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ABSTRACT 

The paper deals with the biomass and productivity of 
sal (SF) and miscellaneous forests (MF) of Satpura 
plateau (Madhya Pradesh) India. These forest types 
were divided into four sites namely open miscellane-
ous (OMF, site-I), closed miscellaneous (CMF, site-II), 
open sal (OSF, site-III) and closed sal (CSF, site-IV). 
The degree of disturbance followed the order: III 
(0.70) < I (0.12) < II (0.054) < IV (0.018) while con-
sidering total trees as measure. OSF (III) and CSF (IV) 
were most and least disturbed sites among the four. 
The percent allocation of above ground tree biomass 
followed the order: 85.08 (II) < 85.51 (I) < 81.31 (III) < 
78.09 (IV). The higher above ground tree biomass was 
produced by MF than of SF. Closed canopy forests 
produced higher above ground tree biomass than of 
the open forests. OMF produced 9.5% less biomass 
than of the CMF whereas, OSF has 39.91% less bio-
mass than of the CSF. The contribution of above 
ground biomass of shrubs (%) are as follows: 8.3 
(IV)< 32.72 (I) <33.77 (III) <52.63 (II). The percent 
contribution of root biomass was higher for closed 
sites as compared with open and sites. The root: shoot 
ratio was ranged between 0.169-0.249. NPPtree (kg 
ha-1yr-1) was highest for site –IV (38094.79), followed 
by III (33384.29), II (12374.89 and I (9736.52). 
NPPshrub followed the order: 204 (IV) > 109 (III) > 
79.80 (I) > 52.69 (II), while for NPPherb, the order of 
importance was, 109.50 (IV) > 73.27 (I) > (II), 71.75 
(III) > 55.71 (II). NPPtotal was highest for closed forest 
stands than of the open ones. NPPteak was lower for 
high-disturbed site than of the less disturbed site. 
Photosynthetic/ non - photosynthetic ratio follows the 
order: 0.067 (II) > 0.030 (III) > 0.026 (IV) > 0.018 (I). 
Open forests showed lower values for this ratio. NEP 
was higher for SF than of the MF. Further closed for-
ests showed higher values of NEP. OSF showed lower 
values of NEPsal than of the CSF. Disturbances in open 
forests not only reduced stand biomass of tree species, 
dominant species in particular, but also declined the 

tree productivity. So, gap filling plantation in side the 
forest is suggested to improve the productivity of open 
forests. 
 
Keywords: Biomass; Net Ecosystem Productivity; Net 
Primary Productivity; Litter Production 

1. INTRODUCTION 

Satpura plateau is a wide table land stretching from 
Maikal range in the east to Nimar in the west. It covers 
Chhindwara, Betul, Seoni, Hosngabad and Balaghat dis-
trict of Madhya Pradesh (India). The total geographical 
area of these districts is 49882 km2. Total dense and open 
canopy forests were 14291 km2 (28.65% of the total area) 
and 5128 km2 (10.29% of the total area) respectively. The 
loss in forest area was 83 km2 as compared to 1997 as-
sessment [1]. The villages of the Satpura are mainly in-
habited by tribals. The tribals are mostly Jharias and 
Gond. They mostly depend on these forest for their live-
lihood. This creates the pressure on these forests. As a 
result, closed canopy forests are converting into open 
canopy forests, and open canopy forests into shrub-lands, 
savanna and finally to barren lands. 

Most of the studies have been carried out on biomass 
estimation and productivity in different types of forest 
ecosystems [2-8]. The information on the tropical dry 
disturbed forests is sparse. In view of the above, the paper 
deals with: 1) the allocation of biomass in different life 
forms and their components at different sites and 2) 
comparison of the standing biomass and productivity of 
the selected sites. An attempt has also been made to 
compare the biomass and current productivity of the 
study sites with other forests of India. 

2. MATERIAL AND METHODS 

2.1. Study area  

The study area is located in Chhindwara district of 
Madhya Pradesh (India). The forest area comes under 
Delakhari and Tamia Range of Chhindwara West Forest 
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Table 1. Physico-chemical properties of soil at different sites. 

