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ABSTRACT

onservation agriculture (CA) involving minimum mechanical soil disturbance, permanent soil cover with crop residue

mulch and diversified crop rotation, plays a crucial role in sustainable crop production. A field experiment was conducted
at ICAR-Indian Agricultural Research Institute, New Delhi during radi seasons (November—April) of 2018-19 and 2019-20
in wheat involving maize-wheat-mungbean system to assess the effects of CA on crop productivity, nutrient uptake and
profitability. Results showed that CA-based practices with residue retention resulted in higher yield as well as economic
benefits when compared to conventional tillage (CT). Wheat yield parameters in CA were greater than in CT. The CA-
based practices improved wheat grain and straw yield to the tune of 7.2-27.1% and 5.7-20.6%, respectively compared to CT
practice. The CA-based practices with residue retention with 100% N registered 9.7% higher cost of cultivation, but resulted
in 24.3-35.1% higher net returns than CT. Among CA-based practices, the plots under permanent broad bed with residue
with 100% N (PBB+R+100N) resulted in ~27% higher wheat grain yield compared to CT. The PBB+R+100N plots also had
considerably greater nutrient uptake and net returns than CT plots. The CA practice involving PBB+R+100N was found to
be more productive, remunerative and could potentially boost up the wheat productivity and profitability under maize-wheat-

mungbean system in north-western Indo-Gangetic Plains of India.
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1. INTRODUCTION
Conservation agriculture (CA) is based on three inter-

related principles, such as no or minimum mechanical

soil disturbance, biomass mulch soil cover and crop species
diversification, in addition to other good agricultural
practices (Kassam et al., 2019). CA is being advocated
in order to boost agricultural yield while also ensuring
environmental sustainability (Hobbs et al., 2008). The
maize (Zea mays L.)~wheat (Triticum aestivum L. emend
Fiori and Paol)-mungbean (Vigna radiata L.) cropping
system is being promoted as an alternative to existing rice-
based cropping systems of the northwestern Indo-Gangetic
Plains in order to overcome the challenges such as energy
and nutritional scarcity, residue burning, reduction in
biomass productivity and water table decline (Ladha et
al., 2003; Chauhan et al., 2012; Choudhary et al., 2017;
Parihar et al., 2017). Conservation tillage improves crop root
growth, water and nutrient use efficiencies and eventually
the agronomic yield (Das et al., 2018; Ghosh et al., 2019,
2021). In north-west India, CA-based management with
diversified maize-wheat-mungbean system was found to be
an effective substitute for conventional rice-wheat system
in terms of productivity, profitability and energy indices
(Jat et al., 2020). Sharma et al. (2012) found that wheat
grain yields were comparable under conventional and zero
tillage (ZT). Ghosh et al. (2015) advocated that adoption
of CA could increase productivity, achieve better economic
benefits and regulate soil erosion. They discovered thatin a
maize—wheat crop rotation, the mean wheat equivalent yield
was 47% higher in the CA plots than in the conventional
plots. According to Jat et al. (2020), CA-based rice-wheat
and maize—wheat systems increased crop productivity by
10% and 16%, respectively and profitability by 34% and
36% when compared to CT. After three years of ZT wheat
cultivation, Kumar et al. (2013) reported a 33% increase
in net income compared to CT. According to Susha et al.
(2018), adopting zero tillage with residue retention in wheat
resulted in 14.0% lower weed biomass and 6.9% higher
wheat yields than conventional tillage. Furthermore, it
increased maize-wheat system productivity by 5.4 and 7%,
respectively, over CT and ZT without residue. ZT has the
potential to reduce the amount of soil organic carbon (SOC)
from the soil profile by slowing macro-aggregate turnover,
increasing the physical protection of particulate organic
material and lowering the contact between soil and crop
residues (Page et al., 2020). Choudhary and Baker (2017)
opined that regardless of the potential negative outcomes
during the first few years of ZT, long-term ZT would
reap advantages such as lower fertilizer requirements, pest
protection and enhanced crop productivity. The surface
retention of crop residue in ZT could be more successful
than residue incorporation in CT for crop production and
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economic profitability (Nath et al., 2018). In comparison to
CT practice, adopting CA for 67 years results in improved
soil aggregation in the surface layer and lowers subsurface
soil compaction (Das et al., 2014; Mondal et al., 2019).
Diversified crop rotation, including a legume crop under
CA, can improve soil fertility, reduce pests/diseases and
increase crop yield stability (Li et al., 2019). The ZT system,
in conjunction with site-specific techniques for nutrient
management, can boost yield, nutrient use efficiency, and
profitability while reducing greenhouse gas emissions from
wheat production (Sapkota et al., 2014). Crop residue
retention on the soil surface in conjunction with ZT leads
to enhanced soil quality and overall resource enhancement
(Ghuman and Sur, 2001; Chen et al., 2011; Das et al,,
2013). The objective of this study was to compare the effects
of conventional tillage and conservation agriculture-based
crop establishment practices on crop productivity, nutrient
uptake and economics of growing wheat as a component
crop in a maize-wheat—mungbean system.

