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ABSTRACT

A field experiment was conducted for 2 consecutive years during 2014–15 and 2015–16 at Indira Gandhi Krishi
Vishwavidyalaya, Raipur, Chhattisgarh, with the objective to evaluate the direct and residual effect of organic and
inorganic fertilizers on productivity and economics of soybean [Glycine max (L.) Merill]–wheat (Triticum aestivum
L. emend. Fiori and Paol) cropping system. In soybean, the treatments comprised of 4 nutrient sources, viz. S0,
control; S1, crop residues (wheat) 5 t/ha; S2, FYM 5 t/ha; S3, poultry manure 2.5 t/ha in the main plots and in the
sub-plots 5 nutrient levels, viz. F0, control; F1, 50% RDF; F2, RDF; F3, 50% RDF + Zn 5 kg/ha; and  F4, RDF + Zn 5
kg/ha. In wheat, residual effect of nutrient sources applied to soybean was evaluated in the main plots while in the
sub-plots 5 nutrient levels; F

0
, control; F

1
, 50% RDF; F

2
, RDF; F

3
, 50% RDF + Zn 5 kg/ha; and F

4
, RDF + Zn 5 kg/

ha. Experiment was laid out in split plot design with 3 replications for both the crop. Results revealed that among
different nutrient sources, poultry manure (2.5 t/ha) registered significantly the highest grain and stover yields and
economic parameters (gross returns, net returns and B:C ratio) for both soybean and wheat crops compared to
control and rest of the organic treatments. The wheat crop residues (5 t /ha) incurred more cost towards soybean
production (20.2 × 103 /ha). Among various nutrient levels, application of RDF along with Zn 5 kg/ha produced
significantly the highest grain and stover yields and economic parameters as compared to rest of the treatments.
On the basis of yields and economic returns of soybean and wheat in system, annual application of poultry ma-
nure @ 2.5 t/ha in soybean and RDF + 5 kg Zn/ha to both soybean and wheat was found to be optimum in order to
raise the productivity and profitability of both the crops. However, combined application of poultry manure and
RDF along with zinc in soybean–wheat cropping system appears to be a better nutrient management option for
yield and profit maximization besides improvement in the fertility of the soil.
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Soybean–wheat is the predominant cropping system in
India. The success of any cropping system depends upon
the appropriate management of resources including bal-
anced use of manures and fertilizers. Rice–wheat cropping
systems in India have significantly contributed in enhanc-
ing the food grain production and achieving the food self-
sufficiency and food security. The rice–wheat production
system now is under threat due to stagnating or declining
crop productivity and threatening the issues related to
sustainability. Both, rice and wheat are heavy feeders and
exhaust the soil nutrients to the maximum, resulting in
many problems in the traditional rice–wheat cropping sys-
tem. The soybean–wheat system has emerged as a good

alternative both as a part of crop diversification as well as
for maintaining the sustainability of the soils (Verma and
Sharma, 2007). The long-term use of inorganic fertilizers
without organic supplements damages the soil physical,
chemical and biological properties and causes environ-
mental pollution. Organic manures act not only as a source
of nutrients and organic matter, but also increase size,
biodiversity and activity of the microbial population in
soil, influence structure, nutrients turnover and many other
changes related to physical, chemical and biological pa-
rameters of the soil (Albiach et al., 2000).

Soybean with its 40–42% protein and 20–22% oil has
already emerged as one of the major oilseed crop in India.
In India, soybean is cultivated in 10.84 million ha with a
production of 14.67 million tonnes and average productiv-
ity of 1,162 kg/ha, which is very low than the world aver-
age of 2,670 kg/ha (Anonymous, 2014).
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Wheat is one of the most important cereal crops of the
world and in India’s second most important food crop,
next only to rice, therefore it has pivotal role in ensuring
food security of the country. It occupies 30.96 million ha
area with production of about 88.94 million tonnes and av-
erage productivity of 2,272 kg/ha during 2015–16
(Anonymous, 2016). The rapid increase in the world
population demands parallel increase in food production,
particularly of wheat. In Chhattisgarh, average productiv-
ity of wheat is only 1,455 kg/ha. The major cause of low
productivity of the crop in Chhattisgarh is imbalanced fer-
tilizer application or low use of inorganic fertilizer.

