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                     Abstract 
 Biotic and anthropogenic disturbances are mediating changes in species diversity and vegetation composition in diff erent 

regions of the world. Such changes may aff ect plant biomass allocation patterns in diff erent tree components and vegetation 

types. To assess the impact of anthropogenic disturbances such as grazing, lopping, harvesting of non-wood forest products, 

fuel wood and fodder collections on biomass allocation to diff erent components of the vegetation, two study sites i.e., one 

undisturbed site and the other a disturbed site located in the Barnawapara Wildlife Sanctuary, Chhattisgarh were selected. 

Biomass allocation was measured by placing ten (10 m × 10 m) quadrats randomly, at both the forest sites (i.e., disturbed 

and undisturbed). Based on the regression equations relating tree circumference to dry weight of components (viz., bole, 

branch, leaf, and root), biomass of diff erent vegetation components (i.e., above- and below-ground) was measured. Total 

biomass (above- and below-ground, including herbaceous shoots and litter mass) was signifi cantly ( P  < 0.05) higher on the 

undisturbed site (360.38 t  ha −1 ) compared to the disturbed site (113.99 t  ha −1 ). Among diff erent above-ground components, 

most of the biomass was allocated to branches followed by bole and leaf. Above-ground biomass ranged between 76.47 

and 270.87 t  ha −1  with higher value at undisturbed forest site and the lower at the disturbed forest site. The below-ground 

biomass varied between 37.52 and 89.51 t  ha −1 , and like above-ground biomass it was also higher at the undisturbed forest 

site and lower at the disturbed forest site. A higher (~ 8%) biomass allocation to below-ground component was observed at 

the disturbed site, compared to the undisturbed site. Moreover, the proportion of biomass in the herb layer was higher at 

the disturbed site compared to the undisturbed site. Based on the results of present study, it can be concluded that under the 

disturbed conditions plants allocate major portion of the biomass to the below-ground and herbaceous components in the 

tropical dry deciduous ecosystems. 
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      Introduction 

 As compared to other terrestrial ecosystems, forests 

sequester more C and are important natural ‘brake’ on 

global climate change (Gibbs et al.  2007 ). In the recent 

years, quantifi cation of plant biomass and the carbon (C)-

fi xation potential of forest ecosystems are getting wider 

attention of the scientifi c community (Usuga et al.  2010 ). 

Role played by tropical forests in global C cycle is impor-

tant (Singh  2010 ; Raj and Jhariya  2021a ). In the tropical 

regions due to scarcity of reliable measurements on tree 

biomass and its variation across landscapes and forest 

types, live tree biomass pool is an important source of 

uncertainty in the C balance (Alves et al.  2010 ). However, 

the tropical forests are experiencing a high level of natu-

ral and/or anthropogenic disturbance (Singh et al.  2022 ). 

Disturbance is a temporary change in environmental con-

ditions that causes a marked change in an ecosystem’s 

structure and functioning (Chaturvedi et al.  2023 ). Undis-

turbed forest (UF) is the forest that has never been logged 

and has developed in accordance with natural disturbances 

and under natural processes. Whereas the direct human 

disturbances like grazing, lopping, harvesting of non-wood 

forest products, fuel wood and fodder collections are the 

drivers that lead to the development of disturbed forests/

converted forest (Chaturvedi et al.  2023 ). 

 Knowledge on spatial and inter-annual variation in 

tree growth and forest productivity both are essential for 

evaluating potential forest management alternatives as 

well as forest carbon balances (Luo et al.  2005 ). Above-

ground biomass is an important variable in the yearly and 

long-term changes in the global terrestrial C cycle and 

other earth system interactions. Built up in above-ground 

biomass is related to the recruitment and mortality of 

stems and the taking over of small and large stems into 

forest canopy (Marcelo et al.  2007 ). In addition, climate, 

soil structure, nutrient availability, disturbance, and tree 

diversity further decide the biomass accumulation in a for-

est (Allen et al.  2017 ). To understand C pool changes of 

the forest, quantifi cation of biomass is necessary as the 

primary inventory data. However, litter production and 

decomposition play an important role on the regulation of 

nutrient cycling, soil fertility and primary productivity in 

the forest ecosystem (Swift et al.  1979 ; Patil et al.  2020 ). 

The herbaceous layer also acts as an indicator of environ-

mental changes (Singh et al.  2017  ) . Thus, exploring the 

biomass allocation to diff erent components (viz., above- 

and below-ground biomass, litter and herbaceous layers) of 

forest vegetation is important for assessing their respective 

roles in global C storage and climate change mitigation. 

 Forest Survey of India (FSI  2021 ) has reported 21.71% 

forest cover in India, of the total geographical area of the 

country. Habitat destruction, ecological contamination 

(pollution), over-exploitation and anthropogenic stresses 

are the major disturbing factors for diff erent ecosystems 

(Goparaju et al.  2005 ). 38.2% of the total forest area in 

India is covered by dry tropical forest, which is mainly 

affected by cropping, consumption, overgrazing and 

clearing (Singh and Singh  1988 ; Chaturvedi et al.  2017 ). 

