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ABSTRACT
Soil is one of earth’s most complicated environments for life. The single most important property determining
the soil i.e., soil organic carbon has gained prominence in assessment of soil quality and also as a strategy for
climate change mitigation. However, different forestry practices have different potential to store carbon and
depend on the species composition and environmental variables. Hence, the present study has been carried out
to investigate the status of soil organic carbon storage in the Aquilaria malaccensis based homestead plantation
systems in three districts of Assam viz., Golaghat, Jorhat and Hojai. Soil samples from three depths (0-10, 10-20
and 20-30 cm) were collected seasonally and analyzed. Results indicated that average SOC ranges between
1.51-1.65%. Similarly, SOC stock ranged from 38.8 to 39.7 Mg C ha-1 among the three study sites. Both SOC
(%) and stock does not show any significant variation among different depths and sites. Seasonally SOC (%)
and stock were high in the post-monsoon season and lowest in the winter season. In the present study SMC, pH,
EC, SOM and TKN showed positive relationship with SOC, whereas BD have negative relationship. The present
study also reported a marginally higher content of SOC than other plantation systems. Higher content of carbon
in Aquilaria based homestead plantations was attributed to the soil characteristics, elevated litter inputs and
higher biological activity. Seasonal variation in SOC was attributed to factors such as local climate, rainfall and
temperature pattern.
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INTRODUCTION

Soil is one of the most complex habitats for life on
earth and represents a highly compact form of three-
dimensionally structure featuring fine-scale gradients
in physico-chemical characteristics, resource
availability, and gas concentrations (Young and
Crawford 2004). However, it has become one of the
world’s most vulnerable resources in the face of land
degradation, biodiversity loss and climate change.
The quality and health of the soil determines its
capacity to support biological activity. Soils are the
largest active reservoirs of terrestrial organic carbon
and are thought to offer a feasible climate change
mitigation approach (Lehmann et al. 2020). Soil
organic carbon (SOC) acquired relevance in soil
quality assessment because of its significant impacts
on physical, chemical and biological characteristics
of soil (Ramady et al. 2014, Sainepo et al. 2018,
Ngatia et al. 2021). Understanding the dynamics of
SOC is vital for managing carbon stocks, in order to
sustain a balance in productive systems.

Depending on the species compositions and other
ecological and environmental variables, different
forestry operations have varying carbon storage
capacity (Bajigo et al. 2015). The SOC stocks in
agroforestry systems are noticeably high compared
to those of other productive ecosystems and soils
(Agevi et al. 2017). However, the amount of SOC in
such practices differs with region, systems and soil
depths (Negash and Kanninen 2015). Further it also
depends on climatic and edaphic factors, stand
characteristics and management practices. Stand
characteristics including tree density, species
richness, species diversity and soil properties can
directly or indirectly influence SOC content. Studies
showing improvements of SOC in forestry systems
have mostly concentrated on changes in the topsoil
layer (0-30 cm) where the largest carbon pools are
detected (Makumba et al. 2007, Oelbermann and
Voroney 2007).

While most carbon assimilation studies have
mainly focused on natural forests, understanding the
spatial distribution of carbon in commercial forests
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is central to determining their role in the global
carbon cycle. A systematic review on tropical forest
conversion to diverse land-uses, indicates that SOC
stores dropped by 18.9% on average as forests were
transformed to plantations (Mishra et al. 2021).
However, plantation forests can restore soil organic
matter (SOM) and nutrients that were depleted under
intensive cultivation (Parrotta 1992). Despite of the
fact that soil is the store house of a vast quantity of
carbon, agreement on the magnitude of global SOC
stocks, their geographical and temporal distribution,
and emission owing to alterations in land cover is

still absent.
In India, smallholder homestead plantation system

is one of the popular land-use practices, providing
both financial and ecological benefits. Since
centuries, these homestead systems have been
followed in India’s north eastern part, notably in
Assam where almost every household in rural areas
and many small towns have homestead plantation in
the available spaces of either backyard or in front of
house or both sides to fulfill their daily basic needs.
Though many studies have shed light on various
aspects of homestead plantations, only few studies
have focused on the relationship between SOC
content and the stand characteristics of these
homestead plantations viz., bamboo (Nath et al.
2015), tea (Kalita et al. 2016) and rubber (Nath et al.
2018). The present study intended to investigate the
status of SOC storage in the Aquilaria malaccensis
based homestead plantation systems in three districts
of Assam viz., Golaghat, Jorhat and Hojai.

