
egRoiw.kZ gks tkrk gSA ljdkjh@lkoZtfud {ks=k laxBuksa] tgk¡ vk¡dM+ksa ds l`tu gsrq dj nkrkvksa dh Hkkjh jkf'k dk mi;ksx gksrk gS] dks O;fDr;ksa 

vFkok vU; laxBuksa ds lkFk oSKkfud 'kks/ ds fy, vk¡dM+k fgLlsnkjh ds fy, T;knk laosnu”khy gksuk pkfg,A ;g t:jh gS fd bl izdkj ds 

vk¡dM+ksa dks mu O;fDrxr laxBuksa ds lkFk ckaVk tk,] tks oSKkfud iz;kstuksa ds fy, budk mi;ksx djuk pkgrs gSaA bl 'kks/i=k esa vk¡dM+k fgLlsnkjh 

dks ljy cukus ds fy, Hkkjr ljdkj }kjk mBk, x, oS/kfud dk;ksZa lfgr fofHkUu dneksa dk o.kZu fd;k x;k gSA tcfd okfudh {ks=k esa jkT; ou 

foHkkxksa] Hkkjrh; okfudh vuqla/ku ,oa f'k{kk ifj"kn vkSj Hkkjrh; ou losZ{k.k ds ikl okfudh vk¡dM+ksa dk fo'kky Hk.Mkj gS rFkk bUgsa oSKkfud 

mn~ns';ksa ds fy, vU; yksxksa ds lkFk fgLlsnkjh djus gsrq rS;kj jguk pkfg,A vk¡dM+ksa dks vkil esa ckaVrs le; ckSf¼d lEink vf/dkjksa dk ikyu 

djuk cgqr egRoiw.kZ gksxkA ;g 'kks/kfFkZ;ksa@laxBuksa ds chp ikjnf”kZrk ,oa ln~Hkkoiw.kZ laca/ksa dks izksRlkfgr djsxk vkSj ;g iz;klksa dh iqujko`fRr ls 

cpk,xkA 
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ABSTRACT

Estimates of basal area in long term research sites of tropical forests, basal area increment and pattern of mortality in 
tropical rain forests (TRF) and rate of diameter growth in different forest types is given. estimates of basal area ranged 

2around 43 m  /ha in tropical rain forests to around 30-35 m  /ha in moist deciduous forests and around 13 m /ha in dry 
deciduous forests. the rate of basal area increment per year in tropical rain forests for the pioneer species was 5.3%, 
canopy species 3.22%, middle storey species 2.02% and for under storey species 1.87%. the overall rate of basal area 
increment was 2.06 % per year in TRFs of western ghats of india. the average rate of diameter increment for species in 
the western ghat ranged between 3 to 3.5 mm per year. 

Key words : Basal area, Diameter increment, Tropical forests, Long term research

2 2

Introduction LTRS exist in India and majority of them are in reasonably 
good shape, with the exception of sandalwood plots, Some of the oldest long term research sites (LTRS) 
which have been practically destroyed. in the tropical forests of the world perhaps exist in India. 

These sites have different names: linear tree increment Location of LTRS in different states and forest types
plot, linear increment plot, linear sample plot or The largest number of sites are in Shores robusta 
permanent preservation plot. The common feature of all dominated moist deciduous forests (43), followed by 
these plots is generally their linear shape and the object Tectona grandis forests (23) and tropical rain forests (20). 
of their creation was to record periodic diameter or girth More number of sites for S. robusta is in Uttarakhand, 
measurements of trees. In some sites only commercially followed by West Bengal and Bihar. Similarly, more 
important species were monitored, while in others all number of sites for T. grandis is in Karnataka, followed by 
trees above 10 cm diameter breast height (dbh) were Maharashtra and Kerala. For TRF more number of sites is 
measured. In some cases sites were also created observe in Karnataka followed by Kerala, Assam and Tamil Nadu. 
the ecological and phenological aspects and to serve as a There are sites in Montane Hill forests of Tamil Nadu and 
site for botanizing. In some of these sites trees have been Maharashtra, and in some of the old teak plantations of 
classified on the basis of size of the crown into large, 1844 and 1872 in Kerala and Tamil Nadu, respectively. 
medium and small and were also categorized into Similarly there are sites in Red Sanders plantations in 
dominance classes as dominant, co-dominant, Andhra Pradesh. There were sites for sandalwood 
dominated and suppressed. These were done to study forests, which have been lost. 
the differential rates of diameter growth dependent 

Sites in tropical rain forests
upon crown and dominance classes. 

