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Abstract

Soil organic carbon (SOC) serves as a reliable indicator of soil quality and efficiency. It exists in labile and non-labile forms, which play a critical
role in maintaining soil health under different fruit orchard systems. A study was carried out in the Shiwalik foothills of Northwest India to
evaluate changes in total soil organic carbon (Ciwy), oxidisable organic carbon (C), very labile carbon (Crci), labile carbon (Crac), less labile
carbon (Ciac), non-labile carbon (Ciacs), microbial biomass carbon (Cmic) and SOC sequestration in various fruit orchards. The orchards
following intercropping-horticulture (aonla + phalsa), agri-horticulture (aonla + maize) and monocultures of mango, guava, aonla, kinnow
mandarin and phalsa showed increases in C by 32.5,28.0,24.7,19.0, 14.7, 10.3 and 7.5 % respectively, compared to land without trees.
The intercropping-horticulture system showed the most significant increases in Cract (39.2 %), Ctracz (28.3 %), Ctracz (34.7 %) and Craca (26.4 %)
over no-tree land. Carbon fractions showed greateraccumulation in the 0-30 c¢m soil layer. Total active carbon pool was highest
(58.95 Mg C ha) in the intercropping-horticulture system, which was 1.3 times greater that in the no-tree system. The passive carbon ( ¢) pool,
accounting for approximately 58.9 % of Ci, also peaked in the intercropping-horticulture system. Microbial biomass carbon (Cric) reached its
maximum of 357 mg C kglin the same system, representing 2.6 % of Cit. Carbon management index (CMI) was highest in intercropping-
horticulture orchard (1.35), followed by agri-horticulture (1.30), mango (1.27), guava (1.22), aonla (1.16), kinnow mandarin (1.12) and phalsa
(1.09), all showing improvement compared to no-tree land. The intercropping-horticulture system also recorded the maximum annual carbon
accumulation rate (2.77 Mg C ha*tyear?), which was 31.1 % greater than the no-tree baseline. Among the carbon (c) fractions, C.a was strongly
correlated (r=0.960**) with Cic.
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Introduction agriculture. As such, SOC is therefore an indicator of both soil quality
and ecological health (2). Since capturing atmospheric CO, in soil is a
key strategy for mitigating global warming (3), having accurate
baseline data on SOC storage is essential for understanding carbon
dynamics and enabling carbon trading (4). Therefore, assessing and
modelling the spatial distribution of SOC is crucial to determine the
carbon sequestration potential of soils (5). Atmospheric CO, levels
can be reduced either by limiting emissions or by eliminating CO,
from the environment and sequestering it iterrestrial, aquatic, or
marine ecosystems. Numerous studies have shown that carbon
storage and sequestration through orchards offer a relatively low-
cost approach to reducing net greenhouse gas emissions (6).

Soil, water and air are essential natural resources necessary for life.
Among them, soil is a critical, finite resource composed of minerals,
water and organic matter. Organic matter plays a vital role in fruit
production and nutrient accessibility while improving soil physico-
chemical and biological characteristics. In subtropical regjons, soil
organic carbon (SOC) plays a critical role in maintaining the
productivity of subtropical soils since it provides energy and
substrates while promoting microbial diversity that helps preserve
soil quality and ecosystem functioning. The SOC is more than just a
passive carbon( c) reservoir-it significantly influences the soil physico
-chemical and biological traits (1), which are critical for sustainable
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Carbon stock of soil is primarily influenced by surface soil
characteristics, along with factors such as C concentration, soil depth
and bulk density. The submontane region of Jammu is located at
the base of the lower Shiwalik hills and forming part of the fragile
Himalayan ecosystem, faces serious challenges related to soil
erosion and degradation due to improper land use and widespread
deforestation. This problem is particularly severe in the Shiwalik
region, which includes the Northwestern Himalayan foothills across
the Union Territory of Jammu and Kashmir and the states of Punjab,
Himachal Pradesh, Haryana and Uttar Pradesh. Geologically, the
Shiwalik region is composed of sandstone, grit and gravel-
predominantly composed of fluvial deposits. Although these regions
have deep soils, areas near the foothills are characterised by slopes
with pebbles and boulders, making the terrain unstable and
geologically sensitive (7). Spanning approximately 2.14 million ha,
the Shiwalik foothills experience severe soil erosion due to irregular
terrain, high soil erodibility and intense rainfall (8). Even in areas with
clay loam soil and gentle slopes of 2-3 %, soil loss can reach up to
106.5 t ha? (9). The soils in this region are generally light-textured are
deficient in nutrients and organic C and suffers from surface stone
and weak water retention (10). Approximately 80 % of the annual
rainfall is concentrated in July and August, often occurring as erratic,
high-intensity storms that accelerate erosion. Due to the extreme
and variable climatic conditions, the productivity of the soil is not
only low but also very unstable (11). Runoff and erosion drastically
reduce the fertility of the soil as the as nutrients are removed from
the soil. The establishment of fruit orchards and improved cropping
systems enhances the return of organic matter through leaf litter
and crop residues. It is crucial to identify and adopt such sustainable
systems to raise soil productiveness and agricultural efficiency. In
subtropical, tropical, dry and semi-arid areas, soils release more CO,
per unit of SOC than soil in cold temperate zones. Moreover, the
selection of crop species is an essential factor in maintaining
Cstocks, as variations in amount and quality of organic residue affect
their decomposition rate and residence time in the soil (12).
Emphasised the specific fractions of soil organic matter (SOM) are
particularly important to sustain soil quality and serve as sensitive
marker of soil management effects. However, due to the
management methods, it is challenging to find changes in the SOC,
as this shift is gradual, relatively low in comparison to the SOC pool
and is subjected to spatial and temporal variability (13).

The natural alteration apparatus appears in advance, some
of its C is stable in organic C and is discreet between the different
groups of a single part. To recognise the mechanisms again through
the use of which the C is out of place or stabilises on the ground and
the general organic C account of the soil (TSOC) divided the labile
pool or actively bicycle, a slow pool and a solid or passive and
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recalcitrant pool with varying residence times (14). Labile C pool and
its TSOC fraction are faster income charge. The labile pools consist
of residential microbes and their merchandise in addition to the
organic memories of the soil. These pools are essential from the
agronomic  perspective  for crop  production  while
they maintain the food network in the soil. Therefore, manipulating
nutrient cycling to retain soil characteristics and its aptitude to
produce crops (15). Meanwhile, application of biochar and
tryptophan were also significantly improve growth, availability
nutrients, microspores and microbial movement (16, 17). The greatly
recalcitrant or passive pool is changed very slowly through microbial
movements (18). The passive group is moderately greater stable
than that of the dynamic pool and is not much disintegrated that has
a better profit era. In this exploration, we imagine the numerous fruit
growing orchards might affect the soil C pools and stocks in the
submontaneous soil. We tested the soil in the bearings orchard of
mango, guava, kinnow mandarin, aonla, phalsa, inter cropping
horticulture (aonla + phalsa) and agriculture (aonla + maize) and no
tree regions within the Shiwalik foothills of Himalayas vicinity with
recognize to pools, C stock and the ability of
the soil toaccumulate C.