2. MATERIALS AND METHODS

he field experiments were conducted during the rabi

seasons (November—April) of 2018-19 and 2019-20
at Research Farm, Division of Agronomy, ICAR-Indian
Agricultural Research Institute, New Delhi (28°35' N
latitude, 77°12" E longitude and an altitude of 228.6 meters
above mean sea level), India. The soil of the experimental
site was clayey loam with a pH of 8.2, 0.60% organic C,
medium available N (285 kg ha™) and P (18 kg ha) and
a high K (329 kg ha'). The soil samples were analyzed
following the methods outlined by Jackson (1973). The
experiment was laid out in a randomized complete block
design with ten treatments and three replications. Wheat
was sown as a component crop in a maize-wheat-mungbean
system. The experiment was a part of a long-term CA
system, initiated in 2010. Different CA-based practices such
as zero till (ZT) permanent narrow, broad and flat beds with
and without retention of maize, wheat and mungbean crops
residues and 75% and 100% of the recommended doses of N
were compared with conventional tillage (CT) practice. The
treatments were comprised of one CT practice [conventional
tillage without residue with 100% N (CT)] and nine CA
practices such as permanent narrow bed without residue
with 100% N (PNB), permanent narrow bed with residue
with 75% N (PNB+R+75N), permanent narrow bed with
residue with 100% N (PNB+R+100N), permanent broad
bed without residue with 100% N (PBB), permanent broad
bed with residue with 75% N (PBB+R+75N), permanent
broad bed with residue with 100% N (PBB+R+100N),
flat bed without residue with 100% N (FB), flat bed with
residue with 75% N (FB+R+75N) and flat bed residue
with residue with 100% N (FB+R+100N) were followed
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in maize-wheat—-mungbean system.

Plots for conventional tillage (CT) were prepared with a
tractor-drawn disc plough followed by planking. There was
no ploughing in CA-based treatments. The PNB plots had
the dimension of 40 cm bed and 30 cm furrow. The PBB
plots had a bed of 110 ¢cm and a furrow of 30 cm. Maize
residues were retained in CA-based residue retention
plots, while plots with no residues were left undisturbed.
To ensure smooth germination of wheat, the entire field
was pre-irrigated. Wheat variety HDCSW 18 was sown
during 1% fortnight of November with a seed rate of 100 kg
ha™and row spacing of 20 cm. The sowing operation was
carried out using a tractor-drawn seed cum fertilizer drill
in CT. It was sown using a bed planter in CA-based PNB
plots. Sowing was done with a turbo seeder in the PBB and
FB plots. The fertilizer dose of 150 kg N, 26.2 kg P and
33.1 kg K ha™' was applied under the 100% N treatments
irrespective of CA and CT plots. In CA-based plots with
75% N, 112.5 kg N was applied. The full dose of P and
K and half dose of N were applied as basal at the time of
sowing. Remaining N was top-dressed in two equal splits
and after first and second irrigation in wheat.