Site 
Soil depth 

(cm) 
PH N kg ha-1 

K 
Kg ha-1 

Carbon 
(%) 

Organic mater 
(%) 

Open 
Miscellaneous Forest (site - I) 

0-20 5.85 156.80 1012.5 1.44 3.26 

Closed Miscellaneous 
Forest (site – II) 

0-20 5.95 188.16 500.0 0.75 1.71 

Open 
Sal Forest (site - III) 

0-20 6.86 125.44 462.5 0.31 0.70 

Closed 
Sal Forest (site – VI) 

0-20 5.95 156.80 375.0 0.29 0.67 

 
Table 2. Density (Plant 100m-2), species richness (SR)*, Shannon – Wiener diversity index (H) and dominance index (cd)**. 

Site/Parameter OMF CMF OSF CSF 

Density 16.5 23.7 23.7 30.30 
S.R. 28 24 15 17 
TBA 7883 1658 12847 16382 

H 2.995 2.79 2.189 2.048 
Tree 

cd 0.0685 0.096 0.153 0.216 
Density 49.6023 64 95.5 108.4 

S.R. 23 21 14 19 
TBA 54.28 136.81 125.05 161 

H 2.62 2.397 1.955 2.054 
Shrub 

cd 0.101 0.128 0.2335 0.246 

Density 3180 3380 1890 1880 
S.R. 30 35 21 11 
TBA 147.78 547.04 112.80 214.88 

H 3.173 3.01 2.57 1.822 
Herbs 

cd 0.0503 0.084 0.113 0.251 

*
 

Speices richness = Number of species, ** Dominance index (cd)= Simpson index, TBA = Total basal area (cm2 100-2) 

Division. The area lies between 78°.17’ to 79° 10’ E lon-
gitude and 20°.52¹ to 20°-43’N latitude. The attitude 
ranges from 387 to 1242 m asl. The study pertains to 
southern tropical dry peninsular Sal (Shorea robusta 
Gaertn.) forest (5B/C-1c) and southern tropical dry de-
ciduous mixed forest (51/ c-3) [9]. Sal (Shorea robusta 
Gaertn.) was dominating in moist Sal type while teak 
(Tectona grandis Linn.) was in dry mixed forest. These 
forest types were divided into four sites as open and 
closed forests on the basis of records of Forest Depart-
ment and further confirmed by tree density and other 
parameters of vegetation (Table 1). These sites were open 
miscellaneous (OMF, site-I), closed miscellaneous (CMF, 
site-II), open sal (OSF, site-III) and closed sal (CSF, 
site-IV) of tropical dry deciduous mixed (MF) and 
tropical dry sal forests (SF). 
  The degree of past disturbances was estimated by cal-
culating coefficient of determiners (R2) between density 
and diameter relationship [10]. The magnitude of coeffi-
cient indicates the degree to which a stand approximates a 
balanced structure. The values of ‘R2 ’ closer to ‘one’ 
means the system is more balanced. The lower values of 
‘R2’ for these stands are due to unbalanced distribution of 
many species as a result of disturbances [10]. Examina-
tion of R2 values, the degree of disturbance followed the 
order: OSF (0.70) < OMF (0.12) < CMF (0.054) < CSF 
(0.018) while considering total trees as measure. OSF and 

CSF were most and least disturbed sites far as past dis-
turbances are concerned. While considering main species 
as measure, the degree of disturbances followed the order: 
OMF (0.85) < CMF (0.63) < CSF (0.38) < OSF (0.24). 

The geology of the ares is extremely complex. Princi-
pal geological formations are oldest Archeans, upper and 
lower Gondwans, Lametas and Deccan trap with patches 
of recent Alluvium, Talchirs, Barakar, Mootur and Bi-
jories. The soil type was sandy loam to black cotton. 
Other characteristics of the site are given in Table 2. 

2.2. Climate 

Climate of the area is monsoonal with seasonal rainfall. 
Average annual rainfall in recent years has been 1100 mm. 
Approximately 90% of annual precipitation occurs during 
the wet period (June to September) and distributed over 
about 120 rainy days. Relative humidity is 22% to 89%. 
Mean minimum to maximum temperature ranges from 
15°C to 40°C. January and May are the coldest and hot-
test months respectively. 