These sites are in Karnataka, Kerala, Tamil Nadu, 
The earliest LTRS were established in the West 

Assam and Andaman Island. They represent the 
Coast region for Hopea parviflora in 1911. Subsequent to 

characteristic vegetation of the area. The first among 
this, during 1930s, there were concerted efforts for 

them was established during 1930s in the Western Ghats. 
establishing such sites in 2 main regions: in northern 

Some of them have been well maintained and have 
India in Shorea robusta forests of Uttarakhand, Uttar 

generally been measured at 5-year interval. Besides 
Pradesh, Bihar and West Bengal; and in South India in 

giving an indication about the rate of growth of species, 
tropical rain forests (TRF) of Karnataka, Tamil Nadu and 

the sites have also given good information about the 
Kerala. Later, during 1950s in parts of Karnataka and in 

pattern of mortality in various TRF species (Rai, 1981a).
early 1980s in parts of Maharashtra more sites were 

In a unique and very important ongoing study a created in moist deciduous and dry deciduous teak 
permanent sample plot of 5 ha was set up in 1990 at bearing forests, respectively. At present nearly 100 such 

The overall rate of Basal Area increment was 2.06 % per year in Tropical Rain Forests (TRFs)  and the average 
rate of diameter increment for species ranged between 3 to 3.5 mm per year in the Western Ghat.
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Annual aasal area increment and survival pattern in of 64 species is given in Table 2. Some details are given 
tropical rain forests below:

The rate of basal area increment over a period of •Average annual diameter increment of Dalbergia 
36 years for 95 species individually, and for the forest as a latifolia ranged between 2.0 and 3.0 mm while 
whole has been estimated as percentage increase per that of Xylia dolabriformis ranged between 2.1 and 
year (Rai, 1983). Based on the habit of growth the species 3.1 mm (Rai, 1978). 
were classified into four categories namely: pioneers, •The rate of diameter growth of Hopea parviflora in 
canopy, middle storey and under storey. The rate of basal the West Coast of India on alluvial soils was higher 
area increment per year in these forests for the pioneer (12.5 mm per year) in the trees of 11 to 20 cm 
species was 5.3%, canopy species 3.22%, middle storey diameter class, however, the general rate of 
species 2.02% and for under storey species 1.87%. The growth ranged between 2.9 to 5.7 mm per year 
overall rate of basal area increment for the 4 sites was (Rai, 1979a). 
2.06 % per year and in terms of real increase it was 0.505 

2 •The rates of diameter growth of Vitex altissima and m /ha/year.
Lannea coromandelica which are representative 

Rate of mortality among various species across the 
of semi-evergreen forests but also occur 

DBH class was also studied. As expected the pioneer 
sometimes on moist sites in moist deciduous 

species have quicker turn over and over a period of 36 
forests was studied (Rai, 1979b). The rate of 

years there was 47% mortality among them. The species 
diameter increment in Vitex altissima was 4 mm 

which form the top canopy have longer life span; the rate 
per year which is higher than many species found 

of mortality among them was only 25% over the same 
in the same type of forests. Similarly rate of 

period. As opposed to this, the rate of diameter growth 
diameter increment in Lannea coromandelica 

and consequently the rate of basal area increment for the 
was more (2.7 mm per year) in moist deciduous 

pioneer species were higher (5.3%) and it was relatively 
forests as compared to 1.8 mm in dry deciduous 

low for the top canopy species (3.22%). 
forests.

