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ABSTRACT

A field experiment was conducted during winter (rabi) seasons of 2010-11 and 2011-12 at farmer's
field  of Nayagoan, Kota, Rajasthan to evaluate performance of 5 chickpea varieties (GNG 469, GNG
663, RSG 973, RSG 888 and Dahod yellow) and 9 nutrient management practices (T1:No application
of NP (Control), T2:NP (20:22 kg/ha as farmer practice), T3: NP (20:17.2 kg/ha as RDF),  T4:RDF+25
kg K/ha, T5:RDF+25 kg K+20 kg S/ha, T6:RDF+25 kg K+20 kg S+5 kg Zn/ha, T7:RDF+25 kg K+20 kg
S+5 kg Zn/ha+2 % urea spray at 70 DAS,T8:RDF+25 kg K+20 kg S+5 kg Zn/ha+Rhizobium (RZ)
+Phosphate solubilizing bacteria (PSB) + 2 % urea spray at 70 DAS and T9:RDF+25 kg K+20 kg S+5 kg
Zn/ha + RZ + PSB + 5 tons FYM/ha + 2 % urea spray at 70 DAS) on productivity, soil fertility and
economics in vertisols of irrigated situation. Application of RDF + 25 kg K + 20 kg S + 5 kg Zn/ha
along with seed inoculation with rhizobium + PSB + 2 % urea spray at 70 DAS recorded significantly
higher plant height (69.50cm), branches/plant (7.30), pods/plant (80.82), seed index (20.50g), seed
yield (2.62 t/ha), net return (Rs. 47,684/ha) and benefit: cost ratio 3.69 over control, RDF, farmer
practices and RDF+ 25 K kg/ha. However, treatment RDF + 25 kg K + 20 kg S + 5 kg Zn/ha +
rhizobium + PSB + 5 t FYM/ha + 2% urea spray at 70 DAS significantly recorded higher available
organic carbon (0.65 %), nitrogen (312 kg/ha), phosphorus (12.7 kg/ha), potassium (413 kg/ha),
sulphur (20.2 kg/ha) and zinc (1.37 kg/ha) contents in the soil over rest of the treatments. Among the
genotypes, 'RSG 973'recorded highest pods/ plant (85.20), seeds/pod (1.50), seed yield (2.51 t/ha),
net return(  47,428/ha) and B: C ratio (4.07) remained on par with 'RSG 888' and 'GNG 469' over
'Dahod yellow' and 'GNG 663'.
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Chickpea is the major grain legume crop of
India, grown over 8.56 million ha area with a
production of 7.35 million tonnes (FAO, 2009).
It is mainly grown under rainfed situations but
in south east part of Rajasthan it is grown under
irrigated conditions after harvest of soybean
without considering improved varieties.
Chickpea also plays a major role in biological
nitrogen fixation thereby contributing to crop
rotation and sustaining soil productivity,
nevertheless, its average productivity in India is

low (859 kg/ ha), but in Rajasthan (1013 kg/ha)
is slightly higher against a world average of 1000
kg/ha (FAO, 2011). However, major reason
contributes for poor performance of chickpea in
vertisols is improper fertilizers management and
use of existing genotypes. The lack of suitable
variety/plant type for prevailing agro-climatic
conditions is a major constraint to harness the
better yield. Adoptions of improved varieties
have been reported by various workers for better
growth and yield (Bharadwaj et al., 2010).
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Imbalance use of chemical fertilizers not
only lower productivity but also adversely
affects soil health by decreasing soil organic
carbon, microbial flora and hardening of soil.
The integrated nutrient management ensures
higher productivity, minimizes expenditure on
costly fertilizer inputs, improves physical
properties of soil, efficiency of added nutrients
and at the same time ensures good soil health
(Ramesh and Singh, 2010). Combined application
of chemical fertilizers, organic manures and
biofertilizers improved chickpea productivity.
But the information on nutrient management
practices of chickpea in Vertisol of irrigated
condition is very meager. Hence, a study was
undertaken to evaluate performance of chickpea
varieties for inorganic fertilizers, organic manure
and biofertilizers on productivity, soil fertility
and economics in vertisols of irrigated situation.

