
Indian Journal of Agronomy 61 (2): 148__153 (June 2016) Research Paper

Effect of tillage and nutrient-management practices on yield, economics and soil
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ABSTRACT

A field experiment was conducted during the rainy (kharif) and winter (rabi) seasons of 2012–13 and 2013–14
at the Instructional farm , Krishi Vigyan Kendra, Angul, Odisha, to study the effect of tillage and nutrient-manage-
ment practices on yield, economics and soil health in rice (Oryza sativa L.)–greengram [Vigna radiata (L.) Wilczek]
cropping system under rainfed condition. Among the tillage practices, conventional tillage (CT)–zero tillage (ZT)
recorded the maximum system productivity (6.71 t/ha), production efficiency (40.6 kg/ha/day), sustainable-yield in-
dex (0.87). However, the maximum available nitrogen (218.3 kg/ha), phosphorus (17.3 kg/ha), potassium (242.7
kg/ha), organic carbon (0.47%), agronomic efficiency (12.9 kg grain/kg of nutrient), net returns ( 63.6 × 103/ha),
benefit: cost ratio (3.3) and economic efficiency ( 385.6/ha/day) were obtained in ZT (rainy season)–ZT (winter
season). Application of 75% recommended dose of fertilizer (RDF) + 5 t/ha FYM to kharif rice followed by 3 t/ha
FYM to rabi greengram resulted in significantly higher system productivity, production efficiency and sustainable-
yield index. Further, higher available nitrogen, phosphorus, potassium and organic carbon were achieved in 50%
RDF + 10 t/ha FYM to kharif rice followed by (fb) 50% RDF + 3 t/ha FYM + bioferilizers to rabi greengram. Thus,
yield could be increased in CT–ZT, whereas better economics and soil health  could be obtained in ZT (kharif)–ZT
(rabi) practices. Among the nutrient-management practices, 75% RDF + 5 t/ha FYM to kharif rice fb 3 t/ha FYM to
rabi greengram; 50% RDF + 10 t/ha FYM to kharif rice fb 50% RDF + 3 t/ha FYM + bioferilizers to rabi greengram
recorded better yield and soil health respectively in rainfed condition.
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Rice is a component of widely varying cropping sys-
tems. Rice-based cropping systems form an integral part of
agriculture in Odisha. It is the main crop of the mid cen-
tral table land zone of state with a total coverage of 0.17
million ha in both rainy (kharif) and winter (rabi) seasons,
which is about 43% of the total cultivable area of the zone
(Samant, 2015). Intensive agriculture, involving exhaus-
tive, high-yielding varieties of rice and other crops, has led
to heavy withdrawal of nutrients from soil, and
imbalanced and indiscriminate use of chemical fertilizers
has resulted in deterioration of soil health (Porpavai et al.,
2011). Tillage is a practice, which changes the physical
properties of soil and enables the plants to attain their full

potential. Tillage techniques are used to provide a good
seedbed, root development, weed control, and manage
crop residues, level the surface for help in uniform irriga-
tion and incorporation of fertilizers (Salahin et al., 2011).

Cultivation of winter (rabi) urdbean or blackgram and
mungbean or greengram in coastal regions of South India
is being practiced since long but it could get momentum
only after development of powdery mildew-resistant geno-
types having high yield potential. Development of these
varieties in late eighties has revolutionized urdbean and
mungbean cultivation in rice fallow, especially in Andhra
Pradesh. This cropping system is highly productive and
improves soil health (Singh et al., 2009). Besides increas-
ing overall productivity and income, intercropping of le-
gumes with cereals helps in conserving moisture by reduc-
ing runoff, improving physical properties of soil and build-
ing up of soil fertility. Legumes like greengram being
short-duration crop may constitute potential intercrop in
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upland rice under rainfed condition (Lawrence and
Gohain, 2011).