Materials and Methods
Study site

The study was carried out in the Shiwalik foothills of Jammu,
Jammu and Kashmir, in the Himalayan region of India. This area is
characterised by undulating terrain with small, dry hillocks and an
uneven, rising and falling landscape. Situated at an elevation of less
than 1200 m above mean sea level, the Shiwalik range lies within a
subtropical climatic zone and is considered one of the most
ecologically fragile areas of the lower Himalayas. The region receives
an average annual rainfall of approximately 1100 mm, of which 70-
80 % is received during the southwest monsoon season between
July and September. Despite this, the area experiences significant
climatic challenges. Rainfall is highly erratic in terms of timing, spatial
distribution, frequency and intensity, often leading to moisture stress
for much of the year. The average annual temperature in this area is
about 27° C, average maximum and minimum temperatures of 33°C
and 21° C respectively. The soil in this area is usually coarse in texture
and ranges from slightly acidic to slightly alkaline, with pH values
between 6.71 and 8.21.They are generally low in organic matter and
deficient in essential nutrients (Table 1). Land use is further
constrained by moderate erosion, varying degrees of stoniness and
occasional flooding.

Table 1. Primary soil properties of chosen fruit growing plantation at North-western Himalayas, India

Mango n:(alzggri’n (E{l\n(;tl)lll;a Guava (Psidium Phalsa Intercropping- Agri-

Soil properties No tree (Mangifera (Citrus officinalis uajaval.) (Grewia  horticulture  horticulture
indical.) reticulata Gaertn.) gua *!  asiatica L.) (aonla+phalsa) (aonla+maize)
Blanco) :

pH 8.81 7.12 7.27 7.22 7.18 7.32 7.65 6.71
Organic carbon (g kg?) 3.68 4.40 4.10 4.25 4.35 3.83 4.68 4.52
Bulk density (g cm?) 1.69 1.63 1.66 1.65 1.64 1.67 1.61 1.62
Available nitrogen (kg ha?) 141.44 184.09 166.13 175.11 181.85 161.64 170.62 190.83
Available phosphorus 1087  12.62 11.00 10.87 12.12 11.05 11.76 13.69
(kg ha?)
Available potassium (kg ha') 98.78 114.50 105.52 107.76 112.25 103.27 117.19 119.25
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Soil samples compilation and preparation

The study was conducted in mature orchards located in the Shiwalik
foothills region of Jammu, North-western India. Soil samples were
collected from orchards of mango, kinnow mandarin, aonla, guava
and phalsa, as well as from an intercropping-horticulture system
(aonla + phalsa), an agri-horticulture system (aonla + maize) and
areas without tree cover (Fig. 1). A total of 32 soil profiles (8
treatments x 4 replications) were sampled at four soil depths:
0-0.15m, 0.15-0.30 m, 0.30-0.60 m and 0.60-1.00 m. The agricultural
system was represented primarily by maize cultivation, while the
horticultural systems included the various orchard types. Maize has
been cultivated in the region for over a century and has been passed
down through generations, whereas the orchards are relatively
recent, ranging in age from 15-35 years. The no-tree (barren) areas
were either devoid of vegetation or sparsely covered with natural
vegetation. After collection, each soil sample was air-dried, gently
crushed using a wooden pestle and mortar and sieved through a
2.0mm stainless steel sieve.

Field-moist samples were stored at 4° C and used within 24
hr for microbial biomass carbon analysis. The air-dried, sieved
samples were used to assess various key physico-chemical
properties using standard procedures. Additionally, bulk density was
determined for each soil layer using a core sampler (inner diameter,
5.3cm; height, 5¢cm).

Soil properties

Soil pH was measured electrometrically using 1:2.5 soil-to-water
ratio, with air-dried soil passed through a 2 mm sieve, following the
method outlined (19). The soils ranged from slightly acidic to slightly
alkaline. Soil texture was determined using the hydrometer method
based on mechanical analysis (20). The predominant soil textures
were sandy loam, followed by sandy clay loam. Bulk density was
determined using the core sampling technique (19). Oxidisable
organic C and stock: The utilise of oxidisable fraction of organic C
known as SOC was measured by the wet oxidation technique
created (21).
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Soil organic carbon stock (SOCS), expressed as Mg ha* for
specific soil depths, was calculated by multiplying the SOC
concentration by the soil bulk density and the thickness of the
corresponding soil layer, following (22):

Soil organic carbon stocks (SOCS) =S0C/1000 x BD x SD x 10000

where; SOCS is the SOC stock that is measured in Mg ha?, SOC
g kg'the BD is the soil bulk density (g cm?), SD is the depth of soil
layer (m). The assessment of 10000 indicates the stock for 1 ha of
land.

Carbon (c) build-up/ upsurge in various orchards were predictable in
thefollowing process:

Carbon (c) build-up (%) =[ (C orchard - C control)/ C control] x 100

where C orchard stands for C in orchard soil and C control stands for
the Cin no-tree soil, respectively.

Carbon (C) build-up rate (Mg C ha'soil year?) = (C orchard - C
control)/ Time (year of testing)

Soil organic carbon fractions

Soil organic carbon fractions were determined using a customised
Walkley and Black method (12). Different concentrations of sulfuric
acid (H,S0,) (12, 18 and 24 N) were prepared by adding 5, 10 and
20 mL of concentrated H,SO, respectively and producing 3 acid-to-
water proportion: 0.5:1,1:1and 2 : 1, which communicate to acid
potency of 12 N, 18 N and 24 N H,SO, respectively. These acid
strengths enabled the separation of total SOC (Co) into four
oxidisable fractions: Cract, Crracz, Cras and Crawand Total SOC (Ceor) Was
designed as the sum of these four fractions. The C fractions were
defined based on their ease of oxidation under varying acid
strengths: Fraction I(Cract): Organic C oxidised by 12 N H,SO4; Fraction
Il (Ciacz): The variation in C content between 18 N and 12 N H,SOs4
extractions; Fraction Il (Craes): The variation in C extracted between
24 N and 18 N H,S04(24 N corresponds to the standard Walkley and
Black method); Fraction IV (Craw): The enduring organic C remaining
after treatment with 24 N H,SOsand subtracted from Cet.
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Fig. 1. Location map of the soil sampling sites in the subtropical region of Jammu and Kashmir.
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Active and passive pools

Organic C oxidised was classified by 12 N H,SOsas a very labile C pool
(Chacz), while the variation in C oxidised between 18 N and 12 N H,SO;4
was defined as the labile pool (Crac). Together, these two fractions
form an active pool of organic C of soil which is characterised by their
advanced sensitivity of oxidation in weaker acid concentrations (12
and 18 N H;S0s). In dissimilarity, the passive C pool stands for the
less labile (Cas) and non-labile (Craw) fractions of total organic
carbon (Cer), which is extra resistant to oxidation.

Soilmicrobial biomass carbon (Cic):

The soil microbial biomass carbon (MBC) was thought by the
chloroform fumigation extraction strategy (23). New soil tests stored
at 4°C were taken for the show think about. Fumigated and
unfumigated soil tests were extracted using 0.5 M K;SO.. The C
within the fumigated and unfumigated extricates was measured
and the contrast gotten was utilised to calculate MBC. Soil MBC can
be given as:

Cmic = FC / 0.45

where, Fc stand for organic C extracted from 0.5 M K;SO, from
fumigated SOC extracted from non-fumigated soil. Microbial
quotient (MQ) was measured as the proportion of Cric to Cerand
communicated as percentage.