Figure 1. Map of the study area showing Golaghat, Jorhat and Hojai District of Assam
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MATERIAL AND METHODS

Study site
The study areas are from three districts, namely
Golaghat (Site I), Jorhat (Site II) and Hojai (Site III),
of Assam state situated in the Brahmaputra valley in
Northeast India (91°55294°152E longitude and
25°302 and 27°202N latitude) (Fig. 1). The entire
region is alluvial plain terrain having tropical climate
with an average elevation of 95 m asl. The climate is
tropical, having distinct hot and humid summers
(34oC during June-July) and cool winters (10oC
during December-January). The region experiences
1200 to 1900 mm of mean yearly rainfall and the
relative humidity remains very high throughout the
year.  A total of nine different Aquilaria malaccensis
based homestead plantation systems within the age
between 10 to 13 years were selected for the study
(3 each in each district). Considering the sizes of
these agarwood cultivated systems, two randomly
selected quadrats of 0.01 ha (i.e., 10 × 10 m) were
laid in each site. All individual trees (GBH > 10 cm)
within each quadrat were counted, to measure the
tree density within each system.

Soil sample collection
To estimate the SOC stock at different soil depths
and the seasonal variation, sampling was done during
four seasons, i.e., pre-monsoon (March-May),
monsoon (June to September), post monsoon (from
October to November) and Winter (December to
February). In each of the selected homestead
plantation, three sampling points are randomly
selected and soils were collected from three depths
i.e., 0-10, 10-20 and 20-30 cm. A composite sample
for each depth per plot was prepared by mixing soils,
resulting in one sample per depth from each studied
cultivation system (27 soil samples from 9
plantations X 3 depths). The samples were marked
as PS1, PS2 and PS3 for plantation systems 1,
plantation systems 2 and plantation systems 3,
respectively.

Soil analysis
Soil texture and porosity was estimated following
Allen et al. (1974). Soil moisture content (SMC),
bulk density (BD), soil electric conductivity (EC)
and soil pH were assessed following methods

suggested by Anderson and Ingram (1993). Walkley
and Black’s (1934) rapid titration method was used
to quantify the amount of soil organic carbon (SOC).
Soil organic matter (SOM) was estimated using the
conversion factor of Waxman and Stevens (1930).
Total Soil Nitrogen (TKN) content was determined
using Kjeldahl method (Allen et al. 1974). SOC stock
was calculated based on the formula proposed by
Marin Spiotta and Sharma (2012).

SOC stock = (% SOC/100 x Db x soil depth x 100)

where SOC stock is soil organic carbon stock (Mg
C ha-1), % SOC = Percentage of soil organic carbon,
Db = Bulk density of soil samples (g cm-3) and soil
depth is the depth at which soil sample is taken (cm).

RESULTS

Site characteristics
Aquillaria malaccensis based homestead systems are
widely maintained as a single species crop in the
extended area of the home garden or rarely as
intercropping with other trees. Tree density of A.
malaccensis varied among different hemestead
systems, and ranged from 570 to 1243 individuals
ha-1, the average value being 832 individuals ha-1.
Highest tree density was observed in the homesteads
of Golaghat (site I) followed by Jorhat (site II) and
Hojai (site III) (Table 1).

Physico-chemical properties of soil
The textural class of soil was sandy clay loam in
Site I, whereas it was clayey in Site II and Site III
(Table 1). Soil pH was found to be acidic for all the
three sites ranging between 5.13-5.27. Soil pH shows
a slight increase with the increase in depth in site
III, whereas it showed a decreasing trend with
increase in depth for site I and site II.