Due to intensive cultivation of crops with recom-
mended or imbalance dose of chemical fertilizers alone,
the productivity of soil has gone down, and now, time has
come to supplement these chemical fertilizers with organ-
ics to sustain the fertility and productivity of the soils
(Behera et al., 2007). Supply of nutrients through bulky
organics FYM, poultry manure and crop residues (wheat
stover) along with chemical fertilizers can help to maintain
the soil nutrient reserves for attaining higher crop yields.
The development of the poultry industry in Chhattisgarh
has provided considerable quantities of organic waste,
poultry litter, which have potential for use in agriculture.
Under these circumstances, integration of chemical and
organic sources and their proper management have shown
promising results not only in sustaining the productivity
but have also proved to be effective in maintaining soil
health and enhancing nutrient-use efficiency (Thakur et al.
2011). Hence, balanced nutrient application is must to
harness the productivity of the crops and get maximum
profit. As information on these aspects is lacking in soy-
bean–wheat cropping system, a field investigation under-
taken under the agro-climatic conditions of Chhattisgarh
plains.

MATERIALS AND METHODS

A field experiment was conducted at research cum in-
structional farm of the Indira Gandhi Krishi
Vishwavidyalaya, Raipur (Chhattisgarh) during rainy
(kharif) and winter (rabi) seasons of 2014–15 and 2015–
16. The soil of the experimental field was clayey in texture
having neutral pH (6.9), EC (0.13 ds/m) and low in or-
ganic carbon (0.46%). Fertility status of soil was
categorised as low in available N (214.2 kg/ha), medium
in available P (21.50 kg /ha) and high in available K
(319.2 kg/ha), respectively. The experiment was laid in
split plot design with 3 replications. The treatment to soy-
bean comprised of 4 nutrient sources, viz. S

0
, control; S

1
,

crop residues (wheat) 5 t/ha; S2, FYM 5 t/ha; S3, poultry
manure 2.5 t/ha in the main plots and 5 nutrient levels; F

0
,

control; F1, 50% RDF; F2, RDF; F3, 50% RDF + Zn 5 kg/

ha; and F
4
, RDF + Zn 5 kg/ha in  the sub plots.  In succeed-

ing wheat crop residual effect of nutrient sources given to
soybean was evaluated in the main plots, nutrient levels,
viz. F0, control; F1, 50% RDF; F2, RDF; F3, 50% RDF + Zn
5 kg/ha; and F

4
, RDF + Zn 5 kg/ha. The recommended

dose of fertilizers for soybean and wheat are 20:60:20 and
120:60:40 kg of N, P

2
O

5
 and K

2
O/ha, respectively and

their source of application are urea, single super phosphate
and muriate of potash. In soybean the full dose of N, P

2
O

5

and K2O was applied as basal. In wheat as per treatment
the full dose of P

2
O

5
, K

2
O and half dose of N was applied

as basal and remaining half N was applied in 2 equal splits
at maximum tillering and panicle initiation stages during
both years of experimentation.

Soybean ‘JS 9752’ and wheat ‘Ratan’ was sown in rows
30 and 22.5 cm apart using a seed rate of 80 and 120 kg/
ha, respectively. Soybean was sown on 17 July 2014 and
4 July 2015 and wheat on 14 November 2014 and 21 No-
vember 2015. The weekly average maximum and mini-
mum temperature during crop seasons of soybean ranged
between 25.1oC to 33.4oC and 22.5oC to 28.3oC in 2014
and 30.28oC to 34.6oC and 22.1oC to 26.5oC in 2015 and
wheat 25oC to 33.5oC and 8oC to 19.3oC in 2014–15 and
27oC to 35.4oC and 9oC to 20.8oC in 2015–16, respec-
tively. The total rainfall received from sowing to harvest
was 868.0 mm and 611.2 mm for soybean during 2014
and 2015, and 30.9 mm and 46 mm for wheat during
2014–15 and 2015–16, respectively.

