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Abstract The forests of Chhattisgarh ares very well known for its species richness, diversity, biomass, carbon stock
and productivity. The present study was carried out at Katghora forest division under Bilaspur circle of Korba district,
Chhattisgarh considering three sites viz., least, moderately and highly disturbed site to estimate biomass and carbon
storage in relation to anthropogenic disturbances. For collection of data quadrats were selected under stratified
random sampling design. For enumeration of tree and saplings ten quadrats of 10 m x 10 m were laid and each
species counted separately. The tree density varies from 100-510 stems ha™ across study sites. Total biomass in
the present study was between 127.69 t ha®and 227.71 t ha™. Total above ground biomass was between 111.20 t
haand 199.42 t ha™, whereas total below ground biomass varied from 16.49-28.29 t ha™, respectively. The total
carbon storage across the sites were ranged from 55.125 to 98.548 t C ha™ found higher under least disturbed site
and lowest under medium disturbed site. Carbon storage pattern according to girth class followed the similar trend of
distribution as was in the case of biomass. It has least proportion in small girth class and maximum storage under
the higher girth class. It is evident from the study that disturbances have significant impact on density, vegetation
diversity, biomass accumulation and carbon storage pattern. Conservation affords are required to control on
disturbances and for the natural recovery of forest ecosystem.
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INTRODUCTION been increasing interest in the quantification lod t

. . . biomass of forest ecosystems and its potential C
The tropical forests have well known for its vedieta fixation (Usugaet al., 2010; Jhariya, 2014; Jharigh

diversity, species richness as well as importal# i al., 2014). Live tree biomass pool is an important

biomass accumulation and in carbon cycle. 5o, 106 of uncertainty in C balance from the tropica

Anthropogenic  disturbance  can  change  the qqiqng in part due to scarcity of reliable estiesabf
successional pattern of stand, subsequent divasiy o6 hiomass and its variation across landscapés an
biomass of forest. Quantification of biomass is forest types (Alvest al., 2010)

required to better k_now the structure and functiohs | developing countries, protected forests arentaci
the ecosystem (Ovington, 1962; Brownal., 1999) high anthropogenic disturbance due to fire, grazing
and for evaluate the status and trends of foresL

; _ opping, felling, fuel wood extraction and colleatti of
ecosystems along the wide range of environmentay,q _timper forest products (NTFPs) for livelihoofl

gradients. Thg_ structural and functional proceh_sma forest dwelling populations (Jhariy al., 2014). The

to be quantlfled for thoroughly understanding the total forest cover of India is 21.05% of the gepbieal
vegetation dynamics. On the other hand, wo0dYgreq and have the total carbon stock in Indiaesisr
biomass is also necessary for determining the statlis 15 be 6663 m tones (FSI, 2011). In Chhattisgarh
and g flux of biological dmaten?jl_s n han ecosystem Jiotic interference are more frequent in_tropical
(An erson,d 197do)' Un ?rstan ing the pa}ter_ns Oldeciduous forests and limited work has been done in
storage and production of organic matter in forests ,oq6 forests in relation to different anthropogeni
relation to the disturbances is critical for mamagat disturbance gradient (Singhal., 2009; Jhariya, 2010:
purposes and an essential aspect of studies obrearb p,\oret a1 2012 Jhariyat al. 2012 Jhariya;t a
cyc_le (Keller et al., 2001_; Ketteringset al., 2001; 2014; Kitturet al., 2014). These factors causing great
Caims o al., 2003) .Wh'Ch can also be “?ed 0 Joss to biodiversity and ultimately destructing the
understand changes in forest structure resultiogfr .o vegetation and habitat of the region. Haavev
Shere is severe ongoing anthropogenic pressuréen t
tropical forests which calls for sustainable fongsb
ISSN : 0974-9411 (Print), 2231-5209 (Online) AlpRts Reserved © Applied and Natural Science Fotimdawww.ansfoundation.org

(Cairnset al., 2003). In the last few years, there has
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reduce poverty, integrating forests into sustaimabl RESULTS AND DISCUSSION
economic development and protecting local and dloba
forest values. Understanding vegetation change
following the disturbances caused by different dest

is essential for developing management practice
involving natural regeneration and to maintain the
overall biodiversity, productivity and sustainatyili

ffect on density and biomass in different sites:
Across the study sites (Table 1) in tree layerddries
was found on least disturbed site, 12 species on
moderately disturbed site and 6 species on highly
disturbed site, whereas in the case of saplingrldye

