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ABSTRACT

The study evaluated the impact of crop residue mulching combined with diversified
cropping systems on maize equivalent yield, plant carbon sequestration, soil organic
carbon content, and total soil carbon stock in Alfisol soils of the Bankanahalli
micro-watershed during the 2024 summer-kharif-rabi seasons. Alfisol A split-plot
design was used with mulching (M,) and non-mulching (M,) as main plots and six
cropping system treatments as subplots, integrating maize, dhaincha, greengram
and field bean. Results demonstrated that mulching significantly increased maize
equivalent yield from 7.24 t/ha (M,) to 7.79 t/ha (M), a 7.6% enhancement.
The Dhaincha-Maize+Greengram system recorded the highest maize equivalent
yield (8.04 t/ha), outperforming Greengram—Maize (6.94 t/ha). Plant carbon
sequestration was higher in mulched plots (5.44 Mg/ha) than non-mulched
(4.15 Mg/ha), with Dhaincha-based systems showing maximum carbon storage
(6.35 Mg/ha). Soil organic carbon content and total soil carbon stock also improved
with mulching and legume intercropping, with the highest values recorded in
mulched Dhaincha-Maize+Greengram (0.63% and 9.92 t/ha, respectively) and lowest
in non-mulched Greengram-Maize (0.42% and 6.61 t/ha). Interaction between
mulching and cropping systems showed the highest productivity in mulched
Dhaincha-Maize+Greengram (8.65 t/ha).The significance of this study lies in
demonstrating how integrated crop residue mulching and legume-based diversified
cropping can substantially improve crop productivity and enhance soil carbon
dynamics in Alfisol soils. These management practices improve soil moisture
conservation, nutrient cycling, and biological nitrogen fixation, which are essential
for sustainable agriculture in tropical rainfed systems. By improving soil structure,
fertility, and carbon sequestration, the studied approach offers a valuable
strategy for mitigating land degradation and supporting climate-resilient food
production in resource-poor environments.
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CROPPING systems are fundamental to agricultural
productivity and sustainable land management.
Incorporation of diverse crops, particularly
leguminous green manure crops like Dhaincha
and Greengram, enriches soil nitrogen through
biological fixation, improving nutrient cycling and

soil fertility. Green manuring boosts soil organic
matter (SOM), enhances microbial activity and
sustains crop yields. Conservation agriculture (CA)
integrates minimum soil disturbance, crop residue
retention and crop diversification to promote
healthy soils. Mulching, a vital CA practice, involves
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covering soil with organic residues, reducing water
evaporation, moderating soil temperature, suppressing
weeds and adding organic carbon. Together, these
practices improve soil structure, increase
water-holding capacity and elevate soil organic
carbon (SOC) (Lal, 2004, Sahu et al., 2021, Singh &
Patel, 2023 and Yadav, Choudhary, & Singh, 2017).

However, soils in watershed areas, especially A/fisols,
face severe degradation due to intensive cultivation,
erosion, nutrient depletion, and loss of organic matter.
In India, Alfisols soils have shown alarming declines
in soil organic carbon-up to 47 per cent under
cultivation compared to forest soils-and experience
significant topsoil erosion, reducing soil depth and
fertility (Aulakh, 2015, Garg et al., 2021 and Sahu et
al., 2021). This degradation undermines water
retention and crop productivity, posing a threat to food
security in rainfed systems. Continuous residue
removal and improper land management accelerate
soil degradation, making conservation practices
crucial (Garg et al., 2021).

Integrating crop residue mulching with legume-based
cropping systems provides an effective approach to
restore soil carbon and improve moisture dynamics
in Alfisols. Mulching preserves soil moisture by
reducing evaporation, while legumes enhance nitrogen
inputs, stimulating biomass production and organic
carbon incorporation. This synergy improves soil
physical and chemical properties and enhances
resilience to climatic stresses. With this background,
the study was aimed at evaluating the impact of crop
residue mulching combined with diversified legume-
based cropping systems on maize equivalent yield and
crop growth parameters and assessing the influence
of these practices on plant carbon sequestration and
soil organic carbon content in Alfisols soils.

