




























































































































































































































































































































































































































































Fig. 5.4. 
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Q. de alb at a and M. k i n g i i (both open and f o r e s t grown)/ 

c u r r e n t y e a r ' s (1979) cohor t of l eaves showed no m o r t a l i t y 

whereas the r a t e and f i n a l m o r t a l i t y i nc r ea sed wi th the age of 

t h e c o h o r t . In genera l t he i n d i v i d u a l cohor t s under f o r e s t 

grown s i t u a t i o n s showed g r e a t e r s u r v i v o r s h i p than those of t h e 

open grown s i t u a t i o n s . (Fig. 5.5) 

DISCUSSION 

The e c o l o g i c a l s t r a t e g y of t r e e s has been l inked t o 

shoot morphogenesis (Marks, 1975; Bormann & Likens , 1979). 

Conservat ive s p e c i e s which make r e l a t i v e l y modest amounts of 

h e i g h t growth dur ing t h e e a r l i e s t p a r t of t h e i r l i f e - s p a n and 

complete annual h e i g h t growth e a r l y in the growing season are 

adapted t o the r e l a t i v e l y p r e d i c t a b l e and h i g h l y compet i t ive 

environments of c losed f o r e s t s . Growth of the e x p l o i t i v e 

s p e c i e s , on the o t h e r hand, i s geared t o temporary cond i t i ons 

of i n c r e a s e d resource av a i l a b i l i t y and reduced competion 

a s s o c i a t e d with r e c e n t l y d i s t u r b e d s i t e s such as those r e s u l ­

t i n g from f i r e , c l e a r c u t t i n g , wind throw or .-abandonment of 

a g r i c u l t u r a l l and . Thus the spec i e s t h a t are e x p l o i t i v e e c o l o ­

g i c a l l y are e x p l o i t i v e p h e n o l o g i c a l l y and developmenta l ly and 

v i c e v e r s a (Marks, 1975) . These e x p e c t a t i o n s are r e l a t e d t o 

the s lower growth (Marks, 1975) of l a t e as compared t o t h e 

e a r l y s u c c e s s i o n a l spec i e s and u l t i m a t e l y t o t h e g e n e r a l l y 

lower r e source demand of t h e former (Grime, 1979; Bazzaz, 1979) . 

The dynamics of l e a f p o p u l a t i o n s of e a r l y and l a t e s u c -

c e s s i o n a l spec i e s i n d i c a t e s some of t h e p o t e n t i t a l s t h a t enables 



Pig. 5.5: Survivorship curves for leaf populations of 

A, early successional : A. nepalensis , a; 

S. kh as i an a, b, and 

B. late successional ? Q_. de alb at a, C, Q_. griffi-

thii, d; M. kingii, e tree species, 

1979 cohort of leaves (•) 

1978 cohort of leaves ( 0 ) 

1977 cohort of leaves ( A ) 

1976 cohort of leaves ( A ) 
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them to perform their role in the ecological niche they occupy 

in the forest. Early successional species through their 

extended period of leaf production are able to produce a large 

photosynthetic area to exploit effectively temporary conditions 

of resource availability which follow disturbance. The high 

turnover rates of leaves may be associated with the tendency 

of these species to achieve fast growth through putting their 

leaves always in a favourable light environment. Further, 

growth of these species are dependent mainly on the current 

photosynthates. The growth analysis of some tropical trees 

(Coombe/ I960; Coombe & Hadfield, 1962) has revealed that the 

rapid growth of early successional species does not lie in 

particularly efficient energy converstion but rather in their 

capacities for unrestricted leaf production. Late successional 

species, which have a brief leaf production period and produce 

only a determinate number of leaves, have evolved this strategy 

to suit the competitive late successional environments. 

Leaves change their activity with age; in particular, 

their photosynthetic activity rises to a plateau and then 

declines. Hence the population of leaves that constitute a 

canopy should have an activity determined by the age structure 

and age specific phtosynthetic activity of the leaves. Thus, 

apart from having more leaves of younger age groups, early 

successional species have lesser number of age groups as mutual 

shading of a large number of age groups would reduce their 

performance. The late successional species, being shade adapted 

and having a monolayer arrangement of their leaves (Horn, 1971), 
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pack leaves of various age groups in t h e i r crown and t h i s i s 

more pronounced m the forest grown t r ees of t h i s category. 

The study of b i r t h s and deaths of the leaf populations 

revealed fluxes t h a t determine the net population s i z e . For 

ea r ly successional species the net population s ize was 

g rea te r during the favourable growing season. Also, these 

show grea te r fluxes of b i r t h s aid deaths of leaf populations 

than l a t e successional species . Thus, these species have 

developed a competitive a t t r i b u t e in the form of large s ize 

of leaf popula t ions . This in term i s dependent upon an 

extended period of phtosynthet ic a c t i v i t y under conditions 

conducive to high produc t iv i ty . In l a t e successional species 

the lower flux of leaf modules espec ia l ly in fores t grown 

s i tua t ions can be a t t r ibu ted to t h e i r rapid adjustment in 

growth in response to local depletion in resources ar is ing 

during competition. Short-term experiments involving a r t i f i ­

c i a l shading have also shown such adjustments (Grime & 

Jefferey, 1965; Loach, 1970). 

Leaf populations undergo mor ta l i ty over a time per iod. 

The leaf populations in the present study follow a Deevey 

Type I (Deevey, 1947) survivorship curve, having very s l i gh t 

mor ta l i ty during ea r ly l i f e , but increasing with age. In 

several other s tudies also s imi la r survivorship curves have 

been observed for leaf populations (Kimura e t al* 1968; 

Williamson 1976; Bazzaz & Harper, 1977; Yuwaka e t a l , 1977: 

Reader, 1978; Solbr ig , Newell & Kincaid, 1980). 
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A v a r i e t y of p a t t e r n s of l e a f i n e s s ( r enewal and f a l l ) 

h a v e been r e p o r t e d f o r t r o p i c a l t r e e s (Hol t tum, 1940 ; K o r i b a , 

1958 ; Longman & J e n i k , 1 9 7 4 ) , m o s t l y v / i th a p a t t e r n of p r e r a i n 

o r e q u i n o c t i a l f l u s h i n g (Alvim, 1964; F r a n k i e et. ad, 1974) 

which may p e r h a p s be r e l a t e d t o t h e d i s p l a y of t h e newly 

expanded l e a v e s a t t h e t i m e of maximum s o l a r i r r a d i a t i o n a id 

o t h e r f a v o u r a b l e g rowth c o n d i t i o n s . T h i s i s a l s o t r u e i n t h e 

p r e s e n t c a s e . The f o l i a g e d e c i d u o u s n e s s p a t t e r n s t h a t appea r 

t o be b e n e f i c i a l a d a p t a t i o n s h a v e e v o l v e d i n r e s p o n s e t o 

s e a s o n a l c l i m a t i c c h a n g e s . A l a r g e number of f a c t o r s h a v e been 

i m p l i c a t e d t o t r i g g e r t h e l e a f s h e e d i n g i n t r o p i c a l t r e e s 

l i k e "water o r c o l d s t r e s s , p h o t o p e r i o d and i n t r i n s i c f a c t o r s 

( A d d i c o t t , 1 9 7 8 ) . Maximum l e a f s h e e d i n g o c c u r r i n g d u r i n g t h e 

w i n t e r s e a s o n as seen from t h e p r e s e n t s t u d y seems t o be an 

a d a p t a t i o n t o avo id c o l d s t r e s s . 

