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Soil potential to store organic carbon was assessed in
the hot sub-humid dry Agro-Ecological Region (AER)
of the Indo-Gangetic Plains under Recent alluvium of
southern Bihar, India. The study was carried out in
four prevailing cropping systems, viz. Rice–Wheat–
Fallow (R–W–F), Pearl millet–Wheat–Fallow (P–W–
F), pigeon pea (monoculture) and vegetable cultivation. Two different recovery factors were used to estimate Total Organic Carbon (TOC), which yielded
similar results. The Soil Organic Carbon (SOC) was
found highest in pigeon pea-grown soils (69.2 tonnes
ha–1) followed by R–W–F (56.2 tonnes ha–1) and vegetable cultivation (55.8 tonnes ha–1). The lowest SOC
stock was found with P–W–F (19.2 tonnes ha–1). The
differences in SOC stock between pigeon pea and that
of rice–wheat, vegetables and pearl millet–wheat are
13.0, 13.4 and 50.0 t ha–1 respectively, that are the
quantity of organic carbon can be sequestered further
in these three land uses from 47.71, 49.12 and 183.50
tonnes of carbon dioxide from the atmosphere respectively. Highly significant positive correlation of soil
qualities parameters such as available nitrogen
(r2 = 0.25), copper (r2 = 0.45), zinc (r2 = 0.31) and dehydrogenase activity (r2 = 0.44) was found with SOC
stock under the hot, sub-humid, dry, AER of southern
Bihar. Similar assessment can be done in any AER
and the potential of soils can be identified to increase
carbon sequestration from the atmosphere.
Keywords: Agro-ecological region, cropping systems,
organic carbon stock, recent alluvium, soil quality.
SOIL Organic Carbon (SOC) represents an important pool
in the global carbon (C) cycle, with nearly 1307 Pg C
stored in the circumpolar region1. This large pool of terrestrial Organic Carbon (OC) is slightly less than twice
the amount of CO2–C in the atmosphere. Therefore, any
change in this carbon reserve as a result of natural or
human-induced activities could have a marked effect on
the global C budget. The C stored in the soil zone appears
*For correspondence. (e-mail: krajanars@gmail.com)
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susceptible to enhanced degradation under the projected
conditions of global climate change2–4. OC plays a significant role in maintaining physical, chemical and biological quality of the soil. Hence SOC is one of the most
important indicators of soil quality5. Higher level of OC
in the soil sustains higher productivity in any ecosystem.
Various ecosystems such as forest, grassland, plantation
and agriculture vary in their soil carbon status mainly due
to their vegetation and land uses6. Land-Use and LandCover (LULC) management causes variation in SOC
stocks7. An undisturbed forest ecosystem stores highest
OC stock due to continuous accumulation of litter compared to other land uses under similar soil and climatic
conditions. A major driver of soil C changes in recent
centuries has been LULC. Replacement of natural vegetation with croplands usually leads to soil C loss, whereas
the reverse leads to gain in SOC8. The response of soil C
to LULC depends on the local soil conditions, such as
soil type, mineralogy and texture9, and on climate influences, such as temperature and soil moisture or precipitation10. Crop cultivation is a disturbed ecosystem and the
OC stock depends on its level of intensive cultivation.
Frequent cultivation with intensive tillage supports fast
decomposition of stored and applied organic sources, and
the carbon stocks tend to be less compared to forest
land11. The land degradation processes, especially soil erosion, are severely affecting SOC compared to other soil
properties12. Poeplau and Don13 showed that planting
cover crops during winter and tilling them into the soil as
additional carbon input can significantly enhance soil C
in the croplands.
In India, the OC reserves, either virgin or cultivated,
are higher than North America, but lower than those of
Central America14. They further reported that the observed losses in SOC from managed ecosystems are
greater in semiarid environments than in the humid lowlands. Velayutham et al.15 reported that among Indian
soils, aridisols contribute 37% of the total SOC stock,
while inceptisols contribute about 22% of the total SOC
stock, vertisols 13%, entisols 7% and mollisols less than
1%. Bhattacharyya et al.16,17 used soil carbon density as a
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tool to prioritize areas for carbon sequestration in different Agro-Ecological Regions (AERs) of India. They16,17
further reported that the hot, sub-humid region of southern Bihar, India has maximum reserves of carbon in the
soil, which could be due to large areal coverage as well as
greater carbon sequestration potential of the soils. Criteria such as SOC stock per unit area as well as point data
for individual soils indicate that vast areas in drier parts
of the sub-humid Indian subcontinent are low in SOC
compared to Soil Inorganic Carbon (SIC) stock. Lal18
computed carbon sequestration potential of Indian soils
by converting degraded soils into restorative land use,
and estimated a total potential of 39–49 (44 ± 5) Tg C
year–1. The estimated SOC pool is 21 Pg in 30 cm depth
and 63 Pg in 150 cm depth.
The intensive tillage in rice–wheat systems in the
North West India is expensive, leading to increase in the
cost of production19. In addition, farmers remove and/or
burn crop residues to facilitate good seedbed preparation
leading to low productivity and loss of soil carbon20,21,
posing a serious threat to the sustainability of the ricebased cropping system22. In this study, we present the
SOC stock variations under four major cropping systems
of an agro-ecological system.
An assessment for SOC density in various land uses
with different cropping system explains whether the carbon density has increased or decreased or maintaining
over a period. Time-bound assessment of SOC stock in
different cropping systems in any AER is essential to improve faulty land-use practices with corrective measures.
The hypothesis of the study was that is there any effect of
agricultural land uses with different cropping systems on
SOC stock in relation to soil properties along with carbon
dioxide sequestration potential from the atmosphere.
With this background, study was carried out to assess
SOC stock in the major cropping systems under the hot,
sub-humid, dry AER of southern Bihar.

