain
pest and it is followed by 35 per cent of
respondents faced constraints of small quantity
of grains available for storage. Further, 34.16
per cent faced constraint like lack of proper
training and only 30 percent recorded
constraint like non availability of separate place
for storage of grain.

The results showed that, education, land
holding,  annual income, social participation
and mass media utilization a were found to be
positively and significantly related to knowledge
while type of family was negative but
significantly correlated with knowledge.

The results showed that, education, land

holding, annual income, type of family, mass
media utilization and extension contact were
found to be positively and significantly related
to adoption. And education was negative but
significantly correlated with adoption. While,
age and  social    participation did not show any
significant relationship with adoption.

The results showed that, costliness of
improved structure, lack of knowledge about
fumigants, lack of guidance for use of improved
storage structures, lack of finance for
construction of improved storage structures and
lack of information about chemical control of
stored grain pest were the important
constraints faced by the respondents.
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Beekeeping (Apiculture) is a manipulation
of a bee colony by man based on the
understanding of the science of tapping the
economic benefits of the honey bees. It can also
be viewed as agricultural activity whereby
beekeepers employ their understanding of bee
biology to provide good housing, adequate
feeding and needed management practices to
bees for the purpose of harvesting the honey
(Agrolod, 1991). Beekeeping for honey
production is a profitable agricultural enterprise
all over the world including Nigeria. It is an
important foreign exchange earner for those
that export honey and beeswax.  It is widely
practiced in Nigeria as a result of extensive and
enormous importance of honey in the area of
food, pharmaceuticals and brewery (Ojeleye,
1999). According to Workneh (2011), Ethiopia
the second most populous country in Africa
after Nigeria produces around 23.6% and 2.1%

of the total African and world's honey
respectively. It is the leading honey producer in
Africa and one of the ten largest honey-
producing countries in the world (Ayalew,
1990). In Ethiopia, beeswax is one of the 12
major exportable agricultural products and an
estimated one million farmers are engaged in
beekeeping (MOARD, 2005). Ethiopia
produces about 28,500 tons of honey and
5,000 tons of beeswax annually (HBRC,
2004).

However, beekeeping is still largely
unexplored in Nigeria since the country meets
domestic demand for honey mostly by
importation from producer countries
(Ja'Afarfuro, 2007; Ayansola, 2009). But the
growing domestic consumption of honey
coupled with mechanized agriculture in every
part of Nigeria, the future of apicultural
enterprise is very bright as the demand for
honey and pollinators is bound to increase.
Apiculture is an industry that can help develop
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Abstract
Beekeeping is a very important agribusiness, most especially on its advocacy to improve human welfare

by alleviating poverty through increases household income, biodiversity conservation, food and nutritional
security and raw materials for industries under considerable environmental factors. The study investigates
beekeepers knowledge of beekeeping management practices in Osun State, Nigeria. Multistage random
sampling technique was used to select 200 beekeepers from 5 beekeeping zones in the State. Interview
schedule and focus group discussions were used to elicit information from the selected beekeepers. The
findings of the study revealed that the majority of the beekeepers were within the productive age of 30 to 50
years with education status of post secondary education. Higher percentage processed honey in the last one
year through hand pressing method. The demand for honey products was high with annual income of 51,000
to 1lakh naira. Significant percentage of the beekeepers had high knowledge of beekeeping practices which
is a good platform for adoption of scientific technologies in the future. 
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rural areas of Nigeria through increased farm
income because of its low investment cost
compared with other agribusiness (Bradbear,
1991; Oduntan 1999; Gurung, 2005). 

Moreover, traditional beekeeping differs
from modern method in management style and
the knowledge of modern beekeeping
management practices influences output of hive
products in terms of quality and quantity per
annum (Onwumere et al., 2012). Apiculture
requires the knowledge of most suitable
management practice to maximize output
which plays a very important role in the
adoption of scientific technologies. 

Knowledge is said to be a component of the
behaviour of an individual therefore, to improve
the adoption of scientific beekeeping
management practices in Nigeria, it is
necessary to assess the knowledge of the
beekeepers and this will form a base for the
future extension efforts.

Materials and Methods

The study was conducted in the delineated
five (5) beekeeping zones in Osun State,
Nigeria in the year 2015. Osun State was
purposively selected for the study because of its
tropical and humid climate that supports the
survival of honey bees (World Bank, 2006).
Multistage random sampling technique was
used to select two hundred (200) registered
members of the Osun State Beekeepers
Association of Nigeria. A structured interview
schedule in complement with the focus group
discussions checklists were used to elicit
information from the beekeepers. The data
collected was processed and described with
frequency, percentages, mean and standard
deviation. 

Measurement of beekeepers
knowledge level : Knowledge of the
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Table 1. Personal and socio-economic characteristics of
the beekeepers

Variables Frequency Percen-
(N = 200) tages

Age
Young    (Below 30 years) 35 17.50
Middle (30 to 50 years) 140 70.00
Old (50 years and above) 25 12.50

Education level
Non formal education 4 2.00
Non-formal / Quranic 7 3.50
Primary 25 12.50
Secondary 36 18.00
Post secondary 128 64.00

Experience in beekeeping
< 5 42 21.00
5 - 8 39 19.50
8 - 12 73 36.50
12 - 15 36 18.00
>15 10 5.00

Sources of information
Fellow beekeepers 60 30.00
Extension workers 15 7.50
Radio 40 20.00
Television 25 12.50
Text books 20 10.00
Newspapers 8 4.00
Internet 32 16.00

Income (Naira)
< 50,000 40 20.00
51,000 - 100,000 154 77.00
>100,000 6 3.00

Honey production
Number of beekeepers produced 130 65.00
honey in last one year

Extraction method
Manual centrifugal extractor 19 9.50
Hand pressing 91 62.50
Honey pressing machine 56 28.00

Number of time for harvesting
Once a year 71 35.50
Twice a year 103 51.50
Thrice a year 26 13.00

Demand for honey
Low 54 27.00
Medium 42 21.00
High 104 52.00



beekeepers was measured by using Anastasi
(1961) teacher made knowledge test. There
were 30 questions retained under five (5)
components in the knowledge test after being
ratified by reputable judges in the field of
extension and entomology. Each of the items
was given a numerical score of 3, 2 and 1 for
having complete knowledge, partial knowledge
and no knowledge responses. Thus, the total
possible minimum and maximum scores each
beekeeper could get was 30 and 90,
respectively. The raw knowledge score of each
individual was then converted into knowledge
index as described below.

Actual obtained 
Knowledge         knowledge score
Index  = ––––––––––––––––––––––––––– x 100
(K.I)              Maximum obtainable 

knowledge score 

Therefore, knowledge indices were
computed for each of the respondents and they
were grouped into; (i) low, (ii) medium and (iii)
high knowledge level based on the mean
(83.20) and standard deviation (14.06) scores
as a measure of check. To express the
knowledge level of the beekeepers about each
item, the results were expressed in frequencies
and percentages.

Measurement of practicewise
knowledge on beekeeping management
practices : Here the responses from the
beekeepers were placed on two (2) point
continuum. Each of 30 knowledge questions
was given a numerical score of 1and 0 for
having complete knowledge and no knowledge
responses. Thus, the total possible maximum
and minimum scores each beekeeper could get
were 30 and 0, respectively. Hence, to explain
the practicewise knowledge of respondents,
final results were converted to frequencies and
percentages.

Results and Discussion

Personal and socio-economic characteristics
of the beekeepers:  It was observed from Table
1 that the majority of the beekeepers (70%)
were in the mid age class and 64% had post
secondary education with beekeeping
experience of 8-12 years. The major source of
information was fellow beekeepers with an
annual income of N51,000-N100,000 (Naira).
Significant percentage (65%) processed honey
twice in last one year using hand pressed
method and the demand for honey was claimed
to be high.

Overall knowledge level of the
beekeepers : It was revealed in the Table 2
that nearly half of the respondents (47.00%) fell
in the category of 'high' knowledge level, while,
28.50 per cent and 24.50 per cent of them
were in the categories of 'medium' and 'low'
knowledge level, respectively. The result of
respondents' knowledge level is depicted in the
table below. This might be connected to their
high level of education as 64 per cent of the
beekeepers had post secondary education
certificates.

Practicewise knowledge of the
beekeepers on management practices :
Table 3 indicates that higher percentage of the
beekeepers had correct knowledge regarding
recommended time of the day for colony
inspection (99%), suitable and colour of dress
appropriate for colony inspection (99.5%),
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Table 2. Distribution of beekeepers according to their
overall knowledge level

Knowledge level Frequ- Per- Mean S.D.
ency cen-
(N= tage
200)

Low (Upto 69 score) 49 24.50 83.20 14.06
Medium (70 to 96 score) 57 28.50
High (97 and above score) 94 47.00
Total 200 100.00



inspection of colonized hives (99%), inspection
of uncolonised hives (99.5%), meaning of
scarcity/dearth period (93.5%), signs of
honey/nectar flow period (93.5%), activities of
beekeepers during honey/nectar flow period
(92%), when honey is ready for harvesting

(95.5%), number of time honey is harvested in
a year (99%), distinguishing features of pure
honey (99.5%), other harvested hive products
aside from honey (96%), methods used for
honey extraction from comb (99.5%),
equipments for honey extraction (98.5%), first
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Table 3. Distribution of beekeepers according to their practicewise knowledge of beekeeping management practices

Practices Responses (yes)
–––––––––––––––––
Frequency %

Colony management
What time of the day is recommended for colony inspection? 198 99.0
Which dress and colour are suitable for colony inspection? 199 99.5
How do you handle weak colony in your apiary? 178 89
Mention any symptoms of weak colony that you know. 158 79
How many times do you inspect colonized hives in a month? 198 99.0
How many times do you visit uncolonized hives in a month? 199 99.5
How do you control swarming in your apiary? 50 25
Mention the period when honey bees normally rob the apiary. 65 32.5

Seasonal management
What are the major honey bee plant species available in your apiary? 160 80
What do you understand by scarcity / dearth period? 187 93.5
Mention steps to be taken to manage scarcity period. 174 87
What is build up period? 165 82.5
How do you manage build up period? 159 79.5
What are the signs of honey / nectar flow period? 187 93.5
Mention some common activities of beekeepers during honey / nectar flow period. 184 92

Honey bee pest and disease management
Name the disease of honey bees that is prevalent in your area. 15 7.5
Mention any type of bee pests that you know 170 85
How do you identify disease infection in a colony? 67 33.5
What precautions do you take against pest / disease of honey? 129 64.5
Name chemicals that are commonly used for pest / disease control in apiary. 50 25
What other methods are recommended for the control of pest / disease of honey bees? 121 60.5

Honey harvesting
How do you know when honey is ready for harvesting? 191 95.5
How many times honey is harvested in a year? 198 99
What are the distinguishing features of pure honey? 199 99.5
Mention other harvested products from bee hive aside from honey. 192 96
What is the function of harvesting hive? 55 27.5

Honey extraction and processing
What are the methods used for honey extraction from the comb? 199 99.5
Mention equipments for honey extraction. 197 98.5
What is the first step in the processing of honey? 199 99.5
How do you remove impurities and fragments of wax from the honey during extraction? 180 90



step in honey processing (99.5%), methods
used to remove impurities and wax fragments
from honey (90%), handling of weak colony
(89%), symptoms of weak colony (79%), major
honey bee plant species (80%), steps in
managing scarcity period (87%), meaning of
build period (82.5%), how to manage build up
period (79.5%), types of bee pests (85%),
precautions against pest/disease of honey bee
(64.5%), and recommended methods for
controlling honey bee pest/disease (60.5%).

However, it is clear from the table that a few
number of beekeepers had incorrect
information on knowledge items relating to
control of swarming (25%), robbery period
(32.5%), honey bee prevalent diseases (7.5%),
identification of disease infestation (33.5%),
chemical commonly used for pest/disease
control (25%), and function of harvesting hive
(27.5%).  

The finding showed a high level of
knowledge of honey production and
management practices among the beekeepers
in Osun State, Nigeria. High knowledge levels
of honey production and management
practices could serve as a predisposing factor to
adoption and improving the attitude of
beekeepers in a positive direction. This is
because the high knowledge level is an
indication that the beekeepers know and
understand the procedure of obtaining bees in a
manageable hive, inspect it regularly and
manage the hives according to their needs. This
is in consonant with the finding of Farinde et al.
(2005).
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India is the largest producer of oilseeds in
the world and oilseed sector occupies an
important position in the agricultural economy
of the country. Oilseeds are among the major
crops that are grown in the country apart from
cereals. Indian Vegetable oil economy is world's
fourth largest after USA, China and Brazil.
Oilseed cultivation is undertaken across the
country in about 260 lakh ha, largely under
rainfed areas greater than 70 per cent with risk
in investment. Nine oilseeds are the major
source of vegetable oil in the country. Among
nine oilseeds, soybean (39%), groundnut (26%),
rapeseed and mustard (24%) contributes
greater than 88 per cent of total oilseeds
production in the country. The area, production
and productivity of oilseeds was 259.59 lakh
ha, 248.82 lakh tonnes and 958 kg ha-1

respectively during 2009-10, touched a record
area coverage of 280.50 lakh ha, production of
327.49 lakh tonnes and yield of 1168 kg ha-1

respectively, during 2013-14 with an increase
of greater than 63 per cent in production and

greater than 29 per cent in yield. However, the
area, production and productivity of oilseeds
sharply declined to 258.24 lakh ha, 273.80
lakh tones and 1060 kg/ha respectively during
2014-15 mainly due to delayed and deficit
rainfall (www.nmoop.gov.in).

Oilseed cultivation in India is predominantly
dependent on rainfall and this leads to a higher
magnitude of instability in production of
oilseeds. Often, the marginal lands are
earmarked for cultivation of oilseed crops. Such
inherent disadvantages ensure that a level
playing field is not provided to the oilseed crops
even when they are being compared
increasingly with their competing crops in
terms of production, productivity and
profitability. In which the soybean, groundnut,
sunflower and safflower are the major ones. 

India's share in world production of soybean
meal is 4 per cent during 2013-14. It is grown
on about 122 lakh ha in the country with the
production of 119.89 lakh tones and
productivity 1034 kg ha-1 during the year
2013-14. Area under soybean was largely
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spread in the states of Madhya Pradesh,
Maharashtra, Rajasthan, Chhattisgarh, Andhra
Pradesh and Karnataka. Area from millets,
upland paddy and cotton has been diverted to
soybean The total area under soybean in the
Maharashtra was 39.17 lakh ha with
production of 47.85 lakh tones and the average
productivity 1222 kg ha-1 during the year
2013-14 (Annonymous, 2014). Maharashtra
has the highest average productivity of soybean
in the country.

Therefore, strategic research that is to serve
both agriculture and its environment should not
be so much directed towards the search for
marginal returns of variable resources, as
towards the search for the minimum of each
production resource that is needed to allow
maximum utilization of all other resources.
Thus, for production and productivities it is
important to know the resource use allocation,
its efficiency at micro level across the different
region in the state. Present study was
undertaken to examine how to scare.  

Materials and Methods

The study was based on the primary data
collected during the year 2014-15 from 250
farm families selected under the
Comprehensive Scheme for Studying the Cost

of Cultivation of Principal Crops in
Maharashtra state. The Cobb Douglas type
production function was fitted to the data
analyzes the recourse use efficiency in soybean
.The following education was specified for
further analysis.

Y= a X1
b1 X2

b2 X3
b3 X4

b4 X5b5 X6b6 X 7b7 eu 

Where, Y= Yield (qtls) ha-1, X1 = Total
human labour (mandays ha-1), X2 = Bullock
labour (pair days ha-1), X3 = Machine labour
(hrs ha-1), X4 = Manures (qtls ha-1), X5 = N
fertilizer (kg ha-1), X6 = P  fertilizer (kg ha-1),
X7 = K  fertilizer (kg ha-1), a = constant, u =
error term, bi's= Regression coefficients of
respective explanatory variable

The regression co-efficient of inputs
obtained from per farm production function of
soybean crop. Were used to calculate marginal
value products (MVP) at their geometric mean

The marginal value product of individual
resource was estimated by using the following
formula.

MVP = MPP x Py

Y
–

Where, MPP = bi ––––––––
X
–
i
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Table 1. Input use and output levels of soybean in different regions of Maharashtra ha-1 (2014-15)

Particulars Region
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Western Marathwada Vidarbha Maharashtra
Maharashtra

Human Labour (mdays) 81.9 63.39 55.55 60.88
Bullock Labour (pair days) 2.95 9.9 1.18 5.78
Machine Labour (hrs) 22.56 10.58 10.18 12.51
Seed (kg) 82.68 77.19 109.8 95.59
Manure (qtls) 23.73 4.98 3.99 6.32
N (kg) 53.48 21.86 29.89 29.55
P (kg) 40.73 50.59 39.8 43.55
K (kg) 13.49 5.28 3.9 5.34
Main produce (qtls) 14.41 10.9 8.38 9.84



Where, Y = Geometric mean of output, X
–
i

= Geometric mean of ith input, Py = per unit
price of output, bi = Elasticity of production of
ith input.

Results and Discussion

Input use and output levels : The per
hectare input use such as human, bullock and
machine labour, seed, manures and fertilizers in
terms of N, P, K and main produce obtained for
the soybean crop among the different regions
of the state is depicted in Table1. At the state
level, the use of human labour, bullock labour
and machine labour were 60.88 mandays,
5.78 pair days and 12.51 hours ha-1,
respectively . The maximum utilization of these
inputs were observed to the extent of 81.90
mandays and 22.56 hrs ha-1, respectively in
Western Maharashtra and it was minimum i.e.
55.55 mandays, 1.18 pair days and 10.18 hrs.
ha-1 in Vidarbha region. 

The per hectare average use of seed was
observed to the extent of 95.59 kg, at the state
level and it was highest in Vidarbha (109.80
Kg) and lowest in Marathwada region (77.19
Kg). Average use of manures was 6.32 qtls
ha-1 and it was highest in Western Maharashtra
(23.73 qtls) and lowest in Vidarbha region
(3.99 qtls). As regards the per hectare fertilizer,
average use of nitrogen, phosphorus and
potash were 29.55, 43.55 and 5.34 kg,
respectively with an average productivity of
9.84 qtls ha-1 at state level.

The highest productivity was observed in
(14.41 qtls ha-1) in western Maharashtra and
lowest (8.38 qtls ha-1) in Vidarbha region (Table
1).  The sample farm in Konkan region of the
state has no area under soybean crop.

Production function analysis of
soybean crop : The main purpose of any firm
is to coordinate and utilize the farm recourses
on production process so as to obtain the

highest returns. In this context, the study of
resource productivity assumes paramount
importance. The production function analysis
offers different economic, social and cultural
conditions in the farm plant and helps in
reallocation of farm recourse (Mishra and Sahu
1994). The details of production function
estimates, stander errors of coefficients, their
significance and coefficient of multiple
determinations (R2) are given in Table 2.  From
the table 1 it is clear that the coefficient of
multiple determinations were about 0.62. So
the variables included in the model were able to
explain the variations in soybean yield to the
extent of 62.20 per cent. 

The regression coefficient of human labour,
bullock labour, and manure and nitrogen
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Table 2. Per farm production function estimate of
soybean in Maharashtra 2014-15 

Explanatory variables Output elasticity

Constant (a) 0.346 (0.086)
Human Labour (X1) 0.629*** (0.243)
Bullock Labour (X2) 0.083*** (0.020)
Machine Labour (X3) 0.018 NS (0.021)
Manure(X4) 0.062*** (0.015)
N (X5) 0.065** (0.022)
P (X6) 0.021 NS (0.019)
K (X7) 0.003 NS (0.014)
R2 0.622

Figure in the parentheses are standard error of respective
variable. *, **, *** indicates the level of significance at 10, 5
and 1 per cent level, NS - Non significant

Table 3. Comparison of marginal value product (MVP)
and resource inputs

Particulars MVP MC MVP/MC

Human labour 320.14 174.91 1.8303
Bullock labour 370.23 349.9 1.0581
Machine labour 7.39 174.96 0.0422
Manures 239.91 160 1.4994
N 78.62 18.67 4.2111
P 16.75 30.82 0.5435
K 21.71 23 0.944



fertilizer for soybean crops were positive and
significant at 1 and 5 per cent level of
significance, which indicated the major
contribution of these variables in output. The
regression coefficient of machine labour,
phosphorus and potash fertilizers for soybean
were found non - significant showed less
influence of such variables on the output. 

