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ABSTRACT

A two-year field study was carried out at the Indian Agricultural Research Institute New Delhi, from rabi 2020-21 to 2021-22, with the aim
of examining the impacts of tillage and residue management on yield, greenhouse gases (GHGs) emissions, global warming potential (GWP)
and carbon efficiency ratio (CER) of wheat in a split plot design. The results indicated that both tillage and residue management significantly
influenced the grain and biomass yield of wheat. In comparison to conventional tillage (CT), no-tillage (NT) resulted in a substantial reduction
of CO,-C emissions by 19.9%, while it led to a notable increase of N,O-N emissions by 11.6%. However, there was a notable and significant
rise in GHG emissions with crop residue mulching, registering on an average 20.79% higher emissions compared to residue removal for both
the years. The GWP was overall lower in case of NT as compared to CT plots. The highest CER was observed in NTR+ (3.07) during 2020-21
and in NTRO (3.12) during 2021-22 due to lower CO, emissions and higher C fixation in both years. Therefore, it may be recommended that
wheat can be cultivated in a semi-arid environment with no tillage and residue mulching to provide a comparable yield in addition to lower GHG
emissions and GWP and higher CER compared to the farmers’ practice of CT and residue removal.
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The rice-wheat cropping system (RWCS) covers
approximately 10.3 mha in the Indo-Gangetic plains (IGP), making
it the dominant system in the region, accounting for about 40% of
the wheat area (Gathala et al., 2013). The maize-wheat cropping
system (MWCS) ranks third in popularity behind rice-wheat and
rice-rice systems (Jat et al., 2014). Wheat (Triticum aestivum L.)
plays a crucial role as a major cereal crop, particularly in semi-
arid and arid regions of India during the low rainfall winter season.
Traditional wheat cultivation in this area involves intensive tillage,
substantial water, nutrient, and energy use (Kumar et al., 2013),
contributing to greenhouse gas (GHG) emissions. Agriculture is
responsible for approximately 10-12% of global GHG emissions,
emitting around 6.2 + 1.4 Gigatons (Gt) of carbon dioxide
equivalent annually (IPCC, 2018). GHGs, including CO,, CH,, and

N,O are consistently emitted from various agricultural activities,
such as soil manipulation and fertilizer use (Bhattacharyya et al.,
2018; Sapkota et al., 2021). Over the years, wheat production in
India has seen an increase due to improved crop varieties, increased
agrochemical and fertilizer use, and better access to irrigation and
mechanization. In the agricultural year 2020-2021, India achieved a
wheat production of 108.75 million tonnes, with an average national
productivity of 3424 kg ha' (Anonymous 2021). However, these
intensive practices have also led to increased GHG emissions and
subsequent climate change (FAO, 2020). The conversion of natural
vegetation into farmland and extensive tillage practices can reduce
soil organic carbon (SOC) levels and increase CO, emissions
by exposing stored organic carbon to microbial decomposition.
Conventional tillage, including deep ploughing and ridging, is
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known to decrease SOC levels and negatively impact soil structure,
leading to erosion. Sustainable farming practices, like conservation
tillage, aim to enhance crop yield, conserve soil moisture, and reduce
evaporation by returning crop residues to the soil and decreasing
tillage intensity (Zhang et al., 2018). Conservation agriculture
(CA) technologies, which encourage minimal or no tillage, crop
residue retention, and suitable crop rotation, are recommended as
alternatives to conventional systems Studies show that CA practices
can increase grain productivity and decrease GHG emissions by
reducing input usage and altering the soil environment (Aryal et
al., 2015). However, research on the impact of CA practices on
GHG emissions, especially in wheat-based systems like the maize-
wheat cropping system, is limited and inconclusive. To address
this knowledge gap, a study was conducted in 2020-21 and 2021-
22 aimed to investigate the effects of tillage practices and residue
management on GHG emissions, global warming potential (GWP),
and crop yield in wheat cultivation.