Among tropical forest ecosystems, tropical dry forests are 

especially threatened by moderately high population densi-

ties, rural extension and expanded human reliance for fuel 

wood, non-timber forest products, and grazing by livestock 

(Jha and Singh  1990 ; Singh et al.  2022 ). Although the 

forest department claims that forest under the control of 

diff erent state forest departments is untouched and there 

is no biotic and anthropogenic pressure i.e. grazing, lop-

ping, illicit felling, collection of fuel wood, etc., but the 

ground reality is entirely diff erent. In real sense, the biotic 

and anthropogenic pressures are a regular phenomenon 

particularly in those forest area which are in the vicinity 

of human habitation management (Singh et al.  2022 ). It is 

observed that the forests in the outer periphery are highly 

disturbed and exposed to the anthropogenic disturbances 

which lead to the degradation of forest (Goparaju et al. 

 2005 ). On the other hand, the inner most parts of the for-

ests remain intact and are least disturbed. Therefore, it 

is imperative to assess the biomass allocation behaviour 

of diff erent species growing under diff erent disturbance 

regimes. 

 Our study was aimed to quantify the eff ect of disturbance 

on biomass allocation to diff erent vegetation components 

(viz., above- and below-ground parts of trees, litter and her-

baceous layers) of a dry tropical forest in India. We hypoth-

esized that the disturbance may lead to the allocation of 

biomass more towards the below-ground component of the 

vegetation. The objectives to achieve this hypothesis were 

to: (1) estimate the biomass allocation to diff erent tree com-

ponents such as branch, bole, leaves and roots, (2) estimate 

the biomass allocation to the ground cover such as litter and 

herb layer, and (3) to estimate the change in biomass allo-

cation to diff erent vegetation components (i.e., above- and 

below-ground) in response to the disturbance. 

    Material and methods 

   Study area 

 The study area is located between 20°47′00˝ to 21°31′30˝ 

N latitude and 82°00′ to 83°15′45˝ E longitude in the 

Barnawapara Wildlife Sanctuary (BWS), Chhattisgarh, 

India, at 463 m above the mean sea level (Fig.  1 ). It is 

17 km from Patewa, on the Mumbai-Bhawanipatna NH 

No. 06, that is on the periphery of Chhattisgarh. Study 
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sites were near the Nawapara forest village. The topogra-

phy is undulating because of the presence of rock outcrops. 

The study area is surrounded with grasslands, agriculture 

lands, a dry deciduous forest and human habitations. Vil-

lages of the study area are named as forest villages and 

many of them are reachable via kachcha (un-mortared or 

unmetalled) roads, and that too only during the dry season 

(Thakrey et al.  2022 ).         

 The climate is dry tropical and is infl uenced by mon-

soon conditions. The year is divisible into three seasons, 

namely rainy (mid-June to September), winter (November 

to February) and summer (April to mid-June). October and 

March comprise transitional periods, respectively between 

rainy and winter, and between winter and summer seasons. 

The total annual rainfall is 1200–1350 mm, of this about 

80% is received during rainy season (maximum in July). The 

number of rainy days in a year ranged between 90 and 100. 

The average annual maximum and minimum temperatures 

are, respectively 33.2 °C and 20.3 °C. Soil of the study area 

is sandy loam and comprises either Inceptisols, Vertisols or 

Alfi sols (Thakrey et al.  2022 ). 

 Northern and Eastern sides of the region comprised of 

dense forests, whereas Teak plantations are common in the 

southern side. In western side, huge mixed and degraded 

forests occur with patches of bamboo plants. Champion and 

Seth ( 1968 ) have classifi ed the forest of study area as South-

ern tropical dry deciduous Teak forests (5A/C1b), Northern 

tropical dry deciduous Sal forests (5B/C1c), Northern tropi-

cal mixed deciduous Sal forests (5B/C2) and Dry bamboo 

brakes (5/E9). 

    Site selection 

 Based on the repeated reconnaissance, two sites were identi-

fi ed namely, undisturbed and disturbed. The disturbed site 

was exposed to diff erent biotic and anthropogenic pres-

sures such as grazing, lopping, illicit felling, collection of 

fuel wood, etc. at regular intervals, and mostly located in 

  Fig. 1       Study area map of the Barnawapara Wildlife Sanctuary, Chhattisgarh, India. (Map is prepared in R Program, using  osmdata  package 

(Padgham et al.  2017 ))  
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the outer periphery of the forest ecosystem. The dominant 

vegetation at the disturbed site was  Terminalia tomentosa , 
 Cleistanthus collinus ,  Buchnania lanzan ,  Diospyros melan-
oxylon  and  Ehretia laevis . On the other hand, the inner most 

part of the forests remains intact and least disturbed, and was 

taken as undisturbed forest site in this study. The dominant 

vegetation at undisturbed site was  D. melanoxylon ,  Bixa 
orellana ,  C. collinus ,  Buahinia retusa  and  Shorea robusta  
(Thakrey et al.  2022 ). 