Presently there is a dearth of information on tifeceof was 9 speqies in both Iea_st disturped an_d modyraFeI
anthropogenic  disturbances on biomass, carbof?“smrbe_Ol site and 2 species on highly d'su.”bw St
storage potential of such forest. So, present stuly respectively. A total of 14 species of seedlingsewve

- ! : - recorded on least disturbed site, 8 species on
carried out to fill the knowledge gap regarding tiributes. moderately disturbed site and 4 species on highly

MATERIALSAND METHODS disturbed site. The tree density on least disturbed
moderately disturbed and highly disturbed sitesedar
greatly and it was highest on least disturbed (&
stems ha) followed by moderately disturbed site (310
o o n ; stems hd) and lowest on highly disturbed site (100
between 22°26'49” to 22°28'74” North latitudes and stems hd). The sapling density was highest on

82°19'30” to 82°22'97” East longitudes. It compise ; : :
) moderately disturbed site (610 stem3)ntllowed by
about 4187.371 sq. km of which 2834.968 sg. km WaSaost disturbed site (490 stemshand lowest on

protecte@ forests area gnd 13.52'403 50. km Wa"fﬂghly disturbed site (30 stems Hawnhile seedling
unclassified forests. Physiographically the aremes density was highest on least disturbed site (39500

under Satpura and Maikal Mountain ranges ar'dstems ha) followed by moderately disturbed site

generally the topography was undulated. The climate - : : :
of study area was sub humid to humid and the aveerag(26000 stems 11§ and lowest on highly disturbed site

: (7750 stems hY. The total basal area of tree layer
annual rainfall of area ranges from 1000-1250 M., 5qs the site varied from 11.47-26.67Ha, highest
Three types of soils are found in study area egl. r

o . . o under least disturbed site and lowest in moderatel
soil, literate soil and mountain soil. Differenfpis of y

forest vegetation occur in the study area disturbed site.
ge! y ) Total biomass (Table 2) in the present study was
For collection of data quadrats were selected unde

ratified. rand g des ering th between 127.69 t Haand 227.71 t K4 It was highest
stratilied random sampiing design COnsIdering tree€,, st gisturbed site (227.71 t'hafollowed by

sites viz., least, moderately and highly disturbitel as highly disturbed site (183.20 t Baand lowest on

strata. In or_der to u.nderstarlld the effect .Of defiigr moderately disturbed site (127.69 t*haTotal above
sites on various variables viz., density, biomasd a round biomass was between 111.20tdrad 199.42 t
carbon storage. At each site, the vegetation Wa%a'l, whereas total below ground biomass was between
sampled in ten randomly placed quadrats. Foryg 29t 4 and 28.29 t h4 respectively. The total
enumeration of tree and saplings a quadrats sided 1 biomass for least disturbed site (Table 2) was 2PT.

x 10 m were laid, while for seedling 2 m x 2 M pa ¢\ ihich 199 42 t HAwas above ground and 28.29
quadrats were laid and each species counted setyaratt ha' was below ground biomass. The distribution of
for quantify their density, biomass and carbonager biomass in the different components was 117.25't ha
For the measurement of tree biomass, allometricIn bole. 74.84 t K& in branch. 7.32 t Aain Ieaf. and

equation relating tree circumference to biomass28 29 t ha in coarse root. The bole. branch. leaf and
developed earlier by Singh and Mishra (1979) and ;o oo qgtitute about 51.49, 32.86, 3.21 and 12,42%

Singh and Singh (1991) for the dry deciduous foreStrespectively of the total biomass. Among the

Species were usedTh_e tree mdmduals.ln each individual specieshorea robusta constitutes the highest
guadrate were categorized into different girth sxass biomass (110.31 ti} followed by Madhuca latifolia
The mean circumference at bredstight value for (43.70 t hd) aﬁd&/zygium cumini (30.82 t hd), which
each _species for a gi_rth class was used in thesegn coﬁtributed 48.44,19.19 and 13.53% of the tc;mﬁaiss.
equation to gean estimate of biomass (by component rpe yotal above ground biomass for moderately
€. bole_, branch, follagg z_md root) for th"%t gictass. disturbed site was 111.20 t*hand 16.49 t hh was
_Then th|_s value wamultlphed by the density of trees below ground biomass constituting about 127.69% ha
in that girth class. The girth class values werarsed of total biomass of site (Table 2). The distribntiof

to gbt‘:‘m _the br'lo"?%f ce:stllr)nate for etacth of thebiomass by components was 53.21% in bole, 30.13%
quadrales in each srene f.arbon concentrationas in branch, 3.57% in leaf and 12.91% in coarse root.