Rate of annual diameter increment •The rate of diameter increment of sandalwood 
From the analysis of the data following results are computed from the old available data gave an 

reported. The study sites in moist teak zone can be increment of around 2.7 cm/per year (Rai and 
distinguished in 3 different categories; Teak as a pre- Sharma, 1986). Maximum diameter increment 
dominant associate, teak as an associate and teak absent was generally seen in the middle diameter range of 
or rare. There was no marked difference in rates of 40–55 cm for most species. 
growth between the first two categories. However, 

•Rate of diameter growth of a number of species variation in the rate of growth was observed depending 
has been reported (Rai, 1989).upon the location of the site. Annual diameter increment 

Forest type Location Basal area 
m

2
/ha 

Range of BA 
m

2
/ha 

No. of sites 

Tropical rain forest Assam 44.9  2 
 Karnataka 44.5  8 
 Kerala  40 to 80 10 
 Kerala 42.8  1 
Montane sub tropical Tamil Nadu 44.8  1 
 Maharashtra 50.3  1 
Shola Tamil Nadu 34.8  1 
Semi-evergreen Karnataka 33.5  1 
-do- Maharashtra 35.5  1 
Moist deciduous (S. robusta) Uttarakhand +Uttar Pradesh 34.5 20 to 67.6 27 
-do- West Bengal 58.7 27.1 to 75.7 7 
Teak  Karnataka 29.7 21.6 to 47.8 15 
Non- teak Maharashtra 27.3   
Dry deciduous (S. robusta) Bihar 27.0 25.5 to 28.5 2 
Dry deciduous teak Maharashtra 12.6 9.8 to 14.4 5 
Dry deciduous - less teak Tamil Nadu ( Mudumalai) 25  1 

 

Table 1: Average basal area per hectare in the long term research sites in different tropical forest types in IndiaUppanagala in Kadamakal Reserve Forest of Kodagu Sites in dry deciduous forests
district of Karnataka, where 3870 trees belonging to 59 These type of sites have were created during 1980s 
species are being monitored for their rate of diameter in Maharashtra and in 1990s in Tamil Nadu. Majority of 
growth periodically. Vernier dbh tapes have been fixed to them in Maharashtra have Tectona grandis as the main 
the trees by which diameter increment to the extent of species and the other associates are Grewia tiliaefolia, 
0.02 mm can be recorded. Some results are reported (FIP Lagerstroemia parviflora, Anogiessus latifolia, Diospyros 
undated) in this paper in Table 2. melanoxylon, etc. 

There are a large number of increment plots for The Mudumalai LTRS (50 ha plot) in Tamil Nadu 
Hopea parviflora in Dakshin Kannada district of was established in 1988 and is being maintained as a 
Karnataka. Several of these plots were continuously forest dynamics plot and is studied intensively. In this plot 
maintained and they were in reasonably good shape in teak is an associate while the main species are 
1979. Lagerstroemia lanceolata and Terminalia tomentosa.
Sites in moist deciduous forests Results and Discussion

These LTRS can be broadly grouped into three Estimates of basal area in tropical forests of India
categories as follows: (i) Predominantly Shorea robusta 

The estimates of basal area (BA) for 93 LTRS has 
forests, (ii) Predominantly teak bearing forests, and (iii) 

been made (Rai, 1996) as given in Table 1.
Non-teak forests. These are described below.

2•The BA in TRF of Assam was 41.9 m / ha (average of 
Sites in Shorea robusta forests 22 sites) and it was 44.5 m / ha (average of 8 sites) in 

The earliest LTRS of Shorea robusta were Karnataka. In Kerala, in the Silent Valley area, the 
established in parts of Uttarakhand and Bengal during BA measured in 10 plots ranged between 40-80 

21920s and 1930s. The largest number of sites is around m / ha. In a tropical forest in Wynad, Kerala, the BA 
Haldwani and Ram Nagar in Uttarakhand. In these sites, 2was 42.8 m /ha. In the Montane Hill forests in 
only trees of Shorea robusta, Adina cordifolia and Karian Shola at Top slip in Tamil Nadu, which was 
Terminalia tomentosa were measured and tagged, while 244.8 m /ha. In similar vegetation near Pune in 
the trees of other species though measured, were not 2Maharashtra, it was 50.3 m / ha. 
tagged. Whereas in some of the sites in West Bengal trees 