Carbon management index (CMI)
Way |- proposed the liability index (24), the details are given below:

The liability index (LI) for the SOC was computed utilising three of the
specific C fractions: Ciact, Cracc and CrasSaid over. Cracy, C a2 and C s
have been assigned as very labile, labile and less labile and are given
weight age of 3, 2 and 1, separately. Thus, their genuine values are
changed to a corresponding amount of Cy; and weighed with the
weighing calculate to urge a LI for the organic C substance in each of
the soil depths distinctive profundities (24).

LI=[(Cfracy/Ceot) X 3+ (C fracy/Ceot) X 2+ (C fracs/Ceot) X 1]

Way Il - proposed the C pool index (24), the details are given below:
The carbon pool index (CPI) was resultant using the formula.

CPI=Sampletotal C (gkg?) / referencetotal (C g kg?)

where reference total C stands for total C content (g kg?) of no-tree
land®, there is an estimate of the following CMI:

CMI=CPIxLIx100

Dataanalysis

The information examination of the comes about was carried out
utilising investigation of measurable Statistical Package for the
Social Sciences (SPSS) version 16.0 (e.g,, SPSS Inc., Chicago, IL, USA).
Programs with treatment impacts were examined utilising
randomised block design (RBD) based on analysis of variance
(ANOVA). When ANOVA showed that there was a noteworthy
esteem, numerous assessments of treatment implies were achieved
utilising the least significant difference (LSD). The imperative
decision on the impact of the treatment was used for the F-test.

Results and Discussion
Soil organic carbon and its fractions

Assignificant difference (p=< 0.05) in total soil organic carbon (Ct) Was
observed in soil profile seen by various orchard systemsin (0-1.00 m)
soil depth (Table 2). Cet values generally declined with increasing soil
depth. The control treatment (no-tree land) exhibited the lowest Ceot
value, measuring 75.45 Mg ha" across the entire soil profile. Previous
studies observed that fallowing decreases SOC by declining the
quantity of non-harvested plant build-up arrival to the soil (25),
whereas rising the cropping intensity escalated expanded SOC (26).
The highest Ct Was observed within the upper soil than subsurface
soil layer attributed to the increased in plant and roots biomass in
upper soil layers and need of supplement and natural movement
into more profound layers, which eventually imperatives the
establishing profundity of soil (27). The highest Ce: (99.98 Mg ha) in
the 0-1.00 m profile was found in the intercropping-horticulture
system (aonla + phalsa), reflecting a 35.5 % increase over the no-tree
land. Similarly, significant (p< 0.05) increases in Ct be observed in
agri-horticulture (aonla + maize), mango, guava, aonla, kinnow
mandarin and phalsa orchards-showing 28.0,24.7,19.0, 14.6,10.3
and 7.5 % increases over the control respectively. The elevated Get in
the intercropping-horticulture orchard can be attributed to a diverse
input of organic materials such as leaf litter, root biomass and
biological activity (28). Regular additions of organic residues,
farmyard manure (FYM) and fertilisers in fruit orchards contribute
substantially to SOC levels. Furthermore, long-term C storage in sub
soils may be linked to reduced microbial decomposition.
Conversely, lower Cyt in no-tree areas may result from exposed soil
surfaces and the disintegration of soil aggregates, which increase
susceptibility to erosion under heavy rainfall, especially in sparsely
vegetated zones (29).

Table 2. Total and oxidisable organic C (Mg C ha soil) in soils in various layers (m) of different fruit growing plantation at North-western Hima-

layas, India
Soil organic carbon (Mg C ha! soil)

Orchard Total soil organic carbon (Ctot) Oxidisable organic carbon (Coc)

0-0.15 0.15-0.30 0.30-0.60 0.60-1.00 Total 0-0.15 0.15-0.30 0.30-0.60 0.60-1.00 Total
No tree 15.78¢ 13.04° 22.43¢ 24.21¢ 75.46¢  10.65¢ 8.81¢ 11.62¢ 13.43¢ 44,514
Mango 19.84° 16.53° 28.00° 29.75%®  94.12®®  12.40° 11.83° 14.08° 16.12° 54.432b
Kinnow mandarin 18.10° 15.12% 23.46¢ 26.57° 83.25¢  11.28¢ 10.50¢ 13.66° 14.94¢ 50.38%¢
Aonla 18.50%° 15.15% 24.79¢ 28.13° 86.57°¢ 12.33° 10.64¢ 13.42¢ 15.30° 51.69°
Guava 19.08% 15.71° 27.11° 27.91° 89.81"  12.56° 11.62° 13.67° 15.38° 53.23%
Phalsa 15.91¢ 14.65° 23.92¢ 26.63° 81.11¢¢  11.08¢ 9.93¢ 13.35¢ 14.02¢ 48.38¢
Intercropping-horticulture 20.73° 16.91° 31.39° 30.95° 99.982  14.13? 12.522 15.372 16.36* 58.38?
Agri-horticulture 20.112 16.30° 28.49%° 31.70° 96.60°  13.782 11.57° 14.91° 16.32° 56.582
Mean 18.51 15.42 26.19 28.23 88.35 12.28 10.93 13.76 15.23 52.20

Within a column, values designated by similar letters are not significantly different at the 0.05 level of probability.
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The oxidisable organic carbon (Co) stock varied between
44,50 and 58.38 Mg C ha across the different orchard systems (Table
2). A gradual decline in Coc Was observed with increasing soil depth.
The lowest Cq value (44.5 Mg ha?) was recorded in the control
treatment (no orchard) across the full 1.0 m soil profile. The increase
in Coc under orchard systems is attributed to significantly higher
(p=0.05) organic inputs, such as leaf litter and organic manure, which
enhance C accumulation in the soil (30). Alike developmentsin SOC
afterward excrement application were moreover depicted in long-
term tests at Rothamsted, UK (31). The highest Co value
(58.38 Mg ha') was observed in the intercropping-horticulture
system (aonla + phalsa) within the 0-1.0 m depth, marking a 31.1 %
increase compared to the no-tree land. The hierarchy of Coc content
among the different orchard systems was as follows: intercropping-
horticulture > agri-horticulture > mango > guava >aonla> kinnow
mandarin > phalsa > no-tree. Likewise, significantly higher (p < 0.05)
Coc values were recorded in agri-horticulture, mango, guava, aonla,
kinnow mandarin and phalsa orchards-showing respective
increases of 27.1,22.2,19.5,16.1, 13.0 and 8.7 % over the no-tree
land.

Different orchard systems significantly improved the very
labile carbon fraction (Crac1) compared to no-tree land (Table 3). The
highest and statistically significant (p < 0.05) increase under Caa
within the sub-surface layer (0.60-1.00 m) was recorded under the
agri-horticulture system, followed by the intercropping-horticulture
orchard. Across the entire soil profile, the intercropping-horticulture
system had the highest total Craa (35.08 Mg ha), reflecting a 39.2 %
increase over no-tree land. Other orchard systems also showed
notable improvements in Cq, with agri-horticulture, mango, guava,
aonla, kinnow mandarin and phalsa orchards registering increases
of33.4,29.1,23.8,16.6,11.8 and 10.4 % respectively, compared to
the no-tree control.

Additionally, the labile carbon fraction (Cia) changed
essentially (p < 0.05) between the fruit plantation at the upper soil
layer. The intercropping cultivation orchard resulted in more
noteworthy collection of Crein the surface layer. The overall Cragin
intercropping cultivation plantation (23.87 Mg ha') was altogether
(p=0.05) most elevated no-tree coming about in 28.3 % raise. Agri-
horticulture, mango, guava, aonla, kinnow mandarin and phalsa
orchards also contributed to increased Grac levels, with respective
gainsof24.1,21.6,15.0,11.3,8.6 and 6.7 % over the no-tree control.
New leaf drop and root build-up are the essential resource of organic
C foremost to upgraded quantity of C fa and C finto a few
plantations (28).