MATERIALS AND METHODS
Study area

Field trials were conducted at the MB-4C experimental
field located in ICAR-Indian Agricultural Research Institute,
New Delhi. The site’s coordinates are 28°35” N latitude, 77°12’
E longitude, at an altitude of 228.6 m above sea level. The area
experiences a semi-arid climate with hot, dry summers and short,
harsh winters. The soil has an average bulk density of 1.57 Mg
m?, a sandy loam texture (0—15 c¢cm), a pH of 7.8, and an organic
carbon content of 4.3 g kg''. Additionally, the soil contains 252 kg
ha'! of available nitrogen (N), 7.3 kg ha! of available phosphorus
(P) (measured using the Olsen method), and 284 kg ha™! of available
potassium (K).

Experimental details

The study was conducted in long-term conservation
agriculture (CA) field experiment on maize-wheat cropping system
that had been running for the last six years. The experiment was
carried out during the 2020-2021 and 2021-2022 seasons, and wheat
was selected as the test crop. The assessment of different treatments
was performed using a split plot design with three replications. The
main plot factors consisted of two levels of tillage: conventional
tillage (CT) and no-tillage (NT) and the sub-plot factors included
two levels of crop residue mulching: crop residue mulch (R+) at a
rate of 5 Mg ha! and residue removal (R0). All the treatments were
supplied with 100% of the recommended nitrogen dose. The crop
was supplied with five irrigations (6 cm each irrigation) at critical
growth stages.

Crop management

Wheat (cv HD 2967) was sown with a tractor-driven no-
till (NT) seed drill, spaced 22.5 cm apart, at a rate of 100 kg ha’!
on November 26 in 2020 and November 23 in 2021. Harvesting
occurred on April 13 in 2021 and April 11 in 2022. For conventional
tillage (CT), the plot underwent two rounds of ploughing using a
disc plough and a cultivator with duck-foot tines. After leveling,
seeds were sown with a drill. In contrast, NT involved direct seeding
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with an “inverted T-type NT seed drill.” In the R+ treatment,
5 tha' of maize straw mulch was added manually during the Crown
Rooting Initiation (CRI) stage. Nitrogen was applied in three stages:
50% at sowing, 25% at CRI, and the remaining 25% at flowering
as urea. All plots received five irrigations during key growth stages
(CRI, tillering, jointing, flowering, and milk stages) at a rate of 6
cm per irrigation. In NT plots, weed control relied on herbicides,
like Atrazine (0.75 kg ai/ha) and Pendimethalin (750 ml ai/ha). In
CT plots, weed control involved herbicide spraying and manual
weeding done 3-4 times at various crop growth stages.

Weather parameters

Weather data were collected from the agro-meteorological
observatory located near the field. Various weather parameters,
includes maximum temperature (Tmax), minimum temperature
(Tmin), maximum relative humidity (RHmax), minimum relative
humidity (RHmin), sunshine hours (SSH), evaporation, and total
monthly rainfall, were recorded daily. The monthly average weather
data is presented in Table 1.

Grain and biomass yield

During the second week of April, the crop was harvested
when it reached physiological maturity. To ensure representative
sampling, a 2 x 2 m?area was selected from every single plot,
carefully avoiding boundary effects. Subsequently, appropriate
conversions were applied to express the yield results.

Greenhouse gas emissions measurement and calculation

Greenhouse gas samples (CO, and N,0O) were collected
from the field during the growing seasons using the closed chamber
method (Pathak et al., 2002). This method involved using a gas-
tight syringe to collect gas samples from selected treatment plots,
preferably before and after fertilization and irrigation events, within
an acrylic chamber (50 cm x 30 cm x 30 cm). To create an airtight
connection between the chamber and an 8 cm deep iron channel (8 cm
x 25 cm % 25 cm inner lengths) inserted into the soil during seeding,
the channel was filled with water. A battery-operated fan inside
the chamber was briefly activated for gas mixing. A hypodermic
needle connected to a two-way stopcock at the syringe’s top was
used to collect gas samples at 0, 30, and 60-minute intervals. Gas
concentrations of CO, and N, O in the samples were measured using
a gas chromatograph equipped with an electron capture detector
(ECD) and a flame ionization detector (FID).