Marginal Value Products and resource
input : Considering Maharashtra state as a
whole, the marginal value products and
resource inputs are compared and depicted in
Table no. 3.

It is observed from the table that, for
soybean crop, the MVP values of all the crucial
inputs expect machine labour, phosphorus and
potassium fertilizer are greater than the
marginal costs, indicating that these inputs are
used optimally and there is scope to increase
these inputs for obtaining better yield. 

The result indicated that the regression
coefficient of human labour, bullock labour, and
manure and nitrogen fertilizer for soybean
crops was   significant, which indicated the
major contribution of these variables in output.
The regression coefficient of machine labour,
phosphorus and potash fertilizers for soybean
were found non - significant showed less

influence of such variables on the output, the
MVP values of all the crucial inputs expect
machine labour, Phosphorus and potassium
fertilizer are greater than the marginal costs,
indicating that these inputs are used optimally
and there is scope to increase these inputs for
obtaining better yield.

References
Annanoymus. 2014. Directorate of Economics and

Statistics.

Mishra, P. K. and Shau, R. M. 1995.Resource productivity
and need resource adjustment in gram cultivation in
MP.Agricultural situation in India. 49(07): 524-532.

Majumder, M. K., Mozumdar, L., Roy, P. C. 2009.
Productivity and resource-use efficiency of Boroice
production. Journal of Bangladesh Agricultural
University.7(2): 247-252.

Patil, S. M., Kunnal, L. B. and Gaddi, G. M. 1997.
Resource use efficiency in ground nut production.
Karnataka journal of Agricultural sciences. 10(03):
807-810.

Prajneshu, 2008. Fitting of Cobb-Douglas production
functions. Revisited. Agricultural Economics Research
Review. 21: 289-292.

Pawar, B. R. and Viajkumar, N. 2013. Resource
productivity and resource use efficiency in soybean
production. International Journal of Commerce and
Business Management. 6(01): 55-57

Raghwanshi, R. S., Awasthi, P. K. and Sharma, P. 1999.
Resource Use Efficiency in Wheat Cultivation. Indian
Journal of Agricultural Research. 33 (3):67-71.

______________

Journal of Agriculture Research and Technology 285



Mango is fifth most widely produced fruit
crop in the world after banana, citrus, grape
and apple.  India is largest producer of mango
which accounts for about 40.9 per cent of the
total world production of mango. Mango
accounts for 40 per cent of the area under fruits
and 21.72 per cent of the total production of
fruits in the country. During 2014-2015 area
under mango was about 2500 thousand ha
with an average production of 18002 thousand
tonnes (Horticulture Division, D/o Agriculture
& Cooperation, M/o Agriculture).

Konkan resion is known as "Fruit bowl" of
Maharastra. A choicest variety of mango i.e.
Alphanso is grown in Konkan region which has
export potential. The export of fresh mango
fruits during year 2014-2015 was 42,998.31
MT which valued at about Rs. 302.54 crores.

The trend in export of mango based products
over last decade has changed significantly.
Export of value added products of mango earns
more than that of even fresh mango fruits. The
export of major mango based products like
mango pulp, mango pickle and jam jellies
marmalades was about 154820.69 MT,
18963.53 MT and 88.33 MT in terms of
quantity and about Rs.  84138.56 lack, Rs.
278.72 lacks and Rs. 62216.24 lacks in value
terms, respectively during year 2014-15
(Anonymous 2015).

The Government of Maharashtra realized
the importance of fruit crops in employment
generation and upliftment of poor marginal
farmers and launched an ambitious
Employment Guarantee Scheme linked
Horticultural Development Programme in
1990-91. Fruit crops like mango, cashew,
coconut, ber, guava, orange, sweet lime and
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Abstract
The present study is based on primary data collected from 100 mango growers from Ratnagiri district of

konkan region. The per hectare capital investment for establishing mango, orchard was Rs.78118.9. At an
overall level, annual cost of maintenance of mango orchard without and with subsidy was Rs. 58178 and
Rs.54645, respectively. At overall level, net returns from mango orchard were Rs.35156.81, respectively.
The analysis of financial feasibility of investment in mango orchards showed that, the investment made
without subsidy and with subsidy is financially viable with benefit cost ratio (BCR) greater than unity 1.28 and
1.85 respectively. Net present palue (NPV) was positive (12549.25 and 28187.55) in mango. The internal
rate of return (IRR) was higher (12.65% and 18.96%) than prevailing rate of interest. The payback period
was also desirable in both without and with subsidy for mango 12 and 9 years, respectively. The per hectare
total employment generated upto 15 year was 1078 man days which has been resulted in generation of
additional employment to the tune 503 man days through mango plantation. The per hectare additional
income generated through mango was Rs. 582916.7, up to 15 years.
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tamarind etc. are covered under the said
programme. The main objectives of the
programme are to generate sustainable
employment on the farm itself, increase the
production of high value crops, to increase the
income and standard of living of farmers, to
control soil erosion, to maintain ecological
balance and to bring waste land under
cultivation. From 1990-91, Government of
Maharashtra has made huge investment on
horticulture development in the state in general
and Konkan region in particular. However, so
far no efforts have been made to evaluate the
impact of this programme in Konkan region in
particular. In view of this, attempt was made in
the present study to assess the financial
feasibility of investment in mango plantation
and to examine socio-economic impact of
Horticultural Development Programme.

Materials and Methods

Ratnagiri district from Konkan region is
famous for cultivation of choicest Alphonso
variety of mango. The area under mango in
Ratnagiri district is 20674 hectare. In view of
this Ratnagiri district was selected purposively
for the present study. Considering the time limit
and availability of secondary data Dapoli tehsil
from Ratnagiri district was selected purposively.
On the basis of number of beneficiaries fifteen
villages having maximum number of
beneficiaries were selected purposively. From
each village five beneficiaries were selected
randomly. The data on input utilization during
establishment of mango orchard i.e. up to five
years were collected from 75 farmers. In
addition 25 farmer who have old mango
orchards of various age groups were selected to
collect data on maintenance of mango orchard.

Estimation of investment on mango
orchard : Input wise cost of establishment was
estimated for the first five years by integrating
the expenditure over age of crop from planting

to fifth year. The annual amortization cost was
computed from the investment made on mango
orchard from the preparation of land for
plantation to the first five years. Annual
amortization cost was worked out by using the
compounding cost formula and added it into
respective cost for estimating the annual cost of
maintenance of orchard.

p x i(1 + i)n
a = ––––––––––––––––

(1 + i)n - 1

Where, a = amortization cost, p =
establishment cost, i = interest rate and n =
time period.

Estimation of annual cost of
maintenance : The growers have to incur
expenditure for the maintenance of mango
orchard every year. The maintenance cost of
the mango was estimated by following standard
cost concepts. Annual cost of cultivation
comprises amortization and maintenance costs. 

Financial evaluation of investment on
mango orchard : The financial evaluation of
investment on mango orchard was judged with
following discounted measures. (i) Pay back
period (PBP), (ii) Net present value (NPV),  (iii)
Internal rate of return (IRR) and (iv) Benefit cost
ratio (BCR). 

Estimation of income and employment
generation : In Konkan region, varkas land is
generally utilized for cultivation of crops like
nagli, mango and cashew. Income from
production of mango was estimated. Similarly,
income from varkas land utilized for nagli was
estimated. The additional income from mango
plantation was estimated by deducting the
income of nagli from income of mango.
Labour required for raising nagli was subtracted
from the requirement of labour for mango
cultivation to ascertain additional employment
generated due to mango plantation. 
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Results and Discussion

Investment on mango orchard : The
horticultural crops requires certain gestation
period till they start yielding fruits. During
gestation period farmers have to incur
considerable expenditure for establishment of
orchard. Similarly, farmers do not realize any
returns from the orchards. Therefore, the cost
of establishment of orchard can be regarded as
capital cost. In the first five years of mango,
farmer has to incur the expenses on
preparation of land, purchase of grafts and
planting, watering, fencing, manures chemical
fertilizers, etc. In view of this, an attempt has
been made to assess the establishment cost of
mango orchard.

Establishment cost : Item wise per
hectare establishment cost of mango orchard is
presented in Table 1.  The per hectare cost
incurred for establishing mango orchard was
Rs. 78118.9. Out of this, Rs. 49255.20
(63.05%) was the labour cost, including family
labour. The expenses incurred on fencing,
manures and chemical fertilizers, grafts, and
plant protection were 17.04, 11.83, 3.68 and

2.57 per cent, respectively. Expenditure on
other inputs constituted 1.84 per cent of the
total cost. Further it was observed from Table 1
that, out of  total cost of establishment of
mango orchard Rs. 41,823.8 (53.54%) was
incurred in the first year Rs. 11,121.9
(14.24%) in the second year, Rs. 10,438.7
(13.36%) in the third year, Rs. 10,287
(13.17%) in fourth year and Rs. 4,447.5
(5.69%) in fifth year. This indicated that the
expenditure was maximum in the first year and
it was found to be declining in subsequent
years. Expenditure in the first year was more on
labour, fencing, manures, fertilizers and grafts.

Annual cost of maintenance of mango
orchards : Once the gestation period is over,
farmer has to incur expenditure on
maintenance of orchard. In order to assess the
impact of subsidy, the maintenance cost was
estimated with and without subsidy. This will aid
in assessing the impact of subsidy on financial
feasibility of investment of mango orchards.  

Annual cost of cultivation of perennial
horticulture crops comprises annual
amortization and maintenance costs. The
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Table 1. Itemwise per hectare establishment cost of mango orchard (Figures in Rs.)

Particulars 1st year 2nd year 3rd year 4th year 5th year Total

Family labour 2211.5 1353.3 1730 1416 891 7601.8 
(5.29) (12.17) (16.57) (13.77) (20.03) (9.73)

Hired labour 22087.3 6886.1 6035 4926 1719 41653.4 
(52.81) (61.91) (57.81) (47.89) (38.65) (53.32)

Grafts 2500 250  125 - - 2875
(5.98) (2.25) (1.20) (3.68)

Manures and chemical  fertilizers 3600 1222.5 1358.7 2270 787.5 9238.7
(8.61) (10.99) (13.02) (22.07) (17.71) (11.83)

Plant protection 225 500   380  350 550 2005
(0.54) (4.50) (3.64) (3.40) (12.37) (2.57)

Fencing 11000 560  650   1100 - 13310
(26.30) (5.04) (6.23) (10.69) (17.04)

Other 200 350  160   225 500 1435
(0.48) (3.15) (1.53) (2.19) (11.24) (1.34)

Total cost 41823.8 11121.9 10438.7 10287 4447.5 78118.9
(100.00) (100.00) (100.00) (100.00) (100.00) (100.00)

Figures in parentheses are percentages to total.



annual amortization cost was computed from
the cost of establishment of mango orchards,
under the assumption that the rate of interest is
10 per cent and expected productive life of
mango orchards is 60 years. Average per
hectare cost of maintenance of mango with and
without subsidy is presented in Table 2. The
annual amortization cost per hectare was
worked out to Rs. 7,811.89. The overall level,
annual cost of maintenance of mango orchard
without and with subsidy was Rs. 58,178 and
54,645, respectively. The share of cost A and
cost B in total cost of maintenance without
subsidy was to the tune of 39.36 and 81.31 per
cent, respectively. Whereas the share of cost A
and cost B in maintenance cost with subsidy
was 41.90 and 79.91 per cent, respectively.
The foregoing analysis implied that there was
reduction in the maintenance cost by about six
per cent as a result of subsidy which is direct
benefit to the mango grower.

Per hectare cost and returns from
mango orchard : In order to assess the
financial feasibility of investment in horticultural
crops, costs and returns over the life period of
the crop are necessary. In view of this, an
attempt was made to estimate costs and returns
for different age groups of mango orchard and
same is presented in Table 3. 

It could be seen from Table 3 that at an
overall level, per hectare yield of mango was
estimated at 31.43 q. Among the age groups of
mango, the per hectare yield was the highest
(37.45 q) for 21-40 years age group and the
lowest (25q) for 6-10 years age group. In the
case of mango yield per hectare increased upto
40 years and thereafter it started declining. At
an overall level per hectare cost of cultivation of
mango orchards was Rs. 58178.21 with net
returns to the tune of 35156.81.

Financial feasibility of investment in
mango orchards : Unlike annual crops,

investment on orchards demands vast resources
and the flow of income are spread over a
number of years. Also, once investment is
made and resources committed no retrieval is
possible. Therefore, to test the worthwhileness
of the project cost and returns from the
investment need to be analysed with a great
deal of caution. 

Taking into account the variation in cost of
establishment and cost of maintenance the time
series of cash out-flow (costs) and cash inflow
(returns) were prepared for mango crop. The
cash flow statement was generated by
considering economic life of mango orchard as
60 years and same was used for computing the
benefit cost ratio, net present value at 12 per
cent discount rates. In addition to these
parameters for financial evaluation of
investment in mango orchard, internal rate of
returns was also estimated. The financial
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Table 2. Average per hectare cost of maintenance of
mango orchard without and with subsidy

Particulars Without subsidy With subsidy
amount amount
(Rs.) (Rs.)

Cost A 22901.42 22901.42
(39.36) (41.90)

Cost B 47200.81 43668.40
(81.13) (79.91)

Cost C 58178.21 54645.80

Table 3. Per hectare cost and returns from mango
orchard

Orch- Age Yield Cost of Gross Net
ards group qui- culti- returns income

ntal vation (Rs. (Rs.
ha-1 (Rs. ha-1) ha-1)

ha-1)

Mango 6 to 10 25.00 51381.03 75000 23618.97
11 to 20 32.91 55619.27 89583.33 33964.06
21 to 40 37.45 61298.16 114035.3 52737.09
Above 40 30.34 64414.38 94721.48 30307.1
Overall 31.43 58178.21 93335.02 35156.81



feasibility of investment in mango orchard is
presented in Table 4. It was observed that the
benefit cost ratio at 12 per cent discount rate
was 1.28 without subsidy and 1.85 with
subsidy. The net present value at 12 per cent
discount rate was Rs. 12549.25 and Rs.
28187.55 without subsidy and with subsidy,
respectively. The pay-back period was 12 years
without subsidy and 9 years with subsidy.
Internal rate of return was 12.65 per cent
without subsidy and 18.96 per cent with
subsidy for the mango.

The foregoing analysis revealed that the
benefit cost ratios were more than unity at 12
per cent discount rate presumed. The net
present value was positive and the internal rate
of return was higher than the prevailing rate of
interest. The pay back-periods were
comparatively shorter. On the basis these
financial feasibility parameters, it can be
concluded that investment in mango plantation
is financially feasible.

Further it can be concluded that there was a
positive impact of subsidy on financial feasibility
parameters. The values of BCR, NPV and
internal rate of return were greater than that of
values without subsidy. The payback period
with subsidy was less than pay back periods
without subsidy. On the basis of these
parameters it may be inferred that the impact of
subsidy on these parameters is positive and
mango plantation is financially viable venture.

Impact of mango plantation on
employment generation : The state
government has been implementing the
programme to promote horticulture in the state
through EGS linked horticultural development
programme since 1990-91. One of the
objectives of the said programme is to generate
additional employment for the rural youths. In
view of this, an attempt was made in the
present study to evaluate this objective by

estimating employment generation through
horticultural plantation.

Information on employment generation in
field crop and mango is shown in Table 6. In
order to assess the impact on employment
generation, the employment would have been
generated through field crop is compared with
the employment generated through mango. In
general, the field crops like nagli and millets are
grown on varkas land, which is also used for
mango cultivation.

Per hectare employment generation
through mango plantation : In is seen from
Table 5 that, during the establishment period
per hectare total employment generated
through mango plantation was 480 man days.
Whereas, 425 man days employment would
have been generated by growing field crops on
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Table 4. Financial feasibility of mango without and with
subsidy

Parameters Without With
subsidy subsidy

Benefit cost ratio 1.28 1.85
Net present value 12549.25 28187.55
Internal rate of return (Per cent) 12.65 18.96
Pay-back period 12 9

Table 5. Per hectare employment and income generation
(Figures in man days)

Year Field Mango Additional 
crops employ-
(Nagli) ment

Labour requirment
1 to 5 year 425 479.97 54.97
6 to 10 year 425 593.75 168.75
11 to 15 year 425 704.15 279.15
Total 1275 1777.87 502.87

Income generation
1 to 5 80000 - -80000
6 to 10 80000 375000 295000
11 to 15 80000 447916.7 367916.7
Total 240000 822916.7 582916.7



the same piece of land. This implied that
mango plantation has generated additional
employment of 55 man days per hectare during
establishment period. Mango plantation would
generate additional employment to the tune of
503 man days up to 15 years.

The foregoing analysis of employment
generation revealed that there was positive
impact of programme on employment
generation in rural area.

Impact of  programme on income
generation : The attempt has been made in
the present investigation to assess the impact of
development programme on income
generation. The information in this respect is
shown in Table 5. In order to assess the impact
of this programme on income, the income
would have been generated through field crop
i.e. nagli is compared with the income
generated through mango.

In is seen from Table 5 that, during the
establishment period per hectare total increase
in income through mango plantation was zero.
The per hectare total increase in income upto
15 year was Rs. 822916.7, which has resulted
in generation of additional income to the tune
Rs. 582916.7. 

The study revealed that investment in

mango plantation is financially feasible and has
resulted in generation of additional employment
and income. The government should continue
the programme in future to bring more and
more uncultivable land under horticulture crop.
Additional employment and income from
horticultural crop will reduce rural-urban
migration in Konkan region.

References 
Bal, H. K. and A.S. Kahlon. 1977. Methodological issues

on measurement of return to investment in agricultural
research, Indian Journal of Agricultural Economics,
32(3): 181-192.

Bhole, J. 1981. A study on returns to investment in
agricultural research in Vidarbha region of
Maharashtra, The P.K.V. Research Journal, 25 (2):
151-156.

Gummagolmath, K. C., G. K. Hiremath and Basavraj
Kulkarni. 2002. Mango cultivation in Dharwad district
- An analysis of cost and resource productivity. The
Bihar Journal of Agril. Marketing, 10 (2):148-152.

Kumar Sanjay and Kehar Singh. 2003. Profitability and
financial feasibility of mango and kinnow plantation in
Himachal Pradesh. Agricultural Economics Research
Review, 16 (1): 21-85.

Patil, H. N. and P. Kumar. 1986. Economic evaluation of
capital investment in Alphonso mango production in
Ratnagiri district. J. of Maha. Agriculture Univ., 11
(2):218-221.

Thorat, V. A. 1986. Impact of Input Subsidy for Mango
Plantation in North Ratnagiri District (Maharashtra).
Unpublished M.Sc. (Agri.) thesis submitted to Konkan
Krishi Vidyapeeth, Dapoli.

