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Green revolution era witnessed un-precedent growth in 
the food grain production, especially in South-Asia (Dass 
et al. 2014). However, continuous adoption of  rice–wheat 
cropping system (RCWS) in Indo-Gangetic Plains (IGP) 
of South-Asia has not only threatened environmental 
safety but also promoted degradation, inefficient use of 
natural resources, emergence of insects–pests as well as 
environmental pollution through emission of greenhouse 
gases (Gupta and Seth 2007, Humphreys et al. 2010). In 
RWCS, diversification of rice with less water requiring crops 
(soybean, maize and pigeonpea) may enhance productivity 
of system without adversely affecting the soil health and 
environment quality. In this regard, soybean (Glycine max 
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ABSTRACT

The field experiment was conducted at the ICAR‒Indian Agricultural Research Institute, New Delhi during kharif 
and rabi seasons of 2014-15 and 2015-16 to study the productivity and profitability of soybean (Glycine max L.) 
and wheat (Triticum aestivum L.) genotypes grown under system of Crop Intensification (SCI). Three cultivation 
methods, conventional, SCI (45 × 45 cm) and SCI (30 × 30 cm) for soybean and conventional, viz. and system of 
Wheat Intensification (SWI) (20 × 20 cm) and SWI (20 × 10 cm) for wheat were assigned to horizontal-plots and 
four varieties for each of soybean (Pusa 9712, PS 1347,  DS 12-13 and DS 12-5) and wheat (HD 2967, HD 3086, HD 
2851 and HD 2894) were assigned to vertical-plots in a strip-plot design and replicated thrice. Soybean and wheat 
sown under SCI produced larger yield attributes, yields and economic returns compared to conventional method. 
Significantly higher pods/plant, seeds/pod and 100–seed weight of soybean were obtained from SCI (45 × 45 cm) and 
SCI (30 × 30 cm) than the conventional. Highest soybean seed yield and net returns were obtained with SCI (30×30 
cm) than the other cultivation methods. The soybean DS 12-13 and DS 12-5 performed better than the other varieties 
with respect to yield attributes, yield and net return. Higher effective tillers/m2, grains/spike, 1000-grain weight; grain, 
straw and biological yields; net returns and benefit-cost ratio of wheat were found under SWI (20 × 20 cm) compared 
to conventional method of sowing. Amongst wheat varieties, yield attributes, yield and economic returns were obtained 
with HD 2967 over remaining varieties. The highest system productivity in terms of wheat-equivalent yield (WEY) 
(11.62 t/ha and 12.02 t/ha) was recorded at both geometries of SCI and SWI than the conventional method.
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L.)–wheat (Triticum aestivum L.) system is very promising 
as it meets dual objectives of crop diversification and soil 
health maintenance (Verma and Sharma 2007).

Soybean is the vital oilseed crop of world and 
offers many nutritional, and health benefits (Dass and 
Bhattacharyya 2017, Dass et al. 2018). In India, it is grown 
on 11.66 million ha and produce 8.59 million tonnes with 
average yield of 737 kg/ha during the year 2015-16 (DAC 
and FW 2017). It is mainly cultivated in rotations with crops 
like wheat, chickpea, mustard, potato, safflower, pigeonpea, 
sorghum, cotton, etc. Among all, soybean–wheat rotation 
is the most predominant in India (Sharma et al. 2012) and 
practised on 4.5 million ha area mainly in the central India 
(Monsefi et al. 2014).Wheat is an important staple food and 
meets about 61% of the protein requirement and serves as 
the main source of protein in developing nations (Braun et 
al. 2010). India is the second largest producer (93.2 million 
tonnes) after China and has the largest area under wheat 
(30.2 million ha) with a productivity of 3093 kg/ha (DAC 
and FW 2017). 
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Using System of Crop Intensification (SCI) methods, 
small and marginal farmers in many countries are obtaining 
higher crop yields and more productivity from their land, 
labour, seeds, water and capital. Crops cultivated using 
SCI methods have shown greater resilience to the hazards 
of climate change (Thakur et al. 2009, Zhao et al. 2009, 
Dass et al. 2015). The soybean under SCI produced 4.2 
times more branches/plant, 2.75 times greater dry matter/ 
plant, 3.7 times more pods/plant, 4.3 times more seeds/plant 
and 4% higher 100-seed weight compared to traditional 
practice (AKRSP-I 2013). Another version of SCI of wheat 
cultivation is System of Wheat Intensification (SWI), 
which can enhance yield by two- to three-times through 
some improvements in crop management components 
(Uphoff et al. 2011). Plant height and yield attributes were 
found higher in SWI method (Adhikari 2013). A dibbling 
version of SWI gave 13% yield advantage, with 30-40% 
less labour than transplanting version. According to Styger 
and Ibrahim (2009), growing wheat using SRI principle 
was not very successful due to mortality of transplanted 
seedlings (9-22%) in the cold winter climate. SWI does 
require more labour and more organic matter inputs, so 
costs of SWI production/hectare is about 60% higher than 
with conventional practices (PRADAN 2012). However, 
once a new practice gets established and famers become 
adequately acquainted with it, the costs also come down, and 
tremendously higher yields make the SWI more profitable. 