Wheat growth parameters such as plant height and dry
matter accumulation were studied at 30, 60 and 90 days
after sowing (DAS). Twenty ear heads from sampled plants
were randomly selected, threshed manually and number of
grains per ear head was counted. For estimating grain and
straw yield, wheat crop from a net plot area of 10 m* was
harvested and sun dried. After drying, manual threshing was
carried out. Grain weight and straw weight was taken from
each treatment and expressed as t ha™. In wheat, nutrient
uptake was calculated as described by Nath et al. (2015). The
cost of cultivation under various treatments was calculated
using current market prices for the various inputs used in the
treatments. The data on crop growth, productivity, nutrient
uptake and economics were subjected to pooled analysis. To
determine the statistical significance of treatment effects,
the data was analyzed using analysis of variance (ANOVA)
in a randomized completed block design using R (version
4.0.5) statistical software (Anonymous, 2013). The Tukey
Multiple Comparison Test was used to test for treatment
differences at a 5% level of significance.

3. RESULTS AND DISCUSSION
3.1. Wheat growth and yield variables

Tillage, residue, crop establishment and N management
practices had significant impacts on growth parameters of
wheat such as plant height and dry matter accumulation
at 30, 60 and 90 DAS during 2018-19 and 2019-20. The
CA-based practices outperformed CT practice in increasing
growth parameters of wheat. Residue retention improved
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wheat growth characteristics. Among CA-based practices,
the plots under PBB+R+100N significantly improved the
growth parameters of wheat throughout different growing
stages. Significantly higher plant height was registered
under both the treatments PBB+R+100N and FB+R+100N
at 30 DAS (Table 1). At 60 and 90 DAS, significantly
higher plant height was obtained under the treatment
PBB+R+100N. However, it was found comparable with
all the CA-based residue retained treatments at 60 and 90
DAS. The treatment FB+R+100N resulted in significantly
higher dry matter accumulation in wheat at 30 DAS,
whereas the treatment PBB+R+100N led to increased dry
matter accumulation at 60 and 90 DAS (Figure 1). The
higher values of plant height and dry matter accumulation
in residue retained treatments confirmed better growth
and beneficial effects of residue retention as compared
to CA-based residue removal treatments as well as CT.

Table 1: Plant height in wheat across treatments

Treatments Plant height (cm)
30 DAS 60 DAS 90 DAS

CT 24.2 57.4 99.9
PNB 26.0 62.2 102.7
PNB+R+75N 27.4 65.5 105.6
PNB+R+100N 29.3 67.3 107.9
PBB 26.2 63.0 103.2
PBB+R+75N 27.7 66.1 106.8
PBB+R+100N 30.3 68.3 109.0
FB 25.3 63.7 103.7
FB+R+75N 27.7 65.9 106.1
FB+R+100N 30.3 68.1 108.4
SEm=+ 0.3 1.1 1.3
CD (p=0.05) 0.9 3.3 3.8

Refer materials and methods for treatment details

30 DAS®60 DAS 790 DAS
a e C_d a.b

ter accumulation

Dry mat

Treatments

Figure 1: Dry matter accumulation in wheat across treatments
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Crop growth was improved by zero tillage, which might be
attributed to its long-term favourable impacts with residue
retention. This could be attributed to earlier germination
and better establishment of wheat on zero tillage and
raised beds with residue retention, as these might have
helped to maintain favourable soil moisture, moderate soil
temperature and improve soil nutrient status (Amgain et

al., 2013; Saad et al., 2015).

The yield attributes of wheat such as number of effective
tillers, spike length, number of grains per spike and test
weight varied significantly in both years due to different
tillage, residue, crop establishment and N management
practices. The CA-based practices showed significant
improvement in increasing yield attributing characters
of wheat (Table 2). Among CA-based practices, the
treatments with residue retention were found superior
than the residue removal treatments. The plots under
PBB+R+100N resulted in significantly higher number of
effective tillers, spike length, number of grains per spike
and test weight of wheat. The treatment PBB+R+100N
led to 12.2% higher test weight of wheat compared to
CT. The treatment PBB+R+100N was found comparable
with the treatments FB+R+100N, PNB+R+100N and
PBB+R+75N in this regard. Results indicated the positive
effects of residue retention in improving the yield attributes
in wheat cultivation. Similar results were reported by Nath

et al. (2015).

