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ABSTRACT

A field experiment was conducted during the rainy (kharif) season of 2020 and 2021 at the Chaudhary Charan
Singh Haryana Agricultural University, Hisar to evaluate the impact of different tillage and residue-management
practices (TRMPs) and organic nutrition on performance of soybean [Glycine max (L.) Merr.]. The experiment was
laid out in a split-plot design with 3 replications. The treatment comprised 4 TRMPs in main plots and 5 organic nu-
trient management practices in subplot. The result showed that, application of zero tillage with residue (ZT + R) re-
sulted in significantly higher number of branches/plant (9.65), pods/plant (69.2), seeds/pod (2.68), grain yield (1.63
t/ha) and gross return (` 87,480/ha) being statistically at par with conventional tillage with residue (CT + R) and su-
perior to the other treatments. Significantly enhanced yield attributes i.e. branches/plant (9.12), pods/plant (69.8),
seeds/pod (2.71) and grain yield (1.6 t/ha) were observed under application of recommended dose of fertilizer
(RDF) through inorganic fertilizers followed by recommended dose of nitrogen through vermicompost (VC) +
biofertilizer + cow urine (10%) + Panchgavya (5%) + Jeevamrut (500 litres/ha), recommended dose of nitrogen
through farmyard manure (FYM) + biofertilizer + cow urine (10% foliar application at vegetative, panicle emer-
gence and flowering stage) + Panchgavya (5% foliar application at vegetative, panicle emergence and flowering
stage) + Jeevamrut (500 litres/ha foliar application at 30, 60 and 90 days after sowing (DAS). However, the maxi-
mum gross returns realized under N5 (` 87,280/ha) followed by N4. Hence, combined application of ZT + R along
with N5 organic package and followed by ZT + R along with N4 organic package are better options for improving the
yield attributes and productivity of soybean crop under conservation agriculture (CA) in semiarid ecology of India
and similar agro-eco regions.
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Widespread degradation of soils and natural resources
now pose a challenge for researchers/scientists to come out
with an advanced natural resource-management practice
for sustainable productivity and improved soil health
(Bhattacharya et al., 2020). Natural resource management
has become a vital component for sustainable agriculture
because of extensive resource degradation. Thus, the con-
cept of conservation agriculture (CA) has slowly come out
as an alternative to maintain soil health and agricultural
sustainability. The CA has potential to change the physical,

chemical and biological parameters of soil compared to
conventional tillage (CT) systems (Sepat and Rana, 2013).
The improved bio-physico-chemical soil quality in turn,
affects the ecosystem services and sustainability of crop
production system through counter balancing the climate
variability with the help of increasing sink for carbon se-
questration within the soil (Yadav et al., 2013). Managing
agro-ecosystems for sustaining enhanced productivity, farm
profitability and food security, along with protecting the
environment and improving soil health, enhancing C se-
questration and natural resource base are the characteristics
of CA. To meet this challenge, environment unfriendly
agricultural chemicals, such as fertilizers, have played a
significant role in Green Revolution and even today, com-
monly recommended to outwit nutrient deficiencies of the
soils (Kumar et al., 2018). Imbalanced fertilizer use and
mismanagement of crop residue via burning and removal
from the field are still in practice under cereal-cereal
cropping systems which cause soil and environmental
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pollution, nutrient mining, multi-nutrient deficiency, losses
in soil bio-fertility, reduction in partial factor productivity,
loss of agri-biodiversity, and ultimately, poor soil health
and sub-optimal crop production. The disruption of micro-
bial diversity and consequently the bio-fertility, due to in-
appropriate nutrient-management strategy, has become a
concern for optimum soil health and plant growth. Consid-
ering these negative implications on agro-ecology, the need
for reduced and balanced fertilizer applications along with
crop diversification is being felt more essential than ever
before (Kumar et al., 2018). In this context, the role of
naturally abundant but functionally unexplored microor-
ganisms, such as nitrogen fixing, phosphorus and potash-
solubilizing microbial inoculants along with their synergic
integration with other organic sources of nutrients, such as
bulky manures under a fertility augmentative legume crop,
is crucial and offers a unique opportunity for balancing soil
fertility, maintaining soil health, improving plant growth
and profitable crop production in a sustainable way (Verma
et al., 2019; Verma et al., 2019a). Since, poor soil-fertility
management resulted in poor crop yield in Indo-Gangetic
Plain (IGP) under low clay content and soil organic carbon
due to irrational use of agro-chemicals, use of organic
sources of nutrients in crop production can ensure a
sustainably high level of crop productivity (Babu et al.,
2020). Keeping these in view, the present experiment was
conducted to study the effect of different TRMPs and or-
ganic nutrition on yield attributes and yields of soybean
under conservation agriculture in semiarid ecology of
India.