SUMMARY 

The l e a f dynamics of two e a r l y (Alnus n e p a l e n s i s and 

Schirna k h a s i a n a ) and t h r e e l a t e ( M a c h i l l u s k i n q i i , Que r e u s 

de a l b a t a and Q. g r i f f i t h i i ) s u c c e s s i o n a l t r e e s p e c i e s of a 

s u b t r o p i c a l , humid , e v e r g r e e n , montane (1900m) f o r e s t a t Upper 

S h i l l o n g i n n o r t h - e a s t I n d i a , have been a n a l y s e d by a p p l y i n g 

demograph ic t e c h n i q u e s t o s t u d y t h e l e a f p o p u l a t i o n s . The 

e a r l y s u c c e s s i o n a l s p e c i e s show g r e a t e r l e a f p r o d u c t i o n , 

h i g h e r l e a f t u r n o v e r r a t e and a g r e a t e r f l u x of b i r t h s and 

d e a t h s of l e a f p o p u l a t i o n s t h a n t h e l a t e s u c c e s s i o n a l o n e s . 

The l a t t e r , u n d e r f o r e s t grown s i t u a t i o n s , t hough h a v i n g a 

l e s s e r f l u x of l e a f p o p u l a t i o n s c o n s i s t e d of l e a v e s of s e v e r a l 
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age-groups. The dynamics of leaf populations ind ica tes explo i ­

t i v e po t en t i a l s of the ear ly successional species su i t ab le 

for such environments of temporary resource a v a i l a b i l i t y . 

The l a t e successional species on the other hand have conser­

vat ive s t ra tegy adapted to the r e l a t i v e l y p red ic tab le and 

highly competitive environments of closed fo r e s t s . The leafing 

cha ra c t e r i s t i c s of both the groups of species are discussed 

with respect to t h e i r ecological s t r a tegy for niche occupancy. 
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SEED GERMINATION AND SS3DL.ING ESTABLISHMENT OF TWO 

CLOSELY RELATED SCHIMA SPECIES 

INTRODUCTION 

G e r m i n a t i o n and e s t a b l i s h m e n t r e p r e s e n t two c r i t i c a l p h a s e s 

i n t h e l i f e - c y c l e of a p l a n t s p e c i e s and t h e s e two a s p e c t s have 

been r e l a t e d t o a d a p t a t i o n and d i s t r i b u t i o n p a t t e r n of s p e c i e s 

i n space ( K o l l e r e t a l . , 1962 ; H a r p e r , 1965 ; Cohen, 1967 ; 

Ramakr i shnan , 1972 ; Ross & H a r p e r 1972; Thompson, 1 9 7 3 ; Boojh 

& Ramakr i shnan , 1 9 8 l a ) a n d i n t i m e (Kapoor & Ramakr i shnan , 1 9 7 3 ) . 

However, t h i s a s p e c t of t h e p r o b l e m i n r e l a t i o n t o a d a p t i v e 

s t r a t e g y of t r e e s p e c i e s h a s r e c e i v e d l i t t l e a t t e n t i o n (Kozlow-

s k i , 1971 ; 1 9 7 9 ) . Al though t h e s i z e of a s i n g l e s p e c i e s p o p u l a ­

t i o n i s t o some e x t e n t r e l a t e d t o s e e d s u p p l y , i t i s u l t i m a t e l y 

d e t e r m i n e d by f a v o u r a b l e c o n d i t i o n s a v a i l a b l e f o r g e r m i n a t i o n 

and e s t a b l i s h m e n t (Harper e t a l . , 1 9 6 1 ) . F u r t h e r , a l a r g e gap 

o f t e n e x i s t s be tween t h e s e e d i n g p o t e n t i a l of a s p e c i e s and t h e 

a c t u a l number of s e e d l i n g s e s t a b l i s h e d i n t h a t a r e a , d e p e n d i n g 

on e n v i r o n m e n t a l c o n d i t i o n s . 

§.• k h a s i a n a Dyer and S . w a l l i c h i i D.C. (Korth) a r e tWO 

c l o s e l y r e l a t e d and e c o n o m i c a l l y i m p o r t a n t t i m b e r t r e e s p e c i e s 

of n o r t h - e a s t e r n h i l l s of I n d i a . These s p e c i e s show a d i s t r i b u ­

t i o n p a t t e r n on an a l t i t u d i n a l b a s i s where S . k h a s i a n a i s r e s ­

t r i c t e d t o h i g h e r e l e v a t i o n s (1800 - 1900m), w h i l e S . w a l l i c h i i 

shows a wide d i s t r i b u t i o n r a n g i n g from 100 t o 1600m. These two 

s p e c i e s a r e e a r l y s u c c e s s i o n a l and come up i n t h e s e c o n d a r y 
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f a l l o w s a f t e r s l a s h and burn a g r i c u l t u r e (Jhum). I t i s l i g h t 

demanding and r e g e n e r a t e p r o f u s e l y i n t h e open , t h r o u g h l i g h t 

wind d i s p e r s e d s e e d s . The p r e s e n t s t u d y i s a c o m p a r a t i v e i n v e s ­

t i g a t i o n of s eed g e r m i n a t i o n and s e e d l i n g e s t a b l i s h m e n t of t h e s e 

two s p ^ c i j s a long an a l t i t u d i n a l g r a d i e n t i n t h e Khas i H i l l s of 

Magha laya . 

CLIMATE 

A l l t h e t h r e e s i t e s a r e c h a r a c t e r i s e d by marked s e a s o n a l 

changes i n c l i m a t e . The y e a r c o u l d be d i v i d e d i n t o 3 d i s t i n c t 

s e a s o n s : ( i ) Monsoon s e a s o n of h i g h t e m p e r a t u r e and h u m i d i t y 

e x t e n d i n g from May t o Oc tobe r when o v e r 80^ of t h e r a i n f a l l 

o c c u r s ( i i ) V i in te r s e a s o n (November t o F e b r u a r y ) of l ower t e m ­

p e r a t u r e which i s c o m p a r a t i v e l y d r y e x c e p t f o r a few w i n t e r 

showers ,& ( i i i ) A warm, d r y and windy summer i n M a r c h - A p r i l 

(Table 6 . 1 ) . 

METHODS OF STUDY 

Mature f r u i t s of S . k h a s i an a were c o l l e c t e d from Upper 

Sh i 1 long and t h a t of S . w a l l i c h i i from 3 s i t e s a t Shi 1 l o n g , 

Urns aw and B u r n i h a t , i n t h e months of F e b r u a r y - M a r c h , 1978 . 

