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TROPICAL FOREST ECOSYSTEMS .'. 
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D e p a r t m e n t of B o t a n y / B a n a r a s Hindu U n i v e r s i t y 
V a r a n a s i 221 0 0 5 , I n d i a 

INTRODUCTION 

T r o p i c a l f o r e s t s r e p r e s e n t t h e g r e a t e s t s t o r e h o u s e o f 
b i o l o g i c a l d i v e r s i t y i n t h e w o r l d . I n d o n e s i a n l o w l a n d r a i n 
f o r e s t s c o n t a i n 3000 t r e e s p e c i e s , t h e Malaya P e n i n s u l a 
s u p p o r t s 2500 s p e c i e s / and a l l s e e d p l a n t s i n New G u i n e a - and 
M a l a y s i a n r a i n - f o r e s t s / a r e e s t i m a t e d to be more t h a n 2 0 / 0 0 0 
s p e c i e s ( C u r r y - L i n d h a l 1 9 7 2 ) . N e a r l y one h a l f ( 2 - 5 m i l l i o n 
s p e c i e s ) o f t h e w o r l d ° s p l a n t and a n i m a l s p e c i e s a r e found i n 
t h e s e r e g i o n s . T r o p i c a l f o r e s t s y i e l d many of t h e p r e s c r i p t i o n 
d r u g s o f b i o l o g i c a l o r i g i n . For e x a m p l e / r o s y P e r i w i n k l e / a 
t r o p i c a l f o r e s t p l a n t y i e l d s two d r u g s wh ich have i n c r e a s e d t h e 
c h a n c e s of r e c o v e r y from l e u k e m i a . A g r e a t m a j o r i t y of t r o p i c a l 
s p e c i e s a r e o f immense s i g n i f i c a n c e to i n d u s t r i e s p r o v i d i n g 
t a n n i n s / r e s i n s / gums/ o i l s / d y e s e t c . In c o n t e x t of t h e e n e r g y 
s h o r t a g e / t h e h y d r o c a r b o n y i e l d i n g c a p a c i t y of t r o p i c a l s jSec i e s 
i s i m p o r t a n t . F o r i n s t a n c e / C a p a i f e r a l o n g s d o r f i i , a t r e e of 
Amazon b a s i n / y i e l d s s a p t h a t can be used d i r e c t l y i n d i e s e l 
e n g i n e s . I n d r y t r o p i c s i n I n d i a f o l l o w i n g s s p e c i e s a r e 
p r o m i s i n g h y d r o c a r b o n p r o d u c e r s : E u p h o r b i a l a t h y r i s / 

E . t e r u c a 1 l i / E . a n t i s y p h i l i t i c a , J a t r o p h a ca_rca_s, Ca l o t r o p i s 
p r o c e r a and S immonds la c h i n e n s i s , t o name a few. From 
t r o p i c a l f o r e s t r e g i o n s i m p o r t a n t new c r o p p l a n t s have 
a l s o b e e n d i s c o v e r e d ; f o r i n s t a n c e , t h e p e r e n n i a l c o r n (Zea 
d i p l o p e r e n n i s ) from s o u t h e r n Mexico and winged b e a n 
( Psophoca rpui" t e t e a go n o l o b u s ) from s o u t h - e a s t A s i a . 

DISTRIBUTION OF TROPICAL FORESTS 

About 30% of t h e e a r t h ' s s u r f a c e l i e s w i t h i n t h e g e o g r a p h i c 
t r o p i c s , and a b o u t 42% of t h e l a t t e r s u p p o r t s a f o r e s t c o v e r . 
T a b l e 1 p r e s n t s e s t i m a t e s of t h e e x t e n t of t r o p i c a l f o r e s t s f o r 
t h e e a r l y 7 0 s . On g l o b a l b a s i s , 52% of t h e t o t a l f o r e s t s (2800 
m i l l i o n ha ) a r e t r o p i c a l , b u t i n I n d i a t r o p i c a l f o r e s t s a c c o u n t 
f o r c a . 86% of t h e t o t a l . About 560 m i l l i o n ha l a n d i n h i g h 
r a i n f a l l r e g i o n s o f t h e w o r l d s u p p o r t s h i g h s t a t u r e w e t 
e v e r g r e e n f o r e s t s where the s p e c i e s d i v e r s i t y , g r o w t h r a t e s and 
n u t r i e n t c y c l i n g r e a c h maximum l e v e l s (Lugo 1 9 7 3 ) . W i t h 
d e c r e a s e i n r a i n f a l l t h e p r o p o r t i o n o f d e c i d u o u s ^ s p e c i e s 
i n c r e a s e s ; and t h e d e n s e m o i s t d e c i d u o u s f o r e s t s found i n 
medium r a i n f a l l a r e a g r a d e i n t o l ower s t a t u r e d , op fen rg rowth , 
d r y d e c i d u o u s f o r e s t s w i t h d e c r e a s e in r a i n f a l l . Wi Th- j ^ i r t h o r 
d e c r e a s e i n r a i n f a l l m ic rophy 1 l o u s t h o r n f o r e s t s t a k e o v e r . The 
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d e c i d u o u s f o r e s t s a r e d i s t r i b u t e d o v e r 896 m i l l i o n ha i n t h e 
t r o p i c s ; o f which the b u l k ( 5 8 8 m i l l i o n ha) i s of d r y t y p e . In 
I n d i a / of bhe t o t a l 6 4 . 6 m i l l i o n ha t r o p i c a l f o r e s t s a r e a / o n l y 
6 . 3 m i l l i o n ha s u p p o r t s we t e v e r g r e e n and s e m i - e v e r g r e e n t y p e s / 
and . the r e m a i n i n g a r e a s u p p o r t s d e c i d u o u s t y p e s / 2 3 . 9 m i l l i o n 
ha m o i s t and 3 4 . 4 m i l l i o n ha d r y . 