 Incidences of disturbance were observed during the study 

period. A direct encounter with anthropogenic disturbance 

deals with the modes of human interference at the selected 

forest site that signifi cantly aff ects the forest structure and 

functions. The villagers near the selected forest sites fre-

quently visit the area to fulfi l their daily requirements such 

as fodder for livestock, fuel and fi re wood collection, etc. 

Many encounters with the livestock inside the forest. They 

are not only feeding on the herbaceous biomass but also 

consuming the seedlings of valuable species. Some villag-

ers were involved in illicitly cutting the whole trees (e.g.,  D. 
melanoxylon, S. robusta ,  Lannea coromandelica,  and  Mad-
huca latifolia ) at the disturbed forest site. The disturbance 

in the form of girdling and debarking leads to damage to the 

coppice shoots and saplings thereby forest regeneration gets 

aff ected (Thakrey et al.  2022 ). 

    Experimental design and sampling 

 A permanent plot of 100 m × 100 m (i.e., 1 ha) in area rep-

resenting the overall vegetation was chosen and marked on 

each of the two sites (i.e., disturbed and undisturbed) for the 

detailed study. Ten quadrats, each of 100 square meters were 

placed randomly in disturbed as well as in non-disturbed for-

est sites, and the values obtained were averaged. Thus, there 

were 10 replicates. Girth of each trees at breast height i.e. 

1.37 m (GBH) in each quadrat was measured and recorded. 

Shrubs were also measured at 10 cm above the ground. 

 For the quantifi cation of tree biomass, regression equa-

tions developed earlier for dry deciduous forests by Singh 

and Misra ( 1979 ) were used. Computation method as 

described by Singh and Singh ( 1991 ) was used. In brief, 

average girth value for each species for a girth class was used 

in the regression equation to obtain an estimate of average 

biomass (by component) for that girth class, further these 

values were multiplied by the density of the tree or shrubs 

in respective girth class for each quadrat. The estimates were 

averaged across the number of quadrats to obtain the mean 

estimate for the sites. The aboveground herbaceous biomass 

was measured in 0.5 m × 0.5 m quadrats, oven dried and 

weighed. Litter biomass was also measured in 50 cm × 50 cm 

quadrats, oven dried and recorded. 

 The correlation between a tree girth and dry weight was 

determined by the regression equation:

       

where, Y = dry weight (kg) of the component (bole, branch, 

leaf or root), X = girth (cm) at 1.37 m height, and ‘a’ and ‘b’ 

are regression constants. 

    Data analysis 

 Data were subjected to independent t-test using SPSS (ver. 

16) package for evaluating the impact of disturbance on for-

est biomass in diff erent vegetation components. Values were 

considered signifi cant if  P  < 0.05. 

     Results 

   Biomass allocation in diff erent tree components 
at disturbed and undisturbed sites 

 The biomass apportionment in tree components (viz. bole 

and foliage) varied signifi cantly ( P  < 0.05) whereas non-

signifi cant observations were observed for branch and root 

components at disturbed and undisturbed sites (Fig.  2 ). Bio-

mass distribution to diff erent plant parts (i.e., bole, branch, 

foliage (leaves) and coarse roots) relative to the total bio-

mass was found 28.63, 35.86, 2.92 and 33.59%, respectively, 

at disturbed sites, whereas 26.26, 46.39, 2.26 and 25.08%, 

respectively, at undisturbed sites (Fig.  2 ). The bole biomass 

at disturbed and undisturbed forest sites ranged between 

30.86 and 93.73 t  ha −1  (Fig.  2 ). The bole biomass was 203% 

higher at undisturbed forest site as compared to the disturbed 

forest site. Branch biomass also varied between undisturbed 

and disturbed forest sites, and ranged from 40.06–165.56 t 

 ha −1 . It was found 312% higher at undisturbed forest site 

as compared to the disturbed forest site. However, the dif-

ferences between disturbed and undisturbed sites were not 

statistically signifi cant. The foliage biomass varied from 

3.26–8.08 t  ha −1  at the undisturbed and disturbed forest sites 

and it was signifi cantly ( P  < 0.05) diff erent among the two 

sites. Similar to branch and stem, it was also higher (148%) 

at the undisturbed forest site as compared to the disturbed 

forest site. The root biomass ranged between 37.52–89.51 t 

 ha −1  at disturbed and undisturbed forest sites. The root bio-

mass varied (non-)signifi cantly ( P  = 0.06) between diff erent 

forest sites, although it was 139% more at the undisturbed 

forest in comparison to the disturbed forest (Fig.  2 ).         

    Biomass allocation in diff erent ground (herbaceous 
and litter) layer for disturbed and undisturbed sites 

 In this study, herbaceous shoot biomass diff er signifi cantly 

( P  < 0.05) between the two forest sites, and was meas-

ured 61% higher at disturbed forest as compared to the 

Log Y = a + b log X
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undisturbed forest (Fig.  3 ). Contrary to this, total litter bio-

mass varied signifi cantly ( P  < 0.05) between diff erent forest 

(Fig.  3 ), and was found 88% higher at the undisturbed for-

est (3.29 t  ha −1 ) as compared to the disturbed forest (1.75 

t  ha −1 ).         