Seeds were s e p a r a t e d o u t by a i r d r y i n g . The f r u i t and s e e d 

w e i g h t measurements were b a s e d on 100 f r u i t / s e e d w i t h 20 r e p l i ­

c a t i o n s . 

Seeds were s t o r e d a t 20 + 5°C and a t 0°C, i n t i g h t l y 

c l o s e d p l a s t i c b o t t l e s i n t h e l a b o r a t o r y . In n a t u r e , s e e d s 

were s i m i l a r l y s t o r e d 5 cm. below t h e s o i l s u r f a c e . V i a b i l i t y 



•d 
pa 
W 
o H 
*Xi 
H 
1-3 

H3 
H 
O 

*~^ i 
3 

t o 
vf̂  

o 
o 

s („ 
B 
s: H-
D 
f t 
fu 
M 

m
in 

H-rnum
 

LO 

J<? 

d 
B 
§: 
H-
3 
f t 
C 
h 

m
ax 

H-m
um

 

M 
en 

3 
c s 
IS 
0 
D 
LO 
O 

o 
a 

P D im
um

 

M 
Ln 

2 , 
0/ 

B 
s o" £5 
co 
o 
o n 

M
ax im

u
m

 

t o 
CO 

i-3 
CXI 
3T 
'Tt 
L*J 
pa 
5>' 
H 
C 
PC 
K 

^̂^ O 

o 

t 
ft 
H-f t 
£ 
Li, 
(I 

, ^ 
3 
« 

M 
VD 
O 
o 

t-
O 
3 

H-
f t 
£ 
p j 
Cu 

^-^ 
m 

«JD 1.56 
tr1 

pj 
f t 

rt 
C 
i. J 
G 

_» 
^ 

t o 5
.3

4 

tr* 
G 
O 
> 
Pi 
H 

o 
<2t 

ft 

to 
& 
H< 
H 
H 
O 
D 

to 
O 
O 
O CT) 

l-> 
CT> 

H 1 

C* 
t o 

*> 

M 

^ 
o 
o 

V.0 1.56 

t o 5
.3

4 

p-

H 
O 
0 

00 

o 
o 

(-> 
en 
o 
o 

M 

o 

M 
t o 

to 

o 

to 
U l 

t o 
t o 

t o 

^ 

LO 

o 

LO 
t o 

CO 

o 
o 

H 1 

o 
o 

VO 1.54 

VD 1.52 

t o 5
.4

5 

t o 6
.0

2 

8 
in 

e 
3 
H-

GJ 
f t 



. . 1 4 1 . . 

t e s t s with tatrazol ium t r i c h l o r i d e solution and germination 

t e s t s in p^ t r i -d i shes on moist f i l t e r paper were done at in ter~ 

va ls of 3 months. 

Seeds were tas ted under two condi t ions , of continuous 

l igh t under an incandescent f luorscent tube (500 - 600 lx . ) or 

under continuous darkness by covering tha pa t r i -d i shes inside 

thick black paper, -it a constant temperature of 20 C. Seed 

germination in dark was counted under green l i g h t . Different 

constant ( 15, 20, 25, 30 and 35°C) and a l t e rna t ing (25/15 and 

2 5/20 C ) temperature regimes were t r i e d in B.O.D. incubators 

maintained at these temperatures. The effect of d i f ferent s o i l 

depths of 0, 2, 4, 6, 8 and 10 cm. in pots f i l l e d with s o i l , 

by placing seeds at the appropriate depth. 

All germination experiments ware rep l ica ted 4 times with 

5o seeds in each t e s t . The emergence of rad ic le was taken as 

an ind ica tor of germination. Tests in a l l cases were done for 

2 0 days af ter the seeds were placed for germination. 

Ten r ep l i ca t e s of 100 v iable seeds of aach species/popu­

la t ion were sown at a depth of 5 cm at a l l the 4 study s i t e s 

both in the open and under forested s i t u a t i o n s , in May 1978. 

Observations on the seedling emergence and establishment were 

taken at monthly i n t e r v a l s . Seedlings were harvested at the 

end of one year period and af ter noting plant height and leaf 

area using a planimeter , the root and shoot por t ions were 

separated and dried to a constant weight at 85 C. 
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RESULTS 

F r u i t and s e e d c h a r a c t e r s ; 

The c a p s u l e s and s e e d s of S . k h a s i a n a w e r e h e a v i e r t h a n 

of t h e p o p u l a t i o n s of S.. w a l l i c h i i . Whi le t h e f r u i t w e i g h t o f 

t h e p o p u l a t i o n s of S . w a l l i c h i i w e r a n o t v e r y d i f f e r e n t , s i g n i ­

f i c a n t l y h i g h e r s e e d w e i g h t was n o t i c e d f o r t h e B u r n i h a t p o p u ­

l a t i o n of t h i s s p e c i e s compared t o t h a t of t h e two o t h e r p o p u ­

l a t i o n s (Table 6 . 2 ) . 

G e r m i n a t i o n s t u d i e s 

( i ) A f f e c t of s t o r a g e 

When s e e d s w e r e s t o r e d i n t h e s o i l o r i n t h e l a b o r a t o r y a t 

a t e m p e r a t u r e o f 25°C / b o t h v i a b i l i t y and g e r m i n a b i l i t y o f t h e 

s e e d s of a l l t h e p o p u l a t i o n s d e c r e a s e d m a r k e d l y w i t h p a s s a g e of 

t i m e so t h a t a f t e r one y e a r / s e e d s were t o t a l l y n o n - v i a b l e o r 

gave v e r y p o o r g e r m i n a t i o n . - However, s t o r a g e a t 0 C m a i n t a i n e d 

b e t t e r v i a b i l i t y and g e r m i n a b i l i t y a f t e r 1 y e a r s t o r a g e 

(Fig 6 d ) . 

(ii) Depth of burial 

As seen from Fig 6.2, the depth of burial affected both 

the time and the final percentage of germination. Maximum ger­

mination was found to occur at 2 cm. depth and it decreased at 

the depths greater than this for all the species and populations. 

At soil surface though faster germination occurred the total 

percentage was lesser than at 2 cm. depth. 



Fig, 6,1 : Viability and yerminability ( -hatched columns ) 

of Schima seeds after different storage periods. 

First column - Storage under 0 C; 

Second column - Storage at 20 + 5 C; and 

Third column - Storage under soil. 
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Pig. 6.2 : The. relationship between seed depth, germination 

and emergence period of seedlings of Schima 

species/populations over a period of 35 days 

after sowing. 



•Rig. 6.2 

0§waJJi£hiL 
Shillohf 

* Umsaw and 
a BurniHat 

Population* 

U 6 8 

DEPTH OF ftURUKcm) 

1r* 

35 

30 

25 
u 

UI 

! 5 o 

15 



CO CO 

td 

I" 
H 
X 

o 

1 + 

o 
Ul 

o 
o 

o 

o 
to 

CO 
X 
H 
F 
tr1 

Q 
a Q 

H 
o 
H 
H 

H 

§ 
> 

O M 

1+ 1 + 

8 

o 
• Ul 
U) 

O 
• 
rf^ 
*"• 

o 
• 
if*. 
CTi 

1+ 1+ 1+ 

o 

-a 

O 
o 
VX3 

00 

1 + 

o 
o 
OJ 

~ f t 

s: 
H-

t 

CO 
fu 

3 p. 

ft 

f+ c 
H-

Cn rt 

fJ S 
o 
hh CO 

0/ 

Pi c? 