T r a c t s o f we t e v e r g r e e n f o r e s t s a r e found i n K a l i m a n t a n i n 
I n d o n e s i a / P a c i f i c c o a s t of Co lombia / t h e C a r r i b e a n c o a s t of 
Cos t a R i c a / T h a i l a n d - B u r m e s e b o r d e r / e a s t e r n s l o p e s of t h e 
Andes . i n E c u a d o r and P e r u , and i n W e s t e r n G h a t s and p a r t s of 
Assam i n I n d i a . Fewer human s e t t l e m e n t s have d e v e l o p e d i n t h e s e 
r e g i o n s . d u e to n u t r i e n t p o o r / h e a v i l y l e a c h e d s o i l s wh ich a r e 
p r o n e t o r a p i d d e t e r i o r a t i o n upon c u l t i v a t i o n ; t h e r e f o r e , 
m o s t l y ' h u n t i n g s / f i r e w o o d a n d f r u i t g a t h e r i n g and s h i f t i n g 
c u l t i v a t i o n h a v e been p r a c t i s e d i n t h e s e a r e a s . Examples of 
m o i s t d e c i d u o u s f o r e s t s a r e Camposo C e r r a d o s i n B r a z i l , much of 
t h e f o r e s t s i n Amazon and Congo, monsoon f o r e s t s i n A s i a , and 
t'e r a i f o r e s t s i n I n d i a . T h e s e f o r e s t r e g i o n s have b e e n 
p r e f e r r e d a s human s e t t l e m e n t s i t e s b e c a u s e t h e y c o n t a i n 
v a l u a b l e t i m b e r s p e c i e s l i k e t e a k , and have s u s t a i n e d p e r m a n e n t 
a g r i c u l t u r e a n d f o r e s t p l a n t a t i o n s f o r a long t i m e . I n d r y 
t r o p i c s . , w h e r e g r o w t h i s s e v e r e l y l i m i t e d due t o p r o l o n g e d 
d r o u g h t • t h r o u g h t h e y e a r , d r y d e c i d u o s f o r e s t s d e v e l o p , and 
t h e s e g r a d e i n t o t h o r n f o r e s t s w i t h i n c r e a s i n g a r i d i t y . F i r e 
and d r o u g h t a r e ma jo r e c o l o g i c a l f a c t o r s i n d r y t r o p i c s . Miambo 
w o o d l a n d " in A f r i c a , c a a t i n g a i n B r a z i l / c e n t r a l P e r u v i a n Andes 
f o r e s t s / V i n d h y a n and R a j a s t h a n f o r e s t s i n I n d i a a r e e x a m p l e s 
of d r y " d e c i d u o u s o r t h o r n f o r e s t s . P e r m a n e n t human s e t t l e m e n t s 
a r e found n e a r w a t e r s u p p l y s o u r c e s / and nomadic c u l t u r e h a s 
b e e n commonly p r a c t i s e d . 

• CLIMATIC CONDITIONS AND FOREST STRUCTURE IN INDIA 

Most r e g i o n s o f t h e c o u n t r y s u p p o r t / o r can s u p p o r t / some 
k i n d of a f o r e s t . The warmer p l a i n s and t h e l o w e r a l t i t u d e s in 
t h e h i l l s a r e p r e d o m i n a n t l y u n d e r one o r t h e o t h e r type of 
f o r e s . t - Seven main t r o p i c a l t y p e s a r e r e c o g n i z e d : name ly # 
w e t e v e r g r e e n / s e m i - e v e r g r e e n , m o i s t d e c i d u o u s , d r y d e c i d u o u s , 
t h o r n , l i t t o r a l and swamp, and d r y e v e r g r e e n f o r e s t s . Of t h e s e , 
t h e f i r s t f i v e have s i g n i f i c a n t d i s t r i b u t i o n and t h e i r g e n e r a l 
c h a r a c t e r i s t i c s a r e g i v e n i n T a b l e 2 . The mean a n n u a l 
t e m p e r a t u r e c a n g e s b e t w e e n 2 0 ° - 3 0 ° C and mean t e m p e r a t u r e of 
J a n u a r y ( g e n e r a l l y t h e c o l d e s t month) m o s t l y e x c e e d s 15°C. 
Commonly, t h e r a n g e f o r mean t e m p e r a t u r e s b r o a d e n s i n f o r e s t s 
of d r i e r r e g i o n s . Through the s p e c t r u m of we t e v e r g r e e n to 
t h o r n f o r e s t s / the a n n u a l r a i n f a l l d e c r e a s e s from 2400 t o a s 
low 250' mm/ and t h e number of d r y months from 3 - 5 t o 7 - 1 0 . Thus 
w a t e r s c a r c i t y p r e v a i l s to v a r y i n g d e g r e e s i n a l l t r o p i c a l 
f o r e s t s - of I n d i a ; a n d t h e v a r i o u s t y p e s of f o r e s t s a r e m a i n l y 
d e t e r m i n e d by t h e a n n u a l r a i n f a l l and t h e s e a s o n a l i t y of 
r a i n f a l l d i s t r i b u t i o n . 