The gas emission flux was calculated as follows (Gao et
al.,2019);

=X lxpx22
f=mXaiXP X amer 1)

Where fis gas emission flux (mg m? h'), A¢/At is variation
in the gas concentration per unit time (mg m™), ¥ is volume of
chamber (m™), 4 is area (m ) of chamber, p is gas density under the
standard condition (mg cm™), and T is temperature of the chamber
°0).

The cumulative gas flux (Singh ez al., 1999) during total
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growing period was calculated as follows;
F=3%05X (fis1 + fi) X (tixg — t;) X 24 )

Where F is total emission flux of each gas (kg hm™),
f'is gas emission flux (kg ha™! h''), 7 is sampling time, i is the i®
sampling, and 24 is the conversion coefficient between hours and
days.

The global warming potential (GWP) of different
treatments was calculated by the formulae given below (Watson et
al., 1996);

GWP (in kg CO, eq ha') = CO, + (N,0 x310) 3)

The carbon equivalent emissions (CEE) and carbon
efficiency ratios (CER) of the treatments were calculated using the
following equations (Bhatia et al. 2005);

CEE= GWP*12/44 )
CER= GY (in terms of C kg ha') / CEE %)
Statistical analysis

R software (4.3.1) was used to conduct an analysis of
variance (ANOVA) for the split plot design. Least significant
difference at 5% probability level was used to determine the
significance of treatment effects and to examine the difference
between the means.

RESULT AND DISCUSSION
Weather parameters

The monthly weather data presented in Table 1 for the
wheat growing seasons in 2020-21 and 2021-22, shows that in 2021-
22, the crop experienced decreased average maximum temperatures
in December, January, and February, with reductions of 0.7°C,
0.6°C, and 3.3°C, respectively. However, November, March, and
April saw an increase in maximum temperatures by 2.2°C, 0.2°C,
and 3.6°C compared to 2020-21. Minimum temperatures ranged
from 6.0°C to 17.4°C in 2020-21 and 7.1°C to 19.9°C in 2021-
22. The growing period in 2021-22 received 181.5 mm of rainfall,
while 2020-21 had 65.9 mm. Increased rainfall in 2021-22 led to a
12.5% higher average relative humidity. The increased evaporation
in February, March, and April of 2021-22 was attributed to higher
solar energy.

Grain and biomass yield of wheat

The yield of wheat grain in 2020-21 and 2021-22, as
influenced by tillage and residue management practices is depicted
in Table 2. The grain yield varied from 4122 kg ha' (CTRO) to
5273 kg ha' (NTR+) with a mean value of 4698 kg ha'! for the
year 2020-21 while for 2021-22 the grain yield varied from 4189
kg ha' (CTRO) to 4879 kg ha! (NTR+) with a mean value of 4584
kg ha'. So there was a slight decrease (2.43%) in average grain
yield and a 2.89 % decrease in average biomass yields of wheat
during the year 2020-21 compared to the year 2021-22. This could
be due to the highest average maximum temperatures ever recorded
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in March. Since the temperature surge occurred at the period of
grain development and filling, when the kernels were collecting
starch and proteins, it had a negative impact on wheat grain filling
in March 2022. By mid-March, maximum temperatures had risen
beyond 35°C, cutting short the stage that affects the size and weight
of the harvested grains. Large instances of rain had a negative
impact on plant density, establishment, and yields. Similar impacts
of rainfall on agricultural production were also documented by Adak
et al., (2023). The grain yield under CT and NT were comparable
for both the years while the biomass yield was significantly higher
under NT than CT for the year 2020-21. This showed that NT can
be practiced in wheat without significant yield penalty compared
to CT and concomitantly saving energy in the form of fossil fuel
combustion. Residue retention resulted in significantly higher grain
yields (24.21% increase in 2020-21 and 7.41% increases in 2021-
22) compared to residue removal. Similar pattern was observed for
biomass yield also (Bag et al., 2020). The effect of residue retention
could be observed during the comparatively drier year (2020-21) as
it reduces evaporation (Acharya et al., 2005), increases infiltration
(Verma and Acharya, 2004), and increases soil moisture storage
(Granovsky et al., 1994). Nonetheless, according to Jat et al., (2014),
wheat yield exhibited enhancement from the second year onward
in conservation agriculture compared to conventional tillage in a
maize-wheat system. Reiger ez al. (2008) reported a 3% decrease in
wheat yield under no-tillage