B 
H-

•9-
rt 
o 
Hi 
CO 
O 
3 * 
H -
3 
PJ 

CO 

o 
H -

CO 

O 

€ 
H 

& 
O 

W 



. , 1 4 4 . . 

( i i i ) The effect of l i g h t and darkness 

There was germination both in the dark and l i gh t and the 

r e s u l t s obtained were not s ign i f i can t ly d i f fe ren t under these 

two conditions (Table 6 . 3 ) , 

(iv) The effect of temperature 

Tabla--64 4-/ reveals the effect of various temperature regimes 

on the germination of the seeds of Schima species and populations, 

S. khasiana showed maximum germination at constant 15 C, with 

a gradual decrease with increase in temperature, so that at 

35 C no seeds of this species germinated. Populations of S. wal-

lichii showed maximum germination at 20 and 25 C with decrease 

in germination on either side. Two alternating temperature 

regimes tried were favourable for germination for all the 

species/populations. 

The rate of germination was faster at 15 C for S. khasiana 

and 20 and 25°C or alternating (25/20°C) for S. wallichii 

populations (Fig 6.3). 

Seedling establishment 

(i) Seedling emergence 

Only a small proportion of seedlings could emerge under 

field conditions at all the study sites. Further/ the differen­

ces in emergence were not significant (at 5% level) between 

species/populations (Table 6.5). 

(ii) Survivorship 

Wo seedlings could survive under forested situations beyond 



Fig. 6.3 : Percentage germination of Schima species/popula­

t ions on d i f fe ren t per iods / a t constant and 

a l t e rna t ing temperatures of - 15°C ( • ) ; 20 G ( o ) ; 

25°C ( m ) ; 30°C ( Q ) ; 35°C ( A ) , 

25/15°C ( A ) & 25/20°C ( X ) . 
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Fig, 6.4 j Survivorship of Schima seedlings under f i e ld 

conditions (open). No seedlings could survive 

beyond 2 months under forested s i t u a t i o n s , 

S, khasiana ( • ) ; 

S. w a l l i c h i i , Shillong ( 0 ) ; 

S. w a l l i c h i i , Umsaw ( M ) & 

S, w a l l i c h i i , Burnihat ( D ) populations,1 
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T a b l e 6 . 3 : The e f f e c t o f l i g h t and d a r k t r e a t m e n t on s e e d 
g e r m i n a t i o n of Schima s p e c i e s ( + S.f i . of t h e mean) 

CONTINUOUS LIGHT CONTINUOUS DARK 

20°C 20°C 

S . KH&SIANA 50 
+ 5 .4 

S. WALLICHII 62 
+ 6.4 

The seeds & populations of S. wallichii were pooled. 

48 
+3.4 

57 
+ 1.3 



Table 6.4 : Germination (%) of S. khasiana and S. wa l l i ch i i seeds 
at var ious constant and a l t e rna t ing temperatures 
( + S.S. of the mean) 

CONSTANT TEMPERATURES ( C) ALTERNATING TEMPERATURES 
( °C) 

15 20 25 30 35 25/15 25/20 

S. KHASIANA 55 46 44 42 
+ 2.7 + 3.6 + 2.9 + 2.2 

46 
+ 2.3 

45 
+ 5.5 

S. WALLICHII 

SHILLONG 

UMSAW 

BURN IH AT 

37 48 48 33 20 

+4.3 +6.0 +6.8 +4.1 +7.5 

42 65 58 40 27 

+ 5.3 + 3.7 + 3.7 + 6.8 + 2.9 

38 69 56 50 33 

+ 2.2 + 3.7 + 5.4 + 4.8 + 7.6 

48 

+ 4 . 1 

6 1 

+ 3 . 7 

59 

+ 3 . 4 

50 

+ 4 . 6 

7 0 

+ 9 . 9 

6 4 

+ 3 . 6 



T a b l e 6 . 5 : S e e d l i n g e m e r g e n c e (%) o f S . k h a s i a n a a n d S . w a l l i c h i i 

a t d i f f e r e n t a l t i t u d i n a l s i t e s . 

P I E I D STATIONS S . KHASIANA 

S P 3 C I jS/POPULATIONS 

S . WALLICHII 

SHILLONG UMSAW BURNIHAT 

U p p e r S h i H o n g 

S h i H o n g 

Urns aw 

B u r n i h a t 

20 

+ 4. 

19 

t 2' 
16 

+ 1. 

16 

+ 3. 

,6 

,4 

,7 

.9 

10 

+ 2.3 

21 

+ 3.9 

13 

+ 2.7 

12 

+ 1.7 

11 

+ 1.8 

10 

+ 3.3 

13 

+ 1.2 

11 

+ -2.3 

14 

1 1-8 

10 

i 2*1 

13 

+ 2.5 

11 

+ 0.6 
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a p e r i o d of 2 months. Under open grown s i t u a t i o n s / m o r t a l i t y 

was g e n e r a l l y v e r y high r e s u l t i n g in a s t aep d e c l i n e i n popu la ­

t i o n upto January-February/ a t a l l t h e s i t e s . At Upper S h i l l o n g , 

however, the r a t e of d e c l i n e in popu la t i on was s lower fo r 

§.• fchasiana wi th an u l t i m a t e l y l a r g e popu la t i on s i z e compared t o 

t h e p o p u l a t i o n s of S. w a l l i c h i i . At the o t h e r 3 exper imenta l 

s i t e s / however, t h e p a t t e r n of s u r v i v o r s h i p was no t ve ry d i f f e ­

r e n t for t h e p o p u l a t i o n s of Schima, though t h e l o c a l popu la ­

t i o n s showed b e t t e r s u r v i v o r s h i p than t h e in t roduced ones . 

S . khas i ana gave t h e lowest f i n a l s u r v i v a l a t t h e s e t h r e e s i t e s 

(Fig 6 . 4 ) . 

( i i i ) P l a n t performance 

The growth c h a r a c t e r i s t i c s of t h e d i f f e r e n t spec i e s /popu­

l a t i o n s at d i f f e r e n t s i t e s given in 'Fig 6 . 5 , shows t h a t t h e 

n a t u r a l i z e d popu la t ion fo r a given s i t e was s u p e r i o r compared 

t o t h e o t h e r in t roduced p o p u l a t i o n s . Thus, S. khas iana gave 

b e t t e r growth y i e l d under Upper S h i l l o n g s i t e , whi le t h e popu la ­

t i o n s of S. w a l l i c h i i from 3 d i f f e r e n t s i t e s d i d b e t t e r i n t h e i r 

o t h e r n a t u r a l h a b i t a t s . 