The w e t e v e r g r e e n f o r e s t s , a r e d i s c o n t i n u o u s l y d i s t r i b u t e d 
i n s o u t h - w e s t e r n and n o r t h - e a s t e r n r e g i o n of t h e c o u n t r y , 
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having 4-6 l i g n e o u s l a y e r s wi th emergent t r e e s g e n e r a l l y 
e x t e n d i n g to 40 m h e i g h t / a r e composed a l m o s t e n t i r e l y of 
e v e r g r e e n s p e c i e s (Table 2 ) . The s p e c i e s d i v e r s i t y and p l a n t 
b iomass a r e ex t r eme ly h igh . In the S i l e n t v a l l e y / for i n s t a n c e , 
56 to 84 t r e e s p e c i e s per 0 .4 ha have been r e c o r d e d . In t he se 
f o r e s t s in K a r n a t a k a , t r e e biomass r anges between 400-600 t / h a , 
which •„. i s p r o b a b l y an u n d e r e s t i m a t e as biomass l e v e l s of 1000 
t / h a . •/.Have been commonly r e p o r t e d in o t h e r p a r t s of the wor ld . 
The - t r a n s i t i o n zone between eve rg reen and m o i s t dec iduous 
foresj ts i s occup ied by the semi -eve rg reen f o r e s t s (synonym : 
semi -<3eciduous) whose canopy dominants i nc lude many dec iduous 
t r ees , . These e c o t o n a l f o r e s t s a r e s p e c i e s - r i c h / bu t i n fo rma t ion 
i s l a c k i n g on t h e i r f u n c t i o n a l c h a r a c t e r i s t i c s . 

In ' t he m o i s t r e g i o n s / the dec iduous f o r e s t s a t t a i n high 
d imens ions and c o n t a i n good number of e v e r g r e e n s p e c i e s in the 
sub -canopy . These s p e c i e s - r i c h / 3-4 s t o r e y f o r e s t s / g e n e r a l l y 
c o n t a i n 300 t / h a p l a n t biomass and e l a b o r a t e 15-20 t / h a / y r n e t 
p r o d u c t i o n . In o ld growth f o r e s t s the biomass may r each upto 
700 t / h a . S e v e r a l impor t an t s p e c i e s of mois t dec iduous f o r e s t s 
( e . g . / Shorea r o b u s t a / Tectona g r a n d i s ) ex tend i n t o dry 
d e c i d u o u s zone wi th much reduced s t a t u r e . S p e c i e s - p o o r f o r e s t s 
in d ry r e g i o n s a r e low s t a t u r e d and a lmos t e n t i r e l y d e c i d u o u s . 
The p l a n t biomass d e c r e a s e s from 50-200 t / h a in dry dec iduous 
f o r e s t s to 10 t / h a in thorn f o r e s t s . Wnile the n e t p r o d u c t i o n 

• i n . t h o r n f o r e s t s i s very low, in dry dec iduous f o r e s t s i t i s 
c o n s i d e r a b l e (10-15 t / h a / y r ) r e l a t i v e to p l a n t b iomass . 

FOREST DEGRADATION 

In . ' the d e v e l o p i n g c o u n t r i e s of the t r o p i c s and s u b - t r o p i c s / 
land use s u r v e y s for the pe r iod 197 9 to 1980 (FAO, 1981a, b) 
i n d i c a t e d an i n c r e a s e of land a rea under a r a b l e land/ permanent 
c rops and p a s t u r e s by 17%/ and a d e c r e a s e of 4.2% in the a rea 
under f o r e s t s and woodlands ( l o s s of 9.2 m i l l i o n ha per annum). 
The very high d e f o r e s t a t i o n r a t e s c i t e d from a few a v a i l a b l e 
s t u d i e s can not be e x t r a p o l a t e d to the e n t i r e t r o p i c a l f o r e s t 
region". These s t u d i e s / however/ i n d i c a t e a la rming t r e n d s . 

The* p r i n c i p a l d i r e c t cause of t r o p i c a l f o r e s t l o s s a r e : (1) 
c o n v e r s i o n and use for a g r i c u l t u r e / (2) firewood g a t h e r i n g / and 
(3) p o o r l y managed i n d u s t r i a l l o g g i n g . 

The Department of Space has mapped the f o r e s t cover of Ind ia 
u s ing LANDSAT da t a of 1972-75 and 1980-82 (Table 3 ) ; the t o t a l 
f o r e s t ( 5 5 . 5 m i l l i o n ha) in Ind ia ( g e o g r a p h i c a l a r e a - 328 .8 
m i l l i o n ha) was 16.89% in 1972-75. Of the t o t a l f o r e s t , 14.12% 
was c l o s e d f o r e s t , 2.67% open f o r e s t a rea and 0.099% mangrove 
f o r e s t ' . During 1980-82 the f o r e s t a rea dec rea sed to 46 .33 
m i l l i o n ha , being composed of 10.96% c lo sed f o r e s t / 3 . 0 6 % open 
f o r e s t and 0.081% mangrove f o r e s t . Thus/ in abou t e i g h t y e a r s , 
I n d i a l o s t 1 0 . 8 9 m i l l i o n ha c losed f o r e s t and 0 .06 m i l l i o n ha 
mangrove f o r e s t . On the o t h e r hand, the open f o r e s t a rea 
i n c r e a s e d by 1.29 m i l l i o n ha due to d e g r a d a t i o n of the c losed 