Journal of Agriculture Research and Technology 291

______________



Body condition score influences
productivity, reproduction, health, and
longevity. During transition period animal goes
in negative energy balance due to decreased in
dry matter intake, stress of calving and lactation
which continue losses in body weight and body
condition score in early lactation which effect
on reproduction, production and health of
animal. Protected protein and fat which
provides different amino acids and energy to
minimize negative energy balance during
transition period and increase recovery of the
body weight loss and body condition score. By
considering the above facts present
investigation was conducted to assess the effect
of feeding protected protein and protected fat
on body condition score and body weight in
crossbred cattle

Materials and Methods

The experiment was conducted at Research
Cum Development Project on Cattle,

Department of Animal Husbandry and Dairy
Science, Mahatma Phule Rrishi Vidyapeeth,
Rahuri Dist. Ahmednagar. Twenty four
crossbred cows in second to fourth lactation
with most probable production ability (MPPA)
of average approximately 2300 liters milk
production per lactation for each group were
selected from the herd maintained at RCDP on
Cattle. The duration of experiment was
considered from 30 days prepartum to 90 days
postpartum. The animals were fed according to
the nutrient requirement (ICAR 1998). The
measured quantity of chaffed whole sugarcane,
maize green followed by dry jowar kadbi was
offered after concentrate feeding and in
afternoon, green lucerne and jowar kadbi was
offer to experimental animals. Concentrate
mixture @ 2.0 kg was given for body
maintenance plus 30 per cent of milk
production was given. The groundnut cake was
treated with formalin (40% formaldehyde) at
the rate of 1.0 g formaldehyde/100 g CP of
cake. After treatment, the cake was mixed
thoroughly and then stored in tightly sealed
plastic bags for at least, as per the procedure
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standardized for the protection of protein cake
to make it bypass protein (Chatterjee and Walli,
2003). The Rumen protected fat of palm fatty
acids was purchased from market and fed @ 10
g liter-1 milk production to individual animal.
Daily dry matter intake was observed by
recording the daily feed offered and leftover.
The DM of different feed ingredients and
concentrate was estimated once every week.
Daily intake of nutrients of each cow was
recorded throughout the experimental period.
Body weights of the animals were recorded at
fortnightly interval by Avery platform balance.
The animals were weighed in the morning
before offering feed and water. To assess the
body condition of the animal with a fairly high
accuracy, a simple technique called body
condition scoring by Prasad (1994) was
adopted in the present study. Body condition
score of experimental animals were observed
on every fortnight during experimental period.

Results and Discussion

Nutrient intake : Average dry matter and
nutrient intake in different treatment group is
presented in Table 1. The DMI was 12.47,
12.59, 12.23 and 12.72 kg day-1 in T0, T1, T2
and T3, respectively, which was significantly
higher in T3 followed by T1, T0 and T2. It might
be due to higher body weight in T3, T1 and T0
than T2. However, from the table it is revealed

that the DMM 100 kg-1 body weight was 3.05,
3.01, 3.13 and 2.81 kg d-1 in T0, T1, T2 and
T3, respectively which did not differ among all
groups. The results confirmed the finding that
in case of crossbreds, the dry matter
requirements is @ 3% of the body weight of
animal. Sonttakke et al. (2014) and Ramteke et
al. (2014) reported that the DM intake of dairy
animals was not altered on supplementation of
bypass fat. Sai et al. (2014) observed non
significant effect on supplementing bypass
protein on DMI. Amrutkar et al. (2014)
reported significantly increase in DMI by
feeding bypass protein. Whereas, Shelke et al.
(2012) and Vahora et al. (2013) reported
significant increase in DMI by feeding bypass fat
and protein. Body weight changes during
experimental period.

Average initial body weight (Table 2) of
experimental animals was 438.33, 441.67,
405.00 and 458.33 kg in T0, T1, T2 and T3,
respectively with was non significant differences
among the treatments. Fortnightly changes in
body weights of experimental animal during the
experimental period are presented in Table 3.
In first fortnight (-30 to -15 days) the
experimental animals gained 18.33, 20.83,
20.00 and 19.17 kg body weight in groups T0,
T1, T2 and T3, respectively, while at time of
calving experimental animals lost -31.67,
-32.50, -28.33 and -29.50 kg body weight in
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Table 1. Nutrients intake in different treatments

Parameters Treatments
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
T0 T1 T2 T3 SEM± CD @ 5%

DMI (kg day-1) 12.47a 12.59a 12.23b 12.72a 12.5 0.11
DMI/(%BW) 3.05 3.01 3.13 2.81 3 NS
DCP I (kg day-1) 1.15b 1.21a 1.18a 1.23a 1.19 0.01
DCPI (%BW) 0.28 0.29 0.3 0.27 0.28 NS
TDNI (kg day) 7.11c 7.86b 7.93b 8.32a 7.8 0.07
TDNI (%BW) 1.74 1.88 2.03 1.84 1.87 NS

a, b, c bearing different superscripts within row and coloum different significantly (P<0.5)



groups T0, T1, T2 and T3, respectively
compared to -15 day body weight. There was
net loss of 13.33 kg in T0 and weight gain of
22.00 kg followed by 15.00 and 04.17 kg in
T3, T2 and T1 group respectively after 6th
fortnight period of calving compare to body
weight at calving. Body weight change (Table 4)
in groups T3 and T2 revealed gain in BW from
second fortnight onwards as was evident from
increasing trend in body weight while it took
longer (3rd fortnight) time in case of group T1
and (4th fortnight) T0. Feeding protected fat
and protein showed effective trend in terms of
reducing the extent and duration of body weight
loss as compared to control group.

Mathew and Zachariah (2014) reported that
supplementation of 100 grams of bypass fat
was found to be effective in preventing weight
loss during initial 90 days of lactation. Wadhwa
et al. (2012) reported the BW of the animals

improved considerably in the bypass fat
supplemented group as compared to the un-
supplemented group (551 vs 508, kg), but the
differences were non-significant. Gowda et al.
(2013) reported less body weight loss in cows
fed protected fat and the regain of body weight
was much quicker, also Yadav et al. (2015)
repoted less body loss due feeding prilled fat to
crossbed cow.

Kalbande and Thomas (1999) reported
more fortnightly body weight gain by feeding
bypass protein in crossbred cows. Sai et al.
(2014) reported significantly higher average
daily gain by supplementation of rumen
protected methionine and lysine in calves.

Shelke et al. (2012) reported significantly
higher body weight gain by feeding bypass fat
and protein in lactating buffaloes. Also Grewal
et al. (2014) observed more body weight gain
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Table 2. Pre and Postpartum fortnightly changes in body weights (kg) of cattle fed with or without protected fat and protein

Days prepartum T0 T1 T2 T3 Mean

-30 438.33 441.67 405.00 458.33 435. 83a

-15 456.67 462.50 425.00 477.50 455.42a

0 at Calving 425.00 430.00 395.00 448.00 424.50b

Mean 440.003 444.72a 408.33b 461. 28a 438.58
S T S x T

SEm 11.577 13.368 23.154
CD5% 23.263 26.862 N/A

Days postpartum
0 at Calving 425.00 430.00 395.00 448.00 424.50
15 410.00 417.50 383.33 442.50 413.33
30 403.33 418.33 390.83 450.00 415.63
45 414.17 415.00 392.50 450.00 417.92
60 408.33 420.00 395.83 453.33 419.38
75 409.17 425.83 400.00 461.67 424.17
90 411.67 434.17 410.00 470.00 431.46
Mean 411.67bc 422.98b 395.36c 453.64a 420.91
Weight gain  after calving to 90 days -13.33c 4.17b 15.00ab 22.00a

S T S x T
SEm 11.084 8.379 22.169
CD5% N/A 16.59 N/A

a, b, c bearing different superscripts within row and colourn different significantly (P<0.5)



by supplementation of bypass fat and niacin in
cows. 

Body condition score (BCS) changes :
Fortnightly changes in BCS are presented in
Table 4. Higher BCS observed in T3 (3.64)
followed by T2 (3.60), T1 (3.57) and T0 (3.48),
respectively which was significantly higher in
T3, T2 and T1 over T0. From the results it was

revealed that feeding of protected fat and
protein alone or in combination had
significantly beneficial effect on body condition
score of the animals. The body condition score
of the animals significantly differed with each
other during different periods. The body
condition score increased in 30 days prepartum
period than 15 days prepartum period. The
body condition score of the animals decreased
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Table 3. Pre and Postpartum fortnightly changes in body weight gain/losses (kg) of cattle fed with or without protected fat
and protein

Days prepartum T0 T1 T2 T3 Mean

-15 18.33 20.83 20.00 19.17 19.58a

0 at Calving -31.67 -32.50 -28.33 -29.50 -30.50b

Mean -6.67 -5.83 -4.17 -5.17 -5.46
S T S x T

Sem 2.452 3.468 4.904
CD5% 4.998 N/A N/A

Days postpartum
0 at Calving -31.67 -32.50 -28.33 -29.50 -30.50a

15 -15.00 -12.50 -11.67 -5.50 -11.17b

30 -6.67 0.83 7.50 7.50 2.29c

45 10.83 -3.33 1.67 0.00 2.29c

60 -5.83 5.00 3.33 3.33 1.46c

75 0.83 5.83 4.17 8.33 4.79c

90 2.50 8.33 10.00 8.33 7.29c

Mean -6.43 -4.05 -1.90 -1.07 -3.36
S T S x T

Sem 3.699 2.796 7.398
CD5% 7.323 N/A N/A

a,b,c bearing different superscripts within row and coloum different significantly (P<0.5)

Table 4. Fortnightly changes in Body Condition Score (BCS) of cattle fed ration with or without protected fat and protein

Treat Pre and postpartum period (Days)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
-30 -15 0 15 30 45 60 75 90 Mean

T0 3.79 4.04 3.29 3.08 3.13 3.21 3.38 3.63 3.79 3.48c
T1 3.75 4.04 3.54 3.17 3.25 3.29 3.54 3.71 3.83 3.57b
T2 3.79 4.04 3.50 3.21 3.29 3.29 3.58 3.79 3.92 3.60ab
T3 3.83 4.08 3.50 3.21 3.33 3.42 3.63 3.83 3.92 3.64a
Mean 3.79c 4.05a 3.46e 3.17g 3.25f 3.30f 3.53d 3.74C 3.86b 3.57

S T S x T CV%
SEm 0.022 0.015 0.045
CD5% 0.062 0.041 NS 3.407



significantly in 15 days after calving and it again
showed continuous increasing trend up to the
90 days period after calving. After calving,
animals reached at highest body condition
score which indicated that whatever the calving
stress observed in animals was nullified in 90
days period. Therefore, from these results it is
revealed that the animals were going in stress
after calving and feeding bypass fat and protein
has positive effect and is essential to recoup the
animals within 90 days period after calving.

Methew and Zachariah (2014) observed that
supplemented bypass fat showed better BCS
than control. Kirovski et al. (2015) concluded
that the loss in body condition was significantly
lower in the group fed palm oil than in the
control group in cows. Yadav et al. (2015)
reported significantly inscresed BCS by feeding
prilled fat to crossbed cows. 

Calving performance : Average birth
weight of calves born of cows fed rations with
or without rumen protected fat and protein are
presented in Table 5. From the table it is
revealed that average calf birth weight was
higher in T3 (25.5 kg) followed by T1 (23.83
kg), T0 (23.17) and T2 (20.67 kg), which was
statistically non-significant among treatment.

The results indicated that prepartum feeding of
either protected protein or fat or combination
of both was unable to exert its effect on birth
weight of calves born. These findings are not in
agreement with the findings of Shelke et al.
(2012). They reported significantly increase in
birth weight of calve by feeding bypass fat and
protein to cows.
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Rajmash bean (Phaseolus vulgaris L.)  is
one of the most important leguminous crop
used for grain as well as green pod vegetables.
Rajmash bean is also known as French bean
kidney bean, field bean, snap bean, string bean
and dried pulses is called Rajmash seems to
hold in agriculture to meet out the challenges of
under nutrition to much extent.

Being a short duration crop French bean
can be grown under different cropping patterns
of hills and plains of India. In India, it is mainly
grown in Himachal Pradesh, Punjab, Haryana,
Uttar Pradesh, Bihar, Gujarat, Madhya
Pradesh, Maharashtra, Karnataka, Andhra
Pradesh, Tamil Nadu and Jammu and Kashmir.
Brazil ranks first in production in the world. In
Maharashtra, it is mainly grown in Satara,
Pune, Sangali and Kolhapur districts. 

French bean is a potential source of protein
and other nutrients for supplementary diet.
Since systematic information on biochemical
characterization of French bean is still scanty,
the present study was therefore, under-taken to
evaluate quality attributes of French bean
collections in order to find out nutritionally
superior genotypes for multiple use.

The experimental materials used for the
present investigation comprised of 50
genotypes of French bean obtained from
National Agricultural Research Project,
Ganeshkhind, Pune The experiment was
conducted at Botany Farm, College of
Agriculture, Pune-5, during kharif, 2014, in
Randomized Block Design with three
replications. Each entry was represented by a
single row of 4.5 m length with a spacing of 30

cm between rows and 10 cm between the
plants. All the crop management and plant
protection operations were carried out as per
recommended package of practices. The twelve
characters under study viz., ascorbic acid,
calcium, carbohydrates, dietary fibre, iron,
magnesium, omega3 fatty acid, omega6 fatty
acid, phosphorus, saturated fat, vitamin-A and
protein  content of dried seeds of French bean
genotypes were analysed by instrument NIR
spectrophometer. 

The phenotypic and genotypic coefficients
of variation were estimated as per standard
procedure of Burton (1952), heritability in
broad sense and expected genetic advance by
using the methodology suggested by Allard
(1960).

The data pertaining to the biochemical
constituents of seeds of various genotypes of
French bean are presented in Table 1 and 2.
The mean value for ascorbic acid was 4.41 mg.
Significant variation in ascorbic acid was ranged
from 3.86-5.24 mg with its highest value in R-
13-22 followed by GM-IC-28007, LCK-8
GRB-701 and GRB-902. The lowest value was
exhibited by EC-13097. Significant variability
among the mature seeds in this regard might be
attributed to variable accumulation of
photosynthates and other dietary constituents
expressed in terms of grain in dry matter in the
seeds (Gopalan et al., 1993).

Biochemical parameter calcium exhibited
wide variability ranging from 132.31 to 189.70
mg. The population mean for calcium was
178.30 mg. Genotypes Phule Surekha
exhibited highest calcium content followed by

RESEARCH NOTES
J. Agric. Res. Technol., 41 (1) : 298-303 (2016)

Assessment of biochemical parameters in  Rajmash
(Phaseolus vulgaris L.) genotypes. 
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R-13-4, LCK-13, GM-IG-328655, R-13-6, EC-
53093 and GRB-701. Similar, findings were
reported by Chaudhary and Sharma 2013,
Ghavidel and Prakash 2007. The mean value
for carbohydrates was 63.56 g. Carbohydrates
varied significantly from 61.18 to 64.08 g.
Varun exhibited highest value followed by GM-
LJK-106, R-13-6,EC-286073, GRB-902,
LCK-2, LCK-10 and GRB-701.  Gopalan et
al., 1993, Singh et al., 1996 and Smriti et al.
2003. Dietary fibre showed significant
variability ranging from 16.07 to 30.86 g. The
mean value of dietary fibre was 24.96 g.
Genotype GM-IC-28007 exhibited highest
value followed by R-13-22,GM-NIC-22613,
EC-530920, GM-R-119,IC-039081  and RR-
12-15. The data obtained in relation to dietary
fibre content in this study is confirmed with the
findings of  Gopalan et al., 1993, Singh et al.,
1996 and Smriti et al. 2003 

The mean value of iron content was 2.96
mg and significantly varied from 2.05 to 4.84
mg. Genotype HPR-35 showed highest value
followed by GM-IG-328655, EC-13097, EC-
13099 and SKUA-R-121. The population
mean for magnesium was 172.02 mg and
significant variation ranged between 153.90
to182.09 mg. The genotype showed EC-

271517 highest followed by IC-370764, EC-
43037, GM-IG-328655 and  SKUA-R-121
genotypes. Similar, finding was reported by
Chaudhary and Sharma 2013.

The population mean value for omega-3
fatty acid was 0.69 g and significant variation
ranged from 0.46 to 0.95g. Genotype IC-
42381 exhibited highest omega-3 value
followed by EC-271544, R-13-6, GM-NIC-
22613, IC-039081 and EC-53093. The mean
value of omega-6 fatty acid was 435.63 g.
Omega-6 fatty acid exhibited significant
variation ranging from 427.09 to 449.05 g.
Genotype R-13-22 showed highest value
followed by GM-IC-28007, GM-R-119 and EC-
530976. 

The genotype R-13-22 exhibited highest
phosphorus content followed by EC-13100,
EC-13099, EC-530920 and LCK-7. The
population mean for phosphorus was 300.68
mg and showed significant variation between
288.30 to 316.00 mg. Similar, finding were
reported by Audu and Aremu, 2011 and
Chaudhary and Sharma 2013. The mean value
of saturated fat was 209.80 mg and had
significant variation ranged from 170.61 to
295.88 mg. Genotype EC-13100 exhibited

Journal of Agriculture Research and Technology 301

Table 2. Parameter of genetic variability of 50 genotypes in French Bean

Characters Range General Phenotypic Genotypic Herta- GA GA as
mean coefficient coefficient ability per cent

of variation of variation (h2) of mean
(PCV) (GCV) (bs) %

Ascorbic acid  (mg) 3.86 - 5.24 4.41 6.45 6.26 94 0.55 12.52
Calcium (mg) 132.31-189.70 178.30 6.72 4.92 54 13.25 7.43
Carbohydrates (g) 61.18-64.08 63.56 0.82 0.76 87 0.92 1.45
Dietary fibre (g) 16.07-30.86 24.96 13.65 13.65 99 7.02 28.12
Iron (mg) 2.05-4.84 2.96 19.89 10.86 30 0.36 12.21
Magnesium (mg) 153.90-182.09 172.02 3.21 3.21 99 11.37 6.61
Omega3 fatty acid (g) 0.46-0.95 0.69 13.88 13.31 92 0.18 26.30
Omega6 fatty acid (g) 427.09-449.05 435.63 0.98 0.98 99 8.79 2.02
Phosphorus (mg) 292.07-316.00 300.68 1.98 1.98 99 12.25 4.07
Saturated fat (mg) 170.61-295.88 209.80 5.37 5.37 99 23.23 11.07
Vitamin A (IU) 4.25-11.43 7.58 14.17 14.17 99 2.21 29.18
Protein (%) 19.66-24.35 22.40 5.28 5.12 94 2.30 10.24



highest value followed by IC-370764, GRB-
902 and EC-286073. Similar, finding were
reported by Audu and Aremu 2011 and
Olanipekun et al. 2015. 

The population mean value for vitamin A
was 7.58 IU and significantly varied from 4.25
to 11.43 IU. The genotype R-13-22 showed
highest value followed by GM-IC-28007, GRB-
701, EC-43037 and EC-271544. Similar,
findings were reported by Asogwa and
Onweluzo 2010. The mean value of protein
was 22.40 per cent and showed wide variability
between 19.66 to 24.35. The genotype Phule
Surekha exhibited highest value followed by
GRB-702, LCK-13, GMIJK106, R-12-15,
LCK-14 and GRB-902. Similar trend of
variability for protein content in Rajmash
genotypes have also been reported earlier by
Sangha et al., 1994, Samman et al., 1999,
Smriti et al. 2003, Ofuya and Akhidue 2005
and Chaudhary and Sharma (2013).

The highest PCV was observed for iron
content 19.89 followed by vitamin A(IU), while
highest GCV was observed for vitamin A (IU)i.e.
14.17 followed by dietary fibre. The highest
magnitudinal difference between GCV and
PCV was recorded for iron (9.03), followed by
calcium (1.8). 

The heritability (bs) estimate varied between
30.00  to  99.00 per cent. High estimates of
heritability were observed for almost all the
characters except calcium and iron content.
Highest heritability was observed for dietary
fibre, magnesium, omega6 fatty acid,
phosphorus, saturated fat and vitamin A (99%),
followed by ascorbic acid and protein (94%),
omega-3 fatty acid (92%) and carbohydrates
(87%) which indicates that these attributes are
least influenced by environment.  The lowest
heritability was recorded for iron (30%).

The character saturated fat (23.23)
exhibited highest magnitude of genetic advance

followed by calcium (13.25), phosphorus
(12.25) and magnesium (11.37). The lowest
genetic advance was exhibited by omega3 fatty
acid (0.18), followed by iron (0.36), ascorbic
acid (0.55) and carbohydrates (0.92). However,
the characters saturated fat recorded high
genetic advance coupled with high heritability
estimates. High value of genetic advance as per
cent of mean was observed for vitamin A
(29.18), followed by dietary fibre (28.12) and
omega3 fatty acid (26.30), whereas,
carbohydrates (1.45) recorded the lowest value
for genetic advance as per cent of mean
followed by omega6 fatty acid (2.02) and
phosphorus (4.07).