    Biomass allocation in diff erent vegetation 
components for disturbed and undisturbed sites 

 The total biomass in the forest under study was 360.38 t 

 ha −1  and 113.99 t  ha −1 , respectively, at the undisturbed and 

disturbed forest sites (Fig.  4 ). Of the total biomass 270.87 

t  ha −1  and 89.51 t  ha −1  respectively, was in above-ground 

and in the below-ground components at undisturbed forest, 

the share of by above- and below-ground components were 

75.16 and 24.84%, respectively, to the total biomass (Fig.  4 ). 

Among the dominant species present at undisturbed sites, 

 Haldina cordifolia  had the highest biomass (97.52 t  ha −1 ) 

followed by  S. robusta  (72.58 t  ha −1 ) and  C. collinus  (53.30 

t  ha −1 ), which respectively corresponded to 27, 20 and 15% 

of the total biomass of the undisturbed forest site (data not 

shown). Of the total biomass measured for disturbed forest, 

76.47 t  ha −1  was in above-ground and 37.52 t  ha −1  in below-

ground which corresponded to 67.08 and 32.92%, respec-

tively in above- and below-ground components. Diff erent 

trees species refl ected diff erences in total biomass, and it 

was 77.87 t  ha −1  for  T. tomentosa , 19.98 t  ha −1  for  E. laevis  
and 6.58 t  ha −1  for  Buchanania lanzan  among the dominant 

species at disturbed sites (data not shown). These species, 

respectively contributed 70%, 18% and 6% to the total forest 

biomass at the disturbed forest site. The share of tree layer to 

the total biomass was 98–99% and the remaining 1–2% was 

by litter mass and herbaceous layer (Fig.  4 ).         

     Discussion 

 In the present study, a considerable diff erence in the biomass 

and its allocation in diff erent vegetation components due to 

the disturbance were observed. Disturbed forests had lower 

  Fig. 2       Biomass allocation in 

diff erent components (i.e., 

bole, branch, foliage and course 

roots) of tree vegetation under 

undisturbed and disturbed 

forests. Pie chart represent per-

centage distribution of biomass 

among diff erent tree compo-

nents. *, ** and ns represent 

signifi cance level at  P  < 0.05, 

 P  < 0.01 and non-signifi cant 

levels. (Based on Manutai et al. 

2022)  

Bole
Branch
Foliage
Coarse roots

Disturbed: 27.6300

Disturbed: 35.8600

Disturbed: 2.9200

Disturbed: 33.5900

Undisturbed forest Disturbed forest

Tree components
Bole Branch Foliage Coarse root

B
io
m
as
s
(t
ha
-1
)

0

20

40

60

80

100

120

140

160

180 Undisturbed forest
Disturbed forest

**

*

ns

ns



781Proceedings of the Indian National Science Academy (2024) 90:776–785 

biomass and more allocation towards the below-ground com-

ponents. Biomass allocation to diff erent vegetation compo-

nents is determined by the climatic conditions and distur-

bance regimes (Markesteijn and Poorter  2009 ). Brown and 

Lugo ( 1982 ) obtained an inverted U-shaped curve for the 

T/P ratio (where T represents mean annual temperature and 

P is total annual rainfall), with peak biomass values in the 

area of tropical humid forest type and lower values in wetter 

and drier forests. Using the relationship, y = 596 + 478 log 

x-224 x; where y = total biomass (t  ha −1 ), and x = T/P multi-

plied by 100, given by Brown and Lugo ( 1982 ), the expected 

biomass for the present forest (T/P = 2.13, T = 26 °C and 

P = 1221 mm) is about 275.84 t  ha −1 . 

 Total biomass values for certain tropical forests are 

compared in Table  1 . Total biomass ranged from 78–320 

t  ha −1  in most of the dry forests and 269–1186 t  ha −1  in 

tropical moist forests (Murphy and Lugo  1986a ). Total bio-

mass in moist tropical forests was between 452 and 960 t 

 ha −1 (Gautam and Mandal  2018 ). Total biomass in the pre-

sent study was 114 t and 360.38 t  ha −1 . Rai and Proctor 

( 1986 ) have reported 434–669 t  ha −1  total biomass for tropi-

cal rain forests of India (Karnataka). Above-ground biomass 

in the present study (76.47–270.87 t  ha −1 ) was towards the 

middle of the range (28–513 t  ha −1 ) reported for a variety of 

tropical forests (Table  1 ). Global pattern of above-ground 

biomass in tropical dry and wet forests is 30–273 t  ha −1  and 

213–1173 t  ha −1 , respectively (Murphy and Lugo  1986b ).  

 The distribution of total biomass and the above-ground 

biomass in diff erent parts of the vegetation is compared in 

Table  1 . The allocation of biomass to diff erent parts of Sal, 

pine and oak forests was maximum in boles and minimum 

in foliage, however, in all the dry forests the branches con-

tributed maximum to the total above-ground biomass. Data 

in Table  1  reveals that there is a wide range of variations in 

above-ground biomass (3-788 t  ha −1 ) as well as total bio-

mass (47.7–960 t  ha −1 ). The above-ground biomass and total 

biomass in the present study was 76.47–270.87 t  ha −1  and 

114–360 t  ha −1 , respectively. 