2.3. Biomass Studies 

Biomass studies were conducted during 2004 using 
Harvest method of stratified tree technique, following 
Peterken and Newbould [11]. In the study, ‘multiple ran-
dom quadrat method’ was used. The advantages of mul-
tiple random quadrat method over single plot method are; 
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firstly, it samples optimum area and secondly, it avoid 
homogeneity of the samples. Twenty quadrats (size, 10 × 
10 m for trees, 3 × 3 m for shrubs and 1 × 1 m for herbs) 
were laid randomly along the transect on each site to 
sample the maximum representative area. The size of 
quadrat was determined by plotting species area curve 
and number of quadrats was determined by plotting in-
creasing number of quadrats against the number of spe-
cies [12]. The girth (gbh) and height of each tree was 
measured, individually. In order to have better distribu-
tion of sample trees over the population, the whole 
number of trees was divided into different girth classes. 
Sample trees for each girth class were selected as being 
nearest to the average of each class [13]. These sample 
trees were felled and roots were excavated for under-
ground biomass. The whole tree biomass was recorded 
for different components viz. leaves, twigs, branches, 
bole and roots and presented on oven dry weight basis. 
The tree biomass was calculated as total biomass of 
standing crop minus leaf biomass plus litter stock. Shrub 
biomass was estimated using mean tree technique [13]. 
The mean girth was also calculated for estimating shrub 
biomass for each species. One plant of near to mean girth 
of each species was selected for felling. In all, 10 plants of 
different shrub species were felled and roots were exca-
vated. The ‘harvest method’ was also used for estimating 
herb biomass. Five quadrats (1 m × 1 m) were laid ran-
domly at each site for estimating herb biomass. Biomass 
was harvested and separated into different species as far 
as possible. Unidentified material is grouped as ‘miscel-
laneous’. The herb biomass was divided into shoot and 
root and weighed and presented on oven dry weight basis. 
The biomass of all herbs pooled to get total herb biomass. 

The calculated biomass of each sample tree leaving 
leaf biomass of each girth class was divided by age. Age 
was determined by volume tables and further confirmed 
by counting growth rings. The growth rings were counted 
manually after the smoothing the cross surfaces me-
chanically and applying glycerin on the smooth surface of 
the basal disc of each sample [14]. The density of that 
diameter class was multiplied by this value. This exercise 
was done for each species. Finally, all the values were 
summed and value of litter production was added to get 
‘net primary productivity’ (NPP). NEP (Net Ecosystem 
Productivity) was calculated as bole production of trees 
[15]. NPPtree is derived from bole, bark, twigs, roots and 
litter production, while NEP is bole production of trees. 

2.4. Litter Studies 

Three permanent quadrats of 5 × 5 m size were randomly 
placed in each site. All the quadrat were initially cleared 
and swept of any deposited debris. A total of 9 × 12 sam-
ples in each site were considered for the estimation of 
annual litter production. Collecting the litter from these 
quadrates made monthly estimation of litter fall and then 

sorting it into leaves and twigs. The miscellaneous litter, 
which consists of leaf litter of other than of the main 
species and other unidentified organic matter, was in-
cluded in leaf litter. Triplicate samples of leaf and twig 
litter fractions were collected and brought to the labora-
tory for determining oven dry weight (80°C) from each 
quadrat. All results are expressed on oven dry weight 
basis. 

3. RESULTS AND DISCUSSION 

All the results of biomass and productivity are set in 
Tables 3-9. 

3.1. Allocation of Biomass in above Ground and  
below Ground Components 

In general higher value of biomass was observed in bole 
followed by root, bark, twig and leaves irrespective of 
species and sites. Further, higher girth classes showed 
higher biomass in all the sites. It is the reflection of both 
the age and stature. 

The percent allocation of above ground tree biomass 
followed the order: 85.08 (II) < 85.51 (I) < 81.31 (III) < 
78.09 (IV). The higher above ground tree biomass was 
produced by MF than of SF. Further, closed canopy for-
ests produced higher above ground tree biomass than of 
the open forests. The contribution of above ground bio-
mass of shrubs (%) were as follows: 8.3 (IV) < 32.72 (I) < 
33.77 (III) < 52.63 (II). The MF showed higher biomass 
than of the SF. It simply reflects the more number of tree 
species and density of the stand (Table 3). 

The percent contribution of root biomass was higher 
for closed sites as compared with open and disturbed sites. 
Moreover, this was also more for dominant tree species 
like sal and teak in their respective stands as indicated by 
below ground and above ground biomass ratio. It indi-
cated that teak and sal allocated more resources to root 
system at the early stages of tree growth to optimize the 
nutrient uptake. 