Besides identifying superior genotypes
quality traits are also useful for crop
improvement purposes. The genotypes Phule
Surekha, GRB-702, LCK-17, GM-LJK-106,
RR-12-15, Varun, SKUA-R-71, EC-286073,
GRB-902, SKUA-R-121 and HPR-35 were
identified in order of excellence as multipurpose
collections for further crop improvement
purposes.

D. B. Lad
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Physico-chemical Characteristics of Bottom Soil Profile in
Surface Dug-Out Ponds of Khar Land Region

______________

The maximum area (31,800 ha.) of coastal
region comprises northern part of Raigad
district where the soils are derived from the
basalt parent material are categorized in the
zone of very high rainfall non- lateritic soil zone.
The total annual rainfall varies between 3000
to 4000 mm. In spite of such heavy rainfall,
occurrences of dry spell are common. The
maximum dry spell of 13,17 and 31 days was
recorded in the month of August, September
and October respectively. To overcome this
problems, Dr Balasaheb sawant Konkan
Agricultural University has developed surface
dug out pond technology. Rainwater is stored in
this pond remains as good as fresh water during
monsoon season and salinity increases
afterwards. 

However, the studies undertaken on
salinity fluctuation showed that salinity in
month of April, which was 14.5 ppt. was
reduced to 1.0 ppt. in same month after 5-6
years. The  relative proportion of different soil
particles such as clay, silt and sand play the
most critical role in ponds productivity. Sandy
bottoms result in loss of nutrients due to heavy
leaching while clayey soil because of its high
absorptive capacity depletes the safer nutrient.
The nutrients status, physical and chemical
properties in each pond depend largely on the
quality of bottom soil which also act as a store
house of nutrients helps in organic
mineralization process, absorption and release
of nutrients in water, which influences water
quality and hence the survival and growth of
fishes. The study was therefore undertaken to



evaluate the status of pond soil so as to regulate
the soil and water characteristics if needed in
surface dug out ponds of coastal region.

The presents investigation was carried out at
Khar Land Research Station, Panvel in Raigad
district of Maharashtra in six ponds of 0.02,
2.02, 0.02, 0.1, 0.2 ha area which were
selected for the proposed study. Soil samples
from each experimental ponds were collected
from 0 to 22.5 cm depth and ten samples from
different location (beginning of crop after
removal of black soil and immediately after
harvesting). The composite soil samples
collected from each spot were air dried,
powdered and then sieved for future analysis at
the laboratory.

The mechanical analysis of soil samples was
done by Bouyoucus hydrometer method to
determine the sand, silt and clay percentage as
described by Bouyoucus (1962) after recording

first hydrometer reading at four minutes and
second of two hours. The textural class was
determined with help of textural triangle
(Richards, 1968). The maximum water holding
capacity of the soil was determined by using
circular perforated brass boxes with screw cap
as described by Chopra and Kanwar (1978).

The soil pH was determined by
Potentiometric pH meter having combined
glass electrode and reference electrode using
1:2.5 Soil : Water suspension ratio (Jackson
1967). Electrical  Conductivity (E.C.) was
determined with help of conductivity meter
using soil ratio 1:2.5 (Richard 1968). Organic
carbon was determined as per the method
described by Black (1965).

Available nitrogen was determined by
alkaline permanganate method as described by
Subbiah and Asija (1956) Available phosphorus
in soil was extracted by using 0.5 M. NaHCO3
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Table 1. Physical properties of pond soils

Pond Number Mechanical composition Textural Class Maximum  
–––––––––––––––––––––––––––––––––––––––––– water holding 
Sand (%) Silt (%) Clay (%) capacity (%)

Nursery Pond No.1 28.82 30.40 37.78 Clay loam 54.34
Nursery Pond No.2 21.82 42.40 35.78 Clay loam 54.16
Nursery Pond No.3 22.82 39.40 37.78 Clay loam 56.00
Nursery Pond No.4 25.25 33.58 41.17 Clay loam 52.38
ARS Pond 1 22.15 38.73 39.12 Silty Clay loam 56.00
ARS Pond 2 15.28 44.57 40.15 Silty Clay 51.00

Table 2. Chemical properties of pond soils

Pond number Spil Electrical Organic Available Available Available
(pH) conductivity carbon N P2O5 K2O

EC2 (dsm-1) (g kg-1) (kg ha-1) (kg ha-1) (kg ha-1)

Nursery pond No.1 6.65 2.94 42.0 240 29 2133
Nursery pond No.2 7.57 6.68 27.0 230 31 2638
Nursery pond No.3 7.66 2.31 33.0 235 34 2357
Nursery pond No.4 7.81 3.41 51.6 248 32 2638
ARS pond 1 7.80 3.95 42.0 238 39 2078
ARS pond 2 6.91 2.31 34.8 240 37 2245



(pH 8.5) extractant (Olen's method) and the
phosphorus was determined as described by
Black (1965). Available potassium in soil was
extracted by normal ammonium acetate (N
NH4 OAC, pH 7.0) in solution was determined
by flame photometer as described by (Knudsen
and Peterson,1982)

The physico-chemical parameters of pond
soil plays a major role in the growth, survival
and productions as well as water quality and
disease outbreak. The physic-chemical
properties of pond soils are shown in Table 1
and 2. It was observed that in almost all the
ponds, the percentage of clay was maximum
followed by silt while sand percentage was
minimum in soil.  The moderately fine soil
texture is loamy soils and fine soil texture clay
soils, which have higher clay content  and high
organic matter, are related to nutrient
availability. The relative proportion of different
soil particles play very critical role in pond
productivity. Sandy bottom results in nutrients
loss due to leaching, while clayey soil depletes
the water nutrients because of higher
absorptive capacity. The maximum water
holding capacity in all the ponds varied 51 to
56 per cent with an average value of 53.98 per
cent  and classified as medium range. Soils with
high water holding capacity to make feasible
earthern pond constructions and to prevent
losses due to percolation are desirable where
texture, bulk density and water holding capacity
determines to a large extent the water retention
by soil (Jayanthi et al., 2000,). Munsiri et al.,
(1995) observed the decrease in water holding
capacity with increase in bulk density.

The chemical properties of soil pH varied
from 6.65-7.81 with an average value of 7.4
categorized nearly neutral to slightly alkaline in
nature. Rate of mineralization of organic
matter, inorganic transformation of soluble
phosphate and control of adsorption and
release of ions for essential nutrients at soil

water interface are very much influenced by soil
pH (Mohanty, 1999; Munsiri, et al., 1996).
According to Banerja (1967) neutral to slightly
alkaline soils are favourable for fish production.
The electrical conductivity varied from 2.31-
6.68 dSm-1 and classified high range due to
different salts. The organic carbon content in all
pond soils are observed in high level with range
of 33.0-51.6 g kg-1 indicating high
productivity. The available nitrogen was in low
category (less than 250 kg ha-1) due to low
mineralization. Rajyalakshmi et al. (1988)
observed low organic carbon ranging 0.297-
0.405 percent.  Chattopadhyay and Mandal
(1980) revealed that  rate of mineralization of
organic nitrogen decrease with increase in
salinity. The available P2O5 classified in low
class in all pond soils (29-39 kg ha-1) while
available K2O was in the very high range of
class (2078-2638 kg ha-1).

The salt affected soils of Gujrat are having
variable available P2O5 (22-130 kg ha-1) while
high available (128-1920 kg ha-1) potash
(Timbadia and Maliwal, 2000). It reveals that a
coastal saline soil of North Kokan Coastal
Region does not require additional K2O.
However, nitrogen and P2O5 is required in
supplementary form to enhance the soil
productivity.

The Coastal saline soils of North Konkan
Region tend to low in available nitrogen as well
as phosphorus due non mineralization of
organic matter in the soil and high saline soil is
not conducive to release nutrients for growth of
organisms. It is therefore, necessary to apply
supplementary fertilizers, which will help to
increase biotic communities and subsequent
high production. Further, these soils are having
high organic carbon percentage, high water
holding capacity with the highest value of clay
content, which indicates that soils are very
suitable for aquaculture.
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Effect of Sowing Windows to Plant Spacing in Bt Cotton
under Changing Climatic Conditions

______________

India produces about 32.5 m bales of cotton
from nearly 11.14 m ha with an average
productivity of around 500 kg lint ha-1.  Cotton
is the major cash crop of Maharashtra State.
Timely sowing of crop has major impact on
cotton production. But majority of the cotton
area i.e. 95% is rainfed in Maharashtra State

and remaining area 5 per cent is irrigated either
on  drip or flood irrigation. If sowing of cotton
crop is done after 15th July, there will be
reduction in yield. But at present, no data is
available on delayed sowing of cotton crop.

Sowing earlier or later than the optimum



period results in imbalanced apportioning of
assimilates into vegetative and reproductive
parts resulting in low yields. Moreover, the late
sown crop suffers due to higher incidence of
early season sucking pests and pink boll worm.
Hence, in the rainfed cotton proper time of
sowing is crucial to make the full and efficient
use of water available during the rainy season.
Keeping these facts in view, the present study
was planned during the year 2013-14.

A field experiment was conducted during
the year 2013-14 at Cotton Research Scheme,
VNMKV, Parbhani to find out suitable sowing
date and spacing for Bt Cotton.  The soil of the
experimental plot was medium black having
clayey in texture.  The available N, P2O5 and
K2O of experimental soil were 123, 10.0 and
652 kg ha-1, respectively.  The soil pH, organic
carbon and electrical conductivity were 7.87,
0.49 per cent and 0.46 ds m-1, respectively.
The experiment was laid out in split plot design
with three replications,  comprising of 4 sowing
dates in main plot and three levels of plant

spacing.  The normal sowing time for Bt cotton
is immediately after the onset of monsoon
within a week time and spacing taken as control
is 120 x 45 cm. The sources of N, P2O5 and
K2O were through mixed fertilizer (10:26:26),
Urea and applied at the rate of 120:60:60 kg
ha-1.  The biometric observations on growth
and yield attributes were recorded as per the
standard procedure.

Data on seed cotton yield and economics as
influenced by various treatments are presented
in Table 1. 

Sowing dates : Among the different
sowing dates, sowing of cotton crop on
12.06.2013 (24th MW) (D1) recorded
significantly highest seed cotton yield (1634 kg
ha-1) followed by (26th MW) D2 (1467 kg ha-1).
Earlier sowing gets the benefit of available soil
moisture immediately after the onset of
monsoon for early establishment of crop and
growth than later sowing dates.

Spacing : Among the different plant
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Table 1. Seed cotton yield and economics of Cotton as influenced by different treatments

Treatment Seed cotton GMR Cost of NMR B:C
yield kg ha-1 (Rs. ha-1) cultivation (Rs. ha-1) ratio

Main plot : sowing dates
D1 - 12.06.2013 (24 MW) 1634 70695 27300 43395 2.56
D2 - 27.06.2013 (26 MW) 1467 63908 27334 36574 2.33
D3 - 15.07.2013 (28 MW) 1448 63097 28367 34730 2.22
D4 - 30.07.2013 (31 MW) 1328 57881 28400 29481 2.03
S.E. ± 45 1071 1086 0.10
CD @ 5% 133 3205 3249 0.30

Sub plot : Spacing (cm)
S1 - 90 X 60 (18518) 1461 63633 28175 35458 2.26
S2 - 120 X 45 (18518) 1554 67367 28250 39117 2.37
S3 - 180 X 30 (18518) 1393 60685 27125 33560 2.22
S.E. ± 39 1323 1061 0.08
CD @ 5% 116 3959 3176 0.26

Interaction D x S
S.E. ± 77 2645 2121 0.17
CD @ 5% N.S. N.S. N.S. N.S. 
CV % 9.1 7 10 13
Mean 1469 63895 27850 36045 2.28



spacings, sowing of cotton crop at 120 x 45
cm (S2)  recorded significantly highest seed
cotton yield (1554 kg ha-1) and found at par
with 90 x 60 cm (1461 kg ha-1).

Interaction effect : Interaction effects of
sowing dates with plant spacing on seed cotton
yield were found non significant. 

Economics :

Sowing dates : Among the different
sowing dates, sowing of cotton on
12.06.2013, D1 (24th MW) recorded
significantly highest GMR (70695 Rs. ha-1),
NMR (43395 Rs. ha-1) and B:C ratio of 2.56
over rest of the sowing dates.  However, D2
(26th MW) was found at par with D1 in respect
of B:C ratio.

Spacing : In respect to different plant
spacings, sowing of cotton crop at 120 x 45
cm (S2)  recorded significantly highest GMR
(67367 Rs. ha-1) and found at par with S1 and
highest  NMR (39117 Rs. ha-1) recorded over
rest of the spacings. Significantly highest B:C
ratio of 2.37 was recorded by S2 (120 x 45 cm)
but found at par with S1 and S3. Similar type of

findings were also reported by Sharma (1961)
and Singh et al. (1969a).

Interaction effects of sowing date with plant
spacing were found non significant.

Conclusion sowing of cotton crop on 24th

meteorological week that is during 2nd week of
June with a spacing of 120 x 45 cm recorded
highest seed cotton yield (1634 kg ha-1), GMR
(70695 Rs. ha-1), NMR (43395 Rs. ha-1) and
B:C ratio of 2.56 over other sowing dates and
it was followed by 26th MW. 

A. S. Karle
G. P. Bhosle
D. N. Gokhale

Cotton Research Scheme,
Vasantrao Naik Marathwada Krishi
Vidyapeeth, Parbhani - 431 402 (India)
July 15, 2015.
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Table 2. Growth attributes of Bt cotton  at harvest as
influenced by sowing window and plant spacing
under changing climatic conditions

Treatment Plant Dry No. No. of
height mat- of bolls
(cm) ter squa- plant-1

g-1 res
plant plant-1

Main plot : sowing dates 
D1 - 12.06.2013 (24 MW) 166.5 125.7 43.5 47.8
D2 - 27.06.2013 (26 MW) 162.7 113.4 39.4 42.7
D3 - 15.07.2013 (28 MW) 155.2 105.2 35.3 37.6
D4 - 30.07.2013 (31 MW) 145.1 97.5 31.7 33.7

Sub plot : Spacing (cm) 
S1 - 90 X 60 (18518) 157.3 116.7 40.8 43.6
S2 - 120 X 45 (18518) 165.8 123.8 45.5 45.8
S3 - 180 X 30 (18518) 152.3 101.3 38.7 40.7

______________



Potatoes are grown in 149 countries from
latitudes 65°N to 47°S and from sea level to
altitudes of approximately 4000m.
Development of varieties  suitable for
cultivation under varying agro climatic
conditions has led to wide spread adoption in all
continents though it is originated in the Andes
of South America (Minhas et al. 2006). Plant
breeders are continuing their efforts for better
adaptation of potato to a wide range of
environments. There is a tremendous variation
in  agro climatic conditions of different parts of
the country. Due to this potato crop is grown
throughout the year in one or other part of the
country (Basu  et al. 1991 and Minhas  et al.
2005).

Potato is cultivated as rainfed kharif crop in
Maharashtra from June-Oct only in three to
four potato growing pockets due to suitable
climatic conditions and minimum temperature
remains below 20°C The area under potato is
showing a slow decline mainly due to change in

climatic factors, drifting rainfall and rising
temperatures.

Keeeping this in view an experiment was
laid out under Randomized Block Design
wherein  eight heat tolerant genotypes
identified by Central Potato Research Institute,
Shimla were planted during kharif 2013-14 at
village Budh, dist Satara, which is considered as
a potato growing pocket with a mean
maximum temperature of 35.30-37.0°C and a
mean temperature of 20.41-22.10°C. But due
to drifting rainfall and rising temperatures these
ranges are likely to increase posing a threat to
potato cultivation.

Observations on plant growth, tuber yield
and disease incidence were recorded. The data
presented in table 1 revealed that the hybrid
HT/7-620 recorded the highest total tuber
yield (25.56t ha-1) which was significantly
superior to the remaining hybrids. This can be
attributed to the fact that HT/7-620 showed
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Evaluation of Hheat Tolerant Potato Hybrids in Satara
Region

Table 1. Plant emergence, yield of potato tubers and disease reactions of heat tolerant potato hybrids in 90 days crop

Treatments Plant Plant Foliage Total tuber yield Disease reaction
emergence vigour senescence 90 days PDI
(%) (1-5 (%) –––––––––––––––––––– ––––––––––––––––––––––––––––––
30 days scale) 75 days kg plot-1 t ha-1 Late Early Viral
after after blight blight diseases
planting planting (%) (%) (%)

HT/7-1105 95.00 3.33 72.83 7.66 15.97 15.11 16.02 0.75
HT/7-804 98.33 3.33 75.50 8.66 18.03 14.50 17.60 2.33
HT/7-620 96.67 4.00 87.17 12.27 25.56 15.12 17.50 1.60
HT/7-321 97.50 3.33 85.83 9.02 18.78 10.82 11.95 0.48
HT/7-239 95.83 2.67 84.83 10.30 21.46 10.28 13.25 1.41
HT/7-1329 97.50 3.67 90.00 8.80 18.33 13.47 13.05 2.55
K.Surya 95.00 3.67 88.83 9.20 19.17 12.16 17.70 1.36
K.Lauvkar 95.83 3.33 88.50 8.81 18.35 14.28 15.64 1.53
SEM  ± 2.90 0.33 3.06 0.22 0.46 0.52 0.68 -
CD at 5% 8.80 0.97 9.29 0.67 1.39 1.57 2.06 -



the maximum plant vigour (4.0) which led to
profuse tuberization. HT/7-620 was followed
by hybrid HT/7-239 (21.46 t ha-1) and Kufri
Surya (19.17 t ha-1).

The hybrid HT/7-239 showed the least
incidence of late blight (10.28%) which was
followed by HT/7-321 (10.82%) and Kufri
Surya (19.17%). In case of early blight HT/7-
321, HT/7-239 and HT/7-1329were found to
be at par with each other. Keeping this in view
it can be concluded that HT/7-620, HT/7-239
and Kufri Surya being heat tolerant are suitable
for growing in the plateau region. Kufri Surya
being heat tolerant is also expected to find
acceptance among the farmers and may
replace Kufri Lauvkar in the plateau region.   

M. R. Deshmukh
S. A. More
M. B. Khamkar

M. M. Katkar
S. B. Gurav

All India Co-ordinated Research Project on
Potato
NARP, Ganeshkhind, Pune - 411 ???? (India)
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Genetic Divergence Studies in Exotic Genotypes in Kharif
Rice (Oryza sativa L.)

______________

Success of plant breeding programme
depends on the choice of appropriate parents.
It is expected that the utilization of divergent
parents in hybridization result in promising
recombinations. Hence, the present
investigation was undertaken to study the
genetic divergence in some exotic rice
germplasm lines to identify potential genotypes
for various yield traits which could be utilized for
further improvement programme. 

Fifty four genotypes of rice, 53 genotypes
from IRRI, Philippines and one variety from Dr.
Balasaheb Sawant Konkan Krishi Vidyapeeth,
Dapoli, Maharashtra were grown in a

randomized block design with three replications
during kharif 2013 at Research Farm,
Department of Agril. Botany, College of
Agriculture, Dapoli. Each genotype was grown
in plot having 3 rows of 1.50 m length with
spacing 20 x 15 cm. One seedling was
transplanted per hill. All the recommended
cultural practices were adopted. The
observations were recorded on five randomly
selected plants from each genotype per
replication for twelve characters. The analysis
of genetic divergence was carried out by using
Mahalanobis's D2 statistics. The grouping of
genotypes into clusters were made as per
Tocher's method (Rao, 1952).



The analysis of variance revealed significant
differences among 54 genotypes of rice for all
twelve characters studied. Based on the D2

values, the 54 genotypes were grouped into
eight clusters (Table 1). The cluster III was
largest with 17 genotypes followed by cluster II
and V each with 12 genotypes and cluster I
included 9 genotypes. The remaining clusters
IV, VI, VII and VIII were solitary. Based on
divergence existed among population, Kumar
(2008) grouped 71 genotypes in 10 clusters,
Hegde and Patil (2000) grouped 40 genotypes
in 7 clusters, Datta and Mani (2003) grouped

61 genotypes in 4 clusters and Naik et al.
(2006) grouped 50 genotypes into 7 clusters.