MATERIALS AND METHODS

The field experiment was conducted during
winter (rabi) seasons of 2010-11 and 2011-12 to
test the suitability of chickpea varieties for
integrated nutrient management practices at
farmer's field of Nayagoan, Kota, Rajasthan
under Technology Demonstration for
Harnessing Pulse Productivity Project. The
experiment was laid out in different fields during
both the years. The demonstrated soil was clay
loam in texture with pH ranging from 7.9 to 8.2,
poor in organic carbon 0.48 to 0.51% and in
available N (275 to 279 kg N/ha), medium in
available phosphorus (11.5 to 15.0 kg P/ ha), high
in available K (373 to 369 kg K/ha), zinc (1.20 to
1.18 mg) and low in sulphur (14.5 to 14.7 kg S/
ha). The experiment was laid out in split plot
design with 3 replications. Main-plots treatments
consisted of 5 chickpea varieties, viz. 'GNG 469',
'GNG 663', 'RSG 973', 'RSG 888' and 'Dahod
yellow' (Farmer's practice). Sub-plots treatments
comprised of 9 integrated nutrient management
practices, viz. T1:No application of NP (Control),
T2:NP (20:22 kg/ha as farmer practice), T3:NP
(20:17.2 kg/ha as RDF),  T4:RDF+25 kg K/ha,
T5:RDF+25 kg K+20 kg S/ha, T6:RDF+25 kg K+20
kg S+5 kg Zn/ha, T7:RDF+25 kg K+20 kg S+5 kg
Zn/ha+2% urea spray at 70 DAS, T8:RDF+25 kg
K+20 kg S+5 kg Zn/ha+Rhizobium (RZ)
+Phosphate solubilizing bacteria (PSB) + 2% urea

spray at 70 DAS and T9:RDF+25 kg K+20 kg S+5
kg Zn/ha + RZ + PSB + 5 tons FYM/ha + 2% urea
spray at 70 DAS  in different combinations. The
recommended dose of N and P was 20:17.2 kg/
ha. These fertilizers were given through in the
form of urea, DAP, muriate of potash, bentonite
sulphur and zinc sulphate, respectively. All the
fertilizers were applied as basal at the time of
sowing.

Farmyard manure containing 0.5, 0.2 and
0.4% of  N, P and K was incorporated and mixed
well in the soil 15 days  prior to sowing of the
crop.  Biofertilizers (viz. Rhizobium and PSB) in
readymade liquid form were used through seed
inoculation as per treatment. The rate of seed
inoculation of each was 250 ml/ha and mixed
with required quantity of seeds before sowing.
The chickpea was sown in second week of
November during both the years at 30 cm row
to row and 10 cm plant to plant spacing using 80
kg seed/ha. 2% urea spray was done at 70 DAS.
Pre-emergence application of pendimethalin 1.0
kg/ha was done after sowing with the help of a
knapsack sprayer fitted with flat fan nozzle with
a spray volume of 600 liters/ha. There was no
rainfall during 2011-12, however during 2010-11
25.5 mm rainfall received in the third week of
December. Irrigation was given to the crop as
and when necessary by sprinkler system. The
crop was harvested at maturity variety wise.
Initial and post harvest soil samples after 2 years
were collected from 0-15 cm depth, dried
processed and analyzed for oxidizable organic
carbon, N, P, K, S and Zn using standard
procedure. The crop was raised adopting
standard package of practices for the zone V.

RESULTS AND DISCUSSION

Growth, yield attributes and yield

All the genotypes recorded marked
variation in days taken to 50% flowering,
maturity, plant height, branches/plant, pods/
plant, seeds/pod and seed index (Table 1).
Among the genotypes, 'GNG 469' recorded
significantly higher values of plant height,
branches/plant and seed index than 'Dahod
yellow' and 'GNG 663' but remained on par with
'RSG 973' and 'RSG 888' except in seed index,
which was recorded highest seed index (22.1 g)



Effect of integrated nutrient management on productivity....... chickpea varieties in vertisols 227

Ta
bl

e 
1.

Ef
fe

ct
 o

f 
in

te
gr

at
ed

 n
ut

ri
en

t 
m

an
ag

em
en

t 
pr

ac
tic

es
 o

n 
yi

el
d 

at
tr

ib
ut

es
 a

nd
 y

ie
ld

s 
of

 c
hi

ck
pe

a 
va

ri
et

ie
s 

(M
ea

n 
of

 2
ye

ar
s)

Tr
ea

tm
en

t
D

ay
s 

to
D

ay
s 

to
Pl

an
t

Br
an

ch
es

/
Po

ds
/

Se
ed

s/
Se

ed
Se

ed
St

ra
w

50
%

m
at

ur
ity

he
ig

ht
pl

an
ts

pl
an

t
po

d
in

de
x

yi
el

d
yi

el
d

flo
w

er
in

g
(c

m
)

(g
)

(t/
ha

)
(t/

ha
)

V
ar

ie
tie

s
'G

N
G

 4
69

'
80

14
2

69
.5

0
7.

80
79

.1
0

1.
00

22
.1

0
2.