Materials and methods
Study area
The study area of southern Bihar in the Indo-Gangetic
Plains cover four AERs (9, 11, 12 and 13). The total geographical area of Bihar is 9.36 m ha of which 63.5% area
is under AER 13, 31.6% of area under AER 9 and remaining 4.9% under AERs 11, 12 and 15 (Figure 1). The
area experiences mean annual rainfall of 1000–1250 mm
and potential evapotranspiration of 1300 to 1500 mm.
‘Soils of Bihar – their properties and classification’, a
report published by Dr Rajendra Prasad Central Agricultural University, Pusa, Samstipur, Bihar23 was used to
identify the recent alluvium under AER 9 in Southern
Bihar (Figure 2). Recent alluvium of ustifluvents spreads
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along the River Ganga from west to east covering three
districts, namely Buxar, Bhojpur and Patna with an area
of 1685 sq. km. Field survey was conducted and four
major cropping systems were identified, viz. (i) Rice–
Wheat–Fallow (R–W–F), (ii) Pearl millet–Wheat–Fallow
(P–W–F), (iii) pigeon pea (monoculture) and (iv) Vegetable cultivation. A brief description of each cropping
system is given below.
Rice–Wheat–Fallow (R–W–F) system: This is the traditional system in lowlands with limited use of organics
and the crop residues left in the field are burnt after harvest. The chemical fertilizers used include urea as a nitrogenous fertilizer, di-ammonium phosphate/single super
phosphate (DAP/SSP) as a phosphatic fertilizer and rarely
any potassic fertilizer. The commonly grown rice varieties are MTU 7029, Gautam, Mansuri, Satyam, Kishori,
Raj Shree, Pankaj, Swarnadhan, while wheat varieties include HUW 234, PBW 154, HD 2733 and HD 2824. The
recommended dose of NPK for rice and wheat is
100 : 60 : 50 kg/ha. Farmers apply approximately 185 kg
of N and 25 kg of P as urea and DAP/SSP respectively.
At the time of sowing/transplanting (both rice and
wheat), farmers apply DAP and thereafter urea in two
equal splits. Rice is grown during kharif as rainfed with
limited irrigation using canal water and wheat during rabi
with 2–3 irrigations.
Pearl millet–Wheat–Fallow (P–W–F) system: This system is prevalent in marginal uplands under rainfed conditions. The common pearl millet hybrids are PHB 10 and
MH 143 as well as some local varieties. The recommended dose of fertilizers is 90 : 50 : 50 kg/ha of NPK for pearl
millet and 100 : 60 : 50 kg/ha for wheat. It was observed
that less quantity of fertilizer applied; 75–80% of pearl
millet was used as fodder and 20–25% for grain purpose.
About 40% of wheat is generally sown by zero-tillage
machine and rest manually with 2–3 irrigations.
Pigeon pea (monoculture): Pigeon pea is one of the
profitable crops grown on medium textured alluvial soil.
It is cultivated during June to November every year and
rest of the period will be fallow. Major varieties are
Narendra Arhar 2, Malviya 13, UPAS 120 and Pusa 9
with 25 : 50 : 50 kg of NPK applied per hectare. The duration is around 170–180 days, except UPAS 120.
Vegetable cultivation: Commercial cultivation of vegetables is done under irrigated tracts with high doses of
manure and fertilizer. Among vegetables, tomato (Solanum
lycopersicum), brinjal (Solanum melongena), okra (Abelmoschus esculentus), chillies (Capsicum annuum), cauliflower (Brassica oleracea var. botrytis), cabbage (Brassica
oleracea var. capitata), carrot (Daucus carota) and beetroot (Beta vulgaris) are grown. Creeper vegetables such
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Figure 1.