Among the clusters, high intra cluster
distance was recorded within cluster V (6.51)
followed by cluster III (5.00). The cluster V  and
VIII (11.19) followed by cluster IV and V
(11.16), cluster III and VIII (10.00), cluster IV
and VIII (9.70), cluster IV and VII (9.56) and
cluster VI and VII (9.16) recorded relatively
higher inter cluster D value than other clusters
(Table 2). The criteria used for hybridization
using D2 value is the inter cluster distance.
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Table 1. Grouping of rice genotypes into different cluster by Tocher's method

Cluster No. of Genotypes
No. genotypes

Included

I 09 EC 723520, EC 723551, EC 723552, EC 723507, EC 723505, EC 723540, EC 723513, EC
723518 and EC 723541

II 12 EC 723519, EC 723534, EC 723556, EC 723557, EC 723521, EC 723524, EC 723512, EC
723536, EC 723533, EC 723529, EC 723525 and EC 723537

III 17 EC 723506, EC 723510, EC 723527, EC 723544, EC 723547, EC 723508, EC 723532, EC
723528, EC 723516, EC 723511, EC 723515, EC 723514, EC 723509, EC 723539, EC
723549, EC 723550 and EC 723553

IV 01 EC 723531

V 12 EC 723535, EC 723545, EC 723559, EC 723549, EC 723546, EC 723538, EC 723554, EC
723543, EC 723517, EC 723523, EC 723542 and EC 723522

VI 01 EC 723526

VII 01 EC 723555

VIII 01 EC 723530

Table 2. Intra and inter cluster distance D2 (above the diagonal) and D value (below the diagonal)

Clusters I II III IV V VI VII VIII Intra
cluster

I 23.66 26.43 32.47 60.31 28.11 48.27 60.05 12.03
II 4.86 40.97 68.95 52.69 48.99 32.27 53.31 19.93
III 5.14 6.40 43.33 76.48 50.17 76.77 100.17 25.10
IV 5.70 8.30 6.58 124.53 36.85 91.48 94.06 0.00
V 7.77 7.26 8.75 11.16 81.24 75.10 125.29 42.44
VI 5.30 6.99 7.08 6.07 9.01 83.96 60.73 0.00
VII 6.94 5.68 8.76 9.56 8.67 9.16 47.51 0.00
VIII 7.75 7.30 10.00 9.70 11.19 7.79 6.89 0.00
Intra cluster 3.47 4.39 5.00 0.00 6.51 0.00 0.00 0.00



Those genotypes included in clusters with
maximum inter cluster distance are obviously
genetically more divergent. Hence, it would be
logical to choose genotypes from these clusters
in the breeding programme. Kumar (2008)
observed maximum divergence between cluster
I and V. The Maximum inter cluster D2 value
were observed between cluster V and III by
Hegade and Patil (2000). Cluster means for
diffrent characters (Table 3) showed that cluster
VI exhibited highest mean value for the
character grain yield plant-1 and least for palnt
height. Cluster III had maximum mean for
1000 grain weight. The cluster VIII had
maximum panicle length, grains panicle-1 and
straw yield plant-1. Cluster IV has less number
of days to initiation of flowering, days to 50%
flowering and days to maturity. The cluster VII
could be characterized by tallest genotypes
having highest number of productive tillers
plant-1. Naik et al. (2006) observed highest
cluster mean for character viz., plant height,
effective tillers plant-1 and biological yield in
cluster VI and panicle length was highest in
cluster IV. Joshi et al. (2008) observed highest
cluster mean for plant height in cluster I. 

Based on cluster mean, genetic diversity and
mean for desirable traits, the genotypes EC-
723541 (cluster I), EC-723524 (cluster II), EC-
723550 (clustervIII), EC-723531 (cluster IV),
EC-723542 (cluster V), EC-723526 (cluster
VI), EC-723555 (cluster VII) and EC-723530
(cluster VIII) for different characters were
considered as potential parents for future
hybridization programme.

S. S. Karande
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S. G. Bhave 
U. B. Apte
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October 22, 2015
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Table 3. Cluster means for twelve characters in fifty four genotypes of rice

Characters Clusters Popu-
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– lation 
I II III IV V VI VII VIII mean

Days to initiation of flowering 95 97 94 91 102 96 98 95 97
Days to 50% flowering 99 101 98 93 106 99 101 99 100
Days to maturity 124 126 122 117 132 125 128 121 126
Plant height (cm) 98 106 99 91 100 84 116 98 101
Total tillers plant-1 11.6 11.0 12.3 10.0 12.6 10.2 13.0 7.7 11.8
Productive tillers plant-1 9.1 8.6 10.2 9.2 10.1 9.4 11.2 6.6 9.6
Panicle length (cm) 26.4 27.2 25.8 24.9 24.9 23.0 27.2 27.4 26.0
Grains panicle-1 169 185 147 161 152 194 238 266 165
Spikelet fertility % 85.6 88.2 89.9 88.6 84.2 75.0 92.7 87.3 87.3
1000 grain weight (g) 26.9 29.5 29.7 22.6 26.2 28.5 27.5 29.5 28.2
Straw yield plant-1 (g) 22.1 20.7 20.8 14.1 21.8 18.2 20.4 25.4 21.1
Grain yield plant-1 (g) 19.7 19.8 20.7 15.5 19.5 23.7 19.3 19.2 19.9
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Studies on the Susceptibility of Spodoptera litura Fabricius
Population to Insecticides from Different Locations

______________

The tobacco caterpillar, Spodoptera litura
(Fabricius) (Noctuidae: Lepidoptera) is an
allopatric species found in Asia. It is a
polyphagous pest and its host range covers
over 40 plant families with over 112 host
plants. This pest is become divasting because of
its features such as polyphagous nature, high
reproductive potential, overlapping
generations, year round availability of host
plants, ability of adults to migrate over large
distance and failure control with most of
routinely used insecticides. At present, the
resistance in S. litura to insecticides belonging
to different group has been reported by Armes
et al. (1997) and Kranti et al. (2002). Using
mixtures as a counter measure for resistance
management in insect pests has been
advocated by Districh and Ernst (1990) and
Insecticide mixtures can delay the development
of resistance more effectively than sequences or
rotations (Ahmad et al., 2009). The
pyrethroids and organophosphorus
combination insecticides were found to be
effective against the resistant insect pest
population of S. litura (Dharma Prasad et al.,
2006). Hence, the present investigation was
undertaken on the susceptibility of S. litura to
selected insecticides commonly used for
controlling this pest.

A laboratory study was carried out on
susceptibility in tobacco caterpillar,  S. litura
larvae collected on soybean crop from
Ahmednagar and Nashik locations to
insecticides as single (cypermethrin 25% EC,
chlorpyriphos 20% EC and profenophos
50% EC) and ready mixed formulations i.e
Nurocombi (cypermethrin 5% EC +
chlorpyriphos 50% EC) and Profex
(cypermethrin 4% EC + profenophos 40% EC)
at Department of Agricultural Entomology,
Post Graduate Institute, Mahatma Phule Krishi
Vidyapeeth, Rahuri during 2013. 

The collected neonate larvae were allowed
to feed on artificial diet which was prepared by
following the methodology suggested by Ballal
(2003) to obtain F1 generation. The 'topical
application' method was employed to
determine the median lethal dose (LD50 value)
of the insecticides by using microlitre syringe (5
µl capacity). The insecticides were diluted with
analytical grade acetone and the volume made
was up to 100 ml in volumetric flask to give a
stock solution of 1 per cent strength. For every
insecticide, preliminary experiments were
undertaken to fix the appropriate doses causing
mortality between 15 to 85 per cent of the test
insect. The dilution of any one concentration of



insecticide was half of its earlier one. One µl of
insecticide solution was dispensed topically on
the thoracic dorsum of third instar larva of the
test insect.  A minimum of five concentrations
of each insecticide were used in each bioassay.
For every dose, four replications of forty larvae
(30-40 mg of 7±1 day-old larvae) were treated.
The larvae treated with acetone alone served as
control. The treated larvae were transferred to
the glass petriplates (11 x 2.5 cm) containing
artificial diet and were kept in BOD incubator at
26±1°C temperature and 65±5% relative
humidity. The larval mortality was recorded at
24, 48 and 72 hr after the treatment. While
recording observations, moribund larvae giving
no response to probing were considered dead.
The mortality count was corrected by Abbott's
(1925) formula and subjected to probit analysis
(Finney, 1971) to determine the LD50 values.

The data on susceptibility of S. litura
population to insecticides are presented in
Table 1. It is revealed that the S. litura collected
from Nashik exhibited highest LD50 values in
the range of 0.4841 - 0.9467 µg a.i. larva-1 to
different insecticides as compared to

Ahmednagar population (0.3081 - 0.7854 µg
a.i. larva-1). The results indicated that
cypermethrin + chlorpyriphos was highly toxic
to S. litura with lowest LD50 value (0.3081
and 0.4841 µg a.i. larva-1) followed by
cypermethrin + profenophos (0.4394 and 0.
5144 µg a.i. larva-1) to mixed insecticide. As
regard single insecticide, chlorpyriphos was
highly toxic to S. litura with low LD50 value
(0.4571 and 0.5249 µg a.i. larva-1) followed by
profenophos (0.6944 and 0.8412 µg a.i.
larva-1). Cypermethrin was the least toxic with
highest LD50 value of 0.7854 and 0.9467 µg
a.i. larva-1 to the populations of Spodoptera
from Ahmednagar and Nashik, respectively. 

These results of present investigations are in
lined with Kranthi et al. (2000) who reported
the lower toxicity (0.02 to 0.79 µg a.i. larva-1)
of cypermethrin to S. litura population
collected from Central and North India. They
also reported low to high toxicity of
cypermethrin (0.34 to 4.30 µg a.i. larva-1) to S.
litura from South India. Whereas, higher
toxicity (LD50: 1.44 to 16.2 µg a.i. larva-1) of
cypermethrin reported by Dharma Prasad et al.
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Table 1. LD50 values of insecticides to Spodoptera litura population of Ahmednagar and Nasik districts

Location Insecticide Regression LD50 Fiducial limit LD90 Hetero- Relative
equation (µg a.i. (95%) (µg a.i. geneity toxicity

larva-1) (µg a.i. larva-1) larva-1) (χ2)

Ahmednagar Cypermethrin 5% EC + Y=1.2070+1.5240X 0.3081 0.2269 - 0.4186 2.1365 1.8305 2.55
Chlorpyriphos 50% EC
Cypermethrin 4% EC + Y=0.9198+1.5445X 0.4394 0.3312 - 0.5831 2.9646 3.4153 1.79
Profenophos 40% EC
Cypermethrin 25 %EC Y=0.1557+1.7808X 0.7854 0.6100 - 1.0113 4.1189 2.9211 1.00
Chlorpyriphos 50% EC Y=0.4968+1.6929X 0.4571 0.3531 - 0.5919 2.6126 0.5847 1.72
Profenophos 40% EC  Y=1.0296+1.3972X 0.6944 0.5046 - 0.9558 5.7397 0.3663 1.13

Nashik 
Cypermethrin 5% EC + Y=0.3736+1.7230X 0.4841 0.3700 - 0.6335 2.6839 0.7823 1.96
Chlorpyriphos 50% EC
Cypermethrin 4% EC + Y=0.8700+1.5183X 0.5144 0.3967 - 0.6671 2.9550 0.4798 1.84
Profenophos 40% EC
Cypermethrin 25 %EC Y=0.2049+1.6110X 0.9467 0.7219 - 1.2417 5.9115 3.9093 1.00
Chlorpyriphos 50% EC Y=0.4189+1.6896X 0.5249 0.3949 -0.6977 3.6655 2.0293 1.80
Profenophos 40% EC  Y=0.3637+1.5841X 0.8412 0.6368 - 1.1113 5.4195 1.6962 1.12



(2006). In case of profenophos, Kitturmath
(2008) reported highest LD50 values for
profenophos in the range of 13.77 to 20.77 µg
a.i. larva-1 for field strain of S. litura. The lower
LD50 value (0.26 to 0.43 µg a.i. larva-1) of
profenophos for S. littoralis has been reported
by Districh et al. (1974). The lower LD50
values of chlorpyriphos (0.09 to 0.27 µg a.i.
larva-1) for S. litura from different locations  of
Central  India  (Vidarbha region)  has  been
reported  by  Kranthi et al. (2002). In contrast,
the very high LD50 values (1.91 to 6.30 µg a.i.
larva-1) for chlorpyriphos reported earlier by
Kranthi et al. (2002) and Dharma Prasad et al.
(2006) from South and North India. 

As regards combination insecticide,
Karuppaiah and Srivatsava (2013) who
reported that the insecticide mixtures Polytrin-
C (profenophos 40% EC + cypermethrin 4%
EC) and Koranda (chlorpyriphos 50% EC +
cypermethrin 5% EC) were by reading LC50
value of 0.0396 and 0.0182%, respectively to
S. litura. Ahmad et al. (2009) also reported
the mixtures of cypermethrin 25% EC +
chlorpyriphos 20% EC or profenophos 50%
EC at 1:1, 1:10 and 1:20 ratios significantly
increased (P<0.01) toxicity to cypermethrin
25% EC in field populations of S. litura. They
also reported that the combination indices of
cypermethrin + chlorpyriphos at 1:1 and 1:10
ratios for the Khanewal (KWL) strain and
cypermethrin + profenophos at 1:1, 1:10, and
1:20 ratios for Muzaffar Garh (MGH) were
significantly below, suggesting synergistic
interactions. 

The relative toxicity of insecticides was
worked out by considering the LD50 value of
cypermethrin as unity. Cypermethrin +
chlorpyriphos, cypermethrin + profenophos,
chlorpyriphos  and profenophos were 2.55 and
1.96, 1.79 and 1.84, 1.72 and 1.80, 1.13 and
1.12 times more toxic than cypermethrin 25%

EC (1.00) in Ahmednagar and Nashik
population, respectively. 

The susceptibility of S. litura population of
Ahmednagar and Nashik to insecticides are
presented in Table 2. It was observed that the
field population of S. litura exhibited lowest
susceptibility to cypermethrin + chlorpyriphos
(1.57 times) followed by profenophos (1.21
times), cypermethrin (1.20 times),
cypermethrin + profenophos (1.17 times) and
chlorpyriphos (1.15 times). The descending
order of susceptibility of S. litura to these
tested insecticides was cypermethrin +
chlorpyriphos > profenophos > cypermethrin
> cypermethrin + profenophos >
chlorpyriphos. These results are in conformity
with Kranthi et al. (2002), Rao and Dhingra
(1996) and Dharma Prasad et al. (2006).

Variation noticed in the toxicity of the test
insecticides to S. litura population collected
from Ahmednagar and Nashik locations could
be attributed to be cumulative effect due to
geographical variability, cropping pattern,
degree and type of insecticides used and
consequent selection pressure of insecticides.
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Table 2. Susceptibility of field population of S. litura to
mixed and single insecticides from Ahmednagar
and Nasik districts

Insecticide LD50 Relative
(µg a.i. larva-1)

–––––––––––––––––
Ahmed- Nashik toxicity
nagar

Cypermethrin 5% EC + 0.3081 0.4841 1.57
Chlorpyriphos 50% EC

Cypermethrin 4% EC + 0.4394 0.5144 1.17
Profenophos 40% EC

Cypermethrin 25 %EC 0.7854 0.9467 1.20

Chlorpyriphos 50% EC 0.4571 0.5249 1.15

Profenophos 40% EC  0.6944 0.8412 1.21
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Survival of Cerotelium fici Causing Rust of Fig

______________

The rust caused by Cerotelium fici (Cast.)
Arth. is the most important fungal disease and
was reported in India for the first time in 1914
(Butler, 1914). Initially, tiny yellow spots
develop on underside of leaves, later enlarge to
form reddish brown angular spots on lower and
upper leaf surfaces. 

At present, the disease has become a major
limiting factor in fig cultivation. The rust is an

endemic disease and severe in all parts of the
state and the fig growers are put into loss.
About 50 per cent losses have been reported by
earlier workers (Gaikwad and Nimbalkar, 2004
and Anonymous, 2004), indicating the
seriousness rust disease in fig.

The knowledge about survival of the
pathogen is essential for complete
understanding of life cycle of the pathogen and



it plays very important role in recurrence of the
disease. This gives idea about the perpetuation
of the pathogen during off season. 

The perpetuation ability of an organism
depends on its capacity to survive in the
aberrant environmental conditions. Hence,
considering economic importance of fig rust,
severity of disease, paucity of literature and
need of the growers in future, the study was
conducted on modes of survival of the
pathogens (C. fici) urediospores in diseased
plant parts at National Agricultural Research
Project, Ganeshkhind, Pune. 

The heavily rusted leaves of fig were
collected at the end of the season (Mitha bahar)

in March, 2011 from fig orchard at National
Agricultural Research Project, Ganeshkhind,
Pune. These samples were kept under two
conditions i.e. natural field condition below fig
plant itself and under continuous tree shade. In
addition, the attached rusted leaves and
growing twigs of fig were also used comprising
four sampling units.

Initial germination count of urediospores
was recorded before preserving the samples.
The viability of urediospores from detached as
well as attached leaves was regularly examined
at five days interval by checking germination
(Subramanyam and McDonald, 1982). The
urediospores from the respective samples were
suspended in sterile distilled water in the cavity
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Table 1. Germination of C. fici urediospores sampled from rusted detached and attached fig leaves (Survival of pathogen)

Treatments Days Spore germination (%) on Weather parameters
(dates) –––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––

Detached leaves Attached Twings* Temperature Relative
–––––––––––––––––––––– leaves shoots-1 (°C) humidity
Under Under –––––––––––––––– –––––––––––––––––
field tree Maxi- Mini- Morn- After-
condition shade mum mum ing noon

condition

12.03.2011 0 32.07 32.07 41.35 - 31.65 14.35 92.00 31.00
17.03.2011 5 29.56 30.12 40.48 - 34.05 15.15 86.00 25.50
22.03.2011 10 22.92 24.65 20.69 - 35.35 13.65 81.50 18.50
27.03.2011 15 9.43 12.57 30.56 - 35.70 14.15 71.50 17.50
02.04.2011 20 2.80 5.12 28.57 - 36.40 16.00 66.00 17.50
07.04.2011 25 1.35 3.23 23.81 - 36.15 16.15 64.00 17.50
12.04.2011 30 0.00 2.30 19.05 - 36.70 17.10 63.00 21.00
17.04.2011 35 0.00 0.00 11.43 - 37.65 20.00 63.50 23.50
27.04.2011 45 0.00 0.00 5.00 - 37.70 21.95 65.50 23.00
07.05.2011 55 0.00 0.00 2.08 - 37.40 22.50 67.00 24.50
17.05.2011 65 0.00 0.00 0.00 - 36.50 22.10 68.50 26.50
27.05.2011 75 0.00 0.00 0.00 - 36.90 22.75 65.50 25.50
07.06.2011 85 0.00 0.00 9.50 - 36.70 23.90 64.50 29.50
17.06.2011 95 0.00 0.00 16.76 - 35.30 23.80 72.00 39.50
27.06.2011 105 0.00 0.00 23.68 - 32.85 23.10 78.50 49.50
07.07.2011 115 0.00 0.00 39.53 - 29.45 22.30 85.00 63.50
17.07.2011 125 0.00 0.00 39.36 - 28.85 22.70 85.50 69.50
27.07.2011 135 0.00 0.00 43.80 - 29.00 23.25 83.00 77.00
07.08.2011 145 0.00 0.00 40.83 - 29.00 22.60 75.00 78.00

* The young growing shoots did not show incidence of rust during the period under study



slides and incubated at 25°C in the BOD
incubator. After 6 hours, 1000 spores were
examined for the germination and germination
per cent was worked out.  