3 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library



f o r e s t . I n t h i s p e r i o d / t h e t o t a l c o v e r was r e d u c e d by 16 .52%/ 
and a s t h e f r a c t i o n of t h e g e o g r a p h i c , a r e a t h e f o r e s t c o v e r was 
r e d u c e d by 2 . 7 9 % . On a v e r a g e / t h e s t a t e s h a v i n g p r e d o m i n a n t l y 
t r o p i c a l f o r e s t l o s t a q u a r t e r of t h e i r c l o s e d f o r e s t s ' " ' i n a b o u t 
e i g h t y e a r s . I n m o s t s t a t e s t h e f o r e s t c o v e r l o s s , r a n g e d 
b e t w e e n 2 0 - 3 0 % . E s p e c i a l l y s i g n i f i c a n t was t h e l o s s i n a r i d 
r e g i o n ; f o r i n s t a n c e , R a j a s t h a n l o s t 61% of i t s c l o s e d f o r e s t s . 

FOREST NUTRIENT CYCLE 

The f o r e s t e c o s y s t e m s a r e composed of l a r g e number pi l i v i n g 
and n o n - l i v i n g p o o l s of n u t r i e n t s . V e g e t a t i o n / a n i m a l s , l i t t e r 
( d e a d o r g a n i c m a t e r i a l d e p o s i t e d o v e r t h e s o i l ) and s o i l a r e 
t h e m a j o r p o o l s . O f t e n t h e s e a r e f r a c t i o n a t e d f o r ^ g r e a t e r 
r e s o l u t i o n on t h e b a s i s o f s t r u c t u r a l and f u n c t i o n a l , 
c h a r a c t e r i s t i c s ; f o r i n s t a n c e / v e g a t a t i o n i n t o l e a f / s t em and 
r o o t p o o l s , o r i n t o t r e e ; s h r u b and h e r b p o o l s / and .so o n . 
F i g u r e 1 shows a s i m p l i f i e d n u t r i e n t c y c l i n g model o f " a f o r e s t 
e c o s y s t e m . The f o r e s t i s v i s u a l i z e d i n t h i s c a s e to c o n s i s t of 
s i x n u t r i e n t p o o l s / c o n n e c t e d w i t h e a c h o t h e r by f l o w s 'shown by 
a r r o w s . The f l o w s of the i n t e r n a l c y c l e / i n v o l v i n g g r e a t e r 
q u a n t i t y of n u t r i e n t s / a r e r e p r e s e n t e d w i t h t h i c k e r a r r o w s / and 
t h a t of t h e e x t e r n a l c y c l e by t h i n n e r a r r o w s . 

I n t e r n a l Cyc l e 

N u t r i e n t s c o n t a i n e d i n t h e s o i l p o o l a r e a b s o r b e d by t h e 
p l a n t s / and r e t a i n e d i n t h e i r c o m p o n e n t s f o r v a r y i n g d u r a t i o n s . 
F o r i n s t a n c e / much of t h e n u t r i e n t s r e a c h i n g t h e l e a v e s a r e 
t r a n s f e r r e d t o l i t t e r l a y e r w i t h i n few m o n t h s . ' . / through 
l i t t e r f a l l and r a i n l e a c h i n g . A s m a l l e r f r a c t i o n of l e a f 
n u t r i e n t s a r e u t i l i z e d by c o n s u m e r s / and l a t e r r e t u r n e d t o 
l i t t e r l a y e r t h r o u g h a n i m a l e x c r e t a and dead r e m a i n s . On t h e 
o t h e r h a n d / more t han o n e - h a l f of t h e n u t r i e n t s i n v e s t e d i n 
s t e m s a r e l o c k e d f o r s e v e r a l y e a r s ( o n l y a s m a l l q u a n t i t y b e i n g 
r e t u r n e d t o s o i l a n n u a l l y t h r o u g h b a r k f a l l ) and a r e b r o u g h t 
i n t o c i r c u l a t i o n by decompose r a c t i v i t y o n l y a f t e r t r e e d e a t h . 
R o o t s / s p e c i a l l y t h e t h i n n e r o n e s , r e t u r n n u t r i e n t s to t h e s o i l 
p o o l more q u i c k l y by a n n u a l m o r t a l i t y and d e c o m p o s i t i o n . The 
l i t t e r p o o l r e c e i v e s n u t r i e n t s from b i o t i c p o o l s , and t h e 
i n f l u e n c e of l e a c h i n g and m i c r o b i o l o g i c a l b r e a k d o w n r e l e a s e s 
them i n t o s o i l o r a i r p o o l s . Due to t h e p a r t i c i p a t i o n , of l a r g e 
v a r i e t y of l i v i n g o r g a n i s m s , h a v i n g d i f f e r e n t . ' g r o w t h 
r e q u i r e m e n t s , d e v e l o p m e n t a l c h a r a c t e r i s t i c s , and l o n g e v i t y , the 
q u a n t i t y of n u t r i e n t s i n p o o l s and f l o w s t e n d to c h a n g e w i t h 
t i m e , b o t h s e a s o n a l l y a s w e l l a s on long t e rm b a s i s . 