Greenhouse gases emissions

The seasonal CO,-C and N,O-N emissions as affected by
tillage and residue management for the year 2020-21 and 2021-22
are presented in Table 3. The temporal variation in CO, and N,O
emissions as affected by tillage and residue management for the year
2020-21 and 2021-22 are presented in Fig. 1. It was observed that
CO,-C emissions ranged from 519.1 kg ha''/season (NTRO) to 757.7
kg ha''/season (CTR+) with an average value of 608.7 kg ha''/season
in the year 2020-21. The N,O-N emissions in the same year ranged
from 0.57 kg ha'/season (CTRO) to 0.75 kg ha''/season (NTR+). In
the year 2021-22 the CO,-C emissions ranged from 500.9 kg ha''/
season (NTRO) to 778.0 kg ha'/season (CTR+) with an average
value of 649.4 kg ha''/season while the range for N,O-N emissions
were 0.63 kg ha'/season (CTRO) to 0.74 kg ha'/season (NTR+).
The year 2021-22 had 6.67% increase in CO,-C emissions, which
could be attributed to the heavy rainfall and increased maximum
temperatures experienced during the crop growth season. The
above conditions are favourable for faster decomposition of organic
matter in soil and hence the increased CO, emissions. Considering
the tillage practices, it was observed that NT showed significantly
lower CO,-C emissions as compared to CT. The CO,-C emissions
reduced in NT by 16.7% in year 2020-21 while in year 2021-22
the reduction was 23.0% when compared to CT. In the temporal
variation in 2020-21 (Fig. 1) the CO, emissions ranged between
10226 g ha'day' (NTRO at 7DAS) to 29869 g ha'day’' (CTR+ at
8DAS) with a mean value of 16923 g ha''day"'. The emissions were
slightly higher at start of sowing owing to the pre sowing irrigation
and fertilizer applications and gradually increased up to 10DAS and
then again decreased. Emission peaks were observed at 23DAS and
87 DAS coinciding with the split application of urea at CRI and
flowering stages and then gradual decrease was observed for all
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Table 1: Monthly weather data during the crop growing period of the study area

Month Max. Temp (°C) Min. Temp (°C)  Max. RH (%)

Min. RH (%)

Sunshine hours  Rainfall (mm)  Evaporation
(h) (mm)

2020-  2021- 2020- 2021- 2020- 2021-
21 22 21 22 21 22

2020-  2021- 2020- 2021- 2020- 2021- 2020- 2021-
21 22 21 22 21 22 21 22

November  24.9 27.1 10.2 10.6 77.6 91.6
December  22.4 21.7 6.2 7.1 89.3 90.6

January 18.0 17.4 6.0 7.4 88.5 923
February 26.4 23.1 8.7 8.7 88.6 89.6
March 322 324 14.6 153 78.3 80.2
April 36.6 40.2 17.4 19.9 67.5 65.1

34.6 52.0 6.3 4.5 0.1 0.0 2.7 2.5
48.1 65.2 5.4 3.8 0.6 9.6 2.0 1.7
60.7 75.7 2.9 2.4 65.7 1419 15 1.6
38.8 51.6 6.9 6.5 7.0 30.0 32 2.8
355 39.0 6.5 8.2 2.0 0.0 4.2 4.6
27.4 15.0 9.1 8.7 5.4 0.0 6.1 6.8

Table 2: Grain and biomass yield of wheat as affected by tillage
and residue

Treatments Grain yield (kg ha') ~ Biomass yield (kg ha™)
2020-2021 2021-2022 2020-2021 2021-2022
CT 46314 44034 131358 13718
NT 4766 47654 13857 14080*
RO 4191®8 44208 131758 129428
R+ 5206* 47484 138164 148564
CTRO 4122° 41898 12800 12772¢
CTR+ 51404 46178 1347048 1466348
NT RO 42608 46514 1355148 131118¢
NT R+ 52734 4880% 14162 150484
LSD(T) 523 852 429 1074
LSD(R) 466 309 538 1150
LSD(TXR) 660 437 761 1627