DISCUSSION 

Schima s p e c i e s be ing ex> e a r l y s u c c e s s i o n a l co lon ize r s depend 

f o r r egene ra t i on on the a v a i l a b i l i t y of open s i t e s which favour 

t h e i r ge rmina t ion , e s t ab l i shmen t and growth. The most impor tan t 

f a c t o r l i m i t i n g the a b i l i t y of such s p e c i e s t o co lon i ze d i s t u r b e d 

s i t e s i s t he a v a i l a b i l i t y of seed , which must come e i t h e r from 

a s tand in c l o s e p rox imi ty or from s t o r a g e in t h e s o i l . The 



\ .g. 6.5 : Growth performance of Schima species/populat ions 

at d i f fe ren t f ie ld condi t ions , a = Upper Shillong 

s i t e ; b = Shillong s i t e ; c = Umsaw s i t e and 

d = Burnihat s i t e . §_. khasiana, f i l l e d bars and 

S. w a l l i c h i i , Shi l long, hollow b a r s ; Umsaw, 

•hatched bars and Burnihat, dot ted b a r s . 
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latter is not possible for Schima as seeds do not remain viable 

in the soil for an extended period of time as seen from the 

present study where the viability of seeds sLs; completely lost 

after storage in soil for one year. Thus, the species is fugi­

tive in nature (Hutchinson, 1951), where good dispersal mecha­

nism would play an important role permitting the species to 

colonize new habitats (Salisbury, 1942). Schima due to its 

light, mobile (winged) seeds often invades highly disturbed areas 

after slash and burn agriculture in the region. Similarly in 

temperate forests it has bean reported that light seeded species 

Fraxinus and Ba/tula play an important role in revegetation 

after clear cutting (Bormann & Likens, 1979). The variation in 

seed weight in betwean species/populations may partly be related 

to climate (Baker, 1972; Wears-tier & Barnes, 1977) and partly 

to ecotypic differences related to altitude which is supported 

by growth studies of the different Schima populations done at 

different altitudes discussed below. 

The differences in germination behaviour in response to 

temperature as seen in the present case where §_. khasiana 

germinated at a comparatively lower temperature compared to 

S. wallichii population, have often bean correlated with clima­

tic conditions and seed source (Callaham, 1960; Thompson, 1973), 

whereby seeds from cold areas germinate better at lower tempe­

rature than those from warmer regions. Grose (1957) have 

demonstrated that montane species of iDucalvptus germinated best 

at a lower temperature of 16 C, in contrast to somewhat higher 
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temperatures for species of warmer areas. Though the total 

number of seeds of a species which ultimately germinate at a 

given temperature is a good indicator of that species potential/ 

however,the time taken to germinate is of much significance since 

the early germinating individuals enjoy a considerable competi­

tive advantage (Ross & Harper/ 1972). The germination rate which 

was higher at 15°C for S. khasiana and at 20 or 25°C for S. 

wallichii populations is consistent with the temperature optima 

for their germination. The rapidity of germination in this 

species without a dormancy mechanism is advantageous in coloni­

zing new areas by producing a profusion of seedlings and this 

has been reported for a majority of tropical trees which has 

been termed as biological nomads (Ng, 1978). 

Schima seeds come under microbiotic category (Crocker & 

Barton, 1953) as they normally lose viability and germinability 

within'a year. Small end light seeds are reported to lose 

their viability faster (Quick/ 1961) and this has been reported 

in species of Salix, Populus and Ulmus (Waering, 1963) and 

Alnus ( Boojh & Ramakrishnari/ 1981b). The better retention of 

viability and germinability under lower temperature storage may 

be attributed to slow biological and biochemical processes at 

such temperatures (Kamra, 1967). 

There exists a large gap between seeding potential of a 

species and the number of seedlings, emerged at a given site. 

The failure of survival of seedlings under a forest canopy 
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may be a t t r i b u t e d t o t h e shade i n t o l e r a n c e of t h e s e e d l i n g s . The 

d i f f e r e n c e s i n s u r v i v a l p a t t e r n f o r d i f f e r e n t s p e c i e s / p o p u l a ­

t i o n s u n d e r f i e l d c o n d i t i o n s a r e s u g g e s t i v e of t h e a d a p t a t i o n 

of a g i v e n p o p u l a t i o n t o t h e n a t u r a l c l i m a t i c c o n d i t i o n s i n 

which t h e y g row. T h i s i s s u g g e s t e d b y t h e r e l a t i v e l y b e t t e r 

s u r v i v a l and p e r f o r m a n c e of l o c a l s p e c i e s / p o p u l a t i o n s t o t h a t 

h a b i t a t compared t o t h e i n t r o d u c e d o n e s . T h u s , t h e l ower a l t i t u d e 

p o p u l a t i o n of S . w a l l i c h i i which i s a d a p t e d t o l o n g e r g rowing 

s e a s o n , h i g h e r t e m p e r a t u r e and f r o s t f r e e w i n t e r i s a d v e r s e l y 

a f f e c t e d a t h i g h e r a l t i t u d e . 

SUMMARY 

Seed g e r m i n a t i o n of S. k h a s i a n a from Upper S h i l i o n g and 

§ • w a l l i c h i i from S h i l l o n g , Umsaw and B u r n i h a t and s e e d l i n g 

e s t a b l i s h m e n t and g rowth of t h e s e s p e c i e s / p o p u l a t i o n s i n r e c i ­

p r o c a l c u l t i v a t i o n , were s t u d i e d . Seeds l o s t v i a b i l i t y and 

g e r m i n a b i l i t y g r a d u a l l y w i t h i n a y e a r when s t o r e d i n t h e s o i l 

o r a t 20 G i n t h e l a b o r a t o r y b u t s t o r a g e a t 0 C p e r m i t t e d r e t e n ­

t i o n of some v i a b i l i t y . Seeds i n n a t u r e g e r m i n a t e d b e t t e r i n 

t h e s u r f a c e l a y e r s of t h e s o i l . S . k h a s i a n a h a d a low t e m p e r a ­

t u r e optimum f o r g e r m i n a t i o n w h i l e t h e l o w e r a l t i t u d e p o p u l a ­

t i o n s of Sjj. w a l l i c h i i had a h i g h e r t e m p e r a t u r e opt imum. S i m i l a r l y 

a g i v e n s p e c i e s / p o p u l a t i o n of Schima g a v e b e t t e r s e e d l i n g e s t a ­

b l i s h m e n t and growth i n i t s own n a t u r a l h a b i t a t as compared t o 

t h e i n t r o d u c e d p o p u l a t i o n s from t h e o t h ^ r a l t i t u d i n a l s i t e s . 