The s i z e of a n u t r i e n t p o o l a t any i n s t a n t d e p e n d s on t h e 
h i s t o r i c a l b a l a n c e b e t w e e n t h e i n p u t a n d . the . o u t p u t of 
n u t r i e n t s . T h u s , i n a young and g r o w i n g f o r e s t , p l a n t and 
l i t t e r p o o l s d i s t i n c t l y i n c r e a s e o v e r t h e y e a r s compared to 
s o i l p o o l . E v e n t u a l l y a s t a t e of e q u i l i b r i u m i s a t t a i n e d when 
t h e p o o l s i z e s and f low d i m e n s i o n s t end to become c o n s t a n t 
( i . e . F u r t h e r v a r i a t i o n s w i t h t ime a r e o n l y o s c i l l a t i o n s a r o u n d 
a mean va l u e ) . 
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The amount of n u t r i e n t s in p o o l s a t e q u i l i b r i u m s t a g e v a r y 
i n d i f f e r e n t e c o s y s t e m s . Tn a young f o r e s t / f o r e x a m p l e , t h e 
s o i l p o o l may a c c o u n t f o r o v e r 80% of t h e t o t a l n u t r i e n t s i n 
t h e e c o s y s t e m . B u t i n a p r i m a e v a l / u n d i s t u r b e d t r o p i c a l 
r a i n f o r e s t a b o u t 80% n u t r i e n t s a r e c o n t a i n e d i n v e g e t a t i o n and 
l i t t e r p o o l s . Over c e n t u r i e s t h e s e f o r e s t s have e v o l v e d a s 
e f f i c i e n t n u t r i e n t c o n s e r v i n g s y s t e m s h a v i n g t i g h t c i r c u l a t i o n 
of n u t r i e n t s i n v e g e t a t i o n - l i t t e r - s o i l c o m p l e x . I n f a c t i n 
r a i n f o r e s t s mos t of t h e n u t r i e n t s r e g e n e r a t e d by d e c o m p o s i t i o n 
of t h e l i t t e r a r e p r e v e n t e d from r e a c h i n g t h e s o i l by d i r e c t 
l i t t e r - v e g e t a t i o n t r a n f e r s ( s e e F i g 1) t h r o u g h t h e h i g h l y 
r a m i f y i n g s u p e r f i c i a l m y c o r r h i z a l f i n e r o o t s of t r e e s . The h igh 
n u t r i e n t a b s o r p t i o n e f f i c i e n c y of m y c o r r h i z a i s b e l i e v e d to be 
due m a i n l y t o i n c r e a s e d a b s o r b i n g s u r f a c e of t h e f u n g u s - r o o t 
s y m b i o s i s and t h e g r e a t e r a b s o r p t i o n r a t e of t h e f u n g u s 
compared to r o o t c e l l s . 

External Cycle 

The amoun t o f n u t r i e n t s in the e x t e r n ? 1 c y c l e i s s t r o n g l y 
i n f l u e n c e d by t h e movement o f w a t e r and o u t of the 
e c o s y s t e m . The r a i n f a l l d i r e c t l y b r i n g s i n n u t r i e n t s ( i n 
s u s p e n d e d o r s o l u t i o n form) o r i n d i r e c t l y h e l p s in s o i l p o o l 
e n r i c h m e n t by r o c k w e a t h e r i n g p r o m o t i o n . C o n v e r s i o n of 
a t m o s p h e r i c n i t r o g e n i n t o ammonia i s done by f r e e l i v i n g and 
s y m b i o t i c n i t r o g e n f i x i n g m i c r o - o r g a n i s m s . A l l s u c h g a i n s can 
be c o n s i d e r e d a s i n p u t s to the e c o s y s t e m . T h e s e i n p u t s a r e 
i n t e r c e p t e d by v e g e t a t i o n , l i t t e r and s o i l p o o l s ( F i g . 1 ) . 

The n u t r i e n t s a r e l o s t from d i f f e r e n t p o o l s i n a v a r i e t y of 
w a y s . The l i t t e r and s o i l p o o l s , b o t h a s s o c i a t e d w i t h h i g h 
d e c o m p o s e r a c t i v i t y , l o s e n u t r i e n t s i n r u n o f f and d e e p 
p e r c o l a t i n g w a t e r ( e . g . N03 , K , Ca , p a r t i c u l a t e m a t t e r ) , o r 
i n g a s e o u s form ( e . g . NO, N 0 2 ) . I n e x p l o i t e d f o r e s t s 
s i g n i f i c a n t amount of n u t r i e n t s i s e x p o r t e d o u t of t h e 
e c o s y s t e m s t h r o u g h p r o d u c t s d e r i v e d from t h e v e g e t a t i o n ( e . g . 
t e n d u l e a v e s , t i m b e r , f u e l w o o d , s e e d s , f r u i t s ) . 