# Values in a column followed by same letters are not significantly
different at p<0.05 as per DMRT

the treatments near the harvesting stage. During most of the part of
growing season CTR+ was observed to have the highest emissions
while NTRO had lowest emissions. Similarly in the temporal
variation in 2021-22 (Fig. 1) the CO, emissions ranged between
10394 g ha''day' (NTRO at 79 DAS) to 29735 g ha''day!' (CTR+ at
98DAS) with a mean value of 18225 g ha''day'. The emissions were
slightly higher at start of sowing due to the pre sowing irrigation
and fertilizer applications and gradually increased upto 18DAS and
then again decreased. Emission peaks were observed at 25DAS and
98 DAS which coincided with the split application of urea at CRI
and flowering stages and then gradual decrease was observed for all
the treatments near the harvesting stage. In the year 2021-22 also,
during most part of the growing season CTR+ was observed to have
the highest emissions while NTRO had lowest emissions.

In case of N,O-N the emissions were 14.9% higher
in NT as compared to CT for the year 2020-21 while for the year
2021-22 it was 8.3% higher. In the temporal variation in 2020-21 the
N,O emissions ranged between 2.57 g ha''day”! (NTR+ at 58DAS)
to 19.3 g ha''day! (NTR+ at 23 DAS) with a mean value of 8.44
g ha''day'. The emissions were initially lower and then gradually
increased up to 15DAS following which emission peaks were
observed at 23DAS and 87 DAS coinciding with the split application
of urea at CRI and flowering stages and then gradual decrease was

observed for all the treatments near the harvesting stage. During
most of the part of growing season NTR+ was observed to have
the highest emissions while CTRO had lowest emissions. Similarly
in the temporal variation in 2021-22 (Fig. 2) the N,O emissions
ranged between 1.67 g ha''day' (CTRO at 128 DAS) to 19.2 g ha
'day! (NTR+ at 36DAS) with a mean value of 7.89 g ha''day™. The
emissions were lower at start of sowing and gradually increased
up to 18DAS after which emission peaks were observed at 36DAS
and 52 DAS which coincided with the split application of urea at
CRI and flowering stages and then gradual decrease was observed
for all the treatments near the harvesting stage. In the year 2021-22
(Fig. 2) also, during most part of the growing season NTR+ was
observed to have the highest emissions while CTRO had lowest
emissions. However, there was a notable and significant rise with
crop residue mulching, registering on an average 20.8% higher CO,
emissions and 8.4% higher N,O emissions compared to residue
removal for both the years. This was attributed to availability of
a ready carbon source in the form of residues, which contributed
to GHG emission upon decomposition. Tillage x residue interaction
showed significant variations among all treatments in both the
years. Consistent with other studies, Yeboah et al., (2016) reported
that the rates of CO, emissions were significantly lower in NT and
NT with residue (NTR+) compared to the tilled soils. These findings
indicate that conservation tillage practices have the potential to
significantly reduce CO, emissions. The CT system produced
quantitatively more CO, emissions than NT, whereas the opposite
is true for N,O emissions, but the difference was not very noticeable
(Table 3). This was in accordance with earlier researches by Gupta
et al., (2016) where NT emitted more N,O than CT. According to
Al-Kaisi and Yin (2005), soil disturbance by traditional tillage may
promote microbial growth and speed up the breakdown process,
increasing CO, emissions. In addition to increasing soil aeration, soil
disturbance may also boost oxidation of carbon into CO, (Jackson et
al.,2003). On the other hand, NT causes less soil disturbance, which
causes decomposition to proceed more slowly. Tillage releases
organic material that has been physically stabilised in aggregates by
breaking up the aggregates, and the stubble that is left on the field
in CT is blended into the soil and instantly accessible as C substrate
for microbes (Six et al., 2000). Crop residue is often left on the soil
surface in CA, which promoted macrofauna activity, such as ants or
earthworms, which is frequently impeded during the dry season and
delays the crop residue breakdown (Dangerfield, 1997).
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Table 3: GHG emissions, GWP and CER in wheat as affected by tillage and residue