Cropping system has an immense effect on physical
and chemical soil properties and thereby on crop produc-
tivity. Soil fertility often changes in response to land use
and cropping systems and land-management practices.
Use of green manure especially legumes in a cropping
pattern could help restore crop productivity. Soil tillage is
among the important factors affecting soil properties and
crop yield. Crop production could be increased by adopt-
ing appropriate tillage operation and selecting suitable
crops in the cropping pattern including leguminous crops,
which demands intensive field research. Reducing tillage
positively influences several aspects of the soil, whereas
excessive and unnecessary tillage operations give rise to
opposite phenomena that are harmful to soil. Losses of soil
organic carbon and deterioration in other properties exag-
gerated where conventional tillage was employed. Thus,
currently there is a significant interest and emphasis on the
shift from extreme tillage to conservation and no-tillage
methods (Alam et al., 2014).

Therefore, a study was conducted to find out suitable
tillage and nutrient-management practices in rice–
greengram cropping system for better yield, economics
and soil health under rainfed condition in mid central table
land zone of Odisha.

MATERIALS AND METHODS

A rainfed field experiment was conducted during the
rainy (kharif) and winter (rabi) seasons of   2012–13 and
2013–14 at the Instructional farm, Krishi Vigyan Kendra,
Angul (20o 49' N, 85o 04' E, 300 m above mean sea-level)
in  mid central table land zone of Odisha.  The soil was
clay loam in texture with slightly acidic in reaction (pH of
5.8), medium in organic carbon (0.42%), low in nitrogen
(198.3 kg/ha), medium in phosphorus (13.8 kg/ha) and
potassium (176 .3 kg/ha) content. The climate of the ex-
perimental area was fairly hot and humid monsoon and
mild winter. The average rainfall in both the years during
the study period was 1,389 mm. The mean maximum and
mean minimum   temperature registered in both the year
was 40.0o C in April and 14.0 oC in December respectively.

The experiment was laid out in a split-plot design with
3 replications. The main plot involved 4 different sequen-
tial tillage practices, viz. conventional tillage (CT) in
kharif followed by CT in rabi (CT–CT); CT in kharif fol-
lowed by (fb) zero tillage (ZT) in rabi (CT–ZT); ZT in
kharif followed by CT in rabi (ZT–CT); ZT in kharif fol-
lowed by ZT in rabi (ZT–ZT), and 6 levels of nutrients
management practices, namely control (no fertilizer), no
organic manure and no bioferilizers to kharif rice and rabi
greengram; 100% recommended dose of fertilizer (RDF)

to  kharif rice followed by 100% RDF to rabi greengram;
75% RDF + 5 t/ha FYM to kharif rice followed by  3 t/ha
FYM  to rabi greengram; 50% RDF + 10 t/ha  FYM to
kharif rice followed by 50% RDF + 3 t/ha  FYM +
bioferilizers to rabi greengram; 20 t/ha FYM to kharif rice
followed by 3 t/ha FYM + biofertilizers to rabi
greengram; brown manuring to kharif rice followed by 3
t/ha FYM to rabi greengram. The conventional tillage in-
cluded ploughing by tractor-drawn 9-tyne cultivator with
direct sowing by broadcasting and zero tillage includes
sowing by zero-till drill. Brown manuring was done by
sowing rice with dhaincha and knocking down of
dhaincha 30 days after sowing with 2, 4-D ethyle easter @
0.40–0.50 kg/ha followed by incorporation. Application of
biofertilizers to greengram was through seed inoculation
with Rhizobium and phosphate-solubilizing bacteria (PSB)
@ 500 g/ha each. Recommended package of practices
were followed for raising rice during kharif and
greengram during rabi season. During kharif, rice was
sown in the third week of June and harvested in the first
week of October. Similarly, during rabi, greengram was
sown in the first week of October and harvested in the first
week of December. The recommended fertilizer doses for
rice ‘Sahabhagidhan’ and greengram ‘OBGG 52’ were
60–30–30 and 20–40–20 kg N-P-K/ha respectively. Final
crop yields were recorded and their monetary returns were
calculated on the basis of prevailing market prices of the
produce. Harvest index is the relationship between eco-
nomic yield and biological yield (Gardner et al., 1985),
and was calculated as:

Economic yield
Harvest index (%) = × 100

Biological yield

 For comparison between crops in sequence the yield of
rabi greengram was converted into rice-equivalent yield
by converting the yield into economic value based on pre-
vailing prices as per Yadav and Nevraj (1990). Production
efficiency (PE) was expressed as the ratio of system pro-
ductivity in kg/ha rice yield to total duration of the system
in days (Patil et al., 1995). Sustainable-yield index (SYI)
was calculated as per Guggari and Kalanghatagi (2004).
For computing SYI; average yield, maximum yield and
standard deviation (SD) were taken into account.

Average yield – SD
Sustainable yield index (%) =

Maximum yield

Variations in organic carbon and available NPK content
of the soil at the end of first year and second year were
measured using standard soil-analysis methods. The initial
soil samples and post-harvest soil samples collected from
0–30 cm depth for NPK status and organic carbon content
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were analyzed using standard laboratory procedures (Jack-
son, 1973). Nutrient-use efficiency, in terms of agronomic
efficiency (AE), was calculated as per Prasad (2009) and
reported as kg grain/kg nutrient (NPK) applied.

Yf – Yc
AE =

Na

where Yf, grain yield (kg/ha) in fertilized plot; Yc,
grain yield (kg/ha) in the control plot; Na, nutrient (N +
P

2
O

5 
+ K

2
O) applied (kg/ha). Since data followed the ho-

mogeneity test, pooling was done over 2 years and mean
data were presented. The price of inputs and market price
of output of both crops were considered to work out the
cost of cultivation and gross returns. The net returns/ha
were calculated by deducting the cost of cultivation/ha
from gross income. Benefit: cost ratio was calculated by
dividing the gross returns with cost of cultivation (Manea
et al., 2015). Economic efficiency in term of  ha/day was
worked out by dividing the net returns of the sequence by
total duration of crops in a system in an agriculture year
(Narkhede et al., 2015). All data obtained in the cropping
sequence for 2 consecutive years of study were statistically
analyzed using the F-test, the procedures given by Gomez
and Gomez (1984). Critical difference (CD) values at
P=0.05 were used to determine the significance of differ-
ence between mean.

RESULTS AND DISCUSSION

Grain and straw yields and harvest index
Pooled data (Table 1) revealed that CT (kharif)–CT

(rabi) and CT–ZT recorded higher grain yield in kharif
rice and rabi greengram respectively. Maximum straw
yield of rice was recorded under ZT–CT and stover yield
of greengram under ZT–ZT. Harvest index was the maxi-
mum for rice and greengram in CT–CT and CT–ZT re-
spectively.

Among the nutrient-management practices, 50% rec-
ommended dose of fertilizer (RDF) + 10 t/ha  FYM to
kharif rice followed by (fb) 50% RDF + 3 t/ha  FYM +
bioferilisers to rabi greengram resulted in the maximum
grain yield in rice and stover yield in greengram, whereas
75% RDF + 5 t/ha  FYM to kharif rice fb 3 t/ha FYM  to
rabi greengram gave the maximum grain yield in
greengram and straw yield in rice. Combined use of farm-
yard manure with biofertilizers improved grain yields of
rice, besides improvement in soil fertility. All the nutrient-
management practices increased the grain yield of rice
crops significantly over the control (Kumar, 2014). The
highest harvest index for rice and greengram was observed
in brown manuring to kharif rice fb 3 t/ha FYM to rabi
greengram and in control treatment respectively.

System productivity, production efficiency and sustain-
able-yield index

The pooled system productivity in terms of rice-equiva-
lent yield (REY) was computed (Table 1) and maximum
system productivity, production efficiency (kg/ha/day) and
sustainable yield index were recorded under CT–ZT, be-
ing higher than  ZT–ZT. However, the minimum system
productivity, production efficiency and sustainable yield
index were observed under CT–CT.