During the past decades, crop productivity is declining 
due to use of highly input habituate technologies. To meet 
the food demand of our burgeoning population, we have to 
intensify crop production through modification in cultivation 
practices like seed rate, sowing methods, precise water and 
weed management along with improvement in input-use 
efficiency and crop yield. SCI is an agricultural production 
strategy that seeks to increase and optimize the benefits 
that can be derived from making better use of available 
resources like soil, water, seeds, nutrients, solar radiation, 
and air (Adhikari et al. 2017). Although, SCI is a labour- 
intensive technology, yet resource-poor households seeking 
to get maximum yield from the small landholdings find that 
the additional effort and care in crop management enhance 
net returns as well as livelihood security (Shiva Dhar et 
al. 2015). Keeping in view the above facts, the current 
field investigation was made to standardise the SCI and 
to compare the conventional and innovative SCI methods 
in terms of productivity and profitability of soybean and 
wheat varieties.

MATERIALS AND METHODS
The field experiment was conducted during kharif and 

rabi seasons of 2014-15 and 2015-16 at the research farm 
of ICAR-IARI, New Delhi located at 28.40°N latitude and 
77.12°E longitude and 229 m above mean sea level (MSL). 
During experimental period, the mean maximum temperature 
was 34.3, 33.5°C, mean minimum temperature 22.8, 22.1°C, 
total rainfall 665.8, 707.4 mm, and mean evaporation 6.01, 
4.95 mm in 2014-15 and 2015-16, respectively. The soil of 

experimental site was sandy clay loam in texture, low in 
organic carbon (0.39%) and KMnO4 oxidizable N (155.2 
kg/ha), medium in 0.5 N NaHCO3 extractable P (14.2 kg/
ha), high in 1.0 N NH4OAC extractable K (311.4 kg/ha), 
alkaline in pH (7.8) with electrical conductivity of 0.4 
dS/m and bulk density of 1.6 g/cm3. The experiment was 
laid-out in strip-plot design with three cultivation methods: 
conventional, SCI (45 × 45 cm) and SCI (30 × 30 cm) for 
soybean; conventional, SWI (20 × 20 cm) and SWI (20 
× 10 cm) for wheat assigned to horizontal-plots and four 
varieties each of soybean (Pusa 9712, PS 1347, DS 12-13 
and DS 12-5) and wheat (HD 2967, HD 3086, HD 2851 
and HD 2894) assigned  to vertical-plots  and replicated 
thrice. Under conventional method, soybean and wheat 
were sown at 45 cm and 22.5 cm apart lines by seed drill 
using  a seed rate of 80 and 100 kg/ha, respectively. The 
recommended dose of fertilizers (25:60:40 kg N, P2O5 and 
K2O/ha for soybean; 150:60:60 kg N, P2O5 and K2O /ha 
for wheat) and irrigations (flowering and pod formation 
stage in soybean and at crown-root initiation, tillering, late-
jointing, boot, flowering, milking and at grain filling stages 
in wheat) were applied to each of the crops. Imazethapyr 
10% SL at 0.1 kg a.i. /ha at 30 days after sowing (DAS) 
and sulfosulfuron at 25 g/ha at 25 DAS under conventional 
method of sowing were applied for weed management in 
soybean and wheat, respectively.