Table 2: Yield attributing characters of wheat across
treatments

No. of Spike No.of  Test
effective length grains  weight
tillers (1 (cm) spike™ (g)
m row
length)
CT 90.0 11.5 50.6 39.72
PNB 100.2 12.0 54.5 41.87
PNB+R+75N 109.5 12.4 58.8 43.13
PNB+R+100N  117.7 12.6 61.8 44.16
PBB 105.0 12.0 56.0 42.35
PBB+R+75N 114.8 12.7 61.0 43.53
PBB+R+100N  121.2 12.9 63.0 44.56
FB 103.5 12.1 54.8 42.10
FB+R+75N 112.5 12.5 59.4 43.30
FB+R+100N 118.7 12.7 61.6 44.38
SEmz+ 2.9 0.1 0.6 0.35
CD (p=0.05) 8.7 0.3 17 1.03

Refer materials and methods for treatment details
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3.2. Wheat productivity

The CA-based practices resulted in 7.2-27.1% higher
grain yield and 5.7-20.6% higher straw yield compared to
CT (Figure 2 and 3). Significantly higher grain yield was
observed in CA-based residue retained treatments than
that of residue removal treatments. Higher grain yield in
wheat under CA-based residue retained practices might
be attributed to increased photosynthesis and thereby
efficient translocation of photosynthates, as well as a
larger sink and a stronger reproductive phase, as evidenced
by a greater number of effective tillers m™ row, grains/
ear, and test weight (Nath et al., 2015). The treatments
PBB+R+100N and FB+R+100N resulted in significantly
higher grain yield (6.34 t ha') and straw yield (8.91 t ha')
of wheat, respectively. These treatments were found to be
at par with all the CA-based practices with residue. The
increased grain yield under the treatment PBB+R+100N
might be attributed to favorable mulching effects of crop
residues. Residue retention resulted in greater infiltration,
higher soil moisture conservation on beds, reduced run-off
and erosion, better temperature moderation, inhibition of
weed proliferation and more soil microbial activity resulting
in biological tillage under CA-based permanent broad bed
with residue retention (Chauhan et al., 2007, Thomas et
al., 2007, Das et al., 2018; Baghel et al., 2020; Das et al.,
2020). According to Jat et al. (2020), ZT with residue

Eg . de ed abc 4 bc a g d ab
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=5

24
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Figure 2: Grain yield of wheat across treatments

bed

abc 2

Straw yield (t ha!)

ORNWhUNIONN®O S
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Figure 3: Straw yield of wheat across treatments
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retention resulted in 5.8% yield benefit and 25.9% gain in
net economic returns in maize-wheat system.

3.3. Nutrient uptake in wheat

The CA-based practices significantly improved nutrients
(N, P and K) uptake by both grain and straw in wheat
(Table 3). The plots with residue retention had significantly
higher nutrient uptake than residue removal plots. Also,
the plots under residue retention and 100% N application

recorded higher values of nutrient uptake as compared to
treatments with 75% N application. Among all the practices,
the plots under PBB+R+100N and FB+R+100N registered
significantly higher N uptake by wheat grain (120.4 kg ha™)
and straw (27.2 kg ha™?), respectively. The total N uptake by
wheat grain and straw (147.4 kg ha') was recorded under
PBB+R+100N (Table 4). It registered 87.0% increase in
total N uptake by wheat grain and straw over CT. The

Table 3: Nutrients (N, P and K) uptake by wheat grain and straw across treatments