The less labile carbon fraction (Craa) illustrates significant
variation (p= 0.05) among the plantation within the surface soils
(Table 4). Intercropping-horticulture plantation exhibited the highest
accumulation of Crae in the topsoil, with a total of 16.45 Mg ha™
representing a 34.7 % increase over the no-tree and statistically
significant (p < 0.05). The order of Cra accumulation across orchard
systems was as follows: intercropping-horticulture = agri-
horticulture = mango = guava = aonla = kinnow mandarin = phalsa =
no-tree. Likewise, the non-labile carbon fraction (Cucs) also diverse
significantly (p < 0.05) across plantation in surface soil (0-0.15m). The
greatest and statistically significant (p< 0.05) enhance in Ci be
recorded in the intercropping-horticulture system, followed by agri-
horticulture. The intercropping-horticulture orchard had the highest
total Crau value of 24.59 Mg ha*, marking a 26.4 % increase over no-
tree land. Other orchard systems also demonstrated notable
increases in Cracs: agri-horticulture (22.5 %), mango (19.8 %), guava
(145 %), aonla (11.3 %), kinnow mandarin (9.1 %) and phalsa
(4.2 %), relative to no-tree land. Around the entire soil profile, the
sharing of C fraction follows in this order: Crac> Ciaes™ Cra™ Crras. The
predominant extent of non-labile Cras under orchard systems was

Table 3. Oxidisable organic carbon fractions (Mg ha? soil) in soils in various layers (m) of different fruit growing plantation at North-Western

Himalayas, India

Soil organic carbon fraction (Mg C ha' soil)

Orchard Very labile carbon (Crac1) Labile carbon (Cirac2)

0-0.15 0.15-0.30 0.30-0.60 0.60-1.00 Total 0-0.15 0.15-0.30 0.30-0.60 0.60-1.00  Total
No tree 5.01° 4.41° 8.16° 761° 2519 3.61° 3.09° 5.519 6.39° 18.60°
Mango 6.25° 5.940 9.78¢ 10.56°  32.53  4.52° 3.922 6.90° 7.29° 22.63°
Kinnow mandarin 5.91 5.15° 8.46° 863¢ 2816  3.99° 3.89° 5.719 6.62b 20.21°
Aonla 5.93? 5.04° 8.85¢ 9.57¢  29.38  4.20° 3.82° 5.77 6.93° 20,71
Guava 6.02° 5.57 10.30° 9.32¢  3121°  4.40° 3.79° 6.12¢ 7.09? 21.40°
Phalsa 5.13b 4,720 8.32¢ 9.63°  27.80°  3.80° 3.67° 6.08° 6.31° 19.86°
L“:;'irz;‘;fu"r':g' 6.61° 6.10° 11.38° 10.98> 3508  4.67° 3.922 7.67° 7.61° 23.87°
Agri- horticulture 6.38° 5.552 10.05b 11650  33.62°  4.56° 3.98° 7.00° 7.542 23.08°
Mean 5.91 5.31 9.41 9.74 3037 422 3.76 6.34 6.97 21.30

Within a column, values designated by similar letters are not significantly different at the 0.05 level of probability.

Table 4. Oxidisable organic carbon fractions (Mg ha soil) in soils in various layers (m) of different fruit growing plantation at North-Western

Himalayas, India

Soil organic carbon fraction (Mg C ha! soil)

Orchard Less labile carbon (C frac3) Non-labile carbon (C fraca)

0-0.15 0.15-0.30 0.30-0.60 0.60-1.00 Total 0-0.15 0.15-0.30 0.30-0.60 0.60-1.00 Total
No tree 3.31° 2.23° 3.07¢ 3.60¢ 12.21! 3.85¢ 3.31¢ 5.69¢ 6.61¢ 19.45¢
Mango 4.45° 2.66° 4,282 4.25° 15.63° 4.62° 4.01° 7.04° 7.65° 23.31°
Kinnow 4.05° 2.28° 3.15¢ 4,182 13.65¢ 4,15° 3.80° 6.144 7.14° 21.23¢
Aonla 4,132 2.41° 3.88° 4.38° 14.79¢ 4,245 3.88° 6.29¢ 7.25P 21.65¢
Guava 4,192 2.512 4.18° 4,15° 15.03¢ 4.47° 3.840 6.51¢ 7.352 22.17¢
Phalsa 2.93¢ 2.782 3.41° 4.05° 13.17f 4,05° 3.48¢ 6.11¢ 6.64¢ 20.27
Intercropping-
horticulilzaul::‘e g 4,582 2.802 4.45° 4.62° 16.45° 4.87° 4.09? 7.89% 7.74° 24.59°
Agri-
hgrticulture 4.46° 2.75% 4.35° 4512 16.06° 4,712 4.02° 7.09° 8.00% 23.82°
Mean 4.01 2.55 3.84 4.22 14.62 4.37 3.80 6.60 7.30 22.06

Within a column, values designated by similar letters are not significantly different at the 0.05 level of probability.
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licensed to the quick transformation of natural inputs and labile C
into more stable, recalcitrant forms and its perseverance beneath
positive circumstance of dampness, profound root, bulky shade
cover and negligible soil unsettling influence (32). The comparative
adjustment in Craat, Crae and Ces to cropping systems, indicating
their sensitivity to land use changes (33). Among the plantations, a
sensibly predominant extent of C fractions was observed in surface
soil layer, though it was established to decline with upgrades in soil
profundity layer. Remaining to bring and the openness of included
mineralisable and promptly hydrolysable C coming about in
progressed microbial action in upper soil layers (34).

Active and passive carbon pool

The active C pool corresponds to very labile and labile fractions of
oxidisable organic C and diverse altogether (p < 0.05) across the
diverse plantations (Table 5). Notably, the intercropping-horticulture
and agri-horticulture systems showed significantly (p< 0.05) superior
active C pools than no-tree control in the 0-0.60 m profundity.
Regardless of orchard type, the most extreme active C pool was
evidenced within 0-0.15 m layer being most elevated in
intercropping cultivation plantation (11.28 Mg ha?) and was most
reduced in no-tree land (8.62 Mg ha?). Although total active C pools
in the 0-1.00 m profile did not show notable differences between
orchard systems, they were extensively higher (p< 0.05) as over to
the no-tree area. Intercropping-horticulture system recorded the
highest total active C pool (5895 Mg ha?), followed by agri-
horticulture (56.70 Mg ha?). The lowest was observed in no-tree land
(43.79 Mg ha''), which was approximately 1.3 times lower than the
highest esteem recorded. The higher active C pool in several
plantation than that no-tree may be due to credited to the tannins
and lignin fixings shaped from the deterioration of leaf rubbish and
biomass of root the plantation frameworks controlled the C from
quick deterioration and consequently conserved it within the totals
(35).