Among the nutrient-management practices, 75% RDF
+ 5 t/ha FYM to kharif rice fb 3 t/ha FYM  to rabi
greengram recorded the higher system productivity, pro-
duction efficiency and sustainable yield index which were
closely followed by 50% RDF + 10 t/ha  FYM to kharif
rice fb 50% RDF + 3 t/ha FYM + bioferilizers to rabi
greengram which might be owing to significant effect of
organic nutrient management on soil organic carbon status
and sustainable yield index (Yadav et al., 2000; Pradhan et
al., 2015). Similarly, Singh et al. (2011) reported that
sustainability-yield index in rice–wheat–greengram system
was most sustainable followed by greengram, wheat and
rice crop under integrated use of organic sources of nutri-
ents.

Soil-fertility status
The changes in organic carbon and availability of ma-

jor nutrients (Table 2) revealed that there was a significant
increase in organic carbon, available nitrogen, phosphorus
and potassium contents in all treated plots  as compared to
initial and the control plot values and  the maximum in-
crease in organic carbon and available nitrogen, phospho-
rus and potassium contents in comparison to initial soil
status was observed under treatments of 50% RDF + 10 t/
ha FYM to kharif rice fb 50% RDF + 3 t/ha FYM +
bioferilizers to rabi greengram might be owing to high C
: N ratio of FYM, resulting in organic carbon built up in
soil and higher available N,P and K  might have increased
the activity of microorganisms in  soil (Suryavanshi et al.,
2015). Prasad et al. (2011) also reported similar results.
Among the tillage practices, ZT–ZT recorded the maxi-
mum available nitrogen, phosphorus, potassium 218.3,
17.3, 242.7 kg/ha, respectively, with organic carbon con-
tent 0.47% which was followed by ZT–CT and CT–ZT.
The treatment CT–CT recorded the minimum available ni-
trogen, phosphorus, potassium, being 205.6, 14.1, 185.1
kg/ha, respectively, with organic carbon content 0.45%.

Similarly, agronomic efficiency was the highest under
treatment ZT–ZT followed by CT–CT. Among the nutri-
ent-management practices, 75% RDF + 5 t/ha FYM to
kharif  rice fb 3 t/ha FYM  to rabi greengram  recorded the
maximum agronomic efficiency. The next order was found
in 50% RDF + 10 t/ha FYM to kharif rice fb 50% RDF +
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3t/ha FYM + bioferilizers to rabi
greengram and  100% RDF to
kharif rice fb 100% RDF to rabi
greengram, which were equiva-
lent as humic substances help in
increasing fertilizer-use efficiency
by plant and reducing leaching
losses of nutrients by retaining
more water (Senapati et al.,
2003).

Economics
Economic analysis pooled over

2 years (Table 2) revealed that
treatment ZT–ZT recorded the
maximum net returns, economic
efficiency with benefit: cost ratio
(3.3) owing to comparatively
lower cost of cultivation which
included water, labour and other
inputs and drastically reduced the
use of machinery than other till-
age practices (Shukla et al.,
2012). Among the nutrient-man-
agement practices, 100% RDF to
kharif rice fb 100% RDF to rabi
greengram recorded the maxi-
mum net returns, economic effi-
ciency with benefit: cost ratio.
Maximum gross returns were re-
corded under 50% RDF + 10 t/ha
FYM to kharif rice fb 50% RDF +
3 t/ha  FYM + bioferilizers to rabi
greengram followed by 75% RDF
+ 5 t/ha FYM to kharif  rice fb 3 t/
ha FYM  to rabi greengram.

It was concluded that yield
could be increased under CT–ZT,
whereas better economic and soil
health could be obtained in ZT–
ZT practices in rice–greengram
cropping system. Among the nu-
trient-management practices, 75%
RDF + 5 t/ha FYM to kharif rice
fb 3 t/ha FYM to rabi greengram;
50% RDF + 10 t/ha FYM to
kharif rice fb 50% RDF + 3 t/ha
FYM + bioferilizers to rabi
greengram recorded better yield
and soil health, respectively, in
rainfed condition.