Treatments N uptake by =~ N uptake by P uptake by P uptake by K uptake by K uptake by
wheat grain ~ wheat straw  wheat grain ~ wheat straw  wheat grain  wheat straw
(kg ha') (kg ha') (kg ha') (kg ha') (kg ha') (kg ha')
CT 61.4 17.4 13.2 9.8 13.2 100.0
PNB 87.0 20.1 15.1 11.1 22.1 110.4
PNB+R+75N 101.2 22.0 17.1 12.5 243 117.6
PNB+R+100N 111.4 22.7 19.9 14.8 27.6 126.1
PBB 91.4 20.3 15.8 12.3 23.0 116.0
PBB+R+75N 104.1 21.6 17.4 14.6 26.5 123.9
PBB+R+100N 120.4 27.0 223 16.1 28.8 131.4
FB 95.7 21.1 15.4 13.5 228 118.8
FB+R+75N 101.5 21.7 17.1 13.5 24.5 124.1
FB+R+100N 115.8 27.2 22.4 15.8 28.2 134.9
SEmz+ 7.8 11 1.0 0.6 0.9 3.4
CD (p=0.05) 23.2 3.3 3.0 1.9 2.9 10.1

Refer materials and methods for treatment details

Table 4: Total nutrients (N, P and K) uptake by wheat grain

and straw across treatments

Treatments N P K

CT 61.4 17.4 13.2
PNB 87.0 201 15.1
PNB+R+75N 101.2 22.0 17.1
PNB+R+100N 111.4 22.7 19.9
PBB 91.4 20.3 15.8
PBB+R+75N 104.1 21.6 17.4
PBB+R+100N 120.4 27.0 22.3
FB 95.7 21.1 15.4
FB+R+75N 101.5 21.7 17.1
FB+R+100N 115.8 27.2 22.4
SEm+ 7.8 1.1 1.0
CD (5=0.05) 232 3.3 3.0

N: Total N uptake by wheat grain and straw (kg ha?); P:
Total P uptake by wheat grain and straw (kg ha™); K: Total
K uptake by wheat grain and straw (kg ha™*); Refer materials

and methods for treatment details

»
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maximum P uptake by wheat grain was recorded under
FB+R+100N, while significantly higher P uptake by wheat
straw was registered under the treatment PBB+R+100N.
Results showed that the treatment PBB+R+100N registered
significantly higher uptake of total P (38.4 kg ha™) by
wheat grain and straw and was found to be 67.2% higher
compared to CT system. It was found comparable with the
treatment FB+R+100N. The treatments PBB+R+100N and
FB+R+100N had significantly higher K uptake by wheat
grain and straw, respectively. The plots under FB+R+100N
registered significantly higher uptake of total K (163.1 kg
ha'') by wheat grain and straw and was found comparable
with PBB+R+100N and PNB+R+100N. The treatments
PBB+R+100N and FB+R+100N improved K uptake to
the tune of 41.6% and 44.1%, respectively over CT. The
overall improvement in nutrients uptake by wheat grain and
straw was registered under the plots of PBB+R+100N. The
increased plant nutrient content in wheat grain and straw
under CA might be attributed to improved root growth,
which raised nutrient concentration in these crops owing to
growing forage area for nutrient removal under permanent

beds with residue, resulting in increased nutrient absorption
(Parihar et al., 2018).
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3.4. Economics of wheat cultivation

The cost of cultivation in wheat varied significantly in
different treatments due to various costs involved in
tillage, residue and crop establishment practices. The
CA-based residue retained practices incurred higher cost
of cultivation than other practices due to costs involved in
residue application. Although the cost of cultivation was
marginally higher in treatments with residue retention, these
treatments registered higher net returns and net benefit:
cost ratio and were proved to be superior to other practices.
The CA-based practices with residue retention with 100%
N registered 9.7% higher cost of cultivation, but resulted in
24.3-35.1% higher net returns than CT (Table 5). Higher
cost of cultivation/land preparation and lower yield of
wheat resulted in lower net returns in CT plots (Baghel et
al., 2020). Significantly higher gross and net returns were
registered under the plots of PBB+R+100N. It resulted in
35.1% higher net returns than that of CT. Higher yield
obtained under this practice compensated for the cost of
residue retention, resulting in higher net returns.