Treatments CO,-C N,O-N GWP CER
(kg-C ha'' /season) (kg-N ha'' /season) (kg CO,-eqha'/season)
2020-21 2021-22 2020-21 2021-22 2020-21 2021-22 2020-21 2021-22
CT 664.144 733.734 0.638 0.66" 27404 30164 2.498 2.148
NT 553.22° 564.83" 0.74* 0.724 23878 2426"° 2.924 2.90*
RO 544.86" 595.188 0.65% 0.67° 23128 2511® 2.664 2.644
R+ 672.50* 703.384 0.71~ 0.724 28144 29324 2.754 2.408
CTRO 570.60¢ 689.438 0.57° 0.63° 2370¢ 28378 2.558 2.17¢
CT R+ 757.694 778.034 0.68¢ 0.70¢ 31094 3196* 2.428 2.12¢
NT RO 519.13° 500.93° 0.728 0.718 2254P 2184° 27748 3.124
NT R+ 587.318 628.73¢ 0.754 0.744 25198 2668¢ 3.074 2.688
LSD(T) 2.94 6.44 1.72 3.17 0.07 422 0.27 0.37
LSD(R) 2.30 3.72 3.58 2.40 0.04 2.73 0.24 0.15
LSD(TXR) 3.25 5.26 5.07 3.40 0.06 3.87 0.33 0.21
# Values in a column followed by same letters are not significantly different at p<0.05 as per DMRT
€0, (2020-21) N,0 (2020-21)
jEATEESA I A= T
I PR R

Dates of Sampling

CO, (2021-22)

35000
30000
25000
20000
15000
10000

5000

—— NTRON100%

—e— CTR#N100%

CTRON100%

CO, Flux (g ha' day?)

NTR+N100%

Dates of sampling

Fig. 1: Temporal variation of CO, flux as affected by tillage and

residue in wheat

Global warming potential (GWP) and Carbon efficiency ratios
(CER)

The global warming potential (GWP) and carbon
efficiency ratio (CER) of the treatments for two years 2020-21 and
2021-22 is presented in Table 3. It was observed that the GWP varied
between 2184 kg CO,-eq ha'/season (NTRO) to 3196 kg CO,-eq
ha-'/season (CTR+). The GWP was 12.8% and 19.5% lower in NT
than under CT for years 2020-21 and 2021-22 respectively. Residue
retention increased the GWP by 16.01% on an average for both the
years as compared to plots without residues. The CER, the amount
of carbon fixed in grain by wheat per unit of carbon released, was
highest (3.07) in NTR+ in the years 2020-21 and (3.12) NTRO in
the years 2021-22. Lowest CER was observed in CTR0 and CTR+
for both the years as these treatments had the largest CO, emissions
and smaller amount of C fixed. This finding shows that conservation
agriculture practices have potential to minimize the GWP.

Dates of sampling

N,O (2021-22)

—— CTRON100%
—e— CTR+N100%

——— NTRON100%

NTR+N100%

N0 Fiux (g hal day?)

Datas of Samnling

Fig. 2: Temporal variation of N,O flux as affected by tillage and
residue in wheat

CONCLUSIONS

The findings from the present study indicate that tillage
and residue management had a substantial influence on grain and
biomass yield of wheat. The yield under tilled and no till plots were
comparable whereas residue application showed significant increase
in the wheat yield. The GHG emissions and GWP were significantly
less under no tillage practices as compared to conventionally tilled
soils. Though residue retention increased the emissions under both
CT and NT still it was lower in NT with residue as compared to
CT with residue. The NT with residue retention registered lower
global warming potential and higher carbon efficiency ratio as
compared to CT with residue retention. Thus, from the study it can
be concluded that wheat can be grown under no tillage with residue
to obtain comparable yield besides reduced GHG emissions and
higher carbon efficiency ratio under a semi-arid climate.
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