The root: shoot biomass ratio was ranged between  
0.169-0.249. The mean root: shoot biomass ratio was 
reported as 0.240.14 for tropical forests [16]. The values 
of root: shoot ratio for present are well within the reported 
range for tropical forests [16]. Further this ratio was 
higher for closed and undisturbed sites. 

The allocation of biomass in different components in 
tropical and subtropical forest is given in Table 4. The 
total above ground biomass ranged between 27.5-205.50 t 
ha-1. The range for the below ground biomass is in be-
tween 7.6-34.3 t ha-1. Total biomass ranged between 
37.12-239.80 t ha-1. The ranges for the present study for 
above ground, below ground and total biomass (t ha-1) 
were 154.9-345.6; 35.60-62.16 and 190.53-406.27 re-
spectively. The results on biomass of present study are on 
the higher side than the reported range for tropi-
cal/subtropical forests published elsewhere in literature 
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Table 3. Above ground biomass (AGB) and below ground biomass (BGB) at different sites (kg ha-1). 

Component AGB BGB BGB/AGB Total 

OMF (Site-I)     

T. grandis 42958.59 8201.54 0.191 51160.13 

Miscellaneous 272783 45293.93 0.166 318077 

Total 315741.6 53495.47 0.169 369237.1 

CMF (Site-II)     

T. grandis 78775.13 15298.6 0.194 94073.73 

Miscellaneous 266889.5 45303.01 0.170 312192.5 

Total 345664.6 60601.61 0.175 406266.2 

SOF (Site-III)     

S. robusta 48845.7 14939.7 0.306 63785.4 

T. grandis 34627.51 6596.69 0.191 41224.2 

Miscellaneous 71462.16 14060.25 0.197 85522.41 

Total 154935.4 35596.64 0.230 190532 

SCF (Site-IV)     

S. robusta 139560.3 40606.5 0.291 180166.8 

T. grandis 88073.29 14154.89 0.161 102228.2 

Miscellaneous 29683.51 7402.55 0.249 37086.06 

Total 257317.1 62163.94 0.242 319481.1 

 
Table 4. Dry Phytomass (tha-1) of tropical dry forests. 

Locality Phytomass Authority 

 AGB* BGB** Total BLG/ABG  
Varanasi - 7.6 - - Bandhu, 1970 [17] 
Varanasi 205.5 34.3 239.8 0.17 Singh, 1975 [2] 

Varanasi 64.3 9.5 73.8 0.15 
Singh and Singh,  

1981 [4] 
Chandraprabha 95.0 - - - Singh, 1989 

Udipur 28.2 - - - 
Ranawat and Vyas,  

1975 [3] 
Haldwani 74.6-164 15.4-17.9 90-192 0.21-0.11 Negi, et al., 1995 [7] 
Tripura 113.97 24.39 138.37 0.21 Negi et al., 1990 [6] 

Coimbatore 27.55 11.08 38.63 0.40 George et al., 1990 [5] 
Dehra Dun 129.58 - - - Kaul et al., 1979 [18] 

Chhindwara (MP) 28.11-85.26 9.08-15.63 37.12-100.89 0.32-0.18 Pande, 2002 [8] 

* AGB- Above ground biomass, * BGB- Below ground biomass 

 
(Table 4). It may be accounted for the higher tree density 
of the preset study sites. 

Table 5 shows allocation of biomass (kg ha-1) in dif-
ferent tree species at different sites. Tectona grandis 
(51160.13) and miscellaneous species (318076.59) like  
Butea monosperma, Lagerstroemia parviflora, Anogeis-
sus latifolia,  Lannea grandis were the major contribu-
tors towards total tree biomass (kg ha-1) at site-I, whereas 
T. grandis (94073.7) and miscellaneous tree species like  
Butea monosperma, Diospyros melanoxylon, Buchanania 
lanzen, Butea monosperma and others have contributed 
312192.46 towards total biomass at site- II. In site-III, 
Shorea robusta (63785.4) Tectona grandis (41224.2), and 
species like Buchanania lanzen, Terminalia tomentosa 
and others forms of the miscellaneous contributed major 
part (85522.41 kg ha-1) towards the total tree biomass. 
The site-IV, Shorea robusta (180166.84), Tectona grandis 
(102228.18) and other species like Buchanania lanzen, 
Madhuca latifolia, Diospyros melanoxylon, Lagerstroe-

mia parviflora, Emblica officinalis, etc. forms miscella-
neous and contributed (37086.06) towards total biomass. 
Invariably, higher age groups accounted for higher bio-
mass for their higher total basal area. 