Table 5: Wheat economics across treatments

Treatments Cost of Gross Net  Net
cultivation returns returns benefit:
(x10° (x10° (x10®  cost
T hat) Tha') <R ha?)
CT 41.13 112.44 7131 1.73
PNB 37.13 120.22  83.09 2.24
PNB+R+75N 44.62 127.06 82.45 1.85
PNB+R+100N 45.13 133.77 88.64 1.96
PBB 37.13 122.58 8545 2.30
PBB+R+75N 44.62 131.70  87.08 1.95
PBB+R+100N 45.13 141.48 96.35 2.13
FB 37.13 122.64 8551 2.30
FB+R+75N 44.62 128.94 8432 1.89
FB+R+100N 45.13 13795 92.82 2.06
SEm=+ - 2.52 2.52  0.06
CD (p=0.05) - 7.47 7.47 0.18

1US$=69.412 INR and 76.234 INR during 2019 and 2020;
Refer materials and methods for treatment details

4. CONCLUSION

onservation agriculture—based permanent broad bed
with residue retention with 100% N (PBB+R+100N)
resulted in significant improvements in crop growth,
productivity, nutrient uptake as well as profitability in
wheat under the maize-wheat—mungbean system. It may
be recommended for sustainable wheat production in
north-western Indo—Gangetic Plains of India under the
maize-wheat-mungbean sequence.
»
. © 2022 PP House

5. ACKNOWLEDGEMENT

he financial assistance provided by the ICAR-Indian
Agricultural Research Institute and the Department
of Science and Technology (DST) of the Government of

India is sincerely appreciated.
6. REFERENCES
Amgain, L.P., Sharma, A.R., Das, T.K., Behera, U.K.,2013.

Effect of residue management on productivity and
economics of pearlmillet (Pennisetum glaucum)-based
cropping system under zero-till condition. Indian
Journal of Agronomy 58(3), 298-302.

Anonymous, 2013. R Core team. R: A language and
environment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria. URL
http://www.R-project.org/.

Baghel, J.K., Das, T.K., Mukherjee, 1., Nath, C.P.,
Bhattacharyya, R., Ghosh, S., Raj, R. 2020. Impacts
of conservation agriculture and herbicides on weeds,
nematodes, herbicide residue and productivity in
direct-seeded rice. Soil and Tillage Research 201,
104634.

Chaudhary, V.P., Singh, K.K., Pratibha, G., Bhattacharyya,
R., Shamim, M., Srinivas, I., Patel, A. 2017. Energy
conservation and greenhouse gas mitigation under
different production systems in rice cultivation. Energy
130, 307-317.

Chauhan, B.S., Gill, G.S., Preston, C., 2007. Effect of
seeding systems and dinitroaniline herbicides on
emergence and control of rigid ryegrass (Lolium
rigidum) in wheat. Weed Technology 21(1), 53-58.

Chauhan, B.S., Mahajan, G., Sardana, V., Timsina, J.
and Jat, M.L. 2012. Productivity and sustainability
of the rice-wheat cropping system in the Indo-
Gangetic Plains of the Indian subcontinent: problems,
opportunities, and strategies. Advances in Agronomy
117, 315-369.

Chen, Y., Liy, S., Li, H,, Li, X.F., Song, C.Y., Cruse, R M.,
Zhang, X.Y., 2011. Effects of conservation tillage
on corn and soybean yield in the humid continental
climate region of Northeast China. Soil and Tillage
Research 115, 56-61.

Choudhary, M.A., Baker, C.J. 2017. Overcoming
constraints to conservation tillage in New Zealand.
In: Conservation tillage in temperate agroecosystems.
CRC Press, 183-207.