I n s t a b l e f o r e s t e c o s y s t e m s t h e t o t a l i n p u t s c l o s e l y 
match the t o t a l o u t p u t s , and the a m o u n t s in e x t e r n a l c y c l e a r e 
much l e s s compared to the i n t e r n a l c y c l e . The dominance of 
i n t e r n a l c y c l e r e f l e c t s g r e a t e r b i o t i c r e g u l a t i o n of n u t r i e n t 
and h y d r o l o g i c a l c y c l i n g . E x c e s s i v e e x p l o i t a t i o n of the f o r e s t s 
( e . g . t o o much l o g g i n g , t oo f r e q u e n t o r b u r n i n g of l i t t e r ) 
d i s r u p t s i t s b i o t i c s t r u c t u r e and c o n s e q u e n t l y t h e b i o t i c 
r e g u l a t i o n ; t h e r e f o r e , t he a b i o t i c r e g u l a t i o n i n c r e a s e s , 
p r o m o t i n g g r e a t e r l o s s of w a t e r and p a r t i c u l a t e m a t t e r from t h e 
e c o s y s tern. 

FOREST NUTRIENT CYCr,E PERTURBATIONS 

C e r t a i n f e a t u r e s of n u t r i e n t c y c l e s , s u c h a s l a r g e p o o l s , 
long t u r n o v e r t i m e s and l a r g e a m o u n t s of r e c y c l i n g t e n d to 
g e n e r a t e e c o s y s tern r e s i s t a n c e ( a b i l i t y to r e s i s t d i s p l a c e m e n t ) 
a g a i n s t e n v i r o n m e n t a l s t r e s s e s . C o n v e r s e l y , s m a l l p o o l and 
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r a p i d t u r n o v e r and r e c y c l i n g r a t e s make e c o s y s t e m more 
r e s i l i e n t ( a b l e t o r e t u r n to o r i g i n a l a f t e r d i s t u r b a n c e ) . 
R e s i s t a n c e and r e s i l i e n c e a r e two i m p o r t a n t a s p e c t s b e a r i n g on 
t h e s t a b i l i t y of e c o s y s t e m . The e c o s y s t e m e v o l u t i o n seems to 
i n v o l v e a compromise o r b a l a n c e b e t w e e n r e s i s t a n c e and 
r e s i l i e n c e . G e n e r a l l y t h e s t r e a m s and l a k e s a r e l e s s r e s i s t a n t 
and l e s s r e s i l i e n t than t r o p i c a l f o r e s t s / wh ich in t u r n i s 
e x c e e d e d by t e m p e r a t e f o r e s t s and g r a s s l a n d s in b o t h a s p e c t s . 

S h i f t i n g C u l t i v a t i o n i n T r o p i c s 

S h i f t i n g c u l t i v a t i o n i s common in t r o p i c s , i n c l u d i n g n o r t h 
e a s t e r n h i l l y r e g i o n s of I n d i a . The c u t t i n g and b u r n i n g of 
s m a l l p i e c e s of t r o p i c a l f o r e s t s by the t r i b a l s r e l e a s e s l a r g e 
q u a n t i t y of n u t r i e n t s i n t o the o t h e r w i s e i n f e r t i l e s o i l , making 
s u b s s i s t e n c e a g r i c u l t u r e p o s s i b l e f o r t h e n e x t 3 - 5 y e a r s . 
A f t e r w a r d s , t h e s o i l i s e x h a u s t e d o f n u t r i e n t s (due to 
h a r v e s t i n g , r u n o f f and s o i l e r o s i o n ) , y i e l d d e c l i n e s , f o r c i n g 
t h e t r i b a l s to move to new f o r e s t s i t e s . I n t h e a b a n d o n e d c r o p 
f i e l d s s e c o n d a r y s u c c e s s i o n s e t s i n l e a d i n g to c o l o n i z a t i o n by 
f o r e s t s p e c i e s and r e c o v e r y of b i o t i c r e g u l a t i o n of n u t r i e n t 
c y c l e . However , due to l ower r e s i l i e n c e t h e a t t a i n m e n t of the 
o r i g i n a l f o r e s t , o r even any s t a g e n e a r to i t , may r e q u i r e long 
p e r i o d s , p e r h a p s m e a s u r e d in c e n t u r i e s . 

Due to h i g h p o p u l a t i o n d e n s i t y t h e t r i b a l s , u n a b l e to f i n d 
new u n d i s t u r b e d f o r e s t s i t e s , o f t e n r e t u r n to a b a n d o n e d s i t e s 
w i t h i n few d e c a d e s o r e v e n l e s s . T h i s h a s r e s u l t e d i n 
c o n v e r s i o n of mos t f o r e s t s to i n t e r m e d i a t e s u c c e s s i o n a l s t a g e s 
h a v i n g r a t h e r " l e a k y " n u t r i e n t c y c l e s . C o n t i n u e d n u t r i e n t 
d e p l e t i o n due to s h o r t e n i n g of f o r e s t - c r o p r o t a t i o n l o w e r s the 
s i t e q u a l i t y . I n I n d i a n c o n d i t i o n s the n u t r i e n t c y c l e s in 
s h i f t i n g c u l t i v a t i o n need c a r e f u l a s s e s s m e n t to s u g g e s t optimum 
r o t a t i o n p e r i o d and s o i l c o n s e r v a t i o n m e t h o d s . In s e v e r a l 
s o u t h - e a s t A s i a n c o u n t r i e s , whe re p o p u l a t i o n d e n s i t y i s lower 
and r o t a t i o n i s l o n g e r , s h i f t i n g c u l t i v a t i o n seems to work w e l l 
w i t h o u t s i g n i f i c a n t p e r m a n e n t d e t e r i o r a t i o n of t h e s i t e 
q u a l i t y . 