The wheat crop received four uniform irrigations dur-
ing both the years of experimentation. The experiment was
conducted on the same site without any change in the lay-
out plan. The grain and stover yields of soybean and wheat
were recorded from net plot area and converted into
tonnes/ha under different treatments. The cost of cultiva-
tion and gross returns ( /ha) for all the treatments was
worked out on the basis of the prevailing market price of
input and the produce. The net returns ( /ha) was calcu-
lated by substracting the cost of cultivation from the gross
returns. The B:C ratio was calculated treatment-wise to
assess the economic impact of the treatments by dividing
the gross returns with the cost of cultivation. Total produc-
tivity of the system in soybean-equivalent yield was calcu-
lated using the given formula.

Yield of wheat (t/ha) × Price of wheat ( /t)
SEY of wheat (t/ha) =

Price of soybean ( /t)

The energy output of different treatments was calcu-
lated on the basis of biological yield as given by Mittal et
al. (1985) and expressed as total energy (MJ/ha). Energy
efficiency and output-input ratio were calculated by using
the given formula.
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Total produce (Seed + Stover (in t)
Energy use efficiency (tMJ × 103) =

Energy input (MJ × 103)

Energy output
Energy output-input ratio =

Energy input (MK/ha)

The data collected from the experimental field and
laboratory analysis was subjected to statistical analysis.
Standard statistical methods were used (Gomez and
Gomez., 1984). The results are presented at 5% level of
significance (P=0.05) for making comparison between
treatments.

RESULTS AND DISCUSSION

Grain and stover yield
The maximum grain (2.20 t/ha and 2.84 t/ha) and stover

(4.27 t/ha and 6.0 t/ha) yields of both soybean and wheat
were recorded with the application of direct and residual
effect of poultry manure 2.5 t/ha (S3), which was signifi-
cantly higher than that of other treatment for both soybean
and wheat crops (Table 1). The minimum grain and stover
yields of both soybean and wheat crops were harvested
from control (S0) plot in 2 years mean data. Among the dif-
ferent nutrient levels, the highest grain (2.28 t/ha and 2.99
t/ha) and stover (4.30 t/ha and 6.14 t/ha) yields of soybean
and wheat is obtained from the plots supplied with 100%
RDF + Zn 5 kg/ha (F4) and minimum under control (F0)
treatment. Rana and Badiyala (2014) also reported that the
use of RDF resulted in significantly high seed (1.59 t/ha)
and stover (3.14 t/ha) yields of soybean as compared to
50% RDF and the control. This was might be due to varia-
tion in variety of crops, soil and climatic conditions.

The nutrient sources and nutrient levels interacted sig-
nificantly in terms of grain and stover yields of soybean as
well as wheat crop. The direct and residual effect of poul-
try manure (PM) 2.5 t/ha in combination with RDF + Zn
5 kg/ha (S3F4) recorded higher grain (2.48 t/ha and 3.39 t/
ha) and stover (4.63 t/ha 6.93 t/ha) yield of soybean and
wheat crops. It was closely followed by the combination of
FYM 5 t/ha × 100% RDF + Zn 5 kg/ha (S

2
F

4
) and PM 2.5

t/ha × 100% RDF (S3F2) for soybean crops and it was
closely followed by the combination of FYM 5 t/ha ×
100% RDF (S2F2) and PM 2.5 t/ha × 100% RDF (S3F2) in
case of wheat. The lowest values of yield was observed in
the combination of controls × control (S0F0) among the
nutrient sources and nutrient levels in 2 years mean data of
both soybean and wheat crops. Kumar et al. (2006) also
reported higher yield of soybean due to combined applica-
tion of nutrient sources, micronutrients and RDF by their
complementary effect on soil bio-chemical reactions and
soil fertility. Similar results have been reported by
Shivakumar and Ahalawat (2008). Dwivedi and Thakur
(2004) have recorded significantly higher yield attributes Ta
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of wheat under residual fertility of FYM with recom-
mended dose of fertilizers. This might be due to variation
in treatment combinations.

