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ABSTRACT

The present study was conducted to assess the variations in physico-chemical properties of soils under
four forest types viz. Mixed Forest, Mixed Sal Forest, Mixed Teak Forest, and Teak Mixed Forests in a
typical dry tropical ecosystem of Achanakmar-Amarkantak Biosphere Reserve (AABR), Central India. Soil
samples were collected from four types of forest and analyzed for the soil samples were taken at three soil
depths, i.e. at 0-20 cm, 20-40cm and 40-60 cm and analysed for pH, EC, Organic C, soil moisture, bulk
density, nitrogen (N), phosphorous (P) and potassium (K). The pH of soil was lower (5.43) under Mixed
Forest and higher (6.13) in Teak Mixed Forest, while EC in soil was lower (0.04 dS m-1) in Mixed Sal Forest
and higher (0.32 dS m-1) under Teak Mixed Forest. Organic C varied from 11.5 Mg ha-1 to 17.8 Mg ha-1 at 0-
20 cm soil depth which was highest in soil under Mixed Sal Forest and lowest in Teak Mixed Forest. The
Organic C and EC values were decreased with an increase in soil depth, while the bulk density showed
reverse trend. Soil nutrients in different depths varied between 160.2 -196.9 kg ha-1, 10.4-17.7 kg ha-1 and
266.4-439.1 kg ha-1 for N, P and K, respectively. The nutrient quantities in soil were higher in Mixed Sal
Forest and lower under Teak Mixed Forest, which decreased with soil depth. The paper discusses the
possible variations in soil properties in relation to structure and composition of forest type and suggests
appropriate management practices for the sustainable development of forest soils in dry tropical ecosystem.
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Introduction

Soils provide nutrients, water and space for vegeta-
tion, thus play an important role in bio-geochemical
cycling of forest ecosystem (Goebes et al., 2019). The
morphological, physical, chemical and biological
properties of soils are generally influenced by struc-

ture and composition of forest vegetation. Tropical
forests are more dynamic as population of one spe-
cies get replaced by another species in succession
will significantly alter the properties of surface and
subsurface soils such as pH, organic matter and ex-
changeable bases and nutrients at varying spatial
and temporal scales (Poudel et al., 2003). Bio-
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geochemical cycling is regulated by vegetation
through litter production and decomposition. The
bio elements affect composition and processes at all
levels of biological organization. The accessibility of
bio elements not only influences plant growth but
also biodiversity but also ecosystem processes,
which are intricately linked to C assimilation and its
storage in soil and vegetation. Therefore, under-
standing physio-chemical properties of soils become
imperative for improving the productivity and C
stocking in tropical forests.

As tropical forests play an important role in glo-
bal carbon cycle and levels of soil organic carbon
(SOC) might determine ecosystem functions and
influence soil characteristics. Hence, the manage-
ment of SOC levels is crucial in mitigation of atmo-
spheric levels of greenhouse gases and also the sup-
porting diversity of life forms (IPCC, 2018). The soil
properties in tropical forests and other vegetation
need to be understood for maintaining long term
health of soil and vegetation development. Only few
studies have been conducted by earlier workers and
a relatively very little attention given on tropical for-

ests of Chhattisgarh (Thakur et al., 2007; Jhariya et
al., 2012). Therefore, the present study was con-
ducted to assess the variations in physic-chemical
properties of soils under different vegetation types
of tropical forest of AABR.

Materials and Methods

The study was conducted in Achanakmar
Amarkantak Biosphere Reserve situated in parts of
Bilaspur, Annupur and Dindori districts of
Chhattisgarh and Madhya Pradesh, Central India
(Fig. 1). It lies between 210 48’35" to 220 40’30" North
latitudes and 810 29’45" to 820 02’ 10" East longi-
tudes.   The area adjoining Achanakmar forest vil-
lage has a number of hillocks scattered all over the
area. Dry deciduous forest, grasslands, agriculture
lands and human habitations surrounds the study
area. The climate of study area is dry humid tropi-
cal. The mean annual rainfall varies from 1200 to
1400 mm. It gradually decreases from southeast di-
rection to northwest direction. About more than 90%
of annual rainfall received in monsoon season from

Fig. 1. Study area of Khuriya Forest Range, Mungeli Forest Division Chhattisgarh, India
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June to October. The peak rainfall occurs in July-
August months. Number of rainy days varies from
71-118 days. It gradually decreases from south east
direction to North West direction. May and June are
the hottest months, whereas December and January
are the coldest months of the year with minimum
temperature reaches to 3-50 oC. The mean tempera-
ture in January is about 21 ºC and in May tempera-
ture rises between 31 ºC and 41 ºC. Soils of
Achanakmar area are grouped in to three classes
viz., Inceptisols, Alfisols and Vertisols. Different
types of forest vegetation occur in the study area.
The natural vegetation in the Achanakmar-
Amarkantak Biosphere Reserve varies across the
reserve. The forest area of the reserve has tropical
deciduous vegetation harboring 1500 plant species
represented by 151 plant families.