 In the present study, the mean leaf biomass was 5.67 t 

 ha −1  (2–7 t  ha −1 ) and the total biomass of leaves and boles 

ranged between 70.92–259.29 t  ha −1 , compared with the 

range (28–266 t  ha −1 ) reported for a number of tropical 

dry forests (Murphy and Lugo  1986b ). The contribution 

of coarse root to total biomass in the present study was 

24–33%. This value is compared to the reported range of 

8–50% for tropical dry woodlands (Gautam and Mandal 

 2018 ). Brown and Lugo ( 1982 ) reported average contribu-

tion of roots in the range of 33% for humid whereas for dry 

tropical forests, it was 16%. Such observations were also 

reported for diff erent Sal forests of the dry tropical regions 

(Raj and Jhariya  2021b ). 

 The above-ground herbaceous biomass ranged from 

0.21–0.54 t  ha −1  in this study. The above-ground herbaceous 

biomass in tropical dry forest was observed as 0.29–0.42 t  ha −1  

(Singh Singh  1991 ). Singh et al. ( 2017 ) also reported herba-

ceous biomass in the range of 0.02 to 0.52 t  ha −1  in the dry 

deciduous forest-savanna-grassland continuum of India. Gau-

tam and Mandal ( 2018 ) have reported the herbaceous biomass 

  Fig. 3       Biomass allocation in 

diff erent aboveground cover of 

the undisturbed and disturbed 

forests. * represents signifi cance 

level at  P  < 0.05. (Based on 

Manutai et al. 2022)  
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between 1.2–1.4 t  ha −1  for the disturbed and undisturbed sites 

in tropical moist deciduous forest of Nepal. The herbaceous 

biomass in Central Himalayan Sal, pine and oak forests was, 

respectively, 2.0, 2.0 and 1.0 t  ha −1  (Chaturvedi and Singh 

 1987 ; Rawat and Singh  1988 ; Singh and Singh  1989 ). The 

increase in herbaceous biomass with the disturbance gradient 

as observed in this study was also reported by Singh et al. 

( 2017 ). Exposure to sunlight and least competition with the 

tree species for diff erent resources may help in increasing the 

herbaceous cover and biomass in the disturbed areas (Donzelli 

et al.  2013 ; Singh et al.  2017 ). Thus, the disturbance events 

may promote the growth of herbaceous vegetation, biomass 

allocation to below-ground components and change in veg-

etation communities in tropical dry deciduous forests of India 

with the passage of time. 

    Conclusions 

 Based on the present study, we conclude that the anthro-

pogenic disturbances are signifi cantly aff ecting the total 

biomass and its allocation to diff erent vegetation compo-

nents of the tropical dry forests. Impact of disturbance is 

more pronounced on the above-ground components. Under 

disturbance, plants are comparatively allocating more bio-

mass to the below-ground and herbaceous layers. Among 

the different above-ground components, branches and 

boles contribute more to the total biomass under undis-

turbed conditions whereas branches and roots contribute 

more under disturbed conditions. Thus, for biomass and 

C-sequestration, trees having tendency to invest in root 

  Fig. 4       Biomass allocation in 

above-ground and below-ground 

components of undisturbed 

and disturbed forests. Pie chart 

represent percentage distribu-

tion of biomass among diff erent 

vegetation components. (Based 

on Manutai et al. 2022)  
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components can be recommended for restoring degraded 

or disturbed forest ecosystems. 

       Acknowledgements     Thanks are due to the authorities of Indira Gandhi 

Krishi Vishwavidyalaya, Raipur, Chhattisgarh, India for granting the 

necessary permissions as and when required during the study period; 

and Divisional Forest Offi  cer, Baloda Bazar Forest Division, Chhattis-

garh, for the necessary support during the fi eld works. Thanks are also 

due to Mr. Amit Prakash Nayak and Miss Indrani Rana for their help 

in fi eld study to Miss Manutai Thakre. RS is thankful to Mr. Abhishek 

Kumar, Punjab University, Chandigarh for helping in preparing map 

using R program.  

  Data availability     The data of the study can be made available on genu-

ine request to the corresponding author.  

  Declarations    

   Conflict of interest     The authors declare that they do not have known 

competing fi nancial interests or personal relationships that could have 

appeared to infl uence the present work.   

  References 

                                                                         Allen, K., Dupuy, J.M., Gei, M.G., Hulshof, C., Medvigy, D., Pizano, 

C., et al.: Will seasonally dry tropical forests be sensitive or resist-

ant to future changes in rainfall regimes? Environ. Res. Lett.  12 , 
023001 (2017).   https:// doi. org/ 10. 1088/ 1748- 9326/ aa596      

                                                                               Alves, L.F., Vieira, S.A., Scaranello, M.A., Camargo, P.B., Santos, 

F.A.M., Joly, C.A., Martinelli, L.A.: Forest structure and live 

aboveground biomass variation along an elevational gradient 

of tropical Atlantic moist forest (Brazil). For. Ecol. Manage. 