P e r m a n e n t A g r i c u l t u r e in T r o p i c s 

The n a t u r a l v e g e t a t i o n in t r o p i c s i s g e n e r a l l y d o m i n a t e d by 
woody s p e c i e s , m o s t l y t r e e s ; t h e r e f o r e , a l l c r o p l a n d s r e p r e s e n t 
c o n v e r s i o n s t a g e s . The t r o p i c a l f o r e s t e c o s y s t e m s have 
e v o l v e d n u t r i e n t c o n s e r v a t i o n m e c h a n i s m s , t h r o u g h i n t e n s i v e 
b i o t i c r e g u l a t i o n , i n a c l i m a t e t h a t s u p p o r t s r o u n d - t h e - y e a r 
b i o l o g i c a l a c t i v i t y . T h e s e m e c h a n i s m s i n c l u d e n u t r i e n t 
a c c u m u l a t i o n in long l i v e d s t r u c t u r e s ( e . g . s t e m s ) , m y c o r r h i z a l 
l i n k a g e b e t w e e n d e c o m p o s i n g o r g a n i c m a t t e r and r o o t s , 
w i t h d r a w a l of n u t r i e n t s from l e a v e s b e f o r e l e a f f a l l , e t c . The 
r e p l a c e m e n t of t h e s e e c o s y s t e m s w i t h c r o p l a n d s , l a c k i n g s u c h 
c o n s e r v i n g m e c h a n i s m s , on n u t r i e n t p o o r s o i I s , i m p a r t s h i g h 
e c o s y s t e m u n s t a b i l i t y n e e d i n g huge e n e r g y and s u b s i d y f o r 
s u s t e n a n c e . V a r i o u s p r a c t i c e s employed i n i n t e n s i v e a g r i c u l t u r e 
l i k e m u l t i p l e c r o p p i n g , legume i m p r o v e m e n t and s o i l - w a t e r 
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111.i n.i>] c;iiifj n t, . i l l I n v o l v i n g e n e r g y c o s t , usau i i tL . i . i ly n;ijul.i to tin-
c y c l e s . In s u b s i s t e n c e a g r i c u l t u r e , howeve r , t he n u t r i e n t c y c l e 
i:«»m.» i II.-I in* > it • o p o n . I'.IL" I 'urn 1.1 i; ly , L 11 MO.IMOIKI L l.y d ry r e g i o n . ! , 
where m u l t i p l e c r o p p i n g i s n o t f e a s i b l e , t h e c o n t r o l of 
n u t r i e n t c y c l e s becomes d i f f i c u l t . E x e s s i v e I r r i g a t i o n 
g e n e r a t e d s a l i n i t y in s u c h r e g i o n s m a n i f e s t s the m i s - d i r e c t e d 
pa thway i n c y c l i n g of c e r t a i n e l e m e n t s . 

CONSEQUENCES OF DEFORESTATION IN TROPICS 

B e s i d e s t h e e n v i r o n m e n t a l v a l u e s and the un fa thomed g e n e 
p o t e n t i a l , whose u n d o u b t e d b e n e f i t s a r e d i f f i c u l t to q u a n t i f y 
t h r o u g h t h e p r e s e n t day m e t h o d s i n e c o n o m i c s , t r o p i c a l f o r e s t 
d e f o r e s t a t i o n i s c a u s i n g a c u t e wood s c a r c i t y , p a r t i c u l a r l y t h a t 
of the f u e l w o o d . O n e - t h i r d of t h e wood removed from the w o r l d ' s 
f o r e s t s f o r human u s e comes from t h e t r o p i c s , more than one 
b i l l i o n c u b i c m e t e r p e r y e a r (FAO, 1979' ) ; and some 80 p e r c e n t 
o f t r o p i c a l wood i s u sed f o r f u e l , m a i n l y to mee t h o u s e h o l d 
c o o k i n g n e e d s of a l a r g e m a j o r i t y of p o p u l a t i o n (Eckholm, 197Q) . 
Whi le t r o p i c a l f o r e s t a r e a i s d e c r e a s i n g c o n t i n u o u s l y , t h e 
fue lwood need i s r i s i n g i n p r o p o r t i o n to t h e p o p u l a t i o n 
i n c r e a s e . Not o n l y t h e h i g h t i m b e r c o s t impedes h o u s i n g 
d e v e l o p m e n t p r o g r a m m e s , t h e r e p l a c e m e n t of t i m b e r w i t h s t e e l 
p r o m o t e s p o l l u t i o n l o a d . 

F o l l o w i n g f o r e s t r e m o v a l , and a f t e r the abondonmen t of 
c r o p p i n g , t h e a c c e l e r a t e d s o i l e r o s i o n and i n c r e a s e d s u r f a c e 
t e m p e r a t u r e s o f t e n r e t a r d o r d e f l e c t t h e f o r e s t r e c o v e r y 
p r o c e s s e s . Some a u t h o r i t i e s , t h e r e f o r e , b e l i e v e - c o n t r a r y to the 
common c o n t e n t i o n - t h a t many t r o p i c a l f o r e s t s a r e n o n - r e n e w a b l e 
r e s o u r c e s b e c a u s e t h e i r o r i g i n a l s t a t e s may n e v e r be r e g a i n e d 
once l o s t . 