Total system productivity
The total productivity of soybean–wheat system was

found to be influenced by different sources of nutrients in
2 years mean data. The maximum productivity in terms of
total grain (5.02 t/ha) and stover (10.27 t/ha) yield was
observed by the crop undergoing the direct and residual
effect of poultry manure 2.5 t/ha, which was significantly
higher than that obtained with other sources of nutrients.
Whereas, lowest total system productivity was found in
control plot (Table 1).

The total productivity of soybean–wheat cropping sys-
tem was influenced significantly due to different levels of
nutrients in two years mean data. The highest productivity
in terms of total grain (5.27 t/ha) and stover (10.44 t/ha)
yields were obtained from soybean–wheat when fertilized
with RDF + Zn @ 5 kg/ha, which was found significantly
superior in comparison to all other levels of nutrients
(Table 1).

The soybean–wheat cropping system resulted in high-
est total productivity in terms of total grain (5.85 t/ha) and
stover (11.50 t/ha) yields with the conjunctive use of direct
and residual effect of poultry manure 2.5 t/ha along with
RDF + 5 kg Zn/ha (S

3
F

4
) in comparison with other treat-

ment combinations. The lowest values in all these at-
tributes were observed in combination of controls × con-
trol (S0F0) among the nutrient sources and nutrient levels
in 2 years mean data of soybean and wheat crops.

Soybean equivalent yield (SEY)
The soybean equivalent yield varied significantly

among the different sources of nutrients and the highest
SEY of 1.64 t/ha was recorded with the application of PM
@ 2.5 t/ha (S

3
) being significantly higher than those found

in other treatments in 2 years mean data. The lowest SEY
was recorded in control (S

0
) treatment in 2 years mean

data. The higher SEY yield was mainly due to higher yield
of wheat. Among the different nutrient levels, crop fertil-
ized with RDF + Zn 5 kg/ha (F4) resulted in maximum
SEY of 1.72 t/ha. On the other hand, the lowest SEY was
recorded under untreated control treatment (Table 1).

 Furthermore, the combined effect of sources and lev-
els of nutrients on SEY of soybean were significant in 2
years mean data. It is obvious from the data that sources of
nutrients at the same or different levels altered the SEY
significantly in 2 years mean data. An application of PM
@ 2.5 t/ha in conjunction with RDF + Zn 5 kg/ha (S3F4)
recorded the highest SEY of 1.95 t/ha in 2 years mean
data, which appears to be higher than those found with

other treatment combinations. The absolute control treat-
ment (S0F0) had significantly minimum SEY compared to
all other treatment combinations (Table 1). In soybean–
wheat cropping system Ramesh et al., (2009) also re-
corded the highest equivalent yield under integrated nutri-
ent management.

Economics
The highest economics in terms of net return (40.8 ×

103 /ha and 31.3 × 103 /ha) and B: C ratio (2.93 and
2.56) among different sources was observed with direct
application of PM 2.5 t/ha for soybean and there residual
effect in succeeding wheat crops, indicating that it was
much benefited by the residual effect. The lowest eco-
nomic returns were obtained in control plots, which might
be due to the poor grain and stover yields (Table 2).

The data further revealed that economic returns in-
creased with increased levels of nutrients compared to
unfertilized control treatments. The highest net returns
amounting to be 41.0 × 103 /ha and 31.3 × 103 /ha with
a widest B: C ratio of 2.79 and 2.41 were recorded in the
crop fertilized with RDF + Zn 5 kg/ha (F4) followed by
application of RDF (F

2
), being higher over other levels of

nutrients for both soybean and wheat crops. Similar find-
ings were also reported by Shivakumar and Ahlawat
(2008). On the other hand, the lowest economic returns
was found in control plot (F

0
) treatment.