42
3.

02
'G

N
G

 6
63

'
75

14
0

66
.2

0
6.

90
65

.2
4

1.
30

15
.2

0
2.

24
3.

15
'R

SG
 9

73
'

75
13

7
67

.7
0

7.
50

85
.2

0
1.

50
18

.5
0

2.
51

3.
13

'R
SG

 8
88

'
75

13
7

67
.4

0
7.

60
83

.5
0

1.
75

17
.8

0
2.

49
3.

02
'D

ah
od

 y
el

lo
w

'(F
ar

m
er

's 
pr

ac
tic

e)
70

12
0

57
.8

2
4.

90
55

.4
0

1.
10

15
.9

0
1.

85
2.

84
SE

m
 ±

0.
70

0.
69

0.
72

0.
15

0.
80

0.
08

0.
28

0.
34

0.
46

C
D

 (P
 =

 0
.0

5)
2.

27
2.

24
2.

34
0.

49
2.

60
0.

26
0.

90
1.

11
1.

49
N

ut
ri

en
t  

m
an

ag
em

en
t p

ra
ct

ic
es

N
o 

N
P(

C
on

tr
ol

)
68

11
8

55
.5

0
4.

86
55

.4
9

1.
15

14
.8

5
1.

65
2.

73
N

P(
20

:2
2 

kg
/h

a 
as

 fa
rm

er
 p

ra
ct

ic
e)

69
13

0
66

.8
0

7.
00

68
.5

0
1.

20
17

.3
0

2.
27

2.
99

N
P(

20
:1

7.
2 

kg
/h

a 
as

 R
D

F)
68

13
1

66
.7

0
6.

52
69

.3
0

1.
22

17
.1

5
2.

27
3.

01
RD

F+
25

kg
 K

/h
a

70
13

0
66

.9
0

6.
50

70
.2

0
1.

27
17

.2
9

2.
32

2.
95

RD
F+

25
 k

g 
K

+2
0k

g 
S/

ha
70

13
2

68
.3

0
6.

85
72

.3
0

1.
26

18
.4

0
2.

33
3.

10
RD

F+
25

 k
g 

K
+2

0k
g 

S+
5k

g 
Zn

/h
a

69
13

2
67

.7
0

6.
90

74
.2

8
1.

30
18

.3
0

2.
35

3.
12

RD
F+

25
kg

 K
+2

0k
g 

S+
5k

g 
Zn

/h
a+

2%
70

13
2

68
.8

0
7.

00
78

.2
0

1.
30

19
.0

0
2.

47
3.

02
ur

ea
  s

pr
ay

 a
t 7

0D
A

S
RD

F+
25

 k
g 

K
+2

0k
g 

S+
5k

g 
Zn

/h
a+

RZ
+

73
13

5
69

.5
0

7.
30

80
.2

2
1.

34
20

.5
0

2.
62

3.
21

PS
B+

 2
%

ur
ea

 sp
ra

y 
at

 7
0D

A
S

RD
F+

25
 k

g 
K

+2
0k

g 
S+

5k
g 

Zn
/h

a+
RZ

+
73

13
5

68
.9

0
7.

45
82

.5
0

1.
35

21
.0

0
2.

63
3.

32
PS

B 
+5

tF
YM

/h
a+

2%
ur

ea
 sp

ra
y 

at
 7

0D
A

S
SE

m
 ±

0.
97

1.
23

1.
04

0.
25

1.
04

0.
11

0.
39

0.
48

0.
63

C
D

 (P
 =

 0
.0

5)
2.

70
3.

41
2.

87
0.

68
2.

89
N

S
1.

09
1.

34
1.

74

RD
F-

Re
co

cm
m

en
de

d 
do

se
 o

f f
er

til
iz

er
; R

Z-
Rh

iz
ob

iu
m

, P
SB

-P
ho

sp
ha

te
 s

ol
ub

ili
zi

ng
 b

ac
te

ria
,F

YM
-F

ar
m

ya
rd

 m
an

ur
e



B.S. Meena and Baldev Ram228

Ta
bl

e 
2.