analyzed using CHNOS-Auto Analyzer “Elementar The bole, branch, leaf and root constitute abol@%7

varlo EL. Tarbon storage n ihe vegetaion Was i 3548 t hd, 4.56 t hd and 16.49 t Habiomass,
calculate y mutiplying biomass and carbon respectively of the total biomass. Among the

concentt.ration O.f diféerl;rgl cg&%onent separately forindividual speciesTerminalia alata constituted the
respective species (Sabtal., )- highest biomass (48.71 t Hafollowed by Lannea

The study was carried out at Katghora forest divisi
under Bilaspur circle of Korba district (Chhattisigha
during the year 2010-2011The area was located
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Table 3. Effect of altitude and lopping intensity on plalensity, basal area and biomass.

X Altitude (m) L opping intensity (%)

Y a b r a b _ r__
Seedling density (plants/ha) -6109  14.55 0.7641 4288 -36.08 -0.6921
Sapling density (plants/ha) -105.0  0.247 0.6396  64.150° -0.517" -0.4979
Tree density (stems/ha) -8188  0.1915  0.7197  59.359' -0.560" -0.7696
Basal area (Atha) -1.068°  0.0048"  0.3780 2.439" -0.013 -0.3839
Biomass (t/ha) 9.85% 0.013%  0.114"%  19.543"  -0.031" -0.0919%

Note: *Significant at p< 0.05, **Significant at p< 0.01, NS Non significant, x = Independent vagahl = Dependent
variable, a = intercept, b = Regression coeffigiant Correlation coefficient

coromandelica (17.75 t h&) and Anogeissus latifolia was in the girth class >100 cm, 37.22% in girttssla
(17.25 t hd) which constitute about 38.14, 13.90 and 60-100 cm, 8.24% in girth class 30-60 cm and 2.18%
13.50% of the total biomass. in smaller girth class 10-30 cm. In moderatelywlistd
The total biomass for highly disturbed site was.283  site the total biomass accumulation was greatéhen

t ha' of which 163.23 t ha was above ground and >100 cm girth class followed by middle girth class
19.97 t hd was below ground biomass (Table 2). The while it was minimum in smaller girth classes (F3).
distribution of biomass in the different components About 64.95% biomass accumulation was in the girth
was 107.68 t hain bole, 50.79 t h&in branch, 4.74t class >100 cm, 18.24% in girth class 60-100 cm,
ha' in leaf and 19.97 t Hain coarse root. The bole, 11.62% in girth class 30-60 cm and 5.17% in smaller
branch, leaf and root biomass constitute about78.7 girth class 10-30 cm. In highly disturbed site tb&l
27.72, 2.58 and 10.90%, respectively of the totalbiomass accumulation was greater in the >100 cm
biomass. Among the individual speciéerminalia T. girth class while it was minimum in middle girth
alata constituted the highest biomass (84.46 thha classes (Fig. 4). About 89.17% biomass accumulation
followed by S robusa (63.52 t hd) and L. was in the girth class >100 cm, 10.62% in girttssla
coromandelica (13.77 t hd) which constitute about 60-100 cm and 0.19% in smaller girth class 10-30 cm
46.10, 34.67 and 7.51% of the total biomass. Total biomass accumulation in the >100 cm girtlsgla
The Bartlett's test in case of biomass was sigaifiat ~ was greater at highly disturbed site followed bgste
5% level this violates the basic assumption of disturbed and moderately disturbed site. While G- 6
homogeneity of variances of sites for analysisasfance. 100 cm girth class was greater at least disturlited s
When the reason was traced it was observed that thimllowed by moderately disturbed and minimum at
highly disturbed site coincidently contained nearly highly disturbed site. In 30-60 cm girth class ¢eeat
equal quantity of biomass, due to which the valitgbi moderately disturbed site followed by least distarb
within site (highly disturbed site) was almost rgigle, site and in 10-30 cm girth class greater at modbrat
which forced the heterogeneity of variances amdhg a disturbed site followed by least disturbed and high
the sites, which includes highly disturbed site.ttio  disturbed site.