Under SCI and SWI method, seeds were treated with 
specific seed treatment solution, which was formulated by 
mixing jaggery (2.5 kg) in 20-25 l of hot water (60°C), 
cow urine (5.0 litre) and vermicompost (2.5 kg). Whenever 
required, suitable quantity of water was added to keep the 
slurry in a liquid state. An earthen-pot was used as metal 
containers are not recommended. For preparing seed 
treatment solution, water was heated to 60°C, then cow 
urine poured into it and the solution was stirred. After that, 
mixture of jaggery and vermicompost with water (60°C) 
was prepared separately. The above mixtures (jaggery 
and vermicompost in water and cow urine mixture) were 
intermixed properly. After 30 min, the seeds of soybean 
or wheat were soaked in mixture for 4–5 and 6–8 hr 
respectively. The mixture was filtered to separate the seeds. 
The soybean seeds were treated with Rhizobium and PSB 
culture and kept for drying in shade for 6-7 hr.

SCI protocol for soybean: At the time of field preparation 
the recommended dose of nutrients were applied through 
FYM at 5.0 t/ha treated with Trichoderma (2.5 kg/t) and 
remaining phosphorus dose through single super phosphate 
at 250 kg/ha. For SCI (45 × 45 cm) and SCI (30 × 30 cm), 
seeds were sown at 15 and 25 kg/ha, respectively. For both 
spacing two sprouted seeds were sown at each spot without 
damaging the seed coat. Gap filling was done 7 DAS 
with treated seed to maintain optimum plant population. 
Thinning was done after 15 days of sowing to remove any 
plants found between the marked geometric points. Two 
hand hoeing were carried out at 20 and 40 DAS to remove 
weeds and enhance soil aeration, microbial activity and 
root growth. The crop was irrigated at flowering and pod 
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formation stages.
SWI protocol for wheat: The standard SWI protocols 

were adapted from Shiva Dhar et al. (2015) for wheat. Seed 
rate at 25 and 50 kg/ha was used for SWI (20 × 20 cm) and 
SWI (20 × 10 cm), respectively. For both the spacing, two 
sprouted seeds were dibbled per hill at crossing point of 
line and plant spacing. The Trichoderma-treated (2.5 kg/t) 
compost at 2.0 t/ha plus 68 kg dia-ammonium phosphate 
(DAP) and 33 kg/ha muriate of potash (MOP) were applied 
before sowing and 68 kg urea/ha was applied on 16th day; 
vermicompost at 500 kg/ha plus PSB culture at 6.25 kg/ha 
on 20thday; 34 kg urea/ha and 34 kg MOP/ha on 36thday; 
vermicompost at 500 kg/ha was applied on 40th day. Three 
manual hoeings were performed for weed management 
using cono-weeder at 20, 30 and 40 DAS. Five shallow 
irrigations were given as per SWI protocol at 15, 35, 60, 
95 and 105 DAS.

All yield attributing characters were recorded as per 
standard procedure for both soybean and wheat crop. Total 
biomass of each net plot area was harvested and threshed 
after sun-drying. The grains were cleaned and sun-dried 
for 4 to 5 days and weighed. The economic returns for 
both crops were computed on basis of prevailing market 
price of inputs and output during 2014–15 and 2015–16.
Wheat-equivalent soybean yield and system productivity 
were calculated as per formula given by Sharma (2014). 
The data were analyzed as per the standard procedure for 
strip-plot design as described by Gomez and Gomez (1984).

RESULTS AND DISCUSSION

Soybean
Yield attributes and yield: The yield attributes and yield 

of soybean varied significantly under different cultivation 
methods and varieties (Table 1). Among cultivation methods, 
SCI (45 × 45 cm) and SCI (30 × 30 cm) were found 

significantly superior to the conventional method; however, 
both SCI versions were at par with each other for pods/plant, 
seeds/pod and 100-seed weight. These attributes increased by 
1.5 to 2.1, 1.1 to 1.2 and 1.15 to 1.19 folds, respectively at 
SCI (45 × 45 cm) and SCI (30 × 30 cm) over conventional 
methods. Among varieties, DS 12-13 and DS 12-5 were 
significantly superior to Pusa 9712 and PS 1347 for pods/
plant and seeds/pod; while, PS 1347 produced bolder seeds 
than other varieties. The lowest values of yield attributes 
were recorded with conventional method and in varieties PS 
1347. Wider spacing and square planting along with microbe 
loaded organic sources of nutrients provided better chance 
for development of roots and other plant parts. Low plant 
density encourages the plant to give superior yield attributes 
(Prasad et al. 1993, Abbas et al. 1994). The wider spacing 
resulted in better growth of individual plants due to more 
availability of space, moisture and light was presumably 
responsible for enhancement of yield attributes and yields 
(Dass et al. 2015).