Location map and Agro-Ecological Regions (AERs) of Bihar, India.

as bottle gourd (Lagenaria siceraria), bitter gourd (Momordica charantia), sponge gourd (Luffa aegyptiaca) and
ribbed gourds (Luffa aegyptiaca) are grown during rainy
season on iron wires or net using bamboo poles, while
during summer these are grown on the surface. In some
areas, creepers and maize are intercropped and thus there
is no need of stacking or wiring for the creepers. Farmers
use recommended plant protection measures to protect
the crops from insect-pests and diseases.

Soil sampling and analysis
Figure 2.

Recent alluvium of AER-9 in South Bihar.

Figure 3. Location of profile samples of four major cropping systems
under recent alluvium. R–W–F: Rice–Wheat–Fallow system; P–W–F,
Pearl millet–Wheat–Fallow system; PP, Pigeon pea monoculture; VC,
Vegetable cultivation.
1336

Sampling sites were selected based on land-use history as
collected from interviews conducted with the local farmers. Five sites each were selected for the four cropping
systems representing the entire study area (Figure 3). Soil
samples were collected up to 60 cm depth from the surface with 15 cm increment, as this part of soil is disturbed
by agricultural practices and plays an important role in
carbon sequestration24. Soil bulk density and SOC were
measured for four separate depths with 15 cm increments.
For the estimation of bulk density, undisturbed soil
core samples were collected separately for each soil
depth25. Rock fragments more than 2 mm size were
removed from the core samples. The weight and volume
of the rock fragments were estimated which were
deducted from the weight and volume of soil core. Soil
samples were air-dried and passed through 0.5 mm sieve.
This fraction of the sample was used for estimation of
CURRENT SCIENCE, VOL. 120, NO. 8, 25 APRIL 2021

RESEARCH ARTICLES
SOC through wet oxidation method26. This method
estimates 77% of OC and a recovery factor of 1.29 was
used as the Walkley and Black recovery factor (WBRF)
for estimation of TOC. Another recovery factor determined by Bhattacharya et al.27 was used to estimate TOC;
both the methods were compared. Recovery factor determined by Bhattacharya et al.27 is mainly for the IndoGangetic Plains, especially in the study area of the
sub-humid region. According to the authors27, the recovery percentage decreases with increasing depth of soil. It
is 81% (recovery factor of 1.23) for 0–30 cm, 70% (recovery factor of 1.43) for 30–50 cm and 46% (recovery
factor of 1.57) for 50–100 cm soil depth to obtain TOC.
Soil available nitrogen was estimated with alkali permanganate method28, DTPA extractable copper and zinc were
estimated according to method outlined by Lindsay and
Norvell29 and dehydrogenase activity by the method of
Casida et al.30.

Soil organic carbon stock estimation
SOC stock (kg m–2) was estimated from per cent OC, bulk
density and depth according to the following formula31

SOC stock =

⎛ L1 × SOC P1 × ρ 331 x(1 − V > 21 )/ ⎞
⎜ 100 + L × SOC P × ρ 33
⎟
2
2
2
⎜
⎟
(1 − V > 22 )/100 + ...
⎝
⎠
10

,

where SOC is the soil organic carbon (kg m–2) soil; SOC
P1, SOC P2 … the SOC per cent of different horizons
1,2,…, n in order from surface to the bottom; L1, L2,…,
the thickness of different horizons 1, 2,…, n in order
from surface to bottom; ρ331, ρ332,…, the bulk density of
<2 mm fraction of the core samples of horizons 1,
2, …, n. V > 21, V > 22,…, the volume per cent of >2 mm
fraction of core samples of horizons 1, 2,..., n. Where
ρ is the bulk density and here is the corrected bulk density (Mg m–3) after removing coarse fractions >2 mm size
in soil including plant debris. The corrected bulk density
is estimated as follows.