Das, T.K., Bhattacharyya R., Sudhishri S., Sharma A.R.,
Saharawat, Y.S., Bandyopadhyay K.K., Sepat, S.,
Bana, R.S., Aggarwal, P., Sharma, R.K., Bhatia, A.,
Singh, G., Datta, S.P., Kar, A., Singh, B., Singh, P,
Pathak, H., Vyas, A.K.,Jat, M.L., 2014. Conservation
agriculture in an irrigated cotton-wheat system of

427



International Journal of Bio-resource and Stress Management 2022, 13(4):422-429

the western Indo-gangetic plains: crop and water
productivity and economic profitability. Field Crops
Research 158, 24-33.

Das, T.K., Bhattacharyya, R., Sharma, A.R., Das, S., Saad,
A.A., Pathak, H., 2013. Impacts of conservation
agriculture on total soil organic carbon retention
potential under an irrigated agro-ecosystem of the
western Indo-Gangetic Plains. European Journal of
Agronomy 51, 34-42.

Das, T.K., Ghosh, S., Gupta, K., Sen, S., Behera, B., Raj,
R., 2020. The weed Orobanche: species distribution,
diversity, biology and management. Journal of
Research in Weed Science 3(2), 162—-180.

Das, T.K., Saharawat, Y.S., Bhattacharyya, R., Sudhishri,
S., Bandyopadhyay, K.K., Sharma, A.R., Jat, ML.L.,
2018. Conservation agriculture effects on crop and
water productivity, profitability and soil organic carbon
accumulation under a maize—wheat cropping system in
the North-western Indo-Gangetic Plains. Field Crops
Research 215, 222-231.

Ghosh, S., Das, T.K., Sharma, D.K., Gupta, K., 2019.
Potential of conservation agriculture for ecosystem
services: A review. Indian Journal of Agricultural
Sciences 89(10), 1572-1579.

Ghosh, S., Das, T.K., Shivay, Y.S., Bhatia, A., Biswas,
D.R., Bandyopadhyay, K.K., Sudhishri, S., Yeasin,
M., Raj, R,, Sen, S., Rathi, N., 2021. Conservation
agriculture effects on weed dynamics and maize
productivity in maize—wheat—greengram system in
north-western Indo-Gangetic Plains of India. Indian
Journal of Weed Science 53(3), 244-251.

Ghosh, B.N,, Dogra, P., Sharma, N.K., Bhattacharyya, R.,
Mishra, P.K., 2015. Conservation agriculture impact
for soil conservation in maize-wheat cropping system
in the Indian sub-Himalayas. International Soil and
Water Conservation Research 3(2), 112-118.

Ghuman, B.S., Sur, H.S., 2001. Tillage and residue
management effects on soil properties and yields of
rainfed maize and wheat in a subhumid subtropical
climate. Soil and Tillage Research 58(1-2), 1-10.

Hobbs, P.R., Sayre, K., Gupta, R., 2008. The role
of conservation agriculture in sustainable
agriculture. Philosophical transactions of the royal
society B: Biological Sciences 363(1491), 543-555.

Jackson, M.L.., 1973. Soil chemical analysis. Prentice-Hall,
New Delhi, India, 498 pp.

Jat, H.S., Choudhary, K.M., Nandal, D.P., Yadav, A.K,,
Poonia, T., Singh, Y., Sharma, P.C., Jat, M.L,,
2020. Conservation agriculture-based sustainable
intensification of cereal systems leads to energy
conservation, higher productivity and farm profitability.
Environmental Management 65(6), 774-786.

»
&, © 2022 PP House

Kassam, A., Friedrich, T., Derpsch, R.,2019. Global spread
of conservation agriculture. International Journal of
Environmental Studies 76(1), 29-51.

Ladha, ]J.K., Hill, J.E., Duxbury, J.D., Gupta, R.K.,
Buresh, R.J., 2003. Improving the productivity and
sustainability of rice-=wheat system: Issues and impact.
American Society of Agronomy Special Publication
65. Madison, Wis. (USA): ASA, CSSA, SSSA. Pp.
211.

Li, J., Huang, L., Zhang, J., Coulter, J.A., Li, L., Gan,
Y., 2019. Diversifying crop rotation improves system
robustness. Agronomy for Sustainable Development
39(4), 1-13.