In interaction effects among different treatment combi-
nations (Table 2), the PM @ 2.5 t/ha along with RDF + Zn
5 kg/ha (S3F4) incurred maximum economics in terms of
net returns and B: C ratio followed by (S

3
F

2
) treatment

combinations. Among the various treatment combination
control × control (S

0
F

0
) treatment might have resulted in

the lowest economics compared to others treatment com-
binations in both soybean and wheat crops. Finally it was
concluded that the combined application of PM @ 2.5 t/ha
along with RDF + Zn 5 kg/ha will be helpful in realizing
higher productivity and economic returns from both the
crops individually as well as from soybean–wheat crop-
ping system.

Energetics
Among the nutrient sources, the highest total energy

output of soybean and wheat (32. 33 and 116.65 MJ/ha,
was recorded with application of PM @ 2.5 t/ha (S

3
) to

soybean and their residual effect on succeeding wheat
crop, which may be due to the highest grain and stover
yields of both the crops. The lowest value of energy out-
put was obtained in untreated control (S

0
) treatment. With

regard to nutrient levels, application of RDF + Zn 5 kg/ha
(F

4
), recorded maximum value of total energy output of

soybean and wheat (33.44 and 120.67 MJ/ha) as compared
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to rest of other treatments. The lowest value of total energy
output was under control (F0) treatment (Table 3).

The highest energy output-input ratio of soybean (4.84)
was recorded under untreated control (S0) treatment owing
to the lowest total energy input as compare to nutrient ap-
plied treatment. In wheat crop, residual effect of poultry
manure @ 2.5 t/ha (S

3
) recorded the highest energy output-

input ratio (29.66), which may be due to the highest grain
and stover yields as compare to rest of the treatments. On
the other hand the lowest energy output-input ratio of soy-
bean was recorded with application of crop residues 5 t/ha
(S1) and in wheat under untreated control (S0) treatment.
With regard to nutrient levels, application of RDF (F

2
) re-

corded maximum value of energy output-input ratio (4.80)
of soybean. Untreated control (F

0
) treatment recorded

maximum value of energy output-input ratio (18.54) in
succeeding wheat crop in comparison to remaining treat-
ments (Table 3). The lowest value of energy output-input
ratio of soybean under application of 50% RDF + Zn 5 kg/
ha (F3) and RDF + Zn 5 kg/ha (F4) in succeeding wheat
crop. The results are in accordance with the findings of
Billore and Joshi (2004).

The highest energy-use efficiency of soybean 1.06 t MJ
× 103/ha was recorded under untreated control treatment,
which was owing to the lowest total energy input as com-
pared to nutrient applied treatment. In succeeding wheat
crop the highest energy-use efficiency (2.25 t MJ × 103/ha)
was recorded under residual effect of application of PM @
2.5 t/ha, which may be due to the highest grain and stover
yields. On the other hand, the lowest value of energy-use
efficiency of soybean was recorded with application of
crop residues 5 t/ha and untreated control treatment in suc-
ceeding wheat crop. Similar result was also reported by
Billore and Joshi (2004). As regard to nutrient levels, ap-
plication of 50% RDF recorded maximum value of en-
ergy-use efficiency of soybean (0.99 t/MJ × 103/ha). In
succeeding wheat crop untreated control treatment re-
corded maximum value of energy-use efficiency (1.41 t/
MJ × 103/ha) as compared to rest of other treatments
which might be due to lower total energy input as com-
pared to nutrient applied treatment. The lowest value of
energy-use efficiency of soybean under application of 50%
RDF + Zn 5 kg/ha and wheat under application of RDF +
Zn 5 kg/ha (Table 3).

Based on the study, it was concluded that highest total
productivity net returns and B:C ratio were recorded in
soybean–wheat cropping system with the direct and re-
sidual effect of poultry manure compared to other sources.
Both the crops in system when fertilized with RDF + Zn
@ 5 kg/ha recorded the highest total productivity, net re-
turns and B:C ratio among all the levels of nutrients. The
conjunctive use of poultry manure and RDF + 5 kg Zn/ha

resulted in the highest total productivity and profitability
in comparison to their sole application.
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