MATERIALS AND METHODS

A field experiment was conducted during rainy (kharif)
season of 2020 and 2021 at Research Farm of Agronomy,
Chaudhary Charan Singh Haryana Agricultural University,
Hisar (29o 0857.4 N and 75î 4102.8 E, 215.2 m above
the mean sea-level). The average annual rainfall of about
143.5 mm was received during the crop-growing period.
The average maximum 544.2 mm rainfall was recorded in
July and no rainfall was observed in November. The aver-
age maximum average temperature (29.1oC) was registered
in August and the minimum (7.0oC) in January. The aver-
age maximum relative humidity (91.7%) was noticed in
July and the minimum in January (34.3%) (Fig. 1). The soil
of experimental field was sandy loam, having bulk density
1.58 Mg/m3, pH 7.7, electrical conductivity (0.33 dS/m),
low soil organic carbon (0.32%) and available N (183.2 kg/
ha), medium available P (14.0 kg/ha) and available K
(281.7 kg/ha). The experiment comprised 20 treatment
combinations in split-plot design which consisted of 4
treatments of tillage and residue management, viz. conven-
tional tillage without residue (CT – R); conventional tillage
with residue (CT + R); zero tillage without residue (ZT –
R) and zero tillage with residue (ZT + R), in main plot and
5 treatments of organic nutrient management, viz. N

1
, rec-

ommended dose of fertilizers (RDF); N
2
, recommended

dose of nitrogen (RDN) through FYM; N
3
, RDN through

vermicompost (VC); N
4
, RDN through FYM + bio-

fertilizer + cow urine 10% + Panchgavya 5% + Jeevamrut
500 litres/ha and N

5
, RDN through VC + biofertilizer +

cow urine 10% + Panchgavya 5% + Jeevamrut 500 litres/

Fig. 1. Average weather parameters during 2020 and 2021
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ha in subplots with 3 replications. The fertilizer nutrients
(25: N, 60: P

2
O

5
 and K

2
O: 40 kg/ha) were supplied through

urea, diammonium phosphate and muriate of potash only
in RDF treatment and in the other treatment supplied
through organic bulky manures. Starter dose of nitrogen
and full dose of phosphorus and potassium as per treatment
were applied at sowing time. Seeds were treated with
biofertilizer (20 g/kg seed) as per standard procedure and
were sown after drying for 6 hours under shade. Soybean
cultivar ‘SL 958’ was sown at row-to-row spacing of 35 cm
and plant-to-plant spacing of 10 cm during the first week of
July with a seed rate of 80 kg/ha. Standard crop-husbandry
practices were followed during the experimentation. Obser-
vations on yield attributes and yield were recorded. The
data collected on different parameters were subjected to
statistical analysis under split-plot design by following the
procedure of analysis of variance (SAS Software packages,
SAS EG 4.3). Significance of difference between means
was tested through ‘F’ test and the least significant differ-
ence (LSD) was worked out where variance ratio was
found significant for treatment effect. The treatment effects
were tested at 5% probability level for their significance.

RESULTS AND DISCUSSION

Yield attributes
The mean data of 2 years indicated that, tillage and resi-

due-management practices (TRMPs) had significant
(P<0.05) effect on yield attributes and yields of soybean.