Mondal, S., Chakraborty, D., Das, T.K., Shrivastava, M.,
Mishra, A.K., Bandyopadhyay, K.K., Aggarwal, P.,
Chaudhari, S.K.,2019. Conservation agriculture had a
strong impact on the sub-surface soil strength and root
growth in wheat after a 7-year transition period. Soil
and Tillage Research 195, 104385.

Nath, C.P., Das, T.K., Rana, K.S., Bhattacharyya, R.,
Paul, S., Singh, S.B., Meena, M.C., Hazra, K.K,,
2018. Tillage and nitrogen management effects with
sequential and ready-mix herbicides on weed diversity
and wheat productivity. International Journal of Pest
Management 64(4), 303-314.

Nath, C.P., Das, T.K., Rana, K.S., Pathak, H.,
Bhattacharyya, R., Paul, S., Singh, S.B., Meena, M.C,,
2015. Weed-management and wheat productivity in
a conservation agriculture-based maize (Zea mays)—
wheat (Triticum aestivum)-mungbean (Vigna radiata)
system in north-western Indo-Gangetic plains of
India. Indian Journal of Agronomy 60(4), 554-563.

Page, K.L., Dang, Y.P., Dalal, R.C., 2020. The ability
of conservation agriculture to conserve soil organic
carbon and the subsequent impact on soil physical,
chemical, and biological properties and yield. Frontiers
in Sustainable Food Systems 4, 31.

Parihar, C.M,, Jat, S.L., Singh, A.K., Majumdar, K., Jat,
M.L., Saharawat, Y.S., Pradhan, S., Kuri, B.R.,2017.
Bio-energy, water-use efficiency and economics of
maize—wheat—mungbean system under precision-
conservation agriculture in semi-arid agro-ecosystem.
Energy 119, 245-256.

Parihar, C.M., Yadav, M.R., Singh, A.K., Kumar, B,
Pooniya, V., Pradhan, S., Verma, R.K., Parihar,
M.D., Nayak, H.S., Saharawat, Y.S., 2018. Long-
term conservation agriculture and intensified cropping
systems: Effects on growth, yield, water, and energy-
use efficiency of maize in northwestern India.
Pedosphere 28(6), 952-963.

Saad, A.A., Das, T.K., Rana, D.S., Sharma, A.R,,

2015. Productivity, resource-use efficiency and

428



Ghoshetal., 2022

economics of maize (Zea mays)-wheat (Triticum
aestivum)—greengram (Vigna radiata) cropping system
under conservation agriculture in irrigated north-
western Indo-Gangetic plains. Indian Journal of

Agronomy 60(4), 502-510.

Sapkota, T.B., Majumdar, K., Jat, M.L., Kumar, A,

Bishnoi, D.K., McDonald, A.J., Pampolino, M.,
2014. Precision nutrient management in conservation
agriculture based wheat production of Northwest
India: Profitability, nutrient use efficiency and

environmental footprint. Field Crops Research 155,
233-244.

Sharma, A.R., Jat, M.L., Saharawat, Y.S., Singh, V.P.,

Singh, R., 2012. Conservation agriculture for

»

2. © 2022 PP House 429

improving productivity and resource-use efficiency:
prospects and research needs in Indian context. Indian

Journal of Agronomy 57(3s), 131-140.

Susha, V.S., Das, T.K., Nath, C.P., Pandey, R., Paul, S.,

Ghosh, S., 2018. Impacts of tillage and herbicide
mixture on weed interference, agronomic productivity
and profitability of a maize~Wheat system in the
North-western Indo-Gangetic Plains. Field Crops
Research 219, 180-191.

Thomas, G.A., Dalal, R.C., Standley, J., 2007. No-till

effects on organic matter, pH, cation exchange capacity
and nutrient distribution in a Luvisol in the semi-arid

subtropics. Soil and Tillage Research 94(2), 295-304.


https://www.researchgate.net/publication/360860116

	ABSTRACT
	KEYWORDS
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENT
	REFERENCES