Ta
bl

e 
2.

 E
ff

ec
t o

f 
di

ff
er

en
t t

ill
ag

e 
an

d 
nu

tr
ie

nt
-m

an
ag

em
en

t p
ra

ct
ic

es
 o

n 
so

il 
he

al
th

 a
nd

 e
co

no
m

ic
s 

(p
oo

le
d 

da
ta

 o
f 

2 
ye

ar
s)

T
re

at
m

en
t

A
va

ila
bl

e 
nu

tr
ie

nt
s 

(k
g/

ha
)

O
rg

an
ic

A
gr

on
om

ic
G

ro
ss

N
et

B
en

ef
it:

E
co

no
m

ic
N

P
K

ca
rb

on
 (

%
)

ef
fi

ci
en

cy
re

tu
rn

s
re

tu
rn

s
co

st
ef

fi
ci

en
cy

(k
g 

gr
ai

n/
kg

(×
 1

03
/h

a)
(×

10
3

/h
a)

ra
tio

(
/h

a/
da

y)
**

nu
tr

ie
nt

N
PK

 a
pp

lie
d)

*

Ti
lla

ge
 m

et
ho

ds
C

T
 in

  k
ha

ri
f  

fb
  C

T
 in

 r
ab

i
20

5.
6

14
.1

18
5.

1
0.

45
12

.6
8

84
.2

50
.9

2.
52

30
8.

4
C

T
 in

  k
ha

ri
f  

fb
  Z

T
 in

 r
ab

i
20

6.
6

14
.9

20
1.

3
0.

45
12

.4
4

94
.8

63
.5

3.
07

38
4.

7
Z

T
 in

  k
ha

ri
f  

fb
  C

T
 in

 r
ab

i
20

9.
8

16
.1

22
2.

6
0.

46
11

.6
5

86
.1

56
.2

2.
90

34
0.

8
Z

T
 in

  k
ha

ri
f  

fb
  Z

T
 in

 r
ab

i
21

8.
3

17
.3

24
2.

7
0.

47
12

.9
2

91
.4

63
.6

3.
30

38
5.

6
SE

m
±

0.
69

0.
09

1.
01

0.
00

1
–

0.
18

0.
19

0.
01

1
1.

16
C

D
 (

P=
0.

05
)

2.
39

0.
31

3.
50

0.
00

4
–

0.
61

0.
66

0.
03

6
4.

00

N
ut

ri
en

t 
m

an
ag

em
en

t 
pr

ac
tic

es
N

o 
fe

rt
ili

ze
r, 

no
 o

rg
an

ic
 m

an
ur

ea
nd

 n
o 

bi
of

er
ili

ze
rs

 t
o 

kh
ar

if
17

5.
1

12
.9

16
0.

5
0.

39
–

58
.7

35
.7

2.
52

21
3.

8
ri

ce
 a

nd
  

ra
bi

 g
re

en
gr

am
 (

C
on

tr
ol

)
10

0%
 R

D
F 

to
 k

ha
ri

f  
ri

ce
 fb

 1
00

%
 R

D
F 

to
 r

ab
i g

re
en

gr
am

20
6.

7
15

.5
21

5.
9

0.
45

15
.5

4
97

.5
68

.8
3.

42
41

7.
2

75
%

 R
D

F 
+

 5
 t/

ha
  F

Y
M

 to
 k

ha
ri

f r
ic

ef
b 

3 
t/h

a 
 F

Y
M

 to
21

2.
7

16
.0

21
7.

8
0.

46
16

.6
3

10
0.

4
67

.8
3.

09
41

0.
9

ra
bi

 g
re

en
gr

am
50

%
 R

D
F 

+
 1

0 
t/h

a 
FY

M
 to

  k
ha

ri
f  

ri
ce

 fb
 5

0%
 R

D
F 

+
 3

 t/
ha

22
7.