MATERIAL AND METHODS
Experimental Site

The soil at the study location was classified as A/fisols,
exhibiting distinct physico-chemical characteristics
typical of this soil order. Alfisols generally have
moderate to high base saturation due to the presence

of essential nutrient cations such as calcium,
magnesium, potassium and sodium, contributing to
their comparatively good fertility among tropical soils.
The soil texture generally features a lighter, more
porous surface horizon underlain by a clay-enriched
subsoil, known as an argillic horizon, which aids in
water retention and nutrient availability. Organic
carbon content is typically low in Alfisols but can be
enhanced through organic amendments like crop
residue mulching and green manure cultivation. These
soils possess moderate bulk density and porosity,
facilitating effective root penetration and
water-holding capacity essential for rainfed
agriculture but remain susceptible to degradation by
erosion and intensive management. Thus, the Alfisols
at this site represents a fertile yet vulnerable soil
system where integrated management practices
focusing on mulching and legume-based cropping can
sustainably improve soil organic carbon and overall
soil health.

The bulk density observed, 1.03 g cc-1 was estimated
using a core sampler, and the organic carbon status
found was very low (<0.5 %) as determined by wet
oxidation method following Walkley and Black 1934
all the other estimates were determined following the
standard protocols.

Experiment Details

The study was conducted involving 2 main plots and
6 subplots, by adapting the split plot design involving
3 crops in the cropping system as subplots and crop
residue mulching and non-mulching as main plots.

Maize equivalent yield

Maize Equivalent Yield (MEY) is a comparative
measure used to evaluate the productivity of
intercropping systems by converting the yields of all
component crops into an equivalent yield of maize
based on their respective market prices. This metric
provides a standardized basis to assess the overall
performance and economic value of diverse cropping
combinations, facilitating a fair comparison across
different intercropping practices. The formula to
calculate MEY is typically takes the form formulated
according to Sharma, 2024.
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TaBLE 1

Treatment details

Treatment Summer Kharif Rabi
M1S1 Dhaincha Maize
M1S2 Dhaincha Maize+ Greengram
M1S3 Maize + Greengram
M1S4 —‘ ’, Green gram Maize
M1S5 J L Maize Field bean
M1S6 Maize + Greengram Field bean
M2S1 Dhaincha Maize
M2S2 Dhaincha Maize + Greengram
M2S3 Maize + Greengram
M2S4 —‘ ’7 Green gram Maize
M2S5 J L Maize Field bean
M2S6 Maize + Greengram Field bean
Y, %Py, (Y *P,) a and b the carbon content was calculated and
MEY = Y.+ + expressed in percentage as depicted in c. later on the
P, P, plant carbon was calculated using a, b and c. and
Where, depicted in d.

Ya = Maize grain yield (kg/ha),

Yb =Yield of intercrop (kg/ha),

Yc =Yield of sequential crop (kg/ha),
Pa = Price of maize,

Pb = Price of intercrop,

Pc = Price of sequential crop
Plant Carbon Sequestration

For calculation of plant carbon sequestration we have
followed AOAC International (2016) method of ash
content determination by burning the accumulated dry
matter in muffle furnace at 600U C using silicon
crucibles (Fig. 1) through which the carbon
sequestration was calculated as follows (steps a-d)

The ash content was measured using the formula a.
and expressed in percentage. After which the volatile
solids was calculated using formula b. later by using

a. Ash content (%) = (M, -M)) / (M, - M))) x 100
Where,
M, = Mass of empty crucible
M, = Mass of crucible + sample (before heating)
M, = Mass of crucible + ash (after heating)
b. Volatile solids (%) = 100- Ash content (%)
c. Carbon content (%) = Volatile solids*(55/100)

For most biological materials the carbon content is
between 45 to 60 percent of the volatile solids fraction.
Assuming 55 percent (Adams et al., 1951, Richard
T (retrieved on august 25, 2025)

d. Plant carbon sequestration = Carbon content (%)
* dry weight (g) * plant population

e. For calculation of carbon stock by following Zeng
etal. 2021 & expressed in t/ha by following formula
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Fig. 1 : The left-over ash after the incineration

Carbon stock = Organic carbon (g/kg) * BD (g/cc)*
depth (cm)* 10,

Organic carbon (%) determined through Walkley and
Black (1934), Bulk density by core sampler method,
at a depth of 15 cm.

Statistics

The data collected at various crop growth stages were
compiled and statistically analyzed using the analysis
of variance (ANOVA) procedure described by Gomez
and Gomez (1984). An ‘F’ test was performed at the
5% probability level, and wherever the test showed
significance, the critical difference (CD) was

computed. The mean values corresponding to main
plot, subplot, and their interactions were further
compared through Duncan’s Multiple Range Test
(DMRT), employing the respective error mean sum
of squares and associated degrees of freedom.