The passive C pool compares to less labile and non-labile
pool of oxidisable natural C (Table 6). The most extreme passive C
pool in 0-0.15 m depth recorded in intercropping cultivation
plantation (9.45 Mg ha?) and lowest in no-tree (7.16 Mg ha?). The

passive C pool regularly reduces with the expansion of the soil
profile. They come about affirmed that the total passive C pool in0-
1.00 m profundity amongst soils of distinctive plantation appeared
significant variety and altogether (p = 0.05). Intercropping-
horticulture orchard recorded the highest total passive C pool (41.04
Mg ha?), followed by agri-horticulture (39.88 Mg ha), mango (38.94
Mg ha?), guava (37.20 Mg ha?), aonla (3644 Mg ha?), kinnow
mandarin (34.88 Mg ha') and phalsa (33.44 Mg ha'®).

Soil microbial biomass carbon and microbial quotient

The soil (Cric) in surface soil changed essentially (p< 0.05) between
the different orchards (Fig. 2). The highest Cricvalue was observed in
the intercropping-horticulture orchard (357.35 mg kg), followed by
the agri-horticulture orchard (307.89 mg kg?), representing a 69.7 %
increase over the no-tree (control) land. The Criccontent among
orchard systems followed the order: intercropping-horticulture =
agri-horticulture = guava = mango = aonla = kinnow mandarin =
phalsa = no-tree. The low Cricvalue in no-tree land was attributed to
poor environmental conditions, such as nutrient depletion due to
lack of fertilisation and surface runoff. In contrast, higher Cric levels in
orchard systems were likely due to more favourable conditions for
microbial growth, including the regular addition of FYM, active root
zones and considerable efforts of leaf rubbish (36).

The aggregate leaf debris biomass included within bearing
plantations intercropping-horticulture, followed by agri-horticulture,
guava, mango, aonla, kinnow mandarin and phalsa orchards.
Elevated Criclevels in the intercropping-horticulture and agri-
horticulture systems reflect substantial litter fall, which provides
organic substrates for microbial decomposition. Furthermore, the
higher Cric in intercropping-horticulture, agri-horticulture, guava and
mango plantation was credited to the sum and quality of litter with
superior rate of decay, superior accessibility of supplements
remaining in the expansion of advanced plant quality (37). The
microbial quotient (MQ), calculated as the extent of Cuicto total
organic carbon (Cw), extended from 2.66-3.57 %, with a average of
3.08 % (Fig. 3). Differences in MQ between agri-horticulture and
guava, kinnow mandarin, aonla and phalsa were not statistically
significant (p> 0.05). However, MQ differed significantly (p< 0.05)

Table 5. Active carbon pool in soils in various layers (m) of different fruit growing plantation at North-Western Himalayas, India

Active carbon pool (Mg ha)

Orchard 0-0.15 0.15-0.30 0.30-0.60 0.60-1.00 Total
No tree 8.62° 7.50¢ 13.67° 14.00° 43.799
Mango 10.77% 9.86° 16.68% 17.85% 55.16%
Kinnow mandarin 9.90° 9.042 14.174 15.25¢ 48.37¢
Aonla 10.13% 8.86° 14.62¢ 16.50° 50.09°¢
Guava 10.42% 9.36° 16.42¢ 16.41° 52.61°
Phalsa 8.93 8.39° 14.40° 15.94b¢ 47.66
Intercropping-horticulture 11.28° 10.02° 19.05° 18.59° 58.952
Agri-horticulture 10.94% 9.53° 17.05b 19.19° 56.70°
Mean 10.13 9.07 15.75 16.71 51.67

Within a column, values designated by similar letters are not significantly different at the 0.05 level of probability.

Table 6. Passive carbon pool in soils in various layers (m) of different fruit growing plantation at North-Western Himalayas, India

Passive carbon pool (Mg ha')

Orchard
0-0.15 0.15-0.30 0.30-0.60 0.60-1.00 Total

No tree 7.16° 5.54¢ 8.76° 10.21¢ 31.66°¢
Mango 9.07% 6.67° 11.3220 11.90° 38.94%°
Kinnow mandarin 8.20° 6.08° 9.29¢ 11.32° 34.88P¢
Aonla 8.37° 6.29° 10.17° 11.63° 36.445¢
Guava 8.66° 6.35° 10.69°¢ 11.50° 37.20°
Phalsa 7.48¢ 6.26° 9.52¢ 10.69¢ 33.44¢
Intercropping-horticulture 9.45° 6.89° 12.34° 12.36° 41.042
Agri-horticulture 9.172 6.77° 11.44%° 12,512 39.88%
Mean 8.38 6.35 10.44 11.52 36.68

Within a column, values designated by similar letters are not significantly different at the 0.05 level of probability.
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Fig. 2. Microbial biomass carbon in soils of diverse fruit growing plantation at North-Western Himalayas, India. Bars are +SE of the mean values

show the similar letters are not significantly.

when intercropping-horticulture, agri-horticulture, mango, phalsa
and no-tree systems were compared. The observed MQ values fall
inside the benchmark range of 1-5 %, as suggested with several
analysts (38). Superior MQ within the intercropping-horticulture, agri
-horticulture, guava and mango systems indicate greater stability
and availability of organic C in these orchards (39). The lowest
esteem of MQ within the no-tree area points to reduced microbial
biomass and diminished soil quality, highlighting impaired C cycling
capacity (40). Improved nutrient availability in the orchard soils also
contributed to higher MQ, supporting healthier microbial
populations (41).

Carbon management index (CMI), carbon pool index (CPI) and
carbon build-up

The carbon management index (CMI) supplies a comprehensive
assessment of both the quantity and quality of SOC. Unlike relying
solely on total SOC concentration, the CMI serves as a more sensitive
indicator for detecting modified in SOC owing to shifts in soil
management customs. Carbon management index as a valuable
tool in favour of assessing soil fruitfulness (42). Among all orchard
systems, the intercropping-horticulture orchard consistently
showed the highest CPI values throughout the 0-0.60 m soil profile,
indicating its strong potential to restore original SOC levels (Table 7).

The maximum CPI (1.40) was recorded in the 0.30-0.60 m
depth under intercropping-horticulture (aonla + phalsa) orchard.
Overall, all orchard systems exhibited an increase in CPI compared
to the no-tree land. In contrast, the lability index (LI) did not show
great difference between orchard systems across the soil depth
(Table 8). The highest LI was observed in the guava orchard (1.75),
closely followed by the intercropping-horticulture orchard (1.72) at
the 0.30-0.60 m insight. This design appeared that guava plantation
bears least oxidative environment, give superior physical security in
organic matter favouring a lifted extent of labile C than to TSOC by
upgrading the rate of C lability within the soil (24).

The CMI values differed extensively (p < 0.05) across the
plantation systems in the topsoil (0-0.15 m) layer (Table 9). The
maximum CMI value, 240.44, was found in the 0.30-0.60 m depth of
the intercropping-horticulture orchard, which was 1.4 times greater
than that of the no-tree land. The elevated CMI values in orchard
systems are because of more organic matter being added
every year and better quality of that organic matter. The C: N ratio
and the structure of lignin, cellulose, hemicellulose, protein and
carbohydrates contribute to more oxidative forms to the changes of
C (43). The average CMI across plantation types followed the order:
intercropping-horticulture (223.56) >agri-horticulture (214.67) >
mango (210.38) > guava (201.11) >aonla (191.55) >kinnow mandarin
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Fig. 3. Microbial quotient (%) in soils of diverse fruit growing plantation at North-Western Himalayas, India. Bars are +SE of the mean values
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Table7. Carbon pool index (CPI) of soil organic carbon (SOC) in various layers (m) of different fruit growing plantation at North-Western Hima-

layas, India
Carbon pool index (CPI)
Orchard 0-0.15 0.15-0.30 0.30-0.60 0.60-1.00 Mean
No tree 1.00¢ 1.00° 1.00¢ 1.00¢ 1.00
Mango 1.26%° 1.27° 1.25° 1.23% 1.25
Kinnow mandarin 1.15° 1.16% 1.05¢ 1.10°¢ 1.11
Aonla 1.17% 1.16% 1.11b¢ 1.16° 1.15
Guava 1.21% 1.20%° 1.21° 1.15° 1.19
Phalsa 1.01¢ 1.12° 1.07¢ 1.10¢ 1.07
Intercropping-horticulture 1.312 1.30° 1.40° 1.28% 1.32
Agri- horticulture 1.27%* 1.25% 1.27° 1.31° 1.28

Within a column, values designated by similar letters are not significantly different at the 0.05 level of probability.