T h i s i s i n d i c a t i v e of t h e c l o s e a d a p t a t i o n of t n ^ n a t u r a l p o p u ­

l a t i o n s t o t h e i r h a b i t and t h e p o s s i b l e e c o t y p i c d i f f e r e n t i a ­

t i o n i n t h i s s p e c i e s . 
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GERMINATION ECOLOGY OF ALNU5 NEPALENSIS DON 

INTRODUCTION 

Alnus n e p a l e n s i s , N e p a l e s e a l d e r i s a n a t i v e of I n d i a and 

Burma and i s f a i r l y common i n E a s t e r n H i m a l a y a s . T h i s i s an 

e a r l y s u c c e s s i o n a l t r e e s p e c i e s and among t h e f i r s t t o become 

e s t a b l i s h e d n a t u r a l l y on many denuded a r e a s p a r t i c u l a r l y a t 

h i g h e r a l t i t u d e s i n n o r t h - e a s t j r n h i l l y p a r t s of I n d i a . I t f r e ­

q u e n t l y r e p r e s e n t s as s t a n d l i n e s a l o n g s t r e a m s o r a r e a s of 

s t a n d i n g w a t e r and low l y i n g a l l u v i a l l a n d s . The wind d i s s e m i n a ­

t e d s e e d s h e l p i n i t s w ide d i s t r i b u t i o n . C u l t i v a t o r s i n p a r t s 

of Naga land and Manipur s t a t e s of N o r t h - e a s t I n d i a , grow i t f o r 

s o i l improvemen t , a f t e r s l a s h and b u r n a g r i c u l t u r e (Jhum), as 

i t i s a s y m b i o t i c n i t r o g e n f i x e r and i s adso i m p o r t a n t f o r 

t i m b e r and w a t e r s h e d management . 

The g e r m i n a t i o n e c o l o g y of A. n e p a l a n s i s i s n o t known, 

though s t u d i e s on i t s o t h e r t e m p e r a t e s p e c i e s l i k e A. q l u t i n o s a 

(McVean, 1955) and A. jnokumai (Asakawa & Nagao, 1963) a r e 

a v a i l a b l e . 

MATERIALS AND METHODS 

Mature c o n e s of A. n e p a l e n s i s c o l l e c t e d from Upper S h i l l o n g 

( a l t . 1800m) i n March 1978 w e r e a i r d r i e d t o e x t r a c t t h e s e e d s . 

Seeds w e r e s t o r e d a t 20 + 5°C and 0 + 2°C i n t i g h t l y c l o s e d 

p l a s t i c b o t t l e s . The s e e d s w e r e s i m i l a r l y s t o r e d a t 5 cm below 

s o i l s u r f a c e and w e r e t e s t e d f o r v i a b i l i t y and g e r m i n a t i o n . 

G e r m i n a t i o n t e s t s i n p e t r i - d i s h e s w a r e done a t c o n s t a n t t e m p e ­

r a t u r e s of 1 5 , 2 0 , 2 5 and 30°C where e x p o s u r e t o l i g h t was o n l y 
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f o r a b r i e f p e r i o d d u r i n g t h e day a t t h e t i m e of r a c o r d i n g 

g e r m i n a t i o n c o u n t s . G e r m i n a t i o n t e s t s ware a l s o done u n d e r 

c o n t i n u o u s l i g h t o r l a r k a t a c o n s t a n t t a m p e r a t u r a of 20 C. Tha 

t e s t u n d e r an a l t e r n a t i n g t e m p e r a t u r e r ag ime had 2 5 /15 C. L i g h t 

(550-600- lx- ) ' was p r o v i d e d from f l u o r e s c e n t t u b e s and t h i s was 

g i v e n f o r t h e a l t e r n a t i n g t amper a t u r a a t h i g h e r t e m p e r a t u r e 

(8 h r s . ) i n t h e c y c l e . F o r l a r k t r e a t m e n t p e t r i - J i s h e s w a r s 

p l a c e d i n l i g h t p r o o f c a r d b o a r d b o x a s . The t e s t s w a r s c a r r i e d 

o u t f o r a p e r i o d of 20 d a y s , as no s e e d g e r m i n a t i o n c o u l d be 

r e c o r d e d f o r t h e n e x t c o n s e c u t i v e 10 d a y s . G e r m i n a t i o n p e r c e n ­

t a g e s w a r e e x p r e s s e d on t h e b a s i s of v i a b l e s e e d s . G e r m i n a t i o n 

v a l u e s wera c a l c u l a t e d u s i n g t h e f o r m u l a ( C z a b a t o r , 1 9 6 2 ) , 

GV = (Pv) (MDG), where PV i s t h e maximum v a l u e of c u m u l a t i v e 

g e r m i n a t i o n p e r c e n t a g e d i v i l e d by days of t e s t and MDG i s mean 

d a i l y g e r m i n a t i o n . Seeds w e r e b u r i - d a t d i f f e r e n t s o i l d e p t h s 

of 0 (wi th o r w i t h o u t moss c o v e r ) , 0 . 5 , 1 .0 and 1.5 cm. i n p o t s 

m a i n t a i n e d w i t h s u f f i c i e n t m o i s t u r a and t a s t e d f o r g e r m i n a t i o n . 

RSSULTS AMD DISCUSSION 

The v i a b i l i t y end g e r m i n a b i l i t y of A. n e p a l a n s i s s e e d s 

s t o r e d a t 20 £ 5 C wera l o s t g r a d u a l l y and no s e e d c o u l d g e r m i ­

n a t e a f t e r one y e a r (Table 7 . 1 ) . Seeds s t o r e d u n d e r 0 + 2°C, 

however , showed b e t t e r v i a b i l i t y and g e r m i n a t i o n and a f t e r one 

y e a r s t o r a g e gave abou t 22% g e r m i n a t i o n . Seeds s t o r e d below t h e 

s o i l s u r f a c e i n n a t u r e , l o s t t h e i r v i a b i l i t y a f t e r 6 months of 

s t o r a g e , fiven a t t h a end of 3 months s t o r a g e p e r i o d , g e r m i n a ­

t i o n was v e r y p o o r . Thus t h e s e e d s of A. n e p a l a n s i s a r e 



Table 7 . 1 : Viabili ty (%) (a) and germination (% of the to ta l seeds) 

(b) after storage ( + S.3. values) 

Duration of Storage (months) 

Storage conditions 0 3 6 9 12 

(a) 63.30 + 5.55 39.80 + 4,49 13.40 + 1.91 6.40 + 1.53 1.60 + 0.40 
2 0 t 5 C (b) 45.33 + 6.70 28.67 +- 1.86 8.33 + 2.03 4.20 + 0.86 0 + o 

0 + 2°C 

(a) 65,30 + 5,55 63.67 + 1.83 39.67 + 2.91 34.67 + 0.88 27.33* 1.77 

(b) 45.33 + 6.70 49.33 + 3.48 36.00 + 2.08 29.00 + 1.73 22.33+ 1.46 

Below soil surface (a) 65.30 + 5.55 13.33 + 0.88 
0 

(b) 45.33 + 6.70 4.00 + 1.53 



• • -L ZJ 3 « • 

microbiotic (Crocker & Barton, 1953), as they lose their via­

bility within a year. Small and light seels are reported to 

lose their viability very fast (Quick, 1961) and is also 

reported (Wareing & Taylor, 1963) for species of Salix, Populus 

and Ulmus; and Boojh and Ramakrishnan (unpublished) for Schima. 