The survey has been conducted in biosphere and
identified four types of forests viz., Mixed Forest,
Mixed Sal Forest, Mixed Teak Forest and Teak
Mixed Forest. Soil samples were randomly collected
from ten different sampling quadrates in these for-
est types. The soil samples were taken at three soil
depths, i.e. at 0-20 cm, 20-40 cm and 40-60 cm from
different sampling quadrates with the help of auger.
In all 120 soil samples (4 types x 10 quadrates x three
depths) was collected during growing season and
subjected to physico-chemical analysis. Bulk density
was calculated by soil core method. The soil core
was drawn from each sampling plot at different soil
depths. The following expressions were used for the
estimation of soil moisture and bulk density.

Dry weight of soil (g)
Soil moisture (%) = × 100

Wet weight of soil (g)

Weight of oven dried soil (g)
Bulk density (g cm-3) =

Volume of soil core (cm-3)

The collected soil samples were analyzed in trip-
licate for pH, EC, organic C, available N, P and K.

Soil pH and EC values were measured using pH
and EC meters, respectively. Nitrogen was esti-
mated by Micro- Kjeldahl method (Jackson, 1958)
the total phosphorus following spectrophotometer
and vando–molybdate yellow reagent procedure.
Potassium was determined by flame-photometeric
method (Jackson, 1958). The organic carbon in soil
was determined by Walkley and Black (1934)
method. The amount of nutrients and carbon in soil
was determined by multiplying soil volume, bulk
density and respective concentration of carbon and
nutrient values for given soil depth corresponding to
each vegetation type and extrapolated on Mg ha-1.

Results and Discussion

Results on physical properties of soil in different for-
est types are summarized in Table 1 and depicted in
Figs. 2-5.  The pH values of soils are found to be
slightly acidic in nature, which varied from 5.43 to
6.13. It increased with soil depth. Soil pH was high-
est under Teak Mixed Forest and lowest under
Mixed Forest in comparison to other vegetation
types. It increased with an increase in soil depth
(Fig. 2). Electrical Conductivity (EC) of soil varied
significantly, which was highest (0.32) under Teak
Mixed Forest and lowest (0.06) in Mixed Sal Forest.
It also gradually decreased with an increase in soil
depth (Fig. 3).

Bulk density is an important soil physical prop-
erty, which varied from 1.38 to 1.51 Mg m-3 at 0-20
cm soil depth under different vegetation types
(Table 1). It was highest under Teak Mixed Forest
and lowest under Mixed Sal Forest. The bulk den-
sity increased with an increase in soil depth (Fig. 4).
Soil moisture (%) content varied from 78.24% to
89.09% at 0-20 cm soil depth under different vegeta-
tion types (Table 1). It was highest under Mixed Sal
Forest and lowest under Teak Forest. The soil mois-
ture (%) was almost 12% higher in Mixed Sal Forest

Table 1. Variation in physical properties of soil at different depths (cm) under vegetation types in Khudiya Forest
Range of Mungeli Forest Division Chhattisgarh, India

Vegetation Types pH EC (dS m-1) Bulk Density (Mg m-3) Moisture (%)
00-20 20-40 40-60 00-20 20-40 40-60 00-20 20-40 40-60 00-20 20-40 40-60

Mixed Forest 5.43 5.72 5.95 0.15 0.11 0.09 1.44 1.47 1.49 88.3 88.6 90.0
Mixed Sal Forest 5.87 5.86 5.85 0.06 0.05 0.04 1.38 1.41 1.46 89.1 92.7 93.9
Mixed Teak Forest 5.8 5.8 5.79 0.18 0.08 0.07 1.47 1.5 1.51 88.1 91.8 94.2
Teak Mixed Forest 6.13 6.01 5.99 0.32 0.32 0.29 1.51 1.52 1.54 78.2 85.9 88.6
CD at 5% 0.22 0.26 0.29 0.12 0.11 0.11
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compared to Teak Mixed Forest. The soil moisture
(%) increased with soil depth (Fig. 5).