may be noted here that the site variances should b&he correlation analysis indicates that there wassitive
homogeneous before going for analysis of variarice oinfluence of altitude whereas, negative influende o
the sites. This is tested by the Bartlett's tesud, this  lopping intensity on density, basal area and bi@nas
problem is not that of the sites, rather it is encidental ~ There was a strong positive influence of altitude o
problem in which all the quadrats have similar gallOn  seedling density (r = 7641), sapling density (r396)

a larger canvass the quadrat’s constituent mayaot and tree density (r = 0.7195) while there was regat
the same. Therefore, although technically we cannotnfluence of lopping intensity on seedling dengity -
proceed, having given this caution, we are still 0.6921), sapling density (r = -0.4979) and treesdgn
proceeding to have an idea about the significarice o(r = -0.7696) at 1% levels of significance. Therefation
difference due to sites on the biomass, whose tF-tesanalysis for basal area indicates that there was a
turns out to be non-significant at the 5% level of positive correlation (r = 3780) between basal aned
significance. altitude while, there was negative correlation (r =
Although the young individuals belonging to seegin  -0.3839) between basal area and lopping intengity a
and saplings classes dominated all the three site i5% levels of significance. It was found that biomas
terms of density but the total biomass accumulationwas not significantly correlated with (r = 0.114)
was greater in the >100 cm girth class (Fig. 1)ebst  altitude and (r = -0.0919) lopping intensity. Rexgion
disturbed site the total biomass accumulation wadine indicates that with 1 m increase in altitude t
greater in the >100 cm girth class followed by nedd density, basal area and biomass get increased while
girth class while it was minimum in smaller girth with 1% increase in lopping intensity the denditgsal
classes (Fig. 2). About 52.33% biomass accumulatiorarea and biomass get decreased (Table 3).
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The total carbon storage across the sites wereedang branch (55.67%) > bole (30.02%) > root (10.54%) >
from 55.125 to 98.548 t C Hdound higher under least leaf (3.77%) of the total C storage. Under the ligh
disturbed site and lowest under medium disturbesl si disturbed site a total of 79.779 t C’haere quantified
(Table 4).In least disturbed site the distribution of in which 27.40% shared by bole, 61.02% by branch,
carbon was 32.199 t C an bole, 52.995t C hhin  2.73% by leaf and 8.85% by coarse root,
branch, 3.363 t C Hain leaf and 9.991 t C Hain  respectively. Among the all species highest valfie o
coarse root, respectively. Out of the total carblmmage  carbon storage was recorded un@ieglata (37.186t C
the bole constituted 32.67%, branch 53.78%, leafha') and S robusta (27.992 t C ha), while the
3.41% and 10.14% by coarse roots, respectivelyminimum were found bidolarrhena pubescens (0.055
Among the recorded species under least disturlied sit C ha®), respectively Distribution pattern of carbon
the higher carbon stored I8/ robusta followed byM. storage as per the girth class also followed thélasi
indica andS. cumini, which contributed about 82.11% trend as was in the case of biomass distributiowak

in total, whereas the lowest value were recorded byfound negligible in lowest girth class specially
Pterocarpus marsupium, Symplocos racemosa, Ficus belonging saplings and peak storage was observed in
bengalensis andDiogpyros melanoxylon. The moderately  higher girth class.

disturbed site had the total carbon storage value oThe biomass of the stand or forest depends onespeci
55.125 t C ha out of which 49.315 t C Hastored in  their density, size class, age and site conditibthe
above ground components and remaining (5.810°C haegion. The biomass stock significantly changed by
) in coarse roots, respectively. Among the indieidu disturbances, land use, harvesting and climatic
speciesT. alata constituted the highest carbon storage variability (Canadelkt al., 2007). The findings present
(38.98%) in total C storage. Among different congrmds  study is more of less close to biomass values tegor
under the moderately disturbed site followed trdear by many workers. Jhariyet al. (2014) have estimated
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Figs. (1) Distribution pattern of biomass along the girth classes on three different sites (2) Distribution pattern of biomass
along the girth classesin least disturbed site (3) in moderately disturbed site (4) in highly disturbed site.
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the total biomass of the Bhoramdeo wildlife sangtua and store it in different components viz., bolegriah,