The seeds of A. nepalensis with an average number of 2769 + 

200.19 seeds/gm., also falls into this category. The better 

retention of viability an 1 germinability unler low temperature 

storage conlitions may be lue to slow biological and biochemi­

cal processes at such temperctures (Kamra, 1967). 

The seeds of A. nepalensis showed maximum germination 

percentage and germination value at a constant temperature of 

20 C under continuous light. Germination under continuous 

darkness was very poor (Table 7.2) Better seed germination 

was clso obtained under alternating temperature. Thus the seeds 

are light sensitive as also reported for A. inokumai (Asakawa 

& Nagao, 1963). The light requirement for seed germination of 

early successional tree species as in the present case is con­

sistent with their ecology end suggests a mechanism whereby 

the seeds of these species might be prevented from germination 

beneath ,.a: closed canopy (Barton, 1961; Grime & Jarvis, 1976). 

Generally, the temperature optima for seed germination repre­

sent the normal season for germination and emergence under 

field conditions, subject to availability of water (Ashby & 

Hellmers, 1965). In present case too, better germination at 

20 C is close to the temperature conditions prevailing in 



Table 7.2 : Germination total (% of viable seeds) and germination values 
of seeds of Alnus nepalensis at different temperatures and 
light conditions ( + S.S. values) 

Constant temperatures ( C) Alternating 
temperatures ( C) 

15 2 0 25 30 20 20 25 / 15 
(continuous (continuous ( l i g h t ) (dark) 
l i g h t ) dark) 

Germination 
t o t a l 

Germination 
va lue 

17.95 45.13 26.67 14.87 
+ 1.36 + 4 .11 + 1.36 + 2.72 

0.53 4,56 2.06 0.77 

+ 0.08 + 0.64 + 0 .21 +0.21 

6 9 . 7 4 

+ 1 0 . 3 0 

2 1 . 7 3 

+ 6 . 7 0 

2 . 0 5 

+ 0 . 8 9 

0 . 1 5 

+0 .07 

4 3 . 0 8 
+ 2 . 3 5 

5.52 

+ 0 . 5 9 
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nature at tha tima of seed garmination. Tha inability of saads 

to garminata at dapths balow 1 cm (Table 7.3) is probably 

related to thair light requirement. Batter germination of seeds 

placed on tha surfaca layers of the soil with moss covar may be 

"related to good moistura supply. 

SUMMARY 

The seeds of Alnus nepalensis were microbiotic in nature 

but low temperature storage retained viability to some extent. 

Tha saads were found to be light sensitive for germination and 

germinate favourably at moist soil surface. The germination 

behaviour is consistent with the species' role as an early 

successional colonizer. 



T a b l e 7 . 3 : E f f e c t of l e p t h of b u r i a l on s e e d g e r m i n a t i o n of 

Alnus n e p a l e n s i s . ( + S . E . V a l u e s ) 

Depth of b u r i a l G e r m i n a t i o n t o t a l Days of emergence 
(cm) (%) 

0 . 0 ( w i h t o u t moss c o v e r ) 43 + 4 .17 7 

0 . 0 (wi th moss c o v e r ) 53 + 2 . 3 1 7 

0 . 5 22 + 1 .53 15 

1.0 8 + 2 . 0 8 20 

1.5 0 + O 
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TEMPHUTlJHi: KlSPONSl S TO SI-CD 
Gf R.VtfNA I ION IN TWO ( LOSM.Y KlXATKi) 
TRtl ; SPltTES Oi SCHIMA, KEINW 

K A M BdOJH ANi> l \ S R A M A K K I S H S A N 

Department of llotany ^ 
School of Life Sciences 
Nonh-Kastern Hill University 
Shillong 791 014, India 

A vium it of randies <m mnimoauon ecology of species 
iiic .'suitable wherein ^omunition leqiiiiciiiciiis are 
Clo-c'li, icUitcci U'. I i loir adap ta t ion and disli ibii lum 

pattern in space' •' ami in time'. Tempeiauiro rcspnrc-
ment is one such Factor which has received coimdeiable 
attention'''. However this aspect of (he problem in 
relation to adaptive strategy of tree species h not 
reoci'.ed much attention7. Tho present stu y is con­
cerned with temperature response-, of the seeds of 
Schimu kh/Hii'Hii, Dyer and .V. wulluhil, Choisy, two, 
closely related am! economically important timber 
tree species of north-east [ndiu, which are also exten­
sively distributed in Mcghalaya, on an altitudinal 
basis. The former is restricted to higher elevations 
(1600 to 191)0 m), whereas Die latter occurs al lower 
elevations (M',0 to KiOOm). 

Seed, of S, k!:;<i-in,i md .Y > t'.l.rhii wcte Colloocd 

flora uj ; cr Slv:lonc- (IStiir.i) -, .1 Mawt.n (1'iaim) 
respectively dunng lebruai) Maun )')>, whuh wee 
•cparatcd out from fruits by an Orving. (iciiniiniuon 
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TABI F I 

Germination total {"{,) {*'ith S'.C values) for S, khasiana and S. wallichii at different temperature regimes 

AUcrnating tempo-
Spccies Constant temperatures (" Q raturet (" C) 

10 15 20 25 30 35 25/20 25/15 

S. khasiana 10±2-3 55 ±2 7 46i3-6 441:2? 42^2-2 0 4 5 ^ 5 5 46±2-3 

S. «<illich(i 0 17 £4-3 4 8 ± 6 0 48 ±6-8 3 3 £ 4 l 20±7-5 50±4 6 4 8 ± 4 1 

TABLE II 

Germination values (with S.E.) for S. khasiana and f wallichii 

Alternating tempe-
Specios Constant temperatures (" Q ratures C Q 

10 15 20 25 30 35 25/20 25/15 

S. khasiana {)• 32-bO-12 12 Otfrf 0-9 608±0-9 8 & ± I ' 7 3 4l±0-43 0 2-3<iif-l8 3 82±OS« 

S. wallichii 0 fj 34±l-6 9-412 0 8-83±I-6 406±0-5 3-23±20 109512-2 2 3 6 ± M 8 

lest̂ t were performed, at a given temperature in incu­
bators, on fresh seeds between moist filter papers. 
Only alternating temperature regimes received 14 hour 
light period at the time of higher temperature in the 
cycle. Fifty seeds in four replicates were used for 
all treatments, 

Table I shows that seeds of both the species could 
germinate well over a wiik range of tern. crature-s, 
though the germination of 5, klu^iatni was poor at 
10'C and no germination occur-, for X. wallichii at 
this temperature. At constant temperature regimes, 
while .V. kliasiati'i gave optimum germination at 15 (', 
that for S. watlkhii occurred ai 20 and 25 C. The 
two alternating \0tr\, erauire regimes did not have any 
favouiabtc effect on the germination of 5. khasioint. 
whereas the germination of S, wallichii improved 
slightly at 25,20' C alternating temperature regime 
compared to that at a coi lant 20 or 25'C. Further 
the range of temperature at which at least some 
germination occurred varied for the two species, 
S. khasiaim having a range of 10 to 30° C and S. walli­
chii with a range of 15 to 35 C. 