Results on chemical properties of soil in different
forest types are summarized in Table 2 and depicted
in Figs. 6- 9. Soil C varied across vegetation types
and also at varying soil depths (Table 2). It ranged
from 7.5 to 17.8 Mg ha-1. Soil organic C was highest
under Mixed Sal Forest followed by Mixed Forest
and Mixed Teak Forest. It was lowest in Teak Mixed
Forest. The organic C levels decreased with an in-
crease in soil depth (Fig. 6). Available N in soil
ranged from 160.7 kg ha-1 to 196.9 kg ha-1 under dif-
ferent vegetation types. It decreased with an in-
crease in soil depth (Table 2). It was highest in

Mixed Sal Forest and lowest in Teak Mixed Forest.
The available N levels were statistically at par in
Mixed Sal, Mixed Teak and Mixed Forest at differ-
ent depths (Fig. 7). The available P values in soil
under different vegetation types ranged from 12.1 to
17.7 kg ha-1, 11.6 kg ha-1 to 16.6 kg ha-1 and 10.4 kg ha-

1 to 13.3 kg ha-1 at 0-20 cm, 20-40 cm and 40-60 cm
depths, It was highest in Mixed Sal Forests followed
by Mixed Teak Forest and Mixed Forest and lowest
under Teak Mixed Forest (Table 2). The P values
were statistically at par in Mixed Sal Forest and
Mixed Forests. Similarly, it was also statistically at
par in Mixed Teak Forest and Teak Mixed Forests
(Fig. 8). K in the soil under different forest types

Fig. 3.  Contribution of EC value in different vegetation types

Fig. 2.  Contribution of pH value in different vegetation types

Fig. 4.  Contribution of bulk density value in different vegetation types
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ranged from 314.4 kg ha-1 to 439.1 kg ha-1, 280.7 kg
ha-1 to 423.8 kg ha-1 and 266.4 kg ha-1 to 411.2 kg ha-1

at 0-20 cm, 20-40 cm and 40-60 cm depths, respec-
tively (Table 2). It was highest in Mixed Sal Forests
and lowest in Teak forest. The available K content
decreased with an increase in soil depth (Fig. 9)

The structure and composition of forest vegeta-
tion strongly influence the soil pH, organic matter
and exchangeable bases and nutrients (Poudel et al.,
2003). The results on physical properties of soil re-
vealed that pH, EC, moisture % and bulk densities
varied significantly across vegetation types and also

along soil depth. The soil properties of this study
were comparable to soil characteristics of tropical
forest reported by Huston, (1980), Singh and Singh,
(1991), Thakur et al. (2007). The soil bulk density and
pH levels were higher under Mixed Sal forest and
lower under Teak forest. This might be due to
higher organic matter as a consequence of more lit-
ter deposition which decreased bulk density and
increased the humid acid content at the time of de-
composition of litter into humus result in a stronger
acidic reaction. The supply of nutrients for vegeta-
tion also significantly influences the soil pH as it in-

Fig. 6. Contribution of organic C value in different vegetation types

Table 2. Variation in available organic C, N, P and K (Kg ha-1) of soil at different depths (cm) under vegetation types
in Khudiya Forest Range of Mungeli Forest Division Chhattisgarh, India

Vegetation Types Organic C (Mg ha-1) N (kg ha-1) P (kg ha-1) K (kg ha-1)
0-20 0-40 0-60 0-20 0-40 0-60 0-20 0-40 0-60 0--20 0-40 40-60

Mixed Forest 7.1 6.9 4.5 83.6 78.1 60.2 7.2 5.5 4.7 09.7 83.5 296.4
   Mixed Sal Forest 7.8 7.3 5.2 96.9 84.4 70.6 7.7 6.6 3.3 39.1 23.8 411.2
Mixed Teak Forest 6.6 5.3 1.1 84.7 79.4 61.2 6.9 4.4 1.5 95.8 72.1 284.4
Teak Mixed  Forest 1.5 .2 .5 74.2 64.2 60.7 2.1 1.6 0.4 14.4 80.7 266.4
CD at 5% .2 .6 .2 1.7 1.5 .7 .7 .6 .6 8.2 4.2 16..8