F o r e s t c l e a r i n g s in u p l a n d s i s g e n e r a l l y r e c o g n i s e d to c a u s e 
i n c r e a s e d f l o o d s d o w n h i l l and r a p i d s i l t a t i o n of r e s e r v o i r s , a s 
o b s e r v e d i n s e v e r a l s o u t h e a s t A s i a n c o u n t r i e s in the r e c e n t 
p a s t . G r e a t e r s u r f a c e w a t e r f low may l e a d to l e s s e r 
i n f i l t r a t i o n i n s o i l and c o n s e q u e n t l y to r e d u c e d s u p p l y of 
w a t e r i n the w a t e r s h e d t h r o u g h o u t the y e a r . 

L a r g e s c a l e t r o p i c a l d e f o r e s t a t i o n e f f e c t s i n c l u d e c h a n g e s in 
the l o c a l c l i m a t e ; s u c h a s , w i d e n i n g of d i u r n a l t e m p e r a t u r e 
r a n g e , and a l t e r a t i o n i n s e a s o n a l d i s t r i b u t i o n , and p o s s i b l y 
t o t a l a m o u n t , of r a i n f a l l . 

C o n c e r n s have b e e n e x p r e s s e d more r e c e n t l y t h a t 
d e f o r e s t a t i o n i n t r o p i c s may a f f e c t g l o b a l c l i m a t e . Some 
s c i e n t i s t s a r g u e t h a t c a r b o n d i o x i d e r e l e a s e d from the remova l 
and b u r n i n g of t r o p i c a l f o r e s t wood, and t h a t from i n c r e a s e d 
d e c o m p o s i t i o n i n s u b s e q u e n t l y c r o p p e d s o i l , w i l l i n c r e a s e the 
a t m o s p h e r i c c a r b o n d i o x i d e c o n c e n t r a t i o n , l e a d i n g to an 
i n c r e a s e in the a i r t e m p e r a t u r e due to ' G r e e n h o u s e e f f e c t ' . The 
a t m o s p h e r i c c a r b o n d i o x i d e c o n c e n t r a t i o n i s i n d e e d r i s i n g . How 
much o f i t i s due to t r o p i c a l d e f o r e s t a t i o n a l o n e has n o t y e t 
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been p r e c i s e l y d e t e r m i n e d ; n e v e r t h e l e s s , t h e r i s k e x h i b i t s 
b e c a u s e o v e r 500 t o n n e s of c a r b o n may be a c c u m u l a t e d i n e a c h 
h e c t a r e of a r a i n f o r e s t . 
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T a b l e I . D i s t r i b u t i o n of F o r e s t Area ( m i l l i o n ha) Under Major 

F o r e s t F o r m a t i o n s (Da ta S o u r c e W o r l d - P e r s s o n 1 9 7 4 ; 

I n d i a - K a u l and Sharma 1971) 

Forma t i o n World-

Area % t o t a l 

I n d i a 

Area % to ta I 

T r o p i c a l 

Wet e v e r g r e e n 560 

M o i s t d e c i d u o u s 308 

Dry d e c i d u o u s 588 

T o t a l 1456 

20 

11 

21 

52 

6 . 3 * 8.4 

2 3 . 9 3 1 . 8 

3 4 . 4 * * 4 5 . 8 

6 4 . 6 8 6 . 0 

S u b - t r o p i c a l 234 

Tempera t e 448 

B o r e a l / a l p i n e 672 

8 

16 

24 

4 . 2 

4 . 5 

1 . 8 

5 .6 

6 . 0 

2 . 4 

G ra nd to t a I 2 800 100 7 5 . 1 

* i n c l u d e s s e m i - e v e r g r e e n , 1 .8 m i l l i o n ha 

** i n c l u d e s t h o r n f o r e s t / 5 .2 m i l l i o n h a . 

1 0 0 
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T a b l e 3 . F o r e s t Area ( M i l l i o n ha ) Changes i n I n d i a 

( D a t a S o u r c e : NRSA 1983) 

C a t e g o r y 1 9 7 2 - 7 5 1 9 8 0 - 8 2 % Change 

Area % g e o g r a p h i c Area % g e o g r a p h i c 

C l o s e d f o r e s t 4 6 . 4 2 1 4 . 1 2 3 6 . 0 2 1 0 . 9 6 

Open f o r e s t 8 . 7 6 2 . 6 7 1 0 . 0 4 3 . 0 6 

Mangrove f o r e s t 0 . 3 2 0 . 0 0 9 0 . 2 6 0 . 0 8 1 

T o t a l 5 5 . 5 1 6 . 8 9 4 6 . 3 3 1 4 . 1 0 

T o t a l g e o g r a p h i c a l a r e a = 3 2 8 . 7 7 9 m i l l i o n h a . 

LEGEND 

F i g . l . A s i m p l i f i e d n u t r i e n t c y c l i n g model of a f o r e s t 

e c o s y s t e m . The f o r e s t c o n s i s t s of s i x n u t r i e n t p o o l s 

w i t h i n t e r n a l ( t h i c k a r r o w s ) and e x t e r n a l ( t h i n 

a r r o w s ) t r a n s f e r s . G e n e r a l l y t h e i n t e r n a l c i r c u l a t i o n 

e x c e e d s t h e e x t e r n a l t r a n s f e r s . 

- 2 2 . 4 

+ 1 4 . 7 

- 1 8 . 7 

- 1 6 . 5 

1 1 
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