Soybean sown as SCI (30 × 30 cm) produced 
significantly higher seed yield (9% and 12%) over 
conventional and SCI (45 × 45 cm) methods, respectively. 
Seed yields obtained with wider spaced SCI (45 × 45 cm) 
and convention method were at par. Stover and biological 
yields under conventional and SCI (30 × 30 cm) methods 
were also similar. The lowest seed, stover and biological 
yields were recorded with SCI (45 × 45 cm). Apart from 
this, the highest harvest index (HI) was observed with both 
SCI over conventional sowing. Seed, stover and biological 
yields were found statistically at par for DS 12-13 and DS 
12-5 varieties; both varieties produced significantly higher 
yields over PS 1347. The lowest seed and stover yields were 
obtained from conventional method and among varieties 
with PS 1347. Harvest index of all varieties did not showed 
any significant variation. The increase in yield attributing 
characters due to better plant vigour resulted in higher yield. 

Table 1  Effect of cultivation methods and varieties on yield attributes and yield of wheat (mean of 2 years)

Treatment Effective 
tillers/m2

Grains/
spike

1,000-grain 
wt. (g)

Grain yield
(t/ha)

Straw yield
(t/ha)

Biological 
yield (t/ha)

Harvest index 
(%)

Cultivation methods
Conventional 413 47.4 35.5 5.19 8.10 13.29 39.1
SWI (20×20 cm) 470 63.0 37.6 7.23 11.40 18.62 38.8
SWI (20×10 cm) 463 61.5 37.5 7.05 11.13 18.18 38.8
SEm± 3 0.4 0.27 0.05 0.07 0.10 0.17
CD (P=0.05) 11 1.6 1.08 0.19 0.28 0.40 0.67

Wheat varieties
HD 2967 466 62.0 37.7 6.77 10.83 17.59 38.5
HD 3086 448 59.5 37.2 6.64 10.60 17.24 38.6
HD 2851 437 47.2 36.6 6.47 9.96 16.43 39.5
HD 2894 444 60.4 36.0 6.08 9.44 15.53 39.2
SEm± 5 0.3 0.20 0.02 0.08 0.08 0.21
CD (P=0.05) 16 1.0 0.70 0.08 0.29 0.27 0.71

SWI: System of Wheat Intensification
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Ramboo et al. (2003) recorded highest seed yield from 20 
plants/m2 compared to 40 plants/m2. Wide space sowing 
produced higher seed and stover yield, while stover yield 
was on par with narrow row spacing (Pandya et al. 2005).

The interaction effect of cultivation methods and 
varieties significantly influenced the 2-year mean seed 
yield of soybean (Fig 1). The seed yield of all varieties 
was higher in SCI (30×30 cm) than under other cultivation 
methods. Seed yield obtained from DS 12-13 grown as SCI 
(30×30 cm) was higher than remaining combinations of 
cultivation methods and varieties. However, DS 12-5 also 
produced at par yield at SCI (30×30 cm). Combination of 
conventional and SCI (30×30 cm) with DS 12-13 and DS 
12-5 were found on par to each other, however, produced 
significantly higher seed yield over other combinations. 
Similar seed yield was obtained from combination of Pusa 
9712, PS 1347 and DS 12-5 with conventional and SCI (45 
× 45 cm). However, Ferehewoit and Firew (2017) observed 
that the interaction effect of varieties and row spacing did 
not influence the soybean seed yield.

Economic returns: Among the cultivation methods, SCI 
(30×30 cm) gave significantly higher gross returns (82.5 
×103 `/ha) and net returns (` 46.5 × 103 `/ha) as compared 
to SCI (45 × 45 cm) and conventional method (Table 3). 
However, the highest benefit: cost ratio (B: C ratio, 1.42) 
was found under conventional method of sowing because of 
lower cost of cultivation. The higher net returns was mainly 
due to high seed yield at SCI (30 × 30 cm) than SCI (45 × 
45 cm). Similarly,  De Bruin and Pedersen (2008) observed 
less benefits from high plant density due to increase in 
seeding rate and lower yield. 

Wheat
Yield attributes and yield: Wheat yield attributes and 

yields varied significantly due to cultivation methods 
and varieties (Table 2). Both SWI crop geometries (20 
× 20 cm or 20 × 10 cm) were found at par to each other, 
but significantly superior to the conventional method for 
effective tillers/m2, grains/spike and 1,000-grain weight. 
These values were 13.8, 32.9 and 5.83%, respectively, higher 
in SWI (20 × 20 cm) over conventional method. Among 
the wheat varieties, maximum number of grains/spike was 
obtained from HD 2967 compared to remaining varieties. 