•In semi-evergreen forests of Karnataka, it was 35.5 of all the species have been measured and tagged. The 
2 2m /ha and in Maharashtra it was 35.5 m /ha. In periodicity of measurement has not always been 5 years. 

another Shola forests at Ootacamund, the BA was The pattern of mortality and rate of growth in various 
234.8 m /ha. diameter classes in these forests has been reported 

(Mathauda, 1958). •In the moist deciduous Shorea robusta forests in 
Uttarakhand and Uttar Pradesh the average of 27 Sites in Teak forests

2sites gave a BA of 34.5 m /ha (range was from 20.2 Majority of these sites are in the moist deciduous 
to 67.6). In West Bengal the average BA of 7 sites forests of Karnataka, some are in Maharashtra and one in 

2was 58.7 m /ha (range was from 27.1 to 75.7). Kerala. Teak is a dominant species in these sites and other 
•In the moist deciduous teak forests of Karnataka, associates generally are Lagerstroemia, lanceolata, 

2Terminalia paniculata, Xylia xylocarpa and bamboos. the average BA for 15 sites was 29.7 m /ha (range 
Majority of the sites were created in 1950s and they were was 21.6 to 47.8). 
measured regularly. The rate of diameter growth of trees •In a non-teak moist deciduous forest in 

2from the sites of Karnataka has been reported (Rai, 1978, Maharashtra, the basal area was 27.3 m / ha.
1979, 1980, 1987, 1990). 

•In Dry Deciduous Shorea robusta forests in Bihar, 
Sites in non-Teak forests 2the average basal area was 27.0 m /ha. 

Some of the oldest sites in this type of forests were •In dry deciduous teak forests of Maharashtra the 
created in parts of Maharashtra. These forests do not 2average basal area for 5 sites was 12.6 m /ha 
have teak although they fall in the moist deciduous zone. 

(range was 9.8 to 14.4).
The dominant species is Pterocarpus marsupium and 

•In dry deciduous forests dominated by other associates are Lagerstroemia parviflora, Dalbergia 
Lagerstroemia lanceolata, Terminalia tomentosa latifolia, Saccopetalum tomentosum, Xylia xylocarpa, 
and Anogeissus latifolia with less of teak the BA etc. The rate of growth of several species from these 

2was 25 m /ha.forests has been reported (Mathauda, 1955). 
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diameter increment in Lannea coromandelica 

and consequently the rate of basal area increment for the 
was more (2.7 mm per year) in moist deciduous 

pioneer species were higher (5.3%) and it was relatively 
forests as compared to 1.8 mm in dry deciduous 

low for the top canopy species (3.22%). 
forests.

Rate of annual diameter increment •The rate of diameter increment of sandalwood 
From the analysis of the data following results are computed from the old available data gave an 

reported. The study sites in moist teak zone can be increment of around 2.7 cm/per year (Rai and 
distinguished in 3 different categories; Teak as a pre- Sharma, 1986). Maximum diameter increment 
dominant associate, teak as an associate and teak absent was generally seen in the middle diameter range of 
or rare. There was no marked difference in rates of 40–55 cm for most species. 
growth between the first two categories. However, 

•Rate of diameter growth of a number of species variation in the rate of growth was observed depending 
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established in parts of Uttarakhand and Bengal during BA measured in 10 plots ranged between 40-80 
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2 2m /ha and in Maharashtra it was 35.5 m /ha. In periodicity of measurement has not always been 5 years. 