Bulk density also increased with increasing soil
depth at all the sites (Table 1). The lowest bulk
density was observed at site II compared to site I
and site III. Soil EC was found to be lowest in site I
(70.33 mS/m) followed by site III (83.78 mS/m) and
site II (86.73 mS/m). Reduction in EC was observed
with increasing soil depth at all sites. SOM values
varied between 2.71 to 2.96%, and found to decrease
with increasing soil depth at all the sites. Highest
SOM was found in site II (2.96%) followed by site I
(2.72%) and site III (2.71%).
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Table 1. Characteristics of the studied sites

Site and soil characteristics Site I Site II Site III

Age of the homestead plantation (years)
Plantation System I 11 11 12
Plantation System II 10 13 10
Plantation System III 10 12 10

Density (individuals ha-1) (Trees>10 cm)
Plantation System I 1125 812 570
Plantation System II 1243 675 633
Plantation System III 1023 767 640

Soil texture Clay loam Clay Clay
Soil bulk density (BD) (g cm–3)

(0-10 cm) 0.84 ±0.024 0.77 ±0.037 0.86 ±0.014
(10-20 cm) 0.84 ±0.023 0.78 ±0.036 0.88 ±0.012
(20-30 cm) 0.85 ±0.022 0.80 ±0.026 0.88 ±0.030

Soil pH
(0-10 cm) 5.27 ±0.105 5.19 ±0.145 5.13 ±0.066
(10-20 cm) 5.25 ±0.125 5.19 ±0.090 5.19 ±0.068
(20-30 cm) 5.24 ±0.132 5.18 ±0.078 5.20 ±0.060

Soil moisture content (SMC) (%) 18.4 ±2.707 19.9 ±3.249 18.9 ±3.022
Soil EC (mS/m) 70.33 ±4.44 86.73 ±5.25 83.78 ±1.95
Soil organic carbon (SOC) % 1.57 ±0.014 1.65 ±0.012 1.51 ±0.015
Soil organic Matter (SOM) % 2.72 ±0.144 2.96 ±0.161 2.71 ±0.172
Total Kjeldahl Nitrogen (TKN) (%) 0.28 ±0.046 0.27 ±0.046 0.28 ±0.031

Soil organic carbon and stock
SOC among all the three sites shows a significant
difference (F = 7.103, P < 0.05) and annual mean for
all the depths together (0-30 cm) was found to be
1.57% for site I, 1.65% for site II and 1.51% for site
III. However, within a site SOC did not show any
significant variation among different depths (F =
0.096, P > 0.05 for site I, F = 0.068, P > 0.05 for site
II and F = 0.079, P > 0.05 for site III). Annual average
SOC at the depth of 0-10 cm was found to be 1.58,
1.64 and 1.50% for site I, site II and site III,
respectively. At the depth of 10-20 cm the average
annual SOC was found to be 1.58, 1.66 and 1.50%
and at the depth of 20-30 cm it was found to be 1.55,
1.66 and 1.53% site I, site II, site III, respectively
(Fig. 2).

SOC does not show any trend with soil depth.
Seasonally, SOC was found to be in the range between
1.47-1.69% for site I, 1.54-1.77% for site II and 1.38-
1.62% for site III. Seasonal trend shows that SOC was
comparatively higher in the post-monsoon season and
lowest in the winter season (Fig. 3).

The SOC stock ranged from 13.1 to 13.3 (site I),
12.5 to 13.3 (site II) and 13.0 to 13.5 (site III) Mg C
ha-1 at 0-10, 10-20 and 20-30 cm depths, respectively.
The SOC stock does not varied significantly among
the three different study sites (F = 0.351, P > 0.05).
The SOC stock upto the depth of 0-30 cm, ranged
from 38.8 to 39.7 Mg C ha-1 among the three study
sites with a mean of 39.3 Mg C ha-1. Among the study
sites, SOC stocks were lowest in the surface layer
(0-10 cm) and increased with increasing depth in site
II and site III, where as in site I SOC stock was found
almost stable in lower depths. Similar to the SOC
stock at different sites, no significant variation was
observed among different depths (F = 0.431, P >
0.05). However, significant difference in SOC stock
was observed for different seasons (F = 29.809, P
<0.0001).