Ec
on

om
ic

s 
of

 c
hi

ck
pe

a 
va

ri
et

ie
s 

an
d 

so
il 

fe
rt

ili
ty

 a
s 

in
fl

ue
nc

ed
 b

y 
in

te
gr

at
ed

 n
ut

ri
en

t m
an

ag
em

en
t p

ra
ct

ic
e 

(M
ea

n 
of

2 
ye

ar
s)

Tr
ea

tm
en

t
C

os
t 

of
G

ro
ss

N
et

Be
ne

fit
:

So
il

So
il 

av
ai

la
bl

e 
nu

tr
ie

nt
 s

ta
tu

s 
(k

g/
ha

)
cu

lti
va

-
re

tu
rn

s
re

tu
rn

s
co

st
or

ga
ni

c
N

P
K

S
Zn

tio
n

ra
tio

ca
rb

on
   

   
   

   
(m

g/
kg

)
(x

10
3

(x
10

3
(x

10
3

Rs
/h

a)
Rs

/h
a)

Rs
/h

a)
(%

)
V

ar
ie

tie
s

'G
N

G
 4

69
'

15
.4

59
.6

45
.2

3.
93

0.
51

30
7

10
.2

0
41

5
15

.3
0

1.
22

'G
N

G
 6

63
'

15
.4

56
.1

40
.6

3.
63

0.
52

30
2

10
.3

0
41

0
14

.3
0

1.
34

'R
SG

 9
73

'
15

.4
62

.9
47

.4
4.

07
0.

51
30

4
11

.0
0

41
2

14
.4

1
1.

34
'R

SG
 8

88
'

15
.4

62
.4

46
.9

4.
04

0.
50

30
1

10
.3

0
41

5
15

.4
5

1.
32

'D
ah

od
 y

el
lo

w
'(F

ar
m

er
's 

pr
ac

tic
e)

15
.4

46
.9

31
.4

3.
04

0.
52

30
5

10
.3

5
41

7
14

.3
5

1.
28

SE
m

 ±
-

-
70

4
0.

12
0.

03
2.

91
0.

22
1.

86
0.

35
0.

06
C

D
 (P

 =
 0

.0
5)

-
-

2,
21

6
0.

37
N

S
N

S
0.

77
6.

08
N

S
N

S
N

ut
rie

nt
  m

an
ag

em
en

t p
ra

ct
ic

es
N

o 
N

P(
C

on
tr

ol
)

14
.2

41
.9

27
.7

2.
94

0.
48

26
5

9.
20

37
5

14
.3

0
1.

18
N

P(
20

:2
2 

kg
/h

a 
as

 fa
rm

er
 p

ra
ct

ic
e)

15
.9

57
.0

41
.1

3.
57

0.
53

27
7

10
.7

0
38

9
14

.8
0

1.
22

N
P(

20
:1

7.
2 

kg
/h

a 
as

 R
D

F)
15

.7
56

.9
41

.2
3.

62
0.

54
27

5
10

.4
0

38
5

14
.4

2
1.

24
RD

F+
25

kg
 K

/h
a

15
.9

58
.3

42
.4

3.
66

0.
53

27
6

10
.6

0
39

7
14

.3
2

1.
26

RD
F+

25
 k

g 
K

+2
0k

g 
S/

ha
16

.7
58

.4
41

.7
3.

50
0.

55
28

0
9.

40
39

5
18

.2
0

1.
24

RD
F+

25
 k

g 
K

+2
0k

g 
S+

5k
g 

Zn
/h

a
17

.4
58

.1
40

.8
3.

35
0.

55
27

9
9.

50
40

2
17

.7
0

1.
33

RD
F+

25
kg

 K
+2

0k
g 

S+
5k

g 
Zn

/h
a+

2%
17

.5
61

.8
44

.2
3.

52
0.

57
27

9
10

.7
0

40
3

18
.1

5
1.

33
   

  u
re

a 
 sp

ra
y 

at
 7

0D
A

S
RD

F+
25

 k
g 

K
+2

0k
g 

S+
5k

g 
Zn

/h
a+

RZ
+

17
.7

65
.4

47
.7

3.
69

0.
57

30
8

10
.9

0
40

6
18

.3
1

1.
32

PS
B+

 2
%

ur
ea

 sp
ra

y 
at

 7
0D

A
S

RD
F+

25
 k

g 
K

+2
0k

g 
S+

5k
g 

Zn
/h

a+
RZ

+
18

.7
66

.2
47

.5
3.

54
0.

65
31

2
12

.7
0

41
3

20
.2

0
1.