Germination values are given in Tabic H which 
are ir.dices of gei rmnability combining speed and 
completenc- of germination, and are calculated Using 
the formula PV • MIX} where )»V represents peak 

value of germination and MDO represents mean daily 
germination*. This is a better indicator of germination 
behaviour of the species concerned. S, khasiana 
gave maximum value at a constant lomperature of 
15' C. It is significant that the values at alternating 
temperature regimes for 5. khmUtm were extremely 
low though the final germination total was fairly good 
as seen from Tabic I. This is due to very low mean 
daily germination at alternating temperature regimes 
compared to that at constant temperatures of 20 or 
"!S' (', where also the final germination total is more 
or less similar. S. wallichii, on the other hand, gave 
maximum germination value at 20 C followed by 
25 0 constant. It is significant that much better 
germination value was observed for this species ai an 
alternating temperature of 25/20 t . 

These results indicate ihat the two species are closely 
adapted to their altitudinal restriction at least as far 
as temperature response to seed germination is 
concerned. Thus, S- khasiana exclusively found at 
higher elevations tends to germinate better at lower 
temperatures and S. wallichii from lower elevations 
responds better to comparatively higher temperatures. 
Though such s!"dies are lacking in this country, parti­
cularly on tree adaptation, similar conclusions have 
been made on some icmvetate trees like Pimis 
eomoriii", P. .••yru'vtnV" and Acvr negtwdo". 
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3 * D ALU IKJ^A a O t ' A N l C ^ i - CewfERfWtfc , SYMPOSIUMS'' l J O F ' l ? r t l l < i f ^ 
SH.6 GROWTH STRATEGY AND ARCHITECTURE OF TREES RELATED - S J a . 

TO PRODUCTIVITY £?!£fUi£Jlfc>OU«Cg<: 

RAM BOOJH AND P. S. RAMAKRISHNAN 

Department of Botany, School of Life Sciences, North Eastern Hill University, Skillong-793 014 

Pattern of growth and architecture build-up of early successional (Schima 
wallichii, S. Khasiana and Alnus nepalensis) and late successional (Minglietia insianis, and 
Qjurcus dealbata) tree species were studied in a subtropical humid mountain forest at 
Shillong peak (altitude, 1900 m). Early successional tree species have indeterminate 
pattern of shoot growth, prolonged growth period, much more extension growth and 
leaf production than the late successional ones. The latter are with determinate growth 
pattern, make small amount of extension growth and confined ihe active growth mainly 
for a brief period of the growing season. The early successional species exhibit more 
frequent rhythms of shoot extension, branching and leaf production (becoming conti­
nuous growth in case of Alnus nepaltnsis) than the late successional species with single 
determinate flush of extension as well as branch and leaf production (production of 
lamma shoots or additional flush of shoot growth in response to favourable climatic 
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conditions have been considered as special cases of basic determinate scheme). Branchei 
are produced through Syllepsis-axillary buds grow into branches without a rest jK-riod 
in early successional tree species, conferring an advantage for having more frequency 
of branching. Late successions! species, on the other hand produce branches pro-
laptkally—axillary buds undergoing a period of rest. The early succcssional species, 
however, can produce prolaptic branches if main axil it disturbed which is a common 
feature in the region due to slash and burn agriculture. Early successional species tend 
to maintain a higher, narrower crown at a given diameter (correlative growth processes) 
than late succcssional trees winch have longer, wider and deeper crown,. Growth in the 
former tends to emphasize height growth in ord^r to attain a superior competitive posi­
tion while in the hitter it emphasizes lateral growth. Consequently, branches of early 
succcssional tree species arc more vertical at all canopy positions than the late succcssional 
trees. The leaf angles in late succcssional species in general is more near to horizontal 
than the early successional ones which have its leaves dispersed into several layers (multi­
layer) with sun leaves placed vertically and shade leaves to icar horizontally. 

The fast and prolonged indeterminate pattern of growth, multilaycred distri­
bution of leaves and branching pattern related to light interception strategy equips the 
early successional species to grow and occupy the ecological niche through exploitive 
strategy. On the other hand, the late successional species with determinate shoot growth 
pattern and consequent predictable shading of leaves (monolayer) as well as spreading 
crown arc suited for conservative strategy of late successional environments. The signi­
ficance of these results for exploiting forest resources of the north eastern region for timber 
and energy resources arc discussed. 
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' JJ"/t*j :'MN|itH ^ |iM&vi" f t o f ^ ' Cmo*^ • 

m 
l^ t t l sUi iu Variation iii neeU geiriiiiiatlMii ul .Sf/iimri wal/it/i/t, 

Purity ' U 
RAM BOOJH & P. S. iMMARIUiHSiAfil, Shiiloiig; 

'J he germination behawout of smU of ic/uma waflu/iu, Choi*} I'om dttteicm 
populations ranging from 300 tp 1800 in elections was <tudie<l under controlled 
fcflvirenmcmal con«ptiQri«. The higher elevation population Khowcd maxlmiitn per-
c*nt*ge germination at »'C Germination at tfe* alternating temperature was re-
dueed hut the difference was nw significant |>erfeiHagc germination value dec­
reased, signjiiuntly at higher ttatge'rauttes. Lower clevatum population* germinated 
minimum at » 'C , but alid exacted ttteir adaptability to wide ringing tempera-
turei Thus tĥ rjs exists a correlation between the temperature requirement and 
the natural distribute oj $ e jpefmtamna, 

£ 8 H * fikMrtM fc^, iMiiaw Sti&nut. C V ^ ^ A - C ^ 

"JW'.' tatttgtfe *»iE <&*"»* f**^* >*i 1?«MnS Sr^ffeta ^ftwiana, Oyer, trie*. 
>;( I . t ^ > ^ , • ' • • . ' " • '%.. 

{. & * * V . *4«.»«QJM >M *. 8 RAJSfAlt&lSHNAS, ShtHoni. j ' ^ 

Tht i**V?!h t>«tetn of kix year o»ef grhwn Stht«no Mt<ui<m«, an eartv surccisional 
rtmWf (rtft ^jpfkl VV« MtiAHl fcc Sbittrw* peak (aMtule : 1900 in). The growth 
Marts witjri tapfS e*teits*im W ahtwl and expansion of leaves in April. A singSt 
'«jrttirr>tr»pir, svtteptfc wtf«*r$ # t»rtnrn« are produced on the main axiv fnm ttw 
(rt̂ Bgries of the ejti'ffnt afoMsi. to Stay. This pattern is repeated on branches also. 
fjje radial ffcefyrtti finks # 4 j*»#* Jatcr than cxnnson growth, and ihli rmv b? 
^mofijtl. Lfeaf pWi|t$^i» Hf tr»g|f*r«J jn« at «he Irglning of rains and leaf fall 1't 
dViitt nV*hthl, Hfhttfc fcwrerabn&i to seasonal climatic even's. The species acbievj 
trjfiih ft? tre^tt groyth aiiti te$t production thronghem the growing sca-on (April tv 
October), which e,;itlpes it >'< otcupy the ecological nithe as «n early succesional an I 
exploitive strategist species. 