The results (Table 1) revealed that the
detached leaves below plant as well as stored
under plant shade showed linear decrease in
viability of urediospores with increase in time.
Under field conditions at average temperature
(min and max) of 15.0 and 34.8°C, respectively
the urediospores remained viable upto 25 days,
where the spore germination ranged from
32.07 to 1.35 per cent from first to 25th day
observation. Under tree shade condition at
average temperature (min and max) of 13.5 to
32.20C, respectively the spores were viable
upto 30 days of storage wherein, their
germination ranged from 32.07 to 2.30 per
cent from first to 30th day observation. The
urediospores of C. fici from detached leaves
failed to germinate under field and tree shade
conditions after 30 and 35 days, respectively. 

These results are inconsequence with the
results of Jadhav (2012) who observed the
survival of urediospores of C. fici on the older
leaves in the field under tree shade upto 30
days. However, minimum period of survival (18
days) of urediospores noticed by him on the
older leaves kept on the field bund is not in
consonance with the foregoing findings. On the
contrary, present findings differ from the report
of Laundon and Rainbow (1971) who believed
that the pathogen C. fici overwintered on the
fallen leaves from which the urediospores
infected young developing leaves in the spring. 

Moreover, the findings are also comparable
with the report of Patel and Vaishnav (1989)
who observed that urediospores of Puccinia
arachidis remained viable upto 25 days on
infected plant debris of groundnut in the shade.
The results are also in agreement with the
earlier reports (Lingaraju et al., 1979 and Rao

et al., 1991) wherein the groundnut rust
pathogen, P. arachidis, could remain viable for
a month and half in plant debris. 

In contrast, Hegade (2002) and Sunkad and
Kulkarni (2007) reported that the urediospores
of Phakopsora pachyrhizi and P. arachidis
remained viable upto only 20 days on infected
leaves stored under tree shed. Whereas in
present study, the spores remained viable upto
35 days under tree shed conditions.  Further,
Patil et al. (1998) reported the viability and
survival of urediospores of P. pachyrhizi on
infected soybean leaves for 55 days when
stored under tree shade, which is contradictory
to the present findings. 

The attached infected leaves did not show
prominent and typical rust symptoms during off
season. Similarly, there was no additional lesion
developed on these leaves, but they remained
on the tree for long time. The germination test
of the urediospores collected from detached fig
leaves revealed uredospore viability upto 55
days with decrease of spore germination from
41.35 to 2.08 per cent from first to 55th day.
During this period, average minimum and
maximum temperatures were 17.8 and
35.6°C, respectively. The observations at 65
and 75 days did not show the presence of
urediospores in the pustules. It might be due to
sheding of spores from pustules or cessation of
spore production due to high temperature
(minimum >23°C and maximum >37°C).
However, after resume of favorable condition
(temperature range 23.0 to 32.8°C, RH 50 to
78.5%), the pustules yielded spores wherein,
the germination was 9.50 per cent that
progressively increased up to 43.80 per cent at
135th  day i.e. at end of July. In addition, there
was also increase in disease incidence as well as
severity.

These results are in agreement with the
reports of Singh and Thapliyal (1977) and
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Melching and Bromfield (1976) who found that
very small amount of inoculum of P. pachyrhizi
survived on soybean that multiplied very slowly
during warm months and infected main crop
during Kharif in India. Present study results are
also in agreement with Arneson (2000) who
found that coffee rust pathogen Hemilelia
vasatrix survived primarily as mycelium in the
living tissues of few green leaves, which
persisted during dry season. 

In addition, Nagarajan (1987) reported that
urediospores of Puccinia graminis f. sp. tritici
rapidly lose their viability during hot, dry
summer months in the plains; however, fresh
infection begined with the urediospores from
off season wheat crop or collateral hosts, all
year round in hilly areas, which is in
consonance with the present findings. 

The fore cited investigation indicated that
the detached infected fig leaves failed to provide
viable inoculum for the new flush of fig
appearing in rainy season. However, the rust
pathogen survived on the attached green leaves
either in the form of urediospores or mycelium
during aberrant i.e. hot and dry weather that
resumed during favorable  conditions of rainy
season to cause fresh infection on new flush of
leaves.

S. R. Lohate 
A. P. Gaikwad
S. N. Hasabnis

National Agricultural Research Project, 
Ganeshkhind, Pune - 411 007 (India)
October 22, 2015.
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Powdery mildew caused by the Erysiphe
pisi is one of the most common and serious
disease prevalent throughout pea growing areas
of the world. The disease becomes more severe
during the period of warm and dry days coupled
with cool nights. In the areas having semi-arid
climate, the disease attains a serious status
causing huge losses in the pod quality and total
yield. The yield losses due to powdery mildew
to the tune of 100 per cent infection were
estimated by Munjal et al., (1963) to be 21-31
per cent in pod number and 26-27 per cent in
pod weight. The fungicide Bayletan showed
best performance in controlling the disease and
increased pea yield by 47-75 per cent (Ahmad
and Iqbal, 1993). Maneb and tridemorph were
found very effective against powdery mildew in
pea (Upadhya and Gupta, 1994). Tridemefon
as a seed or spray treatment gave the most
effective control for powdery mildew (Kapoor
and Sugha, 1995). With the prophylactic
treatment of flusilazole, tridemorph, and

dinocap, 54.1, 47.6 and 44.5 per cent disease
control were obtained, respectively (Gandhi et
al., 1997). Four sprays of dinocap (0.1%) at
weekly interval gave effective control of pea
powdery mildew (Sharma, 2000). Besides, air-
borne inoculums infected seed may also work
as a good source of disease development
necessitating the treatment of seed or spray
with fungicides.

The experiment was carried out at AICRP
on Vegetable Crops, MPKV, Rahuri during the
years 2008-09, 2009-10 and 2010-11 under
field conditions on variety Phule Priya with
randomized block design nine treatments
replicated thrice and plot size of 3 x 3 m2

adopting 30 x 10 cm spacing.

Spraying the crop with fungicides was
started were the appearance of first symptom
of the disease. Three spray were given at an
interval 10 days during the crop season. The
observations on per cent disease intensity of

J. Agric. Res. Technol., 41 (2) : 320-322 (2016)

Fungicidal Management of Powdery Mildew of Pea

Table 1. Effect of fungicides against powdery mildew of pea (pooled mean of three year 2008-09, 2009-10, 2010-11)

Treatments Disease intensity* Pooled Percent 
––––––––––––––––––––––––––––––––––––––––––––––––– mean control
2008-09 2009-10 2010-11

Tridemorph (Calixin) @ 0.1% 18.46 (25.40) 21.94 (27.76) 15.24 (22.95) 18.54 77.29
Dinocap (Karathane) @ 0.1% 13.85 (21.81) 15.26 (22.95) 9.12 (17.56) 12.74 84.40
Tebuconazole (Folicure) @ 0.1% 11.46 (19.73) 16.93 (24.27) 13.97 (21.89) 14.12 81.71
Bayliton @ 0.25% 33.46 (35.30) 33.72 (35.49) 28.72 (32.39) 31.96 60.86
Difenconazole (Score) @ 0.05% 35.82 (36.75) 37.87 (37.94) 31.83 (34.33) 35.17 56.93
Wettable sulphur @ 0.3% 22.65 (28.39) 18.92 (25.77) 19.15 (25.91) 20.24 75.21
Neem oil @ 1.0% 64.52 (53.43) 56.62 (48.79) 59.72 (50.59) 60.28 26.19
Carbendazim 50 WP @ 0.1% 37.96 (38.00) 39.34 (28.82) 34.92 (36.21) 37.40 54.20
Control (Untreated) 86.64 (68.28) 82.14 (64.97) 76.23 (60.80) 81.67 0.00
S.E.±  1.30 1.24 1.67 1.45 -
C.D. (0.05%) 3.92 3.74 5.03 4.35 -
C.V. 14.49 5.68 7.76 - -

* Mean of three replications, Figures in parenthesis are arcsine values



powdery mildew were recorded from its
appearance applying 0-9 disease rating scale
(Mayee and Dattar 1986)

The experiment was conducted during rabi
2008-09, 09-10, 10-11. The data in respect of
powdery mildew of pea and yield were
recorded. The results of pooled analysis are
presented in Table 1 and 2.

Significant difference in the disease intensity
were recorded due to the fungicidal treatments.
All the fungicidal treatments were found
significantly superior over the control for
maintain the powdery mildew disease intensity
at lower level. Three years pooled analysis
showed that among all the treatments,
minimum disease intensity of 12.74 per cent
was recorded with T2 (four sprays of dinocap
(Karathane) @ 0.1 %) at 10 days interval which
was followed by 14.12 per cent T3 (four sprays
of tebuconazole (Folicure) @ 0.1%) (14.12%)
which was at par with the treatment T1
(tridemorph (Calixin) @ 0.1%) (18.54%). The
maximum disease intensity of 81.67 per cent
was recorded in untreated control. The

treatment of neem oil (1.0%) also showed the
maximum disease intensity of 60.28 per cent
which is not comparable with the fungicide
molecules used. The highest percent disease
control was recorded in the spray treatment of
dinocap 0.1 per cent (84.40%) followed by
tebuonazole 0.1 per cent (81.71%); tridemorph
0.1 per cent (77.29%); wettable suphur 0.3 per
cent (75.21%) and bayliton 0.25 per cent
(60.86%) (Table 1).

The yield differences were significant with all
the treatments during three years  as well as in
pooled data. In pooled analysis, it was recorded
that the treatment T2 gave significantly higher
seed yield (52.74 q ha-1) over rest of the
treatments and control. The next best
treatment was tebuconzole @ 0.1 per cent with
the yield of (49.65 q ha-1), which was at par
with tridemorph @ 0.1 per cent (45.46 q ha-1).

The data on economics of different
treatments (Table 2) revealed that highest gross
income of Rs. 105480/- with net monetary
returns of Rs. 56970/- were observed with the
treatment of tebuconzole @ 0.1 per cent  along
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Table 2. Effect of fungicides on yield of pea and their economies (pooled of three year 2008-09, 2009-10, 2010-11)

Treatment Yield q ha-1 Pooled Gross Total Net B:C
––––––––––––––––––––––– yield monetary expendi- returns
2008 2009 2010 q ha-1 returns @10 ture (Rs.)
-09 -10 -11 Rs. kg-1

T1 - Tridemorph (Calixin) @ 0.1% 42.57 48.63 45.18 45.46 90920 48296 42624 1.88
T2 - Dinocap (Karathane) @ 0.1% 56.94 47.31 53.97 52.74 105480 48510 56790 2.17
T3 - Tebuconazole (Folicure) @ 0.1% 53.76 45.52 49.67 49.65 99300 48974 50326 2.02
T4 - Bayliton @ 0.25% 42.65 37.84 41.25 40.58 81160 48145 33015 1.68
T5 - Difenconazole (Score) @ 0.05% 35.49 40.76 37.60 39.95 75900 47518 22382 1.59
T6 - Wettable sulphur @ 0.3% 44.53 35.65 42.28 41.82 83640 47125 36515 1.77
T7 - Neem oil @ 1.0% 32.75 39.48 35.59 35.94 71880 46714 25166 1.53
T8 - Carbendazim 50 WP @ 0.1% 27.83 32.92 37.62 32.79 65580 45126 20454 1.45
T9 - Control (Untreated) 25.83 20.75 24.35 23.52 47040 44518 2522 1.05
S.E.±  1.84 1.89 2.31 2.10 - - - -
C.D. (0.05%) 5.54 5.68 6.92 6.30 - - - -
C.V.% 11.53 11.65 12.38 - - - - -

*Mean of three replications



with 2.17 cost benefit ratio (B:C), followed by
tridemorph (1.88). The lowest net return of
Rs.2522 were obtained when the crop was not
treated at all with any fungicide (control) along
with B:C ratio of 1.05. 

Considering three years results in respect of
management of powdery mildew disease in pea
it was concluded that four sprays of dinocap @
0.1 per cent at 10 days interval with the onset
of disease gave effective control (84.40) of
powdery mildew disease and better seed yield
(52.74 q ha-1).  The results are in comparable
with the findings of Kumar and Singh (1981)
and Warkention et al. (1996). The yield
enhancement was due to the highest disease
control at field level. The treatment T2 (i.e. four
sprays of dinocap 0.1%) and T3 (four sprays of
tebuconzole @ 0.1%) at 10 days interval with
the onset of the disease were also equally
effective in the management of powdery
mildew disease of pea. Sharma (2000) was also
recorded that four spray of dinocap (0.1%) and
weekly interval gave effective control of
powdery mildew of pea. Among the fungicide
treatments dinocap (0.1%) was highly beneficial
economically at Rahuri conditions during
consecutive three years (2008 to 2011) under
high disease pressure. The lowest net return
were obtained in untreated control was in
confirmation with the findings of Warkentin et
al. (1996). Baside air-borne inoculums and
infected seed may also work as a good source
of disease development necessitating the
treatment of seed or spray with fungicides
reported by of Tiwari et al. (1999).

The overall results indicated that to control
powdery mildew disease of pea in rabi and
obtain better yield, four sprays of the fungicides
dinocap (@ 0.1%) or tebucanozole (0.1%) at 10
days interval are economical.

C. B. Bachkar
M. N. Bhalekar
S. A. Pawar

All India Coordinated Research Project on
Vegetable Crops,
Mahatma Phule Krishi Vidyapeeth, 
Rahuri - 413 722 (India)
July 31, 2015
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Sweet corn is  a good source of energy and
one of the group of corn and classified on the
basis of kernel characteristic. Its kernel posses a
considerable amount of sugar (20%) which
absorb water, making the cells turgid on drying.
In Maharashtra, the area and production of
maize is about 0.58 mha and 1.15 million
tonnes of production with the productivity of
maize in Marathwada (1458 kg ha-1) was low as
compared to Maharashtra i.e. 2066 kg ha-1

during the year 2013-14. 

The experiment was planned on medium
deep vertisol soil of Agril. College Farm,
V.N.M.K.V., Parbhani to study the effect of
land configuration and split application of

nitrogen on yield and economics of sweet corn. 

It was laid out in  split plot design with three
replications having 12 treatments consist of
four land configurations and three nitrogen
applications. Crop was sown on 2 July,2008
with Sumadhur variety and adopted all
recommended cultural practices.  Gross and net
plot sizes were 5.4 x 4.8 m  and 3.6 x 3.6 m,
respectively during kharif, 2007. 

The available N, P2O5 and K2O of
experimental plot was 110, 12 and 425 kg
ha-1, respectively.  The soil pH, organic carbon
and electrical conductivity were 7.95, 0.41 and
0.36 ds m-2, respectively. 
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Effect of Land Configuration and Split Application of
Nitrogen on Yield and Economics of Sweet corn

Table 1. Fresh green cob,fodder yields and economics of sweet corn as influenced by different treatments

Treatment Fresh green Dry Gross Net B:C
cob yield fodder monetary monetary ratio
(q ha-1) yield returns returns

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

Land configuration (L) 
L1 : Flat bed method 53.66 37.22 51599 28299 2.20
L2 : Ridges and furrow 56.22 43.00 54997 30197 2.21
L3 : Paired row planting 65.44 45.22 62892 38592 2.58
L4 : Broad bed furrow 61.33 43.44 59189 34889 2.43
S.Em.± 0.41 1.12 432.96 432.91 0.018
C.D. at 5% 1.24 3.35 1296.0 1295.9 0.055

Nitrogen (100 kg-1 ha) (N) 
N1 - 2 splits 58.25 40.83 56114 32239 2.34
N2 - 3 splits 59.16 42.00 57114 32939 2.35
N3 - 4 splits 60.08 43.83 58280 33805 2.37
S.Em. ± 1.23 0.98 965.88 965.85 0.039
C.D. at 5% NS NS NS NS NS

Interactions (L x N) 
S.Em. ± 2.46 1.97 1931.8 1931.7 0.079
C.D. at 5 % NS NS NS NS NS
General mean 59.16 42.22 57169 32994 2.35

Market rates : Fresh green cob : Rs. 800 q-1, Dry fodder yield : Rs. 233 q-1



The biometric observations on growth and
yield attributes were recorded as per standard
procedure. Data on fresh green cob, fodder
yield and economics of sweet corn is present in
Table 1. 

The highest fresh green cob yield (65.44 q
ha-1) and dry fodder yield (45.22 q ha-1) was
recorded by L3 (paired row planting method)
over flat bed method, ridges and furrow and
broad bed furrow. However, the effect of split
application of nitrogen was not significantly
influenced on fresh green cob yield and dry
fodder yield of sweet corn.  This might be due
to short duration of sweet corn and low
moisture availability in the soil at the time of
split application of nitrogen. 

The highest gross monetary returns (Rs.
62892 ha-1) and net monetary returns (Rs.
38592 ha-1) of sweet corn was obtained due to
paired row planting method than other
treatments. The gross monetary returns and net
monetary returns were not significantly
influenced due to split application of nitrogen.
The highest benefit : cost ratio (2.58) was
recorded by L3 i.e. paired row planting
followed by BBF (2.43). The benefit : cost ratio
was not significantly influenced due to split
application of nitrogen. Similar type of findings
were reported by Desai (1978), Dungan and
Pendleton (1958) and Raja (2001).

On the basis of one year data, it may be
inferred that the paired row planting method
(45-90 x 26.66) for sweet corn recorded
significantly the  highest fresh green cob yield
of 65.44 q ha-1, dry fodder yield of 45.22 q
ha-1, net monetary returns of (Rs.38592 ha-1)
with B:C ratio of 2.58 than other land
cofigurations. 

Hence, for obtaining the  highest B:C ratio
and net returns of sweet corn, paired row
planting method (45-90 x 26.66 cm) may be
recommended along with 100 kg N (2 splits) +
75 kg P2O5 and 75 kg K2O ha-1 during kharif
season on vertisols.

A. S. Karle 
R. V. Yande
D. N. Gokhale

Department of Agronomy,
VNMKV, Parbhani - 431 402 (India)
July 15, 2015.
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Study of M5 Generation of Finger Millet (Eleusine coracana
L. Gaertn.) Promising Mutants with Quality Parameters

______________

Finger millet (Eleusine coracana L. Gaertn.)
is probably originated in India as many of the
forms exists in this country. Finger millet is also
called as ragi, nachani and nagli. The

irradiation has role in enlarging the genetic
variability  both quantitative as well as
qualitative character, thereby creating scope for
making selection  in  many characters like yield,



earliness, height, disease resistance and test
weight have been made in various crop plants
by Muller (1927). Unlike hybridization and
selection, mutation breeding has the advantage
of improving a defect in an otherwise elite
cultivar, without losing its agronomic and quality
characteristics. Mutation breeding is the one
straightforward alternative for crop
improvement in plants having small size florets
which is very difficult for emasculation and
hybridization. Muduli and Misra (2007)

observed plant characters changes with
mutagens, their doses and variety. 