The number of branches/plant were significantly higher in
ZT + R (9.65), being 18.4, 14.8 and 4.5% higher than that
of ZT – R, CT – R and CT + R, respectively (Table 1).
Similarly, number of pods/plant varied from 64.43 to 69.43
and found in order of ZT + R > CT + R > CT –R > ZT – R.
The treatment ZT + R (2.69) outperformed other 3 TRMPs,
ZT – R, CT – R and CT + R in terms of seeds/pod of soy-
bean. However, effect of TRMPs was found non-signifi-
cant effect on 1,000-seed weight. Average of 2 years data
revealed that, the organic nutrient management practices
(ONMPs) had significant effect on yield attributes of soy-
bean. Significantly higher number of branches/plant was
recorded in N

1
 followed by N

5
, N

4
 and was lowest in N

2
.

Similarly, N
1
 outperformed the other 4 ONMP

S
, N

5
, N

4
, N

3

and N
2
 in term number of pods/plants. The highest number

of seeds/pod of soybean was recorded in ONMP
S
, N

5

(2.71), which was 8.8, 7.3, 5.1 and 2.2% higher than other
ONMPs, viz. N

2
, N

3
, N

4
, and N

5
, respectively.

The production capacity of different crops under CA is
regulated by the complex interaction of management prac-
tices, microclimate and soil health (Singh et al., 2016).
Conservation agriculture (ZT/CT) with residue retention
and inclusion of legumes has been reported to be produc-
tive, profitable, and efficient under rice and maize-based
systems in the Asian subcontinent (Das et al., 2020). The
soybean productivity in term of yield attributes in the
present study was higher under ZT + R than that under CT
+ R, CT – R and ZT – R during both the years. The soy-

Table 1. Effect of tillage and residue management practices and organic nutrition on yield attributes, yield and economics of soybean crop
(2 years mean data)

Treatment Branches/ Pods/ Seeds/ 1000- Grain Stover Biological Harvest Gross Net Benefit :
plant plant pod seed yield yield yield index return return cost

  weight (g) (t/ha) (t/ha) (t/ha) (×103 `/ha) (×103 `/ha)  ratio

Tillage and residue-management practices
CT – R 8.22 66.8 2.58 112.5 1.45 2.89 4.34 33.4 77.84 41.02 1.12
CT + R 9.22 68.4 2.67 113.6 1.53 3.05 4.58 33.4 82.18 44.11 1.17
ZT – R 7.87 64.4 2.50 110.9 1.33 2.71 4.04 33.0 71.45 39.64 1.25
ZT + R 9.65 69.2 2.69 114.3 1.63 3.27 4.91 33.2 87.48 53.62 1.62

SEm± 0.16 0.95 0.03 0.94 0.04 0.08 0.13 0.18 2.50 1.57 0.04
CD (P0.05) 0.54 3.28 0.09 NS 0.16 0.30 0.46 NS 8.65 4.72 0.13

Organic nutrient management packages
N

1
9.12 69.8 2.71 113.7 1.63 3.25 4.88 33.4 73.76 38.27 1.08

N
2

8.37 64.4 2.47 111.6 1.33 2.65 3.99 33.3 74.57 44.60 1.50
N

3
8.51 66.2 2.51 112.4 1.41 2.81 4.22 33.4 78.90 44.14 1.28

N
4

8.67 67.4 2.57 113.0 1.50 3.02 4.53 33.2 84.18 48.83 1.40
N

5
9.04 68.2 2.62 113.5 1.55 3.17 4.73 32.9 87.28 47.14 1.19

SEm± 0.15 1.06 0.05 1.15 0.04 0.09 0.13 0.20 2.40 1.38 0.04
CD (P0.05) 0.47 3.05 0.16 NS 0.14 0.27 0.41 NS 6.91 4.12 0.12

CT – R, Conventional tillage without residue; CT + R, Conventional tillage with residue; ZT – R, Zero tillage without residue, ZT + R, Zero
tillage with residue; N

1
, Recommended dose of fertilizer (20: N, 60: P

2
O

5
 and 40 K

2
O); N

2
, Recommended dose of nitrogen through FYM; N

3
,

Recommended dose of nitrogen through vermicompost; N
4
, Recommended dose of nitrogen through FYM + biofertilizer + cow urine 10% +

Panchgavya 5% + Jeevamrut 500 litres/ha and N
5
, Recommended dose of nitrogen through vermicompost + biofertilizer + cow urine 10% +