The higher biomass values were obtained for closed 
forests than of the open forests. It is the reflection of 
higher tree density and total basal area of those stands 
which realized higher biomass at those sites. More herb 
and shrub biomass produced by OMF than CMF and is 
indicative of the space/resource created by disturbances 
are efficiently utilized by herbs and shrubs due to their 
relative smaller niche-size. The higher shrub biomass in 
CSF than of the OSF may be due to the higher regenera-
tion potential of different tree species at that site. 

Table 6 shows biomass stocks (kg ha-1) at different 
sites. MF showed higher biomass than of the SF. It may 
be due to more tree density, species richness and mean 
basal area. OMF produced 9.5% less biomass than of the 
CMF whereas, OSF have 39.91% less biomass than of the 
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Table 5. Biomass (kg ha-1) in different components at different sites. 

Component/Sites Age Leaf Bole Twig Bark Root Total 

OMF (Site-I)        

T. grandis 10 21 60 10.8 12 42 145.8 

 15 52.64 341.84 38.72 104 217.04 754.24 

 18 243 1644.3 300.6 414 567 3168.9 

 22 253.4 1915.34 304.29 478.8 661.5 3613.33 

 30 390 4633.8 874.5 948 2028 8874.3 

 90 388.2 26797.2 1388.16 1344 4686 34603.56 

Total  (A)  1348.24 35392.48 2917.07 3300.8 8201.54 51160.13 

Miscellaneous 10 70 200 36 40 140 486 

 15 72.38 470.03 53.24 143 298.43 1037.08 

 18 513 3471.3 634.6 874 1197 6689.9 

 22 470.6 3557.06 565.11 889.2 1228.5 6710.47 

 30 650 7723 1457.5 1580 3380 14790.5 

 90 3235 223310 11568 11200 39050 288363 

Total (B)  5010.98 238731.4 14314.45 14726.2 45293.93 318076.95 

Total (A+B)  6359.22 274123.9 17231.52 18027 53495.47 369237.08 

     Shoot Root  

Shrub     104.448 214.768 319.21 

Herb       73.27 

Litter accumulation       3390 

Leaf biomass (-)       6359.22 

Grand Total       366660.34 

CMF (Site-II)        

T. grandis 10 66.5 190 34.2 38 133 461.7 

 15 131.6 854.6 96.8 260 542.6 1885.6 

 18 378 2557.8 467.6 644 882 4929.4 

 22 289.6 2188.96 347.76 547.2 756 4129.52 

 30 845 10039.9 1894.75 2054 4394 19227.65 

 90 711.7 49128.2 2544.96 2464 8591 63439.86 

Total (A)  2422.4 64959.46 5386.07 6007.2 15298.6 94073.73 

Miscellaneous 10 108.5 310 55.8 62 217 753.3 

 15 177.66 1153.71 130.68 351 732.51 2545.56 

 18 243 1644.3 300.6 414 567 3168.9 

 22 470.6 3557.06 565.11 889.2 1228.5 6710.47 

 30 975 11584.5 2186.25 2370 5070 22185.75 

 90 3105.6 214377.6 11105.28 10752 37488 276828.48 

Total (B)  5080.36 232627.2 14343.72 14838.2 45303.01 312192.46 

Total (A+B)  7502.76 297586.6 19729.79 20845.4 60601.61 406266.19 

     Shoot Root  

Shrub     110.92 99.82 210.74 

Herb       55.71 

Litter accumulation       3514.6 

Leaf biomass ( - )       5080.36 

Grand Total       404966.88 

SOF (Site-III)        

S. robusta 10 126.4 89.6 30.4 44.8 131.2 422.4 

 15 176.4 1992.9 409.5 1113 1272.6 4964.4 

 18 241.05 3367.5 648 1485 1896 7637.55 

 22 472.6 7923.7 1443.3 2857.7 4005.2 16702.5 
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 30 138.75 2742.6 475.2 822 1257.3 5435.85 