ρ=

Masssample − Mass rock fragments
Volumesample − (Mass rock fragments /ρ rock fragments )

.

Estimation of carbon dioxide from soil carbon
sequestration
The mass of CO2 sequestered from the atmosphere is
greater than the mass of carbon (C) alone, because C is
stored and oxygen (O2) is re-emitted into the atmosphere.
The atomic mass of C is 12 and the molecular mass of
CO2 is 44. Therefore, for every 12 metric tonnes of C
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stored, 44 metric tonnes of CO2 has been sequestered.
The conversion factor from C to CO2 is 44/12 = 3.67.
Hence the conversion factor of carbon to carbon dioxide
is 3.67, i.e. 1 tonne of OC sequestered in the soil is
equivalent to 3.67 tonnes of CO2 from the atmosphere32.

Statistical analysis
Descriptive statistics on SOC and bulk density, and correlation analysis between SOC stocks and soil quality indicators was carried out using Microsoft XLSTAT.

Results and discussion
Variation in soil properties
Soil texture was clay loam in R–W–F, pigeon pea and
vegetable-growing soils (Table 1). The P–W–F system is
being followed in upland areas mainly rainfed with limited irrigation through bore wells. The soil is sandy clay
loam, which is light-textured compared to clay loam.
Soils in the study area were non-saline–alkali and Electric
Conductivity (EC) ranged from 0.09 to 0.24 dS m–1.
Higher EC was observed in vegetable cultivation, where
intensive cultivation is practiced with high water and
nutrient inputs. Soil reaction was neutral to alkaline and
ranged from 6.8 to 8.5. Available nitrogen ranged from
111.8 to 232.0 kg ha–1, which falls in low to medium
range of rating. Low nitrogen was observed in the sub
soil layers. Available phosphorus ranged from 2.7 to
26.9 kg ha–1 and the highest quantity was observed in
vegetable cultivation. Majority of the soils ranged from
low to medium range, except surface soil of vegetable
cultivation. Available potassium was in low to medium
range. Both copper and zinc were in sufficient levels,
except in subsurface soils under P–W–F system. Dehydrogenase activity ranged from 1.8 to 76.6 μg of TPF activity g–1 day–1 and the highest activity was observed in
pigeon pea-grown soil.

Soil organic carbon
SOC content ranged from 0.33% to 0.73% in R–W–F system, 0.08% to 0.29% in P–W–F system, 0.46% to 0.81%
in pigeon pea-grown soil and 0.11% to 0.82% in vegetable-growing soils (Table 2). OC content was higher in the
surface layers and decreased with increasing depth in all
the cropping systems. TOC content was estimated using
recovery factors of Walkley and Black26, and Bhattacharya et al.27. Though there were some differences in the
carbon content in the soil profile, it was observed that
there was no significant difference between the two recovery factors. OC content of both the estimations was
analysed using Student t test. The test statistics values
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Table 1.
EC
(dS m–2)

pH

Clay loam
Clay loam
Clay loam
Clay loam

0.21
0.17
0.13
0.12

7.6
8.3
8.5
8.1

184.7
167.6
122.3
113.2

–
–

0.16
0.04

8.13
0.39

146.95
34.63

Sandy clay loam
Sandy clay loam
Sandy clay loam
Sandy clay loam

0.14
0.13
0.14
0.09

7.3
7.9
8.3
8.1

175.2
143.7
129.8
115.9

0.13
0.02

7.90
0.43

141.15
25.38

0.12
0.13
0.11
0.11

6.8
7.8
8.2
8.5

0.12
0.01

Depth
(cm)
R–W–F
0–15
15–30
30–45
45–60
Mean
SD
P–W–F
0–15
15–30
30–45
45–60

Soil texture

Mean
SD
PP
0–15
15–30
30–45
45–60

Clay loam
Clay loam
Clay loam
Clay loam

Mean
SD
VC
0–15
15–30
30–45
45–60

Properties of soils under different cropping systems in recent alluvium

Clay loam
Clay loam
Clay loam
Clay loam

Mean
SD

Available N Available P Available K Available Cu Available Zn
(kg ha–1)
(kg ha–1)
(kg ha–1)
(mg kg–1)
(mg kg–1)
17.1
9.3
11.7
8.7