Correlation of SOC with different variables
Pearson correlation (r) analysis shows that many
variables have a positive or negative effect on SOC
(Table 2). A significantly positive correlation of SOC
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Figure 3. Seasonal variation in soil organic carbon (SOC) percentage

Figure 2. Variation in soil organic carbon (SOC) percentage along different depth

with soil moisture content (SMC) (r = 0.509, p <
0.05), soil pH (r = 0.503, p < 0.05), soil electric
conductivity (EC) (r = 0.437, p < 0.05), soil organic
matter (SOM) (r = 0.973, p < 0.05) and total kjeldahl
nitrogen (TKN) (r = 0.611, p < 0.05) showed that all
these factors together are responsible for variability
in the SOC concentration. On the other hand, soil
bulk density (BD) showed high negative correlation
(r = -0.434, p < 0.05) with SOC concentration.

DISCUSSION

Li et al. (2020) reported that physical and chemical
properties dominantly control SOC stocks at any
local scale. Alterations in the physical and chemical
properties of soils result in variability in the
distribution and concentration of SOC (Johnson et
al. 2011).  As indicators of the SOC, Pearson
correlation was measured between various soil
parameters. In the current study SMC, pH, EC, SOM
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Table 2. Correlation (R values) between SOC (%) and soil properties in the three study sites

Variables SOC BD SMC pH EC SOM TKN

BD -0.4348* 1
(0.0081)

SMC 0.5097* 0.1553 1
(0.0051) (0.3656)

pH 0.5035* 0.1379 0.5290* 1
(0.0017)* (0.4226) (0.0009)

EC 0.4371* -0.2266 0.3330* -0.0683 1
(0.0077) (0.1839) (0.0472) (0.6922)

SOM 0.9731* -0.4442* 0.5367* 0.4054* 0.6155* 1
(< 0.0001) (0.0066) (0.0007) (0.0142) (< 0.0001)

TKN 0.6114* 0.1285 0.3006 0.3700* 0.2495 0.5588* 1
(< 0.0001) (0.4552) (0.0749) (0.0264) (0.1422) (0.0004)

*Correlation is significant at the 0.05 level, BD- Bulk density, SMC- Soil moisture content, EC- electric
conductivity, SOM- Soil Organic Matter, TKN- total kjeldahl nitrogen. Values in parentheses indicate p-
value.

and TKN were observed to positively influence on
SOC, whereas BD was observed to have a negative
influence. A significant positive correlation of SOC
with SMC, pH, EC, SOM and TKN showed that all
these factors are collectively control the variability
in the SOC concentration in the studied systems.
Significant negative correlation of SOC with BD for
different plantations and natural systems was also
reported in several earlier studies (Sheikh et al. 2009,
Kalita et al. 2016, Kumari et al. 2022). The positive
relationship between SOC and soil moisture content
implies that SOC increases with increase in soil
moisture content (Kenye et al. 2019). A significant
positive correlation was observed between SOC and
soil pH demonstrating that it assists the accumulation
of SOC (Tian et al. 2016, Pawri et al. 2022). It was
reported that soil pH can indirectly affect SOC
through the regulation of microbial communities and
enzyme activities (Zhang et al. 2022, Shu et al. 2023).
SOC was positively correlated with soil EC and TKN
as also reported in the earlier studies (Tasung and
Ahmed 2017, Zhang et al. 2023). An increase in soil
nitrogen promotes the buildup of SOC, as indicated
by a positive and strong correlation found between
SOC and TKN. SOC and SOM have a notably strong
and positive correlation, indicating a direct
relationship between SOC and the quantity of organic
matter in soil (Ontl and Schulte 2012). Higher SOM
concentration can be considered a key indicator of

soil with higher fertility. Very few attempts were
made to access the variation of SOC concentration
in the homestead plantation systems of the eastern
Himalayan region (Nath et al. 2015, 2018 Kalita et
al. 2016, Kenye et al. 2019).