another Shola forests at Ootacamund, the BA was The pattern of mortality and rate of growth in various 
234.8 m /ha. diameter classes in these forests has been reported 
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Uttarakhand and Uttar Pradesh the average of 27 Sites in Teak forests
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Majority of the sites were created in 1950s and they were was 21.6 to 47.8). 
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2from the sites of Karnataka has been reported (Rai, 1978, Maharashtra, the basal area was 27.3 m / ha.
1979, 1980, 1987, 1990). 
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Real purpose of these study sites would be served there is better distribution of rainfall) a process of 
if they can be carefully studied to assess the impact of succession has been observed wherein several of the 
anthropogenic pressure and relative changes that have pioneer species such as Macaranga peltata, Callicarpa 
taken place in the species composition in these forests. lanata, Erythrina spp. etc. were replaced by more 
As expected on certain sites where there were recurrent mesophytic species within a span of 20-25 years. These 
fires the thorny species like Lantana and Eupatorium sites can be an excellent example for studying the rate of 
have invaded. Similarly in parts of West Bengal (where succession in these forests. 

Hkkjr m".kdfVca/h; {ks=k esa nh?kZdkyhu 'kks/ LFkyksa esa vk/kkfjr {ks=kiQy vkSj O;kl o`f¼

,l-,u- jk;

lkjka'k

m".kdVhca/h; ouksa ds nh?kZdkyhu 'kks/ LFkyksa esa vk/kfjr {ks=kiQy] m".kdfVca/h; o"kkZ ouksa esa vk/kfjr {ks=kiQy o`f¼ vkSj eR;Zrk ds iSVuZ 

vkSj fofHkUu ou fdLeksa esa O;kl o`f¼ dh nj dk vkdyu fn;k x;k gSA vk/kfj; {ks=kiQy dk vkdyu m".kdfVca/h; o"kkZ ouksa esa djhc 43 oxZ 

eh- izfr gSDVs;j ls vknZz i.kZikrh ouksa esa djhc 30&35 oxZ eh- izfr gSDVs;j vkSj “kq"d i.kZikrh ouksa esa djhc 13 oxZ eh- izfr gSDVs;j gSA 

m".kdfVca/h; o"kkZ ouksa esa izfro"kZ vk/kfjr {ks=k o`f¼ dh nj izeq[k iztkfr ds fy, 5-3 izfr'kr] N=k iztkfr 3-22 izfr'kr] eè; LVksjh iztkfr 2-02 

izfr'kr vkSj v/ks forku iztkfr ds fy, 1-87 izfr'kr FkhA Hkkjr ds if'peh ?kkVksa ds m".kdfVca/h; o"kkZ ouksa esa vk/kfjr {ks=kiQy o`f¼ dh lexz 

nj izfr o"kZ 2-06 izfr'kr FkhA if'peh ?kkVksa esa iztkfr;ksa ds fy, O;kl o`f¼ dh vkSlr nj izfr o"kZ 3 ls 3-5 fe-eh- ds chp FkhA 
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Real purpose of these study sites would be served there is better distribution of rainfall) a process of 
if they can be carefully studied to assess the impact of succession has been observed wherein several of the 
anthropogenic pressure and relative changes that have pioneer species such as Macaranga peltata, Callicarpa 
taken place in the species composition in these forests. lanata, Erythrina spp. etc. were replaced by more 
As expected on certain sites where there were recurrent mesophytic species within a span of 20-25 years. These 
fires the thorny species like Lantana and Eupatorium sites can be an excellent example for studying the rate of 
have invaded. Similarly in parts of West Bengal (where succession in these forests. 

Hkkjr m".kdfVca/h; {ks=k esa nh?kZdkyhu 'kks/ LFkyksa esa vk/kkfjr {ks=kiQy vkSj O;kl o`f¼

,l-,u- jk;

lkjka'k

m".kdVhca/h; ouksa ds nh?kZdkyhu 'kks/ LFkyksa esa vk/kfjr {ks=kiQy] m".kdfVca/h; o"kkZ ouksa esa vk/kfjr {ks=kiQy o`f¼ vkSj eR;Zrk ds iSVuZ 

vkSj fofHkUu ou fdLeksa esa O;kl o`f¼ dh nj dk vkdyu fn;k x;k gSA vk/kfj; {ks=kiQy dk vkdyu m".kdfVca/h; o"kkZ ouksa esa djhc 43 oxZ 