RESULTS AND DISCUSSION

This section presents key findings on soil properties,
crop yield, and carbon dynamics from the study. The
results are interpreted to understand the effects of
mulching and intercropping on soil health and
productivity. The discussion links these findings to
existing research and highlights their significance for
sustainable agriculture.

TABLE 2

The combined SPAD, Green Seeker and Dry Matter Accumulation grams per plant as
influenced by the mulching and cropping system.

SPAD value Green seeker value DMA (g/plant)
Treatment
30 DAS 30 DAS 30 DAS 30 DAS At harvest

Mainplot

M, 41.0 ® 39.9 @ 0.55 @ 0.52° 1209 °

M, 36.1 # 324° 047+ 0.37° 86.5 °

S.Em. + 1.1 0.6 0.01 0.02 0.5
Subplot

S, 369 * 34.1 * 0.48 ® 0.4 90.9 «

S, 409 ® 40.3 @ 0.56 * 0.49 @ 119.3 =

S, 38.8 * 36.1 *¢ 0.50 ® 0.47 @ 109.5 *

Continued....
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TaBLE 2 Continued....

SPAD value Green seeker value DMA (g/plant)
Treatment

30 DAS 30 DAS 30 DAS 30 DAS At harvest
S, 363 * 325 ¢ 0.48* 0.39 ¢ 88.5 ¢
S, 38.0 * 35.5 abe 0.50 * 0.45 = 99.0 ©
S, 403 * 38.7 0.54 ¢ 0.48 ® 114.8 *
S.Em. + 2.2 1.1 0.03 0.01 2.1

INTERACTION

MS, 39.7 @ 36.7 < 0.52¢ 0.46 « 108.7 ¢
M, 43.7 @ 452 @ 0.61° 0.57 @ 140.2 ®
MS, 40.5 * 39.9 te 0.54 ¢ 0.55 ® 125.1 *
MS, 389 * 36.6 «* 0.52 0.45 ¢« 105.8 «
M,S, 40.8 * 38.6 b 0.53 ¢ 0.51 b 1103 °
M, S, 424 42.8 ® 0.58 @ 0.57 135.1 @
M.S, 34.1® 315 % 045+ 0.34 ¢ 73.1 ¢
M.S, 382 @ 35.4 cdef 0.51° 0.4 98.3 @
M.S, 37.0 32.4 cf 047+ 0.39 & 93.8
M.S, 33.8 @ 284 ¢ 0.45¢ 032" 713 ¢
M,S, 352 ¢® 32.3 ok 047 0.38 f&h 87.7 f
M,S, 38.1 2 34.7 & 0.50 @ 0.4 < 945 °f
S.Em. + 3.11 1.53 0.04 0.02 2.9

Note : Means followed by the same letter are not significantly different at the 5% level by DMRT

SPAD and Green Seeker values showed no difference
between mulched (M) and non-mulched (M,) plots
at 30 DAS, but at 60 DAS, mulched plots recorded
significantly higher values, with cropping systems
involving green manure and intercropping showing
similar improvements. This is likely due to the
combined effects of mulch conserving moisture and
companion crops fixing atmospheric nitrogen, thus
enhancing nutrient availability during critical growth
stages (Kumar ef al., 2021, Singh & Patel, 2023 and
Bhayal et al., 2018).

Dry matter accumulation at harvest was greater in
mulched plots (M) compared to non-mulched (M,),
and higher biomass was observed in intercropped
systems with incorporated green manures versus sole
crops. The interaction effects showed that mulched
plots with Dhaincha and intercropping maize and
greengram (M S)) accumulated the most dry matter,

attributed to reduced water evaporation, weed
suppression, and improved nutrient cycling through
mulching and green manure incorporation similar
observation were made by Wang et al., 2024 and
Miller & Lee, 2024. The interaction effects showed
that mulched plots with Dhaincha and intercropping
maize and greengram accumulated the most dry
matter, attributed to reduced water evaporation, weed
suppression, and improved nutrient cycling through
mulching and green manure incorporation and also
improved soil fertility, better nutrient availability, and
enhanced plant growth conditions were promoted by
organic matter addition and nitrogen fixation from the
green manure (Kalyan Murthy et al., 2025).