Panchgavya 5% + Jeevamrut 500 litres/ha
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bean attributes were higher under ZT + R than with ZT –
R, CT – R and CT + R across the years and might be attrib-
uted due to the beneficial roles of higher soil organic matter
and consistent soil environmental condition which
favoured the growth and development of soybean crop as
also reported by Verma et al., 2019 in soybean wheat sys-
tem. Excessive tillage in CT – R exposed the soil to runoff
and nutrient loss during the grand-growth period of wheat
results in lower yield when compared with ZT + R and CT
+ R (Nandan et al., 2019). Furthermore, ZT + R provides
favourable physical conditions for proper plant establish-
ment at early growth stages to wheat crop which might
have contributed to higher yield attributes. The organic
nutrient management resulted in significantly (P<0.05)
higher yield attributes, grain, stover and biological yields of
soybean crop. Application of N

1
, N

5
 and N

4 
treatment re-

sulted in significantly higher yield grain and stover/straw
yields of soybean over the other remaining treatments.
However, gross returns were maximum under N

5
, followed

by N
4
 and net returns were maximum in N

4
, followed by

N
5
. The maximum benefit : cost ratio was observed in N

2
,

followed by N
4 
treatment. An application of RDN through

VC + biofertilizer + CU + Panchgavya + Jeevamrut under
N

5
 helped in improving soil physical properties and meet-

ing the nutrient demand at peak growth period of soybean
as compared to the other treatments (Das et al., 2020).

Yield
The mean data of 2 years indicated that, tillage and resi-

due-management practices (TRMPs) had significant effect
on grain, stover and biological yields of soybean.  Signifi-
cantly higher grain yield of soybean was recorded in ZT +
R (1.64 t/ha), which was 18.5, 11.2 and 6.2% higher than
that of ZT – R, CT – R and CT + R, respectively. Similarly,
stover yield of soybean varied from 2.71 to 3.27 t/ha and
was found in order of ZT + R > CT + R > CT – R > ZT –
R (Table 1). The ZT + R (4.91 t/ha) outperformed the other
3 TRMPs, ZT – R, CT – R and CT + R in term of biologi-
cal yield of soybean. However, harvest index was found
non-significant due to TRMPs. Average of 2 years data re-
vealed that, the ONMPs had significant effect on grain, sto-
ver and biological yields of soybean. The statistically sig-
nificant higher grain yield of soybean was recorded in N

1
,

followed by N
5
, N

4
 treatments being significantly higher

over the other treatments. The lowest was in N
2
 treatment.

Similarly, treatment N
1
 outperformed the other 4 ONMP

S

in term of stover yield of soybean (Table 1). Significantly
highest biological yield of soybean was recorded with N

1

(4.89 t/ha), which was 18.3, 13.6, 7.3 and 3.2 % higher
than N

2
, N

3
, N

4
, and N

5
 treatments, respectively.

The intricate combination of management strategies,
microclimate, and soil health regulates the production po-

tential of various crops under CA (Singh et al., 2016). In
the current study, soybean productivity in terms of grain
yield was greater under ZT + R than under CT + R, CT –
R, and ZT – R for both the years. Higher crop yield and
better soil properties in rice – potato cropping system un-
der ZT + R have been reported (Sarangi et al., 2020). The
higher grain yield observed under ZT + R than ZT – R, CT
– R and CT + R could be attributed to the beneficial role of
higher soil organic matter and the consistent soil environ-
mental conditions that favoured the growth and develop-
ment of soybean. Our results confirm the findings of Verma
et al. 2019 in the soybean – wheat system. When compared
to ZT + R and CT + R, excessive tillage in CT – R exposed
the soil to runoff and nutrient loss during the grand-growth
period of wheat, leading to poorer yield (Nandan et al.,
2019). The ZT + R treatment creates favourable physical
circumstances for proper plant establishment in soybean
crop at early growth stages, which may have led to greater
yield and yield parameters. The ONMPs showed consider-
able improvement in grain, stover and biological yields of
soybean crop. The application of N

1
, resulted in consider-

ably larger grain and stover/straw yields of soybean than
the other treatments owing to improvement in soil physical
qualities and met the nutrient requirement during the peak
growth period of soybean. Our results confirm the findings
of Das et al., (2020).