eh- izfr gSDVs;j ls vknZz i.kZikrh ouksa esa djhc 30&35 oxZ eh- izfr gSDVs;j vkSj “kq"d i.kZikrh ouksa esa djhc 13 oxZ eh- izfr gSDVs;j gSA 

m".kdfVca/h; o"kkZ ouksa esa izfro"kZ vk/kfjr {ks=k o`f¼ dh nj izeq[k iztkfr ds fy, 5-3 izfr'kr] N=k iztkfr 3-22 izfr'kr] eè; LVksjh iztkfr 2-02 

izfr'kr vkSj v/ks forku iztkfr ds fy, 1-87 izfr'kr FkhA Hkkjr ds if'peh ?kkVksa ds m".kdfVca/h; o"kkZ ouksa esa vk/kfjr {ks=kiQy o`f¼ dh lexz 

nj izfr o"kZ 2-06 izfr'kr FkhA if'peh ?kkVksa esa iztkfr;ksa ds fy, O;kl o`f¼ dh vkSlr nj izfr o"kZ 3 ls 3-5 fe-eh- ds chp FkhA 

References

FIP (French Institute Pondicherry) (Undated).Some Results on the Diameter Growth of 59 Endemics of the Medium Elevation Wet Evergreen 
Forests in the Western Ghats.: 32.

Mathauda G.S. (1955). The contribution and rate of growth of a Tropical Moist Deciduous Forests in South Chanda Division, Madhya 
Pradesh. Indian Forester, 81: 604-619.

Mathauda G.S. (1958). The un-even aged Sal forests of Ram Nagar forest Division, Uttar Pradesh: their constitution, Rate of growth and drain 
along with empirical yield and stand tables for selection type of Sal crops. Indian Forester, 84: 255-269.

Rai S.N. (1978). Rate of growth of Dalbergia latifolia and Xylia dolabriformis. Malaysian Forester, 41:24-253.

Rai S.N. (1979). Rate of growth of Hopea parviflora. My Forest, 15: 31-39.

Rai S.N. (1979). Rate of diameter growth and age/diameter relationship of Vitex altissima and Lannea coromandelica in Moist Deciduous 
Forests of Karnataka. Indian Journal of Ecology, 6: 20-29.

Rai S.N. (1980). Diameter increment of Terminalia paniculata and Lagerstroemia lanceolata. Indian Forester, 16: 856-864.

Rai S.N. (1981a). Floristic composition and survival pattern of Tropical Rain Forest tree species of India. My Forest, 19: 88-96.

Rai S.N.(1981b). Rate of growth of some evergreen species. Indian Forester, 108: 513-518.

Rai S.N. (1983). Basal area and volume increment in Tropical Rain Forests of India. Indian Forester, 109:198-211.

Rai S.N. (1985). Diameter increment of Terminalia alata and Careya arborea in Moist Deciduous Forests of Western Ghats of Karnataka. 
Journal of Tropical Forestry, 1:29-39.

Rai S.N. (1989). Rate of diameter growth of trees in humid tropics of Western Ghats of India. In: Proceedings of the Seminar of Growth and 
yield in Tropical Mixed Moist Forests. (Eds) (Wan Razli, H.T. Chan and S. Appanah) FRIM, Kuala Lumpur.: 106-116.

Rai S.N. and Sharma C.R. (1986). Periodic annual diameter increment in Sandalwood (Santalum album). Van Vigyan, 24: 69-74.

Rai S.N. (1987). Rate of Diameter Increment and Age-Diameter Relationship of Dillenia pentagyna and Grewia tiliaefolia. Journal of Tropical 
Forestry, 3:160-167.

Rai S.N. and Sharma C.R. (1990). Periodic annual diameter increment in Tectona grandis and Xylia dolabriformis in Moist Deciduous Forests 
of Karnataka. Journal of Tropical Forestry, 3:208-216.

Rai S.N. (1996).Long Term Research Sites in Tropical Forest of India. UNESCO New Delhi.: 98

16 The Indian Forester [January 2016] 17Basal area and diameter increment in long term research sites in tropical forests of India