Fig. 5.  Contribution of moisture (%) value in different vegetation types
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dicates the soil fertility (Zhao et al. 2012). This could
be due to slow transformation of organic acids to
humid substances in Mixed Sal Forests compared to
other forest types. The moisture (%) is also higher in
Mixed Sal Forest, which might attributed to better
soil texture and structure, which corroborated with
findings of earlier workers (Bhuyan and Sharma,
2015; Salve et al., 2018).  They opined that higher
amount of litter crop might act as mulch which
could increase infiltration rate and preventing the
moisture loss by reducing the levels of evaporation
from soil surface. The study also showed soil mois-
ture levels increased with an increase in soil depth,
which was not an extraordinary phenomenon as the
evaporation losses decrease with soil depth. The
moisture losses are usually higher in soil surface and
lower in sub surface layers and our values were
comparable with other studies (Paudel and Sah,
2003).

The results revealed that organic C content, avail-

able N, P and K were higher under Mixed Sal Forest,
which might be attributed higher amount of nutrient
return to soil by vegetation via litter crop.  Such af-
fects were also reported by previous workers
(Bijalwan et al., 2010; Thakur, 2014; Behera et al.
2017). Both standing litter and litter crop were
higher under Mixed Sal Forest, which were lower
under Teak forest resulted in low nutrient status in
soil (Darro and Swamy, 2020). Different vegetation
components contain different amounts of nutrients
and accordingly build up the soil organic matter.
The amount of nutrients added through litter crop
varies with structure and composition of vegetation
and environmental conditions. The decrease in nu-
trients and organic C in soil with increase in depth is
not uncommon as several workers also observed
similar trend (Poudel and Sah, 2003; Gariola et al.,
2012; Abdalmoula et al., 2019). The management of
litter crop is very essential as most of the dry tropi-
cal forests are subjected to forest fires in summer.
Besides, the illegal grazing and harvesting of fire-
wood and small timber from Teak Mixed Forest and
Mixed Teak Forests should be regulated. The in-
volvement of local people and community based
management approach needs to be invigorated for
the addressing the problems of societies, improving
status of vegetation and also soil health for sustain-
able development of tropical forests of AABR.

Conclusion

The study clearly demonstrated that quite useful for
characterization of physio-chemical properties of
soils under different forest types in dry tropical eco-
system. The classification accuracy was found sig-
nificantly higher for soils use and vegetation classes,
which facilitated the qualitative and quantitative
analysis of soils. The nutrient quantities in soil were
higher in Mixed Sal Forest and lower under Teak
Mixed Forest, which decreased with soil depth. The
spatial data analysis helped in discriminating four
vegetation types.  Each vegetation type was unique,
showed marked soils depth in different layers. The
anthropogenic pressure was high in Teak Forests.
The encroachment in Teak Mixed and Mixed Teak
forests are also reduced the soils quality and diver-
sity levels. Therefore, there is need of closure and
protection of these vulnerable types for conservation
biodiversity. Will not only affect the well being of
large population of indigenous whose livelihoods
and economy is intricately linked with the forest

Fig. 7. Contribution of N value in different vegetation
types

Fig. 8. Contribution of P value in different vegetation
types

Fig. 9. Contribution of K value in different vegetation
types
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wealth. There is need to implement suitable policies
and involve local people for community based ap-
proach and sharing the benefits to sustainable man-
agement of forests to secure the interests of both lo-
cal and global communities.

Acknowledgements

The first authors thank of Dr. S. L. Swamy,  College
of Agriculture, Katghora-Korba, Indira Gandhi Ag-
ricultural University (C.G.), India for providing the
better knowledge for the writing this manuscript.

References

Abdalmoula, M.M., Makineci, E., Ozturna, A.G.,  Pehlivan,
S., Sahin, A. and Tolunay, D. 2019. Soil organic car-
bon accumulation and several physico-chemical soil
properties under stone pine and maritime pine plan-
tations in coastal dune, Durusu-Istanbul. Environ.
Monit.  Assess. 191(5) : 312.

Behera, S.K., Sahu, N., Mishra, A.K., Bargali, S.S., Behara,
M.D. and Tuli, R. 2017. Aboveground biomass and
carbon stock assessment in Indian tropical decidu-
ous forest and relationship with stand structural
attributes. Ecological Engineering. 99: 513-524.