Economics
In general, cost of cultivation of soybean was higher

across the tillage and residue-management practices in the
second year as compared to the first year. Two-years mean
data showed that, the total cost of cultivation of soybean
among the TRMPs was high with CT + R, being higher by
which was  `1,250, 4,200 and 6,250/ha over CT – R, ZT +
R and ZT – R treatments, respectively during both the
years (Table 1). However, the maximum gross returns were
obtained with ZT + R, `87,480/ha followed by CT + R,
`82,180/ha, which were significantly higher over CT –R
and ZT– R treatments. The net returns and benefit : cost
ratio were maximum under ZT + R, which was signifi-
cantly superior to CT + R, CT – R and ZT – R treatments
during both years. In general, cost of cultivation of wheat
was higher with N

5
 and N

3
 treatment in the second year

compared to the first year. Among ONMPs, cost of cultiva-
tion was lower under N

2 
and N

3 
compared to the other treat-

ments during study. Based on mean data, the maximum
gross returns were registered with N

5
  `87,280/ha followed

by N
4 
 `84,180/ha being significantly higher than N

3
, N

2

and N
1
 treatments during the study. The treatments N

4

`48,430/ha gave higher net returns statistically at par
with N

5
 `47,140/ha treatment, which were significantly

higher than other treatments. The benefit : cost ratio was
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maximum under N
2
 (1.50), followed by N

4
 (1.40) and it

was significantly higher than N
3
, N

5
 and N

1
treatments.

Conservation tillage strategies had greater beneficial
influence on soybean. The advantages of NT and residue
retention were evident from the first year of research and
continued to grow second year. Gross and net returns were
substantially greater under ZT + R followed by CT + R
than under ZT – R and CT – R. The greater gross returns
and net returns under ZT + R were mostly attributable to
higher soybean output compared to CT – R and ZT – R. Jat
et al., (2019) noticed a significant boost in system produc-
tivity of a maize-wheat cropping sequence under NT in
northern Indo Gangetic Plain. Other researchers have re-
ported similar results on an improvement in system produc-
tion of intensive cropping systems using CT methods in
conjunction with residue conservation (Jat et al., 2019;
Nandan et al., 2019). Boosted yield of soybean under ZT
in conjunction with residue integration increased system
economics. The gross return was 11.0% greater with ZT +
R compared with CT – R. Similarly, under ZT + R, net re-
turn and benefit : cost ratio were 23.6 and 30.8% higher,
respectively than CT – R. In the current study, the soybean
with ZT+R/CT+R had  `87,480 and 82,180/ha greater
gross returns than CT – R. Better economic performance of
rice-wheat and rice-maize systems under conservation till-
age methods in the Northwestern Indo Gangetic Plain zone
and the Eastern Gangetic Plains of India has been docu-
mented (Singh et al., 2016). The gross returns were 35.9
and 12.3% greater under N

5
 and N

3
 than under N

1
 owing to

better soybean productivity and minimum support price at
these levels. However, the net returns was 21.6 and 18.8%
greater in N

4
 and N

5 
respectively, than N

1
. The benefit : cost

ratio was 28.0 and 22.8% higher in N
2
 and N

4
, respectively

than N
1
 because N

2
 was less expensive than N

5
 hence, ben-

efit : cost ratio was somewhat greater. Higher gross returns
and net return have also been documented with the use of
FYM in various crops in comparable ecosystems our re-
sults confirm the findings of Das et al. (2020).

CONCLUSION

This study revealed that, the combined application of
zero tillage with residue retention (ZT + R) and recom-
mended dose of nitrogen through vermicompost +
biofertilizer + cow urine 10% + Panchgavya 5% +
Jeevamrut 500 litres/ha (N

5
) and followed by zero tillage

without residue retention (ZT + R) with recommended
dose of nitrogen through FYM + biofertilizer + cow urine
10% + Panchgavya 5% + Jeevamrut 500 litres/ha (N

4
) is a

better option for improving the yield attributes and produc-
tivity of soybean crop under conservation agriculture in
semiarid ecology of India and similar agro-ecoregions.
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