 260 , 679–691 (2010)  

                                                                                                                                                                                                               Beer, C., Reichstein, M., Tomelleri, E., Ciais, P., Jung, M., Car-

valhais, N., Rodenbeck, C., Altaf Arain, M., Baldocchi, D., 

Bonan, G.B., Bondeau, A., Cescatti, A., Lasslop, G., Lindro-

thA, L.M., Luyssaert, S., Margolis, H., Oleson, K.W., Roupsard, 

O., Veenendaal, E., Viovy, N., Williams, C., Woodward, F.I., 

Papale, D.: Terrestrial gross carbon dioxide uptake: global dis-

tribution and covariation with climate. Science  329 , 834–838 

(2010)  

                               Bonan, G.B.: Forest and climate changes: Forcings, feedbacks, and 

the climate benefi ts of forests. Science  320 , 1444–1449 (2008)  

                                       Brown, S., Lugo, A.E.: The storage and production of organic matter 

in tropical forests and their role in the global carbon cycle. Bio-

tropica  14 , 161–187 (1982)  

                                    Champion, H.G., Seth, S.K.: A Revised Survey of the Forest Types of 

India, p. 404. Government of India Publication, New Delhi (1968)  

                                          Chaturvedi, O.P., Singh, J.S.: The structure and function of pine forest 

in central Himalaya I. Dry Matter Dynamics. Ann. Bot.  60 (3), 

237–252 (1987)  

                                               Chaturvedi, R.K., Raghubanshi, A.S., Singh, J.S.: Sapling harvest: a 

predominant factor aff ecting future composition of tropical dry 

forests. For. Ecol. Manage.  384 , 221–235 (2017)  

                                            Chaturvedi, R.K., Bhadouria, R., Singh, R.: Editorial: Variation in 

plant strategies with levels of forest disturbance. Front For Glob 

Change  6 , 119764 (2023)  

                                                                                                  Chave, J., Olivier, J., Bongers, F., Châtelet, P., Forget, P.-M., van 

der Meer, P., Norden, N., Riera, B., Charles-Dominique, P.: 

  Table 1       Comparative account of stand biomass (t  ha −1 ) of certain tropical forests and plantations of the world  

  Forest type    Location    Stand Biomass (t  ha −1 )    References  

  Above-ground    Below-ground    Total  

  Sub-tropical wet    India    420–649    14–20    434–669    Rai and Proctor ( 1986 )  

  Tropical dry    Global pattern    3–273    10–45    78–320    Murphy and Lugo ( 1986a )  

  Sub-tropical dry    Puerto Rico Guanica    53    45    98    Murphy and Lugo ( 1986b )  

  Tropical dry    India    42–78    9–16    53–94    Gautam and Mandal ( 2018 )  

  Tropical dry    India    67.4    –    –    Haripriya ( 2000 )  

  Tropical moist    Thailand    167    –    –    Clark et al. ( 2001 )  

  Tropical dry    Puerto Rica    84.8    –    –    Do  

  Tropical dry    Mexico    126    17.1    143.1    Jaramillo et al. ( 2003 )  

  Tropical dry    Chamela, Jalisco, Mexico    –    –    47.74    Do  

  Tropical dry    West Africa    29.88    –    –    Thenkabail et al. ( 2004 )  

  Tropical rain    Wisconsin, USA    1–358    –    –    Zheng et al. ( 2004 )  

  Tropical dry    Nigeria    –    –    49.22–141.29    Mbaekwe and Mackenzie ( 2008 )  

  Tropical dry    India    71.94–162.91    13.97–30.02    85.78–192.93    Singh et al. (2008)  

  Tropical wet evergreen    India    –    –    440–588    Swamy et al. ( 2010 )  

  Tropical dry    India    83–87    13–17    183.7–298.3    Kumar et al. ( 2011 )  

  Tropical dry    Baja California Sur    40.06    –    –    Navar ( 2011 )  

  Tropical dry    Vado Hondo, Sinaloa    47.81    –    –    Do  

  Tropical dry    Tiniaquis, Sinaloa    58.15    –    –    Do  

  Tropical dry    Morelos    14.13    –    –    Do  

  Tropical dry deciduous    India 

 (Temporal dynamics)  

  289–292    –     –     Goparaju et al. ( 2021 )  

  Tropical dry    India    76.47–270.87    37.52–89.51    114–360    Present study  



784 Proceedings of the Indian National Science Academy (2024) 90:776–785

Above-ground biomass and productivity in a rain forest of east-

ern South America. J. Trop. Ecol.  24 , 355–366 (2005)  

                                                                       Clark, D.A., Brown, S., Kicklighter, D.W., Chambers, J.Q., Thom-

linson, J.R., Ni, J.: Measuring net primary production in forests: 

Concepts and fi eld methods. Ecol. Appl.  11 , 356–370 (2001)  

                                                  Donzelli, D., De Michele, C., Scholes, R.J.: Competition between 

trees and grasses for better soil water and mineral nitrogen in 

dry savannas. J. Theor. Biol.  332 , 181–190 (2013)  

                                       Facelli, J.M., Pickett, S.T.A.: Plant litter: its dynamics and eff ects on 

plant community structure. Bot. Rev.  57 , 1–32 (1991)  

   FSI: State of Forest Report. Forest Survey of India, MOEFCC, Govt. 

of India 2021 (2021).  