 80 651.6 15221.7 2520 3852 6377.4 28622.7 

Total (A)  1806.8 31338 5526.4 10174.5 14939.7 63785.4 

T. grandis 10 52.5 150 27 30 105 364.5 

 15 85.54 555.49 62.92 169 352.69 1225.64 

 18 216 1461.6 267.2 368 504 2816.8 

 22 144.8 1094.48 173.88 273.6 378 2064.76 

 30 260 3089.2 583 632 1352 5916.2 

 90 323.5 22331 1156.8 1120 3905 28836.3 

Total (B)  1082.34 28681.77 2270.8 2592.6 6596.69 41224.2 

Miscellaneous 10 80.5 230 41.4 46 161 558.9 

 15 164.5 1068.25 121 325 678.25 2357 

 18 621 4202.1 768.2 1058 1449 8098.3 

 22 651.6 4925.16 782.46 1231.2 1701 9291.42 

 30 585 6950.7 1311.75 1422 3042 13311.45 

 90 582.3 40195.8 2082.24 2016 7029 51905.34 

Total (C)  2684.9 57572.01 5107.05 6098.2 14060.25 85522.41 

Total (A+B+C)  5574.04 117591.8 12904.25 18865.3 35596.64 190532.01 

     Shoot Root  

Shrub     74.256 145.581 219.83 

Herb       71.75 

Litter accumulation       4368.8 

Leaf biomass ( - )       2684.9 

Grand Total       192507.49 

SCF (Site-IV)        

S. robusta 10 197.5 140 47.5 70 205 660 

 15 394.8 4460.3 916.5 2491 2848.2 11110.8 

 18 594.59 8306.5 1598.4 3663 4676.8 18839.29 

 22 695 11652.5 2122.5 4202.5 5890 24562.5 

 30 693.75 13713 2376 4110 6286.5 27179.25 

 90 1956 55417.5 8392.5 11349 20700 97815 

Total (A)  4531.64 93689.8 15453.4 25885.5 40606.5 180166.84 

T. grandis 10 24.5 70 12.6 14 49 170.1 

 15 19.74 128.19 14.52 39 81.39 282.84 

 18 54 365.4 66.8 92 126 704.2 

 22 108.6 820.86 130.41 205.2 283.5 1548.57 

 30 65 772.3 145.75 158 338 1479.05 

 90 1099.9 75925.4 3933.12 3808 13277 98043.42 

Total (B)  1371.74 78082.15 4303.2 4316.2 14154.89 102228.18 

Miscellaneous 10 66.5 190 34.2 38 133 461.7 

 15 230.3 1495.55 169.4 455 949.55 3299.8 

 18 810 5481 1002 1380 1890 10563 

 22 362 2736.2 434.7 684 945 5161.9 

 30 520 6178.4 1166 1264 2704 11832.4 

 90 64.7 4466.2 231.36 224 781 5767.26 

Total (C )  2053.5 20547.35 3037.66 4045 7402.55 37086.06 

Total (A+B+C)  7956.88 192319.3 22794.26 34246.7 62163.94 319481.08 

     Shoot Root  

Shrub     67.634 750.936 818.57 

Herb       109.5 

Litter accumulation       7815 

Leaf biomass ( - )       2053.5 

Grand Total       320409.5 
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Table 6. Biomass stocks (kg ha-1) at different sites. 

Life forms/Site Tree Shrub Herb 
Litter 

Accumulation
Leaf biomass 

( - ) 
Total 

 Bole Total      
I 274123.9 369237.1 319.21 73.27 3390 6359.22 366660.34 
II 297586.6 406266.2 210.74 55.71 3514.6 5080.36 404966.88 

Average 285855.3 387751.7 264.98 64.49 3452.3 5558.79 385813.61 
III 117591.8 190532.01 219.83 71.75 4368.8 2684.9 192507.49 
IV 192319.3 319481.1 818.57 109.5 7815 2053.5 320409.5 

Average 154955.5 255006.6 519.18 90.63 6091.9 2369.2 256458.25 

 
Table 7. Biomass stocks (kg ha-1) at per tree basis at different sites 

Life forms/Site Tree Shrub Herb 
Litter 

Accum-ulation 
Leaf biomass 

( - ) 
Total 

 Bole Total      
I 166.14 223.78 0.19 0.04 2.05 3.85 222.22 
II 130.52 178.19 0.09 0.02 1.54 2.23 177.62 

Average 148.33 200.98 0.14 0.03 1.80 3.04 199.92 
III 49.62 83.57 0.10 0.03 1.92 1.18 84.43 
IV 641.06 140.12 0.36 0.05 3.43 0.90 140.53 

Average 345.34 111.84 0.23 0.04 2.67 1.04 112.48 

 
Table 8. Photosynthetic (P) and non-photosynthetic (NP) biomass ( kg ha-1). 