6
16

.0
23

4.
1

0.
49

15
.5

5
10

1.
4

66
.8

2.
94

40
4.

8
FY

M
 +

 b
io

fe
rt

ili
ze

rs
 t

o 
ra

bi
 g

re
en

gr
am

20
 t/

ha
 F

Y
M

 to
 k

ha
ri

f 
ri

ce
 f

b 
3 

t/h
aF

Y
M

 +
 b

io
fe

rt
ili

ze
rs

 t
o

22
0.

8
16

.4
22

7.
3

0.
48

13
.5

8
91

.1
53

.1
2.

41
32

1.
9

ra
bi

 g
re

en
gr

am
B

ro
w

n 
m

an
ur

in
g 

to
 k

ha
ri

f 
ri

ce
 fb

 3
 t/

ha
 F

Y
M

 to
 r

ab
i

21
7.

6
16

.2
22

1.
8

0.
47

13
.2

4
85

.5
59

.5
3.

32
36

0.
7

gr
ee

ng
ra

m
In

iti
al

 s
oi

l 
st

at
us

19
8.

3
13

.8
17

6.
3

0.
42

SE
m

±
5.

28
0.

08
0.

57
0.

00
9

–
0.

58
0.

29
0.

00
7

1.
75

C
D

 (
P=

0.
05

)
15

.0
9

0.
21

1.
62

0.
02

4
–

1.
63

0.
83

0.
02

1
5.

01

C
T,

 c
on

ve
nt

io
na

l t
ill

ag
e;

 Z
T,

 z
er

o 
til

la
ge

; f
b,

 f
ol

lo
w

ed
 b

y;
 R

D
F,

 r
ec

om
m

en
de

d 
do

se
 o

f 
fe

rt
ili

ze
rs

*C
al

cu
la

te
d 

on
 r

ic
e 

eq
ui

va
le

nt
 y

ie
ld

 (
R

E
Y

) 
ba

si
s;

 *
*c

al
cu

la
te

d 
on

 n
et

 r
et

ur
n 

ba
si

s



June 2016] TILLAGE AND NUTRIENT MANAGEMENT IN RICE–GREENGRAM CROPPING SYSTEM 153

REFERENCES

Alam, M.K., Islam, M.M., Salahin, N. and Hasanuzzaman, M. 2014.
Effect of tillage practices on soil properties and crop produc-
tivity in wheat–mungbean–rice cropping system under sub-
tropical climatic conditions. The Scientific World Journal,
10.1155/2014/437283.

Gardner, F.P., Pearce, R.B. and Mistecell, R.I. 1985. Physiology of
Crop Plants, pp. 66. Iowa State University. Press, Iowa.

Gomez, K.A. and Gomez, A.A.1984. Statistical Procedures for Ag-
ricultural Research, edn 2, pp.97–107. An International Rice
Research Institute Book. Wiley-Inter-Science Publication-
John Wiley & Sons, New York.

Guggari, A.K. and Kalanghatagi, S.B. 2004. Effect of in-situ mois-
ture conservation techniques on pearlmillet in medium black
soil under dry land conditions. Journal of Farming System
Research and Development 10(1 and 2): 22–28.

Jackson, M.L.1973. Soil Chemical analysis, pp. 183–84. Prentice
Hall of India Pvt. Ltd, New Delhi.

Kumar, D. 2014. Influence of nutrient sources and inclusion of
mungbean on productivity, soil fertility and profitability of
organic rice–wheat cropping system. (In) Proceedings of the
4th ISOFAR Scientific Conference: Building Organic Bridges.
Rahmann, G. and Aksoy, U. (Eds). Organic World Congress,
Istanbul, Turkey. pp. 655–658.

Lawrence, H. and Gohain, T. 2011. Intercropping of greengram
(Vigna radiata L.) with upland rice (Oryza sativa L.) under
rainfed condition of Nagland. Indian Journal of Hill Farm-
ing 24(2) : 25–28.