Table 2  Effect of cultivation methods and varieties on economics and system productivity in soybean-wheat sequence (mean of 2 years)

Treatment

Soybean Wheat WEY 
of 

soybean 
(t/ha)

System 
productivity 

(t/ha)
Cost of 

cultivation 
(×103 `/

ha)

Gross 
returns 

(×103 `/
ha)

Net 
returns 

(×103 `/
ha)

B:C 
ratio

Cost of 
cultivation  
(×103 `/

ha)

Gross 
returns 

(×103 `/
ha)

Net 
returns 

(×103 `/
ha)

B:C 
ratio

Soybean Wheat 

Cultivation methods
Conventional Conventional 31.3 75.7 44.4 1.42 38.2 115.6 77.4 2.02 4.53 9.72
SCI (45×45 

cm)
SWI (20×20 
cm)

35.6 73.0 37.4 1.05 51.8 161.6 109.7 2.12 4.39 11.61

SCI (30×30 
cm)

SWI (20×10 
cm)

36.0 82.5 46.5 1.29 52.7 157.7 105.1 1.99 4.97 12.02

SEm± 1.18 1.18 0.03 0.92 0.92 0.02 0.07 0.11
CD (P=0.05) 4.64 4.64 0.14 3.60 3.60 0.08 0.27 0.44

Varieties 
Pusa 9712 HD 2967 34.3 75.8 41.6 1.22 47.6 152.0 104.4 2.19 4.55 11.32
PS 1347 HD 3086 34.3 70.1 35.8 1.05 47.6 149.1 101.5 2.13 4.20 10.84
DS 12-13 HD 2851 34.3 82.6 48.3 1.42 47.6 143.5 95.9 2.01 4.96 11.43
DS 12-5 HD 2894 34.3 79.7 45.4 1.33 47.6 135.3 87.7 1.85 4.79 10.87
SEm± 1.05 1.05 0.03 0.42 0.42 0.01 0.07 0.07
CD (P=0.05) 3.64 3.64 0.11 1.45 1.45 0.03 0.23 0.25

SCI: System of Crop Intensification, SWI: System of Wheat Intensification, WEY: Wheat grain equivalent

Fig 1	 Interaction effect of cultivation methods and varieties on 
seed yield of soybean. SCI: System of Crop Intensification.

SINGH ET AL.
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higher over conventional method. The net returns (109.7 
× 103 `/ha) and B: C ratio (2.12) were found significantly 
higher with SWI (20×20 cm). SWI (20×10 cm) also gave 
significantly higher net returns (` 105.7 × 103/ha) over 
conventional method (77.33 × 103 `/ha). The SWI (20 × 20 
cm) gave 1.42 and 1.04 times higher net returns than the 
SWI (20×10 cm) and conventional method, respectively. 
The variety HD 2967 accounted for maximum net returns 
(104.7 ×103 `/ha) and B: C ratio (2.20) as compared to the 
other varieties. The high net returns and B: C ratio due to 
high production under of HD 2967 under SWI (20×20 cm).
Though the cost of cultivation was higher in SWI method, 
the higher net returns compensated the higher cost and gives 
more profits (Shiva Dhar et al. 2015).

System productivity: System yield varied significantly 
due to cultivation methods and varieties in soybean-wheat 
sequence (Table 3). Wheat-equivalent yield (WEY) of 
soybean and system productivity in terms of WEY were 
recorded higher at SCI (30 × 30 cm) followed by (fb) SWI 
(20 × 10 cm) and SCI (45 × 45 cm) fb (20 × 20 cm) over 
the conventional method of sowing. The variety DS 12-13 fb 
HD 2851 and Pusa 9712 fb HD 2967 were observed at par 
with each other but superior over the PS 1347 fb HD 3086 
and DS 12-5 fb HD 2894 with respect to WEY of soybean 
and system productivity. The higher WEY of soybean and 
system productivity might be due to integrated nutrient 
application which results improved microbial and nutrient 
dynamics in rhizosphere of both crops for promotion of 
crop growth. These results are in agreement with those of 
Billore et al. (2005).

Based on the findings of investigation, SCI (30 × 30 
cm) for soybean and SWI (20 × 20 cm) may be adopted 
for higher yield, economic returns and system productivity. 
Soybean variety DS 12-13 under SCI (30 × 30 cm) and 
wheat variety HD 2967 under SWI (20 × 20 cm) may be 
more profitable and remunerative over other varieties under 
conventional method.
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