Dehydrogenase activity
(μg of TPF activity
g–1 day–1)

256.0 2
193.2
192.5
174.6

2.1
1.4
1.1
1.4

0.7
0.7
0.5
0.7

61.6
18.3
12.4
3.8

204.08
35.67

1.50
0.42

0.65
0.10

24.03
25.75

416.2
308.7
315.7
277.4

1.9
1.3
1.2
1.2

0.2
0.7
0.4
0.3

24.0
4.1
2.9
1.8

6.28
5.35

329.50
60.15

1.15
0.17

0.40
0.22

8.20
10.58

180.7
171.5
157.8
111.8

8.6
5.6
1.2
1.0

123.7
77.3
72.4
68.9

1.6
1.1
1.2
1.3

2.5
0.5
0.9
0.8

76.6
31.2
18.7
11.3

7.83
0.74

155.45
30.58

4.10
3.68

1.05
0.31

1.18
0.90

34.45
29.28

0.24
0.21
0.18
0.15

7.4
8.4
8.1
8.4

232.0
173.8
173.8
125.1

26.9
12.8
8.9
3.8

311.0
216.7
152.0
153.3

2.3
2.7
1.9
1.4

2.5
1.4
0.1
0.8

32.6
10.5
9.3
3.2

0.20
0.04

8.08
0.47

176.18
43.73

13.10
9.91

208.25
74.86

2.08
0.56

1.20
1.02

13.90
12.87

5.95
7.47
14.2
4.7
3.5
2.7

85.58
25.65

R–W–F, Rice–Wheat–Fallow; P–W–F, Pearl millet–Wheat–Fallow; PP, Pigeon Pea; VC, Vegetable Cultivation. SD(±), Standard Deviation.

Table 2.

Depthwise Soil Organic Carbon (SOC) content and Bulk Density (BD) in the profile of major cropping systems in recent alluvium
BD (Mg m–3)

SOC (%)
Soil depth (cm)

R–W–F

P–W–F

PP

VC

R–W–F

P–W–F

0–15
0.73 ± 0.15
0.29 ± 0.06
0.81 ± 0.08
0.82 ± 0.15
1.55 ± 0.26
1.55 ± 0.35
15–30
0.55 ± 0.09
0.20 ± 0.03
0.78 ± 0.09
0.69 ± 0.06
1.40 ± 0.19
1.42 ± 0.28
30–45
0.46 ± 0.08
0.11 ± 0.02
0.56 ± 0.05
0.40 ± 0.04
1.48 ± 0.24
1.38 ± 0.24
45–60
0.33 ± 0.06
0.08 ± 0.02
0.46 ± 0.04
0.11 ± 0.01
1.51 ± 0.34
1.41 ± 0.29
R–W–F, Rice–Wheat–Fallow; P–W–F, Pearl millet–Wheat–Fallow; PP, Pigeon Pea; VC, Vegetable Cultivation.

were insignificant, because TOC estimated using WBRF
and the recovery factor of Bhattacharya et al.27 was <1.0.
Hence TOC estimated using the recovery factor of Bhattacharya et al.27 was taken for calculations, which has the
benefit of depthwise estimation. Among the four cropping systems, TOC ranged from 0.47% to 0.90% in
R–W–F system, 0.11% to 0.36% in P–W–F system,
0.66% to 1.01% in pigeon pea-grown soil and 0.16% to
1.01% in vegetable-growing soil (Table 3).
The highest mean TOC was observed in pigeon peagrown soils (0.85%), which was 3.9 times higher than the
P–W–F system (0.22%). Higher storage of OC in pigeon
pea-grown soil is due to its long crop duration (>180
days) with deep root system compared to other annual
1338