SOC concentration in all the three sites were
found relatively high, ranging between 1.51 and
1.65%. Seasonal soil organic carbon concentrations
range from 1.47-1.67% for site I, 1.54-1.77% for site
II and 1.38-1.62% for site III. Mina et al. (2023)
reported an average SOC (%) of the soil samples of
monocropped rubber plantation, monocropped
coconut plantation, and homestead agroforestry
system in Kerela to be 1.03, 0.64 and 2.48%,
respectively. Homegardens in Mizoram were found
to have a mean SOC of 1.90%, whereas teak, oil palm
and bamboo plantation, were found to be 1.76, 1.51
and 1.19%, respectively (Kenye et al. 2019). SOC
concentration along age gradient under tea
agroforestry system in Barak Valley, Assam was
found to be between 1.18% - 1.36% (Kalita et al.
2016). In Karbi Anglong of Assam, the mean values
of SOC concentration for natural forest, homestead
garden, rubber plantation, bamboo plantation, jhum
land, crop land was found to be 0.77, 0.66, 0.62, 0.57,
0.51 and 0.42%, respectively (Kalita et al. 2023).
Similarly, the SOC concentration up to 30 cm soil
depth for teak and Acacia plantations in Pondicherry
was found to be 1.53 and 2.1%, respectively
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(Sundarapandian et al. 2016). The present study
showed a marginally higher content of SOC than
other plantation systems. The higher percentage of
carbon in Aquilaria based homestead plantations may
be due to soil characteristic, elevated litter inputs
and higher biological activity. In addition, the leaves
of Aquilaria have high lignin content which may be
a reason of slower decomposition rate, leading to
the buildup of humus throughout the year and high
SOC in these sites.

In the current study, SOC stocks did not show
any significantly variation among the sites and also
in depths within the sites. The SOC stock upto the
depth of 0-30 cm varied between 38.8 to 39.7 Mg C
ha-1 among the three study sites with a mean of 39.3
Mg C ha-1. Kalita et al. (2016) reported a SOC stock
ranging from 41.4 to 49.7 Mg C ha-1 in different age
tea agroforestry system in Barak Valley. The mean
SOC stock upto the depth of 0-30 cm in different
plantation systems of Mizoram estimated to be 26.95
Mg C ha-1 for Oil palm plantation, 35.63 Mg C ha-1

for teak plantation, 37.49 Mg C ha-1 for homegarden
and 21.72 Mg C ha-1 for bamboo plantation (Kenye
et al. 2019). Gupta and Pandey (2008) estimated the
soil organic carbon stock (0-30 cm) under
Eucalyptus, Poplar, Shisham and Teak plantations
of Uttarakhand and Haryana to be 27.29, 21.98, 25.37
and 36.73 Mg C ha-1, respectively. However, higher
level of SOC stock has been reported for natural
forest (69.29 Mg C ha-1), jhum (43.08 Mg C ha-1),
fallow jhum (45.28 Mg C ha-1) and pine apple (53.63
Mg C ha-1) in Arunachal Pradesh (Kumar et al. 2023).
Zade et al. (2020) also reported that SOC content of
orchards soil at 0-30 cm depth ranged from 21.60 to
25.86 Mg ha-1.

Significant difference in SOC stock can be
observed for different seasons in the present study.
However, it showed no significant difference among
soil depth. SOC (%) was found to be highest in the
post-monsoon season (average of all the depth to be
1.69, 1.77 and 1.62% for site I, site II and site III,
respectively) and lowest during the winter season
(1.47, 1.54 and 1.38% for site I, site II and site III,
respectively). Similarly, SOC stock was found to be
highest in the post-monsoon season (i.e., average of
all the depth to be 13.9, 13.7 and 14.1 Mg C ha-1 for
site I, site II and site III, respectively) and lowest
during the winter season (12.3, 11.7 and 11.8 Mg C

ha-1 for site I, site II and site III, respectively). While
Saha and Handique (2022) reported 53% of seasonal
fluctuations in SOC at the same site without any
major changes in land cover, Baruah et al. (2018)
reported a higher value of SOC during post-monsoon
followed by pre-monsoon, monsoon and winter
seasons, for two different semi evergreen and
deciduous forest areas of Assam. Seasonal variation
in SOC can be attributed to environmental factors
such as precipitation, temperature, etc., which in turn
are determined by seasons.

CONCLUSIONS

This study provides an account on the relationship
between soil organic carbon and other soil
characteristics under Aquilaria based homestead
plantation system. Assessment of SOC (%) and
stocks in different soil depths under these systems
revealed its potential towards carbon stock in soil
compartment. In the present study chronosequence
approach has not been employed, which can be
considered as a limitation. However, it was expected
that the study will denitely serve as a baseline for
further research on spatial and temporal variations
in SOC stock under Aquilaria based homestead
plantation system.
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