The present investigation was undertaken to
study the effect of gamma rays on yield and its
component traits, to develop tolerant genotype
to blast disease in an established variety of
finger millet namely, Dapoli-1 and to analyze
quality parameters (Iron, Calcium and Protein)
of promising mutant lines. The study was
conducted on 23 mutant lines selected from M5
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Table 1. Mean values for different characters during M5 generation

Mutant Days to Days to Days to Plant Length Tillers Fingers Grain Grain
line first 50% maturity height of plant-1 ear-1 density yield

flowering flowering (cm) finger plant-1
(cm) (g)

DML-4 101.0 105.0 131.0 114.1 10.0 2.1 7.2 44.3 9.30
DML-7 82.5 92.5 116.0 99.7 12.8 2.0 8.2 52.8 11.80
DML-8 91.5 93.5 127.0 94.1 11.2 1.9 11.3 53.7 15.19
DML-10 96.5 101.0 133.0 106.5 8.5 1.5 8.5 60.6 11.51
DML-11 95.5 99.5 133.5 99.8 9.0 1.6 10.5 66.0 11.10
DML-19 88.0 93.0 122.0 111.5 10.7 1.4 6.1 78.9 9.48
DML-20 85.5 92.0 117.5 114.0 10.1 1.6 5.7 86.9 11.98
DML-22 89.0 92.5 124.0 114.8 9.7 1.2 6.1 91.9 8.11
DML-24 89.5 95.0 125.5 104.6 9.9 1.0 5.4 81.1 8.89
DML-29 83.5 91.5 126.0 102.6 9.4 1.2 5.7 63.3 6.85
DML-33 64.5 83.0 117.5 103.5 8.95 1.8 6.6 74.9 6.24
DML-55 84.5 98.0 127.0 111.4 12.6 2.0 10.6 60.6 9.48
DML-56 90.0 97.5 124.0 101.7 8.4 1.3 4.4 79.6 6.02
DML-58 88.0 91.5 126.0 107.9 9.9 1.0 5.2 77.9 8.10
DML-60 87.5 92.0 126.5 111.9 10.4 1.0 6.6 97.0 9.90
DML-61 87.5 93.0 120.5 110.8 9.9 1.3 6.0 77.9 11.59
DML-62 86.5 92.0 123.5 113.5 9.9 1.2 5.9 58.5 12.27
DML-70 86.0 91.5 124.5 108.4 9.9 1.1 6.7 83.9 7.92
DML-73 85.0 93.5 129.5 111.8 9.9 1.2 6.9 75.4 8.69
DML-74 88.0 92.0 126.0 109.9 10.9 1.4 5.6 93.5 9.89
DML-75 87.5 93.0 129.0 113.5 10.2 1.2 5.6 104.0 9.67
DML-77 87.5 91.5 123.0 112.8 9.8 1.3 5.6 69.9 7.62
DML-80 89.0 95.0 127.5 114.5 10.5 1.4 4.7 107.1 7.63
Dapoli-1 (Control) 98.5 101.0 132.0 110.7 8.7 3.1 6.7 64.5 7.58
Mean 88.02 94.16 125.5 108.5 10.5 1.49 6.74 75.17 9.64
Range 64.5 to 83.0 to 116.0 to 94.1 to 8.4 to 1.0 to 4.4 to 44.3 to 6.24 to 

101.0 105.0 133.5 114.8 12.8 2.1 11.3 107.1 15.19
S.E. ± 1.74 1.43 1.70 3.60 0.57 0.18 0.68 2.43 1.20
C.D. at 5 % 5.10 4.20 4.99 10.54 1.68 0.55 2.00 7.12 3.52



generation developed by mutagenesis from
Dapoli-1 variety of finger millet. 

The seeds of 23 mutants along with control
were sown in kharif  2014 and the experiment
was conducted at experimental farm of
Agricultural Botany, College of Agriculture,
Dapoli. For raising M5 generation seedlings
were transplanted and recommended practices
were followed. The stable and superior lines
over control were selected on the basis of yield
and yield contributing characters.

The estimation of Protein, Calcium and Iron
was done in the Soil Science Laboratory of Dr.
B. S. Konkan Krishi Vidyapeeth, Dapoli. For
this analysis seeds of 10 superior mutants from
M5 generation were used along with control
(Dapoli-1). Protein was estimated by using
Kjeldahl method using Pelican Kelplus
equipment. Crude protein was calculated by
multiplying with a factor 6.25 (AOAC, 1990).

The experiment was conducted in
randomized block design (RBD), including
ANOVA. All statistical parameters like
arithmetic mean, standard error, critical
difference variance, coefficient of variation,
broad sense heritability (h2bs) and genetic
advance (GA) were calculated.

Variability among the mutant cultures
during M5 generation : In the present

investigation the  mutant lines DML-7 and
DML-33 showed early maturity within 116 and
117 days respectively. Muduli and Mishra
(2008) in finger millet reported considerable
variation for days to maturity. The mutants of
M5 generation only DML-8 (94.10 cm), DML-
7 (99.70 cm) and DML-11 (99.80 cm) were
significantly shorter than the parent. Similar
results were reported by Hayat et al. (1990) in
sorghum. The wide range of variation were
observed during M5 generation among the 23
mutant cultures 7 cultures showed significant
increase in finger length. The mutant cultures
DML-7 (12.80 cm) and DML-55 (12.60 cm)
produced longest finger (Table-1). Such
variation for finger length was also reported by
Muduli and Misra (2007, 2008) in finger millet.

All the 23 cultures had produced
significantly less tillers plant-1 than parent
variety during M5 generation. Chakravarti et al.
(2013) also reported wide range of variation for
tillers plant-1 in rice. Significantly more fingers
ear-1 were observed in mutant cultures DML-10
(10.47), DML-8 (9.53) and DML-11 (9.53) as
compared to parent variety. The variation in
fingers ear-1 during M5 generation was ranged
from 4.40 to 11.30. Among the 23 mutant
cultures 3 cultures i.e. DML-8 (11.30), DML-55
(10.60) and DML-11 (10.50) produced
significantly more fingers ear-1, while DML-56
(4.40) produced lowest fingers ear-1. Wide
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Table 2. Mean, range and genetic parameters in M5 generation for all characters

Character Mean Range Vg Vp PCV GCV h²(bs) GA

Days to first flowering 88.02 64.5 to 101.0 43.29 49.39 7.98 7.47 87.65 12.69
Days to 50% flowering 94.16 83.0 to 105.0 17.45 21.58 4.93 4.44 80.87 7.74
Days to maturity 125.5 116.0 to 33.5 18.93 24.76 3.96 3.47 76.47 7.84
Plant height (cm) 108.5 94.1 to 114.8 19.35 45.33 6.21 4.05 42.70 5.92
Length of finger (cm) 10.5 8.4 to 12.8 0.84 1.50 12.18 9.11 55.93 1.41
Tillers plant-1 1.49 1.0 to 2.1 0.19 0.26 34.29 29.25 72.75 0.77
Fingers ear-1 6.74 4.4 to 11.3 2.89 3.83 29.03 25.22 75.49 3.04
Grain density 75.17 44.3 to 107.1 264.68 276.54 22.12 21.64 95.71 32.79
Grain yield plant-1 (g) 9.64 6.24 to 15.19 3.11 6.01 25.41 18.28 51.74 2.61



range of variation for fingers ear-1 was also
reported by Muduli and Misra (2007).

In the M5 generation the mutants DML- 80
(107.10) and DML-75 (104.00) produced more
grains centimeter-1. Similar variation for grain
density was also reported by Muduli and Misra
(2007, 2008) in finger millet. For the character
yield plant-1 in M5 generation seven mutant
cultures recorded significantly higher yield
plant-1 over parent variety. In M5 generation
the mutant lines DML-8 (15.19g) and DML-62
(12.27g) produced highest grain yield plant-1.
These results are in agreement with Muduli et
al. (2008) in finger millet and Hayat et al.
(1990) in sorghum cultivars. 

Genetic components of variability : In
M5 generation phenotypic coefficient of
variation was high for tillers plant-1 (34.29),
fingers ear-1 (29.03) and grain yield plant-1

(25.41) (Table-2). High phenotypic coefficient
for these characters was also observed by Hayat
et al. (1990). The genotypic coefficient of
variation in M5 generation higher for tillers
plant-1 (29.25), fingers ear-1 (25.22), grain
density (21.64). These results were in
correspondence with Kumari et al. (2007).

Heritability and genetic advance : Out
of nine characters three characters showed
more than 90 per cent heritability for days to
maturity (97.04), length of finger (96.12) and
plant height (92.41). The heritability observed
during M5 generation was highest for grain
density (95.71), days to first flowering (87.65).
These results were in accordance with Haradari
et al. (2012). In the present investigation, the
highest genetic advance was observed for grain
density (32.79) and days to first flowering
(12.69) during M5 generation. 

Quality parameters (Protein, Iron and
Calcium) : Quality parameters such as
Protein, Calcium and Iron were carried out in

10 promising mutant cultures and one parent
(Dapoli-1). The results obtained from this
analysis showed that the mutant lines showed
much variation for protein, calcium and Iron
content (Table 3). The protein content varied
from 4.02 to 6.47% among 10 mutant lines
while the parent variety contains 5.07%
protein. The mutant lines DML-7, DML-8,
DML- 10 and DML-33 showed higher protein
content as compared to parent variety. Similar
results were observed by Barbeau et al. (1993)
in domesticated cultivars of finger millet.
Among the 10 mutant lines and parent variety,
Calcium content varied from 168 to 252 mg
100-1 g. Four mutant lines showed higher
calcium content as compared to parent variety
(231 mg 100-1 g). Similar results were observed
by Shashi et al. (2006). Iron content varied
from 4.5 to 12 mg 100-1 g. The mutant lines
DML-4, DML-7 and DML-58 showed higher
Iron content as compared to parent (9.6 mg
100-1 g). Among these mutant lines DML-4
showed maximum (12 mg 100-1 g) calcium
content. Bashir et al. (2014) obtained similar
results in Pearl millet.

Selection of promising mutant cultures on
the basis of yield and yield contributing

Journal of Agriculture Research and Technology 327

Table 3. Protein, calcium and iron content in 10 mutant
lines and parent

Mutant line Protein Calcium Iron
line (%) (mg (mg

100-1 g) 100-1 g)

DML-4 4.9 225 12
DML-7 5.25 252 11
DML-8 5.77 248 8
DML-10 6.12 216 7
DML-33 6.47 172 7.7
DML-55 4.9 226 6.5
DML-58 4.02 242 10
DML-62 4.2 168 9
DML-70 4.72 198 4.5
DML-75 4.37 234 9
Dapoli-1 5.07 231 9.6
(Parent line)



characters could prove to be an effective and
efficient procedure for selection of high-yielding
mutant lines in finger millet through irradiation
technique.
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Combined Effect of Harvesting, Pulsing and Packaging on
Keeping Quality and Vase life of Gladiolus

______________

Gladiolus (Gladiolus grandifolorus L.)
commonly known as "Sword Lilly" and its
stands fourth place in the international market,
after rose, carnation and chrysanthemum. It is
the only flower crop, accepted in Europeans

countries grown in open field condition. It is
important ornamental bulb flower crop which is
used domestically as well as in internationally
trade for its magnificent inflorescences, wide
array of colours, shape, size and keeping



quality. Flower stalk of gladiolus is highly
perishable commodities and vulnerable to high
post harvest losses. Cut gladiolus has relatively
low keeping quality and detiorate during distant
transportation. It is therefore, important to
workout post harvest management of gladiolus
to minimize losses. The evaluation of post
harvest technology is important for developing
market strategy and accessibility for export.
Hence, the present study was conducted to find
out proper stage of harvest, pulsing and suitable
packaging on keeping quality and vase life of
gladiolus cv. White Prosperity.

The present experiment was carried out in
the research laboratory of All India Co-
ordinateted Research Project on Floriculture,
NARP. Ganeshkhind, Pune during the year
2011 to 2013. The gladiolus spikes were
harvested at two stage of floret development
viz., tight bud stage (A1) and basal 1-5 flower
shown colour stage (A2). The spikes were
harvested at early morning. Immediately after
harvest, the spikes were kept in bucket
containing tap water and were brought to the
laboratory. The spike base was re-cut to
uniform length of 75cm and pulsing in 20  per
cent sucrose solution for 16 hrs. After pulsing
the spikes were wrapped in different packaging
films viz., LDPE-100 gauge, PP-100 gauge,
Cellophane, news paper, gunny bag and
without packaging material and were kept in
CFB boxes for 24hrs. at ambient temperature
20 ± 2°C. After 24 hrs. packed spikes in
different packaging material were removed and
spikes base were re-cut immediately, spikes
were kept in the measuring cylinder containing
100ml tap water for vase life evaluation at 20
± 2°C and 60-75 per cent relative humidity.
The experiment was laid out in Factorial
Complete Randomized Design with three
replication for three years. The observations
were recorded on days for basal floret to open,
vase life, diameter of second floret, and percent
opening of flower.

The cut gladiolus spikes showed significant
increase in all parameters and improved post
harvest life with combination of different
treatments. Pooled data in Table 1 showed that
the significantly maximum days for basal floret
to open in vase (2.19 days), vase life (6.23
days), percent opening of flower (76.03%) and
diameter of second floret (8.53cm) were
recorded in treatment A1 (harvested at tight
bud stage). This might be due to maintain the
soluble sugar level in cut spikes harvested at
tight bud stage. A similar result was recorded by
Kushal Singh et al. (2003) in gladiolus cv.
White Prosperity.

Amongst the different packaging
treatments, treatment PI (LDPE-100 guage)
found significantly superior over all the
treatments in respect of vase life (6.98 days),
percent opening of flowers (77.92%) and
diameter of second floret (8.83cm). Pooled data
of packaging treatments recorded non
significant effect regarding basal floret to open
in vase.

Wrapping of cut spikes of gladiolus in
LDPE-100 guage created optimum conditions
to maintain physiological activities that kept
spike healthy and resulted in longer vase life.
Thus wrapping material might possesses low air
diffusion rate across the film compared to other
films. The metabolic activities like respiration
and transpiration of flowers, might have led to
the formation of beneficial equilibrium of
modified atmosphere with high level of CO2,
low level of O2 and maintained relative
humidity within the package. This further might
have resulted in closure of stomata and
minimized the respiratory loss of carbohydrates
as well as transpirational loss of water from cut
spikes (Dastagire et al., 2014). In the case of
unwrapped spikes and other wrapping
material, caused higher cell damage which
resulted in poor quality and vase life of spikes
which might be caused by undesired gaseous
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equilibrium. This was due to depletion of stored
carbohydrates and water loss during storage
period as reported in storage of gladiolus spikes
by Singh et al., 2007.

The pooled data of interaction effect
(harvesting stage x packaging material) in Table
1 revealed that tight bud stage of harvesting
with LDPE-lOOguage packaging recorded
significantly maximum diameter of second
floret (9.52cm). The bud opening in cut flowers
is associated with high cell turgidity (Torre et
al., 1999) and up-regulation of optimum
metabolic activities with high petal sugar status
(Singh et al., 2005). The higher percentage of
floret opening and maximum size of floret in
treatment interaction of LDPE-100 gauge with
tight bud stage could be attributed to high
turgidity of the spikes, cell enlargement in
florets and optimum cell metabolism with
sustainable levels of carbohydrates in florets.
The present findings were similar to that of
Beshir (2008) and Sharma et al., (2008) result
in lily. The interaction effects were noticed non
significant in respect of days for basal floret to
open, vase life and percent opening of flower,
even though higher pooled mean values
regarding vase life (7.57 days) and percent
opening of flower (81.47%) were recorded by
interaction A IP 1 (Tight bud stage with LDPE-
100 gauge).

The interaction between harvesting stage
and packaging material did not show any
significant effect on keeping quality and vase
life of cut gladiolus spike. However, The spike
of White Prosperity harvested at tight bud stage
and pulsed in 20 per cent sucrose solution for
24 hrs. exhibited better keeping quality and
more vase life (6.23 days).

S. B. Jadhav
S. M. Katwate
B. G. Pawar
D. S. Kakade
S. B. Gurav

All India Coordinated Research Project on
Floriculture, National Agriculture Research
Project, (PZ) Ganeshkhind, 
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December 31, 2015.
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Zinc deficiency is prevalent worldwide both
in temperate and tropical climate (Fageria et al.
2004). Indian soils are deficient in Zn (49%)
and this extent of deficiency is expected to rise
up to 63 per cent by 2025. Zn deficiency in
rice is characterized by dark brown patches on
plant parts. The deficiency of zinc in soil is
leading to reduced density of Zn in edible parts
viz., grain, vegetables, fruits, fodder etc., which
ultimately pose the problem of nutritional
security in human and animals. Response of
rice to Zn has been reported by several workers
in India, Philippines and China. The World is at
risk of zinc deficiency (48%). Its deficiency
causes growth retardation, delayed sexual
maturation, skin and eye lesions, and high rates
of pneumonia, diarrheal diseases and other
infections. Fifty percent of the global cereal
production land is low in plant available Zn. In
cereals, wheat and rice in particular, Zn
deficiency led to reduction in grain yield with
low levels of Zn accumulation in grain.
Management of Zn deficiency helps to increase
its level in grain of cereals. Enrichment of zinc
in rice grains can be achieved either through
external supply of micronutrients to the crops
or through growing cultivars which can
accumulate higher zinc from the soil. In view of
the importance of zinc in paddy the present
investigation was undertaken to study the
content of zinc in grain of rice varieties and to
identify the varieties with enriched zinc content
in grain. 

The study was carried out at Research
Farm, Zonal Agriculture Research Station,
Sindewahi, Dr. Panjabrao Deshmukh Krishi
Vidypeeth, Akola, during kharif in 2010-11 in
split plot design with three replications. Main
plot comprised of eight popular paddy varieties;

( V1 - SYE-2001, V2 - SYE-4, V3 - SYE-5, V4
-  PKV HMT, V5 - Khamang, V6 - Makrand, V7
- SKL-8, V8 - PKV Ganesh) and sub plot
comprised of  three Zn levels (Zn0 - Control,
Zn1 -  Soil application @ 100 kg ha-1 ZnSO4 ,
Zn2 - Soil application @ 100 kg ha-1 ZnSO4 +
Two foliar sprays  @ 0.5% ZnSO4 at pre
flowering and grain filling stages). The rice
varieties were transplanted in each plot at
recommended spacing. The recommended
fertilizer dose 50 kg N: 50 kg P2O5: 50 kg K2O
ha-1 and ZnSO4 @ 100 kg ha-1 was applied at
the time of transplanting and 50 kg ha-1 N was
applied 30 days after transplanting. Two foliar
sprays of ZnSO4 @ 0.5% were given at pre
flowering and grain filling stage. The soil was
slightly acidic (pH- 6.53) moderate in organic
carbon (5.39 g kg-1), low in Avail. N. (192 kg
ha-1) and avail. P (9.16 kg ha-1) and medium in
avail. K (284 kg ha-1) and deficient in DTPA- Zn
(0.36 mg kg-1).   The variety wise grain samples
were collected after harvest for micronutrient
content and uptake. The yield efficiency index
for rice cultivars were determined using the
formula given by Grahm et al. (1992). Yield
efficiency index = (Total yield in control plot/
Total yield in treated plot) x100.                     

The grain yield was recorded significantly
highest in SYE-5 (49.45 q ha-1) over all the
varieties. The scented variety Khamang has
recorded highest grain yield (37.72 q ha-1)
which was at par with Makrand (33.20 q ha-1)
(Table 1). Significantly highest grain yield of
paddy was recorded in the treatment of soil
application of ZnSO4 @ 100 kg ha-1 + 2 Foliar
sprays (Zn2) (39.74 q ha-1) as compared to
control (36.27 q ha-1) and at par with soil
application of ZnSO4 @ 100 kg ha-1 (Zn1)
(38.96 q ha-1). Hazra et al. (2015) reported
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similar results which revealed that increase
harvest index (HI) of rice also corroborated with
higher Zn content in grain upon its basal
application as well as foliar spray. Tiwari (2002)
emphasized on the nutrient management to
increase the productivity of rice in the
deficiency situation of micronutrients. The
treatment of soil application of ZnSO4 @ 100
kg ha-1 (Zn1) also found significantly superior
over control (Zn0) and increased the yield to the
extent of 7 per cent. The yield increase in grain
due to two foliar sprays was found only 2
percent. Among the various rice genotypes the
late varieties recorded higher grain yield as
compared to midlate varieties, while the
scented varieties recorded lower yield. Shukla
(2014) studied the various rice cultivars for their
yield potential and zinc concentration in rice
grain and reported 19 percent yield increase by
soil application of Zn. The yield efficiency index
was found highest under soil application of
ZnSO4 @ 100 kg     ha-1 (93.1) followed by soil
application + two foliar sprays (91.2). This
indicates that foliar feeding of Zn helped to
increase the grain yield over only soil
application. Quaisrani (2011) also reported
increase in grain yield with application of Zn by
12 percent. 