                                          Gautam, T.P., Mandal, T.J.: Eff ect of disturbance on plant species 

diversity in moist tropical forest of eastern Nepal. Our Nat. 

 16 (1), 1–7 (2018)  

                                                       Gibbs, H.K., Brown, S., Niles, J.O., Foley, J.A.: Monitoring and 

estimating tropical forest carbon stocks: making REDD a reality. 

Environ. Res. Lett.  2 , 045023 (2007).   https:// doi. org/ 10. 1088/ 

1748- 9326/2/ 4/ 045023      

                                               Goparaju, L., Tripathi, A., Jha, C.S.: Forest fragmentation impact on 

phytodiversity-an analysis using remote sensing and GIS. Curr. 

Sci.  88 , 1264–1274 (2005)  

                                                               Goparaju, L., Madugundu, R., Ahmad, F., Sinha, D., Singh, J.S.: 

Temporal dynamics of above ground biomass of Kaimoor Wild-

life Sanctuary, Uttar Pradesh, India:conjuctive use of fi eld and 

Landsat data. Proc Ind Natl Sci Acad  87 , 499–513 (2021)  

                                  Haripriya, G.S.: Estimates of biomass in Indian forests. Biomass 

Bioenerg.  19 (250), 245–258 (2000)  

                                                                  Jaramillo, V.J., Kauff man, J.B., Rodriguez, L.R., Cummings, D.L., 

Ellingson, L.J.: Biomass, carbon and n pools in Mexican Tropi-

cal Dry Forest Landscapes. Ecosystems  6 (7), 609–629 (2003)  

                                       Jha, C.S., Singh, J.S.: Composition and dynamics of dry tropical 

forests in relation to soil texture. J. Veg. Sci.  1 , 609–614 (1990)  

                                                          Kumar, J.I.N., Sajish, P.R., Kumar, R.N., Patel, K.: Biomass and net 

primary productivity in three diff erent aged Butea forest eco-

systems in Western India Rajasthan. Iranica. J. Energ. Environ. 

 2 (1), 01–07 (2011)  

                                                  Luo, Y., Keenan, T.F., Smith, M.: Predictability of the terrestrial 

carbon cycle. Glob. Chang. Biol.  21 , 1737–1751 (2005).   https:// 

doi. org/ 10. 1111/ gcb. 12766      

                                                       Marcelo, T.N., Barbosa, R.I., Villela, D.M., Proctor, J.: Above-

ground biomass changes over an 11-year period in an Amazon 

mono dominant forest and two other lowland forests. Plant Ecol. 

 192 , 181–191 (2007)  

                                       Markesteijn, L., Poorter, L.: Seedling roots morphology and biomass 

allocation of 62 tropical tree species in relation to drought- and 

shade-tolerance. J. Ecol.  97 , 311–325 (2009)  

                                          Mbaekwe, E.I., Mackenzie, J.A.: The use of a best-fi t allometric 

model to estimate aboveground biomass accumulation and dis-

tribution in an age series of teak (Tectona grandis L.f.) planta-

tions at Gambari Forest Reserve, Oyo State, Nigeria. Trop. Ecol. 

 49 (2), 259–270 (2008)  

                                       Murphy, P.G., Lugo, A.E.: Ecology of tropical dry forests. Ann. Rev. 

Ecol. Syst.  17 , 67–88 (1986a)  

                                       Murphy, P.G., Lugo, A.E.: Structure and biomass of a subtropical dry 

forest in Puerto Rico. Biotropica  18 , 89–96 (1986b)  

                               Navar, J.: The spatial distribution of aboveground biomass in tropi-

cal forests of Mexico. Trop. Subtrop. Agroecosyst.  13 , 149–158 

(2011)  

                                                          Padgham, M., Rudis, B., Lovelace, R., Salmon, M.: Osmdata. J Open 

Source Soft  2 (14), 305 (2017).   https:// doi. org/ 10. 21105/ joss. 

00305      

                                                                                                                                                                       Pan, Y., Birdsey, R.A., Fang, J., Houghton, R., Kauppi, P.E., Kurz, 

W.A., Phillips, O.L., Shvidenko, A., Lewis, S.L., Canadell, J.G., 

Ciais, P., Jackson, R.B., Pacala, S.W., McGuire, A.D., Piao, 

S., Rautiainen, A., Sitch, S., Hayes, D.: A large and persistent 

carbon sink in the world’s forests. Science  333 , 988–993 (2011)  

                                                                            Patil, M., Kumar, A., Kumar, P., Cheema, N.K., Kaur, R., Bhatti, 

R., Singh, A.N.: comparative litter decomposability traits of 

selected native and exotic woody species from an urban envi-

ronment of north-western Siwalik region India. Sci. Rep.  10 , 
7888 (2020)  

                                       Rai, S.N., Proctor, J.: Ecological studies on four rain forests in Kar-

nataka India. II. Litterfall. J. Ecology.  74 , 455–463 (1986)  

                                    Raj, A., Jhariya, M.K.: Carbon storage, fl ux and mitigation potential 

of tropical Sal mixed deciduous forest ecosystem in Chhattis-

garh India. J. Environ. Manage.  293 , 112829 (2021a)  

                                       Raj, A., Jhariya, M.K.: Site quality and vegetation biomass in the 

tropical Sal mixed deciduous forest of Central India. Landscape 

Ecol. Eng.  17 , 387–399 (2021b)  

                                       Rawat, Y.S., Singh, J.S.: Structure and function of oak forests in 

central Himalaya I. Dry Matter Dynamics. Annals Bot.  62 , 
397–411 (1988)  

                                    Rodin, L.E., Bazilevich, N.I.: Production and mineral cycling, p. 288. 