Table 8. Liability index (LI) of soil organic carbon (SOC) in various layers (m) of different fruit growing plantation at North-Western Himalayas,

India
Liability index (LI)
Orchard 0-0.15 0.15-0.30 0.30-0.60 0.60-1.00 Mean
No tree 1.622 1.662 1.71° 1.62° 1.65
Mango 1.63?2 1.712 1.69° 1.70° 1.68
Kinnow mandarin 1.64° 1.692 1.70° 1.632 1.67
Aonla 1.642 1.662 1.69° 1.67° 1.67
Guava 1.63° 1.71° 1.75° 1.66° 1.68
Phalsa 1.63° 1.66° 1.69° 1.712 1.67
Intercropping-horticulture 1.63° 1.71° 1.72° 1.71° 1.69
Agri- horticulture 1.63?2 1.682 1.70° 1.72° 1.68

Within a column, values designated by similar letters are not significantly different at the 0.05 level of probability.

Table 9. Carbon management index (CMI) of soil organic carbon (SOC) in various layers (m) of different fruit growing plantation at North-

Western Himalayas, India

Orchard

Carbon management index (CMl)

0-0.15 0.15-0.30 0.30-0.60 0.60-1.00 Mean
No tree 161.98¢ 165.95¢ 171.96¢ 161.96¢ 165.46
Mango 204.31° 217.18% 211.41° 208.63° 210.38
Kinnow mandarin 188.59¢ 195.63¢ 178.11° 178.89¢ 185.31
Aonla 192.14¢ 193.02¢ 187.12¢ 193.93%¢ 191.55
Guava 196.77b¢ 205.52"¢ 210.97° 191.20¢° 201.11
Phalsa 164.26° 186.20¢ 180.70° 188.19¢ 179.83
Intercropping-horticulture 213.882 221.93° 240.44° 218.01% 223.56
Agri- horticulture 207.35% 209.82° 216.23° 225.28° 214.67

Within a column, values designated by similar letters are not significantly different at the 0.05 level of probability.

(185.31) > phalsa (179.83) > no-tree (165.46).This ranking reflects
differences in the amount and decomposition rates of organic litter
from each system. The intercropping-horticulture system (aonla +
phalsa) showed the highest overall increase in total SOC (TSOC),
suggesting net C accumulation across all orchards compared to the
no-tree land. These results communicate to conclusions by early
results (44).

Carbon build-up was greatest in the intercropping-
horticulture orchard (31.16 %), followed by agri-horticulture
(27.12 %), mango (21.84 %), guava (18.76 %), aonla (15.10 %),
kinnow mandarin (13.01 %) and lowest in phalsa orchard (6.22 %)
(Fig. 4).

Looking at the 5-year perspective of C accumulation, the
intercropping-horticulture orchard showed the highest C build-up
rate at 2.77 Mg C ha year?, while the phalsa orchard had the lowest
at0.98 Mg C ha'year in the 0~1.00 m soil depth (Fig. 5).

Lower C developed in phalsa orchards may be due to its leaf
litter’s low nitrogen (N) content and high lignin concentration, which
slows decomposition(45). In contrast, plantation that is mango and
guava, whose debris is richer in N, tend to be more effective in
promoting soil C sequestration.

Correlation between various organic carbon pools

Relationship between the various C pools revealed to most were
significantly interrelated (Table 10). The total organic carbon (G
showed strong and significant correlations with its various fractions,
with the strength of association decreasing in the order: Gra (r=
0.998**) > Ciaca (= 0.997**)> Croca (r=0.996**) > Coc (r=0.968"*) > Crus (r=
0.963"*) > Cmic (r = 0.950™*). The exceptionally strong correlation
between Ci and Crar (r=0.998"*) suggests a close link between these
C pools, with Cxq alone contributing approximately 65 % of total SOC.
This highlights the relevance of more stable fractions like C fax as
sensitive indicators of changesin G (18).

The more dynamic C fractions, such as Crac, Crae and Cricare
widely considered effective pointer of soil quality suitable to their
consistent behaviour in relation to their accountability and SOC
changes for environmental variations (46). The strong relationship
among Ciaa and Cric (r=0.960**) further supports the classification
of Cax as a labile carbon pool(12). Additionally, notable correlations
between Craa and Coc (r=0.957**), Cic and Craz (r=0.947**) and Cric
and Craes  (r=0.943**) imply that labile C pools serve as essential
energy sources for microbial communities and are heavily
influenced by microbial activity. Hence, these labile
fractionsarestrongly linked to Cuic, which underscores an integral
role of microbial processes to shape soil C dynamics.
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Table 10. Correlation coefficients (r) between various soil organic carbon pools

Parameters C fraa Cfrac2 Cfracz Cftraca Coc Chot
(o frac2 0996**

C fracs 0.982** 0.976™*

C fraca 0.990** 0.995** 0.981**

Coc 0.957** 0.965** 0.963** 0.976™

Ctot 0.998** 0.997** 0.988** 0.996** 0.968**

Cmic 0.960** 0.947** 0.917** 0.943** 0.907** 0.950**

** Correlation coefficient (r) is significant at p = 0.01.

Conclusion

The findings revealed that total soil organic carbon (SOC) (Cir)
followed the order: intercropping-horticulture >agri-horticulture >
mango > guava > aonla> kinnow mandarin > phalsa > no-tree land
across the 0-1.00 m soil depth, with the highest SOC (99.98 Mg ha?)
recorded in the intercropping-horticulture (aonla + phalsa) orchard.
Among the various carbon (c) fractions examined (Caci, Cracz, Ciras
and Cracs), their respective increases over the no-tree control were
39.2,28.3,34.7 and 26.4 %, following the general trend: Crac™> Cras™
Crac™ Craa across all orchard types throughout the soil profile. All SOC
fractions were most concentrated within soil (0-0.30 m) layer and
step by step diminished with soil depth. The intercropping-
horticulture system showed greater accumulation of Ciac and Crag,
whereas the agri-horticulture orchard had higher C faaand C fau

levels in the 0.60-1.00 m layer. A strong correlation (r= 0.960**)
between Cia and microbial biomass carbon (Cri) suggests that
microbial decomposition of leaf litter and farmyard manure (FYM)
predominantly contributed to the formation of this highly labile C
fraction. Both active and passive C pools were utmost in the
intercropping-horticulture orchard, showing 33.6 % and 29.6 %
increases over no-tree land, respectively. The very labile fraction
(Crca), Which constitutes the more dynamic pool of C in surface soils,
proves to be a reliable indicator of soil fertility and crop productivity.
Overall, the intercropping-horticulture system (aonla + phalsa)
demonstrated superior SOC content, greater active and passive C
pools and enhanced C accumulation establishing it as the most
effective orchard-based strategy for C sequestration in the Shiwalik
foothills of the North-Western Himalayas, India.