Bhuyan, N. and Sharma, S. 2015. Physico-chemical analy-
sis of soil status of various degraded sites in an
around dimoria tribal belt of Assam, India. Interna-
tional Journal of Science and Research. 6(6) : 849-852.

Bijalwan, A., Swamy, S. L., Sharma, C. M., Sharma, N. K.
and  Tiwari A.K. 2010. Land- use, biomass and car-
bon estimation in dry tropical forest of Chhattisgarh
region in India using satellite remote sensing and
GIS. Journal of Forestry Research.  21(2): 161-170.

Darro, H. and Swamy, S. L. 2020. Standing Litter and Lit-
ter fall pattern in Dry Tropical Forests of
Achanakmaar-Amarkantak Biosphere Reserve
(AABR), India. Int. J. Curr. Microbiol. App. Sci. 9(4):
2000-2007.

Gairola, S., Sharma, C.M., Ghildiyal, S.K. and Suyal, S.
2012. Chemical properties of soils in relation to for-
est composition in moist temperate valley slopes of
Garhwal Himalaya, India. Environmentalist. 32(4).

Goebes, P., Schmidt, K., Seitz, S., Both, S., Bruelheide, H.,
Erfmeier, A., Scholten, T. and  Kuhn, P. 2019. The
strength of soil-plant interactions under forest is
related to a Critical Soil Depth. Sci Rep. 9: 1-12.

Huston, M. 1980. Soil nutrients and tree species richness

in Costa Rican forests. J. Biogeogr. 7: 147-157.
IPCC, 2018. S Summary for Policymakers Global warming

of 1.5°C. An IPCC Special Report on the impacts of
global warming of 1.5 °C above pre-industrial lev-
els and related global greenhouse gas emission path-
ways, in the context of strengthening the global re-
sponse to the threat of climate change, sustainable
development, and  efforts to eradicate poverty
Geneva, Switzerland: World Meteorological Organiza-
tion, 16.

Jackson, M.L. 1958. Soil Chemical Analysis. Englewood
cliffa, N J: Prentice Hall, Inc., Englewood Cliffs, NJ.
1958, 498 S. DM 39.40.

Paudel, S.  and Sah, J.P. 2003. Physio-chemical character-
istics of soil in tropical sal (Shorea robusta Gaertn.)
forests in eastern Nepal. Him. J. Sci. 1(2): 107-110.

Jhariya. M. K., Bargali. S. S., Swamy, S. L. and Kittur, B.
2012. Vegetational Structure, Diversity and Fuel
Load in Fire Affected Areas of Tropical Dry Decidu-
ous Forests in Chhattisgarh. Society for Plant Re-
search.  25 (1): 210-224.

Paudel, S. and Sah, J.P. 2003. Physio-chemical character-
istics of soil in tropical sal (Shorea robusta Gaertn.)
forests in eastern Nepal. Him. J. Sci. 1(2): 107-110.

Salve, A., Bhardwaj, D. R. and Thakur, C. L. 2018.  Soil
Nutrient study in different agroforestry systems in
north western Himalayas. Bull. Env. Pharmacol. Life
Sci. 7 (2): 63-72.

Singh, L. and Singh, J. S. 1991. Species structure, dry mat-
ter dynamics and carbon flux of a dry tropical for-
est in India. Annals of Botany. 68: 263-273.

Thakur, T. K., Swamy, S. L., Singh, L., Prajapati, R. K.,
Saxena, R.R. and Bajpai, R. K. 2007. Analysis of land
use, diversity, biomass, C and nutrient storage of a
dry tropical forest ecosystem of India using satellite
remote sensing and GIS Techniques. Proceedings of
International Forestry and Environment Symposium. 15.

Thakur, T.K. 2014. Analysis of carbon and nutrient stor-
age of dry tropical forest of Chhattisgarh using sat-
ellite data, The International Archives of the Photo-
grammetry. Remote Sensing and Spatial Information
Sciences, XL-8: 659-665.

Walkely, A. and Black. I. A. 1934. An examination of the
Digits are of method for determining soil organic
matter and a proposed modification of the chromic
acid titration method. Soil Science. 34: 54-56.

Zhao, X., Zhau, Y., Min, J., Wang, S., Shi, W. and Xing, G.
2012. Nitrogen runoff dominates water nitrogen
pollution from rice-wheat rotation in the Taihu Lake
region of China. Agriculture, Ecosystems & Environ-
ment. 156: 1-11.