Oliver and Boyed, Edinburg, U.K (1967)  

   Singh, K.P., Misra, R.: Structure and Functioning of Natural Modi-

fi ed and Silvicultural Ecosystems in Eastern Uttar Pradesh, 160 

pp. Final Technical Report (1975–1978), MAB, research Pro-

ject, Banaras Hindu University, India (1979).  

                                       Singh, K.P., Singh, J.S.: Certain structural and functional aspects of 

dry tropical forest and savanna. Int. J. Ecol. Environ. Sci.  14 , 
31–45 (1988)  

   Singh, L.: Impact of land use on vegetation and soil carbon, net pri-

mary productivity and nitrogen budget in Tropical dry decidu-

ous forest of Barnawapara Sanctuary. Final Technical Report. 

I.G.K.V., Raipur, MoEFCC, Govt. of India, New Delhi (2010).  

                                       Singh, L., Singh, J.S.: Species structure, dry matter dynamics and 

carbon fl ux of a dry tropical forest in India. Annals Bot.  68 , 
263–273 (1991)  

                                                                  Singh, L., Yadav, D.K., Pagare, P., Lekha, G., Thakur, B.S.: Impact 

of land use changes on species structure, biomass and carbon 

storage in tropical deciduous forest and converted forest. Int. J. 

Ecol. Environ. Sci.  35 (1), 113–119 (2009)  

                                                    Singh, P.K., Prajapati, S.K., Sunita, K., Chaturvedi, R.K.: Distur-

bance induced changes in diversity of medicinal plants in a 

dry tropical forest of India. Front For Glob Change  4 , 718930 

(2022)  

                                                               Singh, R., Sagar, R., Srivastava, P., Singh, P., Singh, J.S.: Her-

baceous species diversity and soil attributes along a forest-

savanna-grassland continuum in a dry tropical region. Ecol. 

Eng.  103 , 226–235 (2017)  

                                       Singh, V.P., Singh, J.S.: Man and forests: a case study from the dry 

tropics of India. Environ. Conserv.  16 , 129–136 (1989)  

                                                                  Swamy, S.L., Dutt, C.B.S., Murthy, M.S.R., Mishra, A., Bargali, 

S.S.: Floristic and dry matter dynamics of tropical wet ever-

green forests of Western Ghats India. Curr. Sci.  99 (3), 253–264 

(2010)  

                                         Swift, M.J., Heal, O.W., Anderson, J.M.: Decomposition in terres-

trial ecosystems. University of California Press, Los Angeles 

(1979)  

                                                                          Thakre, M., Singh, L., Jhariya, M.K., Tomar, A., Singh, A.K., Toppo, 

S.: Impact of disturbance on biomass, carbon and nitrogen stor-

age in vegetation and soil properties of tropical dry decidu-

ous forest in Chhattisgarh, India. Land Degrad. Develop.  33 , 
1810–1820 (2022).   https:// doi. org/ 10. 1002/ ldr. 4263      

                                                                                     Thenkabail, P.S., Stucky, N., Griscom, B.W., Ashton, M.S., Diels, 

J., Van Der Meer, B., Enclona, E.: Biomass estimations and 

carbon stock calculations in the oil palm plantations of Afri-

can derived savannas using IKONOS data. Int. J. Remote Sens. 

 25 (23), 5447–5472 (2004)  



785Proceedings of the Indian National Science Academy (2024) 90:776–785 

                                                       Usuga, J.C.L., Toro, J.A.R., Alzate, M.V.R., Tapias, A.J.L.: Estima-

tion of biomass and carbon stocks in plants, soil and forest fl oor 

in diff erent tropical forests. For. Ecol. Manage.  260 , 1906–1913 

(2010)  

                                                                          Zheng, D., Rademacher, J., Crow, T., Bresee, M., Moine, J.L., Ryu, 

S.R.: Estimating aboveground biomass using landsat 7 ETM+ 

data across a managed landscape in northern Wisconsin, USA. 

Remote Sens. Environ.  93 (3), 402–411 (2004)   

 Springer Nature or its licensor (e.g. a society or other partner) holds 

exclusive rights to this article under a publishing agreement with the 

author(s) or other rightsholder(s); author self-archiving of the accepted 

manuscript version of this article is solely governed by the terms of 

such publishing agreement and applicable law.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2024-09-09T14:59:02+0530
	Preflight Ticket Signature