37
PS

B 
+5

t F
YM

/h
a+

2%
ur

ea
 sp

ra
y 

at
70

D
A

S
SE

m
 ±

-
-

61
0

0.
12

0.
05

2.
12

0.
29

2.
58

0.
45

0.
07

C
D

 (P
= 

0.
05

)
-

-
1,

69
0

0.
33

0.
16

5.
86

0.
79

7.
15

1.
24

0.
20



Effect of integrated nutrient management on productivity....... chickpea varieties in vertisols 229

over rest of the genotypes. However, 'Dahod
yellow' genotype also recorded significant
reduction in days to 50% flowering and maturity
days than rest of the genotypes. Whereas,
highest significant pods/plant, seed and straw
yield was recorded in 'RSG 973' remained on par
with 'RSG 888' and 'GNG 469' except in pods/
plant was significant over 'GNG 469'. Among all
the genotypes, 'RSG 888' recorded significantly
higher seeds/pod over rest of the genotypes
except 'RSG 973'. Whereas, genotypes 'GNG 469',
'GNG 663', 'RSG 973' and 'RSG 888' being on par
in term of straw yield but significantly superior
over 'Dahod yellow.' This could be attributed to
genetically variations existing among the
chickpea cultivars.

Further, there was significant reduction in
days to 50% flowering and days to maturity due
to no fertilization over application of chemical
fertilizers, organic manures and biofertilizers.
(Table1). Application of  N20 P17.2 kg/ha as RDF +
25 kg K + 20 kg S + 5 kg Zn /ha along with seed
inoculation with rhizobium + PSB + 2% urea spray
at 70 DAS recorded significantly higher plant
height, branches/plant, pods/plant, seed index,
seed yield and straw yield remained on par with
treatment RDF + 25 kg K + 20 kg S + 5 kg Zn/ha
+ rhizobium + PSB + 5 t FYM/ha + 2% urea spray
at 70 DAS over control, RDF, farmer practices
and RDF + 25 kg K/ha. However, treatments
RDF+25 kg K+20 kg S/ha, RDF+25 kg K+20 kg
S+5 kg Zn/ha and RDF+25 kg K+20 kg S+5 kg
Zn/ha+2% urea spray at 70 DAS remained
statistically at par with each other but
significantly superior over control. Treatment
RDF+25 kg K+20 kg S+5 kg Zn/ha+Rhizobium
(RZ) +Phosphate solubilizing bacteria (PSB)+2%
urea spray at 70 DAS also significantly increased
seed and straw yields to the tune of 58.9 and
75.8% over control (no fertilization). This could
be attributed to the ability of the rhizobium to fix
atmospheric nitrogen in symbiotic association
with legumes and ability of PSB culture species
Bacillus megatherium to bring sparingly soluble/
insoluble inorganic and/or organic phosphates
into soluble forms by secreting organic acids and
its synergistic with rhizobium (Singh et al., 2005).
Similar findings were also reported by Singh and
Chauhan (2005).

Economic returns

 The genotype 'RSG 973' fetched significantly
higher net return (Rs. 47400/ha) and B:C ratio
(4.07) which was significantly higher 'Dahod
yellow' (Rs. 31400/ha & 3.04) and 'GNG 663'
(Rs. 40600/ha & 3.63), respectively (Table 2).
However, genotypes 'RSG 888' and 'GNG 469'
remained statistically on par with genotype 'RSG
973' but significantly superior in net return and
B: C ratio over 'Dahod yellow 'and 'GNG 663' in
net return only. This might be due to increased
in different parameters of growth and yield
components which ultimately resulted in higher
yield. These results are in accordance with the
results obtained by Kaprekar et al. (2003) in gram.

The economic analysis of different
treatments indicated that net returns and benefit:
cost ratio was influenced by various treatment
effects. Application of inorganic fertilizers (i.e.
20 kg N + 17.2 kg P + 25 kg K + 20 kg S + 5 kg
Zn/ha) along with seed inoculations of rhizobium
+ PSB and 2% urea spray at 70 DAS fetched
maximum and significantly higher net return  Rs.
47,684/ha and benefit: cost ratio 3.69 remained
statistically at par with RDF + 25 kg K +  20 kg S
+ 5 kg Zn/ha +  rhizobium + PSB + 5 t FYM/ha +
2% urea spray at 70 DAS over rest of fertility
levels and control. It was registered increase of
72.4 and 25.5% over control. The combined effect
of inorganic fertilizers, farm yard manure,
biofertilizers and foliar nutrition of urea played
very significant role due to their synergistic effect
and enhanced the partitioning of photosynthates
in vegetative and reproductive parts goes
simultaneously in the later growth phases. The
incremental increase in yield attributes and yield
ultimately gave higher net returns and benefit:
cost ratio. The results confirm the findings Jat
and Ahlawat (2004).

Availability of nutrients in soil

Availability of nutrients after the crop
harvest and analyzed in soil that different
genotypes of chickpea had no marked variations
in organic carbon, nitrogen, sulphur and zinc but
significant variations have been analyzed in
phosphorus and potassium. The genotype 'RSG
973' have recorded significantly higher available
phosphorus and 'Dahod yellow' in potassium
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