Combined leaf area and leaf area index (Table 3)
did not differ significantly between mulch
treatments at 30 DAS, though non mulched (M,)
showed numerically higher values. At 60 DAS,
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TABLE 3

Combined leaf area (per m?) and leaf area index as influenced
by the mulching and cropping system

Combined leaf area/ m? Combined leaf area index

Treatment
30 DAS 60 DAS 30 DAS 60 DAS
Main plot
M, 0.440* 0.92 ¢ 7.34 ® 12.32 @
M, 0.457* 0.85° 7.72 * 11.88 °
S.Em. £+ 0.013 0.004 0.31 0.06
Sub Plot
S, 0.28 ¢ 0.53 ¢ 1.54 ¢ 294 -©
S, 0.41c¢ 1.00° 5.85 ¢ 1298 ®
S, 0.32 ¢ 0.86 ¢ 4,57 11.88 ©
S, 0.39 « 0.88 ¢ 5.72 ¢ 12.34 b
S, 0.54° 0.75 ¢ 10.46 ® 5.57 ¢
S, 0.74 ¢ 1.26 * 17.03 ® 21.36 *
S.Em. + 0.02 0.02 0.65 0.25
Interaction
MS, 0.26 * 0.53¢ 1.45 » 297 ©
MS, 0.42 1.03° 5.87 ® 13.28 ®
MS, 0.28 ¢ 1.02 b 384 ¢ 12.99 ®e
MS, 0.42 ¢ 0.94 ¢ 5.78 * 12.62 **
M,S, 0.51* 0.68 © 9.65 * 10.24 ¢
M, S, 0.75* 1.29 17.43 *» 21.87 *
M,S, 0.29 @ 0.52°F 1.63 @ 291 ©
M.S, 0.40*° 0.98 b 5.83 @ 12.69 **
M, 0.37 ¢ 0.70 © 5.30 ® 10.77 ¢
M.S, 0.36 * 0.834 5.67 * 12.06 °©
M,S, 0.58 @ 0.834 11.28 @ 12.03 °
M.S, 0.74 ¢ 1.22 ¢ 16.62 * 20.86 *®
S.Em. £ 0.03 0.03 0.92 0.35

Note : Means followed by the same letter are not significantly different at the 5% level by DMRT

e}
i\
Q
=
2
Q
A
~
S
~
=
=~
=
=
S
&~
S0
X
N~

)

Mysore Journal o

mulched plots (M, ) recorded significantly greater leaf
area and index, likely due to improved moisture
retention, microclimate, and reduced weed
competition enhancing canopy growth (Liu et al,,
2023 and Bhadauria et al., 2015).

Among cropping systems, Maize+Greengram-
Fieldbean (S,) exhibited the highest combined leaf

area and leaf area index at both 30 and 60 DAS.
The interaction of mulch and cropping system
was non-significant at 30 DAS, but at 60 DAS,
Maize + Greengram-Fieldbean (M S,) and Maize +
Greengram-Fieldbean (M,S,) with and without
crop residue mulching, respectively, showed
significantly higher leaf area and index due to
complementary intercrop effects and enhanced soil
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Fig. 3 : Difference between the real image and the gray-scale image generated in the leaf area meter

fertility from legumes and also utilization of organic
mulches to retain moisture, control weeds and regulate
soil temperature (Shettar et al., 2024) through nitrogen
fixation and continuous soil cover (Liu et al., 2023
and Hussain ef al., 2022). The leaf area meter
measures leaf area (mm?) accurately and precisely.
There was a need of manual noise reduction to get
precise measurements (Fig. 3.).

The leaf area meter measures leaf area (mm?)
accurately and precisely. There is a need of manual
noise reduction to get precise measurements.

Maize equivalent yield (MEY) (Table 4) was
significantly higher under soil mulching with crop

residue (M) at 7.79 t/ha, compared to 7.24 t/ha
without mulching (M,), a 7.6% increase demonstrating
mulching’s benefit to productivity.