Plant Science Today, ISSN 2348-1900 (online)



VIJAY ET AL

Acknowledgements

The authors gratefully acknowledge the Director of Research,
Directorate of Research, Sher-e-Kashmir University of Agricultural
Sciences and Technology of Jammu, for providing financial support
for this study. The authors also sincerely thank the technical staff of
SKUAST-Jammu for their valuable scientific, technical and
laboratory assistance, which contributed significantly to the
successful completion of this research.

Authors' contributions

VK, VBS and RK contributed to the development of the research
concept, study design and experimental work. BS and RS
contributed to the literature review. SK!, NS, SG, SK? and AK
conducted the field survey and contributed to manuscript
preparation. SKS and BD contributed to data interpretation. VK
contributed to manuscript preparation, statistical analysis,
presentation of the results and critical revision of the manuscript for
important intellectual content. VB and RK contributed to the
activities mentioned above, including data collection. All authors
read and approved the final manuscript.

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of interests
todeclare.

Ethicalissues: None

References

1. DexterAR, Richard G, Arrouays D, Czyz EA, Jolivet C, Duval O. Complexed
organic matter controls soil physical properties. Geoderma.
2008;144:620-7. https://doi.org/10.1016/j.geoderma.2008.01.022

2. SahaD, Kukal SS, Sharma S. Landuse impacts on SOC fractions and
aggregate stability in Typic Ustochrepts of Northwest India. Plant
Soil. 2011;339:457-70. https://doi.org/10.1007/s11104-010-0602-0

3. Intergovernmental Panal on Climate Change. Climate change:
Impacts, adaptation and wvulnerability. Working Group I
contribution to the 4th Assessment Report. Cambridge (UK):
Cambridge University Press; 2007.

4. Stockmann U, Adams MA, Crawford JW, Field DJ, Henakaarchchi N,
Jenkins M, et al. The knowns, known unknowns and unknowns of
sequestration of soil organic carbon. Agric Ecosyst Environ.
2013;164:80-99. https://doi.org/10.1016/j.agee.2012.10.001

5. Mishra U, Lal R, Slater B, Calhoun F, Liu D, Van Meirvenne M.
Predicting soil organic carbon stock using profile depth distribution
functions and ordinary kriging. Soil Sci Soc Am J. 2009;73:614-21.
https://doi.org/10.2136/ss52j2007.0410

6. Kanime N, Kaushal R, Tewari SK, Raverkar KP, Chaturvedi S, Chaturvedi
OP. Biomass production and carbon sequestration in different tree-
based systems of central Himalayan tarai region. For Trees Livelihoods.
2013;22(1):38-50. https://doi.org/10.1080/14728028.2013.764073

7. Singh JP, Dahiya DJ, Kumar V, Singh M. Distribution and status of
different forms of nitrogen in soils of Haryana. J Indian Soc Soil Sci.
1992;40:698-704.

8. Arora S. Preliminary assessment of soil and water conservation
status in drought prone foothill region of north-west India. J World
Assoc Soil Water Conserv. 2006;1(5):55-63.

9.  Gupta GD, Gupta RD, Kher D, Sumberia NM. Studies on erodibility
indices in relation to soil properties in Kandi belt of Jammu district.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

10

JRes SKUAST-J. 2005;4(2):209-13.

Sharma V, Mir SH, Arora S. Assessment of fertility status of erosion
prone soils of Jammu Siwaliks. J Soil Water Conserv. 2009;8(1):37-
41.

Sharma UC, Sharma V. Socio-economic aspects of tillage and its
effect on soil erosion and agricultural productivity in Kandi (drought
prone) region of Jammu. In: Proceedings of the 16th International
Soil Tillage Research Organization Conference on Soil Management
for Sustainability; 2003; Brisbane, Australia. p. 1108-13.

Chan KY, Bowman A, Oates A. Oxidizable organic carbon fractions and
soil quality changes in Oxic Paleustalf under different pasture leys. Soil
Sci. 2001;166:61-7. https://doi.org/10.1097/00010694-200101000-00009

Russell AE, Camberdella CA, Ewel JJ, Parkin TB. Species, rotation and life
-form diversity effects on soil carbon in experimental tropical
ecosystems. Ecol Appl. 2004;14:47-60. https://doi.org/10.1890/02-5299

Parton WJ, Rasmussen PE. Long-term effects of crop management
in wheat-fallow: Il. CENTURY model simulations. Soil Sci Soc Am J.
1994;58:530-6.

Majumder B, Mandal B, Bandyopadhyay PK, Chaudhury J. Soil organic
carbon pools and productivity relationships for a 34 year old rice-wheat-
jute agroecosystem under different fertilizer treatments. Plant Soil.
2007;297:53-67. https://doi.org/10.1007/s11104-007-9319-0

Alnuimi AYM, Al-Dulaimy AFZ. Response of fig seedlings cv. Aswad
Diyala to biochar application and tryptophan foliar spray. Plant Sci
Today. 2025;12(2):1-10. https://doi.org/10.14719/pst. 7632

Alnuimi AYM, Al-Dulaimy AFZ. Improving chemical properties of fig
seedlings (Ficus carica L.) cv. Aswad Diyala using reed biochar and
tryptophan. An-Najah Univ J Res Nat Sci. 2026;40(3). https://
doi.org/10.35552/anujr.a.40.2.2516

Sherrod LA, Peterson GA, Westfall DG, Ahuja LR. Soil organic carbon
pools after 12 years in no-till dryland agroecosystems. Soil Sci Soc
Am J. 2005;67:1533-43. https://doi.org/10.2136/ss52j2003.0266

Jackson ML. Soil chemical analysis: Advanced course. Madison (WI):
The Author; 1973.

Piper CS. Soil and plant analysis. New York: International Science
Publishers; 1966.

Walkley A, Black IA. An examination of the Degtjareff method for
determining soil organic matter, and proposed modification of the
chromic acid titration method. Soil Sci. 1934;37:29-38.

Pearson TR, Brown SL, Birdsey RA. Measurement guidelines for the
sequestration of forest carbon: General technical report. USDA Gen
Tech Rep NRS-18. Newtown Square (PA): USDA; 2007.