OMF (Site-I) P NP P/NP Total 

T. grandis 1348.24 49811.89 0.027 51160.13 

Miscellaneous 5010.98 313065.97 0.016 318076.95 

Total 6359.22 362877.86 0.018 369237.08 

CMF (Site-II)     

T. grandis 12718.44 81355.29 0.156 94073.73 

Miscellaneous 25436.88 286755.58 0.089 312192.46 

Total 25436.88 380829.31 0.067 406266.19 

SOF (Site-III)     

S. robusta 1806.80 61978.60 0.029 63785.40 

T. grandis 1082.34 40141.86 0.027 41224.20 

Miscellaneous 2684.90 82837.51 0.032 85522.41 

Total 5574.04 184957.97 0.030 190532.01 

SCF (Site-IV)     

S. robusta 4531.64 175635.20 0.026 180166.84 

T. grandis 1371.74 100856.44 0.014 102228.18 

Miscellaneous 2053.50 35032.56 0.059 37086.06 

Total 7956.88 311524.20 0.026 319481.08 

 

CSF. OMF produced 9.1% less bole biomass than of the 
CMF while OSF produced 40.36% les biomass than of 
the CSF. 
  Biomass stocks on tree-1 basis (kg ha-1) and plant-1 are 
given in Table 7. The average values for total tree-1/ 
plant-1 and total biomass in all life forms was more in case 
of MF than of the SF. But the situation was reverse in case 
of bole biomass. While comparing the open and closed 
forests, it was higher for closed forests in both the cases. 

3.2. Photosynthetic and Non-Photosynthetic  
Biomass 

Allocation of biomass in photosynthetic and non-pho-

tosynthetic components at different sites is tabulated in 
Table 8. Photosynthetic/non-photosynthetic ratio follows 
the order: 0.067 (II) > 0.030 (III) > 0.026 (IV) > 0.018 
(I). Open forests showed lower values for this ratio. It 
may be explained as; firstly, the photosynthetic demand 
is higher at early developmental stages of stand growth 
thus form higher foliage in closed forests and, secondly, 
the less disturbances protect the foliage from the lopping 
and grazing at closed forest sites. 

3.3. Biomass: Total vs. Main Species 

The contribution of biomass of Tectona grandis (teak) 
and Shorea robusta towards total biomass is given in  
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Table 9. NPP and NEP (kg ha-1 yr-1) at different sites. 

 NPP leaf NPP NEP  NPP leaf NPP NEP 

    SOF (Site-III) 

OMF (Site-I) Tree 

Tree S. robusta 72.04 2095.69 970.76 

T. grandis 47.94 1085.45 659.41 T. grandis 41.80 886.11 534.08 

Miscellaneous 119.33 4491.47 3144.53 Miscellaneous 109.10 2105.71 1229.85 

Total 167.27 5576.92 3803.93 Total 222.94 5087.51 2734.69 

Shrub  79.80  Shrub  109.92  

Herb  73.27  Herb  71.75  

LP  4173.80  LP  33089.60  

NPP leaf ( -)  167.27  NPP leaf ( -)  222.94  

Grand Total  9736.52  Grand Total  33384.29  

CMF (Site-II) SCF (Site-IV) 