PP

VC

1.31 ± 0.15
1.40 ± 0.13
1.46 ± 0.13
1.41 ± 0.17

1.54 ± 0.18
1.44 ± 0.26
1.39 ± 0.12
1.38 ± 0.13

crops. The surface layers had high OC content with
gradational decreasing trends with depth; however, the
decrease was marginal due to more carbon storage in subsoil by pigeon pea (SD = 0.17) compared to vegetablegrowing soil (SD = 0.32). The surface enrichment of
OC in soils has been attributed to litter accumulation and
decomposition, addition of manures and higher root
activity33.
The second highest TOC after pigeon pea, was observed in the R–W–F system with the profile mean of
0.68%. This system stored reasonable quantity of OC
compared to vegetable cultivation and the P–W–F system. The OC stored in the system was three times
higher than P–W–F system. TOC in the profile showed a
CURRENT SCIENCE, VOL. 120, NO. 8, 25 APRIL 2021
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Table 3. Total SOC under major cropping systems with two recovery factors (RFs) in recent alluvium
Total SOC (%) with
RF of 77% by Walkley and Black26
Soil depth (cm)

Total SOC (%) with
RF by Bhattacharya et al.27

R–W–F

P–W–F

PP

VC

R–W–F

P–W–F

PP

VC

0–15
15–30
30–45
45–60

0.95
0.71
0.60
0.43

0.38
0.26
0.14
0.10

1.05
1.01
0.73
0.60

1.06
0.90
0.52
0.14

0.90
0.68
0.66
0.47

0.36
0.25
0.16
0.11

1.00
0.96
0.80
0.66

1.01
0.85
0.57
0.16

Mean

0.67

0.22

0.85

0.66

0.68

0.22

0.85

0.65

Table 4.

Distribution of SOC stock under major cropping systems with two RFs in recent alluvium
SOC stock (kg m–2) based on
Walkley and Black26

Soil depth (cm)

SOC stock (kg m–2) based on
Bhattacharya et al.27

R–W–F

P–W–F

PP

VC

R–W–F

P–W–F

PP

VC

0–15
15–30
30–45
45–60

2.20
1.50
1.36
0.97

0.86
0.55
0.31
0.22

2.10
2.17
1.63
1.27

2.48
1.96
1.11
0.30

2.09
1.42
1.50
1.07

0.82
0.52
0.34
0.24

1.99
2.06
1.79
1.40

2.34
1.86
1.23
0.33

Total

6.04

1.94

7.17

5.85

6.08

1.92

7.24

5.76

decreasing trend with standard deviation of 0.71. Rice
crop is mostly grown in clayey soil. Though it is an
intensive cultivation, OC storage in the stable aggregates
due to heavy clay content might be the reason for higher
TOC in the R–W–F system. Vegetable cultivation too
stored higher amounts of TOC compared to the P–W–F
system. It is an intensive cultivation with heavy inputs of
manure and fertilizers. Cultivation of potato, beetroot,
carrot and other vegetables needs heavy manuring and
fertilizers which accumulate more nutrients and OC in the
surface layer. The TOC content decreased with depth
with highest standard deviation of 0.32 among all the
cropping systems in the study region. OC storage in vegetable cultivation was similar to that of the R–W–F system, which was three times higher than the P–W–F
system. The lowest TOC was recorded in the P–W–F system. The low standard deviation in the vertical distribution of OC in P–W–F system was due to low input
application in this marginal upland cultivation and higher
decomposition rate of OC. The difference of OC in the
surface and subsurface soils was meagre.

Soil bulk density
The mean bulk density ranged from 1.42 to 1.50 Mg m–3
under different cropping systems in the study area (Table
2). The bulk density was more in R–W–F system
compared to vegetable cultivation and P–W–F system.
The lowest bulk density was observed in pigeon peagrown soils. Bulk density in the R–W–F system was
similar from the surface (0–15 cm) to subsurface layers
(15–60 cm). Wet ploughing for rice cultivation might be
the reason for high bulk density in the surface and subCURRENT SCIENCE, VOL. 120, NO. 8, 25 APRIL 2021

surface soil layers34. The P–W–F system and vegetable
cultivation with moderately intensive tillage had high
bulk density in the surface layers, which decreased with
increasing depth. Lowest bulk density was observed in
pigeon pea-grown soils and the density increased with increasing depth. Pigeon pea is cultivated once in a year
and in the remaining period the land is kept fallow.
Hence the soil maintains low bulk density compared to
other cropping systems and the accumulation of litter on
the surface with less tillage might have maintained low
bulk density in the surface layer of the soil35.