Manea, M., Sen, A., Kumar, A., Upadhyay, P.K., Singh, Y.,
Srivastava, V.K. and Singh, R.K. 2015. Performance of baby
corn (Zea mays) undr different fertility levels and planting
methods and its residual effect on sorghum (Sorghum bi-
color). Indian Journal of Agronomy 60(1): 45–51.

Narkhede, W.N., Deshmukh, M.S. and Gangwar, B. 2015. Alternate
cropping system for central plateau zone of Maharashtra. In-
dian Journal of Agronomy 60(2) : 192–196.

Patil, E.N., Jowale, S. and Mahayan, M.S. 1995. Production poten-
tial, economics and fertility status of soil as influenced by
wheat-based cropping system. Indian Journal of Agronomy
40(4): 544–548.

Porpavai, S., Devasenapathy, P., Siddeswaran, K. and Jayaraj, T.
2011. Impact of various rice-based cropping systems on soil
fertility. Journal of Cereals and Oilseeds 2(3): 43–46.

Pradhan, S., Bastia, D.K. and Tripathy, S. 2015. Soil organic carbon
health and yield sustainability under organically managed

rice–rice sequences. Journal of Crop and Weed 11(1): 108–
12.

Prasad, R. 2009. Efficient fertilizer use: The key to food security and
better environment. Journal of Tropical Agriculture 47(1–2):
1–17.

Prasad, D., Urkurkar, J.S., Bhoi, S.K. and Nag, N. 2011. Production
potential and economic analysis of different rice based crop-
ping systems in Chhattisgarh Plains. Research Journal of
Agricultural Science 2(1): 36–39.

Salahin, N., Islam, M.S., Begum, R.A., Alam, M.K. and Hossain,
K.M.F. 2011. Effect of tillage and integrated nutrient man-
agement on soil physical properties and yield under tomato–
mungbean–T. Aman cropping pattern. International Journal
of Crop Production 6(1): 58–62.

Samant, T.K. 2015. Effect of rice based cropping systems and nutri-
ent management practices on yield, economics and soil fer-
tility status. Journal of Agriculture, Forestry and Environ-
mental Sciences 1(1): 13–16.

Senapati, H.K., Sahoo, S.S. Jena, B. and Pal, A.K. 2003. Integrated
plant nutrient management strategies for rainfed rice in up-
land soils of Kandhamal district of Orissa. Journal of Re-
search Orissa University of Agriculture Technology 21(2):
86–89.

Shukla, N.D., Gangwar, B., Kumar, S., Singh, S.P. and Chaudhury,
V.P. 2012. Impact of resource conservation technologies in
India. ICAR-Project Directorate for Farming Systems Re-
search, Modipuram, Uttar Pradesh, Bulletin No. 7:  24–25.

Singh, K.K., Ali, M. and Venkatesh, M.S.V. 2009. Pulses in crop-
ping systems. Technical Bulletin. Indian Institute of Pulses
Research, Kanpur, Uttar Pradesh, pp. 8.

Singh, Y.V., Dhar, D.W. and Agarwal, B. 2011. Influence of organic
nutrient management on Basmati rice (Oryza sativa)–wheat
(Triticum aestivum)–greengram (Vigna radiata) cropping
system. Indian Journal of Agronomy 56(3): 169–175.

Suryavansi, V.P., Sudhakara Babu, S.N. and Suryawansi, S.B. 2015.
Seed yield, economics, sustainability and soil fertility as in-
fluenced by long-term nutrient management in soybean
(Glycine max)–sunflower (Helianthus annuus) cropping sys-
tem in Vertisols. Indian Journal of Agronomy 60(2): 212–
216.

Yadav, D.S. and Nevaj, Ram. 1990. Studies on increasing the utili-
zation of neutral resources through intensive cropping sys-
tem. Indian Journal of Agronomy 35(1): 50–55.

Yadav, D.S., Singh, R.M., Kumar, A. and Ram, A. 2000. Diversifi-
cation of traditional cropping system for sustainable produc-
tion. Indian Journal of Agronomy 45(1): 37–40.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