Tree Tree 

    S. robusta 155.55 4962.63 2375.33 

T. grandis 85.66 1979.25 1198.10 T. grandis 26.09 1284.05 942.52 

Miscellaneous 124.59 4541.50 3129.07 Miscellaneous 101.51 1546.12 803.15 

Total 210.25 6520.75 4327.18 Total 283.15 7792.80 4121.00 

Shrub  52.69  Shrub  204.64  

Herb  55.71  Herb  109.50  

LP  5956.00  LP  30271.60  

NPP leaf ( -)  210.25  NPP leaf ( -)  283.15  

Grand Total  12374.89  Grand Total  38094.79  
 
Table 3. The highest percent contribution of teak towards 
total biomass is shown by site-IV (31.19) and followed 
by-II (23.15), -III (21.16), and -I (13.85). It clearly indi-
cated negative impact of disturbance on dominant tree 
species (teak) at open forest sites. The highly disturbed 
site-I contributed only 13.85% biomass towards total, 
whereas site-III - the least disturbed, contributed 23.85% 
towards total biomass. The contribution of biomass of sal 
at open and closed forests was 33.47% and 56.37% re-
spectively. The lower contribution of main species at 
open forest may be due to higher contribution of miscel-
laneous tree biomass. The open forest sites of the present 
study (I) and (III)undergone various anthropogenic dis-
turbances like lopping, felling, grazing, etc. during the 
remote and recent past. It created large gaps inside the 
forest. These gaps provided space/resource for invading 
species. Thus, create opportunity to acclimatize and es-
tablish them in the prevailing climate. These species 
became second and even first canopy species at present 
and their contribution in total biomass is 86% and 44.88% 
respectively for OMF and OSF. 

3.4. Net Primary Productivity 

A perusal of Table 9 shows that NPPtree (kgha-1yr-1) is 
highest for site -IV followed by (38094.79), III 
(33384.29), II (12374.89 and I (9736.52). NPPshrub fol-
lowed the order: 204 (IV) > 109 (III) > 79.80 (I) > 52.69 
(II), while for NPPherb, the order of importance was, 

109.50 (IV) > 73.27 (I)> (II), 71.75 (III) > 55.71 (II). 
NPPtotal was highest for closed forest stands than of the 
open ones. NPPteak was lower for high-disturbed site than 
of the less disturbed site. It indicated that disturbances 
decreased productivity of teak in the both miscellaneous 
and sal forests of Satpura forests. This is also true for 
NPPshrub. In contrary, NPPherb is almost accounting more 
or similar values for the sites. 

Net primary productivity (kg ha-1 yr-1) of Tectona 
grandis is highest for site-II and followed by IV, I, III. 
NPP teak was higher for closed forest sites. George et al. 
[5] reported NPP in some southern tropical forests of 
Coimbatore as 2476 kg ha-1 yr-1. Karmacharya and Singh 
[19] reported NPP between 12933-25588 kg ha-1 yr-1 in 
some tropical teak plantations. Negi et al. [7] reported 
NPP in between 6421-11289 kg ha-1 yr-1 in some tropical 
teak plantations of Haldwani (UP). The values of NPPtree 
in present study are well with in the reported range for 
tropical forests. However, the values are higher than of 
George et al. [5] and Kaul et al. [18]. This is the reflection 
of good regeneration and - fertility of the forests. This 
view is also supported by George et al. [5]. The same is 
also true for NPP on per tree basis. 

3.5. Net Ecosystem Productivity 

NEP is calculated from bole biomass. NEP was higher for 
sal forests than of the miscellaneous forests. Further 
closed forests showed higher values of NEP. Net eco-
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system productivity for Tectona grandis was also higher 
for sal ecotone forest. Open sal forest showed lower 
values of NEPsal  than of the closed sal forest (Table 9). 

3.6. Comparison with Other Forests 

Murphy and Lugo [20] reported that stem wood biomass 
production ranged between 4 – 18 t ha-1 yr-1 in tropical dry 
regions compared with 10-30 t ha-1 yr-1 in tropical moist 
and wet region. The bole production (0.85-1.354 t ha-1 
yr-1) in teak forests at Chhindwara towards the lower end 
of the dry tropical forests This is due to lower soil depth 
and nutrient poor soil of the investigation sites [8]. The 
bole production in the present study was in the range of 
2.734-4.327 t ha-1. It is well with in reported range of 
tropical dry deciduous forests. 

3.7. Management 

It is clear from the preceding discussion that disturbances 
in open forests not only reduce stand biomass of tree 
species (dominant species in particular) but also decline 
the tree productivity. In another study, Pande (2002) re-
ported that the NPPteak was 63% higher in the plantation 
inside the forest, than of the actual site. It clearly indi-
cated that productivity of open forest sites increased 
substantially, for target species by gap filling plantation. 
Therefore, it is suggested to forest managers to fill the 
blanks in side the forest by target species so that tree 
productivity would be maintained. This will also helpful 
to maintain the tree composition of the forest. 
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