Vance ED, Brookes PC, Jenkinson DS. An extraction method for
measuring soil microbial biomass C. Soil Biol Biochem. 1987;19:703
-T7. https://doi.org/10.1016/0038-0717(87)90052-6

Blair GJ, Lefroy RD, Lisle L. Soil carbon fractions based on their
degree of oxidation and the development of a carbon management
index for agricultural systems. Aust J Agric Res. 1995;46:1459-66.
https://doi.org/10.1071/AR9951459

Calegari A, Hargrove WL, Rheinheimer DDS, Ralisch R, Tessier D, Tourdonnet
S, et al. Impact of long-term no tillage and cropping system management on
soil organic carbon in an Oxisol a model for sustainability. Agron J.
2008;100:1013-9. https://doi.org/10.2134/agronj2007.0121er

Hutchinson JJ, Campbell CA, Desjardins RL. Some perspectives on
carbon sequestration in agriculture. Agric For Meteorol.
2007;142:288-302. https://doi.org/10.1016/j.agrformet.2006.03.030

Ingram JSI, Fernandes ECM. Managing carbon sequestration in
soils: Concept and terminology. Agric Ecosyst Environ. 2001;87:111-
7. https://doi.org/10.1016/50167-8809(01)00145-1

Vesterdal L, Schmidt IK, Callesen I, Nilsson LO, Gundersen P. Carbon
and nitrogen in forest floor and mineral soil under six common
European tree species. For Ecol Manag. 2008;255:35-48. https://
doi.org/10.1016/j.foreco.2007.08.015

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1016/j.geoderma.2008.01.022
https://doi.org/10.1007/s11104-010-0602-0
https://doi.org/10.1016/j.agee.2012.10.001
https://doi.org/10.2136/sssaj2007.0410
https://doi.org/10.1080/14728028.2013.764073
https://doi.org/10.1097/00010694-200101000-00009
https://doi.org/10.1890/02-5299
https://doi.org/10.1007/s11104-007-9319-0
https://doi.org/10.14719/pst.7632
https://doi.org/10.35552/anujr.a.40.2.2516
https://doi.org/10.35552/anujr.a.40.2.2516
https://doi.org/10.2136/sssaj2003.0266
https://doi.org/10.1016/0038-0717(87)90052-6
https://doi.org/10.1071/AR9951459
https://doi.org/10.2134/agronj2007.0121er
https://doi.org/10.1016/j.agrformet.2006.03.030
https://doi.org/10.1016/S0167-8809(01)00145-1
https://doi.org/10.1016/j.foreco.2007.08.015
https://doi.org/10.1016/j.foreco.2007.08.015

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Conant RT, Paustian K. Potential soil carbon sequestration in
overgrazed grassland ecosystems. Glob Biogeochem Cycles.
2002;16(4):1143. https://doi.org/10.1029/2001GB001661

Purakayastha TJ, Rudrappa L, Singh D, Swarup A, Bhadraray S. Long-
term impact of fertilizers on soil organic carbon pools and sequestration
rates in  maize-wheat-cowpea cropping system. Geoderma.
2008;144:370-8. https://doi.org/10.1016/j.geoderma.2007.12.006

Ma L, Yang LZ, Xia LZ, Shen MX, Yin SX, Li YD. Long-term effects of
inorganic and organic amendments on organic carbon in a paddy
soil of the Taihu Lake Region, China. Pedosphere. 2011;21:186-96.
https://doi.org/10.1016/5S1002-0160(11)60117-3

Sreekanth NP, ShanthiPrabha V, Padmakumar B, Thomas AP. Soil
carbon alterations of selected forest types as an environmental
feedback to climate change. Int J Environ Sci. 2013;3(5):1516-30.
https://doi.org/10.6088/ijes.2013030500022

Lefroy RDB, Blair GJ, Strong WM. Changes in soil organic matter
with cropping as measured by organic carbon fractions and 213C
natural isotope abundance. Plant Soil. 1994;155-156:399-402.
https://doi.org/10.1007/BF00025067

Kaur T, Brar BS, Dhillon NS. Soil organic matter dynamics as
affected by long-term use of organic and inorganic fertilizers under
maize-wheat cropping system. Nutr Cycl Agroecosyst. 2008;81:59-
69. https://doi.org/10.1007/s10705-007-9152-0

Kalambukattu JG, Singh R, Patra AK, Arunkumar K. Soil carbon pools
and carbon management index under different land use systems in the
central Himalayan regions. Acta Agric Scand B Soil Plant Sci. 2013;63:200
-5. https://doi.org/10.1080/09064710.2012.749940

Grego S, Marinari S, Moscatelli MC, Badalucco L. Effect of
ammonium nitrate and stabilized farmyard manure on microbial
biomass and metabolic quotient of soil under Zea mays.
Agrochimica. 1998;42:128-137.

Ramesh T, Manjaiah KM, Tomar JMS, Ngachan SV. Effect of
multipurpose tree species on soil fertility and CO, efflux under hilly
ecosystems of northeast India. Agrofor Syst. 2013;87:1377-88.
https://doi.org/10.1007/s10457-013-9645-6

Carter MR. Soil quality for sustainable land management: Organic
matter and aggregation interactions that maintain soil functions.
Agron J. 2002;94:38-47. https://doi.org/10.2134/agronj2002.3800

Sparling GP, Shepherd TG, Kettles HA. Changes in soil organic C,
microbial C and aggregate stability under continuous maize and
cereal cropping and after restoration to pasture in soils from the
Manawatu region. Soil Tillage Res. 1992;24:225-41. https://
doi.org/10.1016/0167-1987(92)90089-T

11

40. Chaudhury J, Mandal UK, Sharma KL, Ghosh H, Mandal B. Assessing
soil quality under long-term rice-based cropping system. Commun
Soil Sci Plant Anal. 2005;36:1-21. https://doi.org/10.1081/CSS-
200056885

41. Rudrappa L, Purakayastha TJ, Singh D, Bhadraray S. Long-term
manuring and fertilization effects on soil organic carbon pools in a
typic Haplustept of semi-arid subtropical India. Soil Tillage Res.
2005;88:180-92. https://doi.org/10.1016/j.still.2005.05.008

42. Whitbread AM, Lefroy RDB, Blair GJ. A survey of the impact of
cropping on soil physical and chemical properties in north-western
New South Wales. Aust J Soil Res. 1998;36:669-81. https://
doi.org/10.1071/S97031

43. Tirol-Padre A, Ladha JK. Assessing the reliability of permanganate-
oxidizable carbon as index of soil labile carbon. Soil Sci Soc Am J.
2004;68:969-78. https://doi.org/10.2136/sssaj2004.0969

44. Jha P, Arpan De, Lakaria BL, Biswas AK, Singh M, Reddy KS, et al.
Soil organic carbon pools and indices under different land use
systems in Vertisols of central India. Natl Acad Sci Lett. 2012;35:125-
31. https://doi.org/10.1007/s40009-012-0082-2

45. Gundersen P, Berg B, Currie WS. Carbon-nitrogen interactions in
forest ecosystems—final report. For Landsc Work Pap. 2006;17:62.

46. Melero S, Lopez-Garrido R, Murillo JM, Moreno F. Conservation
tillage: Short- and long-term effects on soil carbon fractions and
enzymatic activities under Mediterranean conditions. Soil Tillage
Res. 2009;104:292-8. https://doi.org/10.1016/j.still.2009.04.001

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,
Thiruvananthapuram, India.

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1029/2001GB001661
https://doi.org/10.1016/j.geoderma.2007.12.006
https://doi.org/10.1016/S1002-0160(11)60117-3
https://doi.org/10.6088/ijes.2013030500022
https://doi.org/10.1007/BF00025067
https://doi.org/10.1007/s10705-007-9152-0
https://doi.org/10.1080/09064710.2012.749940
https://doi.org/10.1007/s10457-013-9645-6
https://doi.org/10.2134/agronj2002.3800
https://doi.org/10.1016/0167-1987(92)90089-T
https://doi.org/10.1016/0167-1987(92)90089-T
https://doi.org/10.1081/CSS-200056885
https://doi.org/10.1081/CSS-200056885
https://doi.org/10.1016/j.still.2005.05.008
https://doi.org/10.1071/S97031
https://doi.org/10.1071/S97031
https://doi.org/10.2136/sssaj2004.0969
https://doi.org/10.1007/s40009-012-0082-2
https://doi.org/10.1016/j.still.2009.04.001
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