Zinc content in rice grain was recorded
significantly highest in the variety Khamang
(24.21 mg kg-1) as compared to all the varieties
followed by PKV Ganesh (21.37 mg kg-1).
Lowest zinc content in grain was recorded in
SYE-4  (14.18 mg kg-1) variety. Among the
various rice varieties the zinc concentrations in
rice grain were found higher in scented varieties
as compared to non scented varieties indicating
that the scented varieties are more responsive
to zinc as well as fortification of grains. Further,
it was also noticed that the varieties giving high
grain yield showed lower zinc content. This
could be attributed to the dilution effect of Zn
due to higher yield. Zinc content in rice grain
was significantly highest under soil application

of ZnSO4 @ 100 kg ha-1 + 2 foliar sprays
(23.80 mg kg-1) as compared to all other
treatments. The soil application of ZnSO4 @
100 kg ha-1 also recorded significantly superior
zinc content over control and increased the zinc
content by 41 per cent. Lowest zinc content
was recorded in control (13.60 mg kg-1). The
increase in zinc content in grain due to two
foliar sprays was 23 per cent. Savithri et al.
(1999) reported that the micronutrient
inclusion in crop management enhanced the
rice productivity. Foliar feeding of Zn at panicle
emergence and grain filling was quite effective
in enhancing the concentration of Zn in grain.
The application of ZnSO4 @ 0.5 % spray at
panicle emergence and grain filling stage
helped to increase the Zn density in grain.
Shukla (2014) reported that the foliar feeding
of Zn was effective in increasing the grain
concentration than soil Zn application. The
results of present study also suggested the utility
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Table 1. Grain yield and Zn content of rice grain (q ha-1)

Treatments Grain Zn content
(q ha-1) (mg kg-1)

a. Main plot (Varieties)
V1 -  SYE-2001 43.48 15.66
V2 -  SYE-4 38.75 14.18
V3 -  SYE-5 49.45 17.32
V4 -  PKV HMT 34.71 17.18
V5 -   Khamang 37.72 24.21
V6 -   Makrand 33.20 20.23
V7 -   SKL-8 35.94 21.03
V8 -  PKV Ganesh 33.33 21.37
SE(m) ± 1.66 0.46
C.D.at 5% 4.98 1.39

b. Sub plot (Zinc levels)
Zn0 - Control 36.27 13.60
Zn1 - Soil application ZnSO4

@ 100 kg ha-1 38.96 19.27
Zn2 - Soil application ZnSO4

@ 100 kg ha-1 + 39.74 23.80
2 Foliar spray

SE(m)± 0.84 0.26
C.D.at 5% 2.55 0.79

c. Interaction (a x b) NS NS



of foliar application of zinc sulphate for
fortification of rice grains under the widespread
deficiency of zinc in the soil of Eastern
Vidarbha region. This would help in correcting
the malnutrition problems in these areas
besides safeguard to prevent deficiency of zinc
in human diet in future.

It could be concluded that, the grain yield of
rice was recorded significantly highest by the
SYE-5 while significantly highest zinc content in
the scented variety Khamang. Soil application
of ZnSO4 @ 100 kg ha-1 + two foliar sprays at
pre flowering and grain filling stage is useful for
enhancing zinc concentration in rice grain.

R. N. Katkar  
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V. K. Kharche 
S. R. Lakhe
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Status of Sulphur and Micronutrients in Soils of Nagpur
District of Maharashtra

______________

The emerging deficiency of sulphur and
micronutrients in soils under intensive
cultivation is causing imbalanced plant nutrition
resulting into lowering crop productivity and
decline in the quality of the produce. This
necessitates assessment of current fertility
status of soils for timely and accurate corrective
measures. In this context the present study was
carried out in Nagpur district. 

In all from the farmers' field two hundred
fifty eight georeferenced soil samples to the

depth of 0-20 cm were collected and latitude,
longitude and altitude of sampling sites were
recorded using Global Positioning System
(GPS). The soil sampling from cultivated fields
was carried out based on 7 km grid in all the
tehsils of Nagpur district. The soil samples were
air-dried, ground and passed through 2 mm
sieve before analysis. Available micronutrients
(Zn, Fe, Cu and Mn) were extracted by DTPA-
CaCl2 solution and analyzed using atomic
absorption spectrophotometer (Lindsay and
Norvell 1978). The available sulphur was



extracted by 0.15 per cent CaCl2 solution and
the concentration was determined by the
turbidimetric method spectrophotometrically
(Chesnin and Yien 1951). Nutrient index of

each nutrient was determined by the formula
given below (Parker et al. 1951). 

Nutrient Index = (% samples low x 1)+(%
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Table 1. Status of available sulphur in soils of Nagpur district

Name of tehsil Range Status
(mg kg-1) –––––––––––––––––––––––––––––––––––––––––––––––––––––––

Low (PSD) Medium High NI

Narkhed 7.02 - 82.88 3 (14.29) 13 (61) 5 (24) 2.09
Katol 8.65 - 79.50 1 (5.00) 11 (55) 9 (45) 2.45
Kalmeshwar 6.70 - 51.22 5 (25.00) 8 (40) 7 (35) 2.10
Saoner 7.93 - 35.62 4 (20.00) 15 (75) 1 (5) 1.85
Parshivni 7.15 - 65.85 10 (50.00) 7 (35) 3 (15) 1.65
Mauda 6.57 - 75.14 11 (55.00) 3 (15) 6 (30) 1.75
Ramtek 5.40 - 81.45 7 (33.30) 9 (43) 5 (24) 1.91
Hingna 6.57 - 14.17 13 (68.42) 6 (32) 0(0) 1.32
Nagpur (Rural) 6.83 - 41.67 5 (31.25) 10 (63) 1 (6) 1.75
Bhiwapur 9.36 - 73.52 1 (5.00) 14 (70) 5 (25) 2.20
Umrer 8.00 - 28.15 10 (45.45) 9 (41) 3 (14) 1.69
Kuhi 8.32 - 36.27 3 (13.64) 13 (59) 6 (27) 1.92
Kamthi 7.61 - 46.67 8 (47.06) 5 (29) 4 (24) 1.77
District 5.40 - 82.88 81 (31.40) 123 (47.68) 55 (21.22) 1.89

PSD - Percent samples deficient; Values in the parentheses indicate percentage. NI - Low < 1.66, Medium 1.66-2.33,
High > 2.33

Table 2. DTPA- extractable micronutrients status in soil

Name of tehsil Zn (mg kg-1) Fe (mg kg-1) Cu (mg kg-1) Mn (mg kg-1)
––––––––––––––––––– ––––––––––––––––––– ––––––––––––––––––––– –––––––––––––––––––––
Range PSD* Range PSD* Range PSD* Range PSD*

Narkhed 0.59 - 2.31 4.7 5.55- 5.41 0 2.13- 6.43 0 4.55 - 13.15 0
Katol 0.23 - 1.75 15.0 5.47- 3.26 0 0.88-7.15 0 5.57 - 19.42 0
Kalmeshwar 0.42 - 1.76 20.0 5.72 -7.17 0 1.37 - .51 0 5.30 - 35.57 0
Saoner 0.50 - 1.60 5.0 6.55 -8.91 0 1.07 -9.77 0 7.31 - 61.92 0
Parshivni 0.46 - 4.93 20.0 4.01-23.45 10 0.97- 19.82 0 5.63 - 29.95 0
Mauda 0.37 - 4.89 10.0 10.76-54.2 0 1.82-11.62 0 6.05 - 74.88 0
Ramtek 0.22 - 1.82 19.0 9.17- 9.55 0 0.62 - 49.21 0 4.97- 44.82 0
Hingna 0.41 - 1.44 26.3 3.45- 6.51 11 1.26 - 6.84 0 4.12 - 27.54 0
Nagpur (Rural) 0.50 - 2.58 12.5 5.63-15.21 0 1.04 - 47.02 0 5.15 - 21.35 0
Bhiwapur 0.39 - 2.50 80.0 4.58- 7.73 0 0.14 - 4.21 5.0 4.58 - 52.80 0
Umrer 0.41 - 4.40 63.6 5.47-19.93 4.5 0.38 - 8.90 0 4.72 - 23.98 0
Kuhi 0.25 - 2.99 72.7 1.99- 3.32 4.5 0.46 - 2.36 0 2.51 - 56.70 0
Kamathi 0.31 - 1.56 41.2 6.02-25.30 0 1.33 - 4.49 0 6.08 - 22.99 0
District 0.22 - 4.93 30.6 1.99- 9.55 1.94 0.14 - 49.21 0.39 2.51- 44.82 0

PSD* - Percent sample deficient



samples medium x 2) + (% samples high x 3)
/100

Considering 10 mg kg-1 as the threshold
value (Balanagoudar and Satyanarayan 1990)
31.4 per cent samples were deficient whereas
47.68 per cent samples were found medium in
available S. The highest per cent deficiency of
sulphur was observed in Hingna (68.42%),
Mauda (55%), Parshivni (50%) and Kamathi
(47.06%) which can be attributed to less use of
sulphate fertilizers (Table 1).

About 30.6 per cent soils were deficient in
DTPA-zinc according to the critical limit of 0.60
mg kg-1 (Follet and Lindsay 1970) while 44.2
per cent samples were found marginal (0.60 to
1.20 mg kg-1). The highest zinc deficiency was
observed in Bhivapur (80%), Kuhi (72.7%) and
Umrer (63.6%) due to intensive traditional chilli
cultivation in these three tehsils and lack of
balanced fertilizer use (Table 2). 

Kharche et al. (2003) on the basis of 20
dominant soil series of western Maharashtra
reported that Entisols are more prone to the
deficiency of Zn and Fe followed by Inceptisols
and Vertisols. However, Alfisol did not record
deficiency of Zn and Fe. Patil et al. (2004) and
Kharche et al. (2003) further reported 40 and
12.0 per cent and 34.7 and 31.7 per cent soils
deficient in zinc and iron in Vidarbha and
western Maharashtra region, respectively.
Thus, widespread deficiency of zinc is the most
serious constraint to sustainable productivity of
major soil groups of the state. 

The nutrient indices were found medium in
S (1.89), Zn (1.76) and Fe (2.19) and high in
Cu (2.91) and Mn (2.69) (Table 3).

Assessments of fertility status of soils of
Nagpur district indicated that wide spread
deficiency of available zinc followed by sulphur.
However, copper and manganese deficiencies

are negligible. It thus becomes apparent that
currently 31.4 per cent soils in Nagpur district
are deficient in available S and 30 per cent soils
deficient in available Zn. In addition to this the
marginal status of sulphur and zinc also needs
attention. The regular addition of organic
manures like FYM, compost, green manuring,
vermicompost, crop residue management and
crop rotations is necessary for improving the
status of sulphur and micronutrients in soils of
Nagpur district. The areas where the deficiency
is acute, addition of nutrients through chemical
fertilizers is required to have balanced nutrient
supply and enhance crop productivity. 

R. N. Katkar
V. K. Kharche 
S. R. Lakhe 
G. S. Laharia

AICRP on Secondary and Micronutrients,
Dept. of Soil Science and Agril. Chemistry
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Akola - 444 104 (India) 
November 4, 2015.
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Table 3. Status of available sulphur, micronutrients and
nutrient indices in Nagpur district

Nutrients Low PSD* Medium High NI

S 31.40 48.06 20.54 1.89
Zn 30.62 62.79 6.59 1.76
Fe 1.94 82.56 17.44 2.19
Mn 0.00 31.01 68.99 2.69
Cu 0.39 8.53 91.09 2.91

PSD* - Percent samples deficient
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Response of Nutrient Management Practices on Growth,
Yield and Quality of Kharif Groundnut

______________

Groundnut (Arachis hypogaea L.) is the
premier oilseed crop of India, occupies an area
of 6.7 million hectare and contributes 7.3
million tonnes towards oilseed production. India
stands first in area and second in production
and fifth in productivity (995 kg ha-1). The
productivity of groundnut is low in India when
compared with other countries. Maharashtra
occupies 2.70 lakh hectare area under
groundnut and contributes 2.85 lakh tonnes
with 1056 kg ha-1 productivity (Anonymous,
2012). The approach of general fertilizer
recommendations related to soil test ratings
was in common use though it has its
shortcoming. Due to  the changing trend in
agriculture, yield target concept and fertilizer
recommendations for maximum profit per
hectare became more promising.  It has proved
to be more superior to others and proof was
demonstrated by Ramamoorthy and his
associates (2009). Targeted yield approach has
been an unique one in the sense that this
method not only indicates soil test based
fertilizer dose, but also the levels of yield, the
farmers can hope to achieve if good agronomy
is followed in raising the crop. It is need to
identify the best nutrient  management
practices comparing with each other like

recommended dose of fertilizer, fertilizer dose
as per soil test and  fertilizer dose as per STCR
equation (yield target equations) in kharif
groundnut. Keeping this point in view, the
present investigation was conducted to study
the response of nutrient management practices
on growth, yield and quality of kharif
groundnut.

A field experiment was conducted during
2011-12 and 2012-13 at Department of
Agronomy, MPKV, Rahuri (M.S.). The soil of
the experimental site was sandy clay loam in
texture with low in available nitrogen (168.41
kg ha-1), medium in phosphorus (15.69 kg ha-

1)and high in potassium (427.00 kg ha-1)  and
moderate in Fe (6.89 µg g-1 of soil), Mn (9.51
µg g-1 of soil ),  Zn (0.62 µg g-1 of soil ) and Cu
(3.41 µg g-1 of soil ). The soil was slightly
alkaline in reaction (pH 8.20) with 0.29 dSm-1

electrical conductivity and 0.54 percent organic
carbon content.  The treatment consists of four
nutrient management practices viz., T1 -
recommended dose of fertilizer; T2 - fertilizer
dose as per soil test; T3 - fertilizer dose as per
STCR equation (25 q ha-1) and T4 - control
treatment. The experiment was laid out in
randomized block design with nine replications.
The fertilizer dose was applied as per treatment



through Urea, DAP, Single Super Phosphate
and Muriate of Potash. Groundnut seed (CV.JL-
501) was inoculated with Rhizobium and
Phosphate Solublizing Bacterial culture for all
treatments. The crop was sown at a spacing of
30 x 10 cm. All the recommended package of
practices were followed during the period of
investigation.

Growth attributes : The data presented in
Table 1. revealed that the nutrient management
through STCR equation proved its superiority
by recording significantly higher growth

attributes viz., plant height (30.14 cm), number
of branches plant-1 (6.89 ), plant spread (28.71
cm), number of leaflets plant-1 (56.48) and leaf
area plant-1 (10.46 dm2) than recommended
dose of fertilizer and control, but at par with
fertilizer dose as per soil test. The control
treatment registered significantly minimum
values of all growth attributes during both the
years of experimentation. This might be
because of balanced nutrition in yield target
approach increase the uptake of essential
nutrients and which accelerates the activites of
cell elongation and cell multiplication as well as
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Table 1. Pooled mean of growth attributes of kharif groundnut as influenced by different treatments

Treatment Plant No. of No. of Plant Leaf No. of Weight Weight Weight Dry
height bran- leaflets spread area pods of pods of of 100 pod
(cm) ches plant-1 (cm) plant-1 plant-1 plant-1 karnels karnels yield

plant-1 (dm2) (g) plant-1 (g) (q ha-1)
(g)

Nutrient management 
T1 - Recommended dose  26.14 5.35 49.20 26.76 8.96 22.55 17.81 12.39 35.43 17.02

of fertilizer
T2 - Fertilizer dose as  29.13 6.76 52.10 27.52 9.65 24.29 19.38 13.61 36.50 19.25

per soil test
T3 - Fertilizer dose as per 30.14 6.89 56.48 28.71 10.46 27.20 21.74 15.44 37.40 23.78

STCR eqn (25 qha-1)
T4 - Control (No fertilizer ) 23.01 4.59 36.63 15.98 4.03 12.81 8.41 5.71 33.45 7.29
SEm ± 0.91 0.34 1.39 0.65 0.19 0.91 0.67 0.49 0.51 0.56
C.D. at 5% 2.66 0.99 4.06 1.89 0.57 2.66 1.96 1.44 1.46 1.63
General mean 27.11 5.89 48.60 24.74 8.28 21.71 61.03 11.79 35.69 16.84

Table 2. Oil, protein yield and nutrient uptake of kharif groundnut as influenced by different treatments

Treatment Oil Oil yield Protein Protein Total nutrient uptake 
content (%) content yield (kg ha-1)
(%) (kg ha-1) (%) (kg ha-1) –––––––––––––––––––––––

N P K

Nutrient management 
T1 - Recommended dose  of fertilizer   49.33 5.61 25.23 2.91 92.41 17.38 78.06
T2 - Fertilizer dose as per soil test 50.13 6.47 25.53 3.29 104.75 20.12 86.34
T3 - Fertilizer dose as per STCR eqn (25 q ha-1) 49.81 8.19 25.64 4.17 125.53 25.95 102.75
T4 - Control (No fertilizer) 47.17 1.89 24.19 0.97 37.65 6.78 29.59
SEm ± 0.39 0.17 0.34 0.10 2.19 0.49 1.61
C.D. at 5% 1.13 0.50 0.98 0.28 6.39 1.41 4.70
General mean 49.11 5.54 25.14 2.83 90.08 17.56 74.18



metabolic activities resulted in increasing all the
growth attributes. Similar results were recorded
by Dudhatra et al. (2002) and Jordan et al.
(2002)

Yield attributes and yield : Data
presented in Table 2 indicated that, application
of fertilizer dose as per STCR equation (25 q
ha-1) registered significantly higher number of
pods plant-1 (27.20),  weight of pods plant-1

(21.74 g), weight of karnels plant-1 (15.44 g)
and weight of 100 karnels (37.44 g) than
recommended dose of fertilizer, fertilizer dose
as per soil test and control treatments, it was at
par with 100 karnels weight of fertilizer dose as
per soil test during pooled mean of both years. 

Application of fertilizer as per STCR (25 q
ha-1) equation was recorded maximum and
significantly higher dry pod yield (23.78 q ha-1)
and it was 28.42 per cent higher than
recommended dose of fertilizer and 23.53 per
cent higher than fertilizer dose as per soil test.
The yield target of 25 q ha-1 was achieved by
STCR equation (23.78 q ha-1) with less than 10
per cent variation (-5.8 %). While fertilizer dose
as per soil test was found second best treatment
(19.25 q ha-1) during period of experiment.
The control treatment registered significantly
minimum dry pod yield (7.29 q ha-1) of
groundnut during pooled mean. The balanced
nutrition increases the chlorophyll content in
leaves, which accelerate the photosynthetic rate
and translocation of photosynthates towards
reproductive parts (pods). Similar results were
recorded by Ghosh et al.(2003), Varalakshmi
et al. (2005) and Jat et al. (2011).

Quality studies : The maximum oil content
(50.13%) was recorded under application of
fertilizer dose as per soil test and at par with
fertilizer dose as per STCR equation and
recommended dose of fertilizer. The application
of fertilizer dose as per STCR equation
registered significantly higher protein content

(25.64%) and at par with fertilizer dose as per
soil test (25.53%) and recommended dose of
fertilizer (25.23%). The oil (8.19 q ha-1) and
protein (4.17) yields were found significantly
higher with fertilizer dose as per STCR
equation than rest of nutrient management
treatments during pooled mean of two years.
This might be because of groundnut karnels
were accumulated higher concentration of
nitrogen which increases the protein and oil
synthesis (Table 2). Similar results recorded by
Jordan et al. (2002) and Ali et al. (2012).  

Total nutrient uptake : The total nutrient
uptake by groundnut was influenced
significantly due to different nutrient
management treatments during both the years.
Application of fertilizer as per STCR equation
to kharif groundnut registered significantly
higher total uptake of nitrogen (125.53 kg
ha-1), phosphorus, (25.95 kg ha-1) and
potassium (102.75 kg ha-1) than fertilizer dose
as per soil test, recommended dose of fertilizer
and control treatments (Table 2). This might be
because of STCR yield target approach of
fertilizer application provides balanced nutrition
to groundnut which produced more yield and
nutrient uptake hence, there was lesser content
of residual soil available nitrogen, phosphorus
and potassium.  Similar findings were reported
by Patel et al. (2007) and Vidyavathi et al.
(2012).

Application of fertilizer dose as per soil test
crop response (STCR) equation was recorded
significantly higher dry pod, oil and protein
yield, which also increases the nutrient uptake
in kharif groundnut.

D. P. Pacharne
A. D. Tumbare
D. W. Thawal

Department of Agronomy
Mahatma Phule Krishi Vidyapeeth, 
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