of Chhattisgarh ranging from 101.43-192.36 t'ha foliage and roots (Kiran and Shah, 2011). In an
which resemble with the present study (127.69-2R7.7 ecosystem carbon flows and sinks in the form of
t ha'). Cairnset al. (2003) have reported that the total biomass by photosynthesis and the electron trahspor
above ground biomass of Mexico tropical forest waschain in plant system (Atkiet al., 2012). The carbon
225 Mg ha which are closer to present estimates sequesters potential of forests depends on thedfpe
(111.2-199.42 t HY. The present findings are forest, their age and size class of trees (Terakubhgt
supported by global pattern of above ground biomassl., 2007). The most of biomass accumulation in the
(30-273 t hd) and total biomass (78-320 t Ha higher girth class under natural forest ecosyseraal
reported by Murphy and Lugo (1986) for the various the key function of large trees in carbon storagee
type of dry tropical forest. Delanegt al. (1997) tropics are much affected by the different biotic
reported 285 Mg ha above ground biomass of interference, the size class distribution of trees
Venezuela Tropical moist forest. The above groundimportant determination of carbon stock (Baisyal.,
biomass is very similar to Cairmes al. (2000) for the ~ 2009). The amount of carbon stored in the tropical
semi-evergreen forest of Yucatan Peninsula (111g2 M forest of the present study (55.125-98.548 t €) haas
ha'), but less than the Veracruz (225.8 Mg'ha similar to the disturbed tropical forests of Srinka
Brown et al. (1995) and Gollewt al. (1975) estimated (77 MgC h&), but lower than the relatively
biomass of tropical moist forest and it was fouhdtt undisturbed matured tropical rain forest of Malaysi
in the present study biomass was 34% less thar{223 Mg C hd) reported by Brown and Lugo (1982).
biomass estimates for Brazil tropical moist forg396 Ogawaet al. (1965) reported a carbon stock of 60-179
Mg ha®) and 57% less than biomass of Panamat C ha®in variety of tropical forest in Thailand. Jhariya
tropical moist forest (358 Mg H¥ respectively. Total et al. (2014) have estimated the total carbon value of
below ground biomass of present study was betweetropical forest in Chhattisgarh was varied from730.
16.49 t hd and 28.29 t h4 which resembled with to 96.18 t C hdwhich are similar to present estimated
below ground biomass of tropical deciduous forestvalue. The present carbon storage values are
estimated by Singtet al. (2009). Hall and Uhling comparable with Hall and Uhling (1991), Cairisal.
(1991) estimated the biomass of South and South Eag2003), Sierraet al. (2007) and Chaturvedét al.
Asia’s forest using the volume estimates and biemas (2011). Metzkeet al. (2011) reported 48-91 Mg C ha
expansion factors derived from Broven al. (1989). for tropical forest of Brazil which is line agreente
Their biomass estimates for India ranged from 1 M with our findings. Thokchom and Yadava (2013)
ha' for undisturbed forest for 60-80 years and 35, 66reported the aboveground carbon stock varied from
and 84 Mg ha for logged, unproductive and managed 81.17 to 118.29 Mg C Haacross the forest study sites.
forests, respectively. Present finding are suppobe ~ Borah et al. (2013) reported that the aboveground
Borah et al. (2013) where they have reported carbon stock in tree species ranged from 16.24 to
aboveground tree biomasses in tropical forest 0f130.82 Mg C ha which is well within the range of
Assam from 32.47 to 261.64 Mg “ha Similarly, present forest C stock. The present findings aneio
Thokchom and Yadava (2013) noted the abovegroundhan the value documented by Baigyal. (2009) and
biomass was in the range of 179.14 to 246.38 My ha Mohanrajet al. (2011). Tangt al. (2012) reported 155
for sub tropical forests of Manipur, North-Eastimd Mg C ha' for the tropical forest of SW China, while
Gairola et al. (2011) reported the wide range of Hoover et al. (2012) 116-125 MgC hain above
aboveground biomass from 172 to 380 Mg long ground compartment.

an altitudinal gradient in the temperate valleyegis of .

Garhwal. Mohanragt al. (2011) estimated the 372 Mg Conclusion

ha' aboveground biomass of tropical forests of India The present study reveals that anthropogenic
which was found higher than present estimates. €anddisturbance has a significant impact on regeneraifo
and Patra (2010) estimated the biomass of saltforesspecies, composition, diversity, biomass and carbon
and miscellaneous forest of Satpura (Madhya Pradeshstorage potential of these tropics. The rise in the
India. The ranges for aboveground biomass (t)ha anthropogenic disturbances is degrading the forest
were 154.9-345. They also reported that disturb@ncewealth and quality of the stand. Therefore, these i
in open forests reduce the stand biomass, whichheed of improvement in proper density, stock, sgeci
resembled with present findings. Yadava (2010)composition and their distribution which can beksin
reported the aboveground biomass of sub-tropicalmore carbon in their organic biomass. The practice
broad leaved forest of Manipur between 130 and 255hould be opted which disturbs the forest at loalesc

Mg ha'. The present estimates are comparable withmaintains the forest composition and structure #nat
the findings of Upadhyayt al. (2009), who studied more sustainable for long run.

the effect of disturbance on standing biomass sala
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