Dhaincha - Maize + Greengram (S,) had the highest
MEY (8.04 t/ha), significantly outperforming
Greengram-Maize (S,) at 6.94 t/ha. The synergistic
effects of green manure incorporation and legume
intercropping likely enhanced nutrient availability
and carbon sequestration, improving system
productivity. Interaction effects showed the
highest MEY in mulched Dhaincha-maize and
Dhaincha - maize + Greengram systems (8.59 and 8.65
t’'ha) (Malakannavar ef al., 2020 and Liu et al., 2025).
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TABLE 4

Maize equivalent yield, System carbon sequestration, soil organic carbon content
and total soil carbon stock as influenced by mulching and cropping system

Maize equivalent ~ System total plant carbon Soil organic Total soil carbon

Treatment yield (t/ha) sequestration (Mg/ha) Carbon content (%) stock (t/ha)
Main plot
M, 7.79 a 544 a 0.55 a 8.6 a
M, 7.24b 4.15b 048 b 74 b
S.Em. £ 0.12 0.07 0.003 0.051
SUB PLOT
S, 7.94 ab 5.11 ab 0.49 ¢ 7.8 b
S, 8.04 a 544 a 0.57 a 9.0 a
S, 7.5 be 4.65Db 0.51 be 80 b
S, 6.94d 4.03 ¢ 043 d 6.9 c
S, 7.21 cd 4.59 be 0.51 be 80 b
S, 7.44 bed 4.94 ab 0.54 ab 0.84 b
S.Em. £ 0.12 0.12 0.01 0.14
INTERACTION
MS, 859 a 5.94 ab 0.54 be 8.5 be
MS, 8.65a 6.35a 0.63 a 9.92 a
MS, 7.7 be 5.02 cd 0.54 be 8.51 be
MS, 7.64 c 4.53 de 0.45 ef 7.09 ef
M S, 7.73 be S5.14c¢ 0.54 be 8.51 be
M S, 8.18 ab 5.65b 057 b 898 b
M.S, 73 ¢ 428 e 0.45 ef 7.09 ef
M,S, 7.44 ¢ 4.52 de 0.51 cd 8.03 cd
M,S, 731 ¢ 429 e 0.48 de 7.56 de
M,S, 6.24d 3.54f 042 f 6.61 f
M,S, 6.69d 4.04 ef 0.48 de 7.56 de
M.S, 6.7d 424 ¢ 0.52 cd 7.8 d
S.Em. £ 0.17 0.17 0.01 0.19
Initial 0.42 0.66

Note : Means followed by the same letter are not significantly different at the 5% level by DMRT
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System total plant carbon sequestration was
significantly higher with mulching (M,), emphasizing
improved organic matter inputs and soil structure.
Dhiancha-Maize + Greengram (S,) recorded the
highest carbon sequestration (6.35 Mg/ha) mainly due
to integration of green manure and leguminous
intercrops. Mulching combined with these cropping

systems maximized carbon storage, consistent with
studies showing enhanced soil organic carbon through
organic residue management (Lal, 2004 ; Yadav et
al., 2017).

Soil organic carbon content (%) was higher in with
crop residue mulching (M, ) (0.55%) than without crop
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residue mulching (M,) (0.48%), with Dhiancha-Maize
+ Greengram (S,) (0.57%) and Maize+Greengram-
Field bean (S) (0.54%) outperforming others,
signifying improved residue retention and organic
amendment effects in these systems. The lowest
content appeared in S4 and the no-mulching S4
interaction (Malakannavar et al., 2020; Choudhary
etal., 2018).

Total soil carbon stock ranged from 0.74 to 0.86 t/ha,
with the highest in mulched Dhaincha-
Maize+Greengram (M S,, 0.90 t/ha), indicating
legume-based green manure boosted carbon storage.
Lower stocks in non-mulched Greengram-Maize
systems confirmed the importance of integrated
mulching and cropping practices. These findings align
with long-term studies on soil carbon sequestration
under organic residue management in various regions
(Takakai et al., 2020 and Sugino et al., 2013).

The study clearly demonstrated that crop residue
mulching combined with diversified legume-based
cropping systems significantly improves maize
equivalent yield, plant carbon sequestration, soil
organic carbon content, and total soil carbon stock in
Alfisols soils. Mulching enhanced soil moisture
retention and moderated soil microclimate, while
legumes contributed nitrogen through biological
fixation, leading to increased biomass and organic
carbon inputs. This integrated approach effectively
restores soil fertility and water-holding capacity in
Alfisols prone to degradation, promoting sustainable
crop production under rainfed conditions. By
improving soil structure, nutrient cycling and carbon
sequestration, these practices offer a viable strategy
for mitigating land degradation and enhancing climate
resilience in resource-limited tropical watershed areas.
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