Soil organic carbon stock and equivalent carbon
dioxide
SOC stock ranged from 1.92 to 7.24 kg m–2 up to 60 cm
depth among different cropping systems (Table 4). It was
highest in pigeon pea-grown soils. Decreased soil disturbance increases SOC and improves soil quality36. Pigeon
pea is a leguminous and sturdy crop which produces more
litter than other cropping system. Weber et al.37 observed
that introduction of legume under no-tillage improved the
soil carbon status and the highest potential of carbon
stock was observed in pigeon pea-grown soils. The
R–W–F system and vegetable cultivation maintained similar amounts of SOC stock. Intensive tillage and high input use in vegetable cultivation might be the reason for
higher level of SOC stock. R–W–F system sequestered
higher SOC stock than vegetable cultivation. The P–W–F
system is cultivated in light textured marginal upland
under rainfed condition with low input use. There is corroborative evidence from the results of an earlier study
that carbon loss is more in light textured soils38. Pigeon
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pea-grown soils recorded the highest OC stock in the recent alluvium of AER 9.2, which is 3.6-fold higher that
of the P–W–F system. Soils under the R–W–F system and
vegetable cultivation showed 2.9-fold higher SOC stock
than the P–W–F system. Quantitatively, the pigeon peagrown soils stored/sequestered 69.2 tonnes ha–1 which is
highest among the cropping system in the region. R–W–F
system sequestered 56.2 tonnes ha–1 of SOC stock and
still has the potential to sequester 13.0 tonnes of OC further to the level of pigeon pea grown soil that is equivalent to 47.71 tonnes of CO2 gas in the atmosphere.
Vegetable cultivation has the potential to sequester
13.4 tonnes ha–1 of OC further which is equivalent to
49.12 tonnes of CO2 gas in the atmosphere. Highest
carbon sequestration potential was found in the P–W–F
system for 50.0 tonnes ha–1 of OC, which is equivalent to
183.50 tonnes of CO2 in the atmosphere. Crop residue
management with conservation tillage can increase the
carbon stock39 instead of burning crop residues and practising conventional tillage in the region.

Relationship between soil organic carbon stock and
soil qualities
OC density positively influences soil quality indicators
such as available nitrogen, copper, zinc and dehydrogenase activity. Soil available nitrogen was found to
have highly positive significant correlation with OC stock
(r2 = 0.25). Soil nitrogen is part of organic matter; when it
is decomposed, nitrogen is released into the soil. A positive linear relationship was observed in that soil organic
carbon increases with increase in nitrogen content40, indicating the proportional accumulation of available nitrogen. Micronutrients such as copper (r2 = 0.45) and zinc
(r2 = 0.31) were significantly and positively correlated
with SOC41–43. Meena and Mathur44 reported that zinc
content increases with increasing SOC because of its
chelating effect. Soil dehydrogenase activity was
observed to have a highly positive significant relationship
with OC stock in the recent alluvium (r2 = 0.44). SOC is
a food source for microbes and its higher content increases
the dehydrogenase activities. Cropping system with
varied levels of SOC stocks had significantly positive
correlation with dehydrogenase activity. More SOC supports more microbial activity as indicated by dehydrogenase activity45.

Conclusion
Land uses and cropping systems influence soil quality
and OC storage at varied levels. Cropping systems under
agricultural land use induced variations in SOC stocks.
Two recovery factors were used to estimate TOC, we
found that there was no difference between these two factors; hence, any one method can be used. Recent alluvium
1340

under the hot, sub-humid, dry, region of Indo-Gangetic
plains recorded high OC stock in pigeon pea-grown soils,
because it is long-duration leguminous crop with more
leaf litter accumulation and less disturbance to the soil
ecosystem, followed by the R–W–F system and vegetable
cultivation. Carbon sink capacity in terms of OC storage
capacity was found highest in pigeon pea-grown soils
(69.2 tonnes ha–1). The R–W–F system and vegetable cultivation also had reasonably high OC stock. These two
land-use systems have more potential for carbon sequestration. Highest potential of carbon sequestration in the
form of SOC was found in the P–W–F system with
50.0 tonnes ha–1, which is equivalent to 183.5 tonnes of
CO2 in the atmosphere. Introducing pigeon pea in other
cropping systems in the region will improve the OC stock
of soil. Green manure cultivation during fallow season,
crop residues, cattle manure application and application
of biochar from crop residues with conservation tillage
will improve SOC stock in the R–W–F system vegetable
cultivation and P–W–F system under hot, sub-humid, dry
AER of the Indo-Gangetic plains and the regions of
recent alluvium.
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